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CONTENTS - ARTICLE fILES 
at the Corporate Information Center 

December 27, 1989 

This listing includes articles, reprints, reports, surveys, & large 

articles on Tandem and its staff, customers or competitors, 

fault-tolerance, venture capital, etc that are kept in the ARTICLE 

FILE . Included are papers in the AUTHOR FILE written by Tandem Staff 

members , excluding Tandem Technical Reports and Specifications . 

There is some cross refe r encing to items in the CLIPPING FILES. 

NOTE: Entries on this list are crossed when possible by source, title 
and author. 
In the AUTHOR FILE papers are filed by author's last name. 
In the ARTICLE FILE papers are filed by source . 
In the CLIPPING FILES the papers are filed chronologically . 
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ACM, copyright 1980 
"XRAY : Instrumentation for Multiple Computers" , by Russ Blake 
- SEE AUTHOR FILE 

ACM , Communications of - April 1970 
"The Nucleus of a Multiprogramming System", by Per Brinch Hansen 
SEE ARTICLE FILE 

ACM, Communications of - February 1978 
"S-Trees Re-Examined", by Gerald Held 
- SEE AUTHOR FILE 

ACM , Communications of - February 1982 
"Relational Database : A Practical Foundation for Productivity", 
by E F Codd 
- SEE ARTICLE FILE 

ACM , Communications of - August 1985 
"Case Study : The CIRRUS Banking Net~ork" , edited by David Gifford and 
Alfred Spector 
- SEE ARTICLE FILE 

ACM Softvare Engineering Notes - July 1989 
"The Three Questions", by Tom Van Vleck 
- SEE AUTHOR FILE 

"Advanced Program-to-Program Communciation in SNA", by Pete Homan 
IBM Systems Journal - v22, n4, 1983 
- SEE AUTHOR FILE 

Alex . Brown & Sons 
"The Commercial Computer Systems Industry" by Alex . Brown & Sons, Inc . 
August 1989 
- SEE ARTICLE FILE 

"Applying Fault Tolerant System Architectures" , by Jonathan A. Humphry 
Chilton's - I&CS - Oct. 1987 
- SEE ARTICLE FILE 

"Architecture for High Volume Transaction Processing", by Robert W 
W Horst and Timothy C K Chou - Proceedings of the 12th Annual 
International Symposium on Computer Architecture (IEEE) - June 1985 
- SEE AUTHOR FILE 

Auerbach - August 1983 - "Prototyping" 

Auerbach Publishers Inc 
"An Overview of Fault-Tolerant Systems", By Patricia A Becker -
Auerbach Publishers Inc - copyright 1986 
- SEE AUTHOR FILE 

8all, Brian 
Fault Tolerant Computing Exhibition, Technical Papers of (proceedings 
- held April 1987 - sponsored by MITRE - "Evo lution of Tandem's Appro 
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to Fault Tolerance", by Brian Ball - paper dated March 1987 
- SEE AUTHOR FILE 

Bartlett, Joel F 
"A NonStop Operating System" - copyright 1977 
- SEE AUTHOR FILE 

Bartlett, Wendy 
·Fault Tolerance: Which Scheme is Best for You?" by Wendy Bartlett 
and Michael Treese - EON July 13, 1989 
- SEE AUTHOR FILE 

Bate, Ruth 
NCR Corporation Company Profile and Strategies - Competitive 

Analysis Report - Ruth Bates - Sept 25, 1987 
- SEE ARTICLE FILE (under NCR) 

Becker, Patricia A 
"An Overviey of Fault-Tolerant Systems", By Patricia A Becker -
Auerbach Publishers Inc - copyright 1986 
- SEE AUTHOR FILE 

Ben-Ari, M 
"Principles of Concurrent Programming" - book, by M Ben-Ari and 
Eiichi Watanabe - in Japanese - copyright 1982 

- SEE AUTHOR FILE 

"Big Score, The The Billion-Dollar Story of Silicon Valley" (book) 
- have section on Tandem only 
- SEE ARTICLE FILE 

Bit - 1976 (v16) 
"Tuning Gar~ick's Algorithm for Repacking Sequential Storage", 
by David S Wise and Dan C Watson 
- SEE AUTHOR FILE 

"Beyond OSI: Open Systems Net~orking", by David Kirk 
- Telecommunications - October 1985 
- SEE AUTHOR FILE 

Blake, Russ 
·Tailor: A Simple Model That Works" - 1979 Conference on Simulation, 
Measurement and Modeling of Computer Sys tems 
- SEE AUTHOR FILE 

Blake, Russ 
·XRAY: Instrumentation for Multiple Computers" - copyright 1980 by 
the Association for Computing Machinery 
- SEE AUTHOR FILE 

Blake, Russ 
·Optimal Control of Thrashing" - copyright 1982 by Tandem Computers 
- SEE AUTHOR FILE 

Tandem Computers, Inc - Proprietary and Confidential 
3 



( . 

( ' 

Borr, Andrea 
"Transaction Monitoring in ENCOMPASS : Reliable Distributed 
Transaction Processing" - from the proceedings of the Seventh 
International Conference on Very Large Databases, (IEEE) Sept 1981 
_ SEE AUTHOR FILE; SEE ALSO Tandem Technical Report 81.2 

Barr, Andrea "Robustness to Crash in a Distributed Database: A Non Shared-Memory 
Multi-Processor Approach" - from the Proceedings of the Tenth 
International Conference on Very Large Data Bases, Aug 1984 -
_ SEE AUTHOR FILE; SEE ALSO Tandem Technical Report 84.2 

Brinch, Hansen "The Nucleus of a Multiprogramming System" - ACM, Communications of -
April 1970 
- SEE ARTICLE FILE 

"B-Trees Re-Examined", by Gerald Held 
_ Communications of the ACM - February 1978 
- SEE AUTHOR FILE 

BusinessWeek - July 14, 1980 
"What Makes Tandem Run?" 
- SEE ARTICLE FILE 

BusinessWeek - November 1984 
"Who's Excellent Now?"; cover story - followup on companies listed in 
book "In Search of Excellence" two years prior 

BusinessWeek - April 21, 1986 
"Computers: When Will the Slump End?" cover story by John W wilson 
_ SEE ARTICLE FILE 

BusinessWeek - February 23, 1987 
"How Jim Treybig Whipped Tandem Back Into Shape", by Jonathan B 
Levine - SEE CLIPPING FILE 

Carlyle, R Emmett 
"IBM'S Soothing Balm", by R Emmett Carlyle - Datamation -
November 15, 1985 
_ SEE ARTICLE FILE 

"Checkpo i nting Techniques for Fault-Tolerant process-pairs", by 
Gary Francis Tom - Submitted to the Department of Electrical 
Engineering and Computer Science in partial Fulfillment of the 
Requirements for the Degree of Bachelor of Science at the 
Massachusetts Institute of Technology, June 1981" 
- SEE AUTHOR FILE 

Chester, Michael 
"Fault-Tolerant Computers Mature", by Michael Chester - Systems' 
Software - March 1985 
- SEE ARTICLE FILE 
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Chou, Timothy C K 
"An Architecture for High Volume Transaction Processing" -
Proceedings of the 12th Annual International Symposium on Computer 
Architecture (IEEE) - June 1985 
- SEE AUTHOR FILE 

CIRRUS Banking Netvork 
ACH. Communications of - August 1985 
·Case Study: The CIRRUS Banking Network", edited by David Gifford and 
Alfred Spector 
- SEE ARTICLE FILE 

Codd, E F 
"Ooes Your OMBS Run by the Rules?" , by E. F. Codd 
- Computervorld - October 21, 1985 
- SEE ARTICLE FILE 

"Extending the Database Relational Model to Capture More Meaning", by 
E.F. Codd 

- ACM Trans. on Database Systems - December 1979 
- SEE ARTICLE FILE 

"Inside IBM's Relational 'Strategy'", by E.F. Codd 
- Computervorld - December 1986 
- SEE ARTICLE FILE 

"Is Your DBMS Really Relational?" by E.F . Codd 
- Computervorld - October 14, 1985 
- SEE ARTICLE FILE 

"1987: The Beginning of a Hey Era in Data Processing" by E.F. Codd 
- Information Week - May 4, 1987 - on NonStop SQL 
- SEE CLIPPING FILES AND ARTICLE FILE 

"The Real Strenghts of Relational Systems" by E.F. Codd 
- Computeryorld - February 6, 1984 
- SEE ARTICLE FILE 

-Relational Database: A Practical Foundation for Productivity·, 
- by E.P. Codd 
- Communications of ACH - February 1982 -
- SEE ARTICLE PILE 

·A Relational Model of Data for Large Shared Data BanksR by E.F. Cod 
- Communications of the ACM - January, 1983 
- SEE ARTICLE FILE 

·Coming Computer Industry Shakeout R (book), by Stephen T McClellan 
- 1984 - have pages on Tandem only - SEE ARTICLE FILE 
- SEE ARICLE PILE 

·The Commercial Computer Systems Industry· by Alex.Broyn , Sons, Inc. 
August 1989 
- SEE ARTICLE FILE 
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Compcon - Spring 1977 
"System Architecture for Nonstop Computing", by James Katzman 
- SEE AUTHOR FILE 

Computer Architecture, Proceedings from the 12th Annual Symposium 
(IEEE) - "Architecture for High Volume Transaction Processing", 
by Robert W Horst and Timothy C K Chou - - June 1985 
- SEE AUTHOR FILE 

Computer Language (magazine) - Jan 1985 
"Exotic Language of the Month Club - TAL", by Serg Koren 
- SEE ARTICLE FILE 

Computer Technology Review - Summer 1983 
"Architecture Determines Cost' Reliability of Fault-Tolerant 
Design", by Dennis McEvoy and Sandra Metz - SEE ARTICLE FILE 

ComputerWor1d - copyright 1978 
"Library Net Puts Minis at Front and Back Ends" - deals with 
OCLC - SEE ARTICLE FILE 

ComputerWorld - June 8, 1987 
"Twelve Rules for a Distributed Data Base", 
by C J Date - ComputerWorld - June 8, 1987 - SEE ARTICLE FILE 

"Computers in Banking and Finance The Impact of Fault Tolerant 
Systems· by Chris Summers - Financial Times Business Information Ltd 
- received Jan 1984 - SEE ARTICLE FILE 

Computing Surveys - March 1977 
"Multiprocessor Organization - A Survey", by Philip H Enslow Jr 
- SEE AUTHOR FILE 

"Concurrent SP/k A Language Supporting Concurrent Processes", 
by Reinhard G Menzel - thesis, University of Toronto - July 1976 
- SEE AUTHOR FILE 

Corporate Competitive Newsletter 
-Monthly newsletter producced by Ralph Chiarella, Neil Johnson, 
Ken Bradley, Bruce Wood, Ruth Bates - started Oct . 2, 1987 -
SEE ARTICLE FILE (under title) 

"The Costs of Network Ownership" by Dr. Michael E. Treacy and 
Index Group, Inc. 1989 
- SEE ARTICLE FILE 

[Cowen Survey - listed under Datamation-Cowen] 

Data Communications - Oct 1983 
"Solving the Problems of Distriputed Databases", by Jim Gray 
and Sandy Met. - SEE ARTICLE FILE; SEE ALSO AUTHOR FILE 

Data Communications - Aug 1985 
"when the Shoe's on the Vendor's Foot: a Look at Tandem's Corporate 
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Network", by Kent Madsen and David Foley - SEE ARTICLE FILE 

Data Communications - Sept 1985 
"Hov Multiprocessor Nodes Can Become More Sociable", by Kent Madsen 
, David Foley - SEE ARTICLE FILE 

Data Communications - Feb 1986 
"Time-Staged Delivery Networks Save Time, Enhance Productivity", by 
Jeri Edwards - SEE AUTHOR FILE 

Datamation - January 1, 1985 
"IBM : Mainframes in 1990", by Norman Weizer and Frederic Withington 
- SEE ARTICLE FILE 

Datamation - April I, 1985 
"A Measure of Transaction Processing Power", by Anon et al 
- SEE AUTHOR FILE (Jim Gray) - SEE ALSO Tandem Technical Report 85.2 

Datamation - November 15, 1985 
·IBH's Soothing Balm·, by R Emmett Carlyle - SEE ARTICLE FILE 

Datamation-Cowen 1983/1984 Mini/Microcomputer Conference -
section on customer loyalty . Audrey Fricke has the complete 
conference/survey - SEE ARTICLE FILE 

Datamation-Cowen 1984/85 Mini/Microcomputer Conference (complete) 
- SEE ARTICLE FILE 

Datamation-Cowen 1985 Computer/Telecommunications Industry Conference 
- SEE ARTICLE PILE 

Datamation-Cowen 1985/1986 Mini/Microcomputer Conference 
- SEE ARTICLE FILE 

Datamation-Cowen Survey 1988/89 Mini/Microcomputer conference 
- SEE ARTICLE PILE 

Datamation-Cowen - mail memo from Cacey Tangney, "More on Customer 
Satisfaction" - Oct 3, 1986 - in response to "unfavorable" survey -
SEE ARTICLE FILE under Datamation-Cowen 

Datapro 1984 User Rating of Computer Systems (mini' mainframe 
sections only) - Marketing Info Center has complete 1984 survey plus 
surveys from previous years - SEe ARTICLE FILE 

Date, C J 
"Tve1ve Rules for a Distributed Data Base", 
by C J Date - ComputerWorld - June 8, 1987 - SEE ARTICLE FILE 

Dec Professional Jan. 1988 
·OLTP on the Vaxcluster" by Berl Hartman. 

" Online Transaction Processing - What is it? And should I care?" 
by Phillip A Haecker 
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DECWorid Product Announcements 
~This publication describes the nev product announcements at 
the recent DECWorid shov in Boston.~ From Neil Johnston, 
Sept 21, 1987 - SEE ARTICLE FILE 

~Designer's Overviev of Transaction Processing~, by Lloyd Smith, 
copyright 1979 - SEE AUTHOR PILE 

Drexel Burnham Lambert, Inc - Dec 9, 1983 
"Tandem Computers Entering Nev Grovth Phase~ - SEE ARTICLE FILE 

Drexel Burnham Lambert, Inc - Feb 4, 1985 
~Tandem Computers Inc - Company Report - Outlook Improving~ 
- SEE ARTICLE FILE 

Duke, Chris and Sandy Metz 
"Message-Transport Softvare Does the Whole Job~ - Electronic Design -
July 8, 1982 - SEE AUTHOR FILE 

EON - July 13, 1989 - "Pault Tolerance: Which Scheme is Best for You?" 
by Wendy Bartlett and Michael Treese 
- SEE AUTHOR FILE 

EON - April 28, 1988 - "Silicon compilers Tame 10,OOO-Gate-Plus 
ASICs, Gate Arrays~ by william J Stenzel 
- SEE AUTHOR FILE 

EDP Industry Report - July 1, 1985 - Reviev , Forecast Part I -
~Viev from the Valley: Large-Scale Systems Coming off Slover Grovth, 
Facing Lover Income Levels in 1985 Despite Continuing Demand" 
- SEE ARTICLE FILE 

EOP Industry Report - July 31, 1985 - Review' Forecast Part II -
"Rollercoaster Revenue Climbs and Slides Unsettle Stomachs for 
Medium-, Small- Scale System Vendors" - SEE ARTICLE FILE 

Edvards, Jeri 
"Time-Staged Delivery Netvorks Save Time, Enhance Productivity· - Data 
Communications - Feb 1986 - SEE AUTHOR FILE 

Electronic Business - May 1, 1984 
"A Faultless Market Dravs Many Nev Contenders" 

ThiS is in the folder vith: 
Mini-Micro Systems - Jan 1984 
~Competition Heats Up.~, by Susan Glazer - SEE ARTICLE FILE 
They are essentially the same article. 

Electronic Business - February 15, 1987 
"Tandem: Grovth in a Niche That Never Fails~, by Anne Xnovles 
- SEE CLIPPING FILE 

Electronic Design - July 8, 1982 
"Message-Transport Softvare Does the Whole Job~, by Chris Duke and 
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8 



• 

• 

• 

Sandy Metz - SEE AUTHOR FILE 

Electronics - April 19, 1984 
"Nev System Manages Hundres of Transactions Per Second", by Robert 
Horst and Sandra Metz - SEE ARTICLE FILE 

Electronics - April 14, 1986 - cover story 
"Tandem Makes a Good Thing Better", by Jonah McLeod and "Tandem's Old 
Architecture Pays Off In New Markets·, by Clifford Barney (articles 
are attached) - SEE ARTICLE FILE 

Enslow, Philip H Jr 
"Multiprocessor Organization-A Survey· - Computing Surverys 
- March 1977 - SEE AUTHOR FILE 

·Evolution of Tandem's Approach to Fault Tolerance" -
Fault Tole rant Computing Exhibition, Technical Papers of 
(proceedings) - held Apr il 1987 - sponsored by MITRE - "Evolution of 
Tandem's Approach to Fault Tolerance·, by Brian Ball - paper dated 
March 1987 - SEE AUTHOR FILE 

·Fault-Tolerant Computer Systems Market Analysis and Forecast United 
States Market (1984-1990)" - Frost and Sullivan - Jan 1986 
- SEE ARTICLE FILE 

-Fault Tolerant Computers Market in Europe- (also titled -Fault 
Tolerant Computer Systems European Market Analysis and Forecast 
1983-1990") - Prost and Sullivan - Aug 1985 - SEE ARTICLE FILE 

-Fault-Tolerant Computers Mature-, by Michael Chester - Systems, 
Soft~are - March 1985 - SEE ARTICLE FILE 

-Fault-Tolerant Computers US Market Analysis and Forecast 
(1983 - 1988)" - Frost and Sullivan - Aug 1984 - SEE ARTICLE FILE 

Fault Tolerant Computing Exhibition, Technical Papers of (proceedings) 
- held April 1987 - sponsored by MITRE - "Evolution of Tandem's 
Approach to Pault Tolerance-, by Brian Ball - paper dated March 1987 
- SEE AUTHOR FILE 

-Pault-Tolerant Computing System-, by James A Katzman 
- copyright 1977 - first revision January 1979 - SEE AUTHOR FILE 

-Fault Tolerant Control for Intelligent Manufacturing-, by Glen B. 
Alleman - IMS OCtober 1985 Proc. - SEE ARTICLE FILE 

-Fault-Tolerant System- - book, by Eiichi Watanabe - in Japanese . 
This is a colection of technical papers/articles published in the 
past, vith addition information such as a draft proposal of Japanese 
Industry Standard of Highly Reliable Computing System . Papers vere 
written by various Tandem and non-Tandem people. Book received in 
OCt 1986 . - SEE AUTHOR FILE 

Tandem Computers. Inc - Proprietary and Confidential 
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"Fault-tolerant System Architecture of Tandem NonStop System", 
presentation by Eiichi Watanabe - Jan 1984 - abstract in English, 
paper in Japanese - SEE AUTHOR FILE 

"Fault-Tolerant Systems" 
- report from ITOM International Co - copyright 1982 
- SEE ARTICLE FILE 

Financial Times Business Information ~td - received Jan 1984 
"Computers in Banking and Finance The Impact of Fault Tolerant 
Systems' by Chris Summers - SEE ARTICLE FILE 

Frost and Sullivan - Aug 1984 
"Fault-Tolerant Computers US Market Analysis and forecast 
(1983 - 1988)' - SEE ARTICLE FILE 

Frost and Sullivan - Aug 1985 
"Fault Tolerant Computers Market in Europe" (also titled "Fault 
Tolerant Computer Systems European Market Analysis and Forecast 
1983-1990') - SEE ARTICLE FILE 

Frost and Sullivan - July 1988 
'Fault Tolerant Computer Systems in Europe 1986-1992' - SEE ARTICLE P 

Frost and Sullivan - Aug 1988 
'Fault Tolerant Computer Systems in the U.S.' - SEE ARTICLE FILE 

Frost and Sullivan - Jan 1986 
"Fault-Tolerant Computer Systems 
States Market (1984-1990)' - SEE 

Market 
ARTICLE 

Analysis 
FILE 

and Forecast United 

Gray, Jim 
'A Transaction Model' - paper - Feb 1980 - SEE AUTHOR FILE 

Gray, Jim 
"Solving the Problems of Distributed Databases" by Jim Gray and Sandy 
Metz - Data Communications - Oct 1983 - SEE AUTHOR PILE 

Gray, Jim 
"A Measure of Transaction Processing Power·, by Anon et al -
Datamation - April 1, 1985 - SEE AUTHOR FILE - SEE ALSO Tandem 
Technical Report 85.2 

Gray, Jim 
"Transparency in its Place" by Jim Gray - Unix Review - May 1987 -

SEE ARTICLE FILE; SEE ALSO AUTHOR FILE 

"Guardian/Expand: A NonStop Networ", by James A Katzman and 
H Robert Taylor - copyright 1978 - SEE AUTHOR FILE 

Hamilton, Paul 
"Relialbility. Availability, and Fault Tolerance" - Chilton's 

I I,CS - Oct 1987 - SEE ARTICLE FILE 
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• Haskell , George 
Preliminary Analysis of Stratus Product Announcements April 18, 1984 
- SEE CLIPPING FILES 

Helland, Pat 
Transaction Monitoring Facility (TMF) - Quarterly Bulletin of the lEE 
Computer Society Technical Committee on Database Engineering -
June 1985 
- SEE AUTHOR FILES 

Held, Gerald 
"a-Trees Re-Examined" - Communications of the ACM - Feb 1978 
- SEE AUTHOR FILE 

Holbrook, Robert 
"New ROBMS Dispel Doubts , Perform OLTP Applications· - Computer 
Technology Review - Spr ing 1988 

- SEE AUTHOR FILE 

Homan, Pete 
·Advanced Program-to-Program Communciation in SNA" - IBM Systems 
Journal - vol 22 , n 4, 1983 - SEE AUTHOR FILE 

Horst, Robert W 
"An Architecture for High Volume Transaction Processing", by Robert 
W Horst - IEEE Proceedings of the 12th Annual International 

• Symposium on Computer Architecture - June 17-19, 1985 

• 

Humphry, Jonathan 
-Applying Fault Tolerant System Architectures- - Chilton's I'CS 
Oct 1987 - SEE ARTICLE FILE 

"IBM's Soothing Balm" , by R Emmett Carlyle 
- Datamation - November IS, 1985 - SEE ARTICLE FILE 

IBM Systems Journal - v22, n4, 1983 
-Advanced Program-to-Program Communciation in SNA-, by Pete Homan 
- SEE AUTHOR FILE 

IBM Systems Journal - v26, n3, 1987 
-Structure of System/88, a Fault-Tolerant computer- by E. S. Harrison 
- SEE ARTICLE FILE 

IEEE Quarterly Bulletin of the IEEE Computer Society Technical 
Committee on Database Engineering - June 1983 (-This issue of 
Database Engineering focuses on highly available systems . The first 
five articles are from commercial vendors who market fault-tolerant 
computer systems.-) - SEE ARTICLE FILE 

Industry Week - October 15, 1984 
wIW's Excellence in Management Awards-, includes Jim Treybig . 
- SEE ARTICLE PILE 
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Information Week - May 4, 1987 
"1987: The Beginning of a New Era in Data Processing" , by E F Codd 
- Information Week - May 4, 1987 - on NonStop SQL - SEE CLIPPING 
FILES 

Information Week - November 9 , 1987 
"Tandem's Treybig : No More Mister Niche Guy", by paul E. Schindler 
- Information Week - November 9, 1987 - see CLIPPING FILES 

ITOM International Co 
- "Fault-Tolerant Systems - copyright 1982 - SEE ARTICLE FILE 

Japan Electronic Industry Newsletter 
- monthly newsletter sent by email by Eiichi Watanabe beginning 
April 1987 - SEE ARTICLE FILE (under title) 

Japan Technology and Industry Report - quarterly report sent by 
email by Eiichi Watanabe beginning June 30, 1987 - SEE ARTICLE 
FILE (under title) 

Johnston, Neil 
OECWorld Product Announcements - "This publication describes the new 
product announcements at the recent OECWorld show in Boston , " From 
Neil Johnston, Sept 21, 1987 - SEE ARTICLE FILE 

Katzman, James 
"System Architecture for Nonstop Computing", by James A Katzman 
- Compcon Spring 1977 - SEE AUTHOR FILE 

Katzman, James A 
"Fault-Tolerant Computing System", by James A Katzman 
- copyright 1977 - first revision January 1979 - SEE AUTHOR FILE 

Katzman , James A 
"Guardian/Expand: 
H Robert Taylor -

Kirk, David 

A NonStop Network", by James A Katzman and 
copyright 1978 - SEE AUTHOR FILE 

"Beyond OSI : Open Systems Net~orking", by David Kirk 
- Telecommunications - OCtober 1985 - SEE AUTHOR FILE 

Laurich, Larry 
"Product Development Cycle" - video tape, by ~arry ~aurich 
- Nov 11, 1980 - 35 min - SEE AUTHOR FILE 

Levering, Robert 
100 Best Companies to Work for In America (book) - Have section on 
Tandem only - SEE ARTICLE FILE 

"~ibrary Net Puts Minis at Front and Back Ends· 
- ComputerWorld - copyright 1978 - deals vith OCLC - SEE ARTICLE FILE 

Mackie, Dave 
"The Tandem 16 NonStop System" - no source, no date - SEE AUTHOR FILE 
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Madsen, Kent 
ftNonStop Transaction Processing- - by Lloyd Smith and Kent Madsen 
- Datamation March 1983 - SEE AUTHOR FILE UNDER SMITH AND MADSEN 

Martin Simpson - July 25, 1983 
Tandem Computers End-User Survey - SEE ARTICLE FILE 

McClellan, Stephen T 
Coming Computer Industry Shakeout (book) - 1984 - have pages on 
Tandem only - SEE ARTICLE FILE 

McEvoy, Dennis - 1983 speech at NCC - SEE ARTICLE FILE 

McSweeney, Tim - SEE Stratus - August 1985 - RCompetitive Analysis R 

SEE CLIPPING FILE 

"Measure of Transaction Processing Power", by Anon et al 
- Datamation - April 1, 1985 - see Jim Gray in AUTHOR FILE 
- SEE ALSO Tandem Technical Report 85.2 

Menzel, Reinhard G 
·Concurrent SP/k A Language Supporting Concurrent Processes·, 
by Reinhard G Menzel - thesis, University of Toronto - July 1976 
- SEE AUTHOR FILE 

"Message-Transport Software Does the Whole Job", by Chris Duke and 
Sandy Metz - Electronic Design - July 8, 1982 - SEE AUTHOR FILE 

Miller, Donald V 
·Cryptanalysis of a Tvo Round Version of Des Using Index Implications 
Cryptologia - October 1988 
- SEE AUTHOR FILE 

Mini-Micro Systems - Jan 1984 
RCompetition Heats Up.R, by Susan Glazer - SEe ARTICLE FILE 

[Also in this folder : Electronic Business - May 1, 1984 
RA Faultless Market Dravs Many Ney Contenders· - this is essentially 
the same article as above . ] 

M.I.T . - Sloan School of Management - February 1988 
RThe Realities of Electronic Data Interchange: Hoy much Competitive 
Advantage?R by Robert I. Benjamin et al. 

MITRE 
Fault Tolerant Computing Exhibition, Technical Papers of 
(proceedings) - held April 1987 - sponsored by MITRE - "Evolution of 
Tandem's Approach to Fault Tolerance·, by Brian Ball - paper dated 
March 1967 - SEE AUTHOR FILE 

Morgan Stanley - Nov 28, 1983 
·Stratus Fault-Tolerant Systems Facing a Bright Future R 

- SEE CLIPPING FILES 
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MSRA Inc - April 1984 
I ~ "Stratus and the Fault-Tolerant Computer Market" - SEE CLIPPING FILES 

"Multiprocessor Organization-A Survey·, by Philip H Enslow Jr 
- Computing Surveys - March 1977 - SEE AUTHOR FILE 

NCR Corporation Company Profile and Strategies - Competitive 
Analysis Report - Ruth Bates - Sept 25, 1987 - SEE ARTICLE FILE 
(under NCR) 

"1987 : The Beginning of a New Era in Data Processing" 
"1987: The Beginning of a New Era in Data Processing", by E F Codd 
- Information Week - May 4, 1987 - on NonStop SQL - SEE CLIPPING 
FILES 

Nikkei Computer - v6 n10 - 1985 
"Tandem' Other Vendors" - Nikkei Computer - v6 nl0 - 1985, 
by Eiiche Watanabe - in Japanese - SEe AUTHOR FILE 

"NonStop Operating System", by Joel F Bartlett, copyright 1977 
- SEE AUTHOR FILE 

"NonStop Transaction Processing" by Lloyd Smith and Kent Madsen 
- Datamation Harch 1983 
- SEE AUTHOR FILE 

., "OLTP on the Vaxcluster" by Berl Hartman - Dec Professional Jan.SS 

"100 Best Companies to Work for In America" (book), by Robert Levering 
- Have section on Tandem only - see ARTICLE FILE 

( 

["On the Reliability of the IBM MVS/XA" - see entry under Stratus 
Updates] 

"Online Transaction Processing - What is it? And should I care?ft 
by Philip A. Naecker - Dec Professional Jan.BB 

ftOptimal Control of Thrashingft, by Russ Blake 
- copyright 1982 by Tandem Computers - SEE AUTHOR FILE 

[Otto, Richard - Stratus-System/BB Competitive Updates, 
etc - see entry under Stratus Updates) 

Comparisons, 

ftOverviev of Fault-Tolerant Systems, An·, By Patricia A Becker -
Auerbach Publishers Inc - copyright 1986 - SEE AUTHOR FILE 

·Overview of the Implementation of Fault-Tolerant Systems·, by Eiichi 
Watanabe (in Japanese) - July 8, 1988 - SEE AUTHOR FILE 

PaineWebber - May 24, 1984 
ftFault-Tolerant Computers: A Progress Report ft - SEe ARTICLE FILE 

PaineWebber - Nov 17, 1985 
Tandem Computer Status Report - SEE ARTICLE FILE 
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• RPrinciples of Concurrent Programming R - book, by M Ben-Ari and 
Eiichi Watanabe - in Japanese - copyright 1982 - (note : Ben-Ari 
is not a Tandem employee) - SEE AUTHOR FILE 

RProduct Development CycleR - video tape, by Larry Laurich 
- Nov II, 1980 - 35 min - SEE AUTHOR FILE 

Prudential-Bache Securities - June 18, 1985 
RTandem Computers Inc Software House SurveyR - SEE ARTICLE FILE 

Prudential-Bache Securities - January 20, 1986 
RCompany Repositing for Better Profitability and Growth Nearly 
Complete" - SEE ARTICLE FILE 

RThe Realities of Electronic Data Interchange : How Much Competitive 
Advantage?R by Robert I . Benjamin, David W. De Long , Michael S . 
Scott Morton . - February 1988 

SEE ARTICLE FILE 

RReliability, Availability, and Fault Tolerance R, by Paul Hamilton -
Chilton's I'CS Oct. 1987 - SEE ARTICLE FILE 

RRobustnes$ to Crash in a Distributed Database: A Non 
Shared-Memory Multi-Processor Approach-, by Andrea Borr 
- from the Proceedings of the Tenth International Conference on very 
Large Data eases, Aug 1984 - SEE AUTHOR FILE - SEE ALSO Tandem 

• Technical Report 84.2 

• 

·Rollercoaster Revenue Climbs, Slides ... • 
- EDP Industry Report - July 1, 1985 - Review, Forecast Part I -
·view from the Valley : Large-Scale Systems Coming off Slower Growth, 
Facing Lower Income Levels in 1985 Despite Continuing Demand· 
- SEE ARTICLE FILE 

July 31, 1985 - Review, Forecast Part II - RRollercoaster Revenue 
Climbs and Slides Unsettle Stomachs for Medium-, Small- Scale System 
Vendors" - SEE ARTICLE FILE 

-Running Late in Fail-Safe Computers·, by Ira Sager - Venture 
- Dec 1983 

Sager, Ira 
RRunning Late in Fail-Safe Computers-, by Ira Sager - Venture 
- Dec 1983 

Silicon Compilers Tame 10,OOO-Gate-Plus ASICs, Gate Arrays, by 
William J . Stenzel - EON - April 28, 1988 
- SEE AUTHOR FILE 

Simulation, Measurement and Modeling of Computer Systems, 1979 
Conference on - -Tailor : A Simple Model That Works·, by Russ Blake 
- SEE AUTHOR FILE 

Tandem Computers, Inc - Proprietary and Confidential 
15 



• 

Smith, Lloyd 
"Designer's Overviev of Transaction Processing", by Lloyd Smith, 
copyright 1979 - SEE AUTHOR FILE 

"NonStop Transaction Processing", by Lloyd Smith and Kent Madsen 
- Datamation March 1983 -SEE AUTHOR FILE UNDER SMITH AND MADSEN 

Softvare House Survey -
Prudential-Bache Securities - June IS, 1985 -
"Tandem Computers Inc Softvare House Survey" - SEE ARTICLE FILE 

"Solving the Problems of Distributed Databases", by Jim Gray and 
Sandy Metz - Data Communciations - Oct 1983 - SEE AUTHOR FILE 

Standard' Poor's Industry Surveys - June 6, 19S5 
"Computers' Office Equipment Basic Analysis" - SEE ARTICLE FILE 

Stenzel, William J, EON - April 28, 1988 
"Silicon Compilers Tame 10,OOO-Gate-Plus ASICs, Gate Arrays 
- SEE AUTHOR FILE 

Stratus - Nov 23, 1983 
"Fault-Tolerant Systems Facing a Bright Future" - Morgan Stanley 
- SEE CLIPPING FILES 

Stratus - April 18, 1984 
Preliminary Analysis of Stratus Product Announcements, by George 
Haskel - SEE CLIPPING FILES 

Stratus - April 1984 
"Stratus and the Fault-Tolerant Computer Market" - MSRA, Inc 
- SEE CLIPPING FILES 

Stratus - August 1985 
"Competitive Analysis", by Tim McSweeney - SEE CLIPPING FILES 

Stratus - March 20, 1986 
Tandem VS Stratus Comparison, by Rich Otto - SEE CLIPPING FILES 

Stratus - Stratus-System/S8 Competitive Updates 
Update '1, Dec 6, 1985, by Richard Otto 
update '2, Mar 12, 1986, by Richard Otto 
Note: ve also have copies for distribution of Stanford paper 
"On the Reliability of the IBM MVS/XA", cited in this update. 
Update '3, May 1, 1986, by Richard Otto 
Update '4, May 13, 1986, by Elias Zelkha 
Update '5, June 6, 1986, by Pete Vankuran 

- SEE CLIPPING FILES FOR ALL OF THE ABOVE 

"Structure of System/SS, a Fault-Tolerant compute r" , by E. S . Harrison 
IBM Systems Journal, V26, n3, 1987 - SEE ARTICLE FILE 

Summers, Chris 
"Computers in Banking and Finance The Impact of Fault Tolerant 
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• 

Systems", by Chris Summers - Financial Times Business Information Ltd 
- received Jan 1984 - SEE ARTICLE FILE 

· System Architecture for Nonstop Computing·, by James A Katzman 
- Compcon Spring 1977 - SEE AUTHOR FILE 

Systems' Software - March 1985 
"Fault-Tolerant Computers Mature", by Michael Chester - Systems' 
Software - March 1985 - SEE ARTICLE FILE 

Tangney, Cacey 
Datamation-Cowen - mail memo from Cacey Tangney, ·More on Customer 
Satisfaction" - Oct 3, 1986 - in response to "unfavorable" survey -
SEE ARTICLE FILE under Datamation-Cowen 

"Tailor : A Simple Model That Works· , by Russ Blake - 1979 
Conference on Simulation , Measurement and Modeling of Computer 
Systems - SEE AUTHOR FILE 

"Tandem' Other Vendors· - Nikkei Computer - v6 010 - 1985, 
by eiiche Watanabe - in Japanese - SEE AUTHOR FILE 

"Tandem Computers will have it next" - Yankee Conveyor - Aug _ 1987 -
SEE CLIPPING FILE 

~Tandem 16 NonStop System , The~, by Dave Mackie - no source, no date 
- see AUTHOR FILE 

~Tandem's Treybig : No More Hister Niche Guy~, by Paul E. Schindler 
- Information Week - November 9, 1987 - SEE CLIPPING FILES 

Taylor, H Robe r t 
~Guardian/Expand : A NonStop Netvork~, by James A Katzman and 
H Robert Taylor - copyright 1978 - SEE AUTHOR FILE 
(note : it is unclear ~hether or not Taylor vas a Tandem employee) 

Telecommunications - October 1985 
"Beyond OSI : Open Systems Networking", by David Kirk 
- SEE AUTHOR FILE 

~Time-Staged Delivery Net~orks Save Time, Enhance Productivity", by 
Jeri Edwards - Data Communications - Feb 1986 - SEE AUTHOR FILE 

Tom, Gary Francis 
~Checkpointing Techniques for Fault-Tolerant Process-Pairs", by 
Gary Francis Tom - Submitted to the Department of Electrical 
Engineering and Computer Science in Partial Fulfillment of the 
Requirements for the Degree of Bachelor of Science at the 
Massachusetts Institute of Technology, June 1981~ - SEE AUTHOR FILE 

"Transaction Model", by Jim Gray - paper - Feb 1980 - SEE AUTHOR FILE 

"Transaction Monitoring in ENCOMPASS : Reliable Distributed 
Transaction Processing R

, by Andrea Borr - from the Proceedings of the 
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Seventh International Conference on Very Large Databases, (IEEE) Sept 
1981 - SEE AUTHOR FILE - SEE ALSO Tandem Technical Report 81 . 2 

"Transparency in its Place", by Jim Gray - Unix Review - May 1987 -
SEE ARTICLE FILE; SEE ALSO AUTHOR FILE 

Treacy, Michael 
"The Costs of Network Ownership" - the Index Group,Inc . 1989 
- SEE ARTICLE FILE 

Treybig, Jim - September 30, 1987 Cowen Conference 

"Tuning Garwick's Algorithm for Repacking Sequential Storage", 
by David S Wise and Dan C Watson - Bit 1976 (v16) - SEE AUTHOR FILE 
(under Watson - it is unclear if Wise was a Tandem employee) 

"Twelve Rules for a Distributed Data Base", 
by C J Date - ComputerWorld - June 8, 19B7 - SEE ARTICLE FILE 

Van Vleck, Tom 
"The three Questions" - ACM Software Engineering Notes, July 1989 

Venture - Oec 1983 
"Running Late in Fail-Safe Computers", by Ira Sager 
- SEE ARTICLE FILE 

Very Large Databases, Proceedings of the Seventh International 
Conference on, Sept 1981 - "Transaction Monitoring in ENCOMPASS : 
Reliable Distributed Transaction Processing", by Andrea Borr 
- SEE AUTHOR FILE - SEE ALSO Tandem Technical Report 81.2 

Very Large Data Bases, Proceedings of the Tenth International 
Conference on, Aug 1984 - "Robustness to Crash in a Distributed 
Database : A Non Shared-Memory Multi-Processor Approach". by 
Andrea Borr - SEE AUTHOR FILE - SEE ALSO Tandem Technical Report 
B4 . 2 

RView from the Valley: Large-Scale Systems Coming off Slower Growth. 
Facing Lower Income Levels in 1985 Despite Continuing Demand R 
EDP Industry Report - July 1, 1985 - Review, Forecast Part I -
- SEE ARTICLE FILE 

Watson, Dan C 
RTuning Garwick's Algorithm for Repacking Sequential Storage". 
by David S Wise and Dan C Watson - SEE AUTHOR FILE 
(under Watson - it is unclear if Wise was a Tandem employee) 

Watanabe. Eiichi 
RFault-Tolerant System R - book, by Eiichi Watanabe - in Japanese. 
This is a colection of technical papers/articles published in the 
past. with addition information such as a draft proposal of Japanese 
Industry Standard of Highly Reliable Computing System. Papers were 
written by various Tandem and non-Tandem people. Book received 
Oct 1986 . - SEE AUTHOR FILE 
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• 

-Fault-tolerant System Architecture of Tandem NonStop System", 
presentation by Eiichi Watanabe - Jan 1984 - abstract in English, 
paper in Japanese - SEE AUTHOR FILE 

Japan Electronic Industry Newsletter - monthly newsletter sent 
by email by Eiichi Watanabe beginning April 1987 - SEE ARTICLE FILE 
(under titlel 

"Overview of the Implementation of Fault-Tolerant Systems·, by Eiichi 
Watanabe (in Japanesel - July 8, 1988 - SEE AUTHOR FILE 

Japan Technology and Industry Report - quarterly report sent by 
email by Eiichi Watanabe beginning June 30, 1987 - SEE ARTICLE 
FILE (under titlel 

·Principles of Concurrent Programming" - book, by M Ben-Ari and 
Eiichi Watanabe - in Japanese - copyright 1982 - (note: Ben- Ari 
is not a Tandem employee I - SEE AUTHOR FILE 

"Tandem' Other Vendors· - Nikkei Computer v6 nl0 1985, by Eiiche 
Watanabe - in Japanese - SEE AUTHOR FILE 

·What Makes Tandem Run?" 
BusinessWeek - July 14, 1980 - SEE ARTICLE FILE 

Wise, David S 
"Tuning Garwick's Algorithm for Repacking Sequential Storage·, 
by David S Wise and Dan C Watson - SEE AUTHOR FILE 
(under Watson - it is unclear if Wise was a Tandem employee) 

·XRAY : Instrumentation for Multiple Computers·, by Russ Blake -
copyright 1980 by the Association for Computing Machinery 
- SEE AUTHOR FILE 

Yankee Group Market Watch - June 5, 1986 
·OLTP Market Update : NCR, Tandem's High- End Strategies· 
- SEE ARTICLE FILE 
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rMKkount.UMlnh"eod); 

,,!ypICIII FIIe .. mll tht file. to bt rt.ad 
rtkbul .. an u' .. ~r IITI)' InlO .. hK"h diu 
1110 bt rud, re.dooulll b tht oumhtr of 
bytes 10 read. Md c::ountrud Ii nwrne.d 
by che lEAD'ROC and IlICheat~ tht 
acrual-....mbtr 01 b)1n rud All atM, 1 0 
II hlftdkd 'Imllarl) 

TAL.boallov..., the. \I~llocodc IM'II 
c:al.iOn' tbal commuru4-.lt v. IIh tAC"h othtr 
by InUIII of IDW-prt'CnI mtSSl.JU 

. < < I doel I ~lC.J Itf!; bll unh of I 
btl nli ttrctUvtl) m\lluphu tht .mt,tt 
add,t» b) 2 ID orckr to ,tl the addrth 01 
I.bt unn, TIm" Otlt "') of dc.lln, ""Ith 

SCAN <ltflng orroy> WHILE (or 
UNTIL) <torg.' cho,ocret'> .> 
< Mltl odd,." > 

LibBry I'OUllndo ITt prO'> wkd to) handlt , 
tbut AMA177O ... PROC thaI tllMr 
.""IU MIllO completIOn. 'f)«,(,tl • 
1J1DIt~ pc.nod for a.a 110. Of cheds'OI" 
ClOIIIPeuc)ft o( aD IJO Tlt" PROC" u\t.j 

• Alt,tr. blIthe) .. trt Itnn,~ The. 
ItMcmenl 111.11 TAL ha\ 19 dl"tttnt f)pel 01 

.... ttmtlltl . 110M olthe.edeahn, .. rIh 
10 cock ~)QtJOn' v.httt procci'ln, - .ecd 801 .... 11 (Of VOl, .. htrt I ·e)) m\l\l 

.<1> : _ 1; I eet bit ODe of ftriable " 
lit tv.-kd. '" ben: L·O lJ,mln'" enl,,&! 

, _ 1..0:6>;1 Nt t.be "alue .f j to Lhe .,.11M of bitll"l tlaru 6 
I bit a.traetiQb 

'" Libnr)' routlaH Irt prD\'Mkd rOf tre· 
abOn.4dctton. ud~1ittm m&AI,tfT'ltM 

,.(4) nIEJrf tmJIH; I bit t.ut 

By thlt .uthor of H.yden'. ·CP/M R.v .. ~." 

N.w ,. .. Ichnl eon.ol. proee:uo,. RCP and new 
,. .. Ident dl.k ope,..tlng Iy.tem ROOS replac. CCP 
• nd 800S without TPA Ill. chang •. 

u •• ,. 0 fil .. GQlftIftOt'l to .11 ua.,.. u •• ,. ntMllbe.,. 
vlslb~ In .yll ... p,.ompt. fll4i fint .)ltenl .\l. 
.nd UN" ... Igntnen , dl.played by DIR : c,.ou-drlv. 
cmmtnand fiI .... ,.ch ; ~ TYPE d l.play . lth 
M lec\lbl. pag. .11 •• SUBMIT ron, on . ny drtv. 
with .uIUpM> comm.nd m .. conditionally Invoked 
by CALL. AU1.Oft'I.tk dl.k n.. p,.oc:.ulni 1101 •• _ 
unu ... bl. Meto,.,. For h1ih QpK.Uy d lak -v'.t., 
ROOS Qn provide In,\lntaneous dl,.ectory ~n 
and delet. r.dund4iont nondlalllCM..ln\lbl. d l.k Iogjna. 
RPMPIP utility CDpIe. fl.... opUDNIlly pr"OnIp" 
for crannraatlon during capy-.II , a.paru n .... , 
. rchlv .. large fll .. , to .ultlple nappy disk,. 
flPMCEH 8nd CETRPN M IHrntall RP/M on wry 
ClNIput .... currw"ltly " .. "tlng CPIM-'.l. Sourc:e 
prog"" ..... bty lI'tlnil of RCP.nd ROOS aPfMl8" 
In thlt IItP'" ",W" • ...,,,,,,1 . 

IItP/" _n~l.lth RPMCEH.COM and CETRPM.COM 
plua ou,. RPMPIP . COM wwS other RP/M utllltle. on 
rSSSD$15 . Sh4pplng$5($'OnonUS) . MC,VISA. 

All' sw Flnt St •• BOll C 
W.,.renton . OR . '71'1 

icro • 
et-hods. Inc. 

• (lOl) .'1·1'65 
CK:U U ON fEADiE.III: I£RVtCf CAI'IO 

66 COW'Vf"~'Hi4 .MHUA-n"," 

OPT· TECH SORT'" 
SORTIMERGE pfogr.m for IBM· PC & XT 

How l IN tOfU .,. ... Sf II , ...... 

.... ,.,,-" If' .... !O'\OtJ' a.~ IOf....., ,..ttonNM • 
E ... tI\p!e 4000 I'KOfdl 01 121 bY'" aoneo to g .... 

.... y. (lCMnl'- I." 1ft )0 MCOftOi COM"""'£! 

• Sor! .tc...-wl,ng Of ~'no Of' up to ,..ne loe+ot 

.. T." ,"""II,.. mey bit aonecI Of "*~ al OM lorna 

.. ~ ... .,.a,lIbIe and I~ ~Ih ..cOf~ 

.. ~I.' COO'MIOI'I dala tyPN 

.. f ,Ie&a:. 'moleel only by you, d'" s.paoa 
• Oynamtc.an, alloc;l* tnemOI"y .nd _ Of ' h-' 

.. 0uUIut M. can M tuM NCOtdS ktyt Of' pot""" 

.. can bit tvn I,DI" ~ Of' .. a tNlat ~ 

.. Can DrI cahd H a .Ubf"OUloIW \0 INfty .. ~ 

.. Euy 10 UN ~ ~ hell" "'1",,. 

.. full doc."",*",'1Oft -.Nnd ..... Y'O'M ~ rN,,~ta 

.. '" -YISA. "LfC. ~ t.&onef ()rdef. COO. Of PO 
()u.an\oty ~ and OEM ~ IY&IYb'e 

To Ofder Of to ~ye acsd'ltana1 If'I1Qm\ahon 
Wf'Ite Of c.all 

0" -TECH D" T" PROCESIIIIG 
PO eo .. 2'17 ~ T ..... 17lol7 

fl'13) 4So&-7.2I 
~OO5 ....... o..~o.-
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01 ochu PfflC~ lW:'. rl'c~ C1c I ,.o,hllOMl 
ctrJCItftC") 01 capet..dlf) "IIICC~ TAL 

• (Of 10.:1\1&' TA~D[M Ii ~I) 

G'dc &0 mack ... rt1ua TAL 'ROC. 
en .... c eoetrolll uodw, MI}ofT,,"" 
OEM tw .. nOll- t'Iocl')d'ilill ',..labon 
lOt)" ClqUiplMlit to alii he w:lkn .. 
b&ftl.11'&: f. toaWIIIOa '"phc &,.0.) 

SETlIOOl k tbr TAL 11hf." PROC 
dW alkt"" w~' to CtmponnJ} 0\0C'1 

ndt thr *" ... ( chartnlnUlClOf1,1MI1) 
III*lf.ed dun", J)"'''' "1lui proc:e6urr 
alkwol dw- ,,"" .0 cn.k aft arpIlUllla. IItCh 
IMI ut} ~"t ,.w:d b) thr arpI~ 
be"" .. " ""roWl) p"" Ullkpucknl 

fOIl ru"'r!t " .. d.lu CO",muIUUIt<'Iftlo 

hw ,tllOf1N.ll) ')'Icned .. kin, 96(A) 
bud ""th' dati tUb. UlarphUltNcould 
lIl.,.r U". .. btlld ,," uti' datil bib IOf 
'f*'laIC'OflUtW""'IIOI'I,aeed, SET 
MODe culwldlt pnftlt:R. IctmllyJ, 
(Jocntl"aIKaltt .. ,,, hnu, tee and ItU lht 
UN.I ahtr I "'.& rall,t of CI\arK1CflJhCl 

~~~~~~ Ta' bccot'nei. ruJl) poo.-""rlul 
IOd when 

cd ","Ith ttw- (j~RDlAN opt, 

.... n' J'1Mf'm Flk .cu_u, P'~' coetrOI 
Mel (hew; '-pflUM 1ft, att .at ckr.Md dI tht 
IanP'l't 'he:lf b\H tht ,alh nc:edc4 arc 
.ou1'Uld III the TAL prUfratn Thl' ,"n 
wnou. adufttl,U onl) thc e«d«t pro
CCldllrti In: If'IUrced "' b) the- PfOIrMt 
111ft. the- pard..,. f'OUllnu an not 
ftKf\'ed TAl*nlllrM:I,. and the PfO" 
,n..co Ill),' ~nKt\Ired llACe lhoK calb arc 
lrUled uproccdllrrt 

A,,, thc ,tiC "' ,lh MMlla.npqtl. 
TAL .. ",II e¥OI .. .., 10 KConvnNiIlt ftC .. 

UK' hlrd",au d~ Althou,hTAL .. 
!WIt-Ie ooJ) on TAI'IiDEM,. "I~' hl,h1)" 
. l\ICt\Irod Md ~rNllanr~ ... ,111. 
. Mk folJ<w..,n. Pan of the: w~a&th of 
TALla ,ft the: wnrlK"Jt)' of IU SWtlntlM 
!)'Prl aDd ~n ID the: ... 1Ck raJ\lr. of MAn 
datdltbr&t)'ptOC<duruPfO"Mkd • 

Sr'1 KJHYft iJ. proftSJIDIt4l profrrlmlPtiLr 
.;til SMIth /('Ltv Ouuftll ~~ 

.,J1w """ kM.JTALJot- nr JWUJ 

~'" ~ ,rotiwIlttl .-. * ,,-u 
.. ~n JCV'II« '""" ~ (}Iva tI/ ltIorr
mol. OW Ht- 1Iou .... ", COI\SIIlwI,jDt ... 
Juv}tJJ aokr-.cr $pID'U for /iw "." 

Only $1Il5.OO 

'0 ....... n ......... n 7'I7'M (Ilia .. n-neJ 

.. _ .. ..--._ .... -_00( __ _ _.ooc_ 

POR'I'ABILI'I'Y 
JU IT" 

ISA" [P&<3~1] 
rn IiX.O 

•• BEA'I'ABLE 
IJlillD(3I] 

--""'" Coh 1M f1061lO) 

"n........, .. ~".,... 
• 1m ... -..II ACCBI ftAH,. 

N». ...... flIIIaI ~ ............ 
... ........... ,. ... ".--. .. r,.. 
..... .. ......., WcI'Ir..tf9I",.".c: 

• jiJ04 411U: 'C -..ra: cord. wrlaM iO 

«. a R. .... f1# pot ~r 
-...y1SAl1_ 

..... II-T,.. btcdoea 
.-0 d ...... 

- ee e. ... -'1. a • 
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/~~~~~~~~~~~ 
EXOTIC LANGUAGE 
OF THE MONTH CLUB 

~~~~~~A rebuild) teetnl ach ao...r ID corn-
puter l),itCrM 

a.s beu \he dtvdopmul or rault-\C)krant 
compute" Owwchl),'lCmUowTAN
OEM madllnt-I muluproce.uor. awht+ 
UKt IranMC'1IOft-onented muueomputtr, 
.. hJeh the muu(KtUttt clawi t~n ' 
cacu rnuumal downlunt TG w..c IIdvan
&air orlht NON-STOP (TANDEM uadc
mar\. ) Clplblhtln o(UwI)'JUm, 
TANDEM dtvelop:d uwt ampItmtnlcd. 
lU.Jh· !t:vt:l. bloc" $lNC1ured lan",.,t 

nib TAL nr&1l\aC!1(\fI AppllCM.~ 

UrI,ua,e) 
TAL IUIoed b) TA~OEh4IO~tkJp 

all 0( ttl .yltem aofr,.-.rc Mel It) profram
men tG \to nit arrhC'auOfU ... here perf Of 

D\&1ICc .. I COtide ... IItlnOf _heft I)'lttm

level teetu I) weded TAL Ilprooflbal 
com""'"ICtUOD and J)"ltm moduk a,rh 
caUOM do 1(11 -.cd 10 be ckvtLopcd at 1M 
mkbll'lC'-cock kvtl nl) aruck ... ,11 
touch brKn\ CM'I TAL', rN.&a polftn 

TAL n,.. mill, 'Imll.fIt~ 101 Ptic&1 
&Ad ALOOL II bu pro«dura. IUtI. 
proccctum. ad fwaalON ud •• ltroCl.l,. 
typtd - ahhou,b 001 ti WOOlly .. Ptio
uJ TAL abo tw uwwilrd "(h.nd 
fYKUOII hbral) .. weU u die: abalrt) to 

HI \he btl kYcl 
TALCOInmra. artlklUlU\eId by! . We 

hactJ . TALpmDJU kIcaJ and JIobaI ~n
ablu and hu die UIDt 6WIN END JINC. 

IlIrc ATAL.DOrKt"llpl.Oll~ 
ten ton, and 5&&IU ... ,lh. Idtct Tbt. ..... 
COMlCkrcd. kCkt ptmun ... ratbbk 
.,..ften 

TAL". Mol!plDml opt""''' - Met -
rqwu.uu . ~ kM AMI~ eM 
be .. ted &ftn I ~ dec:w..o.. 1DiIU
.. ...,.; .. " . ... ->,. (~I)'. been.), 

at - for .. ~) U ... iiifIOiDop.u 
wound ltIc -..,..,.,-m ..... lJ'aM. 

fbnN USI~ lDtO I II'IOW of nwlupk: 
demcau AMlpmml cu abo be ........ 
0,.,01 1';-' Dl'Toyl fOf .. ; 
o:-b:-c: - d, 

.y Se'8 Ko ran and Pierre Provencher 

ODeofw. Utuque (UNm of the: Ian· 
""I,t aJlcw., 1M U$tr ~ uu.trfact non
Il.IJIdard blrd .. ut Dr 10 temponnl)' 0101:" 
ndt the: on,lnal ')'It:ft conr""nuon of I 
ptcU or twd ... re 

TAL ilcomPllcd an ~ pi.» and ,entr· 
alH tJ'\K TANDEM machll'itc:ock (lev,' 
10m Pf'OCtIo.ot' board. DOli CPU) The 
lanJ\l&,e aJl('\'!lfJo cal Ii ~ COBOL. FOR· 
1'JtAN. ud library 1"OU1Uia I.e lddulOn. 
TAL rGUunu art c.aUlbk b)' both COBOL 
and FORTRAN 

Procc:du~, (\nown Ii PROC .. ) ID TAL 
have tbr:1'~n k)c:aJ dati ara and ~ be 
caUccI rec'\lnl\tl) LAt moaothtr 
fWOC't'd,,~-orM:nled J.anpaca. TAL', 
PROt:. can plu Of recc:IVC po&raI'I'Wten 
Paramelrn ~n be paltcd III rcftltnct 
Of I v&l. a1thou,h UTI),' an aI .. 1I), 

~ b) !'tIt ItftU A proc:cdun: Of I 

tuDlCtJo. all alv> bt paw.ed I panmt
Iitt A I) pteaJ PROC *11 .. prac.DICd UI 

1a Iddlltoa, PROC, can fit-tum I valut 
. hd m.U;eJo tbt. PROC tqUl' aknt to 
fuecbOflllll othef~« 10 60 th.i .. 
tilt prccedurt: li ,tvnli r)'JIt . 1Jld I 

M:Tt/1tt.; .......... DI .. mclu6ed 111 the- bod)' 
01 die ~rt wtuc::h ... m mum I valCK 

oIlha rypt ~ procedure U1l.utu1& 2 
CUI tit. alLed Wrtb 

lft",h • T.",.dproc; 

Proccdum .. ) altO be Ifll,Ded etlfl ' 
buto FOt' e.t.atnPt tht IIInbult RESt 
DE"''' IndlC:ltl: .. m. tht poMlOf'I or cock 
for til" prooature IbouSd.,. be: .""'&ppCd 
out oImrmor) Tbr: proccdun: _here CAe· 
QKJCM bc.a-. ~ u the IMiI PRO(' 

PIOC Saapleproc(Par .. l , Parea2) ; 

INT Per .. l, 
Pareal ; 

BEGIN 

Dr!' Local..rtablel, 
Loc.al ... r1able.2 ; 

(code bere> 

errl'lOC~ 
-lli 

<code) .. 
unJU ht.u..; 
Ugre -c:oM>" 
UllJDhtftla, 

• I 
I 

, 
I 
I 



-..... ----

-·I~. 

and I'.~""cd b) tht ."nbutt MAl" 
rot~ 101 tbC' 'ROC twnt 

,tOe Stort'h.r. MAIN; 

to .odd_ kloor procedr.lrr c:&!IUl.J 
uottwr. TAL Ilk "" PROC,tocontaln 
Mid c.1I SllBPROC, JIIM u"llh PROC •• 
Sl:BPROC. ~lI pI.U plnmetC'n and bt 
I)peeI 5"'111111). SUBPROC, ha\(!hell 
OWotl .I~ 'p.u and 'f1Ubulti 

TAL b.u &tw ItI.IIdard kqI C'OGtCI'UCU 
(~nd III othtr Iup"n ltIt FOif DO 
V\71L ,ad It HIlI DO ~ FOR loop 
CaD be- ""hI::"n, I TO) or cit .... , ... ,,", 
(DOMV70) A prlmJIIV'[ CtSE Ii .110 
prO\-Mitd Tht CASE .ul.tmtnl .. orb 
"'Itt. an INk, ullitolt IN. ,tan. .. UfO 
07HaM1SL UtI be u.ed loauurt 
that. valve: ,rulrf than ltIt lut caw: 
lftdtl t:p«,,1CId ""Ill have prechcubk 
rt.MIlll 

CASE Ind .. varlabl. of 

iMIl'" 
D _0+ 1; I,nd .... 'ono~ .. 0 
b -b .. 1. I,nduvortob!e .. 1 
0,*,-,..,." •• , : -, .. 1; 

I,nd ... wottob!. > 1 
.nd. 

Ah.bou,h 11 1\ conN.'''' &Ad 11M .,NC· 
Nrod TAL a1loooo. Ow u.c of DEFI~'C 
'The D£FI\1 au"n\. pofttOft of proctt.rrl 
~rtt klllO In JCkMI(lCf 

... 'tV DEFINE totol- count ·toUftH 1 t , 

Y' 

" -

'17S 
Mo,l 

su. 

""" 

, 
Jf new"CuI'omer tn.n total. 

One "'.q'" fUNK of u.e TAL IF Ita!t 
mc.M ~ chaln can be "wid III an wlln 
mel'll JUlnTltnl 

.etuh . - IF Th""lrlle THEN 3 ELSE 0; 

.. tltch ... 11 ai.u,n .... al~ or31ft:hc v&n~ 

.bk 7)wsurrw l6lot.wl)' we If 7l'IU. 
U"W tllottcally talK , ' val~ oro -III 
bt w,,1IC'd A, k»n, a$ at! upfnnoll c:ao 
be evalu.ed at 1oJK&lly If''IH: Of falK, d 
caabt wiItJ £~tted w'llh&II .. IF 

'f IX • Y ol) THEN CAll Myp<o<; 

.-ill C'ftIu&c tht rqnu.oe .. rdull parctI. 

... If Ihr re.haM n1.11f X " 
pdk'I .... uro-' dw: r~" 
tnltud ~ CAlL riI be: ~ 

TAL -.slu au. dau types. ~ 
word (16"" daubk-word. IIrVIp (1-tNl 
_'- ........ (6< .. '0 ... """ (6< 
or 32 brII) ladrvld\l.al d.Il.a rypa c:u be: 
ooevmcd 110 M)' ocbcf 1II.tou.&b bulb· .. 

typr: u..fer ~ o.u detlaraooa 
cu be..,af'.ed ai dared Of Uldlrea 
tddtaa .... C\.i1Uft13) A TANOEM word 
,,16 _ 

A '" before." IlkEflCl "'.,...tf 
-.udItd ..slreet add.ta.t .... tadJ.rea 
.w,..,.. wu ~ bcaweof l 

TANDEM resmcuonon mrmory 
Iddrtlilnl b) • ptOIr.m W,lhoullASln& 
Ultnded 1ddTt"$slft,. 6'K WOf" II " ·IJI· 
.bk (Of dw: dau .ra of. TAL pfOCrllTl 

Onl) thr fint 3:!K II byU: .ddrr.uablr 
S\.Il'Idlrd ladlrer1ldd~u .. ~Idu 
.. cr." 10 the 6');, ""h,lt ~ Iddrcu
In, (ancuaslnlw .ddreu 10 32 blu from 
16blu) prnntu lht IIKf ",ckfiM .llraer 

mtmo1) lC',mrM 
For ulradod addrH)I." IIlM pro-

,Jammu', rt.lpoIUltllhl)' eo maNI,t 
IMmot) U\rou,h All..bGftD£G/tIU7 
.nd D[.A11.OCATE:S£GNDoT Glili The: 
Indl\ !dllal addrf:\~ of. ,anabk can bt 
ItCtued b) prCflllftllM. optnJOf 10 

dw idtftufM'r 
An) data ,.nablt ~c:acqM hlt:f'lIi) c:&n 

be fp«lfred at I OJW-dltlldiJOnaI IfTI)' 
b)' 'ptelfy"l, Nw.ind' MllIupIt dlmt.ft· 
'IOn.l.m).'~ lICIt pt:.raaoed An)' .... n · 
.bk Gin be Indued ~ lSI un)' A POlI'llt, 
".n Indirect IddrtiufI, ... anablc- ""1m no 
duntnuon The: compile, doH .ot bulk! 
!'\In 111M ~nd.I" chet:UtvU If bounds 
Itt Iprclf!Cld 

Inl potnl.r, I" 0 ftal'ldotd potnt.r 
Inl e.-I lap lit an .lttendH 

)add,." potnl.' 

,.rlI .... t, aNt Irn),eM be de(lned u 
rtad 061) anJ thttI.rc ~ laJ·luw 

11teral 

1ftt 

true - I , 
fal.e • 0; 

IMI~ or 1ft Iht. dall .ru 

" ring 
_fio\r .. ~lettenIO:21- 'P' : -("obc" J; 

TAL 1110 alkJws the USt.r 10 perform 
bloc\; mova of dall thmlP the '* ofthc 
movt.lUlt.mt:Dl For eumpk. COGltekr 
tht code KlmeN pft.KDlcd In LUII"&. 

Tbll uamplt. II' bIt wanlt. bul r.one 
tbt: ki. sometlmt' IIKful AI.I.,)'OU tan 
Oftl) fftO\t. data ofthr wnc 1)pC' a1thou,h. 
at ualM WI e .. amplt, thr ') 51t.m dot.J. DOt 

check ,·anlbk bouncb 
NUmtfOUS dau tonWflIon funcuon, 

art .... &.II.blt: 10 Ir&fl)fonn OM dnll) pr II) 
UIOIMr 'Thr bullt-lft (vnthon CODE 
t.n.ablr.s t.nu) of machllw titoCmtHtr In Iht 
prO&ratn and CAlI be u5rNIIO .. ""t1lt ",'h 

dllnV"'!rap hlndhnf, rOUlint 
Afur an 110 Of • Cil"'ROIAN call , W 

t:ODd,lIon code' oriht oprrluon c.n thll) 
be chrdcd Uiln,an IFaultmcnt "'Im DO 
~""nlblt: 

if < then coli ."or; 
In.. cond,t,on cod." leu thon 0 

8rt rnalupul.IIM' can onl)" be dnet 011 
ullcitr'S and an uW'flil f'>I bIt rnlr' "~ 
TlIt ua"'plt \ prhc:Mtd In LllolUlf' !o.n.
thr ma,or "-Ilt_nt "pt\ T""'0['1 
IlUmbcn tht ttl!) fr~ thr hl,h-cN"lkr .. ,I 
(bte 0 Ii. thr h.,h-Ofckr btc I ,,~oa b.1 

tdefinition of 
1 constants 

counter:~. 
.arra,-of -teo-.l..eat.[0:9] ; 

1nt(32) 

'direct integer 
U.Ddlrect arr., 
Idouble ioteger 

Jatrio8 declaratioD 

dblvord; 
.triog 

.a-to-c:-I -.bc"): 

LIII"", 3 

.-~ , 

c ,. I: 
I ':.' -n5r; 1'WOIll' ,,*"e- tbe , 'Ifte. lato tJae an'., 
;, ':_' C POI t;- 'twoel.d ...."It· t.hI: 1: 1II01"U ~I a t. nrla'lle 

Ie b t.o the ~ . tartiJla .~ 'I'&t'1e'll a A. 
U. _ H U-~ the .... ba :1 .... C 1IIOalA a. .. e 
h_ -q,l ee of -U-. • 

0' 
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", 

11 Ii aJ'IU)) W1I) 10 drttmunt If tht Vllut 
.. C'\'tll Of odd 

Strlngpolnt.r(1 ) : _ "A"; IJO AlIlJO" handled thnMI,h. standard 
Ilbrary of PROCl_ A r)'plC.111O ltlttmt.nl 
u 1lL4D . and appelrs u. CtU. In lhe 
body or. IliCJ PROC For tumplt ~1 < •• > -word' <10,11>; 

ifWOtd < 15> rh.n 

would let the "CbtmOJ1 "Ylt of tht finl 
-ord of J~rt'tTWJ11lJbk 10 tht kUtr A 

SlD« TAL" u5Cd 10 "'nlt 1.11 or 
TANDEM ', rompllen and InltrpretttJ. I 
ltrUII.utdl raculty" prO'¥Ided In aht 
formoflSCANlUlemtm SCANtUlll 
"nlll of In)' kn,th unlll either I tlf,tt 
WrK1tt or In ASCII Dull IS t ncoun· 
tcrcd The Iddrtu of Iht tll,tt ('MB('tCr 
II retlImed U I ruuh of the set. .. 
Whtrt.u sc..t,\ "tlf('hu linn,s from Idl 
10 n,hl. I IImllar command. RSCA.Y. 
doti 10 from ",hi to Idt The fonn of tht 
.) ntll rOf SCA/lo' " 

TAL aJk>wt tht IOft .... Ut dt\doper 10 
fItt addrtu ,olllltl110 tlthtt b)u Of ~otd 

diu .. the foUttor. 1111 ~'I 

INT Ind'fectYoflobt.(O;S), 
',,11 word OHOY 

SUING Sttlngpoonter ;" 
. 'nd,fe<1,.,onobJe' < < '1; 

The C U~ICIIU '-Iddrt" of" and 
• < < ' I don Ilt',lcaJ kfl bll stuft of I 

CALL READlfilenum.I!I.bui, 
raoOcount,c.ountfeod); 

"ryptcal Fiknum" the fik 10 be rod 
flkbuf u an IDlc .. r ani) IMO .. hd dalJ 
u 10 be rud. rudcoJnlll the number co! 
byteJ IOrcad. and counnud Ii fdUmcd 
b) the ~ PROCand Indalt' the 
aau.aJ number ofby&n read AJI other I 0 
/II h.andkd 'Imllarl) • 

bt$ nti dfcrmd) mulupl,ci the Intc,tt 
addft .. b) 2 UI Ofdt, 10 ,ct Iht addrt •• of 
the "fin, nti" Ont: 1101) ofckahn, .... nh 
I.Lr,tfiUI'lht) ~tftllflQI' "Tht 
JUtttrlCDt 

SCAN < "ring orroy> WHILE (Ot 
UNTIl) <,orgtlChDrOc.,.t>.> 
<ntnoddr.,,> 

TAL .bo aJ)(oo.) tht uscr 10 code 'rrll 
~ tNt commuruo..&lt IIo lth u.::h othtr 
b)" rIHIM of Ift!cr·proc.cu mcSia,C\ 
Ubnr) roullMlo lit pfo\ Idc410 handlt I 
t.bdc AMAInO ... PROCdwtllhrr 
IW&llI u LO compInKlft. tpC<"lflC' a 
brK'oOUt pe:nod (Of aD I '0. Of chtd •• for I 
oomplCIKlft of aft I/O Th" PR I usrd 
IOc:ock apphCll10M ~hcrt proccnln, 

I. 

-
In III TAL hn 19 dlffc.rcnll)'pt' of 

lUtt.menlJ . none of tht.c ckalln, "11ft 

• (1) : - Ii I .. t bit ODe of ~.riabl •• 
r .. ' .0:6); I Nt tb. ~&llle .t , t.o the .. 1M of btu 3 thru 6 

I bit utracthm 
1.(4) 11IDI I.!'IUIH; I bit test 

-.cd DOI ..... U rOf lICh. . ... ·ht:rt J~ mU\I 
tIC ""ooded . .. hnc I OUMln, "mllC&! . 

LibBry f'OUtltla Itt" Pf'O"'ICkd fOf efC 

lUOII.dckuoo.and$)ikallN.nl tn'Cnt 

LIt""'Q 5 

H.w rulcknl contol. proc..uor RCP and ne. 
r .. ldent di.k operating Iyll ... ROOS replK. CCP 
and BDOS wlthoul TPA I ll. ching • • 

U •• r 0 Ole. CCMltnOn to all u'." . user nUrJlbe.r 
vl,lbl. In Iyat-.:t prompt. m. nrlt eklWlI Ilu 
• nd uMr a.'lgnment dl.playad by DIR ; crou-drlve 
CIDftImand nl. IUrc.h. ~ged TYPE dltpl..,. _Ith 
.. Iact.bl. page .1, •. SUBMIT run. on any drlv. 
_Ith .ultlpte COlMIand m .. c:ondlUorwlly Invoked 
by CALL. AutOMaUC dbk n.. proc:enlng leoletn 
unu .. abl.Melon. For high upkhy d l.k .y.I •• 
RDOS Qn provIde In.tanUln~ directory KeeU 
end de"l. redundant nondlllllOUnUlbt. d l.k tog1n • • 
RPMPIP utility mpl .. m .. , opUonelly praepll 
fOf' cann,....Uon during copy-all, c::o-pere. In ... , 
af'"'C.h/v .. lerg. niH to .ultipJa floppy dl.k. , 
ItPMGEN WId GETRPN .. If- In.tall IItP'" en WlY 
c:o.puter currently ""nlng CP/W· l.l. Soun::e 
prog"" .1 ... bty IIltlngl of RCP . nd ROOS .ppear 
In the RP'" loa"'" ..... Ulil. 

RP/M_nual . lth RPMCEH.COM and G£TRPM.COM 
plus our RPMPIP.Coa.. end olht:r ItP'" utllld .. on 
r SSSD $1S. Shipping SS ($1 0 nonUS) • MC, VISA . 

A ,,, SW FI,." St. - Box C 
W.,,..,ton . OR. '71'" 

icro • 
e~hods, Inc. 

• «50)) 'il-un 
CMCU 12 ON MADER IDMCE CIJIIID 

66 COMI'\I'11. ~ . 14HlI4n ,"l 

OPT-TECH SORT'" 
SORT/ MERGE program lor ISM· PC & XT 

No- . t.o tOrt. dlAIE. II Nn' 

• W"Uef\ ,1\ bM .... , '-Aguag. lor ~ ~ttonM~ 
b.""1)II: • 000 NCor(t\ 01 121 0"" a.orted to 0'" 

l't & DQont., "It In 30 M(.oncts CO"~A"fl 

• Son "Cer'!O'ftg Of" lMKeno"'9 on liP lO ntf'le I~o • 
• 1." Inp.ol , .... ,.,ay be IOfM'CJ Of ft\t!fged 1\ one Iomt 

• tqntl ... ""'" ancIl, ... o Ioel"l9lh fCOfOt 

• SvppOrtt a .. COI""IOn dala ty1)H 

• 'I-.z. """leo only by you. Chili IC)fce 
• Oyna",",,"Y alloc;aitft moamory .no _ orl Met 

• OulpVIlolt UI\ De tUft rtCOf'C,tI 11.,-. Of CJOo"tef. 

• Cal\ be '\IIIIf~ ~o Of as • DltCfl ~ 

• C.,., De cdeO .... ...,..~ 10 "'"'" .. ~ 
• Eft, to YIlt .nceuo. QfWlone help "'lurt 

• ,'" ooc.~ - IOdO ..... ~ ~ _nulls 

• '" -VISA. WC.~. WoMy Of"*f . COO. Of PO 
Oua"""y ~ and OEM kenIong ........ bte 

To ord ... Ot 10 teC*vt .6dlllonallnfOfrnaltan 
wnl. Of call 

OI'T -TECH DATA PFIOCUIIIIG 
PO Bo .. 2t17 HumOie 1 ..... Tn41 

(711) U4-7.21 
""""' DOC ... ..,., 0... 0... Or-. 
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olocbr:r prouun. fiki «c Ih ddnJOe.al 
c: tr.c~1IC) Of captt-Jllf) U 1«t'UU). TAl. 
.no-.. fOf ,,",,-,I TA"':OEM auca'IbI)' 
codt to R.i •• n}u. TAL PROC. 
~ICC ocwrol. aJICIdMr IUJOf TAN 
OEM fbKtaa--«W.I)\Iuaa from labota 
lIOf)'eqlupmtJllO.", lM:klkn .. 
t.aaL, .. (. ~ appI"allNl 

SCDIO()£ d dK TAL l*"'tI) PROC 
IhaI • tht ~, .., Irrnpor&n1) 0'0(1 

ndr: cht ... ~(' d • .al'k:ltnUlCi onJ.aall) 
IfIICIClfJedchtnq 1)'1,,1 ~ procedaIlT 
Ai""" ,_UW'f tooodt .. appIlU4lO11 aK'h ..... as,. *",K( .toed b) the appIK.&tJOO 
t.comc. ,una.lI) pcon·Lldtpudtftl 

fOl t u. If. 4.&1.1 C'OCMIUnlC-'JOaSo 
h. It .ormall) '}I,rned U bclllJ 9600 
bM.Id '61tft , daf) till) , lUIarpllClllOfI couW 
.h"Uldto bIa"wS .. lthldatllbtc..lor 
""" W (OININlLIClltom..eO. S£T 
.,01)£ tin haadl( pnMt'B, Ic:rmuwi , 
COINO\oIrUUhl"" 11M', etC . nd kU the: 
UKr ahcr • •• (MIt' O(cbar.ot'NIIC' 

~~ T'I>«-'-ruJl) ~rl\Il 
~.hcn 

auocyt~ .,lh dw OUUDlAN opt" 
8b"1 J}wm flk "''-C:U. ptCI(dl C'OOlfOI 
aact (h«l.fW\I""n, art 801 ckfincd III W 
lan,\lIrc ,,,,,,If, butthe' ulh aeeck4 an 
IOUrU4 Lathe TAl. pt~.,ram Thll,I\('\ 
1ot0l',,, ad\&II1IIC' Oftl) thc ~ pn" 
«durn Irt' "",reed III too, the ~raJ1'I 
tnC't . the pIIrd .. " toull"U an ~ 
tUt",ed TAL tdt"'lflCn . and tht pro
,tam N)' JlNCt\Ited ,tn.:c thote e&1b art 
1IC:4I11'd b proccdllro 

Ai Il tht C:lk' . ,UlIftOIllanpq'C\. 
TAL II Pili ~"'IJI'IO KCOmm(I(lak DC'" 
ute) hard"'Irt.. do. Alu.o...,h TAL ~ 
v.,ablC' oN) oe TA,..OEM •. n 1\' tu,bJ) 
-.nKt\Irod Ind powcrhlllan,uqC' _ lUI. 
... Mk 'oIl(t'tolna ,.n of 1hr ,uC'DJth of 
TAL l.u ID dw IImplKII) 0'11.) SUUmml 
l)1IUaad pen ID \hI' ... Mk rlJ\lC' of &&an 

dard hbrat)' proerduru pto\'MIcd • 

.sr,. KMwt u. fWt'fC'ukw:ll ,,",,""""'" 

. 'lrlI SINdt KfjM ONeal ~orWJ 
"J_ Mt'I au"" TALJr;w JU yttUl 

' It'," f'loW"ftidtn ,rodwIIed.....,. •• 'f'« 
". ~n JCWrt« Jrr-"" UN, f{ ItIfM 
mol. OW HrItAJ wn ~,/M"'" 
"'" foJJ ""'-'1"-''''' fi .. """ 

,, _ _ r .... . _~_ -1'(;--_ao.(_ 

PORYABILlYY 
Jilax" 

ISA" [P@C3IJ3l!:'lG~ 
OOaY" 

• MBEAYABLE 
lJ>ill[)(3~ 

-.-., .. ~ I'IWCI"OI_ 

a-T_. 1m ... a..-I ACCUS HAJrr6.. AGU,-'" tIiIIIID' -.....dt. fIOIIII':..a. 
.. ..t.t ... ~,. b " ..-0. a.l,... 
............... Wctlc.-V'ft~ r-pt: 

• Wi . "eu C IC\IIUrU: code ~ to 
«, •• _".01',0" tWt, 

.1o\P ...... -..,.1SAI1_ 
... .... _a-T ............. 

. ........... ....-wiCh.p .... ....... .,. . .... 
--

41_ = • of _7 
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EXOTIC lANGUAGE 
OF THE MONTH CLUB 

~~Aod>t,"',_n' 
1CI\'aDCt lO com-
puteT ')'At:mi 

11M bun tht 6t~k)J)nw.nt of r",IHokrant 
computer. Ont MKh ,>Il(:m Il w TAN
DEM INChlltr-1 muluptOCd.ot'. multi
UKT InnDC'CM)n-onented INnlcomputer, 
wtucb tht 1IWW(k:fU~r clajnu cApen· 

uu, muuma,l ~"nllme To &a.lt advan-
tl.fC0fw NON-STOP (TANDEM ~. 
IIYrl) upabllrttd of the I)'MmI. 
TANDEM ~Iopcd and unplcl1Vnltd. 
b.,h-levcl . blod.~t\K'lUrcd lIf1.I~C 

n •• TAl. nranwct.o. ApphcalK'ln 
l.aI\&uI,t) 

TAL ,. wield ~ TANDEM LOdtvrtop 
1111 of 114 ')-lImI .oft ... r(' and b) proJr&m 
nwn 10 wnlf appiK"ltlOru where perrOt
Q'IIJICC It • (OtilCkratK'fl Of .. hert J)'iLtm· 
kwl KttN Ij Ift!CIcd TAL Il proof that 
CIOIl\ITIUlucthOO aDd f)iltm moduk ~I· 
"hOft .. 60 DOl DCCId 10 tit "'doped .. the 
Ink'tnM-(odc kvd Th,. lIuck .. Ltl 
IOIKh bncn) oc TAL', INlln pottlU 

TAL M\ man~ Iolm,lll1tta 10 P...cal 
and ALOOt. h hu pt'O("edvm. AI~ 
pnxc:chIrfi . aod hlo..'·u(w and Ii ,uOQ,I) 
cyped- IIIthoutb DOl .. M7OftII> M f'a,) . 

cal TALai!oO bau .tandard II() and 
f'\I.ocuoa hbrll) M .,dl. dM: IbdJf)' 10 
KCU& Ihc bit ~I 

T A!.. Wi ........ an dthmlU:d b)' t tAt: 
Puca.I. TAL pe1"IIW kaJ ud &kIbaI Yan-

and hal .. ..... £GIN END.rNC-
QlI"C A TAL ldIt.,rKr ... up ao) I cb..ln<: · 
\en 10ft, and lUlU "1m I ~f Tbc " " 
ooe6.ckred. lcacr pcrm'"-l1II rudabk 
"Irtt-n 

TAl.', UI~ openlOf" - and -
reptucfI" l losJcalld Aw~CU 
be. uod aI\cJ. nnabk ~.IDI.k . 
... iIUbM~ eM)' (5trurcJtI),.I*-Rt, 
.. - for INtpmrDl) Uuac ~ 
.ound lhrt .......,..,waI1Ilanne .. uu.
IOrw WIp:mt.ftllOtO I nw1Vt: 01 muhl!*: 
e1ant:Dll AMlpmctIl CUI al50 be 

""'nod 
OtToyl':-' orroy2 fOf . ; 
o:_b: _c.:_d. 

I y S.r8 Koren and Pie rr. Provencher 

One of tht utuque fut\lrc:$ of ~ Ian
pI,t' .1I01f10' the: UKr co unrrfau non· 
atandard Mnhun or co ~rnporanl)' ~,. 

nck lhr: on,lnaJ ,).,en cooflJurllUOO of. 
p.eaofba.rd .. ar~ 

TAL ueomplltd lJI OM pti\and ~1'I(f. 
acH true TANDEM rMChu'lt' oock I. aI" 
10m prottUOf baird , DOC. CPU} The 
lancualt aIltwo, calb to COBOL. FOR· 
TItAN, &lid library rouUfIU I.lddllaa., 
TAl. rouUnd art call,blt b) both COBOL 
,nd FORTRAN 
ProI::eduru~ as PROC.} III TAL. 

hive thtlr oo.n 'ouJ cbu lid aDd CIa be: 
called rco.t"I't1) We IOOIl otht, 
pnxcdun-orttnttd Lanpaca. TAL', 
PR ,canpinorru:tl\<tpanmtttn 
hramtleo UII be pused "' n(tnDC't 
or. vaiUt Iithou,,, am). &R &1 .... )". 
JMb.Md b)' rtftrtnct A proc:edurt or. 
twwruoe CatI alW'i bt pauod ... panrnt
kr A f)P~ PROC ibell u:pra.t:IlICd .. 

CAll50mplop<<>«A,B): 

lIIIddJUCIa. PROC. can rttum. value 
... lucb malucbt PROC equl\aknllo 
fv.K'lIOft6 III other lIftJU&I" To do tlui 
.t.t procedUI't Ii ,M'IIIl}pt. aDd, 
.ctlIIfN 1lIUmt.1'It d mduded ID Iht bod)' 
of tlIc pma:dure _tuth _III ruum I vaJlK 
oIiba rypt The pt'octdun UI ullI.QI2 
call bt ea.lled _Ith 

RHUh _ Typedproc; 

PToceduJft 11\1) .ho be ,ul,MId .tm
bYld For t.umple lht .nnbuu: RESI 
DE..'Io"T Io(healt\ Wllht ponlOfl of cock 
'ew dm proecdwrt ihoukS oot be ... -appod 
QUI of memor)' Tht proctd\ln ... htrt ue· 
c:.lJOa be~. ~D U Iht m... PROC 

- - -- -
J1K)C s..pleproc(Por .. l , Poraa2); 

2 , 

TIn' 'ar .. 1, 
Paraa2 ; 

8ECIH 

• 

DIT Loc&l..n.ble1. 
Local .... rt...ble2; 

(code bue) 

<code) ... 
ImlU Iatnt.; .c:.n-• . ~ 
u:ruu ~.tnt.: 

• 

't 4: a • 

• 

r 

~ 

I 
I 
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&I'd '" ck ... ,nalCld b) lht trulbuw MA/''''' 
toI IQI*,'ROCumt 

,.oe Storth.r. MAIN, 

I •• dchuoelO OM: pro«d.llrt ClJlIDi 
aIIOthrl TAL.! ,PROC,eoCORUln 
IJId wi Sl'.'ROC. JI.I" as" Ittl PROC •. 
SlBPR 'C&Dpu.6pArlmdtnud~ 
r)prd Smullrl). SlBPR ."'~·C'thc:1J 
".'nnl .. t.pIOt and tnnt...llu 

TAL_ the ~d klOp tQGUNC'U 
found .1 CIlhrr lan,ua,« the: fOR. DO 
("TlL &lIId M HIU 00 The- FOR kJor 
"''' tit b;tndll'l" «TO, Of ck",endm, 
(00."'70) A pnmlllYC CASE.I abo 
PfO'\~d Tht CASE IUkmc.nI "'orb 
.. tttt In ,*, vanabk tMllUm at uro 
OTHD M1SE.cu bt uied IOUlU~ 
!tIM ... l.Iw lra"'f tlwI the ~ talot 
1OIk\ lpK',rlCld "'lll halle puodlCUblc 
mull) 

CASE .ndtJ,¥OflOb'. of 
bog •• 
o _0+ 1; l.nd •• '<'Orioble - 0 
b .b .. 1: hnd •• voftObie - 1 
othe,.....l~( ; -( .. l; 

hndell¥OlIobie > 1 

AhlIou,~ 11 "nMlfull", ,ad 1IOl MNC 
Ntod TAll.I~Uht\l~ofD£FI"E 
The DlJI'l lUI'"'' ponlOft o( pqratn 
~tcC' Val 101" MkllllOr.c, 

... N DEfINE.otol. count _c.oun, ... ' 'i 
l 

f l1S 

...... ' 
• • 10 
.,60 

ff M"W"CII1Ie>me1 th.n Iota\; 

OM uaaqut: 'UN"" 0(. TAL/FtutC'· 
menlll thalli can be .. .Wid UI M Uoi.,n
mt:nliULtmCnI 

I • • ult ,_ IF Thnutrve THEN 3 ELSE 0; 

... htdl.-.U WI,fI. vah.e o() Ir the vltl<

.~t nw..n..mw II ~call)' U\Ic: 1f7JW. 
inrw It q.c:aU,. fabe. a vtJ\IC or 0 will 
be a"oped A.loaf.'" &II UprUitOO Call 
be eva)u&cd ulQa.c:aU) 1* Of fahe. d 
Call br iIDbcdded ... ldun &OfF 

IF IX ,. y . Z) THEN CALL Myp<o<; 

will nW"* dw upR:U. wfllue parc:a
-... If die mubMl value of X • 
JJ'C*' dY:II UfO chm Ihcuprcu_ II 
lNC _ die CALL ..iII be v.ecvkId 

TAL MadkI m .... t)'pel. i&IIIk-
...ont (l6M) ..... bk unS.ItnaIp(1-bI1 
..... 1.1Uod ..... (6< "I. ond ..-1,(6< 
or )2 . ) '-drvldloW GaUl rypu c:u be 
coa~ 110 aD)' o&bcT dlrouJb buih' LD 
'>'PC ~ fuDCllC* 0.. ckclaBuoll 
Call be ..,rted u IiInIct Of ullhroct 
~(UAI.q) A TANDEM word 
.. 16 _ 

/11.'" bdon ... aI.flU IIIIhe. a 
JWda;td lDIIu'CICt Iild4reuUlt l.odJf'IIQ 
~wu~ ___ ofa 

TANDEM rutncttOCl 011 meJI'IOf)' 
IddrtUII'li b) a prot,.I'" Without uSln, 
ul~ndcd addrwlI',. 64K work . I vall 
abk fO( tht dill area of I TAL P'OIrlm 
OI'II~ the fj~ 32K .1 b)U addrcuabl~ 
SUftdlrd lDduut Iddl'tSllftl PfO"'w.kl 
Itt6I III tht 60, .. hlle ultDdcd address-
1ft, (JOC'rt:asln, die: addrtU to 32 btuc from 
16 btu) ptmuu the u.cr III dcflflt a lar,~r 
rntrnof) K'Imtnt 

For e ltc.nded Iddruua, " .dw pro
,rlmrrc,', respoMlbtllf) 1lI .... 'e 
me.mory throu,h AI.J.,{)CA TDJ:GM £.).7 
.nd o£Al1,OCAT£S£GJI£}lTcaJb The 
Indl\ ",ual addrtU of I van"bk caD be 
lCCeucd b) prtr",ln, tht 0 opc:taaOf LO 
w.dtnhf.cr 

An) d&U vanabl~ (ueepl hlLrlb)can 
be 'p«lftcd uaonc-dlmtlWClNl.m)' 
b) 'pec'lfyln,bounds Mullopkdllnc..· 
lIonall"..,.1 arc not ptlmlUed An)' van
"bk CIJI hoe "wiued Ii aD am) A polMCr 
It IIIlndlfC'n addrnnn, vanabk .Ith DO 
dlmtrulOft Thccomptkr dofta«M build 
Nn·llmc ~rdll) chDCllew..lfbouftib 
In: Ipcclf.ed 

Int peNn'.'; It. ° .tondo,d potnter 
Int eJrt top. h. on e.,ended 

loddre" potn'.' 

V"nat-In and .m). can be defined u 
rud ~I) and then In: cockd .. itDC' 

Ut.eral 
true-Ii 
falae ·O; 

lnt 

Inflead or In the dill area 

.tong 
.tkt ..... I.".n(O:2)- ' P': - (" obc"): 

TAL Iboal1ows w uerm perform 
bklck moves of dIUI throup the UIoC of the 
move lUtemtnl For cu.mplc. COMNkr 
the code K,mt:ftI JWc.5tnted In Ullin,. 

ThIS uampk". bll "ran,e but nont 
the 161 tomeU/IIU useful A, ... o. you can 
onJ) mow data of the amc Iypeatthou,h . 
II Lnthc lUI uampie.1hc l)stc.m dob DOC 
c:hc<l Vlnabk bouncb 

Numcroulo dat.a con~ntOn fullC'ttOM 

an I'lIlablt 10 uanJformonc 4111 t)pt W 
another The bud,..n funchon CODE 
tnables uu)' of mactUM auc:mbkr In the 
ptOItam a.ndc:anbc UK'fullO "nU' ~,h 
dun" as elrep b&ndhftl r(lU1lnt 

After In 11001 I GUt. RDLAN call. the 
coodluon cock or Ihc ope ,anoo can CUll) 
be: C'hecl.ed UIoln, III IF .... Itmtnl "Ilh ft('I 
\C:II .... mblt 

if < then con enor; 
Itt.. (ondllton code ts leu than 0 

8rt mtnll"llllMIN can oN) hoe done oe 
Ullere" a.nd an u..cful rOt' bit INIrs. (1 _ 

The et.afflpln pnlotrilCd In LulIe, ~ , ... ~ 
tMINJOIlWe.nll)pt. TA .... DE\' 
numbcnw blu from tM hl,lHwckr toll 
CbtIO .. the hlp"'r 1»$,. A Idl on bil 

Idefi nition of 
t coaatanta 

coaater :~. 
.arra,·of a tea·ele.ent l lO:9]: 

1.t(32) 

ldi reet i nteger 
t indi rect arrar 

tdoable i oteaer 

latri.Dg decla,r atioa 

dblword : 
nrue 

_a ato·c : _("abc" ); 

- -
. -. . , 

Dr", 
C: 

~mc I{O,'l ; " I. 4 .yte euUo __ 

c ,. 1: 
I ': ... ' -nsr'; 1.-111 ........ U. , .ytH iah tJae erraJ 
J. '; .. ' C .... I f l'woU. -...:,.n .. the ! -ot"b ~I at ..-.r1a~l e 

tC ut.o 1k ~ .~ ~ ....r1e\le: J. • 
U -.1. U- ..... t.be nl_ 'l. ... C ...,.u ~ ... e 
1 .. W .. 01 "'!Z". 

." 
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IS" I" rAI) .... ) lO~mullC ,ftt.t valut 
... ronorodd 

Str.nvpoon,.,p J :. ""'''; l/O AIIl/O j, bandied thtoulh. SWtdIrd 
libraf) or PROC. A t) ptC&lllO Nltcmen' 
II RE.AD. Ind 'ppcel'll1' CALL In W 
body o( I UioCr PROC For uemplc wcwdl <. ,> -WOtdl<10.11>, 

if word < U> then ••• 

"0I,I'd WI the n,bcrDOA b)tr oftht first 
WOtd of l..JJtmwJl'IIIbU 10 tt.t Ic'ntr A 

TAL,t dwlOft1olfCdc\tlopC',tCt 
~ ~'"" N,nlO (Itht, b) It' or"ord 
...... awf )II ~l 

INT lAd tKfYor,obl.{O:5J, 
ItJ. word o"oy 

STIING Slnngp()lll'cf -
• r~"Ktvonobj. ' < < ' 1; 

Thf. Iftdlulr~ ' t6!tft,'n' " u d 

SUI« TAL ... Vied 10 .. nit: all of 
TANDEM a comp!kn and Interpreters .• 
-fUll iUtch fac •. hl) ., prO\'ICkd III W 
(om'! of. SCAJ\ ItMCrMnl SCAN teSts • 
WID, of &11) kalth IUNiI (Ithe,. tlrltt 
character or an ASCU null IS CIICOUft. 
"'red Tht 8ddnu of tht tlr,t1 dUlnctCf 
II ruut'Md ti. fULl!! of tht SCA,\ 

Wbertas SeA..' ~hnJlnnl' (rom left 
10 "ChI . • "m,larcom.mand . ~. 
dot, to from ",M toleR Tht formofthc 
iyDt" ((Of SCA.\ It 

CALL READ{filenum,fil.buf. 
reodcount,coun".od); 

"typiCal Flknum lithe fiw 10 be rud . 
fikbu(" an InlC"lel Ina) IMO ... tu .. h d.u 
'i1(l be reed . rcadcount Ii the numhcr t'lr 
b)'tcl to rud. lAd counlrud Ii rCRlmed 
b) lhc READPROCInd 1Di1IC8tCl the 
lCtl.lIJaumbcrorbytcuud AllothcrJ 0 
"hlneSlcd IImllarl) 

TAL .IW'I a1I(Wo I the uW:r 10 code Irrli 
cauo,", thel Ct'llTUnl,lN4IIc WI,th cac-h other 
b) lllUft)o( Inlcr-proccu nvu.a,u 
Library roultnC. arc r rm w:kd hl hineSit' 
thuc AIltAlT101l.PROC'WICllhcr 
'WIII" ulO complC"uon. speclrlC--' a 
IlInc-out perIOd ror III J '0 . Of thcch (('If • 
rompltllOft oru tJO T'hll PROC" u~J 
to code IpphcIUOM .. hC"rt pro«u,n, 
aced Dot WJljI rOf 1IOt. . .. htrt J"{h mul l 

be fIInndtd .... htlt' 1'0 Ilmn~11i ("nIKAI 
ftC 

0< < ' I duut koJlul lrf'l bl' W\.ft of I 
... n .. df«tJ\'CI) lfIuhl~tt. tht UHrIn 
Iddrc:u b) 2 1.11 otdtt au ,'llht tddrtU of 
I.hr Itn", nil n Oftt ... ) of ckJl.n& "",.UI 
Ullt,C'n u " lhc') .. trr ~uni~ Thr 
""fmc," 

SCAN <"rlng orroy> WHILE (or 
UNTil) <Iorgelchorocle,> . > 
<nelCf odd,e .. > 

111.11 TAL hi, 19 d,((crcnl fypcJ o( 
Nlttmcnu. . IIOfIt orthtK dealln, "Id! 

.(1) ,- 1; I _t btt 0011 of .... rUbl. , 
I- ' .0:6); I Nt the ., .. h • • 1 • to the .,.llte: C)f bie. 3 Un 6 

I bit .atractloa l.Jbnl) rOUhl'lt\ an Pf'O"Ided (Of (rc 
atJOft . dtkliOll . and l)5tt.m InIAII,CrntDl 

1..(4) 11IDf tmrIH; I .1t t .. t 

LU1.I'IQ5 

W._ re.ldWlI consol. procenor RCP Ind M_ 
,. .. Ident d.,k operraUng 'r.,am ROOS rap-Ik. CCP 
lind BOOS _!thout TPA .Ir. ching • • 

U .. r 0 m. common to III us.rs. user n..-bar 
\llalb~ In .y.tem prompt, nl. nral •• ,.." .he 
. nd UNr ••• Ignment d lsplly4td by DIR; cro .. · drl .... 
ClDlftrNnd flle ..arch; ~ TVPE dl.pl.,- with 
Mlactable ptge .h •• SUBMIT runs on . ny dr ..... 
whh .ult1p~ CCWMIlnd m .. condlUor,.Uy In\loked 
by CAU. Autometk dl.k 0.. pf'OCIulng IlOIate 
W'lus .. bl. aactor •• For high ca.paclty dt.k 'y,t .. s 
RDOS ca.n pnwlde In.lAnlaneou. dlrect«y .::c. .. 
.net chi~te rwdundent nondl....ounlabl. dl.k kIogIni. 
RPMP" utility c:op~. fllu. opt1on.ally pro.ptl 
for canfl,..ltlon during copy-ell. co.p.,... " ..... 
arc.hl\lU large nlc.. to .uJUple: floppy disks. 
IlPMCEH WId CETRPM .. I'-In.ull RP/ .. on eny 
COIIIputer currently running CP/M- ).l. Sot.wce 
progrwl a .... bty lI.tln".o(RCP endROOSltfl'PUr 
In u. R,/W "'.,.. • ..nUll. 

.PIM _nuel . lth RPMCEH.COM and CETRPM.COU 
plus CMlr APMPIP.COM end other AP/ .. uUIiU ... on 
r SSSD $75. Shipping 55 ($10nonUS,. Me. VISA. 

~ 
111 SW Flnt St •• Box C 
Wl rrenton. OR. .n45 

iero • 
at-hods, Inc • 

• (SO]) 161·1l'1S 

CMCU DON ~ &IJMCE CAI!ID 

66 ~1'LH'G4'''''''' • • ''''I.I4''''1'Mj 

OPT-TECH SORT'" 
SORT/MERGE progrlm tor IBM· PC & XT 

No- ".0 .ott, dl4.$l II tIM" 

• ""r ,ltft' In 1""''''O'l'' IInO .. IO. 10f ~t'I ptr1C11ftN,not. 

Eu"'M "OOOf9COfO$otI2l0..,nt.Of1RIOO", 
.... ,.. , pOIn'.' II .. '" 30 M(.ono, CO"~.,,[J 

• 5of1 ",."'CI,ng or otKeno,ng 01'1 up eo n,,", 11eI0' 

• l .... "~p,JII,'" MI,. tMt t.Ot1ltd or IN!tgoeG I' one 1'_ 

• """<1. "1',1OIe Ind 1'1Itc! teno'" 1'ICOf~ 
• !MIPC\OI1-' I ' CI)ffIf'\OtI 011. 'Y"" 
• f .teIo.u """ted only by 't'OUf ch., ~ce 
• O'rfll~I'Y .'tOGal" tnetnO'Y.no , j'in 

• o..nP\llI ... un be 11oIH'~ ~~ Of poon .... 

• c.., 01 run ',om ,eytMMlIO or as • NIC" ~f1'U1ft4 

• Can III uleO at • t4.IIM'OUhne 10 ~ t.tng~ 

• £by to 11M ""'UO- on--ttM ftelp WI", ... 

• Full cIoet.orMfl1.lltOl'l - a..ted ~,. 'fO'" ~ _~b 

• J" -VISA. WC. o...c:' Money Or ... COO or PO 
~"y 04C0untl .net OEM ~ng • .,.,1atl4e 

T 0 Of~ Of to rac .. ve IdchiiONII ""onnahon 
wnlt: or call 

O"T. TECH DATA "ROCESSIIiO 
PO Bo .. 2\61 HVf"ti'I l .... A .. TT)47 

(11l) ' S6-7"2I 
""""" DOS .... . .... C)Ifte CM. Orwe 
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~~~~~~; filn, etc If addlOOul J, tit upe:blhf) n MCrw.at). TAL 
t.lTA"-iO['4u ) 

co« to rnaOt .. idu81AL PM 
Dr'> ICC CC*J'OI " ...... 1M TAN 
OEM "'1ICt1Oll du..IIc trr- I.atJoQ 
...,. ... lIftWltIlOa k "Ikn. 
buI1.lIlt CI ,,,....,...,.,. ....... , 

SCf)IOD£ .. dlt TAL I~I) PRO(' 
__ a ,tht"'.,.rto~) OWl· 

nck o.r or. .. ,. ,hanarn~1Q OOI_n~ 
e;pcctr.. 1'lJII1)'I" ,....prooedIa~ 
altoo ., IIIC'1 k> c:odc 1ft awl'-.:611Ot INC h 
u.. u~*'It( ,..ad b) Iht appI~ 
""'_" ~1"1IIa!1) ,...." Iftdrptftdut 

fOf ,ul'llC'k If. 4a~ tODllmuucahOIU 

1_" ..,..11) .~ •• 1\CId ultt"" %(\j 
....... 1 dow boo all erplJCatIOll cou~ 
......... "-tt ... ,th d.UlbtUIOf 
lfIU'iIII eteftIlIIW al)OlH Mad, SET, 
,.,OOE ,n hddk pnNtB. It.rml,,,,I~. 
c.-.nalllOll}I,., fh andk-utht 
_-CI at", ... Mit ranJt of chIrKUn)llC'} 

~~~~~~ T'" b«ocnd' raJl)' ~~rful 
lOC:II.htn 

Wlltd ",,"w C;""RDLAN., 
'"UIf'" FakkC.tU proceuCC*tlOl 

UId chft I.pmfthllf att' .eM .f,atd 1ft tht 
I.ant\&&ft MM'U. b.illhc, alh, IICCdcd ",t" 
MlUrald",UvlAl r, ... ,ram ni\,I\r 
""rlOU' aJ\IJIUJt'. onl) Uw oredtd ~ 
ccdllm Itt 1olIItI"~ I" ~ the- pr<'frant-
..., tht 'Uoird/ol li """IIM\ an IICIl 

R:W',..edTAL .!lUrK". and 1M PfO' 
,ram lUi). ill\ICtU rcd .,""( lhot.c alb In 
ttulCld .. pi' DIU 

A." 1M Gtit • ,It! lnOJI1&n&u.I,n 
TAL " .. 111 e¥Ol"IDIIOKCammodaK ~ 
.!IH. hard .. .,c, (1, Althou,h TAL '" 
WMMcoal, M rA"O["1\. n,,' hJ,hl)' 
I1NCtlHed and powc:rfullan,,,'I' .,ttI. 
.. 1Ck'oI~Ut. "nofthtwUJd!o( 
TAl. he~ ID tht 'Imp! K If) of I~ .. LtrM:M 
1YPf' aDd pan III the: .. Ilk "",e o( Wt.D. 
dud hbnr)' JI"OC'C'dIiID provtCkd • 

SNa ICJImt u.",-o/'lJwrtDJpt'OI,~, 
\11"-'- $ .. u. KI,,,, a~roIl.AbonIIMWJ 
MIl""'''''''' .wtI ULjot JU 1'f.'M' 

,.,rrr ~ ,rodwIl«l.1IIt. *I'U 
III""""""" IftntN from dv u.u. tI JlQfI 
fJ'YdI. Ow & ItAIw", QIIIUIdM,jDt- QfI 

IoN foJJ 001< __ '" fiw-" 

Th. Dyn.mlc Scr •• n Debullll.r for CP/M 
D50 10 ........ ¥!.r"CIId ~ P'OO' .... 
.~ 10' 0' ... ..0.'"(1 C!JI __ OPP"IMQ tyIIe""'I 
SorId _ ...... 0K00000II "0 ..", "'0 • ...., IJI~......-.g 

~ DSO • tnt tJNr ~ 10 t;IIr " d 
PIt ... ~ .. IN' 'OM f'I 0fIt PK"I9'" 

........... f'IA, .nWM •• W ~ 
, ...... .,-- ... -, f _ __ _ .. ~ ... ...--..,--, ..,.._ .... -'!!IrIo; • ._ _ _ ... -~ .. _-.,--_. ... .,-. .. -,,, .... ·_1_ 
, .---.,..-. ---. 'A_ .. e~ .. C"I 

...... . ~ :w ____ • 
-...-~ ........ -
~--.-, • _ ..- I"CIUIIo"9 

...... ---~ ...... .--.. 
f-..e ... _1". .. -... " .... '"'~ ... ~ "......-, 
()o ...... , _r 
~ .. . _1( l01l00 __ 
Jo.-_ ...... _ 

Only S195.OO 

, ,0 ....... n ....... n Tn .. (III) 471-4Jt.l 
__ r_t_ .... _ _ ..c _ _ _ 

_tMC:_ 

C!JG)CPL;.\I]JL:.1!l1K\I!8 
PERFORMAIICE 

POR'I'ABILI'I'Y 
llmD 

ISAM CPLJ.lC3~i] 
mlG Ii)."" 

UIIBEA'I'ABLE 
CPill[)(3i] 

~_o

cot. , ... MO 6oSlO) 

n....." .. ~--
.... T,.. .. 1m ... ~ ACCESS"""",," 
N:iffA· ..... DIiIfDI ~ -,..... 
............ t.r ,...;0.-.:... .. ,,.. 
.................. W OI e.\,. ... }'o-J'IIC 

• ~ C.....-ce code ...,-ta;en co 
«.a .. _ .... oIpcw .... 1 .,.... ...... -....,.ISAH __ 
MIt tow ..... I-T,.. bIcuonI 

• roudnII tt.t waric wtch..... ..
-' ... ~.,... . . 

.1G~aa ... f ars.,,,,, ••• 

- . 

w o. .... : 4 75i • a 



EXOTIC lANGUAGE 
OF THE MONTH CLUB 

~~~~~A~t.t"tJ) reanl achAfta' III com-
puttr .)5ltftU 

Iw betlllhc- ckwJopmcnt of lauh ·tokunl 
computeu One weh I,.'t~m I) the: TAN 
OEM machlM- I muhlptO«uOI', mulll
UKr tn~IOn-onc:ntcd mllllcompuler . 
."hach eM ma.nufKtUrC'r c:b.mu uptn 
t~, minimal ~-munc To 1&lC' ad,,&ft
laJf:0fthc: NON STOPrTANDEM lndr 
matl) caplbdlt~. oftht 1),Ae'm. 

TANDEM dew.lnped and tmrlemuled. 
tu,h·ltvtJ . twoc .. -JlNCNrrd lanp.,r 
kno .. n b TAL n~tM ApplK.a.tlOn 
LanJUI,e"1 

TAL ') uiC"d b\ T,,"'OEM tO~C'1op 
all O(IU I)-Ittm loO"""~ UId b) ptOfntn 
men to "nit arphc-atlOnl .. htfe pe.r1Of 
ft'\I.1I(C' ". COUdcl1lllOn Of .. twIt J)',,"rm' 

kvcl acttU 1.1IHded TAL" proof tNt 
communteauoa and f)-AC'ID mtod\lk ~I 
Uh(W" do IOC aced .., be dPeklpc:d II Lht 
m.chll'lC-t"ock k\d n'HrtxJe .. l!l 
touCh bntn,. on TAL"' main polna 

TAL M~ nv"' ' Itnlllllllft 1('1 Puc.1 
IUIId ALGOL II hal procedlolm. tub
prncc:duru . ud flijDCtKlftl and ') atOII,I)" 
typed- ahltoufh DOt at. ...,.,1),,,, Pu 
eaJ TALa)W'ltw.,tandardll()and 
1\I0CtJ0n hbru) wt.U at. the ab\'hry to 
.cttU the btl kvcl 

TAL conWDC" IIR cklUftJIcd b)' I We 
Puc:aJ. TAL pmu.ru kIcal .ad &kIbeJ nn 
.tms and lw dw IoI:IDe '[GIN DID anK' 
DlfC A TAL .. .urter "1Ip,031 clwx 
ktllon, aad Jl&tU "lib. kncr Tbc." u 
c:ouMkred. ~ PCmllCl..l.DC r~t 
... ur1e~ 

TAL' • .w.,..- opt:rMOf II . - and -
rqJf'UUU I Iopc::aS tell ANlliIImCIII c:u 
be.Wid aI'\.t:r I YWUlbk~, mU. 

\ iIIa...oalWilm cal)' CS&rt.Aat-I). t..au.J. 
-.e: - b~) UIIDI ~ 
wound die: Ul..-nm!IUU'II'It_ tr&n$

fomu "'IJMIKDllDlO I rncJYe of mulllpk 
elc:mtm Ai6lpmnM cu a1100 be 
elwood 

DfTOY 1': -' 0tT0')'2 for "; 
o:-b - t :-d. 

""$ \220. 

Iy Serg Koren and Pierre Provencher 

OotO(tht un,qlH: fUlUm of the Iln-
pair aI ,the ViCt to iDttr1a..1: non· 
lUndarel h.ud"'ln- or 10 ltmpt'Bnl)' O\tl' 
ode the: onl'na.! J)",tn COClfipnlUotl of a 
ptOCt of bard", an: 

TAL uc:omplltd monc p"\ and ,tncr · 
atu tNt TA OEM I'ftk"hlnt code (a C"Ui

lOtlI prouuor boud. DOl a CPU, Tht 
!.aQIIoLI,talltwo', calb to COBOL. FOR· 
TRAN.1Dd htt,..". roI.IUDQ .. .&iIUOO. 
TAl. rouUnt, all: callatNt b) bod! COBOL 
and FORTRAIIl 

ProcechneJ (\nOwft as pa .) la TAL 
ha~t their CI"on local data area and Call bt 
ailed 1"t(1,j" I\I: ! ~ Wt moll Clil.htr 
~edurt"-Ofttatcd lanpa.ao . TAL', 
PROC. can plu or rculW plramcltn 
Paramtltn ~ be: pb.t.ed u a reftrcoct 
Of a vallH: a1thCM1,h atn)'1 arc aI.a), 
ptiWId b) rdCftftC'C A pt'OCIlIdu.ft or I 
~ClUI a1W'lbc: ptiWld '" a plramt

lit, A ,ypteaJ PR *-11 "prtiu!.ed II) 

I...&sun& I. WJtb II)'plCal ca11 heiRl. 

CAll SO ........ "'( .... I), 

ill .ctdluo.. PROC-, caa rtNf1I a valUt 
wtuC'b mUu tht PROC equlUkftllO 
~ IIlothe, WlJUI,CI To 60 !hl-' 
_ proc:cdUft "IIVe.a I type. , and I 
1.£Tl/a.\ IUUlDCDI U uad\MScd III tbt bod)' 
ohhl: procrdrU'c _tuck .... 1 td\Ira a vaJlK 
01_ f)'PC Tbc proccdl1rc UI u-"lfI.Il 
CUI bt ca1lod .. lth 

Rn",k . _ T~,O(; 

Proccdvm 11\1) aha bt aUI,Md ann· 
bIn.u FOf tumplt the Inrlbult RESI · 
DENT 1Dd1Calt. thai the: ponton of cock 
fQl dm procedure lhou~ DOl bt ''''-awed 
GUS 01 memory Tbe pr edUrt _herc Ut· 

~ be,_. ~ lIaJltw: m&lII PROC 

--.~, .. ~ ......... -
PiOC s..pleproc(P.r .. l ,P.raa2) ; 

J 

nrr Parul, 
Paraa2; 

IIECIII 

Dn' LocalYartoblol, 
Local . art.ble2 ; 

(code bere) 

DD; end of "proe 

Bl'1'IOC~; 
IB:If 

<code> .. 
uruu lat"-; 
<-or. c.oM> 
Il3VII latnla: 

• 

rD:::,:.' ,--_~":":'-"-,:t...:.:.iit:G~~ 1<:.ILc ' ,= 

• ( 41 , 

• 

I 

ee 



---

-'IIU. 

aIId i.Ik~'I"'tcd b) tht annbult N..1l~ 
(01 II~' Ibt PROC UII'It 

,.oc: StortMt. MAIN, 

I. add.uoa ttl Get proccdllrt callLQI 
dad"r. TAL alle ". 'ROC,IOCOIllI.ln 
IUd ull SVlPROCt J .. ~ as .. ,ttl PROC •• 
SUBPR • CUI Pw pil1lmdtn and lit 
t)pr:d S,rtUl.rl)_Sl;BPR ,ha\tUltIl 
o-n kIcaJ dau 'PIft aM annbulu 

TAL h.u W IUndard loop COIUtNCU 
(a.JMI Ulotht, 1'f'lI"'~1 tht FOR . DO 
If\77L and MHIUDO ThtFORIoor 
un bt ""neI,,,, (TOJ Of dc",rndln& 
(DOM'\7'O' A prlmlllW CASe Ii abo 

ptO\wkd 'Ole CASI IUltmtnl \JOorl' 
_".h an.st .. uNbk Ihar .taN'" uro. 
OTHU .. 7SE. CUI bt uKd to u.AI~ 
dill' "'h" ,relltt U\an tbc lUI cue 
lDIk' Ipt"Clrted .. dl"'~ prechnabk 
mula 

CASE IMtllYOrlobl. 01 
bog." 
a _0-+ 1; J,,~dellvonob1e - 0 
b .• b .... l, IlnduvonobM - 1 
orherwt •• c:-C:+ 1, 

I,ndeulouobl. > 1 

Althourh n "cOft~"n. and DOlI SU\K" 

Nred lAlln"". the ulot of DEF1\'£ . 
The D£FI"! WI.nt I pon.on of pfOIn.m 
toUrct 'til 10 lUI MkllufKf 

.... tv DEFINE toto1 - CCM.In' _count + 1 t . 

'\So .... 
~C. 
'>1641 

OM Vltqll( fnluKoftbt TAL IF$lalt 
mut u chaI n tan bt uted U'I an ...... 'n· 
CM:nI "--Cmtnl 

... uh:. IF T}","lrue THEN 3 ELSE 0; 

w'uch"'l1 WI'"' valla( of) ,(!he van
ebk n-.mw" lotlCally tr\K If ThU
Urf'W ~ toc~l)' f.be: . I val. of 0 Will 
be: u.!pCd A, kina at. an u.pra."tOG CI.b 

be eovlJlIoiUd .. IOSteall) trvc:.Of fall(:. tI 
C. be: ...... M""t .. JdUA .. IF 

If{X , . y ,Zj THENCAUMYI"OCo 

wW ~ Ik uprtllaGO wllIun pua
..., If die mukaM vaIoc: of X • 
pa&er'" UfO thea the. C-l~ iI 
trw: _ *'t' CALL will be: ~ 

TAL ...... tu dill C)'JICt . I.lIIIk'
.ont (16 .). ~·word. ttnIIip (I-bd 
b)'Us). fu.ed pouII (6t btl ). aDd tall (64 
Dr ll~) t.dlvwhaJ dati rypa CallI be: 
co.\IUtIIl6lO any o&bc:f ~p bullHn 
rypc: a-afer ~ DIU dccLanooe 
c:- be: 1IIpCIClf.al AI cI&ted Of UldJrKI 
""'- (I.Yuoo) A TANDEM ...... .,,-Ii. " beforeall .6cDllf.u 1llid1CM'" 
ll&ZIdatd.-11rea IMidreN"W lnd..Iract 
~ was iIlIoNced beaweof . 

TANDEM mtncUOfI GO memory 
addrcJi'", b) I proJram WI'''''''' Wilnl 
utendcd addrc:.uIDI 60IK work II luil 
.bk for dw: diu If'CI of. TAL Pfocram 
0.1)' the: rlnl 32~ IS b)1e Iddrasabk 
SlIa4Ird INhr«'liddre:u,,", provdc: 
kCell10 Ihc:6tK .. 'nit «tended Iddreu· 
In, (UICTUSln. the Iddrtls 10 32 biu from 
16 btu) permlu tht: Uier 10 define Illf,e:r 
mc:mol} Kimel'll 

For ellc:lded tddreuUlC 1111 tht pro
,rammerl rcspoMlblhlY 10 maN,C: 

mc:tnOl} throu,hA1JL)CA1£S£GMENT 
Ind D£AUDCATtS£GMDlTCIII, The 
"whvldw.i addrf:U of. van. bit can be: 
.c«ued by prefll.ln,lhc 0 operalOf 10 
tht dc:nllflt:r 

Any data ,anab)e: (uetpc "Ie:rll,) can 
be: 1pcC'lrlCd ti • OM .. (hmeMlOnallrray 
by JpUIf)In, tKluncb Muluple dlmc:n· 
llOnal 1m) • • tt ItO( pennlned An) ''&(1 -

Ible can be: Indued ~ an arra) A pointer 
I~ an IIWhfCC1 tddrnllfl, vanlt-Ie: .,ttI no 
dlmc:MIOO The c:omp1le:r Oou IIOt tMlild 
nan-lime: boundar) dl«"U e'eD If bounds 
Irt 'pee,fled 

Inl potnte,. I" a .tondard po.nler 
Int e.llop . I"on e.tended 

ladd,e" potnt., 

\'anaNt\ I1Id 11TI~' un br drrl~ " 
rHld onJ) and thc:n.~ coded 1D·luw 

lit.enl 

int 

true - 1. 
fal.H - 0; 

CODnter:~. 

Instead or '" the dati Ira 

.tn"'Q 
.... , .. -10 • • ,,(0,'(. 'P" • ("abc" (, 

TAL abo alk7ws the. UKr 10 perform 
bloc" tnO"OU of d.u ttlrouJh!he: U.te of the. 
mow IlMCmCM Far U.lmpk. coosadtr 
lilt codc: ItJmc:.M p'c:sc:.ated UI Lattlnl 4 

Thll uampk 15 • bit wanle but none: 
Ihc: kti IOnICOmo u$.tful API-. you can 
GftIy mcM dau ofthr wnr t}pt Ihhou,h . 
.III ID the. lut e.umpk. !he: I)'IWn doc, .at 
dla«k. vaNbIc: boundl 

Numc:rou. diu COfIVCUtM func1KW1' 
lIt I'ulabk 10 lra.nsfonn OM diu t) pc: 10 
anot.hc:r Thr tMlalHn functlOft COOE 
CII.IIbks c:MI)' of mac:huac: tiioCmNe:r 1ft the: 
P'OStam'" cu be: u.c:fullO _ntc: .uch 
thma'lS a trap handhftl roulltlC' 

Aft.tr .. I!() Of. GUt..RDIAN c:a.l1. the: 
C'OOdIUOli code: oftht opc:rauOD an UJoII) 

be: cheeled u .. '" an IF ItItemc:nt "'Ittl DO 
M:M vanabk 

if < then con errOf'; 
Ithe CondttlOn code It leu thon 0 

Brt INIlIp!IatIOftl can GIlly be: done: on 
""Itn 1Dd.re: Ifltful for bu 1Nr" (1, 

n.e c.utnfJln p.-t.loUUd "I LubD, S ~ 
dw map stalmeal f\rr' TA'DE'1 
.umbc:n die- bau fn.'\lft'l tbr hl,h-anXf b.I 
(btt 0 "die: tuah«*r btl) A ac:sc 00 bit 

Idefinition of 
I constante 

.. rray"of"teD".1.-enta\O:9] : 
10t(32) 

1direct int.eger 
liAdi r ect erra, 

tdouble int.ege.r dblvord; 
etr1.ag 

.a· to· c:-["ebc"); -leui.ag decl.aratloD 

UtIIftQ 3 

DT~ 

-
,.... -• • 

C;: .. 
S!IDC I(O:'J, I. 4 ~ru atrloa __ or< 

c '. \, 
I ; : . ,' '"1'!S'r"; l-.odd -.,... . .. tile 4 IIJtH lat.o tile """1 
.4 • : _ . C POI !f ~d -"'t tL U. -t warb etatJ=1a& a t. YU1.a\le 

Ie lat.o tbt ---r - t.a.rt:I..a& .~ ..n., t. , . 
u .,.le u.- " n t.M . aiM:1 .... C"...u ..... e 
Iu. nl .. of -a-_ 

" .' 
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1 ~ It.ft c.u) n) lOddtf'n\lat If Iht .... I~ 
"ewe Of' odd 

Stringpolnl.,p) :_ " A"; I/O. All I/O " hDdled lhrou,h. standard 
hbnry o( PROCi A typ.callO ItItemcnt 
li READ . and awnn H. CAU In the 
bod) 0(. Uier PROC . FOftumple WOfdl <a9>.-wo,d2.<1011> ; 

;f word < 1.5> then •• 

woukt W1 tht n,htmoll byte of tht first 
word of IrwJJtWT'IIOnabI, to UK IClltr A 

TAL a! the toft_ate Ck\oelopcr to 
u« Iddlnl polftkn 10 tltht, byte or _1Kd 
dau. ... dw '01~ III, ~s 
INT Ind"edvollobl.rO .· SJ; 

I~_ word orro)' 
STRING Stfl"Vpoi"f.r • 

. ,nd,'lK1VOr.obl. · < <' 1. 

Tlw. ,ndl'.tc"~· a.idm\ o( " .nd 

SIACt' TAL" uWld 10 wrlie atl of 
TANDEM 'cotrIpIkJ1 and Inltrpt'dtu • • 
-fUll K.Uch (Klht) II prG\'1ded In the 
form of. SCAA llalcmcnt SCAN ICSU. WUt, of an) kn,lh until elthe, .1IIr,C1 
ChalKIt' or.n ASCII null.s encoun· 
tered Tht eddrw, of the lIIr,CI charKtCr 
IJ rd\Imed u. rc.wlt of the SCAIo 
Whereas SCA;\' ilClrchu Ann,. (rom kft 
10 n,bl • "m,I., command. RSCA/Io, 
doH 10 from n,h! to ltft 1bc form oftbc 
.ym.u. (Of SCAN I) 

CALL READ(filenum ,fllebvf , 
reockount.counrrtod}; 

"!)'pIC&! Flit ...... tht rik to be read . 
filcbu( I) aD Intern .m) IftlO _ h.c:b d.u 
"10 be ,ad. ,cadcouDl If die: ItUmber ()f 
b)"1eS to JUd . ud coulllrud ,. rtnlmt'd 
b) the READ PROC ud lodattS the 
1C1ua1 number ofb)1n fUel All other I 0 
If handled IImtlarl) 

TAl.ba a110Wl tht.ton tocodc april, 
car..on.. that commuJl.K.llt _.lb uch Other 
by mUM of Ime, 'prottU InCUI,,. 
Libnl)' roullJ)b aK pt"0\ IIkd to handle I 
thci( AMAIT1011. PROC thaI tIIhtr 

• < < ' I 6o.Xt .loJKaJ letl bll shih of I 
btl Th" dferuwl) mull.pllei tht Inle,~r 
.adtus b) 2 UI ordello ,el the iddre" of 
tkAnn, 1111' "OM _.) ofckahn, •• tb 
UMt,C""'.)lfw) ",('t(""r1n,. The 
ItIttmcnt 

SCAN < .tr lngOrf'oy> WH ilE (or 
UNTil) <torg.1 chorocter > .> 
< nut odd,." > 

'1'1.11 TAL hal 19 dlfrerenll)"pt.) or 
I1Iltmcntl. ftOMoflhHc dullft, ""nh 

..... ,U an LOcoftlpkuOll , Jp«lftt • • 
lllM-<lU1 pcnod (Of lUI 1-'0. Of ched •• (Of . 
cornpIcuon of .. 110 Tllls PROC U uKd 
10 code .pphCl{~ .. heft" proctU ln, - .eed not ..... 11 fOf lICk. _tacK I/()) my' l 

.(1) :- 1; '.et btt ODe of •• riabl •• tit fun.ockd . .. heft" l-'OUIIWI," rnl tc;l.I, 

:- ' .0:6); t Nt Lbe .alue of • to the ... 11M of bit. 3 t:hn 6 
I bit •• tr. ctlOD 

'" Ubrary rouUftG an JIfO¥tekd (Of c'c" 
auoa. dclcuoII . _ J)itnlmanqemcnl 

&.(4) 1HDi' llTUIH: ! btt l .. t 

B)' tn. authcH" o( Hayden'. ·CP/M R.vuled.· 

Hew re.ld.nt con.ole proce .. or RCP end new 
ruldent dllk op4ratlng .yst.", RDOS replace CCP 
.net BOOS wlthol.lt TPA sit. cheng •• 

User 0 (1Ift common to .11 usen. UHr numbu 
vlslbl. In .yltom prompt : fII. flrsl extent she 
and UMr ... '"",men t d l.played by DIR ; cross-drlv. 
commend fli ..... rch; p.gad TYPE dlspllY with 
Hlocubl. pega s in . SUBMIT run. on .ny drlv. 
with .uIUp" COIMIand mes condlUon.lly InvOked 
by CALL. Automatk d isk ne. processing lsolel .. 
unu, .. bl. Neton. For high apeclty d isk ,ysl __ 
RDOS c;.en provide Instllntlln.au, dkectory 8CCIIU 
end delet. Adundent nondl~labte d l 'k IogIns. 
RPMPlP utility mp~' m .. , opUoNII)' prcapts 
frIf' c:onn,....Uon during copy-.n. aaparu 11 ... . 
. r'C.hlvas 1.11'"," fII.. to .ultlpl. floppy cIIska . 
ItPMCEN end CETRPM ... If-ln.tll1 RP/M on any 
OOIIIput.r currently nM'Inlng CP/M· l.l. Source 
prog,... . ..... bJy JlsUng' of Rep.nd RDOS . ppM'" 
In u .. RP(W 1,1&.,.... -...nuel. 

RPIM _nu.l.lth RPMCEN . COM and CETRPM.COM 
plus our RPMPIP .COM and ot ..... r RP/" utllill .. GIn 

r SSSD $7$. SNpplng $$ (SI0nonUS). MC. VISA. 

~ "1 SW Flr.t S t . - 80x C 
W. r,..enton. OR . 17141 

icro • 
e~hods. Inc. 

I (H]) 16 ' - 1765 
CMCU. 12 ON ..u.D£R IUMCI: CAN) 

66 COIII'VTfI LAHOUAGI. • ' 1t.H1U.n MS 

OPT-TECH SORT'" 
SORT/ MERGE prog ram 'or IBM· PC . I T 

No ... . 1..0 1toOf11 •• U( II ftM1,. 

o W r. llef'1 '" aSHfOObIy' "n;va"e IOf "'"'" ,.rtomwt.nc • 
E.a .... pIe • 000 f9(;OfOS 01 121 oytft waned 10 9 •• 

key ' POI"lef , ... on 30 ~ CO"'AJI~ 

• So" a.c..-wl'"9 Of OHCend"'9 Of'! yp to Nne , .. ". 

o l.n Input "'n "..,. be t-Otteo Of -0-0 I I Of\e I.rrw 
• HencllH "anaole InC laltG lengll'l , • . oUb 

• SlJppons all eo-non cs.~ lyP'" 

• fllft<,l.e """Ied onfy by your d .... ..-ce 
• Dynam.uMy . 11OQlft, memory ItId I .... 

• Ovtput I •• UII be lull recotOs ... Of ~, 

• ca." be fUl'! ',om ~rO Of as I betCI'I COftW"\IIftIC 

• c." be (';I'" os • s~ 10 IIW'Iy 1InO~ 
• [.e'Y 10 u. IftCtuIMI on-WIa ",,",p _bile 
• Ful doc~I.on - NaC ..... ...- PC lftI~b 

• 1" -VISA. we. CI'IeQ. Waner Oro., COO, Of PO 
Ouantrty dIKOufIlS af'CI OEM ..... 1'19 ..... ~tIM 

To OfGef Of to rKelW'e add.honat ",lonnIIhon 
wnle Of Q" 

O"-TECH DATA PROCUIIIIG 
PO 80~ 2161 """'bte, 1 .... "loU 

f71l1 4,s..&.U21 
....... .... 001 "'" .,.., 0... 0... 0.... 
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r:;:,:;:.i;'~~;' rik .. nc If -sd1UOnl1 ., orcaptllsl.., luwcn .... l) . TAL 
.. fot aJ TANDEM uwlllN)-

CIOIk to'" _rdue TAL PlOC. 
~'" _f'CIII. aJIOdIc-r .. p TA'" 
DEM fdMtNI- C'\'ct)~(fOftIlahon 
lOr) to." lelltn til 
..... ' .. f.CDft\MIl'I ... atliOCl l 

SC7)I(¥)f lUbe- T" L libra" rR 
.. .. dIIc IIW'f k. II:mponn) O\ocr 
,. dw ...... f' thanc'\fmhU on,u.aJI) 
..,..m.ed.,.. J)~. Tat. procedurt 
aJ .. Ihtuwt lOoudr .. appl1U1toIIlUCh 
.... aft) *' ~ f' "WId It) die appI UlJOII 

\ .",u.a1I, pon -stpt.tnl 
F", "ample .,. dab ~AKat.oDlo 

.... ~ tICIf'WMIl) ')~ tftCld» btillf %00 
tteiJd .. 117 dau btb. aD ~KatlN coukl 
&hI' daa.., Mud "lUi' ciau btu 'Of 
.... '-I OOIM'IIlb at~ aeecb seT· 
NOOE CIII twadk pnALt-n. IcmlnA" . 
cotNDUlUC .10(lil' hl'l(~ . de . nd IN lht 
.~ . hlt ... Ilk ran,t of rhlractt'n",,-' 

~~ T"·"O"'''' rc&Il) ~rf\l1 
~ .. ~n 

IAlcd _.th the G\lo\RDlAN .t· 
~."Iot ... flk«uu. prottto.coetrOI 
ud (he! lpo>lftUCII.rt _ ckrlMd in t.hc 

j r IlIClf. bIotl.ht raJl- needed Irt 
IoOUru!d lAue TAL rrOt'ratn T'tII' ,I\n 
KrtOU' .a\ atlI.IJr' onl) 1hc- netdcd pM> 
ud",ru m MlVr(.~ Iftb-)- ttK pros""" 
IN'f , thr PIn",,, rOI.IIII"" Itt MI 
rue ned TAL tdr:nt I( It'~ . and dw pt"O'

"... "')' ItOKNrad 'UI« ltM>K calb arc: 
bUUId ti pto...cdurc. 

A." tht CUt _un mc'tM lan'UoAIC\ . 
TAL" Itlll C'\'OI~",IO kcommoclalC:."" 
.ie' hltd ... ur . dIO. Althnu,hT"Lu. 
IlWIbk oaJ) Oft T,,"OE--" . II u, bl.hl~ 
lU\Kfuted and powtrl\ll Lan.~(' '*11lI. 
"'. 101)0., In, Pan of the: Wlra,UI of 
TAL ha In the .unplelt)' of Itt IUIrmrnl 
fypU IYd PIn ID the ,*14t ,..",r of IUD 

.... "b<"" """""'<U """ .... . 
Snt Xomt u. pnft.JSK)ItQJ {trOfrQmfOt# 

..,11 $roNtdI 1(J1t" (luUcoI ~ona 

.J Ivu bNof tUbt, TALjot IU J«US 

"~rTr ~, ,ratltMtJH "vii. Mtrff 
.. ~" ~ '""" tJv UttIi ttl 1tI(Jft 
nol, Ow Ht'o\IulwntcorutJrut,jot
,.,., }JJ IDknMl« rp:klN P fiw ."." 

_ .. r_._ ..... _ 
_ t"Ito _ _ _ 

-.."'C'_ 

C!JGJ[P~ 8 
PERFORMAIICE 

5:'-
PORYABILlYY 

~iD mil 
ISAM [Pw(3G3L,!JB~ 

00 mY"1 
UIIBEAYABLE 

CPillD<3f] 

.. 
.,....,ACCW ...... 

ND. ....... OIIJDI ~ -,.""
.. ~ tor ... ,..,-tor-u.. a.,,... 
...... ~ Wct\ e.v.. ... ,-pc: 

• we .'IU C ~ cock wrtc:c.ft co 
... a ..... 01 pon>bIIty 

........... c 4.ey tSAI1 ~ 
_ law ....... TI"M: func.'doN 

.~ ... war1twkh"''''''' 
~""i . • _ji,+-_ ¥f"'cordon ........ ~ 

_as •• or. r • 
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EXOTIC LANGUAGE 
OF THE MONTH CLUB 

~~~~~~ A rtb'l\-t!y rtCtnt Ich'1JK'e In com· 
puttr t)'~('m$ 

hb b«n 1M dc'tloplMnl of fault-Iokrant 
romrvtt'n Ont wch J)""tm Illhc: TAN· 
OEM lTI.dunt - a mulllprOCCiSOf, mulu· 
lI~r traru.ao;lt(Ift-()O(ru.ed ITIlntcOmputt'r. 
""hlCh thf- manu(8CI\Htr cllUM npcfl 
ttw:H minIma.) cto--nlUlv To tal.e idVln 
'-I~o(thc: NONSTOP (TANDEM track
rnar") upt.blll1wt o(tJw f)ikm. 
TANOEM ~kIfIC'd and Impicmltnlcd. 
hl,h ·k .. d . bloc" Wru.:lured lanruAJt 
kAO'fon h TAL (T ran~1('ob Apphc.at,,>a 
UtI,UI.t) 

TAL It uKd b) TANDEM 1O~lop 
all of III s),,,cm IOh .... .,c Md b) pros""" 
men 10 .... nl(' arplIC'IUOft\ .krt pdfot 
mM« II' ('('Ift\.nol~ Of" herr: IYiUm
kvel te«u "ntedt,J TAL IS proof thli 
uwnmun"alK'n and I)'~('m mndult arrh
CIlICWI.60 not Dtftilobc ~clClp(d I' W 
Iftktllne-cock inti 11IUI InlCk .. ill 
IOIoICh bncny on TAL. maul POUII~ 

TAL tit, man) "m,laflua 10 hK.al 
and ALGOL II ha\ procedum.. sub
promhnn. and fuftoMaoNo and" "fOCII1)' ~ 
cyptd - althou,h not u .aron,ly .. Ph · 
cal TAL abo tw • , ... nd.lrd 1'0 and 
"'ochoa hbr&l') at "cit ... the ablht)' 10 
KttU tJw bit kw:1 

TAL rommallJ an dthftl,\Cd b)" LU.c 
Pucal, TAL pcmuu local and aJobel VIIn
Ibki and tw the....me BCG/Y CI'O .~
tun A TAL Mfrnt'(lCr lJ.upto)1 e:hlnc· 
ltD loft, and RaN "1m a knc:r The: ... 
con,.red. lellc:r pc:muuln, radlble: 
,*-ntlrlCD 

TAL's UlI,-.amc:nt opc:rMQr Ii ' · and -
repruC-1IlJ .... Jc:aJ LUa AuIprN'nI CU 
be: uJed 1Itc:r. nnable: doclantlOlt. mU. 
ana Inllaa.l~.oous)' IStr&ftlc:l). hlc:nb 
ate - for UllprnnII) . U SIDI IpC*ropbaes 
.ound tbt ~ Ultmc:nllJaIIt,
ronn. U51prIIC'lII InIO. n'IOW: of ... duple: 
c:lemc:au AS.51,nmc:n1 can aliO tit 

""' ... 
orray1 ':-' orray2 for 4; 
o .• b:-c:-d; 

By Serg Koren and Pie rre Provencher 

One: of the: UBKlIIe fe:al\lf'($ of 1M l.n
"",e allO"Ios the UKr LO interfACe: aon
KJ.ftdard luinhure Dr to ttmponnl)' O\o·U· 
ndc: the OI"I"na1 s)~,e:n confiavrallOft of a 
p~ of hardlure: 

TAL uc:omplled In one: pb\a.nd ,fflCr
atc:s tNt TANDEM machulCc:odc: f. C\I~ 
10m pro«nor tJo.rd. rkl(, CPU) ~ 
1an,\,Ia,e: &110*. call, to COBOL. FOR
TRAN, and ht'lrat) rowll,," 10 addlltOn, 
TAL fOI.Itll'lH.n c:al1 • .,Ie: b) both COBOL 
and FORTRAN 

Proc:edllrC:' (knc.won" PROC.) In TAL 
MYc: Ihc:.If (Won klc:aI dlta In:I and nn be 
aned recunMI) Ltle: moM edlCr 
procedurt-GflCn&ed la.n.u.acn. TAL's 
PROC. an pt.H or rc:cc:1\'e: perlmeteD 
p.ramC:lI:n \:aJI bt pa'*" a rc:fe:rente: 
Of. value: althou,h 1JTI) •• re &1 ..... )'. 
pe.MId by refe:rc:I'Ii7C: A proc:edurc: 01" a 
!vncuon can 1iI1 M) be: peued II • parunr · 
ter A f)Pk:aI PROC wll1$ pKKated 10 

UP"', I , ""'Ith. typle.1 call be.UI,. 

CAll 50"""'<><1",8); 

In addlhoe, PROC.el" rt'lurn. value: 
..ruch rnntitbt PROC cqul\1knl to 
~ In ochtr I'IIIU'~ To do UUt 
the: proce6urt; ll,lft-n a t)pc:. and. 
RETTJRN JUle:mcnt Ii u~luded In the: bod)' 
oltbc: procedure: .. h)(h ..... 111 rcturn. value: 
ollhal type: The: PflXedurc In LlilllIl 2 
c:aa be called ",.th 

Rftult _ Typedproc; 

Proceduro tNI) &1M) be ""lined aun· 
butu FOf e:umplc. the: annbulC RESI 
DENT IndlCalU that the porttoG o( code: 
for Ib.t JIf'OCledgre: thoukS not be: I ..... ppcd 
out of IftCtnOf) The: procc:dure: _here: cu· 
c:uoc. beilM Ii \.~n aa the malft PROC 

PROC Saapleproc(P. raal,P.raa2); 

lIlT Pornl, 
Paraa2i 

BEG~ 

lIlT Loeel .. r1.blel , 
Loeel .. riabl.2 ; 

<code here> 

END; end of proc 

lUling 1. 

IlIT PIOC Trpod pro< ; 
IIIIGIlI 

EIIJ); 

lilflng 2 

(code) 

I.E'J't1lN Iatnl_: 
<-ore c.o4e> 
eruu lDtw_; 

63 
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and is d~ IIMltd b) th( "ltnbutt UAJN 
(olIO'*I"I the PROC!\lIT\( 

PROCStortn,r. MAIN; 

In tddllKlft In one pnx:edurr call1n& 
another. TALaUtwo PROCUocontaln 
and '101\ SUBPROC, JUI! IlS _lIh PROCs. 
Sli8PROC, can pbl ~"me1tD and be 
f)ped S,mllarl)'. SUBPROC. ha\t then 
~n local dati space and IlInbulri 

TAL hti the mndard loop COI'Istl'VClS 
found ,"othtr Iln&UI," the FOR. DO 
UNTIL. and M HIU DO The FOR \oofJ 
can bt Ik."'t:ndln, (TO) or dei«rwhnl 
(DO M1lTO ). A pflmltl~ CASE" also 
pro\·tdrd The CASE $Ultl"Mnl ",or'" 
..... uh In .nett, ""u,,ble thai SlIItU "' UfO 
OTHf.Rlt1S£cln be uled IOamirt 

Ihl'. value: ,rcater than the lui ca~ 
Indu .p«:lr~ Will ha'"C predlCUblt 
rt:sulu 

CASE Indexl/orlobl, 01 
bog,. 
0,.0+ 1; Iinduvariabl ... 0 
b: b+ 1; hnd.llyouoble .. 1 
OtMrwl"C:-C+ 1: 

hl\d,"vot.oble> 1 

Althou,1I II I' «IfIfu~t"l.nd DOC Ilf\IC ' 

Nrtd , TAL 1110'1\ the U~ or DEF''''£ 
The DUI'! .. ,.,.". ponlM nf PfOII'UI 
M)Urtt lUI to In Idc.ntlf.c.r 

DEFINE total (ount. _count ... 1 ,; 

One un~\lt 'ca""'~ of the TAL IF itatt 
tnt," "thai II c.n be uloCd In an ""IIn
menl MMtmelii 

Rewlt ! _ If Thl""rue THEN 3 ELSE 0; 

.... tuch .. III ,,"I,n I value of) If the "'11-

able 7lwumv" w. .... U)' INt If 11tu 
islnw I) ~tC.lI)" falloC". ' nJlotC of 0 will 
be tiUlned A, k>nJ at an uprUSIllO call 
be e,a1l'&led., lotlUll) II'Ve Of fahe, II 
can be unbcOkd v.lthtn an IF 

If IX ,- y. Z) THEN CALL Myp'oc; 

will eqJUoaIe the tlpraltoO "'Ilhln panen
thHa Ifwtut.tIWIII,&IueolXu. 
,~Ihu lerO then lhe t.~ " 
uve ud tbc CAlL "'111 be ueculed 

TAl. -.db 51." types. "RIle-
wont (16 btl). cktubk· .... ont. ItnJlIS (""'It 
by\a), flUId punt (6' bill. and ,ub (6t 
01' 12 btl I IDCh\'tdu.&I dati typu taD be 
coovatcd 10 an)' othH throup budHn 
typt u.-fu fu~, Dau dedlrwoa 
cu be IpCCIftcd u cltrtd 01' tDdlf'ea 
addRlUaa, (LlItltll 1), A TANDEM word 
u16ba 

A dol before u detll.lr IU IndtCalet 
JWW,tatd UldIJ'ClCt iddreu"'C Indlf'ea 
addrauaa .. u iMroduccd becMIJe 0(. 

TANDEM restriCtion on memory 
IddrtUIn. b) I procrlm Without uSlnl 
tXlended addrtUlni. 64K ","'01" IS "Iii· 
Ibit (Of 1M dall.reaofl TALprocrtrn 
Onl) the first J2K IS b)1e addreulble 
Stlndard ulchrtt1 addressllii pT'O\'tdes 
access to 1M 60tK v.hlle Ulended Iddren
In, (Inc-rusllli the addren 10 31 bllS (rom 

16 blls) permlli tht u)Cr 10 define I Ilrle, 
memor) Klmenl 

For ulended addreuln& II 'ltht pro... 
lrammer', I'Cspo!Ulb,hl), 10 ITllna,e 
memOf)' lhroolh AJ..L()CATF.SEGMENT 
and DEALLOGfTDEGM£JtITcallj The 
Indl\'IdWtIIdd~u of a ,ariable Cln be 
.c«ucd b) prerl""nlthe OopcralOf 10 
lhe ldentlrler 

An)' data \lnaMt luCtpl hltnl.) can 
be Jpt('IflCd b I oM.,hmcMlOlIIll1t1)' 

b)' 'peclf),ln, boundl Multiple dlmen-
510nlll1") 5 lit ft('II permitted An)' v&n ' 
Iblt cln bt Indtlt!d bin a"l) A pOlnlef 
II.n IIWhltel addre lin, \'IrIlbit wlUI no 
duncrulOtl The: compiler doc, IlOl bul'" 
run· lime boundaf) ch«lt nen I' botJnd, 
Ire IpcclrlCd 

In' potnter. III 0 Ilandord PO'"'.' 
11'11 elrt top: 11101'1 edend.d 

loddr." po+nt., 

\ 'lnabk1. Ind 1m). an bt .rlned ~ 
read onl) and then are ,oded lI'I ·line 

literal 

int 

true. 1, 
falae • 0; 

Inslead of In the dati area 

'IrtI~Q 
.fh,ee~le"en[O:21- 'p':- ("obc"): 

TAl.Jio a1krMs the uscr 10 perform 
b'ocL rnt)\-'fi of dati thRNP the IUC ofw 
moo.e itAtement For nampk. con5tdcr 
the rode ~gmenl p,csemed In llSUII14 
nlj uamplt Ii I bll ""nce bul none 

the It ,.lOmCIllncS ustful Allin . you ean 
onl;lOO\<c dal¥ oflhc saint I) pt althoolh . 
U III the lasl uample. the ') ilem doc.) noll 

checL vanlb\e bounds 
Numerous dati COfweUIOClI\II~t""'" 

Ire IUllable 10 Ira"lform OM dllll)JlC 10 
IIIOIhcr The built-in funC't1tlll CODE 
enables entry of machillt u..tmblel In tbc 
procram Ind cln be ustfullO '" me w,h 
thllll' IS I 'rap handllnl rOU111IC 

A(l(:r In I Oor I Ou\RDIAN call, t.hc 
toMlIIOn code of the operauon can CUll) 
tit chec. .. ed ulll'li an IF ,,"elnt," '" Ilh 1\(\ 

IUt nnlble: 

if < then (oll.rror: 
Ith. cond,tIon code III." thon 0 

811 manlpulatK'lft \:an onl,. br do.w CIa 

lI'Ik:ltn and an utoe:(ul for bl1lMp\ . C1~ 
The eumpl~ preSCnted In lAIlIII5 ihovo 
tht majOr ~ICmc-nt l)opt. TA"DE" 
Mlrnbtu the ttlh " .... tbc hl,h-or6cr ttll 
(bll 0» tbt t\l,h -<c.rckr bill A ~ on btl 

ldeUnltton of 
I constants 

counter:-o, 
.array·of-ten·ele.enta[O:91i 

1nt(32) 

I direct integer 
t indirect arra, 

1double integer dblvord: 
atr1Dg 

.a·to·c:-{"abc"J; lstring declaration 

IJIT _, 

C; 
STlIIC I{O:3]; la 4 bJL. atrta, arr.J 

C '0 L' a ;:. I • "TPS1""' vatU ... 
A I:.' C rot 2; :vo.l: .:::: ~:: i !!;:: !~~ :"'..!rtable 

Ie bto tbe -.orJ aurtlfta at .,.r1abl. A. 
U. would t.hee be •• the .alua 1 ... C VCMlld ban 
It he ,.1 .. 01 -rI". 
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I~ Is.n e.sy .... y tO~lermHW: iftht v.lu~ 
Ii ("'"en or odd 

S'nngpom'er(1):- "A"; 110 AU 00 IS handled through. standlrd 
Ilbl'1lf) of PROCi . A l}plC.111() 5lItenw:nt 
IS READ, .nd appeIrs as. CALL In lhe 
body of. uscr PROC For e\lmple word 1. <8;9 > :_word2, < 10,11>; 

ifword.<lS> then." 

""-(lUld SCI dw: nlhlmotil b) te (lfl~ fiul 
word of Indir«n'IJnob/, 10 the 1~II~r A 

TAL .110'4') the IOft .. "e ~"'doper to 
usc addren polntrn 10 either b)'le or .. ord 
dallas the foHcw. In, ihc:YY.s 

INT .lndlrectWJfloble(O;S]; 
11111 word auoy 

STRING .Slringpoinl.r;
Olnd,rectvonobl. · < <' 1; 

The 0 IndK'lel"~reuof" and 

SID« TAL II uied to .. me.1I of 
TANDEMs compllers.nd Intrrpretrn,' 
tlnn, sc.arth fatLlII), Ii prlJ\'lded 1ft lhe 
form of. SCt!o statrment SCAJ,. Irsu. 
unn,of.n) knlth unli] eltMr .tarlel 
ehlraarr or.n ASCII null IS encoun· 
tered 1be addft'" of UK tarlel ch'f'X'1er 
IS ft'tumed as. ft'luh ofthe SC( .. ~ , 
WhertU SCA...\' SClrl:tw:i Sinn, from Idl 
10 ",hi .• 'Imll., OOnlmlnd, RSCAN. 
doet 10 rr!.>ln 'l,hllO I~ft The form of the 
.ynll. rN SCAN I) 

CAll READ(filenum.filebuf. 
reodcount.c.ounlreod); 

I)typlC".1 Fiknum 111M file 10 be read, 
filebuf lS.n Inleler .m) InIO" hleb dat .. 
IS 10 be reid. rdCicounll) tM numhc-r (If 
byU$1O read .• nd counllud II returned 
b) the READ PROC.nd Intheates the 
attul numbcrof b),lel read All othtr 1'0 
.. handled Slmil.d) 

TAL.lso .lIlWt~ the u~r IOcok 'rrl, 
caoon. thai ('(ImmUnKlle ,,"h each other 
by me.n~ of Inle'-proce", men'fe' 

'< <' I dou • IOIIClI left bllJhlfiof I 
bit Tlm dfccmel) muJllpl,u the Inle,er 
addrcn by 2 ,n order Iu let lhe addreu or 
thcUtlft, . Thl.I.Ont .... ) ofcklhn .... 'lh 
Intclerl" Iflhey ""Crt llnn" Thr 
'tatrmenl 

SCAN <"ring orray> WHILE (or 
UNTil) <lorg.1 ,horacler> .> 
< n.1I1 addr." > 

Llbl'1lry roullnt~ are pronded 10 handle , 
tbe:u: AKAmo". PROC lhill ellMr 

In aIlTALh .. lf~dlffrrenll)re·or 
5lI~lntnli , none of Ihue dc.lln, .. Ilh 

....... Ia.n I 0 comrletKtll, ,pte,fle' a 
llme-Olll penod for ton J '0, Of ctw:d" (or . 
comr1eltOll of.n 1'0 TIll. PRO(' 1\ uK<S 
to c:ock apphclllOnJ '" MK procculft, 
ntcd ntl'I "all for I 'Os, '" bert 1'0\ mu\t 

&.<1> :- 1: l.et btt one of yuiab1. A 
& :- &.(3:6>:1 .et the ya1ue of A to the .a1ue of bit. 3 thru 6 

I bit .. traction 

be fUnntled ... hrK I 0 limn" II enhcal. 
CIC . 

LlbJ1ly roulU'ln.rt P'O' Mkd for ere · 
"'I0I'l. dtletlOft . and ')itmI mau,cmenl IP '.(4) THEN I!TUIH; I bit teat 

RP/M TM 
By t .... IUUtIC". of H.yden'. ·CP/M Rev .. led." 

N.w r •• ldent consol. proc.uor RCP Ind new 
ruldenl d'tk operating sytlem RDOS replK. CCP 
Ind BDOS without TPA tit. chang., 

User 0 file'S eommon to all UI.rs; uler number 
vilible In .y.t.." prompt. fiI. fira' axtant .It. 
and UNr .. algnment dllplayed by DIR; crols-drlv. 
CI::!f'Imlnd file Mlrch. Plged TYPE dlaplay ",I\h 
1.lectabl. page .In. SUB~IT runa on any drlv. 
",Ith Multlpl. com.m.nd fiI •• conditionally Invoked 
by CALL. Automltlc dl.k nl" proceulng 11011'n 
unu ... ble .ectors, FtK high C8p,Klty d llk ay.t_. 
RDOS can provide In.tantlneous dlrllC"tOl'y acee .. 
tmd del.t. redundant nondlamountabl. dlak login •• 
RPMPIP utility copl... 01... opUonally proftlp'. 
(or confinn.tlon d..".lng copy-all, COIIIpare. nle., 
'rchlv •• large mi. to .ultlpl. floppy dlaks. 
RPMC[N and CETRPM .. 1(-ln.tal1 RP/M on any 
computer c.u,.,...,Uy running CP/M- '.2. Source 
prog,... ...... bly IIl1lng'o( RCP Ind RDOS appear 
In the RP I" U .. ,.. ... nUll. 

RP/M _nualwlth RP'MCEN.COM and CETRPM.CO~ 
plu. our RPMPIP.C()t,( and olhe.r RP/M utllitl .. an 
rSSSDS15. ShlpplngS5(510nonUS). MC,VISA . 

~ 111 SW Firat St. - 80x C 
Wlrrenton, OR . '714' 

icro _ 
e~hods. Inc . 

• (501) "'- 1765 
CR::I".( 12 OH MADER SVMCE CARD 

66 C".()WVlI'~ .J4NU.u',MS 

OPT. TECH SORTT ... 
SORT MERGE program lor 18M·PC , XT 

Now ,'to .oNS d .... SE II hint 

• W"U.. It·, "'b'" '.1"11) .... <;1. 'Of "I,,, ""rtOf'fNIMe 
E l''''I)'. • (II).. (to: ()ro. ',)1 128 .,,,1., ","ed 100 .1 

~.Y , POInt., "" ,n JO ~s CO"P"'''~ 

• So" •• e .... O."o or deKenoong Ot't UI) 10 1"1 ..... t ... O. 

T,,. ,,.putl,,,. "'I~ De ..o.ted Of""'O-O 11 0t\I ",.,. 

H.",,! .. "11l'01e a"" 1 •• eG Ie"at" r«or", 

• !W"po", all co,"mOl'l OoItl I,", 

• F ""'L.l,","'" on',/, 0,. ,.~f 0." SOlei 
• Dytllm",'1y "lC)C;.oIln ,....mot,.."" _ .. I,..,. 

o..lpul 1,1e U" be '10111 rec.o"O' • ''''''' Of I)OOI'tefs 
• ca., N' 1\Ift "OM ~.,.OOI'd Of ., • o.l(.!'1 eorn""ancJ 

• Ce"'" De U'1eG It a SllOto.J1<N 10 f'WII"I ..... ""0"9" 
• ["Y 10 UN 'ncl...,. Ot't,I.ne I'Ioe'p _Iu" 
• F U CIoC"'"'"'tal·OII - WeG ,a your PC _"""'S 
• ' " -VISA ... C CheC. ... Money OrCM'f COD Of PO 

01.1"1'1., o.u.o...ntlancs OEM ~"9 a.1 I,ble 

To or".f or to rec .. ve add'hOJ\llllnlormallOfl 
wnt. or al 

OPT· T~CH DATA PROC~SSING 
PO 80 .. 2167 H ...... .,.. T ..... I T1J.I7 

(7'31 4s,.·7tZS 
AtQ ........ D05 a....c ...0 Dow 0. .. , Or ... 
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of Other pnxc~~s. filH. ttc" If addJUonal 
dficlcocy or cipabllll) II nec:csJaf)'. TAL 
allows for actual TANDEM assembly 
code 10 ralde wuhln TAL PROCs 
Device control.s InOther Il'llJOr TAN· 
OEM fUnc1lOn-Cycrythlnl from I_bort· 
tot} equLpmtnllO IUIDmaIIC tt:llt'" In 
bln" ,n, (I common IpphcIIIOn) 

SETMODEis Iht TAL lIbrary PROC 
thaliliov.. the user 10 tt:mporanly over
ndt the devK't dllrKlcmun onClnall), 
spec:lrted dunna ')lIen 11ul procedUrt 
a110"0'0 lhe user 10 cOik In IrPhc:a,tOft such 
thaI any d~lCe used b) the apphcatioo 
becotnu \Inually pon.,ndtpeNknt 

For eumrlt. If. dala commUnlC.lll1OfU 
Itne IS normally ')ilt-ned u btlna %00 
baud "1m 7 daIJ blU, an awhcltKlft could 
aher Ilul 'O)(l() baud ,*nh 8 dl'l blli rOt' 
'PK1aJ comrnurucaunns ntcdi SET· 
MODE can handle pnnlCn., termtnab. 
com"",nIClll<1n~ lines. etc and leu 1M 
user .'ler III" 1& ranle of cNlr.aen.)!)t) 

~~~~~~~ 1 .1.' b«()mC)' raJl)' povoerflll 
IoN "'hen 

hIOClaltd .... ,ttI 1M G~RDIAN C'IpC'

lun,,>, tem FdclCc.:e~.JIfO(O'COM"" 
&rid ched.pcllnllnl.rc I'lOl defined In the 
l&nlUIC IIKlf. bullht calb necckd an: 
50Urctd In the TAL pt'l',ram Ttu111\t\ 
KrtO,n achtnUl,u onl), tht ~ pro
ceduru I~ IOUrccd In M tht Pf'OIfllm' 
tnC'r. the luanilan fVIoItl~' art nne 
ratntd TAL tcknllrJth, Ind t.ht pro
ltam ita)' \INCtUrtd "'Kt thn.e call. Ire 
Utlltd u rt-xedurt, 
A~" Iht c~ ","Ith ~ WI,\I&fn. 

TAL" 11111 tvollolnlloaccumrnt\dlu DC ..... 

UKl, hard"'lrc, C1~ A1thcIu,h TAL ... 
U$lhlt onl)'Oft TANDE~h. It It a hl,bl), 
IMNcrurcd and ~rfuIIMru"t ,*,01 I 
.1Ck (nll""""nl Pin of the wua:th of 
TAL hn In tht "mrhC") o( III IWttnC'ftt 
IYPU and PIn In tht .. .cSt tan,t of IUn 
dardllhrll)'procedufUpfO\Mkd a 
MrJ XnrrFf u. pmfrnu..oJ ~roJMl¥r 
_"II SMI,II A'/.", CL!lJt'Oi ~twu.l 
twilNu MffliUl"" TALfor SIX ~n 

I',r," ProwN#tn ,ratIwll'd 1O'lt1l. lk,rN 
/II ~Irr KrOk' from In, UN' of MOtI 
trNl. Ow Jk Ivu """ NWIJIIJI'Ff, fix 1M 
w fiJI uHtl'OltCt' EplOfUjPt fiw 1N" 

Th. DynamIc Scr •• n D.buflger for CP/M 
050«1 ,. lflii..... .c -o.d ~ P'OO' 

I~"'OIIIOI CP..... I' ~ C(JIf'II"'Q """_ 
$cIItlCI _ t~ 0Ibu MId 1"'0" ,.... 00'0!7 ......... "'0 

0tCauII OSO 1 \II ICI 0"«' rJ 
!"Ie ""'f' .,.~o-- PK~ 

a.ttat.edon Ie. .u.'.nt ........ NIl ,....,.....1 
, IN ~.a_ p __ ~'IfI' ()04 "" 

I ..... _ .... "0_ 
...- ... 1IG-"' ' _,,,,,, 

--~ .. --..... .--.. ~ '''~-~ "---- l.,.. __ -.- ... _-- -.,-~ ......... 
.. ~- f_r:ooL ... Z_ 

foAorw-+ ...... _ III ItA.: 
.-,~ ~.n ".,,-.. 
:::- 00 .... _ 
...- 0. .. _ ~ __ ,,,..""'" J..._ .. 

Only $195.00 

.. 0 ... .... n ... _tin, n: 717.. (III) 4~7a .. __ r_._ ...... _ 
-"'-------

CIRCLE n ON READER SERVICE CARD 

POR"ABILI"Y 
tI:: 

ISAM i].l!?r.1"3.G:'lG 
00 

.NBEA"ABLE 
I].l[1 

__ 0-

e .... , .. MO.slOJ 

n. ~ ... ~ """"" to 
..T,.. .lm .... ~ACCESSHAN-
AGO. ..... 0Ipcaf "--'ch. now""" 
m....t...tb ... ~ .. T .... 
............. W td'! (..U'ft" J'OII pc: 

• ~te C .aurc.. codtI wrltt.M to 
K & k ....... ot pon.b"., 

• hoi!' '-I. _key ISAI1 ......... 
Iftd tow IewI ~ T t'ft functIOftl 

• f"OUUMI tt. wcrit WHh tM'II"~ 
... Mtwooit.,. ... 

• no,..,.... on ~ pruat ... 

rill-II 

t"IC .CIaD ....... ~ 
S'fm 

67 





Feature For Feature 
We Out-perform Everyone 
And With a Pricing Structure That Will Pleasantly Surprise You, 

We at Falco Data Products are 
seriously committed to oUer 
the OP profession the absolute 
best in emulations wit.h 
emphasis on quality and end 
user benefits as well as real 
price/ performance. All t.ermi
nals come with standard P31 
Green screen. Call NOW (or 
full information regarding any 
of these Brilliant"" terminals. 

• HP 2624A* Emulation 
• Software ControUed Setup 
. 4 Pages of Screen Memory 
• 64 Character Line Drawing Set 
• 8 Preprogrammed or User 

Definable Screen Labeled 
Function Keys 

• Local Printer Port. 
• Modified Data Tags 

........ , .... -- .... . . 

Nationwide Service by Dow Jones 

• DEC VT·lOOt Emulation 
• DEC VT·52t Emulation 
• Conversation and Block 

Modes 
• 14 User Programmable 

Function Keys 
• Local Printer Port 
• Split Screen 
• Smooth Scroll 
• 100 Special Graphic 

Characters 
• 16K of Screen M emory 

• VT·132t Emulation 
• VT·lOO Emulat.ion 
• VT·52 Emulation 
• 80 or 132 Characters Per .... e 
• 14 User Programmable 

Function Keys 
• Advanced Video Feature 

Standard 

. - . . . . . . . . ... -- .... ' ... . 

"11--. 
f 0Ip.aI £4" c.:.. .. 
' I..-.~ I-

TS-2 
• ADM·2:j:Emulation 
• ADM·2 (}ie Keyboard 
• ADM·Lj:Mode 
• Software Controlled Setup 
• 32 Preprograrnmed Function 

Keys 
• 12 User Programmable 

on-Volatile Function Keys 
• Printer Port. 

TS-42 
• ADM··l2:j:Emuiation 
. 8 Pages of Screen Memory 

Expandable to 12 Pages 
• Code Compatible ";tb ADM·2 
• 32 AD'1·~2 Preprogrammed 

or User Definable Punction 
Keys 

• 12 ·on·Volatile Function 
Keys 

• Local Printer Port. 

Ow: new 1'8·212"'-'" INTEGRAL MODEM 
proVIdes cost eff~ive. high performance 

300 or 1200 BPS; fIls all Brilliant Terminals. 

CaJlnow 

Just some features: • Microp~ Control
led. Stored Number Dialing . Ke ·board and 

Computer DIaling. Dial Until Conn~ 

(408) 745·7123 1286 Lawrence ution Road 
SunnYVale, CA 94G86 

Falco 
DATA PRODUCTS 



f Our Mo tor Line 
Starts 

Mitsubishi's unsurpassed 
selection includes monitors for 
computer graphics, imaging, 
CAD/ CAM, management sy terns, 
personal computers, video games, 
and more. In monochrome. In 
color with sizes from 12" through 
26" diagonal. With your choice 
of slot or dot mask, a wide array 
of phosphors, and resolution rang
ing from an ultra-high 2,OOO-line 
version to MIS models. And if that 
still isn't enough variety for you, 
we'll custom-manufacture to your 
specs on orders of a thousand 
or more. 

Our Line Doe n ' t Stop Short 
On Advanced Features, Either. 

Mitsubishi's super-high contrast 
glass, for instance, delivers a 35% 
contrast enhancement when com
pared to CRTs with conventional 
clear faceplates. Further, an 
extremely dense black combines 
with our extended color range to 
give a deeper tone to screen 

rIll 
- -

iITllges. All monitors can incorpo
rate a special anti-reflective coating 
to ut glare. And all are designed 
toossure high-fidelity reproduction 
with exceptional reliability. 

Packaging? Compact, light, and 
very easy to interface. And as you'd 
expect, we offer a choice of physical 
dimensions, plus rack-mount and low
boy configurations. 

We'll Also Go Out Of Our Way 
To Help You. 

With a stocking policy that assures 
you of a high product flow, as well as 
improving your ROI and cash flow posi
tions. Plus application assistance, pricing 
specifics, and descriptive literature. 

Write or call for details. Mitsubishi 
Electronics America, Inc., Display 
Products Group, 991 Knox Street, 
Torrance, CA 90502. Call (213) 
515-3993; Eastern U.S. (617) 938-1220. 

• MITSUBISHI 
~ ELECTRONICS 

ADVA~ ANO EVER ADVANCING 



CompUler Technology Relllew 

COMPU'I'ER 
TECHNOLOGY 

",,-, .. 

REVIEW The Systems Integration ourcebook 

Section 1 On Systems Integration 
Archilcctul'C Octennines Cost and Rt'li3biJj~· uf I ;lull IUlr.anllhWl 
In legmllod OP SUpp0l1 Syl)I~I1ll) lk,nt·fit fro. I \(1\ alll "lin 11.m~If'" . 
Chil)·Oesib'l1 5) stems Let Int£Ogrators PartM'IMII' Ul l'tuclue u\II! ( u .. lurn It:.. 

Section 2 Processor & Memory Tcchnologics 
Cm:,hc \l roIflOr'\ Increases InSlnH' lion l. \.('(" I IIUIl "'Ik ,d IUf :'ttl, onIUm 
AI'''') ProceS~I"S Spct.o.d l'p Cample\. ('01l<-u1. IIIII"'" al 1.1.'" (. It 1 
~fl("l'Oprocessof'!l Boost Perfonmuw(> l.R\t·l ~ ( If \IUl1ltC .. ,IWwJ ... , h'm 
Global 'Icmor} Systems Offer Altrnlatl\t'!O J(...-lnc lt"&M!'III .. ·r{.If1' .... 'M'f' 

Section 3 Terminals 
Inhel'lml PO.el \lemor)' III \C Pl'h1ll3 IJL~pl l "I(,"n' .... "-'"1 n .. ,. 
E1a:.lomenc S\\llchcl) find Gf'O\\1llg tI,.£',\OO n.I \l a .... ,.. 
Int{-tligl'nI t..:e:.'o'boards 
Lmulatorl 'enninals \Iust tA'en'Qm(' \Idn,\ :oml).1llhiId\ l...uea 
L·sc ..... l)efinOOTt'nninals P'ro\ld(> rll'"I,ulu\ <" (I ... " "", \cnb 

Il 
!J 
3. 

-----
Section 4 Human Interface Tecl nologic1o 

"oice 0:113 I 0 \Ia!.;.et. 'Ian \la("hIl1(> Inu'rl ,h \.ItunaJ I' hi" 
Optical \louse ProI.ides lIi~Il£''- Quallt\ Ctll" Of ( 'unt"'. l.-____ _ 

Section 5 Printers 
Annl)7"c Specs Carefully 10 Find Ihe & .. 1 ranI It'l lUi 'our "l'l'hl <IIhnn 
Selecting a J)lug-Compalible Pnnl(>.· 
8and PrintCl'S Eclipse Drums--But Out\' CVt 'llt·t,'nnlllC!a.-.t ( hull .... 
Lack ofCu:>ar Siandard Complical(>fI: Di· .. ~n 'flAM ('O!ol Color l"riult'l"t 

Section 6 Plotters and Digitizcrs 
Inleractl\'C O~ihzers IncreaS(' flc"blht\' oil "" J (', .,ptJlrr Inlrrf.ttr 
On-Board Inl(>lhgence Increase~ ACCUr.l,":\ 01 "Inllt ulCl1: It4 

Section 7 Computer Graphics, CAD 1\1 & 
Image Processing 
Gt\s GraphiCS Sta.ndard Rt:>plaC'l"l. Col"(' ", .. I(·m lor In' Il 
Both' ('Clor and Rast(>f" Oispla,' I> :,hO\\ :,inmlt; I Ulun- (ot r)p(-Jlne 
Al11ialiasing Proo.ides :'moolh(>r Oll>plo1." .. lo,- Indw.tNI (.;~hQ 
Hough Algonlhm Plus Probabih~ Calculation "Ie.!. in ItnIP' \nah 
Am1Y Processors E\'OI\"e for -'fod('lln~ and l..aflt(· 'nlle "',mtJl.tt.tn· 
Inlt'gr.ttoo CAE Impl"O\'l'S Graphih t '''(>r Inll-rl., III AKt (;onn'pl1~ 

Section 8 Peripheral Controllers 

2 

l'roliferali~ l",rMace Standards COnru ...... 1 a~!.;. of (.' nnlroUer- ",',":Iton 
Graphics Slandards Focus on Dc\i("(' and Prow-<IImln"'- Inlt'rf'alT'-A 
L 0 Controllers Ureak Perfonnancc Boltlf'Il('("llk'!wt'!II'u (" and 01 ..... 
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Computer Technology Re\;ew - ... 
From the Publisher 

ore Valuable Than LH'r' Befort" 

U's becoming abundantly evident that "hat i!oo rva\\ak('mIlK lh(' N-'Onom~ from.1lt 
severe d epressio n is the re naissance of \ m('liC'an wdulUl01{\ l'rodlKIt\ I~ b 
increas ing. Quality is impl'Oving . Oesign b g(·tling IllQ''{' III 11 0\ .111\ t.. J Ilud" Jn' b 

world ng hm'tteri software is wa liting ~mal'U'1' in g()(.)(b •• lntl 'C'" in'!'> for 'dfttll) 
office, and hom e. 

At the core is technology. And a t the cor'c of ("OI11I>UI('I- H"c:hnol()1{\ b (, 'O\lPl ' ll.R 
TECII OLOGY REVI E\V-the one publication Ih;:11 PUh II dlllU~;t"lhn rOf' th 

compu ter p l'Ofcssional , effectively bJidging til(' ft,I)" of tlw t'Umlulu'" mml'l 
sehl'Jnents preVio usly selviced only by , 'ertk •• 1 pubhc.llltHh \\t' c:O\,~ tlw 
min icomputer, micro, and mainframe l11aJ' .... (·I!oo '0 Ihon»lll(hl_, Ih.u '""'n II the 
computer p J'u fessionai read aJI the pertllWl11 ,("11(-.11 puhh('ahon~ h.· 1111 
wou ldn 't get the depth 01' breadth of infonn.1l10n Iw n"n'l\ ''':!i 111 c' dl ut.<~ ~u" 
ofCOJ\IPlJfEH TECHNOLOGY R£\1C\\ infomlatlon th~H , ,0 M'ntwl tnrhullto 
make inte lligent buying decisions \\'h('n intpf..I'] ·.ltinK .md d"~1AI1I1-.g 
comp utCl'-based systcms. 

C01\tPUTER TECHNOLOGY HE\1C\\ i~ no ('pIWlllt·.-.JI hU,\t' r ':'I(Uldl' nu, ul1\\~(h 
d il'CctOlY of good s and selvices , Hath('!" it j, til£' 1Il1iqllt' . ( 'UIIlIU '11('11 1\ t' '..' lI'm 
Integratio n Sou rccboo l.. . As s uch , it~ , 'allH.' fo.- !'t.' !'ttt'm, .lIld C.I1#.(IIlt .... nflft 
management as we ll as corp o ra te mana.gt.~I1l('nt ha~ loti"" n ti'.ll11dllCdll, hun b~ur 
to issue. 111is is o w' la test issue--the h:1I'g('~t nntilim.,t "t' hd't' (""'r pnxJUf'(-c:t It 
is my sincel'C ho pe tha t it become~ the moM \ 'aluahlt, ., "I '01 .\"tIU 111 ,uurcan. 'r 

Best persona l rega ,-ds, 

Ywi R Spiro 
l>Ublisher 

P.s.lb ensUl'C tha t you 're on the list to l'eC'ei\(, futUI-e I~ . w'~ JlIcaM! hJl oul dalt' 
and sign the l'Cad er<lual ifica lion card attached to tlw frunt ('0\ C!" of lhb 1"!oIue 



We Print Better Bottom Lines 
551 printers and 
computer/printer 
interfaces work better 
and faster 
and (hey work 
for less 

The more you know aboo. 551 
pnnters and Interfaces. the 
easier your pnmlng problems 
1001< 
we have answers Answers 
to InterfaCIng maInframes 
and mInIS to me printEr yQlirE 
u5mg Answef'S to plug-and-go 
compat1bthry With IBM AnSwers 
to controllers (Includu'lO tong
llnel for DEC. Data Geneoa~ 
Peoon·Elmer. Texas 
Instruments.. 5enallnlertaces. I '~10 om tJeI%Rf 

.....m .. ~ bcII::lm .... 

synchronous and asynchronous, WIth the 
protocols you need 

And we mak:e printers Printers with eye-opening 
performance, at eye-opening priCes, from 140 
cps up (0 five times higher than their counter
parts They drive further diStances cost as 
little as half. 
For state-of· the-art, we offer you our Mercunon 1 

pnmer system-uSing non
Impact Ion deposition 
Imaging and giving you 
speeds to 5,280 LPM la page 
per second) Resolutlon Is 
24OX240 pixels, landscape 
or ponralt 
Irs reatly orne you knew us 
That'S the bonom line call or 
mall the coupon now 

931Southem 
1_;';"'L;;.6.I Systems, Inc. 
284' Cyoress Cteelc Road 
FI LatJdefdale, Fl )3309 
3051979-1000 19001 )27-5602 

"" 522135 
Southern 5)'$c.",. canada: 
1416) 229-2589 

c. ..... na.. .. __ _ 
D ..... -ep CDnIICt rN 

D Send I'I"lV Ia!!arIn OUr na;ot' ~ 
5, __ _ 
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32-

UnIverse 68/05 Arst 
to Smash Price Banier 
The new Universe 68/ 05 Is the first 
true 32-bit computer priced under 
$10,000 (OEM quontity one). "True" 
because, unlike other 68000-based 
systems, the Universe 68/ 05 handles 
32 bits in para/lei on its VERSAbus. 

OutpeJfonns VAX' 
Its price is even more impressive 
..,." you look et Uruv.rs. 68/ 05 

Boo -
" 

125 

_ ~=':'O<==:::::=~...,. 

~~;5~~S~~~32'bot bmes """" 
VAX· II n50 

High-Speed 68000, 
4Kb Cache, 32-BIt Bus 
The key to that performance IS. 
4Kb cacM that etifTllnates 
wait-states and takes fuI 
eX a l2...5MHz 68000 
Induded are a 

A* 

CHARLES RIVER DATA 
°VNl:1I • "' ... - •• 

* * 

- -
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Architecture Determines 
Cost and Reliability of 
Fault-Thlerant Design 

Oiffel'ent architectul'es aI'e available to achieve fallit -tolel'ant computing. 
Cost-effectiveness and reliabil ity are now available for commcrcial cnvironment s. 

~' Dennl. M~Lml 
and Sandra \tNI~ 

Jand''1l1 Compu,,.", InC" 

.'",It lole .... nre, or 
Ihe ability of rompUIf'I'l> to tl'<'O\'f'r 
aUlomallc-ally from fiulul'i'. and ("on· 
Ilnu(' processllll( is becomll~. enll 
('al {'I('mcm in S~III('m lJ.\('(1 1/1 an on· 
hne. mt('ntC'tl\"(' mode l11f'rt' art' M"\" 

('ral faull-toleranl ly&l{'m archltN' 
IW'(>S and conflgUrahons a\';lIlahl~ 10' 

day. ea("h 0pllmlU'd forlhe nC'('ds of 
dlfferenl high-reliability miu"'ets 
IlliS al11de \\1.11 diM:\IU M"\'t'ral \\ a\'8 
10 a('hlC\'e fault tol{',..n('6 in complil' 
lug s,\'sl{'ms , and tht' 11:-I,lt 1\'(' m{'l1tN of 
('ach 

A chl55i("al I),t{'m al"('hltl"('!Ul'll 

tvplCIIII,\' ronsists or. l-{'ntntlil{'d p"O' 
t'(~sor, an lIO channel. and routrol, 
l('I'b 10 man48e aUdl Pf'ril>hl'nll.s as 
1(,I'mlnals and db"" lk't-.aUIt{' a failul1:' 
In any on{' oftheSt' COl1lpon{'nlll can 
lak{' th{' enllre s., 1("111 off·llll(' , Ihla 
oonflJ(Uralion Is lu'ct'ptable onl,Y fa" 
BIlphcatlon5 thai don I rt'(lulff' ronlln, 
uou~ .~atem 8\'adablll" 

Appllc"'llon~ th"l demand rontJn
U()US .\,allabillty In)i('.llJ~ f't"(lu~re 
ftOOle kmd offaull -Iolerant t'OIlIIlUI' 
Inl{ syslem Such. dl"&W' must 
itr8I{'f('lcall,V duplalc rompon('nll) 
In an efficienl and COII-{'{f ... __ IIW man 
ner Tht' melhocb of duplK"atiun
and the resUlting Lt-\d$ of !.aulliolt.-r
aO('~\-a1Y dramallcaJl," and aJ'l' ,uII 
abl(' fora wide ..,.~p of I"llhcalionl 

S\nfCII EO BACKU' 

A \'t'ry basic apllJUach 10 fault 
lol{'rant cornpu tll1fj: 1110 duph('au,-

Iho centntl·proccssing unit. Fig 1 
"hows a dual'p''OCe"Orsyslem In 
whkh o n{' l)rGCCssol' ucts as u backup 
for tho otlwr, The pn)Ct'SSOni al'l~ con
Il{'Cll"{llhIUUgh a swilch , and either 
Olle loan c'onununicll ic with Ihe olhel' 
compollf'nls to conlroilhc enlire sys
If' m 

111is Sl1l1ldh), confll(Ur"atlon Is 
known It!'> Iiw1tc hed backup and PI''O
vtdros Ihe I)('n('fil offau h tolerance In 
th~ l·ltsoofa slnglf' IJt"OCessor failure. 
~\\ 11C'iU'd baCkup if ono of the mosl 
('Ommon!) ua('d conrtgurat lons for 
13'1((' , on· line mamframc appllca· 
tions 

~f'raJ probl('ms are assoclaled 
\\llh .\\ II('h('(1 backup, One Involve. 
r'\'t'I) l"Ompliny's b~('sl concern
dollal'S ~Inro Ih(! IiOCOnd processor Is 
a bac:kul) ' It l'('malllS idle unlu Ihe 
first (J1'()C('a!'ri)I' fnils If the backup hal)' 
1)1;'111> 10 IX' II S2 million mainframe. a 
fai..t ... l'''IX'llal\'(' piece ofhard". ure 
\\I\lI~' IdJtI until a fllilul'C occurs in 
Iho on·llne "Ybl em 

110\\ 1,\'('1', 10 gain b.'II('1' retUnl 
on,\'our hW{'l;lnrent you can usc Ihe 
backup liyslem for I)rogram develop· 
n1('111 \\ hi If' Ihl1 on-line s)'Slcm Is l1il1 
fun' __ lional In Ihal case howe\'cl'. 
wht'n Ill(' on·lint> procesJOI' fails, Ihc 
d{'\~loprn(-'nl \\,0'* on thc backup pro
('{'!tsor mUM Ix> haJled 80 that the 
backup &)'8I('m can be SWItched on-
1111(" 

Another problem w1.1h a 
1\\ltCtw>d backup is that It pl'()\.idea 
fault lolf'rancc for only one 
liluallon- a lifl4(J1" pl'OCeSM)rfailure 
An 1'O·dumncl failure betwcenlhe 
bus IWltch and (hsk rontl'OUer: for ex
amplf' would Cluickly tum bolh $2 
million mainrrarnes casto", up ,-11e 
bw l\\llch ilself Is anolhcr.ingle 
poinl of ')'8IC," failure , 
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Introducing 
theAuragen of 

the computer species. 
Nowa higher form of computer technology has evolved. 

It combines fault tolerance, high performance and ease of use. 
The natural selection for your business transaction needs. 

Now you can have fault tolerant applicauons 
at pnceJperformance levels never available before 
For under $138.000. our entry level 2·duster system 
p"""des up 10 lWIce Ihe petformance 01 lodays 
fault tolerant systems 

AURAGEN flil beems with an advanced J2·blt 
dlstnbuted architecture Both your professional 
and encJ..U5ef staff Will fUld It easy to learn and use 
AUROS~ our operaune sr-.tem based on UNIX:'" 
IS enhanced With performance. secunt)t pnvacy and 
r"""'Of"(ClIpabthUes speoflCllliy tailored for the 
Uansaalon market We prcwlde ANSI 74 High Level 
COBOL FORTRAN 11. Pascal . C and even busmess 
BASIC thai run fully faylt tolerant No spedal 
mstructJons are necessary No reprogramming 
No retra lmna No added expense 

We also provide a full range of interactive 
productivity tools for proerammers. indud11li 
AURAGENs full·functlon reiallonal DBMS and 
Transaction Proces.sina Manaaement System 
Then we·"e added menus. help facilities . and an 
Enalish·llke query laneuaee to make your staff more 
produrove The extenSIVe commumcauons pad:aaes 
that .... ·e prOVide Include SNA. BSC. X 25 and mae 

The ooncept that sets us abo\le and apart 
from all other fault tolerant systems is simple 
OUr fault tolerance IS totally transparent and is so 
efJOent you II never want to tum II off OUr backup 
hardware is available to do pnxturove work dun"8 
normal operations No downtime No manual 
badrup procedures No added expense 

IMth AURACENsdlSlnbuled design. 
you can crow m preor,ely controlled il'Kfements 
The baSK fault tolerant sy!ttem containS two 
dusters Each dus.ter contams several tightly coupled 
MC68000 processors Separale processors handle 
fault tolerance. user proerams. communications. 
and data~ functions The system can be 
expanded to 32 dusters 

i"--- AURAGEN IS so advanced. you·d select 
....... our system even If we didn't provide fault tolerance 

But we do. In lociay's competitive business 
environment. you need every survival factor working 
foc you We provide them all And we want to tell 
you more aboutlhem That's why we invite you to 
ask for more information 

THE NATURAL SELECTION 
r- ---- - ----- --------, 

AURAGEN Systems Corp. CTR/583 I 
lW. _·rw en.... Fhn 1..f'II'''' r"" /4 
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"'3 I A \"eIY bule approach to raulHo lennt 
computin& iA &\\1tehed backup. which dupli · 
ates the centra!·procesa1rl8 unit A awitch con
nectJI two proc:a5Ol'll.a thaI eltherc.n oommu· 
lIk:ate wilh lhe other ay&lem componenUi and 
(l()lltrolthe compuu!r u. whole 

TRII)LE MODULAR REDUNDANCY 

A higher le\'el offault tolerance is 
achieved with a confJ8Uration known 
as triple modulal' n~dundancy. Like 
switched backup. triple modular re
dundancy is a hardwam-only ap
proach , but it goes a step fUliher by 
providing three copies of every piece 
of system hardware IFig ZI. 

'I"e three processors am lock
stepped together and simultaneously 
run the same instruction stmam.A 
piece of hardware caJled a \'Oter re
ceives and compares the output from 
aJlthree processors. Ifone output 
doesn't match the others, the \,oting 
hardware accepts the output from 
the two matching processors and 
passes it aJong to the appropriate 
inlerface. 

This approach has been used 
successfully fo r many years in such 
areas as space research and nuclear 
power plants, where computer fail· 
ure is unacceptable. In the commer
cial environment , howe\'er, triple mod
ular redundancy poses tw'O major 
problems: tripled cost and complex 
design,A singieclock must run the en· 
tire system, and the c lock must be im· 
ple mented so that it can 't possibly 
fail . TIlis is a technicaJJy complex re
quirement 
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These limitationS \ .. -en"1l t. lum· 

bling block in appliC'.allons hJ,.i· the 
U.s. space program. whrl"t" hl(":r&.ll.\ 
billions of dollars \\.l"rt" ndUl,fC tm tht' 
fact that the compuwrwould bfor a\aiI ~ 
able 1009(. oflht> hrnf' 

COMPARJSON LCX;IC 

A similar appro3l'h I 10 ho1'''' (our ,.".. 
cessors running till' nw b tfUC ttoO 
stream IFig 31. TIll" pn:M:r Jr outJ>ul. 
are paired with t"at.:h olhl f .. nd rum 
pared. If a mismatc·h nea" .. the ,»oUr 
containing the mbOl teh is hut 
down. The s)"st{'m C"UntlflU "u1Ub~ 
\vith the remain..ing polU elf I' 
so .... 

Although SII1UI.lr to tnpH- muclu· 
lar redundanC). suc h nmIJw ... u.on 
logic has I he ad\ anta,ct' (JlI 11"1(( 
er to implement than \·utt"r I .. "d 
therefore is Jess c"pt-'n I,",' 10 d Ip1 
and majntaln . 110""1"\1'1'. the hn. •• KkI 
problems of redund''"t I """J",.m All 
running a singll' In In.le I."n lnwm 
and pcrfonning ich'ntl1"4J UIJII"f"tIIWUI 
still remain 

Also, compari"'Oll 101Ck- l"'a\UorS. 

good pJ'OCessor 10 h. 1",,«"," uti· 111'10 
alo ng with the prohlrro unIt IhUs 
wasting a rcSOUI"(·,· thAt f'CJuld ~ 
\\'Orking with Ihl' 10.\ 1t'lI1 \nct in 
the clock is the \\"t, kt 1 hnllO Ihr 
system, a single point al \ .. hK h Ih,. ,",I 
tire system could faU 

AMULTICOMPl"lI.R'\ JI \f -
A different approach to f.aull-ll*"-aul 
compuliog. lI1\,ol\i.", .. unklun rnt 

""'. I 
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SOMETIMES, 
BEST PLACE TO GET 

A DEC PDP-II SYSTEM 
ISN'T DEC 

p"l 80_ 568 65 8eM Street. 
'I )2139 T_~ 92'· 1'01 
J4:~" ~~ 

~ l'adIr'r '" cI Bel 
r--------------------------~ , I want The Edge: , , 
I ".. ~. 

OrgenilalIOniCOmp8l'ly __ _ 

SIa' ........... '-__ _ 

......... ..,!.o, ....!. ___ _ 
M11"F'18ot't ~ ...,eltla,. I :..C Nc:.~ 

"'0" 58 L __________________________ ~ 

The Edge in System IntegraIion 

800-343-5504 
In ~s.aec:huY!f1S caH 617·491 ·2700 
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system knows the geographic loca
tions of resources, so data can be reo 
routed and resources dynamically 
reallocated during a failure. 

control or 50 automated trU{'r m .. · 
chines and the .pphcahon hi un 
ful , the ban~ \\ill tYPIC'.U~ \\ h 10 .. ' 
pand lhe automated·t('lit>f' fl("1\\ur\. 

The intelprocet~r bU8 ~ tt'm" 
the key to easy harth .. art" «",)Albion 

btcAu.e «,.ch pnx:t'lllOr module has 
11I0\m~ lOdllMef and 
bu ronlroller lOexp.dlha~. 
If'tn .ddllMJn.al proc::-.;rtnodiue. 
atfI5Ull~ added to the .... The mao 
~t) 1ft1l~tracLoI.~ 
I'ftOUI'C'N IOlhl>~ If'1h~ 
load .. aUloC'nal.ea1Jy aDocalaS 10th! 
.PfX"O'P'I"'Y'1!' ~aft nwl) tem 
C'.aM Ihto txo tin, IWWd b CIIptaum 

port""""""' 
II' ~ibkt 10 M~' moduIarty 

f!',pantt.ble mu.lllpiOCtiMIt J\~ 
"f\ttnollW'~~ ·,Id 
.tvoupll _ """"") A "-d. 
~ &l'('hltfCf\ll'9"'_ iut 
d~l. anw. to &lithe ~And """id. .ddllion&l~pow. 
M' But thfl additIonAl ~ 
(or ool&t1Wd doMn 1 ~ lInNrIv 

t-or f'umplt\ .1«Uld ~ 
(louhl ~UlJ.tln\ !mmlandp"> 

"d unh 17 to 1.81u~lhe~ 
0(. "Old" (rt ~ ut COIIJcmon 

'Of the IJ\anId If)ttrQ~ and IIIOd-
.. tt"d ~ ~ A Ihniunl 
,:)(tJ\IcI! apslIft.I'UDIllf'l\·l-4 UIDN 1ht 
f"IICM1"I" for th,.. tunes lhecml .,.Ibr 
limP thlr fuw1h JWUR!UCIf" addfd. 
II • pt. ..... td mech a itak! (1f ~ 
•• tur'4C muma 

(loft "" .. , (d pi. arvund Ihr,... 
(mIO' ,JrulJlr.m _lOlDcabacacbt 
nwmc~ In bunt 01 c.w.i\ (P\' LIdI 

Software fault tolerance is im
proved by distributing Ihe operating 
system across all the processors in 
the system If one processor fails, its 
job will be picked up by those remain
ing. In a system where three or rour 
copies or the hardware are lock
s tepped together. a severe sof'tware 
bug cou ld crash all the processors si
multaneously. Past experience shows 
that software bugs scvere enough to 
crash a system are typical ly related ei
ther to timing or to the placement or 
data in memmy. In a NonStop sys
tem, hO\\'e\'Cr. a sof'tware railure \\ill 
probably not crash more than one 
processor because the timing circum
stances and exact placement or data 
in memory are unique to each proces
so,. 

..-

SYSTEM EXPANSION 

On-line transaction processing is 
characteri2.ed by the need ror easy 
system expansion For example. if a 
banking application initially involves 
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cache stitl has to fetch instructions 
from memo!) though, so that whUe 
the problem may be mimmized, the 
limits of the shared memory \"iJl be 
reached eventuaUy 

A multicomputer software archi
tecture eliminates such sy~tem bonle
necks AS memorv contention because 
the operating s)~tem runs in each 
processor. and the onl} communica
lion between CPfJs occurs \\ hen a 
user program reqUe5ts 1 {) rrom an
other processor. This rommunication 
IS done O\'er the s\~t('m bus, which 
runs al an A(.gI1"I(~!(> rate or Z6 
\tb)1es. s SJnC't' tm- pl"OCt'''''Of" nl(>nt
on. runs al5 \fbyt('. s, bus conten
lion doesn't C4U~ a prohl£'l'n 

Like the shared-memory ap
proach, multlcomputl'r architl"Clum 
is modularly e\.pandahle. But be· 
cause in t('fllro<'t'S80r ('Ommuni('al10n 
()("'('urs in the S\lltem bus. memo", 
conlention is elirmnatrd alo08 w;lh 
the potential singtt"-polnt fallut'(' or a 
l>hared memo" Then"forr. a dual· 
procca&Ors~lIt(.mYM'ld' a fuU1Wt) pro
C'e:-SOf'S' ,,,-ol1h of computing pc1\,"r. 
three units lll'ld three prot.~' 
\"urth of l>O'\\"r, and "10 forth The".', 
\lrtmll." no perfonnann· pt'rfor
man('f' degr.datlon auo("lAt~ \\11h 
{'\.Ilandabilaly 

"-nother a<h Inl~f\ (If multwom· 
pUIf.'f" art'lut«1u"," Ih,. nel'''urluog 
SC"ht'mt> mtlt'n.·nt in a lopt' 5) tern 
~mn' the meu.tt:t'!I) t(Om alrnady 
l..l"'t"flI> lra('l.. oflhf' ph .... "wAl IOC'aHan or 
all reaoUrt"1'S. a t-:onfi«unulnn r ... n bl! 
(·'panded Inlo I n(on\u"" of .... ,.tenu 
\,,1thoul any C'hallP"' an (,U~'I"IC aoft 
wan! , Thf' m~t" ~\'fjl<'m ket!ps 
tr&d or ('ach 'yatem .. t"a&ily as II 
M>ep' traN. of f'at"h PI"OC"f:uor, and 
Ihf' U6CrdOfll,n'l I'tKIUIf'l'; any add Ilion
aJ pt'OfVl.mm~nR 

This nf't\\urluOjll; I{·ht·nlfl ala<> con
lains I dllllnbUlrd dala~ capabll. 
I" 10 data m~ ("..to be dll>tnhul('(t 
amo~. nt"lworio.ol.y 'rflU. ""fu.le 
lilt· m(......,cf' ~ ttom autom;allcaUy 
"-pI 'rae}. of their IrJl;:4Ihun., Ihe 
weI' down 't neorct 10 know \" here. 
Iop«i5c ptOCP 01 da'a "'sld"", in ord('r 
toacceM It 

c.:H~I\GA FAl·UTOI.tRA\1 
MST[\f 

The chat«> of .. faul! -Iolenmt .",,,,('m 
.hould Mpend on th,. appllC".atlon 
Somf! requirf" I~ a\atlablh~'. but 

only during critical time periods. An 
automated belting system at a roce 
track, fOf" instance. must be a\'llilable 
on race d ays, but could be sen,iced at 
night In contrast. a system that moni
tors medical equip menl in a hospital 
must be ava.ilable continuously, even 
during periods or maintenance and 
repair 

You can delennine the degree of 
fault tolerance required b)' analyz.ing 
the cost or railure for a gi\"Cn applica
tion, For example, suppose a system 
advertised a guaranteed up-time or 
over 99'. That may sound ralrly reli
able, but 1 .. downtime translates Into 
approXimatel) a third of a da..v each 
month , lrth e application Involved is 
control of au tomftloo tellt'r I('nn inals 
and the downtime OCCUI'S during a 
Friday lunch hour, the 99' , uptime 
\\-oI1' t soothe the anglY custom('rs 
The cost orfa ilure in this case re
qu ires 100' system a\'llUabllity 

Otherconsideralions mC'iudr the 
intlAl system cost ease and rost of ('\. 
pans ion And modificallon. and the 
\"endol'-supplied s),lt('m softwal't" 
Also. ir a database management ~.\S
tem Is needed for the appliC'ation. 
you should chooae a \l.'ndor \\ilO can 
supply one becau:>c it', dlffiruit 10 

add reatures tiLe nelworidng lind datll
bue management to a fault 'lol('ranl 
sylotem unle!.8lht>y're d('fu~ned into It 
a' the start • 

Dcrulls L. M CU\oy is YIN" pre/lldent 
of &OftwaN! dm--e/opmCllt "t J)lIIdcm 
Ile)omed in 1974 a" a mcmberoftht' 
onglna/.sojh'1I1'e dn'f'fol,mr-nl team 
and project manaser for the d~rlop· 
men, ofthejirm', ,\·on.stDp o/X'ratlll8 
-'.\-'5 lem, 

Sandr. Mea. "" ttXhlllcal puh/lc rei.· 
110116 .peelalut at ntndrm She Jomt!d 
rh<"jirm m J982-Iter"vrklng". 
""'er for lIeh1f'II ·Pacbrd.nd holcit 
.. BS m lechnrcal "nt'fl&from 
(imcs,e· \tellon L'n" 

SullUtleI' l983 

All of II •• sign if icon' .tol.-of
'''.-off advonc.s for .syst.ms 
In'.gfolors Of. cover.aJ in-d.pth 
'n " porolely edited swlons ln 
. very ISlue of Comput.r 
Technology Review. 

wsnke r. c.lving J6 .. porot. 
publications in .och s' n(lle issu • . 
Ord. , today and re<.iv. CTR 
and It s updot. d suppl.m.n's for 
on . n,ir. y. or for only $50.00. 

CO\lPlJTER 
TECII:\OWGY 
RlWIE\\' 
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Mel'T1()(el CorporallOt1 
Attn Marllel,1'IR Communatoans MS 1217 
San Tomas al Ceotral Expressway 
Santa Clara. CA 95052 

Send my survival manual. 

Fernte vs. thin fitm may not be the e.therlor 
situation you think It IS. 

In fact. this free booklet frot" Memorex explOreS 
a number of ways to Increase your Current = 
capacity. All without making a "fore.e(' comm ,;ent 
one way or the other Or backtrac'J!"€ Or d:srup
ting your entire operatlo" 

It covers the pros and cons fA fe ... te head 
and thin film technology (And SInce we bu Id bot!'
we can be pretty ob)ecUIIe 

Plus short term additions. Lq!em planning. 
Leasing. BUYing. Bridging. 

Bridging' Sure -the best of both \¥Oflds It s 
a great way to solve YOUflmmedl8te pto m ihout 
creating an even bigger one later 

For really fast action. call n ht now and your 
free copy 1'1,11 go out I~ tontght's mall Or you can send 
us the coupon if yo<; can stand a few mere 51 p
less nights. 

As.. 
CaU now, toll free. 800·538.9303 

!-- ---~-------



HOWTO 

THIN. 
A DP MANAGER'S GUIDE 

TO SUCCESSFUL 
DISC DRIVE ADDITIONS. 



One stop shopping for the 
Systems Integrator and OEM. 

Imagine belflg able to boy everything 
you need lor the product you are 
developing from ONE suppher 
Multlbus boards? Yes FUlly assembled 
systems? Yes A reat·llme multitasking 
coprocessor for UNIX"'? Yes and 
yes. Bell Labs System V UNIX'· the 
supported UNIX ported by Unlsoft 
And COSMOS has software to gel you 
one step closer to your final Image 
processing product Of olbce 
automatIOn or graphICs product 

Our products are compatible ... 
part of the same solar system. 

For example COSMOS rtlUNX IS a 
real·llme. mult:laslong coprocessor 
whICh provtdes real·lime capabl _~Ies to 
UNIX systems WithOut mochfcatlQr'l to 
the standard UNIX kernel. ThIs means 
thaI all UNIX facdlll8S Including the 
UNIX file system and debuggu'\g 
lacilities are a .... a,lable to the real-lime 
apphC8tlQr'l And the UNtX processes 
can e .... en monitor the apphcatlOn 

We·va alSO des.gned a powerful Sin. 
gle board computer fOf you to use In 
a sland-alOne Of multi-user ernmonment 

to run our reaHlrrte opetatl:ng ~em 
and your appllcalon Or use OW rHl. 
lime facilities. our graphic, caQeb' ty 
and our board-level P"Xtuctl as ke>y 
elements In your pr( 
system 

From board to system, 
the sky Is the limit. 

You can start wrlh a;M 1.0,.,. 
level CO'TIPQner'Ils or tak... 11' 

our STARFIELO Sef'8S- a 'MtfH 
system conhgurat ons whiCh inCIudo 
ANTARES fOf maiOf deveJcpmerl1 
pro,ects. the ORION lY'Slem tot 
developmg and f\a'W'W\g IC!en1i!I(; 
appllCalionS. Of LYRA the Ptnfect 
target system These c:ont.ouraoon. 
can be appIlOO to a ga a.y of 
prOC8SSlng solutions For exa~ 
ORION Includes 1 MEG ECC rreE.or; 
senal and para Jell 0 414 M CI mns 
storage. a 1 '2" str&arner tape plus 
floatlng·pomt or arra,. prOCCAQf .-.:s an 
optIOnal Ethernet Wllerface ana n.. 
UNIX 

All the STARFtELO Syslem PtOducts 
run UNIX and suPPOrt C C08OL. 
Fortran. PASCAL and BA$JC The 

"" So Buy One Of Buy Thom 
w. brraonWIICI 

'Jo ~ ..... 
__ ~. ~~_'N.INI 

"""""" 
The MC-68000, MullIbul 
UNIX·based market blast-offl 

co. MO •• ".TaM .... C 
Lt, ,or," 

--
I_ ........ c.. -.............. .. ---'.--.. .... ..,.. PM 

.----. ........ 



Summer 1M3 

Integrated DP Support 
Systems Benefit From 
Advance Site Planning 

Total integration includes the compute,'support systems that keep the computers 
running. Pre-installation planning can increase re liability and c ut costs . 

b:\ Oa\ld C.llol.!IClwr, 
J..K-txoM Corp 
and lLtilie U. Oa"ldltOn, 
\tf'mlll~1Kh &. Co .. Inc 

he con\'t'ntlonal 
1.;C\Y of 8y~t('ms 1fl1l'fP'8tion gen('rally 
CO\'ef'f a wide ra~f.' of dala
Processi08 equipnwnt fl'Ol1I (:t~nuOlI· 
pl"OCe$5lng units and maN'alorage 
sy~tems 10 plinte ... dM"t' . and olll('r 
lX'ril)heraJs TOIallniegnlllon, ho\\ 
e\'{'r, IIlclude.lhe f'OmputCI,",upport 
'YblenlS Ihal leep Ihe data
processing inMAIlallon up and run, 
nmg.A1lhough cnllt'al to o\,l'ralllt.',,~, 
tem perfomlanC(!, thebe IIUPPO" ('on' 
sld('ration:. are ultually I('fl untilla:.1 
on Ihe liSt ofprioMllt:'8 fourfundot 
lllentaJ facto ... innuenee dala
procc~sing p<>rfoml4nc:'C--fiJ)('t.,,<I. ca
l>4city, applicalions, and a\'allabllity 
Of Ihesc factors . a\llilabllity is tilt' one 
Ihat underlit's optlnlluliOn oflh(' 
othcrthret> And rnAX.irnum lwailabil · 
It)' lJ the goal of roml)uter SUPPOI' 

Computer-ItUppOM I'i) &1('nlS ,hould 
offer fourpri.mary h'atu~: 
• Precl.!llon to nl('f'tlhe umque 

needs of wla· prorMo.!lilll( h~laUa· 
l.ons 

• ReliabLiity 10 ('n~u'" mUlmum 
uptime_ 

• (;o51-.. efl"ech\trtelM, from pur
chue and UllttaUallon to opera M 

tion and mainlt'nanc-e 
• f'1exiba.llly in .mphn« 10 change 

andgr'O"1h 
A packaKed approadl 10 a dedi· 

("-A too IUpport sYbtcrn offel'l &('\'('ral ad
\ .. nl~es in proViding theM' 

feallll'Cs-syslem compatibil ity. fac
t0l)' tesllIlgofthc lolal syslem. polen
tiltl\m't'SlmCIII -tru: credits, single-
80lIrctI I'Csponsibli ityfrom onesuppll
cr. case ofplltnning and ins tallation, 
and It 1ll0dulltl' approach for futul'O 
nCNls 

Because of lhe critical nature of 
the I't'lationship between the data
pl'OCCssing and computer-support 
s),st('rm, iI's (,88('nlial to Incorporate 
5Uppal' Within the O\"erall integrahon 
pl"O<'CliS "11'(.'(' particular SUPPO" 
areas are ('sJX!Ciall) important be
caUlK! oflhcirdirect impact on data 
pl'OCt'~ing 0pcl1uions 1110se areas .... 
• Pr\.>clslon ('",ironmental con

I",' 
• l'Joctncal power protcction 
• C('ntmlizcd monitoring and 

control 
Otht"r, noncrit ical support areas 

Include fire suppression and access 
IWCUdty, 

A CASf~ STUDY 

Mt'lTiIl Lynch &. Co i5 a worldwide 8-
nanda.I.~nices company Ihal 01)Cr
aws an c.\tensivc dala-processing nel · 
work through Its operations sYSlems 
groul) 111(' finn Is \itaJly dependent 
on ill infolmalion-management reo 
ItOUI"C('s on a daily basis Corporale 
f'rwnues in 1982 exceeded 55 biJlion 
'Ille company handled 13' of pubhc
l.v Il5trd ('(Iully \'Olume and 0\"er3O'\ 
of odd-lot '\C\\-YorkSlock Exchange 
\'Olume Jlbl yt'ar ThatlranslalCl into 
an average processing ,'Olume of 
&orne 80.000 lransactlons per day 

Applic-Alions Oflhls s)"lIlem In' 

elude ,Hock trans.a('llons, l'C6CIIrt'h· 
Infonnatlon I"{"lri('\·I1. lttock quota· 



Computer TIlchoology Review 

an interior space of the building, 
away from outside walls, root and 
basemcnl.lt should not be near 
sources of water Isuch as kitchens 
and bathroomsl, areas with flamma
ble or explosive materials, or electri
cal rooms, 

Foreffcctive environmental con
trol, a lotal vaporscal enclosing the en
tire data-processing area will lock out 
unwanted moisture and heat . Proper 
insulation will also greatly improve 
the efficiency of environmental
control systems. 

Four basic types of environmen
tal-control systems al'B available: air
cooled, walcr-cooled, glycol-cooled, 
and chilled waler. Seleclion is a func
tion ofe)(isting facilities , operating 
costs, and enm'gY-conservation goals. 
Licbcl1 environmental control sys
tems include monitOling and control 
components to maintain the environ
ment within velY light tolerances and 
minimize operalingcosls by reduc
ing humidifier and compressoropera
tion . Dual refrigeration circuits pro
vide standby capacity. Scmihennelic 
compressors are energy-efficienl, dur
able, and field se.viceable. 

Menill Lynch has standardized 
on a 1ST environmental-control sys
tem that can handle approximately 
tOOO (\2 of typical dala-cenlerarea. 
The units are placed regularly 
around the perimeler of the data cen
ter, \vith airflow' directed under the 
raised Door, In a large data center, it 's 
also advisable to place several units 
in the middle of the room With the 

.. -

amount of cabling und('r t,hf' ra...ed 
Door: this confIgUra lion \"ilI f'n ut'fl 
even' air dislribution throU"'lOUt Iht" 
room A redundann: faClor of one 
unit f~r ever", fn'e is'buill tn tnlUaJi) 10 
provide for system-operat l.04C pnJb--
lems, __ i.~I_ 

EnvironmentaJ-control C'OtJPUl<"ll

alions also e.~lend beyond the d..ala· 
processing hardwan- It if and 
should nOI be ignOn"d "ort' mpl~ 
paperslock must be " .. pt a' pN:'Cbe 
temperature and hurnidll) 10 ."ud 
printer jams ·tape 5torage hu muJar 
requirements. At thr main (anhS) in 
Manhattan , J5 of the (>nlU"'t" buiJdlfl« 
is related 10 data p~u", and""· 
quires precise cmironnwruaj (:001101 

Integratton oran l'{ft''C:lf\'(' 1"" lroO
mentai-conlrol by:.I"·1l1 can ,')l"O\ld" 
substanti81 energy "a\"logs In ('Un· 
trast to the general offiN' "'"ll'On· 
menl , where Ilghu and I"qUII>nM-fll 
can be turned on and off 10 ma". 
energy consumption Ih(O ct.'a fffllt'f' 
offers relatively few anun'( fur C'fl' 

ergy management lMa<'JlUM' Ihe fOnl,", 
facility must be ol>enllonal at aJJ 
limes 

lne main dala l"("oter. ul)
ported by 130 en\u~nnlt'nlal-<"urllrul 
systems The th~ .mallrr CC'ntfOn in 
the Nel'V York area If'#( 2 ' UM" an a\ 
age of 15 UIllIS. and Iht! nlll., n.8ionaJ 
centers employ thn!'e Nt·h tow-end 
em'ironmeotaJ-comrola\ It"OU aN' en 
stalled at 81J 500 brandl om~ In 
19i9, MemU Lynch inillalf'(lan .. n . 
ergy-conservAlion p~"llm thAI Ill, 
c luded an effort 10 mtnlmiUl t'1l\vtJn-

nWn cI.o.. Tho ..... 
to add • alJ'1dnrr.t).... •• 
l-oalin,c I~ lbat: aft lID _.""- ., ,~·u.1tIaI 

Ibrt~ltqt __ .. 

tor all ""'" unit ChI .. It 
~~lha'~~~'.~"DOI; 
6V;rn' .... mt'IhodI 

nut that UIIN a UII ~:::~ 
nal\ln" 01 and ls 
fW'OIlII"f1. .... Allow dw _. rm... ... _ 
I .... lor ItILJdJ 01_ W. 

J~rt".... ian • 
,JiOI1IOn "'~..,.. ... cu., ttWOM\ ~ 

'..rtvll .... 
, .... . \oaJ b\ M.lCh n-
t. IM'riod tort~ m.~ 
t"UfuNl... bnpr1::a .non ..... ,,_.o __ ... ,_ 
on,,,, 
1 ..... 10 

\Ilea to I .. 
,t. .. Cftll 10 

an,: In ~ ." ...... IuIl:; 
nan t.., t ... t b\ uw at .... . 
Irm ( ~1OnI1nd" 
II\.,dutalthEldatA a~ 

IOn wt1h t'" uwnaIIl "'.:~:.;:: l..-minto ",brt.. tNa .... t.,,, 
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Sec one! 

OMNI·BUFFER" BUBDISK'" 128K 
Universal Printer Buffer Bubble Memory for APPLE 
Specifications; 
• 64K Buffer 
• Senal and parallel I/O 
• Senal protocols RDY/BSY, 

X on/X off, ETXlACK 
• Switch selectable baud rates 
• Full Centronics Implementation 
• Multiple copies 
• Pause control 
• Data compression 

Omnl-Buffer Supports; 

Specifications; 
• t28K non-volalile memory 
• Portable 
• Solid state Bubble Memory 
• Not affected by heat, dust, grease, 

grit 
• Immune to pollution and vibration 
• Slot Independent 
• Three times faster and 1000 times 

more reliable than standard floppy 
disk 

Qmnl·Buller and BubcHsk are two unique products. Bubdlsk. 8 128K non·volalile 
bubble memory disk emulator. Is available only from MPC. Omnl·Buffer, a universal 
prlnler buffer, has features that far outpace the competition In a similar price 
range. Omnj·Bulfer and Subchsk both cany MPC's TWO YEAR ' NO HASSLE" WAR
RANTY.1f you even " lhinIC something Is wrong with an MPC product. we'll replace 
II. Yes, Ornnl·Buffer and Bubdjsk are indeed "SECOND TO NONE" 

MPC Peripherals Corp. 
942.4 Chesapeake Dflve 
San Diego. CA 92123 
619276-0630 
1-600-321 1026 
TWX 910335-1177 
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Chip-Design Systems Let 
Integrators Participate 
In Producing Custom ICs 

interactive design systems reduce the time from chip specification to prototype and 
increase Ule likelihood that the logic will work the first time around. 

by Craham Shenlon, 
International MI{'J"O('I('t"lmlllc 
Produ(""t 

oday tht' syltl('nll'i 
inll'grator hu se\'eraJ cholcCi about 
hO\y 10 build his product standard 
logic dC\-ices. gate arra .... '1 (5eml-eU5· 
tom ChlpSI and custom chips. In th(' 
pa!il the ~p bt>tWl't'O 61andard I~c. 
gale aJTayS. and hand-drawn {'us tom 
chips was \1151. resulhng in high d(>
lift" costs and long lum-around 
limes for rull cuslom parts Only high
\'olume manufaclurenl could ron
.Iderfull custom 

111al condllion no 1008<'1' (' ..... \t8 
\('W design mel hods Integrale all 
ph8ltCl of the design proceu from 
block-diagram inpullo full hand· 
drawn custom chips. \\ilh 5,Y1tt'nl8 cit' · 
5ignCr8 O(1IH!ly plIrticil>8lm.g In the 
chip-design pl'()(;eSl Modrm dcalgn 
....... Iems rcduC(' the lime from d1ip 
Ipccdication 10 prototype chipS 10 as 
hlll(" as 14 weeks De.1gn tllnt> and 
thus dCltign COM. is lignifl('anlly reo 
duced 

In addition to lowenJV{ de.ign 
eot.l luch deaign 5yatenu .Igllllkant-
1.'1 Increase the probabLlilyofgt'ltu-,g a 
wooong chip Ihe first lime around be
caw.(' exterui\,e chip 5Lmulatlon ls 811 
Iml>Or'!ant part of modem Ch ip de-
'!«n Today". 5Lmulahon programs 
an" generally superior to Tn bread
board implementabon5ofaCirnulIII 
prcdiC1ing and C\'alualing actual per
formance because they model tht'" 
perfonnance of the cu5tom chip 
rethl'r than the performance of the 
circuit 85 implemented in atandard 
logiC. 

Sy&lema Integrators W1.11 nC\-'er 
saCrifice eilher ....... lem funClklru or 

pt."'lfonl18l1ce in order 10 use custom 
chips. Custom-chip functions may in
clude logic elements 8S 5implc as a 
l-inpul NAND gate or as complex as a 
microprocessor. Digilal and analog 
circuits "My be Included on the same 
chip. And 3~ C \1QS Is rapidly becom· 
11'18 the fabricalion slandard forcus-
10m chips. although NMOS Is readily 
{t\allable 

11115 al1tcle begins with a brief 
discusalon ofthr rulematl\'{'S ava.U
ablt' 10 Ih(' sySl("ms intrgrator: sian
dard logiC. ga t(' alT8ys. and custom It 
oonllOU('5 \\<llh It more detailed dis
C\15!>ton of 111(' ('"UlTt>nt status of cus· 
10m clupa. how they are designed. 
huw Ih,,· an" produced. their capabil
lIirs and Iim1Utl10n5. and guidelines 
10 Ih('lrapplicabihty. II ends wilh a 
diM~u&Sion of rom pUler-aided design 
I<.:A01syalems. theircuITent Slale 
Ilnd fuilln' oUllook. and one particu
lar'Yl1em Is examlnt>d as an example 

STA1\I}o\RD LOGIC 

TI1C ICmlconductorgiants of lhe 
world produ(."e an amazing array of 
1000ir dt'"\ict't for the systems designer 
10 choo&C from With Ihe 5hrinklng of 
I(com('lrie. and Ihe packing of more 
funcdons onlo a 5in~e chip. systems 
that onC'e OC'CUpled le\"CraI cabinets 
can now n!5ide on a single PC board 

1"11e primary am·anlage of Slan
dard IOSic Is Iht' ability 10 design and 
Implt'mt'nt a 'yat('m quickly and rela· 
ti\.1'!ly inexpensi\.'CIy. Parts are a\"aU
able from siad. 111ere 15 no fronl-end 
chip de&;gn to boo.llotaJ system de
algn lime and CObl. and design 
changes can be Implemented relative· 
Iyeasily. 

OiJad\"antag(,5, howC\'er. are 
many Syalems implemenled \\<ith 
.tandard logic ,,,,,11 always require 
mored('\.icca than the samclyslem im· 
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plemented with gate alTays or cus
tom chips. More chips mean more 
board space. more interconnectS. 
more possible failure points. higher 
pm .. -er consumption, and significant
ly higher cost at \'olume production 
levels. In addition. reverse enginee .... 
ing of such systems is relatively easy. 
making it possible for competitors to 
ana1yze and reproduce designs_ 

Of course there are places where 
standard logic is the only reasonable 
way to go_ The most obvious are low
\'olume applications where size. pow
erconsumption. and the possibility 
of reverse enginccring are less impo .... 
tant than front-end chip-design time 
and chip-design costs. Also. systems 
that are subject to enginccring 
changes in their eady stages are usu
ally implemented in standard logic un
til the design Is solid enough for cus
tomization, 

GATE ARRAYS 

Gate alTa),s, or semicustom chips, of
fer an attractr\'e altemative to stan
dard logic devices as a way to pull a 
variety of functions into a single chip, 
''1ley provide a middle ground be
nveen standard logic and custom 
chips. in that a master slice is com
mon to a large number of applica
tions. with customization at the inte .... 
connect lco.'Cl 

Logic designers generally find 
gate alTay5 to be a friendly way to im
plement random logic within a sys
tem. They work with standard logic 
elements, interconnecting them just 
as they do standard logic chips_ The 
main difference is that the intercon
nects are made at the chip level 
rather than at the board level. 

Gale arrays offer a convenient 
way to collect random logic into a sin
gle chip. significantly reducing cir
cuit-board space and pD\\-er consump
tion_ Design times are relatively 
shon-lyPicaJly 12 to 16 weeks from 
design input to prototype chips for 
moderately complex 13000- to 
4OOO-gate chipsl. They are frequently 
cost-effective in volumes as low as 
1000 chips 

Manufacturers offer gate arrays 
in a variety or configurations,lyPica1-
Iy containing from 300 to 5000 gates 
on a single chip, 11 is \inually guaran
teed. howC\-'Cr. that a paniwlarde
sign will not use all of the a\'nilable 
gates_ 

Consider the case in which a de
sign requireS sZ5 gates. but gatt" ar
rays are a\'nilable in 500 and 1000 gatft 
sizes_ Whal will the designer do' 11ft 
can squeeze out some function. to 
make his design fit the .mallf'r chip. 
he can design in more functions to 
make il fil the larger chip, or hf' can 
split his design by put1U~ .om .. fune-
tions in extemal chips R .. gardJ " of 
the choice made , some ~ale5 \'nll not 
be used in the gal8 arT8,\ ~ullt~ In 
wasted silicon on the chip Add to 
this the need for intf'rt"Onnf"ct chan
nels. and It 's clearwh,\ a piH" anw" 
will invariably be larl(et' than an t"q\JI\~ 
alent custom chip 

The maJorad\'&nla,(r& of I(.atf'l ar
rays when compal"t'd to 81llndard 
logic are 10\Yl"r production 00"" In 
moderately low \Olun1(''' lH'cftUM' of 
lower component costs and It PC .. 
board space, lowt'r pOWt'l' con ump
tion . fewer interconnt'C't" , and dt"&1fCIl 
security_ The major adv.nt~t" ""1.
lh--e to custom i1; Ihal ~atro ..,..,\. an" 

cost-effective in smallt'r\'Olumn than 
full wstom chip. ' IIOWt"\'t'r. thl' num' 
ber frequently quotf'd all th(' c-rc-..a. 
over point-IOO ,OOO chlp6-i no 
longer "a}jd as shall bf" '>t'ftl lJitM' J 

Compared to fun C'U tom' hlr
the major dlsadvanta,(t'fIi of ~t .,... 
rays are: a larger chip iU' tMt ~uJl_ 
in higher peJ'-Chlp pnxiuotoO ("Oat_ 
some lack ofne'(iblhlv duf' to Inn lim· 
ited types of dC\-1C'('s avall.,hl,. on III 
partiwlarchip. and 100 ftxl."d C-hlp 
conf.gurations , wt1l('h I('ad I()" INt 

gates for panlcular applkalkHl. 

ruu. CUSTO" 

The distinction belwN"n C'U 10m 
chips and gate amaysl c-INr pitt ..... 

rays are cu5tomlz.ed al lhft mtMT'Oll' 
n~tle\'el only whf'rflU C'\lJI.lom 
chips are customized al all m.u." "" 
els_ While gate amaya ul\-u1,ahn wiD 
ha~'6 "'&sted elernt'nt on II'M! flnt..hed 
chip, a custom chip comi.1 enlano'\, 
offunClionai componl"Ols 

Until recently. "'1"'lom dUI_ 
were designed and prodlk'('(j m 
mu.eh th~ same mann('r u t.l.ndard 
IDgic d~'1ces An experirnrfWl <"'hi 
slgrterwould manual" dra IhIP' p ~ 
tem of each muk la",,"on ~\t. '';;:;' 
~~-drawn pattem!) \wn> Ihrn dlfti-

,stored In • eompUlftr- and UMd 
as a dalabaseforprodu 
generation tarwo. Th ("1"1( a pin""". 

I"'~ (' tai>"'" lhton 

-.... 
dlop po<ilIca'''''' '0 i'"*>Ill"cNpo 
\t"~ I~_~t 'a,..,or1ZXW! 
furthtt" U - rebatm 1hit 
lhen" are no rnuf1" than 
fflNd<NP~'~~; 
Ih Ir .... J>i<!'~ pm.. to 
ent.lo dr\.-Iop ~ 

dord k"" ~""'" """ l:\ to-.\~oIume custom c:hJp 
If thr tom-ch!p tr'Ib.zn .. 

10 wn", .. ln wtlbl* 
."..\. and \ LSI t.andatd. .. 
IlW1 tlfl'W"l, had to hf' ..s 
... '"' ............ <opobItd dMIop-
11\11: n,pr. t om chip' tad 10 bnl 
C",O...".mrdlobtothr InM III 
ohnrt ... 'hr dooISn do an! dw 
,lCMli pi caw lIP
elplf'f' ~ tnt.. hbm IOI.IIW 

tor .d,htkJnaJ talent 

(:.II ·I~...n bu<d dw 
tiro, .. "" In"",""", "-pb c
put..u.rd dr\I!JopaMfIlI)"lalll JWt" 

dun' fulh· .ut ..... , _'~od"ct;;,oIp.;. :1,--.;~;;'.iI" 
U>In« p<...wInod. 
in th,.".tand.ud..". m .. 
I1W'I'II Ut:-J). .. .... 
alh ~'" tJ, an 
.hlp~ ond_ 
tnttV'( Uft • 

Ihwn .... 
,*,2 put "'0 .. 111 • ..-af 
..... ftnpo and ........... 

'alnif>f; -I...... ond_ 
~ts ""ill be." 1\p-
calltbnu'tft contain •• 
""'I I d thow oarmt In standIfd 
chIp • .a thl!l nit .... 
nwnl1hrir 

DrslfCn ....... cNI ...... 
!nom Inpu1 "'I""""W" dIIpo. 
bolllitJtot bUlnpte-.ar1W)'~ lID
por1Allt ~ f1nt. ~_no 
'" lid In uNp thII." _from. n. .... 
aw- ........... ~ 
hP nMda. ,.thrr 
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Six reasons why: you should 
have an Array Processor 

from Floating Point 
I More computing Systems 6 uperior ~u.. 

• powerfor the money. • • blll ly and world-
wide . upport. 

No Aoalins Point Systems, we offer 
five array processors to meet a range 
of scientific and engineering appli· 
cations. Attach one 10 your host 
computer and off load numerically· 
intensive calculations easily and 
cost-effectively ... all for prices slarl
ing at $40,000 (U.S,) for 38-bit prod· 
ucts. Our 64-bil systems start at less 
than 1300,000 (U.S.) 

2 Greater precision 
• for grealer accuracy. 

F()( large, high-precision appJica
lions, the 64-bit FPS-164 offers IS 
decimal digits of precision. Our 33-bit 
array processors provide up 10 8 
decimal di8itS of precision - 2 di8ils 
greater than 32·bIt formats - ideal for 
signal , image and geophysical pro
cessin8 applications. 

3 FORTRAN and 
• more, for flexible 

programming. 
For the FPS·I64, our ANSI 77 

FORTRAN Compiler generates code 
that oplimizes use of the FPS-164's 
archileclUre. Our new Single Job 
Executive (SJE) supports complete 
job processing in the FPS-164. Our 
FPS-164 math libra!)' otrers over 400 
FORTRAN-callable subroutines for 
additional performance. 

Our 38-bil array processors
the FPS-IOO, AP·120B, AP·I80V and 
AP·l90L-are supported bya 
comprehensive math library that of· 
fers over 450 FORTRAN-callable 
subroutines for si8na! , image, 
geophysical process· 
ing and other 
appl ications. 

4 Solutions In mlnules 
• ins tead of ho urs, 

hOUri Ins tead o f days, 
Because of their unique parallel 

pipelined architecturf'. our array 
processors provide high-speed com 
putational throughput- up to 12· 
million floating POlOt operations pM' 
second, assuring faster prored tum· 
arou nd time. 

S Large main data 
• memory for bigge r 

ca1culatlon •. 
The FPS-164 011 ... up to 58 M<-!!' 

bytes of main data merT'lOf)' (dlr«1ty 
addressable), "",th a OI~ SUbs) em 
for up to 3,000 Megab)1es of SlOt' 

Our 38-bit amy processor al~ 
have large main data memory
these range from a maximum of &4 t\ 
words for the FPS-IOO to a m&X.lmum 
of 448K words lor AP·I9OL You can 
add on 80- or 300-Megal?Yte di 
storage systems, and a ~neraJ Pur 
pose Inlelligent llO Processor 10 
control AID and D/A eqUlpOlf'nl 
for real-lime applications. 

Ow array PfOC't" t·· . '.t!. 
lishf<t 1mf'It:' .. .. I\~ , , '" 

bility and malHtalnIbi. '1- . tIC;; 
\1d~ our CU ... omrr. W'idI 

ruM'ns· ~;;':"'~-ori"'..,"''''i ~ f1'S.164 .......... n. 

mtmor)', mttmaldla :~. -<i!()~ot;;I(~.~llkm;,; 
.... llh a dill 1iC , '~ 

Bthuld this rdiabDly ItInCh our 
~rOl'l IAJppott lt1\1ct II 

kty 1ocoI .... ltuoo '''OC;.;I!or;;;.;;''''' .. 1d.i rrrnatf'd..,...osta u 
lfU.iallatllOf1. tfauUnc MIl DKft 

FOf' Iurthtt ntorrnaEion. ... m-
01' call our nNlnI SUn 
011' k II *'"' numbn. ( 

FlOAn NG POI'" 
• SYSTEMS. INC 



Perform.ance .runs ~ 
. f 1 ', ' In our am.I y. !~ 

At WICAT, our primary objective WICAT provides the strength. 

is pe rformance. This attitude has speed, and flexibility to perform 

created loday's most comprehen- according to your company's 

sive line unique requirements. 

of super- In the course a t Just 
micro two years, we have 

computers. been successful in 

In terms providing WICAT's 

customers with two 

operating systems 

(MCS and UNIX). 

form.nc~, Out 5OftWoIff dtsign. 

tors hnf' conc:f'ntr.lttd on produc. 

109 tools whICh fOl'1l'M'rly tmtr-d 

only an thf' ftUUlfrlltM or mIN. 

(Ompulf'r tn\1ron.mtnt 

This ~rfornunct Aor{ 

~n \o\'lth tht trtro. 

dut.tlon 01 tht fint 6eOOO 

b.JM"d mlcroromputtT 

.lnd now wludtt the In· 

I.llbllon .lnd IUpport ot 

.,. ...... 
I." .... 

thouund\ of ,",tIN 

w ,rldv. .df' Corwdtr llus 

.. pt'f1OIUl lnvit.lbeft 10 

",n us ,Jnd Itt mort 1ft

of breadth 

of product, srSrfAf 110 
, 12 USERS 

software 

support, and pe rhaps most impor

tantly. reliability, WICAT is a 

performance company. 

WICAT has created a family of 

supermicro computers versatile 

enough to meet virtually any 

computing requirement. Our 

systems support from 1 to 48 

users, 256K to 14 MB of main 

memory and from 10 MB to 474 

MB of disk storage. So from the 

fast single user desk top 5-150 to 

the powerful rack mounted 5-220. 

9 programming languattc • 

as well as word procHSIOft. 

data base management sys .. 

terns. a virtual ele-ctron. 
ic spreadsheet, and 

the WISE authoring 

system. This is per -

==::=p=o~eo. 'Ji 111S &o...t....... t)t-. 

forautlon 

,bout the 

\\ICAT 

bmily 



Summ.I983 

Cache Memory Increases 
Instruction Execution 
Speed for Superminis 

Despite its high cos t, a cache memOlY that uses separate inst.'Uction and data banks 
can impn)\'e system speed enough to make its price worthwhile. 

~ RoIwrt L. lIa" k. 
Gould II'\(" 

COmpUI("f"!'I~''''It'm' Ol\hlOll 

mt-mory- <1 

high·speed buffC'rm('mol), pll)"!;Jt-ally 
localro in the ceniral-p~lng unit 
and functionally localed b('I"''<'11 Iht'! 
CPt.: and main memo,)--is on~ of Ilw 
malorconlribullons to high
perfomlance supt'mlinls I:k'caui'll' 
Iht' addresses of the instructions and 
data 10 be UMXI n('-,<I by Ih~ CI'li art> 
generally the ol1csloc.urd nt'arad
drt>~ aJrcady in UM'. om 10US 1X"fo ..... 
mance ~in~ are pot..Slble \""hen th('~e 
hems art> k('ptlO a cach(' ralherlhan 
8('('(>"M"Cl from main IIWIllO') \\.Ih 

t'ach fetch Generally the perfo ..... 
mance Improvement mon' Ihan IUS' 
tlOesthe reIBIi\''Clyhlgh 001\1 of such a 
"~tcm 

.\ shor1 tlglU loop thai rcU5t"S the 
same Instructlon5-Antl perhaps 
l."l.l.'n the aamcdata-iJ: atypic',,1 t'XIUU
pie oflhis type ofprogram jtructure 
'1114.' addItion of CAche memory 10 a 
CP'llhus reduces eKocution time b) 
cutting the time nreded 10 f('l("h In, 
truC1ions and oJX'rands In many 

large computers , malO-memory ac
ct'. tune lsln the 600-ns range , while 
(:aC'he.memory cycle time 15 now 
rommonly below 100 os 

The increase. in absolult" e.\C<'U
hon ~peed made ~ible by aI('he 
memory were demonstrated In lelllS 
carried out at the Fort Lauderdal(" 
hf'adquarteni ofGouJd Inc. Comput
er S,",lems Di\.i~ion The teata were 
con"dude<! to document the perfo ..... 
mance of a new lupenninlcomputer. 
the Concept 32.'61. whkh e"~tea al 
the raleofmore than 16 \tlPS, 'mil
lion lruitructions per aecond I 

111cse tests mcasured the execu
lion sJX'oo ofslngle-prccision Whet· 
stone InSI,,\lctions wilh a s ingle CPU. 
·Il,e slX'Cd ofl he compUler \\ithout 
cache m('molY wus ust'd as the base-
line measUI'Cm('nt \\11cn V,UiOU8 

par18 of the cacho memory wore add
ed to Ih(' CPU through privUeged soft· 
wIre InslI'-lC'tion e~ecution , the rollow
Inft m(.:~ase8 In e.\C('ution speed O\'Cr 
Ihe baselin(' measurement were ab· 
tlln('(1 
• CPt. ; with no cache I~ 
• Addition of operand cache bank 

onl~ 120'1. 
• Adchtion of instruction cache 

bank onlv 170'1. 
• Addition" ofol>ClOlnd and instruc· 

lion cache bankl Z3O'I. 

110\\ ' CALli!=. Mi'.~tOHY \\'OHKS 

A lupenllinlrompuler's memory 8.)'1' 
trill 1'{'S('mbles a pyramid in three 
81'CDS : si2c, Ilcct'S8tlme, and prieel
JX'Ii'onllanre ,I-'ig II,Allhe vOIy top of 
the pyramid is 3Z-Kbytc dual-bank 
memory. ·Illis unique dl.'8ign ls 8 
Z·way 5<'t· asSC)('lalivc cache. 6c10\\f 
thai In the memoly pyramid is a pas
Ilble 16 \1by1es ofMOS memOlywilh 
6OO-n8 cycle lime 

AI ti,e nOKI and broader IC'\'CI of 
Ihe memory h6ernrchy come 
mow18-head hard disks and thf'ir 
fulercouslns, fUed-head hard disks 
At the bottom ohhe hierarchial mem· 
Of)' struclure ls the \-;rtually unlim
lIed broad ~ of rotating or mas~ 
memory made up ofmagnctiC lape. 
noppydiska . and streaming tape. aJl 
ofwhich are relah\'cly Inexpensi\~ 
and eKtremeiy .10\'1>' 
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PIg 1 In a hierarchical mrmory I)"Slem !he 
ftrtlll!\'I!II _1 cons1Jl. of.",... ... lon.ge ~1Cft 
wllh 1ow000lSand Iowtpeedl; fas leraa:eta 
IImM are ., .. au.bt.l: a l 1r\~1a 1 . :1 and 4Ib,.::,d l 
bul al ~inlOOIillperbil \\lthCKhemem
ory. an eflldenl CPl.!I,, ) can IICceN dala al high 
.,-d .... hlt.l: retalninl1ne low a.J&1 per bil of 
.",....memory deo.icft 

\\11ile it wo uld be p rohibitive in 
tenns of cost and physical space to 
provide an entire memory made up 
of 4$-n s cache memory, a h igh· 
perlOlTIlance computer d eals with its 
memOly struc ture in s uch a way tha t 
the entire IllcmOly system ap· 
proaches the speed of the cache mem
ory a t the apex of the h ierarchy trian · 
gle . In the example systcm , the CPU 
fi rs t looks a t the cache mcmolV when 
it needs to fe tch an Instructio~ or op 
erand. 

If the ins truction or operand is in 
the cache memory, the result can be 
retumed in the same cycle. While the 
processor Is executing a p rogram , ac
cessing da ta from its h igh-speed 
cache memory, o ther pieces of the p ro
gram are moving from the rotating 
memory to the dynamiC MOS RA.\! , 
and are even being p rcfc lch ed into 
the cache. 

FEA1lJRES Of CACHE ME"10 RY 

What happens in the cach e memory. 
and h ow it helps p rovidc the price! 

10 

performance of this m achine can be 
understood best If you look in detail 
a t some of the features of cach e mem· 

OIy: 
Ins truc d o n a nd da la banb . • The cache memo!) is splil inlo 
t\'1'O indepen den t 16-Kb)1e 
banks, a n instruction eache. and 
an operand or dat:I cache Be--
cause the instrucl ions are ai-
most always I>resent in thl" in-
s truc tion bank there ·s an alOlO6I 
perfect hit rate Ihal allow» the 
C PU as a \vhole to pl"OC'"f'A!ii near 
its maximu m speed 
An example of the dual cacht" 

memo ry's power m ight be. progam 
that m an ipulates a large an-ay rh€' 
routines o hhe p rogram Ot ( IU ll fO rom· 
fortably in the 16· Kbytc In~ t rt.lctl(>n 
cache bank, and Ih e ami.' data U!iot'U 
is cons tantly sh uffied in and out of 
the other side of the cac-h€' ml·!IlOr. 
yellhe program functions III a 100 
hit rate in the instruction bank In l'OO · 
tl"8Sl, virtually all o th('r cac-h€' · 
memory systems mi.\. inMrut-llCln. 
and d a ta in a monolithic ("arhl' owl1\ · 
OIY, so tha t instruC"tlon.s oft(·n aA' 
purged unnecessarily "twn n("\'1 mt. 
is add ed 
• "',""0-\'1'8 l seHt 'i!tO('" 18 t 1 \"t~ Opt",.. 

lion. In Ihe 1\'10 ... ·l"a.\ M"I · 
associa1i\'eapproac-h ho thth"ln 
s truction and olX'nllld (".;at h~ 
are furtherd l\ldoo into two 
equal banks fig 2 1 . .. ..ad' t"A( h~' 
bank is pl'O\idl'd With .1\;\\1111 · 
d ex arr.ay tha t·. addn.·!Il!llC"d ll'\ 
the least-slgnUkan t addrea~· bit" 

"., 
of the I......:t>rrnernot;. arTa\ 
As an instrue-hon or ~ is 

loaded from main IDt"~ into the 
cache memo" the rrw:.t~1 
addl'el6 bit af'f' stortod in one dtht 
t\'1'O indt·' ~ al tMNmelocalJon 
.d~~ thfoleatt~t 

blt~ J'or Neh indt", Ioca.hOn. me in. 
dt" arra~ abo f'llI1'ih a \Ukt IMt that 
bl!ol't \'1hrn til upprr addtt. bit 
arft luadr!c.l UltO IN lOdt-l R.\\e 

Durin" rt"Mi upenhON thew 
ft."'-\" art" .ddf"'\"Uf'd lJ:o. thr ~ 
bll!iiofl~~ &lldm.ltJoUp. 
Jlf"M.Ndrr bit are tOmpuPd to thr 
(Vntrnt ohlwo h\dcu"..y tf the 
t"quaJ romp&.l"f''' obt.Jned Ihtwalid 
bll l!ll.4""1 and. cadw hit 0ttUn b!i-
f".tItll~ that thraddn-ssed nwIOOt\ b-
c:."un la pn coni 1n eat he and thit 
thr ~dI"NoM'CJ ('Qfllrnl. DC thrc.dtr 
..,..~ coin hr ~tt'd to ItwtPl· ,1IVt'ftI-
bV( Intde ... thuulth that da~ hid 
("onw lrom lllAIn mt'IIP~ 

It nrhhrr CAl: tw bin" • 
hit th" c-.ac: hr conlruliDlk ~ 
f("h:h ,hi- d.lt. from maIn memot) 
&ntl tum It In onr of the etcht bri... 
SInn" hott, tndr.., and cam. biNlm 
ackhftM'lll tJ\ It", .am.1rout· 
lplifk.01 addnou bit. c:.::hr em 

hold 1""0 11M iDOl. IoatianstbatbM 
Ittr ~ NsI-alpUllc'ant ~ 
bit ~'fMlIoc.tkJn '" NCh c.adw 
bon>. 

-\nel a1ncc- tbr Indn.-nn rllhr 
two haflu 114'\~ dd&n-nl tcAltlllltL 

''1tk'n Uw- l,""J(~ .t1m1pCI lOIC" 
~ .. third nwmor\ lor"a1i::a.o 
ttK" a4lt)f'1lNat~t .tdml 

-+~ 
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., 

"""""" 
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Like DEC's MICRO/ PDP -11 ... only better! 

Datar-am'S A22 Minicomputer 
system has been designed to 
offer features not 3v~labie with 
DEC~ popul ... MICROIPOP 11 

Features like an 8" RX02 ftoppy 
1 0 Me QU~ memory twO fans In 
tile urd cage ..... and spac. for 

--. .' IOU..... • • M ..... ,._ ... _._-

a '/." cartridge tape drive thirty 
amps of + 5 0 volt power Is 
provided And the A22ls available 
In rack·mountabte or tabletop 
versions 
Best of all It'S available now only 
from oataram 

_ •• 'l 

• LSI·11 / 23 
• S" RX02 floppy 
• 1.0 MB quad memory 
• TWO fans In 

card cage area 
• 20 MS Winchester 
• Supports RT'11 ,RSX' 11M, 

RSX·11M·PLUS, UNIX, 
and TSX' PLUS 

• RaCk-mountable or 
tabletop 

• Space for '/." cartridge 
tape drive 

cntaram COrllOntlon a Pnnceton RoXI a Cranbury New.lt'rSev 08512 0 16091799-0011 a TWX 510-685 ·2542 



CompulerThchnology Hl!View 

DISKSTOR 
The low cost 

OEM computer system 
that expands with you. 

From the Busm .. tars 

Featuring : 
·8or 16 slots 
'5MHZ80850r 10MHZ 8086 
• 8- Peripheral mounting 
• 200/400 Power Supply 
• Cast Aluminum Bezel 
• Keykx:k Access 
• Flexible 1,. 0 Backpanel 
• 64K or 128KB RAM up to 1 MB 

Options: 
• 18 or 36MB Winchesters 
• 3M Tape Cartridge 
• CP/M, CPIM86, MSDOS, 
MPM 86 

• Custom 1/0 Panels 
• Serial Communications 
• Field Upgrade Kits 

Prices start al $1 ,695 In 
Multibus·, $1 ,795 in a-Bus·' 
CaJltor OEM Pricing and 
complete catalog, 

COMARK 
~TQ'-.J 
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The BusMasters 

93 W est Street 
P ost Off ice Box 4 7 4 
M edfIeld, M A 02052 

(6 1 7) 359-81 61 

' Muldbulil elJademark d Intel Corp, 
"Q-Bus IS 8lfedemark 01 DEC 

bils a conDicl Ci\iSIS 111en cacht' 
mu~t decide which of the pl'C\iou 
cache locations 10 replac(' \\ ith Ih(' 
third localion.A cache-replacement 
algorithm makes this deciSton 
• Lookaheud , preJelc h ll1.g, a nd 

block mo\'c8_A four-sl~e PI,M"' 
line in the CPU sl'parat~ thf' 
four main parts of lI1:otru("lion ~\
ecution fetch, d('('Od{", ("t"C.-utl':, 
and store \\11iJe instNt'tlon four 
is being fetched at thl' top 1("\1'1 
ohhe pipeline. in:olru('lion tlln_'fI 

is being dCC'Od£'d at thl' n('" I('\~ 
cl, instruction two I"> hell1R r-\p. 
cuted and til(> f'C'sultlii 01 the lin.t 
instruction aN' bell18 .,to~ 

The t imc for 81l1lldl\ idual in",truC'
t ion to move through Ihe plpelinr I" 
600 ns per instruction IIO\\'\"\l-r, ann' 
the pipe is primL't1 by the four1h 
fetch, the pfOC{'SS is C'011l1>1t't1ll4( an In· 
struction at the mtt> of 011('('1 ('"\'(>1;\ ISO 
ns-the true effecli\'t' ",,){"("(I of Iht' pro
cessorfor most &tngl(" IIllIitn.Miuna 

Ifan instrucllon to bt, ft·ll·hNJ ta 
not in cache memo~' It c.an br 
fetched from main m('n\Ol"\ In th~ 
cache's own micf"O{'ngin(' \\1ll'1l Ihe 
instruction returns from main mt'm· 
OIy il will immooi.:ut'l.\ and slmu!tanf,," 
ously be inser1ed In a t·adw·nwffiCJ() 
location and In the pipt'hl"", \\ht'N" It 
will be used~: tht' ("WC'Ullun Uilil If 
a needed operand 1",I1't In tht'! (",.dw 
memol)'. the caches rnln'Of'""JIlt" 
will fetch it and pla('" It In tht' ",tt',.... 
and register in the Utt. ~ulliin IIw 
cache memOr) Itsclf 

-nle intemal progrn,m ('ount,·, I.a 
always advanced to tho 0(,,1 1I1"t".I( 
tion beyond the one jU!'ot loadNllilt., 
the pipelinc TI1US e\'('n \\I1('n 111(. 
pipeline is full and can'l.tt(·pt .I'M': 
next instruction , the progam 
counter's prl'fetch fealum (h('(' ttwo 
cache forthe nt',t I'e'qUl,,'(t In tnl 
lion and initial a f('teh 1I11u ("ad11 11 
necessal~ 

Cache memol) add". ~. an
used to make Il1tell~('nt d('("lAk,,. 
about dala fetChes from mAln rtlt"m' 
ory \\11el1 th(' Pr'OC'eUOr prt"1l('nt .n 
address it's chect...ed to delt"m\lIltl 
whether it's curTentl\, idf"nt an 
cache memo') Ifthenfs. hll the 
data is deU\'el'('(j to Ihe pl"OC"l"NOf If 
there's a miss_ the c.aches IOtelJ~~1 
control Initiates acces to mam mf"m . 

ory. bringing the refcrt'nrt"d liMn inlo 
the dala cache bank forullt" "-I thC" 
same lime, it brings Into Ih .... c.d'M.'\ 
more data than is imrnediat('l" nf¥d. 
ed-data located adjarent 10 iht' .... 
quested data-on the lookahr.d Iht"-

"-"" 
my that th(' pmc. ... ,-.or .. ~inf!: to 
nt"ed Ihal data 'iOOf\ 

• Ile plal"en lenl . I,gorithm. H.n. 
tn«lhedat8prNf'Ot 'II~~ 
mem~blhr~'to~ 
lhat cachf' mt~ wdulao 
Oluc-h "IU~ .and """la.1It he 
,cont' Into dal.'~. 
nthm!t -\ hll ralt' whktlClnbe 
dt-firM"C.t as 1M ~of 
tun€,,. tl .. ·r\H'dIodopenndorin_ 

tnJt'11OO &. round Ul tt-.. [".me 
n~ of SO'\ (M' Ina mal.tt 
thfo (".adlf' \V1ualh ~ In 
tt'nn", of WRllrlC.anl~ mtww::q 
tht> (,o01I'UI ..... ·• ~ IbI.'V'« 
th(' t\(~f'd data prNa'ItlO the 
,· .. c.-ht· ml'n~ ... dam.1 func. 
linn 01 tM N'pL,,:rlllrnl • 
nthm four MI{ hponenJ.
nthm~ .lR! UM'CI 
HJtndo m I"t' IJ lel·t' l1 l4"nl.l.&t) to 

unl)h·IIl ... '1 In h."h\ am \'") ~. 
and Iti-nt'"ral~ ulrfl'"Kirnl (hb .... 
nthmdl~1 rontMU"fromcadw 
mf'fnun 10 UlQ.l' "lOIn for ~ dau 
\\lth no I t dfo.rWon about lht 
IIe4II'tM1n U I no ullt",cbt.ttr-
InIC ftu.ho...t 

f 1".1-111 , """-out fun ThD 
oomnl<Jfl, tlun.~ 
uaetulln 11.,,~.h1 hllt'l, Il1J\Jl1UlTd 
IlIU(CratnmUllt \\f"'J Ihr ( Pl ~ 
"'ttln" to _ P""iousl\ UIC'd inItruc
taon or (JI»n1IfX1 hut ,. PNr¢i ~ 
A".aJ ,M'1"alt-m. an ,.qcrmns thai fC)

I'I~ tl'f'qtH'nlh uHr.:t subtuutka 
~.!tt 'l"ftIlH'tlll.,) u.wd, thil 

nt!un \\hM·h~da ... onlhtbt
.is (I' It .,,~ «t"'eSS by tt. run
nu", pfUfCllUn .. difticuJl 10 bnpk-. 
nwn 1 10 harth\ pt"riA1b wtrh 

'1 l£II IC'Nlf"I' I hAn '"0 It &ho 
P'" I'nt. aqolific.ar" prvl*rnt In 

t'OlmtulfC JIng. andp-nenl 
hnUI4' '''1'1~ 
~I "·o( ... ~·ntl.) UlK"Cl- Ibit \.ft'pI 

I,.." t... of ack~~u:wdb) \hP 
( 1"\ I In ttw "'"II 01_ miM In the 
'4K he rt"M'ItIOn the ..... rn::adIv 
uanJ c1.t .. is ftWhrd on (~g'hf"8I 
1K11M."llllelhat U U .. pRJCft8OI' h&tnl 
aan..:lon aloatt6on ~ d ... · 
hb- hu no ""'h ... .-...... cbU 

ton-d tileR!' \\ bie wxs*td\at dim
Nit to &nIIJlrment lhb JIfiUipk' ~ 
\ftlt thraahlllg m dar. ~ mun 
n lIf'\!td ractw 
• " f;ll!"-throu.(h a.l0N,(t'. with. 

.. 01 onr ,,'Old ItCftIP 
... 8ICfUto\ ma.UIIWJIP" 
~ .-l mtnlrnum ~ e:. 



comparison, a CI'l: opemting 
\\ith II "·word bloc~ would 
wasIl" Ihret' !>IOnlgl" locallOns 
whl"n allcmpti~ to blare one 
\\ord orthe block becau!>f> the en
tire ,,-word bloc~ mUIoII)f' MOret! 
as a Unit To lI\'old th(' \\'<1~t{> of 
tlU'l'e locat Kill:. III thl' ('"<1('"h(' Illl'm
on S\:'!,H'nu. u..,IIl,lil:4-w'Ord hloc1.s 
\I~uai~ sto'" I't"f'ulll> ()nl~ III 
main memol'\ 
Howf'wr bft"au5ot'ofthe l>~"sI('nfs 

onf'''''onJ bIDl'~ .,iU' "'!'oult~ ('"an 1)(' 
ston'd d1l'f'('"tl~ 10 ('ol('ht' m('mol'\ \\ Ith
oul \\01511" of pl'('n(lu~ lind Iill1ltNl 
cache mt'mu~ 1'h()M-' N'~ult~ lhu~ 1)('
rome immooJall'h a\ailablt' In ('arllt' 
nwmor;- 10 Ih(> pro,.;l <lm 11\ (-\('("utlon 
1'h(> re!iuit is al!Kl "ntlt'lt through 
and simultanf'Olbl) ~IUI'('(lln m.lin 
memo" to(>Ol>un'thalllw mi'ln 01(>01-
01'\' is always c'unM~It'nl \\ lIlt Iht1 
cA('"ht'mt'mu,) .Ullll1llUl14nt ('()Il!'oid, 
erattOn 11 anotlwf de"l ie,', .. ud, .I, 311 

IIlt{'II~"ntl 0 "run-ucil III jll'('('''~il1K 
the maIO nwrnut'\ CUlw'I~'nl'.\ \\Ith 
tl'M' pI'OfQ'IUlll'\('I{"UIIIVC II1lht' C'I"t. 
• ~rd I_lout_ Ilw nulU' l1U'm' 

~'ph~ wall.\ ~Id.,. u .. n illH" 
fO"1lJ pan nllht, tI'l'~ Ihn'4' PI'UU" 
ed·cirUlIt bo:Mnl .. In lilt' Cum ('pl 
Jl 67 One JI( B 11 tlU' mkm· 
~tOf"t' .... hwh ronl411la Ill(' 1111Un-
M'qU<"m"t"f Ill(': :-uucll/{ 11 In 
the- CI"l' lundln tU!ol"-lCllun .lIul 
r\(!('Ullun ,U«' (1)nloilf\loi theJt,C' 
funcllOlU .. "dlUlht' hit IIt'f" 
mk'roproc:t'Uln, nil' third 
hoard h~ tilt' ('<11'111' ~-', !!It'm' hU!I 

UOI' 11 ... ca( lit" mt"mol) ~h('1f 
rompruea '.al'" 1\;\\1 .. \\llh a'''' 
by ·I·blt ~nj'''llnn IIntlI5-1111 
addrt'U 1{"C1'U 

Pt,RtOR\tA\n. \U,-\,"'l Rt\lL \ J 

1111 talK» in monnillhit- ('.ltC'll(' "WinO' 

nr-a~ lilt' upfOrml"tc .. m'pUI("r Ill' 
du~lJ'\ ~ from 70 to ~KAo fOf" tn
,,1JU(11On5, and ran'~ IUNIt'1 than 
30'\ foropt'ranu. "11&0 Ihrl~ I~ no 
~ "landAnj f'Clulpmf'nl Of 

fTM'1hod foc hll'Blt> mt' .... wn"Otf·nl 
thPr?. dr\int,. lut ", __ kn-nf'tf'r 
thll UMIa a h&r'th\an- (:ounlf'r 10 note 
ftotc-hf!'S and monllor. ~I thallndl· 
cates e«heHTII'mof'\ hll .. 1111" df"\,nt 
mt".uumln'SUJts fa; t"\'elV 10 mLlhon 
fMehe. 15104. of run t;mt.· dt.'I*nd
irlfI: on thf' comIJI",,'~" of tht' In!lt"-l('"
hont1 Ihfon ~I al_~f' 1of"1'ih of 
6lK'h IVOUpi or 10 mdlton 

BfaUM' of th~ "'",xu refint'"
r1l('nb II1lh,. cac-ht' ,- Il'm df"M-"I)('1:1 
11\ hit Ble " rouh'l('iv In tilt' 93 10 

97 .. range, depending on the pro
gram in ('Accution and can be a (X'I'

fect too .. in the cache·m('01Ol~ in· 
5ln.Jction bank, Thai N'presents a 
speed improvement of about four to 
one 0\'('1' l1lain-memo~ addresl>i~ 
WIth the same program 

Il1ternlS ofprof(f1Imming, each(' 
memol) is totally lranspan'nl to tht" 
pl'Of¢mmmer Writlll,g the application 
In ract ('ache memo~·" abilit), to rna.\(' 
imlze Ihe c\ccution or tight loop!> 
and structured iterative programs f'n
cou..-agcs good programming practiC't' 
by n"wDI'CIing it wHh maumum 
sp .... d 

COMPUTER 

The 

VIDEO 

1/0 SYSTEM 

SUllImer 1983 

Cache memory is expensive, but 
11 rough estimate suggests thaI about 
z' orthe sySlpm's pricc is because or 
implementation "he payback rorthat 
2' in('"rease is totalsyslem through· 
put ofasl1luch as 2300. compared to 
a similar machine \\ithout cache, de
pending on Ihe application. program, 
and !i)'tilem configuration . 

nObcrlllR\\ k. senior seer Ion manag· 
('r for am'anC'l'd dc\ c/opmcnl at 
Gould, IS rf'IXJI,sIblc[orsys,cm bus 
fllINh"lrt'dt·\·t·loPflICtl'. 

VISION 
We made it affordable! 

Digitizes and stores ... .dec Images In real Ome • 480 )( 512 
resolution - 64 gray """'Is· R5-232 and parollel,ntenace to 
any computer Input from any 1V camera or video recorder 
Compos,te video output of reconstructed digItal image 
Video memory may be down·loaded from host computer 
Supports computer generated grophocs overlays on real 
Ome ... Ideo Images , User progrllmmable. microprocessor 
controlled for ","",mum n"",blhry 

FOXVILLE 
COMMUNICATION. 

CORPORATION 

In Europe. contact 

FOXVILLE 
EUROPE 

7741 E Gray Road 
Suite "17 
Post OffIce Box 5419 
Scottsdale. AZ 85261 
(6021948-9817 
Telex 165750 

Hundelgemsesteenweg 105 
9220 Merelbeke 
~Ium 
Telex 12901 
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Analogic's AP500, the Emancipated Arm 

Frees You and Your Ho. it ~ ) 
The Emancipalion 
Analopc's AP500 )2·bJl Floating Point 
Arny Processor is the IiTS! truly inde
pencknt amay proccssoT It offers the per
formance and throughput capabilities 
needed 10 meet most ume<ritical. com
pkllO, and I O-bound appbau;ons. 
With bttle or no HOII in\oh~mml. the 
ltale-or-lhe-an Control. Processor based 
on the 32 l6-bIt MC68000 superm;cro 
.nd ultra.fa51 4()..b!t Anthmetic Pipeline 
deliver the pov.~r and fIe~;biht)' to soh-e 
man apptications io reakLTnr 

1be APSOO has unpreo:dented 1 0 capa
bilities for COM PLETE $)'Stem expan
Slon. !\,(ow free the Host from burdensome 
1 0 Imh the 1EEE-796 standard Multi· 
bus. the RS-232 Serial Line Intmace, and 
the' IV.'O 6.2SM Hz Auxiliary I 0 Pons. 
Only Analogic pro\ides the necessary 
paths for amy processor system gro .... 1h. 

Great r 
C I - , -.-

ANALOG IC CORPORATIO ..... A 
TEL (617) 246-()300 . TI X""l"h .... ROIId • v.. ~~:-::~= .. ,." ... -. ... &. (. - '-"" 



Summer 1933 

Array Processors Speed 
Up Complex Calculations 
At Low Cost 

Array processOI''S ped onn number crunching in scientifiCi engineering applications 
and run at speed s up to a thousand times fastcl'than the computeI' they support. 

t~ non Baldridge. 
rR\\ 1.'., PnxIUl"h 

proce.uors arc sp("("ial-purpo!ot> pt'ri" 
ph('raJ proct"!>sors Ihall)('rfumllhf" 
hlgh-s,M'Cd repelltM' anthlll!·tlC' 
openulons thai art" oftl'n rt-qUU'NI1ll 
large &('it'ntlfic or engm('('nnl( IIppll 
('.alions 'YpiC'alh Iht~.11'l' 10 1(1 1000 
Imlt's (Mterlhan the wmpull'r tht", 
5upport-4nd at 5ub~lan1iall~ Itosa 
('()f)tthan .upercompuIN~ 

U 0(,,\\ lu,gheNrl("("(I .. t"mWCIII" 

dUC'lor rompo'l('llt5 41'(' d("\ '('\C)pt'd 
hoth the .. JX"f'd and 1Il1.t' of\!> nWlIlo" 
ri<'8 \\'111 Increa!>(", and Iht'11" pin .. 1t"011 

size and 1)O\\'('rronloumptlon will ht> 
,,"(lured 'C'\\ parallcl and pipt'lim' 
lart:hil('(;tul'l'a \\ill fUl1h('r ('nhanul 
Ihe ciTt't"Ii\'(·n('5.5 of thelo(' Ullil& 

lOday APe a", lx'lJ~ UM'tIIII Ihc 
(t.~1'1'\ of ad Ihmu~h M'IlomiC' dUlu 
proc'(' 1I11~ Ihe ('nhancx-"umt of sau'!' 
lile photOf{rapha throuPl un~t" proc~ 
~II~, the idcnlifirallon ofmanufaC'p 
lurinR fla\\'!l III pmre I ... rtslh",u~h 
\ ldco-<".anw1'3 path'm recol(JllIIC'ln 
and the di.:;C'o\elJ of brain tUIllO .... 
thl"Ollgh X-ra) scan pn>c.-esloiflll: 

Solnng these prohl('ms Oflt'n rt" 
(IUI~ !>pet"iaJ mathf'matK".aj aJ,co
nlhnta such as t~ f.."l-fourit'r tran~· 
(unn Ft·"TI or malrix comulullCm and 
Im~ion to solve Alffiultancou~ lin · 
earddrCITnhaJ equations O\,.r 2" or 
3-<ilm("lUional ,..pac:"(>. ~u('h problem. 
can u!>ually be brokro dow" inlo lon~ 
6C(lu('ncc. ofrepelltn-r mulliplir:a
lions and addlllolU of am" .. of num· 
benr-henct' Ihe Irml amy procca
IM)rlAP' 

rho plimmy fllnc lion oCthe al'" 
.. ay processor in tl1t'sc applicalions is 
t op~'lfonn 1IIIs I)'poofnumelica! com
pUl1Ilion ill till' fi!s tt'SI time po~sib!e 
/tllli 31 Iht" mosl It'asoll<lble COSI 'n, is 
is "('lw .. ,,II) 3aolll iliishNilhmugh 
lilt" the OfrMI !>('miC'OneluC'torcOlnl)O
l1('nla. lind an ardul('('IU I" Ihal uscs 
1I1)t'('lall('('hniqu{'s lIu("h as paron ... , 
(''''"llll~ (lnd l)ipt'linll1ft; 10 pt'rfonn 
hlKh .... ,)(·t"(l malh op{,l"3tions_ 

\"-;I.~ proc.·I~l'8arrn'l meant to 
ht' u",'(1 for 10f(iC' 0lx'l-alions or string 
nldlllpulaliona. hut arc al their best 
"!WIlI)("rfonninK Ihr high"spt't'd 
mulllpliC'ation and adelltion of arrays 
of nUllllwnt. u!:ling a "1M!Cjnlmalhe
mall('al rt'Pr'{'lo('IlIlUiol1 knO\'11 as 
flndtin~ pOUlI 

l'~lm n.o.\II'C; POI\TrOK.\ IAT 

Sc'it'ntifl(" ,md ('nginel'ling problems 
onl'n dedi with \'l'IY lilllW or \,{,IY 
f'olllallllumb(' .... ''-01" t'xampie. the 
I\I)(,t'<l of light is "bOlll 186,000 miles 
IH·rltt-rond. and lhe line Width of an 
inlt'l'COnnCC'1 on an inlcgrntc:'d circuit 
can bt> l('tIll than I ~ 

10 rt'pl'('!>t'nt l!ut'h a "ide range 
of numbt· ... in a ("ompa("1 wa) a spe
claJ oolallon known as noating poim 
\\rut d{'\;"t"tl ... \ floolll18 pollll number 
II .. unpl,\ a bhonhand way of reprc
M'I1II1~ a numlx>r\\lthout W"hf\! all 
th(> dlf(ltl'i For (',ample. 186.000 may 
I)('wntl(>n 186, 1D" rf1:Nl5eIOisas
,"umed thib numl)('rcan be rep"'
S('nlt'd IJ:Y Ihl"t't' quanllll(!S a sign 
' plu" or minuii " a !iiglwd (>~pon('nl. 
and a &'8ll1ficand or manh-.sa for 
thl" e,ample: SIG\ _ + 

t.xPO\EVI . +6 
\tA.,"I1~ - 186 

SinN' a numlx·r r-an IX' ,,"llrl\ 
wl1h Ihe dct'lmaJ poinl in different 
placcs jUfil by a C'hange In the expo
nenl.lllt" IlOlnl iasaid tOOOOI forr);am-
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p~ I fla.tl"8 point fonnats plV\ide .. \-vlcly 
of ran&e and prt!Clllon t"Ot'CUilmpJe t"loahrllS 
Point Systemt use. S8 bina.y bitt \0 sel an ex· 
lend~ range Orl1'1!r 10 ' '53.rod a precision of 
el,ghl .lf9tlfl~ .. nl decimal digll l In contTHt the 
TItIY .hort fonnall. de5~Jlcd forhlgh-5peed 
dlgl, .. IIIgN.I·prooeuln& applications. ,,1,el'll. 
""'''8" of to"· and .. precl,lon ofth'c a18nlflc .... nt 
dl8:ll.l. ofI!!n adccluate 

ple :. I86x 10' - 1.86 x 1(r Toma.xi
mlze precision In long strings oroom
putalions, floating point numbers are 
often nonnali7.l.'lI--written with a 
uro 10 the left oflhe point and a 
nonzero digit immooialcly to the 
right ohhe poinl, as in 0 186 J( 10&_ 

Floaling point notation is a com
pact way 10 represent very large or 
Vel), small numbers in the array pro
cessor's memory. 11m size oflhe~
ponenl delennines the range ofnum
bel'S represented while the manlissa 
siz.e delennines the number of digits 
of precis ion that can be maintained . 
Fig I summarizes se\'eral popular 
noating point (annals in use. 

The speed ,,;Ih which an array 
processorcompulCs is usuall) mea
sured by millions ofnoating point op
erations per second (!\I Fl..OPSI. In a 
single cycle. the typical AP can per
fonn one noaling poinl multiply, two 
Doaling point adds, and three mem
ory accesses 11tis pennils speeds in 
today's APs in excc!JS ofZ4 MFLOPS. 

By contrast, a VAX-tinso general
purpose machine computes at a rale 
ofo.5 Mf1.OPS An AP's achic\'eable 
speed. hm'\"e\'Cf", can be considerably 
less than the theoretical speed due 10 
a variety of O\"Cmead faclors between 
the host and the AP. as well as pos
sible under-utlliz.ation ofthe AP's 
full parallel-computing: capability 
111e latlercould well depend on the 
match between theAP architecture 
and the structure oCthe problem solu
tion 

CAT-SCAN FOR SHARP IMAGE 

Computerized axjal tomography 
!CAllscanncrs WCI"C developed in the 

... 

early 1970S to provide a thin cro~5-
sectional x-ray picture or sliet" 
through a patient'S body as 5("('n from 
above !fig 21 Sharp, high-quaht) Im
ages can be conslI'Ucted from thr ab· 
sorption data recen-ed when an \-ra~ 
beam is rotaled 360' around Ihe pa
lient_ A set ofsimultanoou51inrar 
equations must be solved b~ tht> \P to 
reconstruct the Image In addition 
the image often needs 10 be f'n ~ 
hanced by a filtering out offal~ I'oln . .I('· 
tures , such as shadow's, IOlroduc."(*(.i 
by the hardware CurTenl CAr-~an 
systems have scan IIOW of 2. to S \ 
can reconstl'Uct un imtq(f' in ahout .to 
5, and can preciselylocat(" EoINc'turr. 
10 within 1 nun TheM' :'.\'!oh"m~ an" tw-. 
ing used 10 idenli.(v and diagnoM' 
such Ihings as lumor.. in th('! h("lId ur 
to locate structUrt'S 1'1'('('1')('1.\' MJ th.u 
surgical lUbes can br plllc('d furdlol~n· 
age. 

Fastersc.-an tll11(,," rl~ than t!i 
will be needed in til(> futuN' to .. \ ..... 1 
the need to s('dat(" fi('St,t) 1)oIll('nt , 10 
produce 3-D im~es , and to n .. \l4111t'1 
moving organs such aJo tlw h('art 

-... -1'hf'St' a:~ terru. \\ ill abo btm6t_ 
fAJotet AI' to proces.t dw LIrpr 
amount 01 cU.t .. ~lOpnQQ 
th(>6ft ~ In dme IOmI time 
rbf' "'"'Y~" ... 
galla IIVI df"\riopawnlo1rrw~ 
m"nl (Of" mrdk.aI and 
lI'f"atll\l'UI 

? 

n PI ~ Of RJ\o\\ 

"Ilw m~t C'C»th but: b\ tar tbr 
( t-pc-tfon ..... nce method 01 
inl( an.~ vi nwnbrn la IO~' -:~-
.UI-...n.vn11,utM' M.lCh at DI1l 
COfl) • ( ~ ht!r %OS Of , I'ft Corp • 
( 1\.:" - I n~ Il*'hinn C..vI " 
to ~ mRikln buloften illht 
:;0 ' 10 lOO·'tt-1J:'P 
llM'''C.1 tn anh. ... \~ ~ fwd 
,.ud\ .. \\ .... th .. rkroc&i1~CII' .... 

hon ",un" in mot~;""';;;:':;:~:-
l~ UJUI Ihe,\l'1l ... 
c,uin'd In 1'fUC,"'rU &mn art 
mUll''"' &It! bulll Into lhe 
IU", thM'tlbv"'~1hr 
11\ tori wad 

...... 

---
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Such supercomputers use some 
orthe fastest components available, 
typicaJly emiltcl'-coupled logic rECLl. 
and often require speciaJ cooling. 
Olher types of built-in APs include 
the hoslless Ap, which has a buill-in 
control processor that prQ\ides very 
high perfomlance at considerably 
less than supercomputer cost 
The most comlllon type of AP is al· 
lached--a separate peripheral proces
sor, usually one designed 10 commu
nicate \..,jlh a variety arhos! through 
an 110 channel. An an-ay pl'DCessor 
may also be an add-in-typically a 
low-cost , board-h!\'cl product that 
plugs into the backplane ohlle host . 
In some configurations the hoSI and 
APmay aCluallyshal'ca common mem
my tllI'ough a remote-memo.), intCl'" 
face. -111C attached AI> may cost in the 
525,000 to $100,000 rnngc~ and has typ
ical penolmance of 10 to 20 MFLOPS . 

TREror>DS I~ TECH~OLOGY 

;\1T3~ processors continue to in
crease in perfommnce \\ilile lowering 
or maintaining Iheirprice. TIlis situa
tion is made possible through the de
velopment of new higher-speed semi
conductor componen ts Forcxample, 
high-density, 100....-c06t 64-Kbit MOS 
RA.\I memories \\;11 become available 
at access speeds under 100 ns per
haps approaching 50 ns in the next 
twovenr'S. 

AII'Cady Available arc high
density gate 31TaYS like the Fujitsu \'1 
series, which exceed 10,000 gates im
plemented in low-powerC~IOS and 
1'U1l at \elY high speeds. Am'ances in 
such dcsi~'" tools as simulation and 
layout \\;11 pennit rapid tumaround 
limes on complex circuits. And since 
the highly repetitive and parallel 
Strucllll1' of some AP architectures 
lends ilsclf well to gate-alTa), imple
mentation, benefits will include re
duced CircUli count power, and cost 

111ecommerciaJ multiplier IC is 
another Iype of high-speed compo
nent just beginning to be released 
The TRW MP'\'O I6K tFJg 31. for exam
pie, is capable of pcrfonning a full 
16xl6-bit bmary multiply in less than 
45 ns--a. significant increase in speed 
from todav's standard 145-n5 multi
plier. ,\exi-generation APs appearing 
in 1984 should see at least a 3-£0Id in
crease in computationaJ speed by us
ing these cimices 

Se\'Cral semiconduClor manufac
turers are also working on high-

"- , 

, 
"" ... _...1 .. t:f':Z> .... 

• 

• 
• 

"" 
" .. 

" 

f''''3An v;amplf,~a~ 1u,tCh ,w...Jc .. , ..... _ .... dWlf1\\ u .... ot *' .f*flpftlrDl 
16x16-b,1 muillpl\ on IeiNo than JO na nImI*"1 tll.M ... In If» pwrinua "" .............. 
and.lll the ~ P'O"""'n.-.>I'lot...", and ca.! 

speed floating pollli In~ thai \\111 UJofI 

a single IC to do Ih(> 101011 noalll'" 
point multiply and addillun In It'! 
than 100 ns nle finn lid, dt'\-M:~ 10 
appear is the 1 K\\ TIX lon-. Zl·tul 
arithmetic Ulllt '11,('10(' 1(;11 \\111 prnnll 
"cry powerful A~ te) ht' hullt III ("OfT1 ' 

pact packages Ihal "'M:·rnhh·IOO., • 
small mlnicompuleno In fa( t fX'\H"f'

ful APs are Iikel) to 00 1I1It'KJ'1 m the 
design of ne\:t-f(eIlNatlon ('''f'Ul(orl'' 

ingwol'kstataons 

TI1'J:::S OF ARClin U :-n. Rt. 

Powelful n(,"\, 16-blt mlCI'OCOIlII>ut("l"& 
such as the \tolorola 68000 \\'tll hr 
built into the .. \.1' so II ~an handlt" Ih 
0\\11 peripherals sep."'I(> from th(' 
host as well as control inlt"lI~nt I () 
channels Forcxample tht, I'M"" 

ST-IOO from StarTrc:-hnolOrf(l \\1u.- h 
uses two 68000 . ailowlio th .. ahan"" at 
APs byonc host , the ~h.nJlfC (lfhnst 
byoneAP or-m'en a h(btle.. AI' \11II'tVo
processors may al!tO 00 d('o(tk.attd to 
handling other lasks urh U ('Ofllrol . 
ling the 5upen.isory pt"'OfCJ'1lm or ron~ 
trolling a Iocal-area-networi. Inlf'f' 
race 

As more and more functkHl 
mo\'e from the host 10 the AP 11 rna\ 
make sense to intl"fV1Ilf'! thft hott dl' 
rectly inlO theAP art"htt("('tuf'I' Th .. 
in effect. is anaJOf!;OUS 10 tht· .uP"'" 
computer a,>proach on a mal1(>r 

scale ~e\\ machines rna.' UafO plpr. 

hnlllfl anet olhcor In--t~ em
pkJ\..-d t~ auf~11"ft poMIII) 
t"\1"n to Ihe point uC IOhw~compatI
tu.hh l'hua. NnAlJ ()~ could 
.ppr ... U\an~;o,v\· 
,,1.tlOf'l 

:'o,f\Cr an AP~dwi1P1'" 
aI.... II It'If'rTU Iock'allu au!pI ... 
nih' ~ to NCh p&raIW cLat.l 
,>ath "OW' .uchc~,,-~c:J 
,.,.,.uri IN'ClCf'NI-In tWIo" JJf1MDlObt 
frau"hl \\ lIh ~ d&tIkul-
I h .. he," Ie) ~1tIt 
01 ___ IIQ'. oItlw ,......iwt pn .... sacn 

JtlJ\\ ft ~h .. brtn(!:;CUt
dtK"tcod un .. OM\ "I"'" f'IfmInt 
.... lfJ\\n _ ... , lube pnXWMOl' """., 
of .Udl t'1,",l~h mol' hI' cgpnn:Ud 
h.,thf-f'.o Ihlt dAI" au.\ t~ 
lhe .~"Iom mlJ( h .. 
~ Ih"bock thf 

~, ~""~~'~'~~~~~~~::J ........ 
lui fnu .... 
" In dij<llol ~ ......... . 

flon Bald" If!urnarirfdrww 
mrnl 1fMIM3"-.' nt,' 1..\1 rn:dJct&. 
.ttl ". prf"\iousIt.atraf ~ 
.,..1\ I.' \f..-h Corp Iklrt,.. .. &"., from , ... (ftb· ttff/lril7. 
\I~l:'£}'rom rhr (~ t:fn ... S1t!r 



Boost 
Your 

icro'sEgo 
This Single Board Array Processor Will HaveYour Micro 

Thinking Uke a Mainframe 
Itl fast enouah for realtime 

Il\IIySa Small enouf'l to fit In • 
~ tkJl And .ftexIbIe ~ to 
perlorm aImo5t In)' a1aomtm 

Th.U the APS-3000 array pro
~ From MaYICO 

It'l Mu/T..ous· ~ With 
othet' OUI \1If1oIIOIW soon to toIow 

To eN hOlt. It vnpfy lOokS ~ke 

"". mem<><y 
D.t, no.,.", throu,h dual ports 

and vttlft '" • rnappeo memory 
thM catll'ftI)tt:Mnt tntetet: Aoabn& 
point Ind compleli numbers Yet 
both Ofouam memory and data 
memory ......... ~DIe to ... -

The APS-3OOCI ~utes Ir'I$truc· 

oons In 100 nsecs. wtMch adds up 
to 10 mllltOl'l tIoatIna point opera 
bOnS per second, For Instance. a 
1024 point comptex FFT IS pro 
cessed In 4 1 msecs. St¥t to fin 
ISh And extra boards can be linked 
for 20. 30. 50 MflOPS or more 

Stanoard routines InduIle FFTs. 
power spectral oenslty. cor 
rel&110n. d'I'lal fllterlnl and 

•• "0'_""'" 
Or create )'OUr 0Ml 
It's SImple The board • easy to 

talk to Espeaatf 11'1 fORmAN 
Order the board wrU't sumdaro 

ROM Or with RAM for devek)p -

ment If you WISh. Marmeo will 
back you up with elrtflnSlve en· 
ImeerlnJ and software support. 

WhIle tne board may Innate your 
micro'S elo. It wonlmflate your 
budget The cost S4250 Com· 
plete And quantity dISCOUnts are .... ,..,.. 

So call us today 

But remember. When your 
mlCfO IUddenIy bellins ICtJrc Itke 
• ma.nframe, don't worry A strorc 
eco • healthy 

And beSides · Irs results that 
count 

MARlNCO.lNC • 
... , l O'<C. ~ "f:t.NII'NY 

11760 Sorrento Valley Road. 
San 0. .... CA 92121 
(6191 453·5203 
T_69·7901 



THERE IS MORE THAN 
ONE GOOD REASON TO CALL 

HEURIKON 
I EURtKO~ yOl.:~ soun e 

I( . Mult.oc 'n mcore;-'Jte • and 
'iytem ompon ''''rt~ 

Sin 'C 1972 Heurikon h;:lS be"'n 
wf".rkil'i hard to make ife a "tic 
ea! er for those wh) 'put \! all 
IOiwthcr 'owp.rful l-80· and 
MC6BOOO'M bac;ed Multlbu~ 
nk:rocomputers ike .'vtl z-nA and 
HK6R h:we he pe:oj l-!_ Jrlk~ n 
C ustc: 'CT' in_ ~ 'nom dl So. uti 
1m h ... nTl b CTI IPP~' <ltlC" 

MLZ-90A ngl ~.ard 
mlC TI Jle wnh r n b,1e w ito 
In;: 7'") kct or J<'" ",; h RM,t 
'/' Rt')M tAMQ'j I and fI .. y :11 k 
nyc. r.rl)lIer 10'-al. 

MlZ-91 A 511 g e boo·tj ( M 
sysft'm 110' h ''''_lTd tloppv' ~k 
dnv'" on,roll r win hester 
mterface optL - I .A,MQ'j I I 
str" me' tape lIe ac e tWI •• 1 
port~ 1(' ral_ '1' MK b' ('5 
~AM W h ~ lily t\lo rpROM 
sc_kel''i. iln1 (p B \.. NTROlL. ,"' 

MlZ·92A --!., C: ud P M' 
ryste-n with f( Jr se J! port' or; 

~td II ~~)'. sk drl~e C r" tc ler 
"';me l"$tcr ~ erl e p ,a 
AM9' I Cen·ron .. tole 
n·ert." e hotK b"e R\" with 
p mtv ryj two EPR .... M SOC~\.:t'j 

MlZ·9)A 'jmg (")Card ( "\! • 
'jystem v.: h ,,8K bytes c :J~ 
porte RA\1. • EPROM socke-
f1 ppy :f:sk drr. ':! c "tre ler. '"'Ior~: 
AM95 I 11':::1 ICwe"'fl! oeriil ~r1 
'Clh"fC"" n 1'... ng SD: ( and H[)L\.. 

"otc Jpport and r:lOOcrr mtrols 

HK68 w("fful md versatile 
d UNIX ,)I CP \4.NJK 

11.-' \ MC68OOC1I PU MM' 
III I )MA ,. Jl 

'Is. 18K or ;lS~K b .. I on
ud RAM with pallt)' I J.. nda 

o IMryteon iOJd'l mdtw. 
SBX onne r, r I f 

MLZ·VOC - I", : 640 11 4 
( r graph mtr ~ j 
tr t.rIEC. ,,:) \ ,:r' h • 
un td 1-80 C .. ," n 
a- j oJ :k'fm F F Int("f1' 
~l!ltl'h " ,iI)'drl)' 

• • 

16 c' r 'rOf! 
1024 xC", l( 

I 4K I) 'c P I 
J r'ltf'f 

'. ·)1 

ISBX EXp.iln o;lon Modcol" 
~e_~'kc' DCt ~X 
n : .. ,e. Ie I ex ,III 

KbS .and MLl-V x: ' 
n iy be Jsed on any othe 

HElRIK8N 
• 

•• 

yr: 

• 
L 
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Sommer.IAAJ 

Microprocessors Boost 
Performance Levels of 
Multiterminal Systems 

.-\ ne\\ system aI'C'hitectul'e that eillploys dedicated micl'opl'Ocessol"'S s uppor1s 
muititelnlinal office SystCITIS \vithout a Significant loss of r'esponse time, 

ll'\ J a m(>"lt·r,crtI'!K)n , 
( ... do !'I.,,,II·m,,, Curp 

~~~~:~ \\'lldll1\< 10 mlln.' 
p I I1l1nb or m;unfnullt'!o In ;1('. 

c'ummooalf' la~('r numlx'l"!> OfH'I~ 
mm."lI", 1000c:. Ih(' t'O"I-(·ITf'\'!I\ "nt·,,~ 01 
mlcrot'clmpu!('r pron'$.~IIl" alld 
IIIt'dn!'o Ihat Ih(' c'nonnQu:, MamhnK 
IlI\t':'otllwnt in pl'(If;rJmmll1g ancl 
"lUrt'd I'l'n')n:h would hil\(' 10 hc' 
ah.mdocwd \\11al'" I1h'th'd I" JIl c'n , 
1In'Iy dlfl,'l'{'nl an'hll('C'IUN"-CIIlt' ('d 

p .. hll· uf !'ouppOf1l11g whal h ('fh~: h\t .. 
I~ <In IIllinll(' numh('rof I('munah 
wllh a .. uV;I(' bu.,lhal can hnl.. , 
1)I"Ot'c' .. 'tOI'" 10 a COl1l1nOIl d,lIa 1)<I.!o(' 
\\llhoUI Ilmilmg Ih(' tYIX' of 1)"1('(' 

M)I Ihal c'ml J)(' us<-d 
. tn opt'n 'cl1d,'<.1 ij.1·Il'mlIlUtI ~.\ ' 

INn hlJ,~ I)('('n dC!i~nC'd 10 UWt'1 Ihl'" 
(hall('I~t' ~inC(' wmpult'r~ dl'K' ildp 

('\I)()fI('nllaJl.v ralhe. Ihill1lilU'.lIh a .. 
"'nnina),,, art' add('(l , .I~nlfkanll:W"'" 
lunnann' Il11pl'O\\.·nl('nl" \\erf' 1'11..0 
mandal('(i \\1lilt' thb .. Iruetu", rould 
halt! h('i'n dC\('lopf'<J collt'{'plually h\ 
an., rompUI('r manufd('"lurf'r II .. ti( .. 
lail,od imph'nWl1lalion IS uniquf'i l\t·· 
('dUM' no ('omp.an., df'\('lup"" 1>111-
dUl,t III a 'af"uum tll('''' ·~. ronllllU' 
urn of pf"'Oduc·t d('\"\'lopmt'nllo 1" .... (' 
o1d\anta.,.;(' of umque opt'rallOK ".\ . 
1("ln'!>. !'Oflware. and prnrh('ral .... In 
thiS ('a . ..c. Ih('~ \\t'rf' four pnm.1t:\ 
fa('IO~ 10 romldf"r' 
• Ill(' archIU"(:tUf'(> hold 10 JII(,,\ 

c·\.i!Otll1f( UM!r anfiwaf'(> to h(' 
100'10 upward-rompallhlt'lo ltit' 
11("\\ prtK'f''-50r 

• '11,(' 11('\\ ~ylt!('m had 10 run thl' 
CU!>tll1#( operallllg ".v .. lc'm 
\\1,idl emplO) , a lo1nKU~(" 

dlivPIl illlt'I'PI"t'I('rbas('d 00 n 
propnellU"v \ !'1"Sion of f!N)IC, 

• \ hif(h 1~'n-('nl:lf:{' or loday ' ~ 
1I!tf'1"S (·mplo.' bOI h word-pl"OC('.,s
inl( and nUlnl~('m('nl - inquil:.'o: 

~onw;II,('lh'lI I,('fllli."t' a d i~pl'O· 

pOl1ionau' .lInounl of m('l11ol)'. 
• 'I h(' ~.\~Il'1Il .,hould 1'1:'101111 Ill(' 

u,>('''''''!'oIKlnM\l' sl)('('d of a 
1 !ll- .... I,.lIld I('nninal ralher Ihan 
n"\ C'I1 10 ltlow('I' umt!; Ilow("\·('r. 
II l1umbt-r"f tradilional com
pul(·,....dt·"~n fl'3lurt'fl ('ould be 
~n()f'('(II)('(·auM"lht'larget was 
hu'>lnt· .... ·lnfunnallOI1 pl"O('1'"lt-
111M: not h'I('m('II:'> Pf'ON'ltMIlI(, 

M"It'nllfk J'('M'.1n:·h . or olher ltl)(" 

{"I.duNJ U'>('8Ihal \\'ould han' n" 
Cluil'N.l !oophblit"al('d ournbf'r 
n\Jndlln~ anti n com .. d('rablt' 
oIImuunt of n'MJIt"'~ O\'('mC.ld 

In til(' 1,\11"·':11 hU~IIl('!oS ('11\ lI'Onment 
Ihl'l" nc'flIWf) Jllim:uy reasons Ihal 
~,'!oI('I1IS d"/o(I'adt' \\ hen 1C-'lTIlinals are 
dddt'(lllw fil'~1 i!. (lilol.. alTll mOl e
IIlt'nl and th(' l"f'adllV( of ddla fl'Om 
till' ell .. 1o. 10 lIunllniu> Ihl., facial", II 
(hn'C"l-a('(·t'lts I('d,niqu(' walt d(-'\l'lop
t>d1U ,,1,)('(' Ih£' 1"('('OI'd k~ and dala 
un Ill(' ,..,l1ll' Inu-I.. 

Iht' $('('und fa('IOrlt'3di~ to /).\'It· 
It'Ill dt'gradallon i~ th£' IIOU.'l"'('(llIIl'l"d 
10 W'r\IC '(' {'adl U'ITIllllai-and tht' 
fa"!C'r Iht' U'nnlOallh(' mol'(' *riOU!lo 
Ihc" pmhlt'm lor c\amplt' a 
1!:I2.· .... baud 1('ml1naJ I)(>rlonnll~ 
\\uld !l,un' !>lIlgon a 1~1( .. to-IJ.\1e 
hoa."II" rt.'Cluln CPU M·"ic·(' 011('(' ("\1'1"\ 

."",(JO ~ In a 50'I4'nmnal ~.\'ltl('m a dif· 
(,·n·nl uml would hOl\"(' 10 he M'''I(.;f'<:i 
('\('I") 10 ~ l1ul loIn('{' t'a('h IIlICrTlIpl 
n'fIUlI't'~ I 00 ~. audl a iarfoW !o.\-1>I(·m U. 
\\hulI) IIIlprn'·IIC<11 
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Computer Tl!(:hnology Re\iew 

FIg I ThebulcTlgrrarchitccture ua.es&n Intranet proceHOr a ('OI1ll'ul bt"rowuor .nll'~ 
('on pl'(lCMlOr. which communk""te through '" ,hart:!d ~oba1 mcmon 10 handle> a. rnM1)' .... ....,. 

temlLnab Each lemllnai hu II Kb}1e& orpri .... u~ memon 

FOr1 unalcly . Ihe l'C Ut'C a llema
lives 10 traditional approaches. 
Ruther than take the technical risks 
involved in the development of an 
uhra-high-spced central proceSSOI'to 
pcrl'onn all the prot.'essing, disk al"
cess, and inlen,",p! service, consider 
sharing the processing load among 
multiple micro,)rocesSOrs. each dedi
cated to a single task Dr family of 
lru.ks. Such an architecture would 
pl'O\ide a direct growth 1>3lh for 
culT'Cnl microproccssorsysll'OlS and 
aJlo\\' direcllr'J.llsportability of e.\:lsl
ing microcomputer software. 

SHARED WORK WAD 

Using this approach . Cado's Tiger 
archit('clurc consists of It global mem
mOlY and three types of sumdard 
microprocessor lhat share Ihe lOla) 
\\'01* load !Fig I I, Dcpcndingon the 
Ilumbcroflcmlinllis to be supported, 
Ihe system rcquil'CS citherone ortwo 
intronet processors (IP:. up to four 
2-channel control biprocessors 
(CBPs); and one Ir.msactlon proces
sor tTl') for each eight tenninals_ 
Since each microprocessor is sup
plied wilh its own RO~I and RA.\I mem-
01) . each can penoml a substantial 
amounl of processing without load
ing Ihe memOlY bus 

The Tp only pel'fonns tasks il can 
complete in less than 62.5 ...,.s Of 
necessilY, these are quite simple 
lasks. such as "add two numbers;' or 
wdisplaya numher"-but thai OO\'Crs a 
greal man) business-processing 

operations An,\ ta .. ~ n'qulnI"" 4 'un~' 
er proces:.inE( timn i.'> I)aUNlln un" 01 
the other mi('ropn)C(~&u" It,., 111 at) 
inlerrupts art' not UIoI'1:I. tht'" \\ttUlrl 

be in a traditional ".\""!>h'm oUt hltt"C 
ture_ 

Working on a l)ollin,; hub and 
without interrupt" , thl! III h.lmllra 
the o\"erload ta .. "-. .. 111 tun\ \\ 1M'n II 
finds a job all()('alt"Cl tn It h' ono III 
the 1"1'5. It ta}..~ a!ll 10111( u nrt"'Clrd to 
complclC' that ta~t.. I)(~""" 01 .......... 
in that '-'>'S nuu)bt), and nt,'" on tn 
Ihe ne~1 olX'f""8llon 

For bU!>lnt'.:-. pltll h1ft. Illb I)-
proach l!o quilt' f ",hll' btoraUM W 
Ihan 1()'1(. oftlw 1Il!'>lnwhuna uf\ul\,., 
Ihe IP 31 all 'I\·pl(.'dlh Ih'" 1111 tN'h, 
called upon to 1)t'11~t1\1 4 It"\, 

anlhmelic- func·ti(ln~ ,,"u(h .u lung 
multiply and long d"ld«' and 101M' 
cess the dataha .. (' 

The third pmc:l'NC.1I lit Ih •• , • 
tem. the 1111('1 tK»\!) ( lUi \tsea un .. ~ 
its channel!. for tilt' ph.' k. .. l dta1 
read and II!> otl1<'1 d1"'1I101 In ,,...1unt1 
short-durahon loh!'!. aut h u Inu"", .. 
s~ring" and hOrizontal qUI(O\I!n,tof 
dLSt..-rcad retIU(':>ot!> In till" .,'pruach 
the ann respond!'> to '"ach ""'fu t to 
read data 10 ib nun'nt dllV'Cium of 
tra\'el l'C\"enomg It!> mulkJn uuh \\t)rh 

no further data Ifl tlwt ttl"" I ton ls 
requested 

Allthrt'l' Ill'Ul""es.aOr h I &IT' in-
\'oh'Cd in runchon~ n'C-lu;rhlg. maJOr' 
dlst.. read A 'n' unahl., 10 IXTfonlt 
such a I:lfll:e funOlOn It f pu"t the 
task 1" Ih(' IP'l> madll()\, \J\rr I'"" 
fonmng some ('aleulah"r • th .. lI'de-
tenmne!' tht' Il{'{'dt'd tl'olt II. k.cahon 
and posts an antl-m(J\'l-rnrnt 
in Ihe mailbo, of tht. ( 81'., ... -qt I 

M"n ''''1\ on to anoth("r fundion 
When Ihe ann mO\l,'ll\c"nt turn, 

mand IS t'~ec-ul('d till' 11'.,., 
th ri<ti I I urn. to eo. "O"na c lore and n-qUe t • d4&l. 

--
traJUil"!" from d'lf' odlrrc:hamdcAlh 
CHl'thrn on to," anothtrilil 
"Ill(' ( RP tra.ll5frn thr ~ 
tnK'" cbla 10 adA~ 1'I\CmOr\-S 
all'f1~ too ortgtn.aI TP to ~ __ 

,lRlCt"Uh" lhe oriPW" 
lhrougho,lt .... it pnltUQ PB" 

tunllsonI) ib I~~ 
intf'l"lt·~"",,, thrm "'0 Olbtr~. 
, rUldrftn andan~ ... 
mun, of lJI,ftbrad 

-\U \tOK't "WX:\llll\ 

10 a\tHrl w.inA thllll) ,~ 
hu mDn"than ~~ 
N('hlmx~h"'b .. n8 
oIld\ ... "U t tor Ph...:ram ... 
• ndtl IMnl.m-alr- ... \\tb~ 
In, f1lro IJ\ em.lto hat. II ~ 

"""""'Y ohatftl '" -" cI "" """ IMJR I h ... lUI 011.... IDft:iI) 

,-ar18 "'" Ih .... 1o&U' 01.... lilt 
..-eh IPhaJ,at 'B. 
abIn 1o ,. 

lhal Amount 01 _ 
"allvaUor.tea I d'IW. 
Ndl~. ..ttr,.... 
brin.r; ,u.rd and &.. _ b. a. 
Idrt disllnc bu&r" Mft 
u.or b anorAlfOd.. .,. 
un",,1f'I\. hIa. ......... 
othrT UM'ft Itt:Ma 
,rjuhalrrw: a.an 

\\1m thhthM,.. ..... 
a\-.a.b&. at. • ... 
1""1 at.. .1'IIIfI 
Indnid I'I"l"Onh CW' Mdn 
,..,. at' .. bwh trad. "an 
•• ~ ann",A , .. II 

tlJO-fto<'ord 'Iha1 ~::~ 
l\IIt ... aIntott a 

thrlann ... 
11Ob" on the .nda.-OY'" 
n t....hat... • .. 
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." 2 \\ lwon "'~ hi !\Allin .. ~ It'flllll~" 
au. __ ""'*'"' ~u '" Qui" 1"" and ...... ".. 
rnanufadUI1I\A fill' Ill(' IM.\ mil lilt' ' ur 
an~ OIhM" unrd"lro fill' lon ... t on Ihll 
w", 

Ilrnce. a ct'tw 1"'rflJnnll~ un.I,", 
t'"t~' ",alb Oft"(1~1 lrae- Illln Ilw 
d~~,: bufft"r from IllI" ('lI!oIIl"lt"r and 
parb fiLb 1t".I\\"II tilt-III th('''"" Gnd 
p>ea on 10 pt"\'fnnn Ihr unl"N'nl~ 
tAl. \a rtUlfl:\ .tI,hl,on.l1 II de ...... a 
~ec.I C'40n hi- "lad lUlU nllwr \ Jc ',u,1 
trad bunt-n 'oru'\oCt 17\ Ill(' 01'''"'.110"' 
untLllhe ;Ilb I~ ('omph-II' nt-,,111'.1d. 
b"dJ.'n an< (illt'd In Ihe lalll'r c· .... t· 
1tM.! II) Il'm d.:1t'ltlllllN lilt' 1"'d",l-uM'(1 
ttad, In IllI' hutfl'I~ , ('nd" III.,.,\(' ... 10 
thl- dL~~ ilIld 111I1l'.h', • '11"\\ Inst'''' 10 
Ihl' OM\h \,lI'oIWd hufft" Ih.11 Wd,\ ' 

Ihe-fl' 110 aJ\\iI,\ a h*h pltdMhlllh thAt 
Ihe Ilft'dt"'tt (uta filt' ,,, lIlac-(I\t' 
,",-mc.)~ \\ilf'n- th," .. ' It"\\' nUl (IP...,1III' 
on II \\llh"ul \\ /UIIOI{ lor,. dl .. k ........ 

Thi5 an hltocluno .alb·40I.. ,. 'I" and 
lU to;~1t"S of memor~ 10 Udl WUlIl) 

of rilCht tmnmab Orv' ( 6P ('an up' 
pun 16Iennuw • . .and a u~(· II)t·.:ul 

auppart "I' 10 rou,.du",II·r.. (,f ('~hl 
It"munab "" tnaJl\ as 64 It'onlnal", 
C&ll he' hAndl"I~' thr .ddlhon of 
more mirroproc ("NOr UppOr1 Ii« Z' 

loncrptWlII.\ Ihcs an:h,I("('lu", 
ha.,unk1'rulapphC'allOfl fOf bUMn<- • 

computing systems, " n-li('s on a 
:.ofiwarc svslem with minimal over
head and+a family N'lationshil) IX"
tween Ihe microprocessors Olher
wiM', however the scl('(;lion ofiml!
\idual system componl'nts ~ irrelc
\ am ,('\\ m icroproce!'oSOr d{'\lCCS 

can be inlegralcd as the:- are d{"\'('I+ 
oped and lested 

-nlis t)l>C ofarchltrclUI't' is 
bf>:\'ond Ihe destgn slnsC allhis painl 
" has ~on(' thmu~h a complrtl' Il'St 
pha.,... and del11on!>lrat('(t that il can 
!Jul)port IllOl'(' Ihan 50 u'nninals with· 
out signilkanl degradation \\1\11(" Iht' 
sy~I{,lIllak("s full n{h anl~t~ of Its 

=~:;s<'X 
pert In your MuJtlbwll}'J1rm. If. 
£lednnuc Soluticns" ONo: 

Mulndwsu .. 

. 9 slott. 0.6 spann, -or 7 dots. 
0.75 """' .. 

• HC'fIy • """put JOOW ptW,o'l'I' 

IUW1y- 4OA.1t . o;v 
• Cool optT.l.tion rvm ,.>Jlh hl~ 

domsily bo.ard:!. 

'ThI:rt •• fid4~rOVC'n c.rJ 

Summer l58l 

IG-bit bus for high Ihrollghl)ut, its 
primary 81)('(.'" a(h'.l lll agc resu lts 
fnlllllhc climinalion of boll Ie necks in 
disk aC'Ccs:', inlcn'Upt processing, 
and hus "'Hlsfer's_ . 

James Ferguson IS \'icc president of 
5OftU'tlr'C de\ ('/opme"t at Gado 
S.\·stcms Corp. Afoulldl'r Of the COIn· 

pD/l)', he d{"\'Cloj>cd the archltCClUre 

and opcratmg systt'rns ~flts 8·blt 
mIcrocomputer products. 

_ and IwiIpbM, 

ftlt ...... Ioddnt
non IVnti.-h. pawn' r.u .... &;~ 
and qWl"t Ju.al lI,)Qllng 
qui. k~h4nge mien. 

And best of at. the mnovabll" 
front p.ond Leu you I".uily custom 
IZC' the' .... luhu:!U.ssb II.l mAkh ymn 
co~ny ul.Jr and '10, 

So tnat )"Our Multibw S}"Strm 
~ll.l.n deg.ant but .... Irllrd.lble new 
Iwftw..+ thr MuJtlch.u.sis hy Etee. 
trunK Solutwru. Call us too.y f.,r 
lull fPtClhc.l.rions and pnlt"'S. 
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Advanced Digit.a1's new SUPER 
STAR™ is the first. of • family of 
S-IOO-based compuler systems to be 
equipped with a 5-114' 5-MB Fir.edI 
5-MB Removable Cartridge Win
chesler disk drive 110 MS on·line 
storage c.pacit.y) sa standard_ Now 
you can h.ve the capacit.y of up to 
50 floppy disketta and the speed 
and convenience of lOO'ID backup 
using the industry-standard Oysan 
5-M S cartridge. 

SUPER STAR Is the ideal system 
for bU!liness, professionaJ. and educa
tionaJ applications. Its CP M· 
operating system (standard) gives 
you access to a vast. library of readily 
available aoftware programs. The six
"lot. motherboard allows plent.y of 
room for expansion, 

And sa your bU'Iiness grows, 
SUPER STAR can grow with you_ If 
you need more memory, just plug it. 
In. SUPER STAR is bued on the 
$-100 IEEE standard. To add more 
users, simply add Advanced Digit.a1's 
SUPER SL.AVEn • processor boards 

and TurboDOS· opeutut& a)".tem.. 
Now you've lOt an extnmely pow.' 
ful. multi-user. mullH.u.king. multJ. 
proce:salng SUPER SfAR comput« 
syslem (or up to four u ..... 

SUPER STAR ia true-J,. a Super 
computer sy\lltem. I..ook at t.btM 
outstanding (eature.: 
• Xew Slim·l..a.ne Proftle 
• 5-14 , lo.\tB Winchester Disk 

Drive. 5-\IB Fixed. 5-\t8 
Removable Cartridge 

• ft.1 '4·, Half-HiCh. 48TPI Floppy 
Disk Drive tOftbonw FOI'IIUIl . 
Compatablel 

• Six lot. \10tberbo&.rd 

• s, ~ll()'~V"'" 
• Up 104 V .... \\~, 'PER 

SI.AVI-:S ADd 1V,rboDO" 
• CP '. 0pwatlDa s1 .... StazI!ard · One,'.., \\ anafttJ 

SUPER ~,. AR ill Lba pn'f«&".. 
teED far appJlcat ..... f'IqIdriar Iarp 
.uta ........ <opedt,. opoooI. .... 
f,~. nUhQity, aod dtprDl"Mo. 
CC1D~l beck1lP a;-bOII1 AM 
at a !NgMf.d maa pnc. of I 
SL'PER siAR". ~"'t;PEI \ 'Aw£'-

u.. ftltn . .\cI,a::x:ed. DiC"'...aI 
~"'D_~ liDo ......... m. 11>0_ 
S . pi ~'1 .... R. Id ,., IPc:aL qPIitJ 

.. coatad 

.p...·~Dr 

• '" ... 8nc:h. CA r.&4 
PhoM: nl'. l-4O()t 
Tlfih 4122OG$ m'SC:--l.IA -
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Global Memory Systems 
Offer Alternatives for 
Increased Performance 

n lel!1I'3lil1l! a local bus Slru c lUl'e wilh a com mon global memo,y e nhances the 
of basic sys tem elem ents to maximize o\ er'a ll system efficien cy. 

~ JO<M"I,h P. \hnt:'lh('r. 
Intf'1 Corp 

n .,,,-hll('('· 
IUn:' Ihal c(lmbm(~ 10('.11 and ~llIhal 
nl('11I0r. 101" dl.)lrihutro pron '>11'1( in· 
('"'aM"loo the pow(Tand .. flt·l"d "lllIic",· 
nunpulrr ".\"looll"l1b by (lptllllll:lIlj( Iht, 
1I11('r,Kllun amant( Ihl' mwmpruu'S
sur. m('mot) and pf.'riplwral .. Whll(> 
Ih(' t·ml"l{"n~' of an~ Ollhl'M" bd .. ir It ... ·,, · 

1('111 ('I('ml'nl~ ('an hf· (hlult"tl or ('n 
h""("I'(IIl.\ Ill(' pf'rlumlanct· of Ihl' 
otht '!1t , ('0" t ·t'ff('('11\ t' (111- t hf' '"i''o lu-ll MIll I 

lion" Iln' a\'adahlr 10 mN..'1 ~I~'nfk 
l>\ .. lt'll1 n'flllln:'nWnlh, 

. lor (·,.unptl' if Ih(' 11I1t11'pn)C"t'., · 

!t()1' IS la.,I('I' lh311 tht' mpmo,,,\' or till' 
1)('\'1'111'1"011 . II mw.II~· ,,10\\1'<1 dU\\11 
I)(<('.lu~ !oyndll"ol1ir.allon wllh IIII' 
m('mo,~ l)t'nph('rall~ ll('n':i~I'\ 10 
Imn,,!!'" da!..1 among Ih(' \.1Mnus (,II" 
nWllls Ihf' 1('a~1 dl ... \(hanl~('OlI" 
1It('lhod for \\11fhruniUlllnnl .. ln II"" 
\\ \II "'011('11' to "1/'1.'I<'111Iw 01111)11('(1 
nWIH{)f'\' 1:M'tiphl'f4l ac'C't'5S-f'\ c-I(' 
Im1f' , IX'l~au ,w 0'11.\ 011(' duc:'k' p('nud 
1"1 11("('d('(1 ('o1(' h 11Il\(! a \\ \II lolll'i .. 
UM..~I , ~and ("\1.'n lhal rna,\ nol alwlI.\ ' 
he n'lIUlJ'(,<1 OI1('\\An .. tall" in an 
l-\,I'\ lUi ",\!ilt'm for e'{ounplr. "",Imoe 
b~"II'm I:M-'rfonnanc-c ~ lTlun'lh;)11 
1\ r lahl(' I I. and two or mul'w' \\-\1 I 
.UlUos dt'gradt' II ('\\'n funht'rlo 
ac'hlf'\(' ma'lmUIll l)rrinnnam."f! 1("\,
ell!, a .\ 101("01 11(,('(1 .. hlKh'p"rfonll':ln('1(' 
")('lIwnh Ihat ran 1,,: Inl('gralNI ('fI{'C ~ 

ll\d, 
Du(' 10 the numt'rous f'o, .. trm I'f'~ 

(IU(' II> for data memo!) ha~ aJmu!o1 
&II mue.-h ('fTc<-t on 0\1.'1'1&11 ".v!olrrn 0,)(',,, 
ahon al> th(' micropl'O(:(,!>l>or ItM'1f Lo
ral mrmOly i!l aCCC1o'W"d more oRrn 

thlln Klohnl m{'mory nnd op('ra l('s 
\\I lhou t \\ \rI stnIC.'S, ('nhancing sys
Will p l'lfoI1n<l.n (·(· LOI' a lmt' l1IolY is 
USlHIJI.\ sma ll K('nt'mlly I('ss thun 6<1 
I\b,\ Ir.. .mcl .1'1 such is the domain of 
h~h -!!r)N"'C.1 sUll i(' RAMs and inle
~I-a I ('(1 RA\h, qRA\ts l 

Glnh.d 1II('IIlOl~' on the o lllt'f 
hand h nuu·h la'lt('r- -usually a m('giI
'}\-It' 0111101 and ulilb.(·" Ih ... full ad
lil'f'''''lIlg c','pahllLtlc'!I or Ill(' micro
Pr'O(:t' SOl' 1l('('auM'l(lohal m(,l1lory is 
Al·c·c.,.M'(1 It· .... 1I'-flul'n ll) it!. periol" 
lII.1n("(· c'')n hr Irati than Ihat of tht' 10-
roll mc'moc~ \\-Ilhoul &<·tiou~'y alT('('l
in", 0\ ('I-all ",.v .. trIH prrfol1nance By 
('nmhllllng;1 mulllpl(' local-bus siruc
Iun' \\ Ilh .1l'01ll1ll0n global hus. bet
ler lIIe'fIlUly 1lt'lfollluln("r can 1)(' ob
I'lilll'd hI( I I. 

1,lhlc':! ~ho\\ lourait('mat i\'t'll' 
111.11 ml'{·t Ih(' f'('(l uil"('II1('nI~ of Illosl 
l'tl}t·s oll(lohal I1WI1lOl'Y syMe'IllS: 
• lI il(h III1t'gr3lion 
• IIi.i(h II1h'gmtion l1igh penor

IIIllnr(" 
• Lnl,rd('II"'C.·t ion nlld COITt'C

hon 
• IIlgIl ~'lfUl'nan«, lI ~h R('Ii

ahllit.\ 

111(.11 J\, I 1'.(;1\.0\1 10\, 

lI~h IIII('Kratcon uM'~ a .. lIlgJe U,I 
rn!llmltl'r 10 1}!1J\ldl(' addn.· .. mol
IIpie""K. n.·rn'toh IlInllV( and m('m 
OI'--rf'ln~h "\1whl'Ol1i7..aliol1 and 
arflllrallCJn ['Jlld Ill(' ad\1.·nt or I~I 
c'onlrt'lUc'r!t. 111(' altc'mali\'('b were 
f'ltht'r a dl'M:'n'W nl. controller. 
or IMnlal "oluhons Ihal W"o\lded 
onl,\ J-(·ft!lWnl .. {II Ih(' tORic' re
qUln,<ll0 MII>pon a dYflolmic RA-'t 
".\:"1('", 

In c·l,hc·rrolsc'. Ihe ll',Vlltem dc
~~'lt'r wa!'f I(·n wllh the ariJilra-

55 
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tion c ircuit, the most difficult con -
trol element to design, Resolution 
of high· speed asynchronous re-
quests can cause e lements of the 
arbiter to operate beyond specifica-
tion. causing the most nefarious 
problen~arbitration failure , Be-
cause such failures occur so infre· 
quenUy. they must be II'accd with 

fUlIl_uncfor."" U"'"OII 
lUI lUll. ,._--,,1tC1 

lII,IIIIuor •• "u",u I 0 I I • • 
ntTPINllOilUltC1 ,-, I'· .n ., 

"' 
an oscilloscope, which ''f.'quires 
great tenacity, To overcome tho a .... 
bitration problem. In leI's 8203 
uses a two·stage nip·nop circuit 10 
synclll'onizc rcfl'Csh and access re-
quests, In addition, its design I'C' 
places 30 to 40 -ITL packages, 'n,is 
h igh · integra lion solution reduces 
the component count to lower 10-
tal syslCm cost and provides more 
reliable system Opcl'3tion, 

Because of the tempor.u:.\" na-
ture of the data stored in the 64K 
dynamic RA \I , Ihe controller pc .... 
fomls a refresh cycle to prt"s(',,,c 
data. Since this function is not syn-
chronized with memOly·access C)~ 
cles.the memOI}' \\;11 occasional!) 
be involved in refresh \\hen a mem-
01) requesl is Illade , ' l1,e ronlrol-
Icr's high-speed arbitcr l'CbOl\'cs 
these conniels and synchronizes 
the microprocessonia the s.y:;-
tem 's acknowlt-dgc s ignal (~K ~ If 
rerresh is being 1X'lfomlcd and a 
mcmory cyclc is ret:luesled, SAC .... 
requests WAIT staleS unlilthe con-
troller can se"';cc the mcmol~ Be-
cess to the micropl"tx-essor, 

AI h ' h micro )rocCSSOI-is I 
speeds. the syslem loolX't..>d is limited 
by the ready response time oflhe 
controller. At highcl' spc('(ls.thc 
mcmor,;, is assulll(.'<Ilo be nOI 
ready u·nlil the controller-trans· 
mits Ihal it is rcady.A \\An slate is 
automatically addro to allow time 
for the controller 10 infoml thc 
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er.ndfO~ 

microprocesso,-ofa nol 1"Ad.\ tu-
transfer condition '1"111" \\ "H'm dp 
sign offers the lowl'st ('(",1 and pt"f'-

fonnance of the four h.u.i(' ~1l( 

HJGH ""-lGRATIO' ItI(;11 
PERf'OR.\IA:-';CI:. 

The addition offh"t' Tn. pac ~ 
10 the high-int('gl'atlon d(' "'" '''' 21 increases sy:;.t('m pt.'nonn,4nc f't 
This type ofm('mo~ ~,\ "It-m ul'rr" 
atesaIS \Hlz\\lthno\\\lI .. tall 
using ISO-os dynami(' RA\I • 11 
monitors Ihe :;.talus blh Inmlthl 
microprocessor 10 illt'I't'''''" O\t'," 
all system perfonmmC't·. Ihl , 
bits indicat(' th(1ty~ of ()I)('rdhon 
10 be perfonned and allen\ th(' .'un· 
troller to be in a n g H m(l!"'\ ., .. It' I 401 

lier in the rnicropn:x-t-.IOor c""d" 
and so it will have Ih(> l"nn io olh-. 
a nOI-ready indiC'.allon and InlC'C1 • 
\\ AIT state. \\An '1131(> an- n.. 
quired ani), 3 oftht" hnlC' and 
only if rerresh i!. OC't"Umn!fC \\ h.-n 
microproce&SOr 3C'~ 1'- "._ 

. 

quested This sy:-.tclil ha~.11 Ihe " .... ' 

tu ...... 0'. h~h·'fllqcnahO" 
\ Irm-R'dun-d nal kMttnJlBo" 

ponr", counl and hjpl 
n-tubUlh "11 .. ktltlOfl to .... 
.........,.J 1' ..... 

-
t RHUK' ORKU" no' 

11M' MT"Irt'.'OnT'diun MJlucIDnPO-
, .............. -'~by .... 
acldiUon of *,"01,,0 1 "liOn tcde 
te c.'. I h", MJft f'tn)f ,.1. h'Jlbl-

h "IOtllnnP'Nlrrlh.anthr~ 
"'lW ,..tt' and in aotrll'I ... 

th .. flo1lunJ n-UabUu~ ~rl mro 
iU"ufl}drn1 fur IheaPl»lc.ation. 

'.llIral n·U .. hWt\ bdrlined 
.. th .. 1I .... .n t&ml' brl\\ft'n Id\Jrft 
'I I III • an tm...,.... func:1ion PI !til' 

,Jf'(MllKt utlh .. numl .... ofdr\icn 
alld tl,., clco\in' bUu"'.... lbt! 
tdum 1111,· b th .. IWm oIbolh thr 
hanl -nTOr Wlum nJe and ltv-
Ionft -rnur fallun> rail' Thw • 
Iu!>''' «xnpriW1Jl ..... · 
UJl(b of dt"'\ " lh lndMduallY 
101.\ ttilum ral could tW\co an 
\fIIU U1.ltl~lhrS\ &tit-

U"II _ _ TITIII_ 1OUJ11OIII ... AUUII"',n. ----, 
I 

Un'! ... t aimp!y ~oIthP 

"'111II~UU ~ ----, _ ...... "" ......... --- ~ 1IfTtGlIoI~ loCI -- --.... -"""""' -~ --- ...... 
""""'" ~ ......... 
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0IiIEMU cat .vc'/Q.IU"l( \lUoUIII 
.. 

IJI.MIfD svr.£V~ "ClIO OCIMlS-IWl 
NClOO1'UlFCA "Q. 

'-""IElIP5Tt.VFOII~~,.,... 
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'E~OI'ElU""OII ~~000 

t ...... numbrr 01 mic."ft 
In moat AlJPlk"atlON dlI" 

"I1U tarp1 If, ddinrd ~ such be' 
ton as rm ckMntimr 1ft\"U'

MID co.b and S\ trm cmlIo tn 
otiwT applk-.at.oo. d&n,p:t 10. 
or- rm.nc.... drnw1d I"\t~ 
1>IjCh niIabiIi~ 

f.nor-ronft."tJOn cudra In
f.TNN" Il .. NlwaI ~ ~ tr\ .. 

..... on!. 01_ ..... ", 
0.1 ....... Ibn«" l-ut'n b buctd en 
1M Inl" Z 1&4-\ \\tth alKlft-el'ftW" 



Never before has anyone put so much 
mto something 50 good looking. en SO 
compact. It took revolutionary design 
lodolt Design a 101 of peoplecouldn'l 
accomplish for the price. But we did 

In fact, the birth of the WY-50intro
duCt'S. new standard for lowrost ler
minals. It was rontti\'ed 10 gl\'(' you 
3()'1. more vlewmg area De\'eloped 
to meel the most advanced European 
ergonomiC standards. And best of all, 
delivered (or a surprislllgly low pritt. 

The WY-SO sells for only 5695.00. 

BORN WITH ADVAI\C£O 
FEATURES: 
- 14· 5O'een. 
• so.'132 column fOrTT\,ll 
• Sofl-set up mode. 
- High resolution ch.a"~~rt. 
- Low-profile J..eybo.rd -
• Industry rom~tlbko . 
- OnlyS695.00. 

For mOl""e information on thor rt-votu 
bonary design. OUt"l.1.ndlng ff'.tu~ 
and umque good looks 01 OUr Pm 
Baby, contact \-V'YSETE<..li!\"OlQ2'\ 

...t .... '1wt-'.' -. 
WY/E 



Summer Hl!\l 

Inherent Pixel Memory 
In AC Plasma Displays 
Increases Screen Data 

By a\'oiding the need to r-efl'esh , ac plasma panels ca n display large quantities of data 
\\;thoU10iC'kC'1' \s many as fOlll' conClIn'en t windows can be manipulat ed . 

b) 1'.1'!t,'!>hL.o and 
\ 1('tor 1"1In.c. 
IH\l COI11 

C 1,la ... lIlii 
cli!>pla.\""t ("an ",uppor1la~(' amounl"t 
of dal4 \\llhoUi n·fll· ... h ht"(·<lu!04' Iht' III~ 
IWrenl m{'mo,y of ('.1("h pl.\t"1 f'IUlli 
nalt"r. Iht· Il{'('(t to "·II'{' ... h Ih(' (h~Jlla.\ 
;u 01 n'"uil larg{'quanllll(~of inf"mla· 
hall ("<1I1110W IX' dl!>pl.1.\1"<1 on 0.11 
l);Inl'l dt." 1('('1'> . bnnJ(inl( la'lt(,...·a'loU"ll) 
Infonnl1ll0n (·.lpabihIWll' 10 ollie-t· ml0'" 
mallon proc:.( Sing 

I .• nl.\ non·CH I d('\in-a IIldutil'll 
hghl·('lI1l1lmR diod(· ... I U.I)!il alld cit" 
~!'o·tfl!'ol·hn~(· d(,\lf"t·",. bolh hmll('d In 
il,'plicilIIOnlt Ihal I"f'qlun'd 0111.\ iI k\\ 
(·hitra("l(""!'i J1Wltl' apph(·dIIOIl!t \\ t'n' 

,.oon 1"pand{'{1 10 IIldudt· 11i .. "I.,\ II 
\\ Ilh 3:! 10 2.40 Imt·!'! of dlilr<Klf'nI fIll 
I'lll("h .. pph(·dlion~ ali bal1klllf(IIU'1l 
Ilfluld·t·':-'·blal '1,(;01 f'lt'C'tI1-lIUIllIIW!'o· 
u'nl and HI(·uum nUlJl'\~·t·nl dl'II· 
1)1.1,\ !II Wt'I,' II1lrodu("('(1 

t...arh (If Ihl'M' t('t.·hnulu,UI·" !'!uf· 
"'n·d fmm tht· nt'('li for n·fr",hl hdl 
h. Ihl! ",lnmlatlOn dl:o."I.1.\'('(1 IJ..\ a jlaf'" 
II("uldr p.1ttf'm of I)i"·t,, hil!o 10 tw' f'\ 

n!t'l:I'"t·I;)('hll\1.".' ~ ""I(~Ir"'ly ill)· 
ph('l:1 \u!ta,t{' patWnlS 10 Ihat Ih(' Ill· 
'"nnation I" n>.gc,wrau-d aIIN'" 60 
lUll"!) pt"f l'o(!(""()nd 10 prt"\"l'l1llh(' 

\11'"\,'("r from lx'n·l'f\ing !t4:n'I'n 0,,· ... (·,-
1111" n·fA".f>h noquin·mr·nllullll:o. 

111(' nta\.lI11um numlw,- of dUr1IC"1"n. 
Ihal ,·an l)(' ( .... I)ld~ (-C..I ~'(·au!04' till' 
dut.\ faf·Un land h('n(1', tht' hri~lt, 
""I0Il or("onlra ... ' ratiOI tlf'{'n'a."f·1!o as 
1111' numhC'rof dL. .. pla.\ hili, m· 
(~n·d-.("5lhUl'l Ih(' man.\ I)rotluf· ... 
ha .... '>l'(1 UII t11('')('I('1:hnol~i('1!0 h.1\'{\ 
bc't'n ult".apablf' of di pia., II1g 1)111#1:11- or 
multlplf' Pd.I(f'S of ,"funnallon 

\C plilhlllit di!'!plu.vs, in compmi
hOIl allu\\ Illfol1ll<i1 1011 wnlll'n on III(' 
"I"plu, to 1"\'1I1i1111 until {'I· .. wd and 
l'I"'wlitll'nlll(' lI\t·r;~(' hr~hl nt'''S 

1!'!1I1 f«()\,~'nwd by dUW·l'yd{' ("oll!titi('1'
Allon~ tl1.11 cl"IX'll{t on til(' l1uml)('r of 
h()nJ'.()nt.l llllw" of !>1\.t'I .. , and Ih('I'('!o 
110 pt·I"t·t')lllhlt· nld.pl" h('t"au~{' Ih(' im' 
~t' l!t .. u ..... 'im'lt al ~(,"\I'rnl tf'n!> ofk.ilo
h('117 ·.l jJpn>\III1';llf,I., two and 11 h.llf 
un.I(·~ (If rn~llItlldt' IUW1"l"lhan thl' 
nU·kN 1I1'(lu(,l1I,:\ 

'I11is al1ldt> dIM·U ... .'>t'~ 1I1\1 's 581 
",. 1'1,'''111<1 nut ·,),111('1 dlltplay ~lIba.r.· 
IM'mhl, whidl b. a uniqu(', Iilrg{'· 
,,',,'('n, hiAh·lI1funllatIO!l-(·onu'nl (h~· 
pl.n \\llh IIIUlmlUIl1 M"1"\'('n ulxlal{' 
linl{', imd hiJo:h IXI\\I" ('ffit'i('ncy for 
('OIllI)\! It'1'-OUI pu I <ll>pl i(".11 iOIl" 

m"I'I.\\ 1'\ '\ U. (' InMACi I.IUSH("S 

111« 581 (I(" pla!olll,,·dl!'tpla.\ p'IIlt'! ha~ 
{'rilll} t'hal'd(·I{,I"" (01"1111'(1 h.v tl1I' PU(·h. 
IIMI 81,(' IlIumimllN.1 lilt' blad.layer 
01 mall'li .. 1 nn Ihl' 11',"Ir/tlIl1"ilt't' of lh{' 
1>'111('1 I.r; .Ippli(·d HI ('lilllinaIC I'{'ar 
NU'l.'1·"Uli.I("(' n·O('(·1 inns lE(ho~llIlg l 

11lf1 frollt Iourfan' ha!l a brona> 
gtd ... slu'i·t affiwd to II 10 {'nhan("{' 
tl1(l (·ollt!" .. !'! 1 h.'I- l'l"<.iuc·inl(gla,"t' 
lmnt ... urfdf·t· ~1)f'I·ulal·n·O('(·lioll!'! by 

dlflu"'lllX .. nel tillt'rinK inndt'nl lighl 
111(' pam'l ha!\ all a\1'ny;1' brightm· .. !t 
Ilf 12 foot-lamlx"1!'! a\('f"IlI,:.'d 0\1'1' 

"Ilac·f' and tmlt' or JO fOOI-Ia.mbt'r1r; 
l)f·al. hn"htl1(:$b I Wllhout lh(> anti
f(idn'j \\llh II (·unll"iI.,1 nrno "f 18 

I1l1' 9(>0 \l'rtirallllu~ and ;68 
hun/.ontal hnl'.S al ; I A II)) pl'O\ Idc 
075 nulllnn pl"\(·ls in tlw appro\Unolll':' 
Iv I flJ \1('"\\-IIIK an'" nf Ih(' panellhi.!t 
luAll rr[oulullon 41\(1\\ lh(' dISpl"~lIlg 
of ("ompl,,\. halfl(lIl( .... al>l)l1-I"l1Ialcl.,"' 
10.000 dlaf1l(·1f'r.. of Infumlalioll. or 

(;J 





Brandnew 
I. 

Same old 

j you "e k.T.: :Jr t~ bes.· m- nat V4J ~ 
x:kf f4:r...1J"MIr. .... eleVlde) r~storyc 
Jr' rew ~ ~4. tho &r )ry yc J Vf'! heard 

~ 1 the lOSt lour ,r We've -"'lbuled II:!' be: 
-" .. ' In noIoqy, I"" 1/' dIld quabty 
r...1r ~ ;,:nnq ID ;lVC yc J ~erythmg you 
war.: 1fIM1~Van ~'!"'1l Am. we've de ne 
t 14 pna thet m" be !--. 

"'he 4 IS CClmfur1a~. Wlth , niland 
w .. 1 ,lore ",.",.", Its hghtwClOht. w 
"l: ' U-•. lOar:l .3 VOW· hnQers noturd1ly 

(11.:: proqrd!lUll4blt"_ non-volanle tUl fJ( .... 
keys tun f:, used mstructlOns mto sun; e 
one butt .... \. ;-;.;nanci I he <)(!4 J: 'l'QVldM 
extra dr;play ture:r ['" ...: lmfj ful. cre-n 

., .• W& er 4flC "'~ock plio}: "tiC'l. 
<IeIuW ~ ""'1ihn<I re<jl ns Ie: rr lb. e WIn 
4ioWc JiCre::. r.: 1 ~ecte"'by- 'lftl"lc. 
t": ::;:i et:n I 

l'Ie q; I b IS 'he < t ;cnce you need toe 
Wl" loq1 2l.t:' buies t( defmo roo ~ or I 
I tJroleCled ~ Arv: WIt! standlld me 
~")fC be -11k rp:')erneIf" ry. ~ ""f! 

~tycfnx:7.t- ~ rk 
L: 'V~ de - t .!led aD t.~ power of Ii- q~4, 

try c "1~ t has &J he .IellQJl odvant4g c 
the '124. o1nd r- tPe SUp! .l' 1'Tll1ndI - i 
"':._ I _ costs 

he c)24 ,r: i . '> marK e .;reot new cha;: :er 
In he ~ evld." tory And, hk oil I "'V,deo 
Ie1'mII1O!: they re reh.hle p..no:-, . '. borked 
MbOnW' _ bv Ge!lf'r& Flectnc mstr.lT1cntatl ...... 
4r": ( !""lPU! '!' Servlce Centers Contact U!" 

tod.y Ib....,t II> 'l24 ond ql~ ,tory dIld you'D 
e _"I l .... ~~P. 'J e nn ~aU BOO·53l< 872~ 
., Ce!:.:orrc" c1i)I4iJ617q' nfJ), or send us 

th: cou;>on 

T,- '!\ride "Llc;r~ k; 
kp. ;2IC. 

I J[ Morse Avp-,ue Ln y'\..\\e (-.A 94 .BE 

'e r:t kf!tok wn.,relbout 
T :de:: new ~;"4 and .~ I n1'J~ 

T 

anl4 Ana. (t,; '- "r' f£. 
.lIl. ~al ~ K(l..,,,1 I 

AtI4r:1~.i«!r9~." )-646' 
~.u." T,J 

_ :r iO 

Boston 'M ~ 61" 6 -,-t:: _ I 
New • -ney New York :6 '! 

~I • ~ t:: ..Jc:: 44· 646, 

1 

TeleVideo Systems, Inc. 

I 



Computer Technology Review 

1"1$ 111M! hi~h- l'fSOluIIOn or 18\1 , 581 __ plbl1lll-d. ... pb.\ pantlI db-"Ia", CIiJi." ... hdI.u-- • 
'"'II ,,.gN of Inrormahon Ibl ormullipl~ VU1,IInI'''llfI1c ' 

t\'\'O pages of in fan nation, or multiplc 
SCt'l.'Cn p:U1itioning (1920-chal'acter 
fonnnis l for \ic..'wing and int!'racting 
(fig 11_ 

1\ block dittgram oflh!' ac plasmn
displny panel is sho\\-" in Fig 2_11le 
960 \"C11icallim's are brought oul 
equally. half on the top and half on 
the bollom of the panel. as C'\"Cn and 
odd Iines_ Th(' 768 lines are also 
brought out C<luall_ .. ·. half on Ihe left 
and half on Ihe tight side of the pan
el 'Illis was done to rcdut'e the den
sity of interconnections to Ihe panel 
an-d affecls the archllCC'ture oflhe 
interface. 111C inlenace. as shO\'\" 
collsislS of 10 dnta-addrc~sing lines . 
fl\'e function lines, and Iwo lines with 
signals sent to Ih(' using system. The 
signallincs ope .... tle at TTL logic lC\.o. 
cis, \\ilh Ihe do\\,llC'\-e1 as Ihe acti\"C 
stale IO'\i:, I 

66 

-rltI'I Od.Jllt-acldn lI""hn 
s is l of the following 
• -nil' 10.u.I·llUIU--'JOI.,1 Iulet ........ 

the a " s II1 tO \\hlt h Ih .. ,1.,.
loaded \\1wn In,wl".., ,i.tta'" 
loaded 111 10 \,'r1IC11!UHICt 

• 

• 

• 

• 

When iI ilJ ac-t~al("Ct 11 din<cb 
the modu!t':-M'h"C·t .lIltt Ihe I!\"" 
odd d a ta-ml>ut 11Ilt!a to tI .. tlUri--
zont al dri\\,1' mudul 
1ltc four moc:lul. I", l tlnrs 
leet d l"n. t'r muduln on etthrt-...... 
111(" ("'\'t'n-d ata Itnfl \'\tlftl..::tA 

send<. d ata 10 ('Itht-r tlu- ~t 
hOrizonial or 10p"\,..-.. .-...t 
dm'er"S 
The odd-da la !lIlt- \'\ t\('n actiw
sends da ta to ('llhM' Ihr riedlt" 
h onzonlal orbotI C"n~,"1k'-" 
dnn'n. 
111(" C'lo(: l .. data hur t"U I, d.na 
on the O(,~,at1\" rlo( l If analtkx\ 
and can 1)(> an.' In"Clu~ up I() 
3 .0 \!llz 

• .....ad) IIr .. .",. . .. -....... 1hopam _ .. 
.. -... ..... -



The terminals 
that face UQ to 

everyone's problems. 
\"1lW Qume "'Ier a inc.. ~lt ,hrl'" CRT tcrminal .. that 
hrlr ~'Ou U':C' ('\'cry one- (,t your wmran' .... nloed, The 
Qume Q\ T. >C1ic>. 

The" ~.-('O$C Qumc Q\ 'T 1('12. ha .. all the bc: .. t 
fc.'2:tufMC,j ,he ~I porular It'rmmal~ and can 
('muiale thn~ ""nh a h",::>tOJkl" Q\ T 101. , .. 
,,:ooe.-·compauhte wllh ,he DFC VTIl\VVT III 
lind ptien '! or I U characlerl1me. 'rln ",n,'I.'n 
and up 104 ~(t! ~morv. And Q\ 'T )(\". i;K"l"S 

up L"l the most' demanding }',bs wllh 
n function krys, I' tdlntlA tunc· 
oons :md l ~ of mt"mof)' 

Qumt QVT ttrmmau. all share 
smk"", """,,,,",K d<S!,.on TUII 
JWlVd sc-«ns In Et'tm or amhc-r 
Dm,;h<d Iow-prot.k l.,h< .. nl. 
Bog 9 x 12 aar"'" lis AnJ 
a lone Ii:sI of cxhtr fea(ur~ to 
...... propI< comf"" 
abk and prodUCU\"C 

lieu of aD, 00..,. QVT 
remunals al'C' \'c:" rompco-
tilth' pncni YOU ..:.10 MVt' 
rerfomunct', fearurt'5 and 
rt'ubiluy Without (.lCIO~ a 
budi:<l probk-. 

1:11l10 V\lur Quml' ..ale (lflLet' about fillinR all 
\'\lur terminal nCl.,J1 with a slO~lc rurcha~ ('If 
Q\ T tl'rmlnal~ Or Wrlll' Qumt:'. 2350 Qume 
nnn', S;ln J("",-" Clhf(lrnia QSlll 

One size 
fits all. 

QL'\(E CORPORATlO:\ 
HEA[lQllArr"1S 

moQurnrOrM 
San .... CA9~1" 

l .... IIFOIt ... 'LA, 
s.nJ-14(Il1~~--4111 
~UIy,mI4'" H,I 
s.r.c. A. .... 1714'9'5,..."\40 

COlotV.ro 
AUftII'I! 10HJ m·!(OO 
IW· 

a1aaeIJIl·991 ~ 
L'rlk"l 
1""""ntm,4~ 
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[N(J.A.. .... O .............. 

PH 1 J4. S!I+-646 
fRANC( 
~:ltUJd:l~ 

c,...SAOA 
~PH I~HlfM.)8J1 
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intercept! is due to the standI» POW

crofthe circuits and the power nced
ed to dli\'e the capacith-e loads in the 
panel, 

One of the unique functions of 
the 581 technology is a built-in auto
adjust This tonn refers to the micro
processor function that automatically 
sets the amount of the operaling\'olt
age needed to sustain an infomlation 
pa lt em ane,' it is writ ten or erased on 
Ihe panel,Aulo-adjust is accom
plished by use of lit pixel pattems 
and sequences to tesl for the voltage 
operating \\ineJow and then referenc-

PO.UI .... ATJOIIIWIro , • 
• /" 

./ • 

V 
./" 

• 
V 
• 

• •• 
IUlU UTN 

P\C' 3 The power required by IB"', 5151 panel 1$ 

1hoYo'Tl at. pen::et11 olplxelJ iiI 

sa 

ing the SUMalll-(II)('ratulrl' \nll to 
the \'Ollage at thl' boUcnn (If Ih .. I"'''' 
el's \'oltagc-oI)('ratlll~\\ lIlC.I()\\ nib 

quence elinunah' aJl\ IIHh .. ll.v1on 
adjustment oradlu"'tllwnlln Ihr 6Mc1 
because Its Ulltitul'd at ... ( h 'IIO\YI"f'o 

on sequence 
The ptiN' ofthl~ It~'hnulclll'\\ .. 

plotted in fig .. and r\U1'1101 .. 11 .. 11 .... 
o ther display M7('!o n'l1j (-un h.,,, 
Ihal beciluse ohhe dml''''' ""lul,.....J .. 
matr». nal-paln'1 t('("hnol"f(' lan I .11 
cosl-efTecll\'C in fromallt·,.,>4' .... ' aius 
This siluation IS rt'nt'C-,!t'C.1 tlllllf'l 
cenl pi.,el cu" ... ' as \\'(-11 IhlJl nu'\ 
can also be used to 11M( • tho In 
effect h'l!neS5 of all {·m..st" l ' ft.a 1 ''''''''' 
technologlcs al \anou~ IU Rulh 
economj~ of M'.aJl' 10 ltl.Uml.ac tun 
and hardwal'£'-d«.· iwl .... ftf!'llln1"flraa 
are C\-ruuated 1Il ~uch (·Olllllo&lUf.lIflS 

Fig 5 5hO\\ an e'I"'po&..t~ lun 
nous-efficat)" C'Un"f'; for ddJen-nt ,M" 
el 5i.z~ in Ihe 581 tttrC:h.M1k"ft\ \\ltll 
the panel condition In \\hich aU nib 
are iii This cun", ('.an ~ Us('d to com~ 
pare the elcclro-oP1K"aI t"fDcacy 01 a1-
lem~tl\-e technol~Nland dftlf:ru, It 
pl'?,''1d~an lndic-atlonoflhr 1"1.al1";:1'\ 
e~ effielenC)' ofaMl-Iu.."ftu'l:tKXl.l.l • 
d isplay block '1l10f0,C d«. ~ that .~ 
above the CUn-e ha\'P. It IlO\\ 
efficlenl deSign, and thOM' hr.&.:J\\ An'" 
more poweHfficlf."nI 

Ihr buir Z -'"<1_"-
...., "" b ohooo1I • bin .... n.t. ___ _ 

.. (UC\firCtt'd l"Li ut*-••• 
_.flUedN\~ 1Nltm1tt •• 
,-WI*," ,..."...twn. • 
formr" __ .111_""1"'* 
I 1(11he an.: alt 

'1Uln'd .... - d 
1~1111Ub.N ............. 

-
I .... 

--.~ ........ .... 
• c .. n.~".I ... 1 t~.----_ ... _--



Dmingeach reil inru\'idually in a 
large alTa.\' of cells would resull in a 
prohlbitiVel ... high cost for drivel'S and 
connections between the drivers and 
the cells One \, a ... to r"t"(lu('t' dri\'Cr 
and interconnectK>1l COSIS is to Olte'" 
connect the el('(1rodes of (>.1('h cell in 
a matrix arra\ 

For mdi\;dual plasma ('('II!. to op· 
erale independent I ... \\h('n Intercon
nected B.lt a main..\. arra.\ an 
impedance in l>t"fi('~ \\llh Ihe gas dis
charge iii requlI'ed at each Inlenwc
lion of'( \ hnt'S CapaCiiOni pronde 
the nl"('t'''sar;. ell"(·triC'al isolation and 
art> f.1"",,aloo \\ Ilh a COnllllUOUS film 
of dK'It'ctrk' m.1lr'liaJ 

-\s lohown III FifI: lib, an ftC pillsma 
pant'l C'OI\5i~IS of an aSM'mbl.v o( two 
SUD!>lliItt's Sp<'C'f'd 10 (onn a chltlllh('r 
conI/lining .I nt'Oll gas mixlure lAch 
5ub!'itnte> holch a 'o('t of parallel ('on
duclOR cowrrd b;t a tnUlspA",nl 
dlelt .. :lnl· Jnd Ih~ lIb!\lr:I!I·lt.!l.1'fI ori
entf'd!>O th411h(' two ... ('I~ of ronduC'-
1Of"i an" orthC¥lunaJ ~'I('('I('d Inl('IM'C'
hans at lh~ nlndllt·ton. 1)(,(,()lIle 10-
cali.ud pot of nt"()IH'ulo",d I~ht 
\\"hf>ndmt'ntr. ult4blf' l,fCIla1a tlWI'C

.". ("I'\'alu", .. dl\pla.\ 
lhe mo&t common modr uf 01)('''' 

alion for an at· pl.:bm .. dbl>U!.\ Lllhe 
bl ... ,.d*, or R'M'nJOn m()c.~· (If Opt~ra· 
taon In th .. mud< t!wl ('t'lIproc:lu(,N 
!\\O Irwb oftmpltO( • hn,ghl 0\ 
le\dandolnOFlWoo'l'1 ntrbl"tablf'op· 
erallon ... M'lds ('('11 brWunf'SS Ihal ~ ~n
depeoclf'nl 01 tilt' lIumIM"'of ,,,,('it In 
the dl~pla) I)l.nrl 8r~hlne i& dt'le,.. 
mmt<d tJ:o. tht InU"r'M,-1 1(111 uf thf' d ...... 
mllnl -.nad 11Il{' and .,1 .... 111. · 

dikh.: ... ~ rhanlt'lt'rbtlc' 
In th('lI)l.'Io lahl(' mcxle, Ii t"Onllnll' 

0Ub at· !!of1U~\'\t' \1)IIa,(c c-allt-da 
~Ubt41J1 '\vlll.lCf' 1II\1nlUlI'lI1rou~ly ap· 

plllt'd luaU ("('Ib Thla caulW' th(' 0\ 
ern. 10 dladl'-'l(f' fT'1~lltf\t·I.,: whUr 
OFF Q'lIs ".main unfif't"(l l}(>(:aUM' &II 
of thr C'f'Jt...,,. u.t.lm"t.t In l>aralll'l 
lhe u.aeol a m":ht.u,,l&m dm"f"r for a 
~ m.lln~ AITa.\ f""t"I1U1n'" "'Iallwly 
~ 6U I ... IIl ("utn'ntll 

In Fi«; In,. ptllenl&aJ c.hfft'r(·'lc'e 
\". thai eqUAl. th~ fin"" ionLzI"" 
\d~\,of f'U 1a appllf'd 10 Ih(' ('('II 
at tuN" -n,,,"1CM totuZb. and f'1('('· 
trona olnd ton.l1"lO\~ toward the an· 
Ddt and C4llhodt" pt'C1f\ '1)I1tiI; 
lint diat·~ prudu~. ~1l()J1 bU1"S1 
of MOn .. cuklft"d I~I and. ml!¥t' 
from lhfo ",&11 dWl'" lhat oppotOa 

LI"lr ~.\tmW polentaaJ dlffer(·nC"e. 
quMldu~ t~ dl~ 

'" Iiow' 11. lhp f'xIMTlal \'Oltage po. 
lanl .... is rt.'\~ and nodured 10 mag
nil\KJco to a poilU bfol~' \'. ThIS re-
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IIII"U Of IIIIPU"f ".uu, . , ,_.I.IOIIlI 

1'1111 '0\ .. ,"Xll1lpollllf'd Iumlnuu'-riflc:'~ 
runt'! t .... lh.e 581 ~ HIIUmNltuol all pl\t''' 
1l/'fI\1I 

duct'd upplit'd \'oliage IS ('lllled Ihe 
sustain voltage oflhe ('ell SinC'(' the 
polD/il)' of the applioo voltage hns 
1)('('0 l'C\'Crsed, it no\\ .uds Iht' wnll 
\ullil8e produced durins: till' fir'St fi,.. 
inl( ,1m Itum oflhese IW(J \olt:tg£'!S ('~. 
('('('ds the firing \'Oltage and It M'('C)nd 
firill4( C)CC;'urs 

111i~ St"COnd dlscha~f' product'S 
anoltlf'r pulse ofiighl and an OI1I'OS
m.g wall voltage.\! tllnt' I, Iht' polan~' 
'"" ag.-un r'C\-ersod inilialing "Iturd fi,.. 
Ing Ihat l'('5ulls in a thud bunl of 
light and an opposing wall \"01t~(l 

In SUOlmat) • hipl pott'nliul dif· 
feren("(' \, i5 used 10 11lI1I.ale Ihe finn 
gas c.hS('hargt' SubM.'qul'l1tl.,"', a 6U'" 
I/un dm-e of ahemalins: polarU.'t' and 
lower amplilud(' IS 1Ise<1 to PI"OdllC(, a 

• 

• 
Of • 

• 

• 

"lIeA .lJnptafted K plaIrn.I.~ r.a. 
~ 1M an f'I.H"1neal tqUft-alerll '., .. Nt 1M .. 
phwIeaI ~ ... uon lb. ~ MJhw-atrll 
Iorm. d'-fl~conlAlninfla f1C'IOIl-IIM IlIll, 
1_ f..m.ublI,..lehold. .. wotlllpu-aUPI ,.., ..... 
dl.lCtORW\"f'f"fd by .. tarupon dit'W1nr 
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burst of ligh t and It sustainingwall 
voltage fOi' every altemution llms the 
cell has been tumoo ON Iwrinent, 
and is being suSlaim ... od in this ON 
state. '1)'Pical \'alues for Vr and for the 
SUSlain operation al'l:~ ISOV and gov, re
spectivel) 

111e sustain vo1tll8e can'l pro· 
duce finngs withoul the aid o(lhe 
wall voltage, so Ihe erase operalion is 
simply one in which a weak firing is 
fo~d Ihal cannOI pl'Oduce enough 
\\~.t.I1 \,olta.gelo sustain the subse
quent firings This reduction in the 
wall voltage 10 or close 10 zero is gen .. 
erally accomplistlf'd by a 10\\" 
amplilude alternt ion of the applied 
11(' wavefonn 

The gas dlschaa-ge thai occur's in 
n cell emils light from two regions
Ihe n{'gnl i\'C glow and the IJOsiti\'c col .. 
umn. FOI' ncon w'ilh 0.1 " lIrgon 
dopant, Ih., radiation from Ihe ncglt-
1I\'e glow N'gion is nl 5850 A, whil(' Ill(' 
I"ddlation fl'Olll Ihe positive column Is 
p,",-"<Iominantl.\' at 7630 , 

C{'II br~lnn(,lts is givcn by the 
tlme·a\"t'I~t'd vu..lue of the light emis
IliIon~ from" (:('11 11,uslhe peak 
\a.lue ofl~hl t'lnI:..slon and il!! varia
tion With time, space, and repetition 
rate. dt'tcmune th{-' ct'li brightneu 
'111f' In!tla.nHmCOUlt !'ell-light output 
wa"donn follow8 the cun-enl \\·8 \-c. 

fom1 in timt' and vari('s dln.'C'II, \\ith 
the cell ('un'('nl '''erefol'C. as cell eu,.. 
I'('nl InC'reasc~ \\ith wall Cal)a('ilance 
and prt'It!UII"(', &0 does tht' brighlneas 
In adc.htion , an IIlCTt'3S(' In the sus
tain fre<llIt'nn which incrcaS('s the 
nllmtxor of I~hl pulses I)('r unillitut', 
Incn.·"l>ell ct'lllJlighmrss 

,,1\ AC I'LAS'tA-OI~PLAY 
01· FlU, AI'I'LlCATIC);\ 

'1,c 18\1 3290 Infonnallon panel uti .. 
117..t'. pla_ lOa 1t.'Chnology in a dis!,la.\' 
With funcllons reqUired to mC(>1 Ihl' 
nf't'tb of mfOITnation workers Thb 
nal panel pi"O\1df'S dlSpla.\' capacity In· 
fonnatlon handlio,q, ergonomics, and 
.ppliullon support 

The useroflhf' 16\1 3290 IS Ih(" 10· 
fonnalion \\'Ori.cr Its lX'en estimated 
that 55'" of Ihe Am('ncan labor force 
are infonnatlon \\"orken. paid to pro
(,(,!\"1 data or infonnallon Bul whereas 
each indllstlial won.er ~ ~upported 
by about $.40.000 of capita.! im-eat
men!. Ihe mfonnaiion \\'Ort..t-r has .\'(·t 
to be aupported at a I>unilar I{"\'('I 
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PIg 71lle IeqUI!t"lCII 01 eo.'ffi tl that lights • ~oe.I oell in\'OI\_ IWO fln"" k.uutr'f{! 'Oil..,. "... 
IIB I d lteharp prodlK'8.1llOI1 burtt 01 neon-cokw'ed lJt;ht Itw _ , .. ,td"""_ tJ'wo poIar1I:f.wl 
producetaN!COOd liltll pubr Su~I~· .• 'UJlallllll8 "all \vJl.p . loIno-t......J .... ~ 
all~11oo 

For example, one study reports 
that the infonnation workcrspends 
90' orhis time collecting, distilling. 
organizing, and communicating info!'
mation, and less than 4' in analysis 
and exploitation To prO\idc highe r 
quality lools 10 infonnalion won-e rs, 
c lose to halfof lhc office population 
will hove temlinals by the end orthe 
decade . Databases are 11'allsfOlming 
entire industries. 

"111C challenge is to proddc dis
p lays with capabilit ies Ihal expand 
the effect iveness or lhe infomlalion 
worker. 11m 3290, a flat -panel device 
that's capable of dis playing alphanu
meric data and business graphics. 
has a capacity of aoout 130,000 pixels 
{almost 10.000 characte rs I \,ith ad
vanced screen management ca pabili
ties. 

Th e display is partitioned in to as 
many as four concu lTCnt wi ndows. 
each of which can be the size of a con
ve ntional 1920-cha rac ter dis play. 
Each "indow can inte rac t \\i th a dif
ferent applicaHon in a different pro
cessor in wide ly dis persed geographi
cal areas In effect , one infonnation 
panel is capable offunclioning as 
four displays . 1nis capability of con 
CUlTCnt viewing and conculTCnl p roc
ess ing pennits "relational infomla-
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tio na] pr"O('(' ..... IIl/if .. vr ,',.aI1lP'" II al
lows t he displ".\ pI mt'nu In (lnr \\hl~ 
d o" th£' lIpplw.atlun n"1touh In an-
o ther. and tht· W-dptun..t n1'" 'a ' 
lion ofre~ult" in a thlm 

\\ 'h i ](> all th("-t' t -.... '),IllIlIlIt'!IIl"u
\i d e a crille-al rna"" of flUlC"ltcNl. II 
the ap plicalion$ that ,',p.uht the 
li\'cness lind ,omn,'I'" Ctf lilt' Inlnnu. 
lion \\"Olio;{'r. 'I1Wl't" a,,' lour Iml""'''''' 
application8 "hi,)' an' "'I"w-t nl4nag
ment d istribution "'.\ ... It'1lI " \ lIh 1MV' 
gram dC\'('lopnwlu laf'Jit1" n n ILala_ 
based a ta e-OllllnUnl(-allm .. '"" nl ' 
tio n graph ie-s and inlunnollkNl<T'nt« 
data analys~ 

R.\l DS pl'O\ldt fol{ IltU""u,. the 
\ icw'ing of a full P4f((' ul l'UIlIPlilt 
pnnted output ~tudKoa hCJ" 1t .. 1 II 
costs up to _ 0 2S pt'r IloItrN' III ekln • 
p rintCNlutpul ~t· to the .. don .... 
tion wuri;.{'r ·Thb 81>ph, ."un lK-Ui
tates signtfiram f't"(lutulI1 in ,I .. u 
and h andling or IlalX'r 

J>roKl"'ant d l",,'lopllH'1I1 C"llioit 
the large M:"l'Ct'n and Ih. multlpk! n 
CUrrent \lC\\m~ lind to,« Ultun r , 
blhhes to im prQ'\'C' P"JtP1Immcor ,.". 
dUC1 I\' t~ n le p row-anln}f"f tan,,~ 
p rogram hs tllW . compil«'t (011)\.11 
an~ test e :\(!(.'UhOll!. unult .. flftJUsh 
whIle making C"OfT('<"hnna 



~E laSfOllleric S,,'ifches Find Gro\\ ing 
I\.elboaro ~Iar"e( 
~ ('aul ~tlller S<'ll~' .... t ... 

E1abloml'lic!o\\ it('h('!<1 '('tJllI.u·1 pmb I ha\"t' madl' " :>.ub· 
~lanti.1l pt'Ilt'lralion of the .. wileh m,u,,",l'l 'I hl'.' h,)\t' 
trealed o1IW'\\ nil-he In III\: pt"d31t~ mal,,",1'1 h,\' ulh'l,ng 
(iif,IUl(:II\e (eOlIUrt" .. th,,1 .. ,llm\ adthlinnal \t·I .... llillt~ in 
_he (~~ll of the fin.t1 (,It''(·trunic df'\l('(', Contacl ,,_Ids 
ran- lIal'tlln ill!>1 ahuul ('w~ "1>c.' ul t'lt'c·tmnk 
produl'tlhal use:>. a pnnh't!'I'II'l'uil hoard 
OO-I'oIJOn' ~mKhll'('''' ."t'l'Ouppl,\ in", tluom 10 IIwir dnll1(' ... ' 
he' rrwi.rU and an," no\\' 1"'nl'lrillil1pC Iht, t 'nitt·c! ~1,lh' .. 

t 11'CU'00iC I1Iml' t $ 

.\ 1'OO1oI1'I pad t.. a munK'lll ... n. 1'o' .. IIt'llInf!: dt ... U't, nor
ma1Jyaupplit'tl \\llh an 1· ... Ulumenc cunl,ld 10 dUM' a 
drnllt The (onduc'I"'t' ('OI1I"I·t$ art· Itx:.1tt'd dll"''(tl., 
O'\~ Ihe IIUt'!\, 01 a pc: 8011ul hurt Iht' II an'::'> \\ IlI'n Ihl' 
pad i~ P "fl \\hidl ('hminalt .. tho nt'l'd 101' otht'l 
\\ll1"hlng tlnie(' Unclc.'1nUlcctur. 

\1 '~\~n.kJN run"nlly urt· on 1114' 111<11\.1'1 
01 the- moJl poruLtI cies",IlS an' ; 

• :-:nnc eloign. usuAl!.. \\Ith,;l nn,.: ltfUUlul tllI'lnp 
, ~nv.idt-s a\,('1' 11,1\..,1 ntis Iype IS ulM·d ululo'r 
rd~1oll~ 

• "' dt'Slpl, nonllalh tlM'lllm tohUl1 .. 1111},.1',IP' 
pi altona Ihl I~Pt· l!l ,llsn I1Inunll'd IIndl" halu 

01' 
• tqcr.h'ddrsIplIlUllim"ml){lldh .II k.r\IC1J1 

the cvnl64:1 pall I. .. grml" 1"111 hi' prinll'tllJn 
, , )..cy1op 

It ."' :.<lntAt:1.ilc doJpllhal l'lll"lall .. m" 1lI~IIII('r .lInl-

Jnlrlll,l{f"t11 "(~~buard .. 
b) \tllrL. I idM" ... )..C\'·lrunk ('or" 

~ dl'anullr ch.vtfI;r In Ihl' ttl Iftll .1U1 pal ~1II8 of ( R I 
t"m1na]," brcotl1in« t'\1drn1 ...,11 unl.llllldlirlA uf tilt" 11'r
minAlinto f\W MpOIn1f' ClllllpOncnt , till' mOtulul and 
,tv- ~'hoanl In Ihe la. .. t roup!.' ul.\ 1'.11,.. 1110 .. t 1"1111111,11, 
M1! changt'C1 In lilt' tbf' ul d('I,I(h(,(1 )",~ hna,ds hl'c •• u .. ,· 

1 ~1JffiMl belen, 1'fSOllornid COJI""rns '~IIII'11·,III",UIUI 
~1I;I.rk'td b dolblr ph) ,.·.1 placef1lt"fl1 oj Iht!' )", ... 1w),IIrd 
~ monhor to.:r:o-boanl .. IUI\t- abo adupll'lIlowcr prolih' 
~"ith~""''\ t.'ltOnomtc IITIUI .. luf" Inuni· 
lOb IllCludr compact pad..,.;t""- IIII and \\I\orl n()l~I,I'" 
~rf.x(' , and altt"n1alt'1 du-pl.w rolfJr'II such D!I AmIM'f'i 

SrilOU'illWln o( Ilw h'} boa.,1 ",",1 di!'>r,I, •. \ .. IlIlh 1111' 
~ tep tennlruls haw 1",),,1'" 10 fl)lIow the nl1w 111'od aa 
pcnonaI eomputrn and componrlll II'h'\'Ulon. It 1n.11.. 
~to Iq~~t.lh(' d"pt.,) (mOl thl! n';!ol ullhr ,\ I,'m 
tKJ thai. ran'" chosen .ccon1ing 10 tht'lllpphC".llion and 
the lit .... ~'tiI4bk-I«hnoIOK\ 

Inon1er to unbundk! Ihe II-nninal, Ilw r.h Ironies 
~'Pto be tl'1nO\1'd (onn tlu' IILt-pl,w AlthuUl(,h IllI"Y 
~kl be pt.crcl in.. 1".' 1 .. 111;1\ tl"'II'l1l1lnul ('IN' 
tmrurs h .. ,,,, befon inll'p1Ilt."C1 to a pOInt at \\ hif II IIlI"ll'.n 
~t'IndoIt'd "tUlIn the: .. ",I)( •• ud (k-t4dlC'd 1.1'\iKlotrdS al
t'Cadv I1!ql1in' a printed-('"ireul1 board and 1OIl\(' ('It 
truda, 10 PCB ntemton and Itllded elttlronir fa mon' 
ro.t~ 11\t" 

Thu., lflte1Jigrnl kr)boanh wen' dL'\1!led
~thal onlynt."rd to he "'onlll'<'II-d IU a mUllilur In 
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tar 10 tht' ml"llIbrallt' .. witch(>s ('on .. tr'lcll'd wilh 
laminale!'> of polycArbontttc and pol,"(,~H'r 

Tradilionally, !',iikollt." rublx'r has I,wt'n lI!'l"d in Ihl' 
conta('1 pad bcc<lu<;(' of ill> (''I(Cl''Ul''nl emironml"nlal and 
(']('('1.,(";11 PI'Opcrtlt,"s, Sili{'one I1.lhbl"r hll" 1'\:1't'\I('nt 
OZOIl(' 11' .. btanC't'; it b OUIl>tanding in hif'h and 10\\ lem· 
pl'l'3tlll't' .. · il~ l'lc('lliu1l PI'OIK'I1il'S art' \\ l"l1 knO\\11: ,1nd 
il I~ "'!'I .. t,ulllO mo~t chl'mil'lsh that would bf' olI'Ound 
}"(~bo.lrd .. ,\ir '"CIlIS art' dl'!<Iignro inlO thl' part 10 reli('\'(' 
p~un' wlwl1 Ill(" .. wildl j, dO!'!ed Th("~(' \'('Ills .III'(' in-
1('f'{"tIllIlt't·t("(11() ("1I'h .. wiI{'h local ion 10 di .. llihutl' PI"('!,o
MIl'(' (·qIMlIy U\l'r ,h(' ('Illil'f' 1.('."board 

'l1w ,,'si .. ti\'ity 01 Ill(' l'I.l .. lomerie ('on",('1 Illalelial 
willlt'~1 5 10 10 n·t'ln mult'l" .. t.1Il(l!nd C"und i!lolls hO\\'('\'('1 
,U'IUOII par'" may f1;o a .. hl,..h ;IS 200 n in apph<'3!ioll!:o 011 
1'(11$ I hi~ n.'''I .. t"m'I' ('ould h'.ld 10 rapid !t'mpt.·l"illlII'(' 
bUildulJ if hlj(h C"UlTt'nl Ic);.\(t.. an' dra"11 \ou \hould u!o(, 
nn hight'l than 30 11\:\ 101' 0.5 .. COllldet botlll('(, j., I('s" 
Ihan!i nb !oO Ih(' t"in'lIill)' Il1l1~1 1)(> dl'"ij(lwd to IUIU'lion 
\\Ith ~Ih('ollt, l"Unl.Kt pads 

I Ill' lifl' 1"I~'I'I<IIWy nl .. ilkOlw ('Ollt.1t'! p8d~ \',uit'!o 
With till' c1e~I~Jl and I1l.1\l'l1dll(}l1Ilul.1110n \ 10:"11('1'1\1 rult' 
"Ithumh IS 1111' Klt'.lIt·1 till' adi\atlllR lun'l" IIU' "hOI1('r 
Ilw ftllll'llunal hfeJ\'pu'dlly a !lng·dunlt' Ih'l'>'I(n III a 
1,IIUI"I,I.Ihtoll!" IIMII'ri.,1 \\ililulu'uon &t'\t,,.,d million 

t'?'o df lin' lil\J{ un IVp 111 lilt' dUIln' N·li .... '·" fIOlllf' of Ihe 
fl." !l.111·~. tlIo11 r. nnnllolll\' c'..u111'11 I~' Ih(' dOliit' "ill!!. and 
impul\t'lIIKlth till' hit· nnd 11'1,1 ul II", 1).\1'1 

III till' 110',11 lui un'. IU'\\ It"'htlnlu/{'t,,, ill rt'c!lI('t.· tht, 
1t"' .... talK't' ulillt' (·nnl.1I"1 ,lIId 1II,l1t'li,ll~ will 1M' LmprU\I'd 
ttl Illcn'~ Ihe ('1.1 1(lIIII'Ii<" p.ul'o,lunl'tulIlilllilt' I hl' U'>e 

.. 1101111 lall' " .... WI· .. I!I t",lpidl,'" incn,'aMII,c. nml till' lI!>I' 
ul {'unl"t'l pad!' \\ill j(nJ\\ \\llh lilt, mill"""'1 • 

1)(1('(11111" ... l'UIIII)!t,,,, ( HI !t'I,nillnl "I'.' ·Ihmic,. (fli ('\lIllI' 
pit- fl'C't'IIt1,\ h.-,(,III plU\idillg 01'.\1 ("I,l .. lClnwl'" With ('u,,
IUlII},..,IM~nJ t'ont.l1nil~ IC·I,nin,.1,'It'c'lrunin,10 I'mu, 

1.111'" \ -I· IOU 1"1"011110111 /A'mt h D,II" ~.\ 1I'1ll!' ioi .1I10tlWI" 
linn Ih.l1 h", fl'n'nll\ Int'lKlu('('(lleI1I1illal:r. 111.11 1'010 1)(' 
pun'llaM'Cl \\IlhuUI tilt' 111,,111101 

\\1IC'n Ih,,!t"'flllllolll'l'-"'"l11iC1l itlt' pl,U't'cllII!>ltll' till' 
},.''':\o hn.lI"cI, mil' (IUI'I01I'1I1 ('unn'nll> \\ Ilt'I'\' Iht, pm, PI" !oup· 
ph hUllldlM' \n(lIllI'll" Ilw nurnhl'l' UIC·.lhlp!l.IIMt \\111 
1Jt'11('('d('(1 !'tIlUT II "I,n'kl'"hl!- In hiU I' nnly nrw ,'(Iiii'll ('<I' 

hk! going tu 1111' )"I'.\IK~ltl a pr,wlif<11 dC'!>.ljOl wluhon i!t a 
.mall ttllll\t't'tOI hu\ tlMI I',mlx' pli.ll',"tIIK'huul CIt" he-
1~.lh Ih~ til },.tol). I hl!lIK)\: ,'.In hidl' lI'um \ It,,\ aU till' ('un
Ile't"lilA ,mtl c'.,hlt .. luI' tilt' PU\\1'1 ll1udc'm p'inlt'l IIlOni, 
1m ,ifill ullwt l""nl.hl'I,II!t 

:\11 ,·.(hll'& \\'0111<1 tllI'lI c'unm't·lll) iI "lIlglt'!K" Ihat 
(nuld ('llhl'l h«' phIAA"iI dm'C'lI.v InlO tI,.. 01(' \\dJl &tK1.,'! 
or lolI'>lt~lNII() tlw tit'!>.}" cu' w .. 11 Ihl' dl!t>1.Iut> i .. tllI'll kit 
\\"Ith Iwurucnpont'nl,... ,,1{J"'I)rtJfill' 1.1~iKJo1rtl and ('tllll· 
,ltIt1 monI10.' - ·both uf \\ hkh 1ol1.I' up lill!t. mOIll and 
In.t\ke '" dl 1.lop 1('nTllilalmul1' PrDI'IIC,,1 hy I'lunul.ltlmg 
Ihe net"Cllnl' it /'paraU'I,lhll1 

I lu' unhumlllll,c IIf r!t','lmIlK!' ('(Iuipnwnt 
IIldudlll~I"'t·t:\1hll1j(lmllllll·II In 1('lc"', .. iucl 1)('I-.nll"ll'lllll· 
pulr",.ml nU\\ II'nlIIIUd, \nll ha\'t! f.u-,,· •• hUIf!:,'!Tun, 
in Ihe tulu., \'nu nlll «-'mi .. lnnlhe IIU\II'fC and l1Ial.hiTtg 
Ilf motn:. 1\1w.. of' OOlI,UII'I visua! and audin '·Ulllpo
IU'T1b 11M' ("flnIlIlUf'd ,,14f1llJinl"..allun of 11't1lIlllo1I1eo1' 
turrsand Il1tl""31'1'8 .lId Ih,. unlltmdhn& III Ih" Illonltor 
Immlh., h'l1ll1nal.u'e 1lI,IIU! ""'115 III this dll1"C'lion • 
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Take A Closer Look 
At The MPC Alternative~ 

• Ergonomics . Price/Performance ' Plug Compatible Emul • 
• Ullisted • FCC & CSA Approved · Available Now' 

~IPC 1100 
The MPC 1100 Video dl""ar lennlnal IS a 
compulhen'Ive PERKIN-E MER- 1251 
EmulalOf. II IS lOOC1b plug compallble WITh aU 
RELIANCE-PlUS" operal1ng SYSTem sofT 
::r8 and ,ppllcatlon programs An ad-

need mooodIr0m8 alphanumenc lerml
n.l. The 1100 ollel"l significanT advantages 
over the 1251 personarlty_ 

MPC 2100 
The MPC 2100...,... of COIof w-. 
le rmlNls emu the ,.. frwna 
the ISC 8JO I ... ..,... Thr., IOfteItIr 01 
:ss&~ 01 ptO, 10'" ~-::. 

'f 
g.edIc.ott.a .. ,, __ 

.. c;:om,Of' -;;::;;;; color g.aphl Dr ........ 

. You'll See Built-in Extras a 
MPC s Alternallves bring you the Enh • 
costly options of other terminals as S anced ScrOll Ita 
standard features, A new genera - mOOlh, 6 
',Ion of engineering excellence de- :~~~glng I tta lei I .ct ng..t 
Ivers an unmatched range of stan-

dard fcalUtes 8 Pages of Video M 

14" Screen: Enlarged screen 
assures easier readmg and 
reduced eyeslram 
Detachable Keyboard 
24 Programmable Function 
Keys: Plus. Ihe numeric keypad 
adds 10 more programmable 

Two RS-232 Port , emory 
Double High Double W'do 
Character Capability 
Soh Set-Up Mod. PI 
Configurable Ail u. Hoa, 
be chane l' ,~ttl but 
keybo,ud ... host ~ from 

Mu iliple Screen Attr.but" 
Flexib le Spl'l Sc 

40 80 132 Columns: User C I reen. 
selectable for IndiVidual needs alar M onilor Option AI 

function keysl 

lermlOal · also 
Contact Your Xearest MPC " available COIot 

• 

• 

• 

• 

• . _
• -1 ...-:; ...... 
'-,..::. ... 



Summf!r 1S83 

Emulator Terminals 
Must Overcome Many 
Compatibility Issues 

altel'l1alh'e 10 caplive mal'ke ls is pl'Ovided by unil s Ihal duplicale pelfomlance al 
Ol' wilh added fealures. Some even re place more lhan one pl'Ociucl. 

h;. liobt'n J . I'rJ0r, 
\ I!'IoU.t.I Il'C'hnull~ 11l('O'1)()mlt'Cl 

10 ,1,.,,,' ","1 of 
.. landaI'd!> penmlS lemunals 101)(> 
lIuf'f'('hanf;('(1 among \'('ndont 11'<11 's 
bN'auM' ({'nninal \'('ndo~ ('Onll'Ol
code bt'l~ \ a~ as \\ l~1I as Ih(' ~ 1 ){'('lfl(' 
'\ 11.\ IS 11ll' lel'm inals 1'C:'I)Ond 10 Ihose 
f'unlrol cexit's 'Ill(' A\SI \J ~ sHill
dal'd \\ hkh wa:. inlt'nded 10 1t11t'\I:II(' 
Iht, prohl{'m \\ ru. {"Olllpll'lt'<illl 1979 
\lIhough II was praiM"(1 ill'> Iht' rom· 
ing indu"II~' siandard onl.\ IIIllinls
('\lh' n\ll1llx'r of Ihe Il'nnlnals 
IIblallec:lloday acluall,' fol1O\\ Ihj~ 
atitndard \10 a n:'sult \\lwl1 dt' fa('lo 

blill1dardlt dC\'Clop IM'CallM' of II t'1t"C1 
nllmber of commernal flUC('('105t's 

Ihl,:\' ('n'.lIe a \ inble lIlal''''el fOI l'mula· 
101 Il'nninnl" 

CO\lI'\f1B ILI " 

Coml>allbilily l:.l'>U(" In Iht, ('Ompllll'r 
Induslr:' M't'm 10 be alJ'IH,,,A/tI\t' and 
n("\'('I~ndil''8-\\hi("h .. only to lx' 
("pt'C-led ill a dynamK InduM~ Ihat 's 
{,'Ix'ncnced 51~enn~ W'O'\,h liUes 
In a "hort lime frame Compalibillty 
lULU:', Will cOnilOue 10 be of conn-Ill 
10 Iht" "Yfl'teI115 inlegralor, who IS ulti· 
l1latel., rt':ol>on3ibl(' fort'n:ouli"IC Ihat 
allihe 1)I('(u oflhe &\":.1('111 fum'lion 
IOt-Wlher in alilheu'I.1fl(t'IL'<1 em 1ron· 
nlt'nt 

Ill(' k~' IlCnu. Ill(' lJ;~ lem II1le· 
p-a101 mUl~1 be ronoemM \\llh III tht" 
!>d(,,{·tlOn of an emulalor ( R1 temu> 
nalilldude; 

• Conlln,UbllllY, '111C tenninal 
shou ld ope",\(' as identicruly as 
possiblo to tho one U is emulal· 
mg. fo,' all known potenlilll emi
fOnll1t'nts 

• Cosi. Oln'iollsly Ihe Icnninll] 
shou ld COM ICbs Ihan Ihe one il 
is t'Ululalin,f(, or80me olh('1' 
rompt'l hng 1"'('IDoOIlS will be 
nC('(lcd 10 l)lIl"'('hasc it 

• Packag:l ng. SU I)('rior{'~o
nomles nUl pl"'O\.ide a Slrong 
mol" allon 10 UM' an emulalor 
It'nninal On Ihl' othel' hand . II 
look·ahke emulator Icnn inal 
nutJ bt, SN'" liS a plus , 

• ,\ddillonlll PUllcllolls. ,\n cmu
lalO" It'I,1\ln,, 1 nul.., pro\ide ,nidi· 
Iional func-lions nol on Ihe on· 
gimtl nl{'~(' ('an be II 1>lus ifthcy 
{II'(' ('sl)('('iall\ uscful II mUllIs If 
Iht') ('alllte Inrompallb,hly--or_ 
us Is usuall.\ Ihe raS&--insigmfi· 
('ani 

Today a ';111('1.\ of (:hOl('('-5 arc avail· 
ahle 10 Ihe syslems in ll'gr-a lo"\\'1lh
OUI a 8.1('nfi('(\ 0«'01111'111 ibllily 10 
e\iS1Ulg appll{'.:ltions. ".mulalo,· le ... 
Illulals 1>1'0\ ide lIniquf:' Ud\'nnl:tgcs 
Ihat allo\\ Iht' 11l1f:'gr<llorIO lailor Ihe 
".,':.I{'I1IIO his f'C(llIlf'('mcnls and re
main comp<'llti\'C mall mcreasingl,\ 
compcllli\"'(' ('Il\ Ilunm{'nl Irs impo~ 
Ian I 10 Sian \\ilh a deargool or 
unpnningllw lolai s,\Slt'm-on the 
basiS ofrobl flinctioillt. ergonomict, 
oraU of lhcse 'I11('n Ihe pcnpheral 
and olhercol11pOnen ls ('an be 
ehOloCn 10 m('('t the illl('ndcd goru 
b(,;, 

f 0110\\ II~ IhlS IIppro.1ch can 
I)""ide Iht' fi~-~lt'I1lS Intl'gr'alorwllh a 
uniquely 0(1111)('111I\'C prodUCI offcr
lllg if he chooM!a wi.el,' t:.mulalor 
prodll<'IS In g<,I\t'raI .. hould Ix> 
choM'n can·fully aftf'rlhorough C\-alu-
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alion to ensure tha t the total system 
will not only be compet it ive, bu t suc
cessful as well . 

EM ULATION TERMINAlS 

Most commercially successful code 
structures wcre initially established 
by the major original "cndors of 
CRTs, whether independents like 
Lem' Siegler, Applied Digital Data 
Systems (ADOS), and iiazeltine, or 
mainframe vcndors like IB~ I and 
Digital Equipmen t COlll. Generally, 
emu lations of these companies' prod
ucts cou ld be made and sold, at a 
lower cost , in to the same markets , Er
gonomic packaging and o ther fea
tures not available o n the vcndors' 
products cou ld be made available in 
emulations, thcrcbyolTeri ng a choice 
of products to an otherwise captive 
market. 

AnotherfactOI' driving the CRT 
marKet is that it became increasingly 
competitive, and market growth 
proved to be insufficient to sustain 
the grD\,ing number of vcndors 
Since newv~ndor5, mosll) \\;th some 
off-shore manufacturing connec
tions, were too late to the market to 
create theiro\\'11 code sets. they emu
lated someone else's. At the same 
time, in order to maintain their 
grm,1h rotes. c.'(isling independent 
vendors tried to take a share of 
competitors' markets by emulating 
theirproducls_ 

'rhe logical e.,tension of all this 
would be to have a multiproduct 
emu lator in one tcnninal, \\;th more 
feal u l'Cs at lowel' cost. '1113 t wou ld 
prO\ido a vendor with the most poten
lial marKet penetration with a single 
prodUCI The firs t such dC\ice. the 
\,isuaI200, was introduced in 1979, It 
emulaled the fourml1jor products of 
ils lime: Digital 's \~r52 , the Lear 
SieglcrAD:"1 JA, lIazeltine 1500, and 
the ADDS Consul 520. 

'rhe systems integrator mOl) 
choose to employ an emulator prod
UCI rorany or all oflhe reasons men
tioned As a point of reference. the 
installed base of dumb and smanter
minals is split inlo Iwo major and 
roughly equal segments 18:"1 
32iO-compatibie Ihisynchronous , 
Sl\Al and ASCII n,is anicle "'ill deal 

74 

with the latter 1)1)(' whiC'h ('an bt> d 
furt her segmenled mto ("al>tl\~ In ('. 
pendenl , and p;raphiC'Ji 01 ...... £'1'" 

CAPT IVE \tAR,..,!':l 

Bv far the most su (,("(·,.,,ful '-... ("11 1(" .... 
';;inal produced ~ a ('''OO1pU1('r WIl' 

dor is Digital ·s VT100. U1tnxtU("t'(t Ul 
1979 Hv,irtu(' of ilS In'm('ndou," 
commercial suCC1.'~S tt\l~ pl'udud i~ 
Ihe clOSCSllh£'ASClllnduht~ 'loU 
come to a standard Ill£' 1I111'n lUll! 
thing aboul thh produc't I", thiU II 
s tated goal \\~ to nt'ate' 01 "to1nd .. nl 
but nol fora propn('ta~ {,(Kif, Inll-
lure. 

Esscntinll\ ' it dumb II'I1nln41 no 
locaJ proccssinp;I, tl1(' \~ I 100 IIlducli'Cl 
smooth scroll split ~(·rt·I·" dnd 
double-sizcchal'KtN~ \\1\1lt'll ul'· 
ported the old('r \'1 ,';2 ("(:.el,. M'I UIfP' 
tal anno unC<'d thai thl~ pn:M'lu( I 
would also SUPI)()rt Illl' 'It"\\ ",I 
X3.64 standard 

Indc-pt'ndl'nt \I".don .... " Illb as 
an Opl)()11UIlI~ 10 hI' 1)411 II' Ih .. IU"" 
\\a\"o. SIIlCi" Ihe ~1)(·("1lil·4hCl'" "tot .. 

available to (""'~unf" thc'n' ". only 
o ne l>robll'1n l(>nlH!ldl~ ('C"nIMhhlr 
\\ith :\~Sl Ja.64 wouldn I \\1-"-\,""" 
fec tly in Dt:C l'mlronnll"nb III IU~ 

ation point~ up Ih" cldlk"\a1I) "I multto 
pie ''('ndol'S t~'I~ 10 p,uc.luno cum' 
patible produt"1!'o fmlll d'H.'UI1"'''I. 
lion alone 

l"Itimatl'I., til(' \ 'I IOn- I Ih,. .. 
Ihan tht' ~!andard II Wd'l b .. "",,1 '"'
became the sHand,)rtl 111 ... dll('"t"C1 
vcndOI"S 10 Cl'{'a lt' Inuk·ahk .. pl1Klul t 
n!lower prln'8" llh addllulI,,,1 II .. · 
tures , 1\,'0 of 111(' mo"l .. tu'C"c lui 
indcpcndl'nl" ha\'(' Ilt'(,., t H. IM1l11 

nals fonnerl~ C lIuh l ~., \\llh II 
CIl!IOI and\IMlalll"Chl,olclft\ I. 
\\ilh i!s \ isudllOO 

Both theM! ','ndon. l\o1IIcI ""ud. 
u cts thai funcllont'(IICI"lUtcaJh In" 
\TlOO III Dt,C applic';UK),h "1",, 
even a small dlllen·nt,. "' .. uld .\&\ 
rendered th(' ProdUt·b uN'leu Both 
had look·ah~l' k~ hoanl I Iholll 
operator I'l'tnulll~ "&5 lIIU."' ....... ' 
C.lloh can;ed th" ('011l..,..lIhWf\ • 
step fun her b:Io oll('rin,t a low. 
cabinel "01(' onl.\ ol)\~ dLlYrAll'k"l"a 
betwCt"n a CIT-I01 and lhl' \ '1100 
were eJ(tra f£'alul"l'a uff" R'<1 t~ the 
CJtoh prodUCI 

-111(' \ isual 100 uffl'rotl .. r-
that was r lcan\ dl"'hll~boh.abko Imm 
thl' \~ll00 11)- ,irtu .. 01 ih lilt and 

1'0\, ,,'t"J dB) tift upe' d'lt,... 
1111_.*" abo pl"RD!ttld I j 

<- Iff til hr lnJot.aUrott ~Ibt 
131..-olumn du.,U) axn 
l.n.**"",wlth the'T1 _ .... 
(fUI""l~ ";th lhr (n·tOI nw 
(TU ot tttNC' two ~ JI"IIb:I 
the", lN.l thnYo lIlT ddInaII. 
.,.....{c ..... nco and lbrrdu" 
th: lor II -.Irma"""",,,,, 
ma nlpl .... f1lAtVt 

aefot,'lhco'1 ....... -..... 
..... 
II f'I \11115 IIW ..... "". 
tlf'" 'l\ft It ... \'t'aI1 tht 
"f II \....ndOn productt 
C"awe nt fM1\ '" I.abrtintC 
mrnl "11h ~dumr 
cornl""lt'r lndtotn At. _L." 
( unsul 1m Irum A.noS Ihr 
from I,.. and dw 
I, l...c..mrdr 
II...-itnwn 

~~~"'~b~.~'~":'~:'=~ 
.... brJnjc modo In dwm. .. _ .... ~ 
~U toafh._ 

Ihr \ ,.... int~~:":::~ 
.notl)M" ('udE! 11(1 ... .. 

ulA ,,-twn-~-

lI\f( add .. " In r&d. •• ::::::~ 
fIl.tIIIru 1 " .. ctMk'd1ll 
Itl ~t .hIIt t ... 1 ~ oIlht 
II tan 01 any m.atr*8mr. 
1-urnIIU'tT \'eftdor. mAl 

.boo ....... hAI""' .. 
Ual OJtpot.unet .... "ft" 
(Jubkirl \rndon. ,,1Ih ~ ~ 
nwbts .h"l~ II ....fUn!'a 4UId p« 
for t'1'RUI.a&or 1 ,\IIIIftD 
• ......tunstha1 
lrnn1nah" 1ntnJdun'dlP.-"
\'I'Mo 0II~\ II 
( :an..d.a, f'f1Il 

rnr..ha and ft"*1 

anclllaz.dI 
.IftUb.Jho 

tor·~~1··,dlO ,.. 
f':\114ndrd.1IIrtniC .., • .pet 

lie .onnIna! ...... d 10 '.e::!. 
tbrpulM~ ..m _. product> ......... 
matL-t ahano and a "' .. ,..-lItfi 
iMues had 10 dtd" ..... 
..... aI. __ p<d'" 
qu.Uity and~ ,-



PENPADTM reads 
writing as easy as 
A C, IrBC- ~ e ... 

Write 
into your 
computer. 
'The mo.c MlUf'II WI)' kllnleract with 
• c:ompu1 •• now a prICtJCaI rMMty The PEN PAD'" "",,una! 
offers an IInn"IIld"lIe altemewe to keyboards Of Y06ee r~ 
nrtO'l tqUtpmenl As you WrIt. on • d;g'twng tabtet .• high
tpMd ITIcroPI()C III t)j converta aJphanumenc characters 10 
ASCII CCICM. And PENPAlr eccornmodal ... wMje Yanety '" 
pmtIng ltytIIa wei .. hand-drawn grapha 

f'led*y • bernc:.t In itS operItIOI"I You can program 
PENPAO'" to 1nCf", the ef11C11nC)1 of .-ry ~ fotm 
by ~ up • trII..a.on ., .. that rNds handpnnlH"lg and 
• CXIITImInd ... thId r~ 10 the touch of • pen. You 
CWI ~ data *- Of 8CtIYaie audart dew:.. You can 

Input graphics and 
Inlegra'e them WIth alpha. 

numenc material You can edrt what 
you wnte before you feed 1'11010 the com

puler. And, you can deYek)p, 'Iore. and rec:al 
Wluatty any blIsIness form whenever you want 

UnquestIOnably, Penoepf'. breakthrough ~n developing the 
lec:hnotogy of DynamiC Character RecogOlIJon (DCA) saves 
lime and reduces the number of Sleps needed 10 create com
puler data The pet.an whO fills out the lorm tnters data InlO 
the computer a' no addillonal coat And, 'Inee the pen IS the 
cur..or, you can liU out the form In anV order USIng ont)' one 
hand, The form ItseH IS • record of the computer transactJOn, 

Airy tat computer with. standard. asynchronout RS-232C 
Interface can uN the PENPAD" lerm.naJ p~ PENPAQ'" 
~I" With popular mlCfocomputen hit. the IB"4 PC. 

Applatlont 01 thai IOI~I lenTllnaJ thai can read your 
WI'ltJng at. 100 many 10 list n.efore, we wwrt. OEMISystem 
~ 10 IXptof. tNt pocental beyond the tlmpM ABC', 

p~ Inc. 31 G.--.. Sl. W*MIn. ~0215" [J T~ 817f883.&380 f/lENCEPT 
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ilY, SCl'ice, tlVaiiabililY, delivcry. price, 
and features , 

As illumed oul , fcw\'endors 
were truly successful al emulaling 
competitors' products, For while the 
emulation ofa capti\'e market tenni
nal was fairly well-defined lha\ing a 
limited Ilumberofidentified applica
tions and operating systemsl, the 
emulation ofa general-purpose tep. 
minal wasn 't 

By theirve!)' nature, general
pU'l>ose lenninals are meant fOl' ap
plications and operating-system envi
ronments that nren' t weJl defined or 
totally identified , Even the perennial 
dumb tenninal has its quirks, usually 
undocumen ted;yet Ihe uscr' base 
ieamed to work around these ano
malies, OI' c"en use them to advan
tage in their applications , Vendors 
who tried to emulate the ir older' prod
uc ts \\ith Slate-of-lhc-:u1 technology 
ran into the same pr'Oblcms their imi
tators did 

The emulator temlinal would 
usually wori.. in a numbcrofenviron
mt!nts, but there were always applica
tions thnt \\'Ould show UI) an incon
sistency. 1110 number o f pelmuta
tions were enonnous The creatio n of 
a good e mulator le t alone a multi
emula tortelminal, thus re<luil'ed a 
bottom-up approach to tenninal d e
s ign , 

But p ropcr pcrfOlmance in an 
emulation emironment isn't as s im
ple as mCI'S su pport fOI' the COlT'CCt 
code SC(lucnces, \\11cn the vendor 
adds func tions that go beyond the ca
pabilities of the emulated teonina.!. 
he must select code S(.'quences care· 
fully so that compat ibility isn't affected 

Anothcl'Clll,-cnt tl'Cnd seemingly 
I'C\CrsCS the compatibility issue and 
places the bur'den on the application 
program WHh the growth of micro
computer'S and standard application 
packages, many off·the-shclfpro
grams havc tried to SUPl>ort a multi
tude of different lenninals ,ia a menu 
selection_ The goal is to make the 
applications har-dware·independent 
since they're being sold into a general 
mass mal-ket In fact this indepen
dence has bet'n mandated 1>\- the 
same compatibility issues tt;atth e 
CRT\'endorfaccs--onh now it's the 
software vendor who·s -approaching 
the issue from Ihe o ther s ide, 

GRAJ>IIICS \lJ\RKt:., 

Thegraphics marke t is gl'O\\;ng rapid
ly but is shll much smaller than the 

7. 

other markets diSCU.!>Sf'd In ('OotralOt 
to those. thi.!> UI'C3 has had oOt' f'l't~ 
dominant comlllercial !iUC'l'f"MI, out" 
that encompasses both harch\art' 
and software . 111€' -rclo.t ronl\. ,lOIU and 
4014 tenninais combined With a 
package called Plot 10 ha\1'l!olll'h a 
large sh are ofthcl! l11al''''.('1 o.('f(lltt'nta 
that the\ can be thought of ... tit
faCIO st~ndan:b 

Other f<lClors howf'\ l'r al"" 
make this field rille for t'rllulatum 
Both those prodUC'I!'o .". PI1CC"Ct hlfth 
enough that an ('Illulatol protlut·' 
could be produced al 10\\1'r t'O!!ol ,d· 
ditionallv US('I'" of ~ral)hl(·1t'nl1lrub 
came to SL'C til l' nt'ed fol' fWOt•

'
.1I. 

purposecolllputlll,l( .unt alph.1flU' 
mel;c-tenn iI UlI U1't('1'IfI: ,mndl.:t.n,uu"l\ 
saw the need fos- graphll'!l 1111' f·U"~ 
lamer base uitlnmt('h \\.111'" tn h.1\1-

both funclions l'OIll';lnt>c1 m;1 btg1t
unit 

Both tlw",c·1t'mllnal, .11'" h",h' 
resolution lllonuc'luunw ICIdf·hb 
stations that an- \\,f·1I .. ullt'(llnr aftI'll 
cations such 3.. ... cn!(IIl('t·I1I\f1. tI. l{CIl 
Th~ emplo_\ "tora~c··tuhCl U .. hl1o1 
~ .• whkh dOt" fl't 1"'lnut aeJc-c1J\'I'! 
erasure . l 'nl ike tlw mun:' ("Ul1l11lO .. 

roster-scan t('(""hlltllOfC.\ u I un ( ..-r 
lenn inals and tl'lt'\ulUlh In \\llk I. 
the !.Creen i~ ronat.U1th. n·ln· 1W"f:1 
Iscannoo' thcw' It'munal .c 1 .... 11) 
s tore the IIn~c' oon" "IWo tIftOn \\nl 

ten Con-e<:tion (II mu.hlt tlon ot 
that ima.gt' " _"<lul"':o. th.· C'IUln' M"",,", 

tobceI'3st'dand,,"\\ntlc'n Illbb. 
tirne-consuOlulR .,I'"'I:"(lu,,· c Ctfl1' 

pared to a I'ilMc·.-toc.'dn 
'111(' two hilMI' APf'I'Ud1 I .. IhAt 

ha\·c bct'n talo.C'n rut tlw ft! .lphlc n 
ke l both pl'O\ld('" 1K',I1c'1-I-tln\\n \ 
s ion of lhe TClo.tl'OllI\. l'n~luc h bUI.' 
a significantl.\'lm\(·1 C '".1 llwl n~ 
them idl'ai roru .. t' ol~ pn,,\H"\\ ,..,,.nl· 
nals for initial dt: ... r.pl \\1, ...... IhOlI w\11 
be completed on a mnn' c' 'I"'''U\'' 
unit l11e!,(' 100\t'r ('tlfol \('nnrnab lIan 
be ~sed III a \anl'I." 01 ~1'IH"T'aIICJ"" 
phlcs ennl"Onn)t,'nt!to 

, In Ih(' finot al)I'").1c h \\hirh 
malnl~' targct!> tilt" ollf.lwanunM'riC 
market scgTllclltlhal \\anl P'IIlmh 
Oigatal f.nglllet"nl~ and ~lanar up" 
graded c"shngA~11 h" 't1lIn&!s,,1th 
one or mon' printt"<i o("an:ull ('" .. do 
cu~tomiud 101)(' Inh·lth!lc .... b'll) tilt' 
ex.rstlrtg tecn-unal ha"h\ An and d.., 
play logic. R('plau'rnt'll1 ut Ihr ( K I 
t~be was also nt'('( 'kl~ In uhl in thc' 
higher resolution a\,1I1Iolhlc· \\llh MNnr 
retrofit board~ 

Ihr_htnt&SrClll 
.. ,holt a uwran 
f'IltU'ltmft" 
Hal caIU'" imTStmmt 

hor ...... 

Ir lronbrmt 1lt'Q1.,AIIIIlIdI( 

k"alUft' ()IV' 'nYJO.,.. 
IdrrtabIr mMdltdVI~" 
'·f'S%......... 1\ 
.500 and OWGmmol_ 
.~hrr Indudro \,."' ...... -
and'.'" n..."", 

to.- whu "

I"''''' ""' ..... -
.~01 ......... 

ian 
qu 



• PriceJPafOll'l\lr"lCeSuperb1ty 
• Ergonomic D<Sign Equals eo._ 

theJto"'NI ~ting r'I("W 

. in SffiDrt tmT\inols. lbe-

ir"lnO\latl~ commItment 
perlOfTMllC< and prof .. 

II"" .... ,,,., comfort. Thew features 
combine to~lsh a rle"N lIitandard 
(Of pricf1perl0fTl"'llllln comporbons and 
w ultimate In operator conven~ 
and product»11y 

Challmg .... unique r.tyIu'9 helps 
line-" productIVItY. non-gLare 
~ help reduc:e eyetrain-a 
plIC:tiem elfectJng ewer 8O~. 01 all 
visual disp&ay IMnnw optfaton; the 
_Ic>.profdo k<yboa«l w.th 
psIm .... ho\lo.educ< typing r .. ;guo. 

A ~ SoftJtart·· aM ~ c:oo
Ilf!'CU )'tV 0WIenger almost effort· 
ksty ... ~ Its !Oft keyWltffi~~·~ 
capob1J1ty AbooIutoly no mechanlc:al 
""Itch ~ to adjust desired beud 
rate. word structure and diJplay 
format-just type It in~, and your 

$595QQ 
Factory Direct Offer 

• ZSo-8a5ed In"lIlgen« 
• Popular Industry Code Structur<: 
• Keyboard TennlnaJ Set-up 

Challengler Is ready to go; and ren"l8ins 
in that condition unless you alt~ it 
An Industry code 5lructure capability 
further essur~ stnIlght(orward 
Interconnect. 

Chlsllenger corr.es standard 'Nlth 
more feotur~ and more f}6ibUlty. 
• programmable function keys 
• intelhgent fl6ibllity 'Nith Pfogram· 

mabie operational c:haract~istiCs 

• Business Styk Keypad 
• ~ Features and Flexibility 
• Unmatched 12-month Warrant)' 

• a full ra~ of built-In edit commands 
• special graphics chlsrac:t.ers 
• eesyto-use transmit and print 

functions 
• U1b and cl9r funcbom 
• full feature video attributes 
• cursor control flexibility 
• display lirT"tf! out, self· test 
• and much, much more. 

Challer"lgt'r Is produced. tested and 
mlbt poss stringl"nt qwlity checks 
entirely In our Anaheim. California 
fadlite. before ifs pockaged fOf ship
ment. This commitment IKC'OrTIponied 
by an UfVT"I8tchtd 12·month limited 
WBmlnty and support is backed by an 
expending nat.ionwkte domestic 2f. 

vlce organization. ~ ere sound 
reo5OflS fOf you lD check Into all the 
facts ~ore you make your selection. 
Once you do. v.-e·reconRdent you·11 
make tho right dodslon. 

·,..oOnII NlJhb far ~ Saf~ 
Sdl:lItatt ~~ IS. tr~k 01 Soroc. 

161 Freedom .... enuf!'. Anat"llf!'im. CA 92801 . (OOO)854'()l47 • (714)992·2860 



5umml'r 1983 

User-Defined Terminals 
Provide Flexibility for 
Changing Systems Needs 

ost intelligent te nninals incorpo,'ate the ad aptibili ty users need to 
tha t w pre p''eviously avaiJable only a t the host compute ,', 

I {'I" 

mUlals h:l\'(' bet'n phYl;iC'ally adaplNI 
10 Ihe us{'r in man., way (um'llonal 
Ot'"b,lIl.\' 10 SUit uq'r pn·(t'rt'nr(' and 

\ .. h. II 01·rt'l!cr'. ('Om .... nienC(> hns tx-come o\ail"hlc 
and onl.' n,(,(,lllly SOmt' I('mlinals now .11· 

low UM'rs to define a \\ide rallfo(' o( 
(UIlC'lioIlS at Ihe keytXMn:1 \mo~ Ill(' 
options Ihtu ('an lX' slX'tafied al Ih(1 
Il'l'nlinal are k('\ciirk kf'ytxl.lrti dUIO 
rel>eal .:md rale. ~mooth'M:rull r.All"" 
nlulllplf'·C'u I'!'>Or chara('t l'r S<'1t't"t ion. 
c:hallU'It'1" :,i.l.e. im t'''!' \1dro. I11Mf(1I1 
rolumns. blinking or oleady ("untor 
and &c'n't'll savcr \Io!)! ad"",("('(III'1'
nUllal!; allo\\ Ihe u~('r 10 dt'finc Ihc!;(' 
Item:, Ihrough a bClUp or &{'If'(·hon· 
uU'nu kl~ ralhC'r Ihan With hiUrl-tO
find !l\\1Ich(':'1 

(:()\'\'l \ICAIlO\!'!A\!) (1·\1,\· 
1-[.0\\ CO'TROI. 

Ilu' t"tllllIl1Unit"allon!o n('"lulll\ ()( 
addptdbl(· \..<.;(;11 a3ynd1ronou~ II'nni· 
nal!; i!; r .. url.\' c\leru.'\l' f"ur f'\ampl(' i( 

1\\0 full:, buffered b.chf"('{"llonaJ !o('. 

nd.l R."ZJlC port!lo .11'(' a\aiJabJ('. as III 
11'11."1"3.\ \locl<·ls 7" and 16, OIW port 
m.1.\ 1)(' optionall,\ (,(]uIPI)('(1 \\"Ilh 
('lllwran R.",·l2! ora cum'nl-Ioop 
1l11('rfaC't'. (Scuh portIO ha\ l' indt'Il('n, 
dent k"hoard !Wleoion "wnu ",,-'lUI). 
or ('~(".ap<'-~u('nC(' ltCl('("Ilon, and 
haud ratt"110 (rom 50 to 19_200. Ih~ 
al!tO ha\1' a ("hoic:-c of {'\,(,"Il odd mark. 
*,Pd('(', or no panly ("hccklllg, and full · 
or half·dupl(>.)( modes 

IndC'l){'ndcnt I>on W'IC'C'lion!; an' 

l\\uilahhl ron;usJ)('nd·rcsull1e (XO~
XOI'I-'llInd loc;:11 ccho IFig II . One I>ort 
Mipp0l111 hll!.Y"N'ad.' with II st'let'l
.!blf! 1('\'('1 01 hlf(h or 10\\ Tho a\ailabil
itv or 1\\'0 fully ('onfiftur('d pOI18 nl-
10\\'''11111' SlllIIe tt'nninnl lo in ICI''Con-
11('('110 IWU IwtwOI ....... , or a nNwork 
nnd it pt'nplll'l1Ii ur 11 CPt ami n('l
work, or II ( Ill ' Itnt! pcliphel-al--Ihus 
gl\ lilA: Ih(' lIM'r nUll'h iC"f(>31(>r npplica· 
lion n"\II"III\ 

~ Ih" 3llplk;lIions o(CHr Il'mlinnls 
hav(, 1I111shroonlt'd 111 n'('{'nl,'t-f'3rs 
Iht' ft'<llurt'!; d(,!;~lwd inlo Ihf':S(' Ic~ 
nllnals haH'l)(,1'11 limited to Ihe mini
mum n'<lul('("(IIU support an 3I'pll('a-
111m WtulfllhilS II"('nd hits bcf'n jU.'oli
fil'(l em lilt' f{1'Ound'l of 10\\ coM and 
{'.he 01" dl'slgn iI hit!'; pf"O\'t.'d 10 1)(' a 
f.llstl ('('unulII} ((}I' lI.'ol'l"S \\ ho find 
IIU'II IIpplk.llions dlltnginR andre
qUII't' IIl'W 1t'I"OIlnltls ror e.u:-h applica
liull I'n'qui'nlly 1'111 appli('aliol1 ("al1-
1101!w implt-l1Il'llll'cI or musl !>t' 5('

\l'n-'.\: cumpromb('d ix'('auM' Iht· (ca
lun'" lli'i'cll'd 10 .. Upp0l1 il don', ex i&1 
111 il1!;tnllf'C1 han:lw;u't' 

I)I~pl.l."'·nu-mof) ol-ganil..11lionis 
OIlt' an,.1 (If It'nllinaJ d~ipllhal has 
Ilt'('n "\II'I'n1('l) limllcd 0111_\ in rt'
n'nl.\t:'a~ has IJZ-rolumn capabilJIY 
1)('('nl)C'O\id('ti-and rr"('(IU('nlly only 
111 a rvc:id IJz -C'Olumn ronnal Little ai-
1t:'1111011 ha!! I)('('n paid 10 olhrr appli
cation-dt:'I>t'ndt'nl i1hpf'C"IlI, 'luch as 
\'andble Imt' or )Xt.gl' I('n,!(th!! 

TIu!; pla("('slh(' hurdt:'n of main
laimn~ tilt:' 'ot:'Il!oo(, for Ih~' applica
hon8 ol1lh(' hO!>I ("Ompul('r or re
quil\."8 hip'lly 'pf'dnli:wd H'mlinals 
fOlI,;tch aplllic·.tliOIl Frequ('nlly lh(' 
Ilbk i" irnllraC'lII'allO pt'lfonn in Ihe 
hOIlIIJ('(AIu!>f' Ill(' pal1i{"ular cOOt' Ihal 
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~ -' ............... ............... ...J:,.. .... "' .... ........ ""'" 

........-...00 ............... :~ .... "' .... ........ ""'" 
. __ L~~I or iude.,......:;:;:....,:;. =;: .... 

"II I Speech Input-outpul ')'Items mqUI1'e '~'-""'r-'-" CJfltwpn.....-lt....-... 
lion ofel thoerl5Ol.atOOwordlorcontlnuouslipe8Ch ~ot""" p&tt L. m*~ ~ 

, mechanJ.cal ndlne: ,rurn ''''111 or pi ... ')'fllhe8ls. which CIon often be \'el)' I0I.l Jdro :JdUYU.IIft" W .... 
p~K:t"'''' oodi"8 UKI c.., be perfonned by LSI \\1Ih puJ.No-< , a1 ftl unI)- '" ...... ~ 
adaptr.'tI delta pulse·code modulation LADM I the \'QCabuiary" 

. "d ' r. cto U1I.o11lt" rbllnfIdleli. ments.111Cl'C arc three baSIC lypeS of 81 er 8
1 

he. I dart In ~an..IMlf\ • 
automatic speech-generation sys- of won: lun I f Dulour ,1ftJb. 
terns: speech synthesis, speech cod· and p itrh an< 11m I1fC (: 
ing orvoice response, and voice slore- ~Ic='n~'~s ___ --:: ___ ::::::-____ .., 
and-forward . 

Speech-synthesis systems are 
based on the digilaJ storage (magnel 
ie RAM or ROM ) of phonetic struc
tures. The digital approach to speech 
synthesis pemlils creation of more 
than 300,000 words of workingvocabu
lary--far more than the 50,OOO-woro 
working vocabulary of C\oeryday En
glish . Speech-synthesis systems can 
be based on digital comoersion of an 
aclual human voice or on modeling 
ofthe \'ocallract. 

Speech-syn thesis representa
lions include leKI or fomlani synthe
sis Idirecltext to speech I, parametric 
representations (analysis·synthesis 
techniques such as linear predictrve 
codingl. and wavcfonn reploesenta
tions. Pig 3 shows the range ofdala 
rates for Ihese various types of 
speech representations. 

Ponnant or text synthesis is ch~ 
actcrized by data rates of600 to 800 
bps and models the human ''aice by 
producing bands of resonan t frequen
cics. Direct speech synthesis forms 
speech signals or responses directly 
from phonemes, the elements of 
speech. 111e physical s tructures that 
this type of synthesizer must accu
rately reflect inelude; an electrical an
alog of the human vocallract, a pro
gram to specify the desired sound of 
the vocal-tract parameters. and the 
control interface of the \'oca.l tract 

The major problem associated 
with synthesis by rule lconstructhoe 
syntheSis! is the proper encoding of 
phonemes. With the possible number 
of phonemes and emphasis com
mands. almost any phrase can be 
fonned . The set of rules must con-
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\\ Ith W3\'t'rOnn encodiJl&. vocabu· 
I!Ilinlitro onl\' b\ thft memo" 

wilnhle to stOrf' Clilti7.ed spt:'Ct'h 
'h qualil), is eU."f'IIf'nt words 

d phra$(' are diglllU"d to retain 
inQt"C:lion ormaltv (emale adult 

hild 5pt"CCh SOUrt"e5 lIowl''\''('f",lht' 
it rate is \'l'r'\ high forhipl-qualilY 
ynlhesis, 50 significant memory alia

han i5 requ ired 

PHCIf·S\\ THr I~ [1111'S 

~thoul(h thcre art" mam different 
IH.\nthf'Sl:> chips "\ailable, tho 

in problf"m is 10 dM'l'lop applle.· 
om. MJft\\ are Thf'fft are mllll) lrade-

bt·t\\t,"f'n "'1X't'eh quality and 
la ratro Im('lllol~ rffid("Il()" but for 

mOfoI pan the 'I1X't'lfic appU-
hunO( 111.,.\('1 nt"t'd I 'hf'detf'nnln· 

(.x'tor 
~ , ... dIIIOll4.l .PI)n)4C"h 10 
·h '1\ nthes.s ~ll\ol\eJJ; 5e\"('mJ 

• 
l}t'line tiM! lLt" and ('Onl("I1I, of B 

\uI',ahul&r:\ 
OlOO!le a A'llthftob u .. :hnklut!' 
and\elKlor 
~'nd a \U(·.:.bul"I) lI~tto the 
\('lIdu!" 01' hiif'. plt.(,~~slonllll.v 
tnuned pNktrton't.'Ordlhf'\"O' 
C''''JlII~' on t ...... 00 then ~nd 
It Iu th('\~uluf ,,,'ho thrn dlgl· 
I .... , ('OJ:II~' .• lIld fit8Ihf'\'O
rabulary.·lnto I:I'"O\t 
L&. .. It'n Ie) lhf' """ullant '-1>et'Ch. 
t"Cht II, and tllt'n plAt't' II 1010 
RO\I 
I~Ctttwt "a" Ie) clM"'op ~pct'(.'h· 

Utesia uppbnlUnrn 15 10 uae o,lgnal 
hnul~' .11,.1; IIOfiwllf'(> pDCk~. 

if'u-h IULDt tJllt run €Ill. \AX mink"Om' 
tn- and I'f'r,uu.. kit of addllionaJ 

Iet~ and k"OU"tl~ dagitwn" 
~ tor1un.at("l\ df"wJopm('nt 

tern. audl u T{'\b lo.t,,-,IO('I1" 
luill"'\tI>i. and (Aon11f<J'ilun', \oiO!!'w 

t\a\'I! btot-omra\.i.l.hl(> O\t'r th(" 
t ~Gr (If" 10,.10 Ihla rout(' ("41l be ~ 

\I~t \l'nd()f"6 &IT .... nuronductor 
• .ah"I&, aJlhou,(h II~. haw an 

I t .. 1f ollll\fCU1a1 at liS re-
t«hno~ CT'ntt''' Otherlup· 

Ort rnrlhud. ult'lutw. {P \f·bbed 
.AIl' frum peerh I ""hnoIOf(Y 

it<' \.a'MJr\oIJ ~mK':Ondu(:lor, orthf' in
DUW'd('wlopnwnt 'oI"r'\i~-M offered 
~ Mlti'l ("u"'JMI'MIII AI ,t:;C Ccxp , 
p.'Uta PhiliPS. SJlf"I!I"h Plus ,former
' Trin.eruory~ temtl,and Hitachi 
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Anotheroption is Computnlkcr 
Consultants' software 8J>1)licalions
development package that comJX>tcs 
\\ith the Signal Technology'S Il.s pack
age, It ..... 111 do waveform t.·(htll18 and 
Iinea~pl'(.'CIkl ion analysis, and has a 
friendly command structUI'C. As u gen
(·raJ 1'1.Ile, manufacturers ",til ha\'6to 
pf'O\-ldc the necessary ISUppOr1 struc· 
ture to pcnctr-ateand sU!lI>or1 speech
synlhesis al'plicalions reliabl), IIO\Y
('\'t"r. tht:' following dil(lIll1 coding fac
tors for sJX't'Ch syntht:'~llIi mU8t be con
siderro 
• lu(o"natlon orbll mle reqUired 

for l'oJ")('("Ch qualit): 
• Complcxilyor c.'oding and decod

Ing sch(,lTlcs 
• f1e,ibi.lily of the 

n:'pretK>nlation-potentlal mcxll· 
ficatlon oflhe \ocabula.ry 

·nll' speecho('llIp ma''''ct ls cu~ 
",nlly dominated by specc:'h syn the· 
sia'l'S. vocabulary read·only memo· 
nea. cncoouwdemoc:lulatlon ctup8. 
and dlfPlal signal pf'OC't"-S80I'f 

Spt'4-"(:h-clup manuf.ll·turers In
clude 'Blinnal Semiconductor,Ml1 
CcntigTalTl, tpson. General 1I111tru
Illent IIltachJ. ~lttsubishl \lotOI'Olli 
010 SenlloonduC1or. \1:..(:, PanUOllic. 
~harp t1octroniCt, 1haalnilru· 
mcnlff. and ,"Olnu; \foet o(lh~ 
sp('CCh·('hip make", arc UI~ing (.\I~ 
lechnoloK,Y, 

l 'ndeflitandability and speech 
qualily \'aIY. depending upon the cod· 
ing I('('"hmque used l'nderrttandabtl
ity ls the characteristic that aUowl a 
human hstener to hel1r1md diffcl'Cl1ll
ale speCific words from olher 
6imiiar-lIOundlng\\"Ords ~1X'eCh quill
Ily i.s more SUb,ectM.-·iI defines, lila 
rough way. the human-like quahty o( 
Ihe ffynthetlc \"ice 

Currenlly. LPG Joobllke the 
most popularsynthcals technique 
and offers a good compromu.e be· 
tween lJ>Cf'Ch quaJlty and memory m
qUJrement. _ At a ,..Ie of 1500 bps. the 
\'Oice quality is good enough for listt-"n· 

CI'S to distinguish the voices of Val;' 
ous speakel'S 

On Ihe low end of the spectrum, 
data rales of600 to 1000 bps are 1}'Pi
cal oflo\Y-eost , self-contained speech 
synthesizers, which are Ideally suited 
for games and toys INational 's Digi
talker II fo!' e~ampleL The lowesl 
data rates belong to phoneme synthe
sizers 140 10 100 bl>5' like the \ 'otrax 
SC-ol 

Oal41111t's above ZOOO bl)s pro· 
duce \'Oicl'. patterns Identifiable as 
Ihose of Ii pAI1icuiarspeakcr Higher 
data ratcs. howc\.'Cr, require in
creased memory Clll)acitl Hitachi 
and Matsushita usc the PARCO" tech· 
nlque with iK'lectablc dallll"DICS from 
2-100 10 9600 hilt. 

\1 emOIY capacity IShII dictates 
that lower bit rates be used where de
slrablo---e\"C1l though the Iwailabihty 
of&H(bytc HAM, and Z56·Kbytc RAM 
chips In Ihe ncar futur'C , willllssist 
chip manufal'lurcrs who use hlght"I' 
digitLZlrvc ratl.'S. such as OKI Semicon
ductor's ,.\OIJ(;\1linc, \ationaJ Semi· 
conduC"tor'8 Digltalker II and lIafTis ' 
CVhO chip ·111C SC·OI from \'otrax hits 
been tremendously popular', but Ihe 
fim"s nt,-"'" chip. the SC.OZ, can speak 
words (rom an unlimited \ocabulnl)' 
with Z56 possible 1C\'els of Inflection 

Toshiba and Shall> also have sin· 
g1e-chip CMOS 1i1:K..'(.'Ch synthesizers 
And 1\1-.£ has an audkrsynlhesis chip 
Ihal packs 64 Kby!es ofRO\l for up to 
90 seconds of ,,"Dice. music, or other 
lOunds In addllion, Gencral lnstru· 
menls has dl-'\!eloped an allophone· 
Iynlhesis chip. the \!)\1ZI28, thai 
UJes LPC and f'nunclatet 64 allo
phones. 

The 3Z-blt T\1S-320 rt..gnaJ
proceSsing microcompulerchip from 
'~xas Instruments may be the finu 
VLSI dC\'ke to aliowdcsl,gnerlto pene
trail' nt.OW applications thattal..e .d\"an· 
I~ of d.g..laJ signal·proccuing tech
nlqucsto manipulate and interpret 
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electrical s ignals sllch as those used 
in telecommu nications and speech 
synthesis. 

TheTMS-3Z0 has an operating 
speed of5 MLPS (million instructions 
per second}-faster than many main
frame comp uters of the last decade. 
Based on a modified Han:ard architec
ture, theTMS-320 provides separate 
spaces for program and data mem-
01)'. Since it can fetch infonnation 
from both memory spaces in paraUel, 
it's able to fe tch and execu te instl1Jc
tions at the same time. 

This appr'Oach, which allows 
crossO\'Crs bet\\'Cen program and 
dala memories, enhances the flexibil· 
ity orlhe T~IS-3Z0 by letti ng the user 
pclfom1 program branches based on 
data computations. Chip throughput 
is inCI'Cased because parallel opera· 
tions can execule in a s ingle 
ZOO-ns cycle. 

111e 32·bit TMS-320 (TMS·32010 
and TMS-320M 10) is fabricated wilh 
3 .... design rules by use of silicon-gate 
NMOS processing. Potential applica
tions include: 
• Translating speech into digital 

signals and compressing it for 
mom efficient transmission O\'er 
telephone Hnes 

• Digital filtering 
• Processing data for synthesized 

speech Idata compression and 
U'C analysiS). 

• Analyzing data for speech recog
nition . 

• Processing signals for a wide 
range ofmUital)' equipment and 
sophisticated measurement sys
tems. 

SPEECII ·SYNTIIESIS BOA RDS 

Speech·synthesls evaluation boards 
am available from A~1 1 , Epson, Gen
erailnslrument, OKJ Semiconductor. 
National Semiconductor, Texas Instru
ments, and Votrax Speech
synthesizer boards a""ailable from scy

erai olhen-endors include Speech 
Technology's VRlSIOO, which is based 
on the SI4)ZSO chip originally de
signed by that firm and manufac· 
lured by General Instruments. The 
U'(;-bascd VRIS 100 has \"ariable data 
rates-1200 to 1600 bps for low
quality speech and 2000 to 2200 bps 
for high-quality speech . 

Speech Plus' ITelesensory 
Systemsl Speech 100011 100 speech
synthesis boards are Multibus boards 

.. 

with 50 to ZOO seconds of apt"t"'Ch (" . .ap.a~ 
bility, respectively CornputAIlt"f'"Con
suJtants' CompuCorderc.n produce 
high-quality spe<'Ch In any l4nf(U.p> 
and speak with any \'OiC"P mal" Of r. 
male. It can also product> rnU:ooiC- and 
sound e!fccts and is an IH.r G9&~' 
loo-compatibie drnut c-ard Ow 
CompuCorder ls suitabl~ for !>uch aJ)'
plicatlons as .. -oiC'e 6tore-.nd·fu,."aRI 
systems. paging s),stemJ atnalf"Ur n· 
dio repeaters , .nd romputfOf".klt"tJ In· 
struction ICAI ' 

Centigram ha:t a fi.ln~lfO·cl,.nnfOl 
version of the Tc\as In:ttrumt·nt. \tud · 
ulo voice synthcsiz.el-:n\t II \\hk h .. 
fom1 -factor- and ooI1l1('('luf" 
compatible \\ill1 an., \1ulllbu. 
single-board compUIf"r It u..,. Ihe n 
VSP 5220voice·svnthc dllp lit an 11\ 

crago dllta rnlo of 1200 b.,.. rh .. t:\-'P' 
caJ single-board computt'rC'an I' ..... 
2.5 minutes OfSPN'ch ,\1ul~ ,,,,' bu· 
lary storage on di '" Ul \1I''1u&l1\ unllm· 
ited. LIM Centigram'. 10\\ l'II·,..tt' 
syntheSizer i..s a ... allah!" fur UWI£) 
Equipment Corp Q-hu.. and l "il.us 
Thlking boards are a' ;allabkt In'm -\I\a· 
log oc\iccs.Alennan U~IIa1".\ __ tt"lna 
AppJjed \ticro 'ledlnoluft\o IlA,a 
Voice, ICS Electronics. It("\,-kll 
Packard Maaler~I)t'c:l&litit _ 'f"U o 

tronies, ~Iree' EJoctnmlC'S \ul"" 
and ,"olan 

Talktng 5Oftwa" UI he"Inn .. ", IU 
appearw&lh p.1Ick.ag('1\ Ill" PNIc ht,.... 
Software's SI'each\\,u'f' \\hk·h .. 
~sed on a Prol)ri('t." cJ~tw,1fC Ift'h· 
nlque Iparamellic: wa\'cfonn l'UC.luct 
de\'eloped ~ Cenl'W·.m !-tPMc h. 
ware is made I>O"&lbl(o throup, ItW"l 
SYBI L spceclN'.\'n1 h il..('r boArd 
which will coat.bout 100 fur..., 18\1 
PC. SPcachwarc &. {'Olpahl('l ot tnn"" 
about8hoursof('Ontuluoua ,*",h 
on a 20-Mbvtc d&lOk 
. Another 8pt..'e<·h ."'ltlw. ttOaf"d 
IS manufactured for-1M 10\t P{::-_t... 
Speech \lasler from T ... :m. ... It IP' 
both. a stored \-oabulAry ''''(11)1\01.1 
Sen:&con~uctor·. onoso OWl 
which IS IUnJlOO to 143"~ .. ld. 
phoneme synth luI \alnu. ~I 
~peec.h synthCl!tz.ef'1 '\lth an unhm 
Ited \'OCabulan 

:\EC'S AH : l00\QIQoOutPUIIft" 
minal a1lo..\ the compuler to I It 
can remember up 10 120 ~ ~ 
spoken words . mC5.N.gM annuu~ 
menls, or instruction ... ~ 

HI ('.an I"f'oo 
peat them o\'crand O\'er ~n _Ilft'od_ 
ed. Because mes~ea are m ~t" 
form , they can beslOrod onft( 
dia at the h05t .l11c Aft· 100 u,J"»P.\ .,.,.. 
adapthedi.fferenlialpu l .. _ -,. 

~modu· 



Speech·to-text improvements 
are necessarv if usefu I 
appUcationHuch as the accessing 
of large databases thai COIl\f';.\ infor
malion bJ \'oiC'e, and applications for 
the handiC'.apped--are to become 
practicAl The main problem with 
spet'Ch·to-leXI synthesiS s.'t1>lem ... has 
been the lad.. of inteUiglble "'1X'eCh 
M061 of the C'UJTenl first·generation l 
de\ins ha\'e poor quality. moch:lI1l
caI'M>Unding speech 1"hat's l)assable 
for simple 1O.\':o;tem5 appli(,lltions but 
hlgtwrqualiiy speech is nl't'df'd and 
will requin' addihon&1linguiMic prin
ciplel and 1«."\ els of det aLI 

Tht" !otate-of-tlle-aJ1tochnlques 
in Spt"f't'll-io-tf'\t synlhelll.!J dt"\'CI 
oprd b;t' Dl'nnislUau at \II I In· 
clude. 
• ~''f1ta<1ic- ana.h."i.s urt("\t

~Tlt~lf of good Itf'nt('nre 
rll.\1hm and uuonallon 

• \tvrph(>mk' d"('t.llnpo .. llion or 
\\unU 1>0 Itwlr pronunclahon 
('an br 1)~K·tt'(.ll)('tH·r 

• Rul~ to ft'UCN ,ht' pnmounda
hon uf unf'\pt'('tNl \\Urtls 

• Rule. to mo(Jif)· th(' prommda
hon (l( wania. dt.1>t.-nthnf\: on 
th.'I" 'nt(>1l('t" rontt"\t 

• RuLe. to Irtn fonn ,)hOnl'lll' In
fnnrultQn into ('Onlrol p""l.Int>
tfor. rora formant 'Y"the&lU'r 

11lt' dt"\'I.'IIJI)ment wt>rk til \111 
..... ubutdon a PDP-II 60 mhlkorn· 
puu't"\\lth lunltNt nlf'moty and a lugh· 
apf't'd arra.,"' pl"UCt'MOr n, l("d 10 Dig
Ila.! EquiprTV'nl Corp a d('\t"iopm('nt 
of. bu.nlJtoo.'t'1 pnxlUl:,t t'411Lod OEC
t.n, nlis ho.rd Ulel • du~1 
pron-UOI' .n:hHoclul'l' h.1M'tl on the 
Motorola 6&000 mlrroproc:ChAOr. 
whkh (".an .ddmY 16 \f~1t •• or mt'm
Of)' and lh,' '1c.lM lruotrum('nts 
'T'flZOlO I~P(hlp lb,. board i. pro~ 

gamrtM'd in the hlgh·It",·1 CIAO' 
!CU. 

A J·ltr',.,.d IOfuvall' tlppf'Oilch 
\\ ... uat.od 111f:" O ... tl["o",,1 UJIl!'>bla of 
prepl'1:KftalJ~ inumbers. rnd--(If
M'I1mr. ~d llOnt.po .. rn ('h ..... t'I(-'fS " 

lr"lmrl ' preft~ and lI>ufru .. t';!'pulI(, c,,· 
CPption worda. phrue fmIn...('t'I , 1,.",
cal II>treu, common "tN'd. , and u.er
IoadahJt.wunlal and Nics IIbrat)l 
,numhlll·r. or amount" 1('11('1"'10-
aound pronUnt'Llllon, Ic"kalalred. 
treM·rnod.J.fied pf'Onunt:lall,," and &e

CfUf"'l"&"modi.6ed pronunnallon j , 

1br finl-~d proc:w.e teAl'C'h~ 
tor-.t .... 1 \\urd In the I('Ucon and 
lJ",wmt. the tQt1'd pl'lQnemlt" I't'p~ 
IeflLlIIOfl If nw,tc·hec;I J djrenlv 10 the 
aecond·w\l"1 proceN Thplexlt-on-

initially 1500 words UaboralOl} vel'
slonl and being expanded 10 about 
7000 words-would ocelli))' 1"0 
lI.'bvtcs of ROM TI,e 1(-'IIC .... to·sound Ii· 
b";IY is about 500 words AI Ihe 
prt'scnt level. DECtaik can pronounce 
about ZO.OOO words 

-01e second IC\"(-':I or processing 
consists or phonemic recording, inlO
nallon, duration of word stress, target 
selection. phonemic smoothing. and 
parameter calculation 111Clhlrd and 
latH 1('\,\,1 is that of voice synthesis 
I1hrough fOITuant synlheslsl and dlgi· 
1.1.1 voice output to a D/A comt'rtcr. 

'l1,e MOlorola 68000 handles Orst
and fWCOnd·Ie\'e1 procebslng. whilc 
tll(-' 'I'll \1·32010 DSP ('hlp handles 
Ihe Ihin:l·lc\-'el proct'ssingfunclions 
'I"he syslem can be aC('esSNt Ihrough 
K~·ZJ2C po11& from ('it her a local tel'" 
mlnal or host COIllI)lIH'I' and has a 
\'JIriable bpellk.ing nte or 120 to JOO 
words per minute. Different \'Olceb 
and olltputs--su('h as 1('I('phone and 
loudbpcalo.er-----<an be ChOM'l1 

VQCODI RS. \'OIC£ R"~PO~S"", ;\~D 
VOICt:. S-IURE-A:\Il-fOII\\AHO 

Speet:h coding is dbtll'4tulshed rrom 
",)('('("h "ynthesis in thalltl>ee<"h cod
ing Is derived from a human source 
Imut.:h like a lape ,'et'Qrclill~ pln.vback, 
only rrom a digilal stOn&gl"_I'CtrlC\aJ de· 
\;('(" 1 'n'e most adaptable and Iirl!'·llke 
u~ ofltl)('C('h rodlng i. \ol~ rt'
sponS(' Here , pl't'\lk)uS\tX:allnpuhi 
are ('otnhlnt'tl for .utlllJ 1)la.l'back on 
t'Qul/nand \bice-rt>:5ponbe ledmol-
0ftV b IIImi.lar to outputl1lcthods that 
(lisplay output on a M'f"t.'l'n only It 
outl)ut1l mfonnation in auchble fOl,n 

In this C.tJ.e, 1)rt'I'eC'OI'tted bp<'t'Ch 
,,"N"II t~ether lroncall'ndted ~ to 
fonlll)hra5ea Tt'CllnoIOf(i('ai ad
vances no", alIO\\ .\"t"J to play back 
m(>M;~c. that ha\'e been d~tu.ed 
and "ol'('d In mcmo~ Inat('ad or mo
to .... dm'el1 tape d,wcs '11'1.' basic el('
m(,nh or a \uice-retlponae i!ty~tem In· 
dude pl'O\iblOnS ror\'Onlbul"~' 510~ 
ag(' Nles for fonnln~ l1IetMgl':S from 
\ocabulary elemenl5 and a program 
10 t-om~ \ulC'e-l'l"&pon~ meb' 
~I» . n,c.e words or pht"bCai are re
com'rf100 10 an analOfC llgnal and re
playtXlthrough a headM!t , 'peaker, or 
lelrphone . 

\OIC'e-reipome unitt. '\'RUa' may 
be conftgUred iii intelli~ent rront-end 
proct'MO~ or as .Iandalone transl.,· 
tion 8-""tlrm~ These may bt> 
aoftwal'e-based disk 1I0ntgC or solid· 
~lalr memory 10 achl(~'e. \ulce roe-
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sponse Traditional access to voice· 
response systems has been accom· 
plished via TouchTone lelephanes or 
with rota'y-dialed telephones, Now. 
some systems lII'e beginning to add 
speech recognition as an access 
mode. \'olan 's V5000, for example, inte
grates two major speech technolo· 
gic5-8peaker-<lependent recognillon 
and speech generation Ivoice re
sponse J \'OCOding, and voice slore-and
for".ard~into one compaci system 
Typlcal11pplications forVRUs are or
dt','cntry, credit authOli7..atlon, im"(-':n· 
tOIY, and banking 

\'oice store-and-forward involves 
real'lime encocUng, compression. 
and storage of spct.'Ch messages for 
laler retrie"al While \'oice reponse 
usually handles static messages, 
\'Olrn stol'C·and·rOl'ward 111\'01\'('8 con
linuously changing messages that are 
only brieny stored TIlis tCf'hnology is 
uM'(! plimarily in the area orvoioo 
mail in which \'oioo messages are re
corded. stored in disk memory, and re
oo\'l'rcd on d('mnnd Voice maills 
mu('h like its oounte'1>aI1. electronic 
mail , the vocal etlui\.'alenllcts a 
spealo.er1callerlea\'o II detailed mes
s"I<e thai Is converted, SIOred, and 
Iwallable forsubSCf:luent recall. rout
Ing, Ilnd dispersal just like a piece of 
eli.oclronic mall 

Voice stOI'C·and·ro' ...... al'd pro
\idf's Ihl! It'clinicul basb ror a vcry 
large. multi-user telephone· 
answering and message·distributlon 
1Wn.1ce 8usy sil(nals or not, U5er'll an! 
611..11 able to "talk'to IhelrassocuUes, 
lea\il'lf a spoken ml·S~C. or any 
If'ngth, Ihat retains the speaker', origi· 
nnllnneclions, intonalions, mood •• 
and oMginnlity. 

' 111l1 typical vuire-mall system 
\\0;11 ha\'c "mail bo1(ClI"' where \'oice 
me&54f(e5 from olhel"l art) stored just 
hl.e con\'cntionaJ J»1per 01811 \'oice
lIIallly5lems have Ihe ability to de
Liver mcssages automatlca.lIy to hun
dreds orpcople 8!J silnl)ly as one. Fu~ 
ther messages can be crea.ted durill8 
the daythnc and queued forsubse
quent unattended transmwion al 
nigh. 

11,e dk'tallon ormemOl.letten 
and olher documenl.......e\'t'n from re
male locations like hotel.s-cnn be 
.troamlined by 5u('h syslems for,. ... • 
al11,)Ie:'. saJes persons ~n ca.U their 
home office and place. saJes orderdj
renlY"'1th the computer. gi\itlg par1 
numbers. quantity, and a CU5tom~ 
number The computer can re5I)Ond 
\\ollh Im.{'otory figuf'f'J for each of the 
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p\c4 \'olan'.mUhlf_tedV3OOOA;~::=~;:;;;:;;:;:;::::::;::;:;:::;:;;;;~'.;;;·~;::~":;on: .... ;;;;;;--
n!Sponae •• nd voice .tore_and_rorward 

ilems and \'Cli!y the shipping ad
dl'C8ses and data . If the inven tory is 
lunning low, the computer relays 
that infomlation to the caller, who 
can then make a change in the order. 

Vococling is similar to voice Siore
and·forward lIowe"er, this applica
tion is p limariJy aimed at real-time 
telephone conversations in which 
speech is compressed to minimize 
the cost of transmission . Voice com
pression allow5 simullaneous trans
mission of 5e\'CrallcJcphone signals 
and is the foundation Ihal underlies 
cost .effective im plamen I alion oh'Oice
generation tcchnology. 

The challenge is to compress 
mOI'e speech inlO the amount of mem
Diy space or data communications 
bandwidth Thus, the goal is to keep 
removing redundant infonnation, 
down to the barest minimum ncces-
8m)' for the car to still recognize th~ 
speaker and under'Stand the mes
sage. 

'!1,C indust!), standard is 64 "''bps 
on telephone-line bandwidth, Pulse
code modulation and CVSD are the 
most populartcc.hniques used by 
manufactul'Cl'S of vocoders and "'Dice 
store-and-forward systems_ lyPica1 
data rates am 4.8, 9_6, and 16 Kbps 

Many companics--including 
AD!' Computing Sen.ices, AT&T 
(American Bell), (}atapoint, DEC, ECS 
Telt.'communications, l8~t , ITt North
ern Telecom, Rolm,Sydis, United Tech
nologies Corp., VoicemaiJ, VMX, and 
Wang- have entered the voice-mail 
mar\ct with products and services. 
111e most commonly heard phrase is 
that • .Dice-mail systems will attack 
real-lime problems of business com
munications, or what is called "tele
phone tag" 
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VOICE-RESPOr\Sl PROOl'cr . 

Othervcndors of\'()tCto,j'(> IXJn'loC \ -
terns include A~1" n Gt'nf'ral t IN " 
lric, Cognilronlc-s . Oif(llaJ "alh, ...... 
I B~1 . lnfolink . lrrPt·nphonlc-. . l'rn.'1I'J'
tion Technolog ..... Rap"da'a ~I)I ·n;. 
Univac, Spet"ch I)(us , and -I. P 

VOl an haslwo mult.filn·I,"t1 tlM1"& · 
opment syslems, Ih(' \OI .. n \locit>l8 
V5O(MJ and \ 4000 _ 11,(' \ 5000 f t«" in
tegrates speal.cNif'pt'nd,·nl n"l"UfOll 
lion and speec-h gl'nC-I"IIhon ""h 
sponse, \'ocodulg, and \vil ('t luno net 
fOl"\varo l The \ '4000 rombul4 \"krt 
response and f'{"al ·flm(' ,uK',' A't~"\.I. 
ing \\ilh ''Dice Moro-.anc.! ·fon .. ,u'd 
VOlce-responsc Cltpllblhtj .Ud\\ tl 
user to digitiU'. comprr.- lon' •• KI 
play back spokc-n \\oeu. . \ 01'-" !ioU",' 
and-fom-ard C41>ahllllit- 111('ludt" (I"" 
tizalion, compression buff~ll4C •• Kl 
transmission of 5pO"l'n \\,ul"(l. 10 • 
mass·storage drn.;("('t or n(Klt· tn a {"(.)In 
munications network 

Bolh Ihe\4000and\~ .... 
user programmable. allc)\\ U'IfC Ih. 
user to record or updalt'l his c·hc ...... 
phrases on-line Wllhout d 1.\ nw 
user,is able 10 balannt I't"I)roduc I_JJl 
quall!)' wlth storage recIUlf'Ml""nt 
and select a dala rale from -4" It, U .. 
I?'p~ AI the top rail' , \uk-r ,..,-KUdur. 
tlon IS or high qualJl~ equ"] to the 
sound of a human \.'Oln- 0\",. I 
~h0r:-e line .A19 6 IiliIM. lhe ",".,rucJt.ac.. 
lion IS orCOmmUn'C4lk,n. qu.h" 
roughly equIvalent 10 Ih .. ~nd"oe. 
~uman ''Dice O\'era lelt1>hun" Une. \1 
4.8 "''bps, the speM..l'r-•• dt-nll" 
mood , and emphub art' f;i('arl cU.. 
cernablc_ ~ 

Speech ptus ' T'15 \'010', 
response lell'phonl'_in •• J_ 
, • WI \ tl"l1l 
IS a compuler periphc-railml bru 

-10000the-r tJIIIMJf'lht . .,,~ 
apeech .!>~1\Itw.i..and I' ....... ~I 
tlont. t~ IOftllbletdf. 
phont'6 4!'\~'\\~ 10 bt UIfd_ .. 
plfo compolf'J' 1t!f1'ninab 

llw>\.oice ~"*
l1Jo('(t \\lth the- n ~c.. 
putl"r ~ the Uift lOcnra 
to andupd.al"\~_ 
~ It('"..an'IIItUM'db~~ 
~ d.lC1~hon. 0.10 f'KDfd .... 
10 bfo fc,n\ IIU"drod I lMd 01_ 
...... frun,.,oud1TbnoId.;~ 
th \ lMl torllbineup_dlp!lra ""', ..... _ .... 
IMphont"-n~l lznni:q 
lnto •• b~.~ I~GrI" 
1 t., -o32O ~rthip-thallb .... _ 
~ "IUS) II nllt'lXlJpUlrr r 

()n(. o(lh,. ~ 11fttci'_ ( 
IfIftl ~ II •• hU,1\ 10 md. 
'llC.od to \okt-~ .,. .. 
anuU'lO\.tf\1!ted~."'. 
,_Inuon tlf'(JfCn.R» b. 
"tlh • 1I.",t.u.n1 to 't::if"'*id. 
(VIlunA'.'" inputII'" m:dI-
nallUfU 10 thr appIkAnon n.. 
1""'_ "fll'" rant ftIudn .. 
I t ... 3:0MINI~CId. "I :UOO .. wftI. • , 
cntphrM and hradwlSpMa - I 
t.ta MId \Uk' ~*'-'10 1 

poalMI.l_ ttWIt an" "" ......... 

let' llw.n u.utftfft'W .. 
I~""'" 

"11", I III' 

11 ... 111,,,", Inciude ...... 
" ..... Qul 01 '1I'ftiIl ... ~.td .. I 
.utOm&ue~~Ilf~ 
(.us 'dIUCtl1'Dn11' cIIn!dQ It ... 
, I"d lor incomIn(I ...... .. 
,.. 1. ... of etttwf ..... .... 

.1JaItnoc lor ~ ! 
11-~ I 

annud, .. '-oblrd and ua,wclfll 
I ..-.cI",IDJI ., 

o 6 • ncwnJ:naI tJuratjanl ~ 
Ult~ c..cto.~ 1 1 
mUn~"""""'"'' .rtqcrdUun\~'" rnrnu-drtwn _ .... 

~;:~.::: ~l' 
~- ... ........ _1npuI , 
"Thr_~_ 

"*rI aton--.ud-ton.wO I_ ..... dw _ 

rirr" ""'*" -
nk:atQb In ",~modr.'" """"'"' ...... g.ptdca anidoo '"'" -..... ...t 
naedrd Indudr: 



, \'oice annolalions on existing 
lext or documents 

it Facsimile images 10PIlcaJ l'el)re
sentalions of text drawing, eIC.!, 

• Hand-drawn SKetches Idrawn 
\\;th poinl1ll8 devices such as 
the optical mouse. dagitil.lI18 bil 
pad orbghl pen' 

• .utlmahon framt'-by-framt" re
cordU18 ohpt>eCh, text. 
graphics and \ideo l 

Somf! stalt'-o(-lhf>-ar1 \ 'OiC'P-rt'sponse 
\-:,Iems use dual-tonl' mllltlfrt"

Ruenl':\ tone' DT\U ) d("('()(l{'r tech
r ique) P're\10UI 1,\'8t{,105 utilized dis-

te compon{,OIt-incilidill#( sepa
rate filtt"D for e<it:h tOIl(, Curn-nl sys
(('rib UM' h"hnd I~" I to adll("\'e the {'n· 

lire df't'Q(ler fun("lIon on a Itlllgl{' 
~ COru.r.:.111lg of nuC'mproc·eMwr. 
80\1 onn dft"Odel· InocJul4tlon 
Ind channd rontroll{'r"a. and filtf'nl 

~pt'fry tnn 4(" '. \'fIiet' 1 0 module 
an C'umplt' of a -,tt'P t""ard mol'(' 
ant infurmatlon trarnfer through 

~K'r pnx'NIU~ ltl.lll'.mg thl' lateltt 
~a~. and digrta.l"u'Ck"(,. Irvc tNh 
n rques II &1k,"~ alll~t' , ntud(oral('
perfomu.nc.-e nUnl('OInputer to con 
and~ .. ntt'~("pro(;t'~lng 

\.s on al&qcr numlJelrol Wlr(' chan " 
I.s. !>mlult.ult''OlU,,, 11u.-.e t ... Ju; Ill-

ude\uiITlton· ·.nd-fomard mclt
p t<litlOlt and dlC1atKJIl 

ThIS modulI" Int('rfa<"M dln.,·ft)v 
~ the ~nfift'Unhl(' mOdularfamll, 
1R.\tf ' bl" utlliU"d in a nUllltx-ro( ('Din
pUI('f' .. \~lt'm. , fl.\\1 pf'O\'ldNJ 'tOI~(, 
torcontrollllformatlnll al wt'll aa t(,Ill' 
porarybuffer p't1tAdtiltionall.\. two 
indPpendl"nt pl'OC'e"'O~ ""Itlft on 
lhe motlult' rhf'R\tl 1)I"O('(>MOr han· 
diet t.ht- intcl1aa-, proteln .. 1 and data 
I~o..,.rhf'ad \\hlle tht' audio pro
~ 11Jt'ffc..-m1 re.l ·tlm(' audio datil 
compR'!MMHl IlOd nUllupulauon 

nw- modul" pnJ\1dca A 0 and 
0 ..\ tom't"noKJn bit cumpn>1 .. kmto 
2.4 ~, pt.('f'lTll"nl and 1"'t'('('lpt of 
leWpllotw calla whIM- mollltunnlll thl" 
line lor dr.aJ toot', htb)' , nnlll.u~ 
l5peer-h and i.\('1lOf' ~tOl'hon of 
I)'f\tf durarten: and paUloI'''''''' 
l11O\aJ kJudn .... control and 
~pt"t.·ch -rate control pef'dup and 
1Io\'~n _ 
~ tnn.-ac ', \OK"e Infonna

lion ~'"« 1\1P, .tatton .. a com
puter-bued \OK'f' m~e .tort'
IInd-forward~' tern for u.e ",1th 
!rouchlone-equlpped tclcphonN_ It 
d&gi1JUll thean&JoR\'Di<'e meaa.age .. 

it is entered and convel1s the mes
sage to an analog signal when il Is 
played back. Station functions in
clude liste ning to incoming mes
sages, creating mesS<l8es, obtaining 
the status of outgoing messages, and 
personalizing sen.ice 

Although curTently implemented 
specifically for audio LO in a recol'Cl!
playb."ck mode, ambitions for this 
module e.\:tend beyond voice
response applications to \'Dice I"CCOS· 
nition Here, the module could pro
\ide n powerful fron t-end processor 
for voice-recognition applications 

One Board 
Says 
It All 

" 

~, -..., 

IEEE-696 I 5-100 BUS 

\ 
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Intemction and communication 
with people will be improved with 
the nC\\' technological tools de
scribed, but the syslem must be de
signed with human facton; in mind 
so thatlhe Interactions are natural. 
Automatic speech generation aJone 
will not suffice-automatic speech 
recognition ,viII also be necessary . • 

Speech reoog"' I ion and relalM speech
IlIpUI Issues nill be discussed in 'he 
1\1II1cr Issue of CO!o\P"Tur n:ctINOl.OGY 

IU."\' IH\ 

TELEPHONE INTERfACE 
• FCC AoprO¥ed 
• '",1111'" AroIW~ PnonI C,ltl 
· louc:ft.lone- Genefllew" 0Ic00er 
• Detect PnoM LIM 5111111 

(bI.IIY, ringing, .ntW~, ItC,1 

VOICE DIGITIZER 
• Record Speech 
• SoIech Slew. In RAM or 0.11< 
• $cIetcII OI.rtPUI 
· ~ot511IRat .. 

CompuFone: COMPUTER INTERACTION BY TElEPIIONE 
Access and enter data to your computer Irom any telephone via the 
Touch-Tone" keys. Veflfy your transaction' by recorded speech. 
So many exclUng applications lor the CompuFone are pos,lble: 
voice mall, tefephone an,werlng machine. electronic funds Iransler, 
telephone sollciling and data gathering, electronic Rolode~data 
base QU8f)' 'Nllh ~ OUlpul, order tnlry.nd InventOl)' contrOl, lei. 
phone banking-and that's Ju'llhe beginning 

COMPUTALKEA, lno 2111 SI ,san .. Monoca. CA IOotO' 
Celt UI II C213J ~ 



Computer Technology Review . 
Optical Mouse Provides Higher Qualify 
Cunor Control 
by Darid Prune r . and Pamela "'ilk~' 
Summapaphics Corp_ 

The mouse is a hand·held pointing dC\;ce that cont rol'> 
cursor mm-emenll0 make compulercontrol fas ler and 
euier. :'I;amcd for its phy!>icaJ rel>emblance to the n"al 
thing, it repol1S relative changes in cursor location "Ill(> 
original mechanical design has been imprtJ\'('d to in
creaae the advantage of mice o\'er other (X'ripheral dc
vices. Optical mice ("\.'Cn ha\'e on-board inlt' lligence that 
Increucs their reliability and ease of u se for a growinR 
range of applications_ 

The mouse opf>rates by !>Cnding its ho rizontal I\: 
and wrtical 'VI movements to the hosl to updat!'! the po· 
lilian of the CRT cursor: iflhe mouse mo\'t~s down and 
to the right , the cursaron the screen willnuh'(' in Ilw 
same direction. \\1l(m the cursor points to an o n -stTt"('n 
menu !:Iclection 01' pi}(>I, a button on the m ou!O(' can bf· 
pushed to aJer1 the host software thai you 're at th(" do
sired 5("1'(.'('11 location Depending on the application, 
this Signal \vill be decoded as a menu sel('Clion oraa 
part of a geometric ~hapc . 

8<'fore this new technology, computer user!, \\ilu 
\\'U.hM to reduct' theirooiting and menu S('1('(: tion timl' 
had a limilro numht:'rof options . light p<'11:. or tOUt'h, 
screens w\!re qukk. butlended to cause fatigue and lUil 
the screen Trackbalb took up little desk :.p ace, bu t \wre 
slow and awkward in comparison 10 mice. And in 
graphin.-interu.i\'C applic-ations. an opcratorcou ldn't 100 
cate and hold the loc.ation of 8 s ingle phel and preu a 
~' on the l.e\'board 011 the same time. 

, Digitize~ , &Ithough more precise than mirt', WiTt' 
luntill'('Cenll) 1 relativel.'!' e\penslve and requ ired a 18flt(. 
amount of desk space Joy:.ticks . s imilar to t l'3d;.ball~, n ... 
quire a great deal ofpra(·tice to manage an) t:,1X' of aCt'u
racy in positioning and can 't pJ"O\.ide the m otio n fl,("(t
back prO\icled by 8 mOUl>e , 

Mite out-pcrfonn all of these othcrd('\iC'Cs 'IlWY 
are faSI and accurate, and allow the u.!ler's hand to s ia\ 
in the same position relahve to the butto ns at alllim('~ 

The Mechanical Mouse 

The first mou&e was mechanical. de\"l~lopt'"d ~ DougiM 
EngIt'bart at the Stanfon::l Research InstitutE' in till' litlC 
1960s and paten too in 1970, II was a s imple. round
edged box th<lt rolloo on two \ ... -heels placed at ~ht 
~es to one another 

A variation of this originaJ mouse wa:. d ('\l'Iopt"d 101' 
Xerox in 197Z by Jack Hawle}" This mo use was d~it ill 
uaed IE'SS com pie" software. had quieter\\-hpc!s an,-t ('Jun
inated the crn.!Iy AD comcrter. 

A 1975 \'C"ion tl'3\eled on a :t.'.-in . stainlet>s1tePl 
ball bearing that E'liminated the drag of s ide-!oliPPInI{ 
wheels . Then Hawley came up "ith a mouse that 
worked on the samE' prinCiple as a trackball . on~ upsid t't 
ckMTl :\s the ball roll. across a dCl>k , it tran ~fer5 ib. X and 
\' mO\~ments to two small cylindrical drums ~linR o n 
the ball at right angles to one another These cylind ers ro
lale in proportion 10 the ball's forward and siclew8.\ s m o. 
lion 

Connected to the ('nds ollhcse cylinde r!> wc re 

9' 

-. 
am lLll ('(Xii' \\ tlff'l ,ahernatel,. .. C"CMkd "ith CU1ductat 
a nd nUlll'onducthTl aorpurnt. 1lle code _'hreb" 
ii\\'re<I I'irc:· tril-aJ pubft thal"~ decodtd .ad .... ,-

Pnu5cd (ur 11. ~naruhJp and 
th. ' ,:ompUlrr in digitAl ronn ::~!::':;., 
t), I" mOll1M' ploNI lIuunl J~ and 
pl'udunng It internally fhe onb rumpI.a}nb Mft tRw 
th is des"". It>ndtd to ph:L up aurt.ce duat ~,... 
dskm puta thai \ \ 'I"fT! difflicuh to 

Anot llerlyJXloflllOUK!"~.aI 
l urt'l,n-hingon anoptb1~ """,,10""_" 
ch~ 10 IKJ ltkm Thb mo ...... ,,"hktI ~ 
inp~ t~h ,,",ulutkJO, \\'1U dr\.-rtoprd b)' John "",1Ri 
tUI' .... ' .. wtn:mQ 

(Jl llrr companies Ihall1L&fll.r.etufr, rn.ctwur 
nun" are Product A:taoc:1AIN IPC' and.JG'~ I 
mou..e. £'!'ohJoned ath"r t:.n,;lehar1 • an,ctnaI IN
tun "ll ,N'I" IIIK)mrtrrwfVTb atlAUCOf1WI1 Indln 
R.",;!:,lllltf'ri.1cc 3( •• mo... b dafkonont In that as 
\\lll"t 'ls lun made frum I4loAO' nabbrr kUlead at III 
t' lintilUlIII I rn, aurfiac'e.gr1pplnf( prubIrma tound In 
\\ Ith Inulltkmalwtlt'rb Abo fo&n."..,. ........ 
aM'. It' .. fragile ond k>u .uK.,.,. ... to ctu.t 

Thl' Optical \luu ... • 

·1 h(l eoUd·.talllt optical fI1DlIM" b a "'latb~t> 
cI ........ loprd hv Stc!w ~ al t(JU:W 
mOllM If1I\ I. on ..... 1 1 •• 11 and uar. a 
,hod.oII.ED to tr.tc"L Its po&Iuon b) 
Llflht (fUm 0 htorl 01 aluminum WI> 

l Ilntrrnatlonal.anoUWT opUcaJ.mawoI' .. "";;, 
lun'l .JNdun-s. mla"f""""_;"'"",,,,,dlnl ... _ 
lllOUM! tl",. usn a blac:L -and", IQ1d , .. 
uplicalll"("'hnolOfi,V 10 dr-trnntnr db 
c.~al It hmcJUII to dr1nlllllW d&nocliDn. 

-nUt !:tUJlun.agnlphl" opS~ n1QUM' hu.1I!-
UU(~ and u... an Intel 1 • 

\ldl" Iht' pmc itl8 J-""'-" and Swug.m ftM'IIID') 

~od lor J(Jph~tlt.'''lrd dat. J1fVCftS~ and 
11'11 " • 10 ttW'l hoa. 

_dO. 



The U.O \\llhin the mouSf' IIohines light on Ihe mouse 
pad thi..:. liglu il> f'lth .. r .b&orbt-d or reOpt'lrd bad in· 
side Iht> mou!>*", loculM'd through a Irnll. and Imaged 
onlo Ih .. four quadrants of Iht" phUI'Klrll>clor 

IIlh .. muuse Is mO\ro Ii,Shll.v f\\n quadrant repor1 
lhe pn'~""nl'e of lildll and two "iU n·,MJrt nn lifthl &in('f! 
OW mOll!lt" is positioned hall on a nonn't1c.:llllA lin .. md 
half on a n'fl«ting line Ihhe ~ conllnues to tnn'Pl 
in the I-Amf' din"Ctjon II p.ua8Io dln't..'tl.v (J\-er a reOectlll8 
grid linr and 'WlI \\ill be Irtlaftt'tl on aU fuur quadrants 
of the pholodt'tl't"1or 10 dt>lrnnine the din~tiun 
of mCM'ment aJgorithma in the lnil:mpnk-e&60r looa.. for 
15pec:ific &ei.lul!I\cra of INltlenu Ityt Identify thr tbn"CIion 
oI"mcM.'ml'nt rolali\.,.IO the tpicl. 

-\..i lh,' tnOU5e mows bllm onr nonn'Reeling grid 
tine It) Ihe oc,t II ,·.n M!nle lour IrarlllltlullS 10 the pat· 
It'ms of liAht deh.:lrcl on thft four quadrant!l uf Iht' photo-
ddt 'Iur nlCSC lour tnmaitwna, mulllplit'lil') Iht' z.~ 
p1d lines in t'Bl·I, Inch of the mUUN' ".ul,ln:n.ldn Iht' 
mouse \\"Ilh It II resulutlon of 100 IIneli IN'r l11("h 

OPlic.tl miN! an-Inhoh'nlly mUll' ",hahl., Ihan m~ 
dtall'l'almke h,,'caUlM! II~ have nn mll'1r"\fC parts 10 
brea~ down Pr"".r OUI ..u.o. unlil"" nu,,·hanir.Ai mice 
uptical oller don I '"Iuire wit I'nnxlen or IM,tMltiomf" 
ten to d"ltoct ma\-emrnt Su .. ·h tiny 1IIt'('hanisms An' 

proof' lu Ltilutf' and, an ("auM' Ihr mouse 10 ad f'rTatu·a]· 
Iy y,hen dust dirt and rr.lIIIocr ah.\1np an' pidu .. t up b:'o' 
the h&J11l!I II rolla a('It .. a deU.lOP 

,.\nolherachulagt" uflht!optlral moulM'lis ita.ahilil:o' 
10 ,,'OJ .... wtlh an on·hclAni mtN'OlU'fk-'essor thai enatil ... II 
to ,nlt'ran wuh IbP hott to l'tyn,gl'" moot'll of operaUon 
&nd pnx-er.s WI. befon, It' IM"nl 10 the hoal In ,"OOtrul 
meeh&nkal mk."<" are ronJkit!n-d a dumb prrlpht'ntl hr· 
cause IN,:,' cootinualJ)' Kild dAla to the host Wtll'f1! ~ 
cia! Lin:ulta dift!liLe Ihe ct.loII for u~ 

Slnc-r Uu~ hoa, h.u ru, Yo ... ,. 10 l:ommunkalt' with lhe 
1llOUJ(' the tx.t mlDt l'OlUlanllv M'n-ir.e 111It'mJphl f"rom 
Ihr IJlOU5C" ronwr! Uw dar .. 10 di8ttallolm, and Ihltn de· 
chit!' wtlClhrr 111 USC' or IptotD II -\on uplkal mOUAe 41· 
liM .. h.·din-ctlorW communication whl(·h !'llmlnalr 
h.anfwa,.,. alul hOlt·procruor lime t':.\ IM!l1lhng Ihrdala 
10 lhe hotIol ,ia a atandard .. -tiallnlerfa,~· 

!>oophi.J.licalt-.l OPlj,'aI mwr h .. ,~ lMM.·tru. mod~ uf "p. 
rration controlled In)ln trw hOlI \14 ".moll· command 
In lncn-mrntalatn·.amU1g, (or e,"mpto the mou!&C .ends 
dala ma tlTtm. al. rale a.ell*dabh·lJV the ha.!. "hen· 
e'I; thr mou.., lim molion In till ,,;,"1,' th,' mOUMlII 

,. , .. 
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microproceuor outputs data on~' \",hrn il !len~(''' mm.'P· 
menl of atleut one unit of resolution 1001 in In Ihis 
way, the moUM! only lnlemJpts the hoal wtWI1 mO\"t"<i 

Prompt mode, an allfunale methlKl u( data OUlput. 
1& a progamm.ahle I {) mode In whi("h Iht' mou* 1""('. 

aponcb Wilh a aillfdfl rPpOrt when pollrd h.1.- tht· ho!>! 
Thus, Ihe rale of dala from the mouse ("an "qual th(' ratr 
at "tlkh th .. h061 "an pmc."eu II In mini,·umpuI('n, 
where the hoat CPU la busy pnK't'S5illlit d.iua. 1111:. modt' 
allows reaponaiwl inlPl"8rtiun "ithoul (l\"t'rlnadi~ tht' 
1>00. 

A fmquently flncounltorod pnlhlf'm t'\j>('rit'Il('('d by 
an operator when US)"" a mo\lAO 111 IlItrr "hll"h cau!>l"S 
lhe S("ftIen cursor to DIM'dlalto fnlln um! 111\1'1 to anolhf'r 
on Ihp. dIaJlla~· SCn>el1 whenlh., m()u~' l!li un tht' (,(f.I.;(' t» 
tween twn alaI,.. In altlt"C"hanit'al muu!>t'.lhi!l hllppt'ns 
whttn Ihft mou ... is pottutoned su Ihat Ih,' :.hart ('11('00' 
er', L'Onla("1. An' midway btom. ... ffl'l thr upt'n and dOM'd 
alatp lbia phenomf'l1on u,llkI 'K("un in uptll"ai miN' 
when a phutlKJtotf!('tnr quad""u c·an·t (1l"l'idl' \ ... ·hplhj·r II 
MfIS Ugh .. 

In aophlalic"iltrd "plll"all11ll·(,. a~nI11hln!lllt'rfolm('d 
by lhe mk-mpmreNOr ("an drlrmun" Sldll",lindl.," 
whelhtorlhP a'alechaORMo IIf r .. ("h photudl,tt'("lol"qu'l.d· 
rani are t~ random lIulput ul II ("unful'tt'll phUloti('lt"CtCJr 
or actual m(MmMmt lila. anlllf'aelog aI~Clnthm i~ elm· 
.lanlly actln«0n Ihr data lor the upli.-aIIliy&lt·m Ollhl' 
mouae.1IiO 11 f'uttnU .. U)' l'hmlnah'1llhls al1n~ Ul~ proh· 
10m 

AnoIhrt ad".nl..., pnnidt'd hy an "l'lw.11 mOuM.' .... 
lhal aprdal ~al1! In Itw mkroprocf'Ullr call dl'I('r 
IOftwano paney For Inlllal1("f' Ihr St'l1A1 numh"1 of I11d.· 
\lldual min- C4n hf' encodrd Inlo limnw",' anrllMSl'o('d 10 
lhe hosl durl"4J IIIIU .. II.£o'llon, wtwn the ('ompulI'r i~ 
configurtlll{ tM mollA«' n!moll!ly IIiO Ihlll Ihe syr.tt·m 
won'l operate unleulhe aenal numhcrol the muu~C" 
matcht"S the numhrr m('(Ktrd Into Ih,. hosl In thi" ~llu,,· 
Uon, an)' number of C:"UIl6t'tt ("4n 1M! made III a I.nltware 
diU.. bullhtoy will only won. \\11h Ullf' pal1irulM mUllM' 

AI pf"t'llGnla ".lalMoly small numhl" uf mi("t~ an' be· 
lnguM"tla. Cllrao,...'onlrol IIl',1(:('s ('(lII1I1.II1'd to Ihl' num
~ Ioree'''' for Ihe (·omi""., .. ·.anlhrnw pio.wt'l mi{·" 
an' prbnartly oflhr mrc:hanil'4l t.'llfl. hUI oplU"all11icn 
can be ".IlPl'CIf'd 10 gTOW 111 pOIJulanty 81111111"1' fmd in
£"n!UinfI: U ... • In (·RTa,p"hk.:a won.MlIflnns, and P('r
MmaI ('ompul~, hcc:auSC\' orthf'ir n>llabllit~· .nphi:.tka
lion and lCM't't coal 

PIc Jlwoopilk" .... _1"'~.fnOUMJMdandii Ir..-iIIdbyMl 1n"",1aI ~ 
... 'hM:h ct.cucS.....ao.-ud lI8hr .-om It. pad WJt, wtlhlrJ m. ........ 1hIrw Uflhl on lhe.trtrr'd_ 
,.... dolfwo J-t f..dhrt ttu.lIghI_ ...... bed.. or " • rdrrnd lflID • -t-quadan11ftBln(l dMN 
.t.-outpUt it ~_..t and dK'odrd'" ~ ",m. hou 
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•• 
CI N rR()NJCS 

SIOCt" Il .. IIltroduolon II late 
1~1. the mno\"JU\"e CentronlQ, 1«f1-
nology bdnnd the PrmN.mOfl 350 
Sene. h:.J..~ receIH.-d 0(.\1 Pr.lJ..e for Ib 
paper tundhng and rehAblllty With 
n~ Prinl\Uuon f;umn' addmom ... oe 
now offer new OIpablliue. and hlghe!" 
"'pee<h '\OW. more dun e'ott. the 
PrlOlM3uon 3SO famli)' 90111 promie 
OE.\l~ "1th the flexiblh[\' 10 meet all 
their pnnurl8 need .. Bar code pnm
ing l.:lrytecharaaen., Color. Gr.aphlcs . 
.. tore "Iull.lpa.~ fonl.' "ore ~peeili. 
from SOcp<o (mulupa.\~) to O\'er"OO 
cp.o. (JOcpi). And more efficiency .... ,th 
an oUl~lJnding new breakthrough. a 
1-,2- or 3-bm JUlomauc~heet and 
em'elope feeder opuon. 

Add the.e new capabiliue; to 
prQ\'t'n PrimS[;Jllon 350 innovations 
~uch a.~ true multl·function paper
h;mdling,and (anul), design with 80% 
parts commonalny_and)'oo have the 
Ideal OEM primer-choice for all three 
mformation proces.<;ins auegories 

OArA. PROCESSING. 
PrmL'iUuon 350 means exceptional 
throoghpul-approadung line 
primer .. ~ 10 DP "pphauons 
such a.<,; C Program Itsungs C BuslOess 
reportS C Datllogglfl8 C Spread 
shee1.\ using fUlI6pan. ~mgle 
~heel or (an·(olded form~ and CI. 

pable of opefatlflS at 100'4 dUly cycle 

CEnTRonll:::S 
PRinTSTRTIOnS 

, 
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Analyze Specs Carefully 
To Find the Best Printer 
For Your Application 

:areful attention to specifications for speed and pdnt quality can he lp you tell the 
li fTere nce between pl'Oducts that look the same on paper, 

by \rthur tI. . IIpcr. 
wneraJ fJ,'('lnl Pnnlf'r Pruc.lueb 

oHm.,n,' plinl· 
('1'1 hAve achle\'l'd a I("\'CI of ~phIJiltlca 

tlon . C'.lIpabihly and prolifeMltion that 
can confound (!\'('n a knowledgt'3blf' 
f'\lllualor Ewn aftcr the field of 
cholc(> ia narTowed 10 IWO or tht't-'t' . 
you hll\,(, to a naly7.A' tht' data 5hN'ts 
and funcllonal spcclficalions , whi~:h 
art" ""lIen to pul a produC't'. bt'si 
foot fon'l.ard- Io 5('11 printcr'll \'l.lthout 
aoually mi~n:·p."...nliOl( thf'm 
SIX"f'd and throughpula". IwO 1"'(''''' 

In whirh :,pet::omanship ma,) h.-ad th(' 
U1l\'l.aIY bu)'('r astra), 

\\'ht-n products nre comp..'lrrd 
II 's lI.'.(>fullo know what ea(,h Oll(o 
dOf" or doe!)n 'I do to m('«1 "our 
n("('(ls To make Ih(' lx>:.1 ('hole.-. ,\'ou 
mU!lt I){' ablf' to relatc 'j>('<'lfif'd pa .. am
r\('J"IIthat mOl.\" not be l)f'O\idftd d('ar
I.v in tho product IiteralU". I(you c.an 
a< read betwt'('n the !inC'S ," \'Ou ma~ I:X' 
ablt' to idt'nli!y the diffcrin('('. I~
tW("fOn producu Ihallook Iht' &arne 
on paper 

~PU.D CO\S!DERATIO\S 

In the Cti(" of sPf"Cd . tht" main fa(1ol'1 
Ihat mf]uence .elcnion arr Ihe \'01 -
umt' Ofprilltout rrquired by an appli · 
('.allan and the waitin~-tlmt' toler
anre. s<>riaI matrix pri1116pef"d L. apt"
nfird in cllanacten per!iN'Ond 1C"J)S l 

l\1)iC-4J1.v this is tht> maximum print 
rale O'I.'f>r a lingle linl' of print tha 
ratl' at which contiguOus c haraclPI'I. 

including blank &pace!l. arc pnnled 
' ('I columns prr S("('()nd would d e· 
!;I'libe print Nlwcd hf'l tcr This d iscrep
ancy 1'1 on ly Ihe lwgin nlng o(spccd 
&1)('(' nlllllipu lutloll 

Sollle ~pecll pl'O'ide an addition-
111 !ll{'('l' or :"P('I'<I In(OI,n:t1 ion called 
throughpu t Throughput illlllr3slII-ed 
In linc!! p<'r mhlUIO !lpmt and is bet
t('r lhan cp" Ii!! an Inclic.,lion ofa 
prin l(' .. ·• capacity (oroutpul \'Olume, 
Data ,h('("15 t)1}i<'ally sho\\ Ihrou~h
put as a funClion or 5('\1'ral fixed line 
It'nglhs !Wrialpnnlcrs produce more 
itnC!!IX'r minule aSlhe lint· lengt h is 
.!Ihortcned J)(·:.lgn paramctcrs such 
as Iim,·r("t'd tlln{', bi(hren lonal print
IIlIt and IOf{lc·~("('lJng Intelligence to 
conlroll'linthrad motion also affect 
throu~hpul Th(' addllion of any or 
all or Ih('To{' f('atlirt'S is dt"5~11(-d 10 re
duro Ih{' I>f'f'{'('nll'l(t" of nonpnnting 
IlIllt' 

I'orc,amplt', 1Il("l,("MirlS perfor
IllIUlet' o( thl' pnprr driV(' lIyslcm ror a 
(Mlrr lint" ("("(I ylt"ld!! an inrn.'asc in 
Jpm rahle I compares Ipm through 
put for Ihl'('{' pril1tCnl \,-jth d ilTcrent 
Iint"·ft'{'(1 tim('s . It 5how3 the perfor
man('C for thl't"C difff'reni lint" Icngths 
fora IOO-C'p'l 11linter, the comparison 
indieatrs IK)m{' useful apl)lication sen-
1I11\"It_\ f inAnC'ial lprcadshCf'ls on 
13Z-rolumn compUl('r pal>er gain 
only a 7' throughpul advantagc from 
Ih(' faJite&t lint" reNt 1I0000\'e\1"r, busj
nt'''' INtCI'!l ha\-il18 a 4O-column lint' 
length would bt' proc:luCNi18" 
qukkf'r b:\-' prinler C Table Z shO'l.\~ 
Ih(' throushpullmpaC1 of (asler line 
fN'd on prinu·J"II v.ith a 200-<'ps print 
ral(' 

11l(' thro\ll¢hput IncreaM" (or 
printerC l!t nrany 3~ (orlhe 
4O-columnlellrrandO\"('rll ,fora 
1JZ-column 'pM-'ad hN"1 .As prin t
,..prrd inCrt'8aet1. line·(eed spwd hall 
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CompUler Technology Review C< -, 

Selecting a Plug-Compatible Printer Defining Compatibility r.c 
by Joe Bailey, Printer Systems Corp, 

I'" 
The leml compatIbility has C'.auM'd -Fat 

The printer can be the most critical component in a :"uc· sion among ('nd UM.'f'S, "ho tend to h~ , 
cessfully integrated system because the hard-copyoutput compatible \'endors and "-"main kK'Lt'd IOta ~ ~ I,,:,: 
is often the end product on which the entire system is source, ActuaU't to be ph.ag'"COmpahblt" \\ Jth 
judged, If the printer creates a bottleneck that r1!duct>S tem, a printpr musl perfonn ttwo ~i~ ~_t~,t to 

throughput, or uthe printout looks unprofeSSional . then Without sy::.tem modification and bf' -the genius of the soft\'.'are and the COSI-sa\;ns effidenC)-' of de\ice offered by the 5~ t('lm manut .. tlllW In Sa 
the CPU \\iJllikely be overlooked. the plUf{<'Ompatlblf' \t>ndor mUM mod~ IhI' -Another reason that it's \ital 10 keep up 10 date on ind('pend~nt manuflll'tUr"f'r'5 printt-r tu 1ooI-1J).. <t.. i.':. plug-compatible printers is that competition is growing as printt>rlt n-plaC"eb 
such vendors gnin ncceptance in the micro- . minicom - fort'umpl('l.to tht" h061 ~ .. tf"m thr p.£ 

puter, and mainframe community. This acceptance is the looks like th(' 18\132.87 f.lthM" 
result ofscvcral important factors: n-motf'l} to an IH\I mamfratTl(' in_ 

• Plug-compat iblcvendors ha\'ebeen more flexible in Ill· By Aimpl} unpllqcginl( th('l3~; prtn1t':t and aubttituUDc I"'" 
troduclng s tat e-of-the-art eqUipment. the PSC. tht" UM'r c~",n mo(¥ ,han doubl~ h ... alll 

• Ptices have been Signifi cant ly reduced to compp\e whllt" lowf'riOR hi. ro ... 15 'Ilw \lZOO·.3!;O.-\ .. pI", 

with name-brand printcrs. tht! Dat8I)1',(K.luC'ta \llOO. modtJlffl t':\ Pnntt'C ~ ttma I:; • Plug-compatible vendors have had much shorter Corp to look Hkt" tll(' 18\1 JU1and IOld 10 '8" UM'R 
lead times on deliveries. Ptint('r mochfkatiom mullo! .(ldrna both 

• Nationwide sel'rice organizations ha\'e eme~('d in- and softwlIl'P'lntt"rfaNl rt"C"tU1 .... nU!l1t 
creasing end-user confidence in plug-compatibll' raCf' df'finC'ath(" ',)f'('lfka1luna oIlllif' C"OnnI( 

vendors. and pmouh I1w Mln"'a", Int~ CAnt., 
n1cse benefits can be realized by the end user who ful, Ih(' rolt" that ~O\l'nl. tilt! nO\\ u( ti.ta 

:~ Iy understands plug-compatihility as it relates 10 h~ sl)(>-- -
cific prinler application. f"or\irtually e\'e!)' computt>rsys, Hnrch\are Inlcrface 
tern on the manet today, the end user can ch oo.!>e from a 
variety of sources when making a printer selection F~ I \Ithou41 a f("\\ I Oronot'("to 1..- t'flk"tg.:-d 

dU!tt~ ll4lldard most CUffi'"lutt-r mAftuf4cfunon , 
C1wn (·,tlUM\,. \'l"I"SJollA. A." _1TSU1t t~ Ant 0MJt:v. '0. 

-;1 I 
man_\' ('(mllt",.-tol' ., ajl.ahk- t~ ........... - ~I'STDI~ 

~ Indclx'nd"l\t pn"',-r rr lIO\IO I(II'IIITOCQ. """''''".,,- Il-"'232.(: a l>.-.t.;tprodUCl!l J14ra1lrl or .. 

t ronnf'c;IOr 
Tht-' t'OnnftC:lur u.04O,\ d"fillr'J thfo C'abIro ~ ......... --""'" ""._ .. .., nwn .. t·CJf "'''l1IpltO the 1'1 .. """"'" -..- IB\I Sy'lll'nl 3-t and 3ft La uM"dt'\.ch.aat\,.h --t t bit" whtlt· Itlt" ZS'pUl R."!3!(. C'OflIW( lor. usnt 'c 

... N101.1 appltro1hun~, CAll AI., be UIIt'd In MJrh(I I:~ --- """"., ...... t'dtloml I)ata ('4.n b~ tranMUlUt'd U1 t'lllwr a.rri..J . :.!: 
-"""" --- mOOt' '·araJlt"1 tnmsrnLMjon 

"""""" fort".u'h hit of .. d.u .. I" , t tranl'omi. ton u ,. 
I~ I qu("nljal~ I 

+ -- PanJlt-llTlO(lf' Is rut("l" ~at --"""" IM"nt or fft"t'''''d a' onr Umfo In ~ III 
t",a('h C'!lAra"tt*f Ia tran&m.lllrd In thr &&mit tllnt' 

1 ; '-- ---- (,..BUW' of thfo muluplr"\\1n-" cabW ~II pan1W I'~ 
tnuUJml kxt .. lJtuaU~ limltM to n-btl\,.t\· Ihor1. Ilf 
lana-s I') 

OnC(-" thec ..... andconfWl(.1On ha\",bftonch:IIrG 1\' 
PI. I " \-arie1y 0( MlILItn'S can 6Upp!)' lheend u.er\<lolth the ....... ' pnnltor the plnoul mu.t t,. drt~ CahIa. ('.n bt'..r ... ~-
for '"lrtually am' com pultor ')""'em or &ppllcalion tlleU-C'Oflnet ton lila ,~~~~"ilhf'ac:h 

Jngene~ applications, when perfonnance bn't an im- In,( .. ddJ"t"Mlt runc'lInn f' AS 

portant consl~cratlon. the .usercan simply shop around 
hlp 1000a"ona fot .. p~ pin. hut 7i' ~-~ 

for the best pnce or the qUIckest deliven' In more a). mu.! ~ on the pin kM-.ations lor 

ized applications---such as word proceSSing graphP«' 
lions to 10.,0 pbcp -I' I'" 

ba;cocte printing-iflhe system vendor doesnt off;~ Of" If the plintH b te.li1\g pm .... mber, fora dtw«t 
pnnter solution, the user is forced to look foralt ~nd.ww . 
sources, ('male '1pW thmu,ch •• , 'pm II,,,,, pIN -;;".hr 

~ The first prerequisite. of course, is that the prinl~r of tht· (""hie do ne,t ~ hUh IhI! pUb on i De fully compahble 'nIh Ihe U'er', ,,>lem ('nd of tht· cahk!.lhr ptns must br RIIoa.INS 

I" lor 



In Wille t',L'ot'$, ."imply mudilyinft; Ih(' hardware inler
or an mdl'llt'lldl'nll\ manuldl'turt!'tl pnnlt'l" "Ilahl('!> 

ptinh'f 10 be lullv rompalihll' \\ 11h a ('Ol11putt'f" ~V~I£,1ll 
~tin8 a prinlt'r 10 the 18\1 !'I'noon.,1 Coml)ut('r fl)rt'.'· 

lie, &Inll'h n"(,uin'5 tht' prop,'r rabll' with a [('ntrome'S 
allt'l pltl~ al (lilt' fOnd and a 25'pin ('"unll('"t'lor ilt Ih£' 
~r. In mot>ll·.dU'A IUI\\I"'\I'I'. Ihe I'ouitwan.' int£'lface mU!t1 
1llt'1110dilil'd 

ftw nre Inft' rfacing 

SOIl\\., n II II 11 •• " defin the fUI111alllllK M'"tlu,'n{'{' (or 
tran""lll' ,. " Ih, m,annt'r III \\Iudl f'lt'(·lri('.:tJ signals 

lntnabtrd mtD l"OmltlMlds, ,1nd 1111' "ITOI'n.'COf(l1ilinn 
-.f'('('CJIo1.'r\ I'nlCeNea. 
,h \\;111 hank\ ,u,- inll'Ji4l("t . a It'"\\ III"Ultk'nl~ hil\1' 
~ .. de f.1Clo IlId\l!oh~ r.lMut.lI'ch '>fJllW Ilollt,:\'\\t"!1 

Hummghtol..\ wma ('om ('onUnUIlIC.llt' wllh 11'II10lr 
l!t'rs h.\" uSing 11\ \I ;t1~1 IIb.\ III' I blnar\" 10_\ ll{"hmnoUlP a 
lmOIl hatdl '{N'I'lul'cll'luIU('ul \ cCImUltlll il1lt'r;wln.1' 
tur'O) .. RUITUUfl.lla poll ... I(l(·t whil"h ill\"uh-t'. 1111' ad, 

rstng of r.;U II II'fndn.11 on a hne, olll"till'! tlw olht'r 
In a t.\"pkAlllpplinltioo Ihe "Ulllp"lt''- pnll~ thl" iiI I 

~n&l. "11ic""h" 11OOd.' \to; if II h." Ilutlunj( II) I"an!>l ' cw"" .... folhJwe.cl hv Ib rnos.agc U II has unto lu tmllll' 
'""" C"OIlIpuI('r Iht"11 poll!41ht' M.'tlmllll'l III M'qUt'lIl'(' t!. Inmin.d doran I re5pOnd 111('1 ('Ump'll ... \\llIllIno 
and 1~llu poll 11K' nc"! tl'mli1l41 
l'UUII"I.akca 1,1 .. r rornt.antl.\' III mund-,·uhml.\!>Ihinn 

Ibound m"aaa.,cl In,m thr ('o"'lnltl", ;11l' tl.IJlI>oIU.llt-d 10 
h !,rillll'" \\ ht'n II .. duf' IlIlMI'lKllkd 1\ pi ,11.". Ihilt 1'1'0' 
I b U$4Hllowrt!v the ("()1T1'( I n'n'lpl c,llIlt"liNl~t' 111'1() 

Iuot nolnmamlsaiou 1'DlJ~ It (ollh pouihlt, If tllf' Jllinl 
mart f"~IIU 11a\'I! ana,ldtes, .Iml ",hk 10 "',"pond rn It"'W k. add" ... in a mcaaagc n'n'l\l'd oll·linl" 

t- - --
e Con l ro ll t.~ ... · ... Ho i ... 
1---- -----~-
lommuninllkJru ctJnlmUrroll,roltx:uladapl,'r i!la cit ... 

11141 p",'onus h.:ancbludinghmcllulltllf>t\\Bt'n th" 
lalld Ilwltnnlffl' II pn:J\1dl .. a,wl"'"' !lordlllt'n'lll hard· 

ffe inl~ .. and Inm t.1\1 The JlrotlX"lI l~ ill till' &uft· te Inlerfacto I hI"" cvnlrullM' ~II lx' 11)('lIlt ... J IJI>liidt'lh .. r COfllI,ut r. iIlakle 11M" printer. or III A ~'IMr";III' ('ndo· 
Ie rxlenW to both df'Wicrs 

'J"two controUrr la lntenl4l 10 11M' IIf¥I 0111.\' on ~.\~Il"rn, 
pn7 .. ide Iorlnctl\iduaJ control ard, fe,,· ("a(,,'h I () do
Such tyalenu Include I hr Ulftiioll ".qu II IITlI'n I COIP 
and \ \.\ the Ua .. (~\enl \0\4 and b."hpM" ami th~ 

t Seriea I -\ IlfintM"axltnJl can I manuf.&C"tun.'" h\ 11m 
1s:<mlll101ldd~ '"Mutnl" atml'l.' ",places the .\ If"n 
~a control card 

\I,V1\" pnlltln lUl\ .... unu5fXI,IIII!T1l.,I,·an:1 101!\ IlliIl 
hous.r cunlrollcT !Ioartl,.. II til(> I'onlrolle-f l!l mounll'd 
~ lot lilt!' f"Xtrrn.tll 0 pori un tht! pnn""' ma.\ alto 
~o~ modified to meMltlf' ho.l (Xlmput,'r a ('"tlh'" 
~tions For lrutant:-r a ,,\-1n....w.1 (XJflJlf!( luI' would 
~--forC'OrlJ)t'lrtion loan 18\1 S, .. lrm 3403lt 

C'..ontroOfft mounted In an Inch"pendent rnclosure 
it: IOCDD ~bacls hut am~' the nlOtoI nt'"ble re rontroUen prD\ideeuy accna to ,,,,itch .,.tlll'P 
baud nole. .eir·lat function •• rnrmoJ"\' duml'ing. and 
p.on&clcction £ .. Irnt.:alOOu an t"W'n I'"'" itlt'fur-fum" 
~ not 1'~1y ~ .. il:i.h~ un allY.tl'f11 [-ur ""411111,11" 

Summer 1983 
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L- ~:-'--==-
"'2 'klmI .. ,ll'fnalrorliroUen Jl!V',.Jco mulll,,"''"'"'''' 1"J!1.Il ... ,YbI~ 
It.~ lu"'.".. .. ' ttw."..,'M"tl Hf.~11)' l>ouh>llo<IWCl1f\nn« 

""" ...... -
thl' P',,(: ;\7M "(1111''0\11'1' K'n''" 11l\1 UM'nllhl' •• hllity 10 !ot·nd 
lOb {'tll1unancl!> hum n'nlultlluc.'lllionll, ;lnd "!imiIMlt"!\ t ill' 
n,oed fur a Io.f~·huolrd 01 (!n III 1111)101 ;lJlplu'aIIClll~ 

In "lOW ('aM", (',It'anal ('0111",11""'1'1,1\ ul" muhip!t· 
pl111lt'l" IM)J1!l. t'nahlin" tilt' U$t'f" IU t',p.,nd I () I-.tpahiht~ 
\\lthuUIIIA('nllnllg Illililllr.une pUI1!t HIC21 \nothl'l ap' 
proach [a lu dal!>,\'Chaul.!lr C'.thlt,·lhruu!th. n,nlrullrn and 
pnnw .... , r.adll"Unlflllh-. PIu\'ldlllj( (111(' IIII'UIIIIII' and 1\\0 
oUlpulluw,.... ..e,m' fur thl' prillll'r IIntl IIm'lor 1111' nt',t ('UIl' 
trulll'r 111 till' 1"11;1111 

<:h oosing n PrilUt'r 

.\-" pl1nli" II'chnnl(}fCY impnl\1 lO. tilt' numb,'r ul prudlll-IIJ 
ufklVil hy IIId"IM'mll'nl I)linll'l" ""lI1u!.u-lufl'(""5 innt'a!\('1!i 
al i&n IlfTt'I"r.alt,c1 rult" Iht' plug'('IlIllIJahhlt' \t'ndur OlUlOt 
1:01l1>l •• nll_\ 1H001llnr 01"\\ pnJC.JU(·1 IIUroctUI'IUJlU and mud,-

ty hl8 produ(t !litem,..;. tu lullill hili t"l1l>lomt'l l,ril11('r al)~ 
phl'auun nt'4"dt. 

)~1nlt'l 4n'I"ho!ll"n With .pet·llk I'nd'u-.N <lppht".1I' 
liolls Ir1 nuncl 1111' luintt>r may nth-. f,,!olt'l th",~hpul. 
qUil-h" {lIM'1 <lImn. tll-I\('( prinl qUilhly nr IU\\I'!" ('()!>I Rl'li· 
.alJllil\, ",'''I'f',lhilll" and a\all.lhi!il\' .. n· ,'nll!tid,'n'Cl h('a\'" 
ih ,-\ 'plllllt"r 11101) I~' dlUM''' for "I)f~ilk \ "11k,,1 man..t'ls. 
.u,·h AS hOftj)lt<lI!l, haul.!!. (lr libran,"!> 

lIul>p'lal~ l)pit~I.\ !"1."C.tuire printt'I1I alnun.in,t "la' 
110115.10 I'nlll IJdht·nt rorurd!> or If'IIl n' ults. J1WSt' print
t>l""S mu!>ol he nlllll),1l·t \I't:\ qUII'I and rl.'ll.lhle ... \: an ult 
m{J~lla,pt hmpitals ~ 18\1 ,'luMrr 1I£,lwon..5. "hkh n-e· 
,III"I.an ,,11'4) \",",Ic.aJ man..f'llnr plug-cUIl1p.1I,hl,' ,{'ndors 
~pedal rhaf..,cwn. used ollly in hbr:tr) "'ppl1c.dhOnS, ('re

al(' Ihe n~d fnl a Iwdll.\ "'~"Cialtzt'd pnnlN In Iihraf1('1t 
And hank" lila) ntort! poinl-of,aal{' pnl1l1'l" With quid. 
fnnll!lM:c.'CSs and IIU' ahilil~ 10 U!\(' pt"l·i.II,·a,,z-tolclI·Io.Il.1· 
pt'l Ohnoll"I.\-. no iOKlt' wndnr can mMlu("1t'lu,1' I>pt>C;'iaJ· 
'7aJ pnllll'''' lor all \1'111(41.1 rna"",-I 'I, hUI plug"cofllpallhln 
\'ellliors C"UI .ul\1' Ihl I' applicallon l'mhl~1Il1t I~ inh-gr&t 
10& inc-JI'!N'ndrntl.\· manuf.I("luf1'tt printt·,.. \\ith lilt' U!I4'r. 
compuler S) 1f'lJl 

Ilt",II"IIr1lngOO the hlnol "YlloI{"m. harchu.n'l> and soft, 
warMnlerl.lC'e noqulwnwnls if tht> printt!r is to he plUI{· 
romI1alibito,,, \\111 ~Iui", '''1)1"8 dcgrnt', uf morulication 
\I!ndun Ihalsp&>dali .. ..e in prrfonning Iht'Sl! "todlf,c:.,llons 
an' heC()lIlU~ incn'4slngty COITIIX"IIIn."(' a/lawarenc and 
arc('planc~ 1U<1\\ ammag,'nd U~N"', . 

.os 



DESIGN EPSON P 
RELIABILITY . TO y"""" 
AND GET SOMETH 
With our new serial dot matrix printers t . peed pondenc , or nUt. hl. 
~~~ntS. _ ll _ ,COJTh~ equal" ),, p,ca,elitranJ L_ 
uuarCS.JaDw:grap tCmodes including It 1 ovn CnafllCtc1' .. ,..,. .... 

B 0 ""l"t'ct ral 
UI you gel something extTa whenever 'I.<l<,,' usn &ncod hit" 

You gel confidence. Confidence beea ~~ -:: ~ t 
serial dOl matrix printers and mech use you r('ckaJJna Ih •• 
C Cd L~. ( anlsms on t~..J_ 

onn ence ~use 0 the exception I J b I .-rwt - ~ 
rate is measured in tenths o( a percj! a ~,.: I ltV dnacranJ 
has made that record POSSible. nt . eonfk.Jcnc.. 

You get value, too. Epson print 
, ( h· h ers gJ .... e vuu ,L_ L 

cos 0 owners Ip In t e industry. And he HC' ~bt I 
(rom the inside out to meet YOur u · t Y can l'IIt loJnabrd 

"It . I d . h mquesy tem e simp y on t ave room to t 11 rC"qUlfftnn\ 
But i( you call or write we'll fill yo e you.U the Epton n 

um on.llt~d th 
"" DoI • ....:by. 

SW R~ (714) 751·1919 • NW R 
• CE.'-'lllAl R~on (8151 455 .. 2570 ~ ( I 98S ........ - .... ~ .... 

SUIIllller 1933 

Band Printers Eclipse 
Drums But Duty Cycle 
Determines Best Choice 

Widely lou led as a direcl I."placemenl for drum pl'inlers, band prinlel'S oITel' many 
\'alltages. I lowe\er, duty-cycle lilnitalions can affeclreliability, 

~ ~d'nrd J. 1'homallJr. 
and Roben \ . R088, 
Dl40laJ .\Mot·J.1t Corp 

Manufactlll'Crs ha\'C made it diffi
rult to evaluate dUly-cycle ratmgs be
causethev use mcanlimc bch"'t!cn 
f:lilul''Cs I~ITBF'I calculated In hours 
and computed by n vnriely ofmenn5_ 
llec;ause MTHfs 31'C gener-illy raled In 
Ihousnnds or hours , users often nnd 
It difficult to Ir.tnslalc these ralings 
inlo real-world IhounoJdayt n..'quil'C-

\uld \\as menlS further. some band prinlf'r'S 
left In Iht' linf"pnlll('r maJ'l.Nplace are consel,ati\'ely ratro in dUly cycle 
\'\.Ith the I'C("t'nl phaw-out 01 thr hl'a\)'" while some arc O\'CrTalcd 
duty drum pnnler. and \ll(' band \\11('0 C\'alualing a band printer 
pnnt('r inlroduc('(lln Ih(' mid-1970:>. foryourapplicallon.youshould keep 
became til(' heil'-app.a"~nt tu fillthb three point8 in mind 
gap \tan.\' microC'Omputt'r\'t'ndof'l are . 'Iry 10 obtain a copy oflhe prod· 
e\\'n M'lIing Ih('m lU dit'l"Ct n:'place· lIel spccllication \\fith refenmce 
menls for drums \,11i1e IhlS IlIth!' 10 Ihc t'CCOml1wndffi Op<'ra-
bc8llow-co&t allt'maIM'. Iht' drum liona) hours per day. 
print('r·, dUly cydr-appra);lmal('l) • Ask rorcu~lol11!'r rt'fcrcnct. .. to 
8 10 10 hrs. daJ rar ('\('('('(11 Ihat of d('lennin(> user expt."denoo \\fith 
most band prirllcN the printer 

• \liniIll11..c bias on thc pan of any 
DL~'Y nelL one syslem \'endarby talking 10 

an independent !lupplierwho 

Uefol'C the band plin1t'r was inlra· 
duccc:1 U8<'1'S had IWO ChOic"1.'tI111 line 
prinlt'~a h(',1\y .. du'~ drulll ora 
chain printer 1111.'11. with Ihe IJroilf('l"'I.· 
lion oflhe nunic'ompuh'r manurac' 
turenl lx'Rlm 10 offf'r band ImnlC"f'I 
\\1Ih dut~ c)'dt"S in 111(' fnllc)\\11l,f( cale· 
gones 
• Lo" -3 to" h~ d.a.\ 
• Mcdlu 10311" day 
• 111'41\) 1012 hf"lll, da) 
• S Uller-Over 12 h,... day 

'fOSI band I)rinu· .... lilal art' pan 
of .Iandard produC't lim' rail into Ihl' 
low .. and mc<hum-duty·<-,)'de ('aU'fto
nea 'Tl1('re·s a dl~tll1l-Il&{·k or hea\)'" 
duly band pnolt'f'lln Ih(' 30(). to 
IOOO·lpm 51>eed I"'I.IVC!' "-omc altcma· 
Inft \\ill bc di.cu,,~ l.all'r in Ihlli 
arttcle 

cilme5 a wldc \-arielY of band 
pl'lnlCI'S 
l'rinter markelers like 10 l'Crcr to 

duty C)'cle in percentage rJgUf'CS nhc 
ratio ofrccommendcd daily operat
ing hours over Ihe recommended 
daily powel'On limel nl~ r~fCJ 
are often meaningl!'bS For in!;lance. 
one band pnntcr may ha\'e a recom· 
mended dally pC7\\'('I"Up linw of6 hI'S 
and a recommendt'd opt.·ralmg lime 
of3 hI'S II u.: therefore a 50'\ dut~ 
C)·de machlMe . Anolh('r may have a 
recomm('nded daily pD'\\cI"Up dura
tIOn of 16 h ... and a I'C('Ommendcd OP'" 
!'rallng lime or8 hn,: It La a1ao a SO .. 
dUly"C)"CJt' machine . \\111('h would 
~-ou choo.e for. n1('(hum' to hea\y
·duty-cycle print load? 

In .pltC ofp05sible dUIy-r:vcle limila-
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TheGE3000 
printer fami!y. 

So many' choices, 
its the obvious choice. 

Speeds from 40 to over 400 cps. Accessible, 
caSl',ly programmable set up by either the op· 
ernlnr or the system. ingle or dual mode print· 
, . Type quality from EDP to NLQ. Graphics. 
Multi-oolor printing. Selectable type fonts. 80 
and 136 column models. Plus many more fea· 
tures and options to choose from. 

All in a single printer series that's available 
in a wide selection of models to meet a diversity 
of needs ... from main frames to mini's to micro
based per.;onaI computer systems. 

Our ba ic concept is application driven price/ 
performance matching. High parts commonal· 
ity. ingle source supply. Configuration and 
application flexibility. 

At last, you can give your customers just 
what they need. With the GE 3000 series ... 
printers that give you a choice. 

General Electric. We introduced the first fully 
electronic printer with LSI circuitry in 1969. 
And our complete line today makes us the in· 
dustry leader you should look to first. 

First In Electronic Printing. 
Flrthe: 'utntto)"Upnnll ~.aD 

TOLL FREE j·800·GE PRI:-lT 
~ Drctric Cccnpany. Or.ta CtrI"'..uuc:a1 "ft lln'odUC1l Orparuno'"lt 8312, WJ)'TM'~Jr(' \'A ~, In \'irguua. caJII·1OJ.949·1170. 

GENERAL. ELECTRIC 



Computer Tech nology Review 

helical paltem . 
• Swing-Open Sand Gate, Of the 

various designs used for easy 
loading offomls, the most com'C
nient is thaI borrowed fromlhe 
drum prinler. The swing-open 
gate a llows easy access for fmms 
loading, ribbon replacemen t, 
and band changing, as well as a 
simple top-of-folw adjustment. 

• Paper Tractors. A band print
er's paper tractors should have 
two important qualitics:They 
shou ld grip well and be able to 
handle difficult forms.1hlctof'S 
should ha\'C as many pins as pos
sible fully engaged \\ith the 
fom1S' spl'OCKet holes at an) giv
en time. 
Some prin ters employ l'Ounel or 

cm\'ed tractm'S in lieu of the convcn
tional llat typc.l11cse tractors are de
pendable in most situations. but 
l'Ound tractors arc less forgi\'ing in sit
uations where the fonns supply is off 
center in the paper bay or in situa
tions where increased drag is a prob
lem One common reason for in
creased drag is the use ofmultipart 
fonns or those with many flaps or 
projections. 

Most higher-speed b:md printN'S 
0200 + Ipml have four pap<'rtractors 
and can handle C\'Cn difficult ronus 
with ease since they maintain un i
fonn paper tension in the print area 
Some high-speed bands utilize two 
tractors and paper-tensioning sole
noids in place of the two lower paper 
tractors for proper tensioning 
• ConslnJc ,io n Qua il '}, With 

printers. as \\ith any de\il"C. pcor
cei\'cd quality d0C5nt alwny:. in
dicate true quality. Ornate acces
sories and Ihe cx('('ssn.-e U!ie of 
chromed plastic may al fiMit 
catch Ihe evalualor's ,,:,C. but 10 
judge lrue qualHy you must look 
pasllhe frills_ 

A quality machine l:>erfonns ils 
function as well and as Simply as pos
sible_ Beware of elaborate mecha
nisms used for s imple applications. 
for instance, one now defunCI car
tridge-ribbon system on a lo\v-priced 
band printer used a cam-(iJivcn ann 
to lap the cartridge at regular inter
vals, thereby reducing the possibility 
of a ribbon jam This mechanism -
wouldn't have been nccessarv if a bet
tel" cartridge and ribbon dm.e mecha
nism had been inCOfllOratt>-d inlo Ihe 
initial design of the prinler 

Inexpensr.-e plastic pans are of
~n used in place of metal ones, but a 

nter th at uses many molded parts 

isn'l necessarily of low quality rht' 
lightweighl and Ile~ble prol)Crtl~ of 
p lastic make it an excellent matrnal 
for man" applications. such alii C'abl
nel enciosures Th(' C\-alualor ~hould 
however, bc\\-are of plastiC' parts Ihat 
are subject 10 high stress or fn>qUf'nl 
use by the operator _. 

An e:(Ulninalion oflhe pnnu'r ~ 
overall fit and finish Is also f't'(-olll
mended during the e\-aluahun iU'04 
cess Pay specific attention 10 malllVC 
surface. hke thc CO\"'erand Ihr bod.\ 
of the printer Lxamine Ihr tl1l(-IOI" 
mechanism-whrn locl..("(1 III ptJ6i 
lion . tra("lors should br ogld \\lth hi' 
lie or no liidp-Io-~idr play \n bu.prc .. 
tion ofthe print(>(Jo; pal)(>r path i.It alM' 
in order 'I"he palh (rom th(> pal:)('r "uf)
ply to piintt'routpul !>hould 1M' 
stmlghtfOlward Wllh as ((>\\ I)(·nd!lb 
possible. A SUltl(' ('lullInalur hould 
be includf'd (or pro~r parM'r 
Slacking 
• Sen keabllh~_ "plinIlT·. aer

\ict'ablhl~ orr.,~ uf n-p.ur .. tU· 
I'N"tl,v ",Ial("(i to C"O tl:\ d(.I\\11-

timr and mall1lt-nanO' Ulidrnt 
hand-pnnu'r dt·~lItJll!o In(urpo
raw (('alun's \\1lh lIlt' ~'f' 1(" 

I('('hnicl"n in nund 1-01 (',am· 
1'1(', moduiarri('("tronln jllllJ\\~ 
forfd.~1 c·ll"(·tlll-<'an:1 f''''h''I~1 

A("n.lralt' dlAWlO'oIIl' 1.11) 1 ... lu,\ 
di:.pJa.\ It rul dc.n\ll If'Oub1ctolxx)llrlg 
timr and ~Imphh uff·.llr p",limuw~ 
5enl<'e <\n 0l~rator rna.\ in'CMTll .. 
St'f'1C1' t('f:hI1lClan uf III 1t1X'('UIC cia.,;. 
n05ll(' IIldir-allon bt·fore hr arrn,·'\ nil' 
:'11(> "IlliJi Infomlallon oft('n ('nahb 
the ledlllkian 10 brinK thr pmfM'1 
spare part!! to COfT('('t tht· pruhl"m 

Som{' manuraC'lurt'l1' illduc.I,' 
LI-.Os on Ihl'irnrruil card'\ 10 hu\\ 
whl'n .. boam I~ d{'fe<:tIH' OlhC'r n\a
chine:. UM' U.lh 10 l>Impl~ (""nlll"al 
O~hl·limlllK adlu:.lml'nli\ thai \\uukJ 
olhe..,,\lM' requu't' alllll('-<""On. .. umm,:: 
osciliOlCUI)(' adju:.tml'nI 01)(' "YlnU. 
faC'tureral!W) inrorporal~ a dauh ..... 
hinged hood and :'\\l'lg-OU1 ('a,d 
cagl' for eas~ ~f'iC't" ac-C'es.,..hUIt\ In 
short. mO::'lllat{'-of-the-art hand. 
printerd{'signS aJIO\\ for ~imi)hfit .... l.ul
Juslmenb \\11il{' gno.all.\ N'dunllR III 
technician 's nt't"d fo"~phl!'ohC'.atc"lJ 
test equipn\['nl 
• Po" e r Paper Stacl..er8_ ~tnC't't 

Ihe frroquen,,' of nu...(oldf'd 
fonns i& dlreCl~ proponKJnai 10 
a printer-s ~pt'«I a JlO'\,"t'r p.1tprt'" 

:.Iacker is a wOf1hwhilt' Ophon 
fora hlgh-spel'd 1000 +- Ipm 
prinler&.\~t('m Po\nor "l .. cl..~,.. 
are motorized dc'\ices ('Itl\e'f 
free tandillg or integraled 1n10 

\ pp tow,1 bl dW" 30()0 h) I 
"'~r for hea\~"clul\ lu.e, 
\\ lull' nu 300-lpm hl'a\y-duf\ 
pllute", I h.·h\flll .. nuLxluR'd 
1"1111\. ill c·h"Ul pl1nh-r ('an bt1iU 
tUle"ll (,)( • hAnd "IOOO.,..t 
" tWlIII pnnlt"'n oftet" 
pl1UIII\fl ~ II) 10 
cltJall1\ rqu.sJ 10 or 
I,.nd pnnlt'f' ItMO" DOlt ~bId. 
('OSo1 .11OlI1 tiC II) lOt, mot"1:" Ihan 

h.ulll P]~"~''''~O/~~''i''~~''''''~~~~~~ 1'\'" fiJI"" 
pnc-r 

'n 
1\\1' hand 
pI4~" pnnll'f'lf ... afrrp'ilchbr
t\\ .... 11 thl'm 111. .. 1,.. \uuwanl 
1"""'-1 th .. dut\ l"\t.1e 01 rlth« band 
' ..... nt' .... nd c n 
III'" 
rc 1.aU. \'OlJ c "1\.,, tell 

II \ou afT I,a.,nnlnfl" on an 
hun rwocluirin~ ,-il;tlt or rIJOtf' 

d.,\ 0( pnnl tuno bi'~''''0.~:~:IIJO~~'~.~I:;;~ Ipm ""\ICU "b.lnct 
I~" t thl' I tlhlMc-to Ru1 
1·.Utun AIIlub Iru in 'h';;''''d 
CLlil\ flMntloMi .. tl&Jld Jlfint« 

IlOUkllulfiU)"our n-quln'rnr'nb 
I), \ t high ,Ift"tb UOO + Rpm 
.. Uflick.s-It wuon 01 tM'C\)"CIuI) 
..nd UII ... ro·ha\~~" b&ncb ao 
nr.rb "'''''' Ilf'inlU\C.apptntlon 

ld" .rd J. Thoma. .. 

Df&Jldl 1..UOr ... , .... t.d hoIrb .. a: II 

nurkttl1gJi"orn .-.....crrd linn uvr, 



••• and you'll unharness the performance of your computer 

Florida Data OSP Printers 
increase computer productivity: 
fast, reliable and versatile. 

Whether your computer costs $3,000 or $300,000. It's 
only as efficient and productive as your output 
devices That's why from the begmning Flonda Data 
has had one primary obJective: to deSign and build the 
fas test and most versatile impact senal matrix printers 
for the wide variety of printing and paper handling 
requirements encountered in busmess. word proces
sing and data processing applications 

Office Systl!ms Printers 
unmatched price/performance 
As a result o f Florida Data's effort to date. the Office 
Systems Prin ters have been established as the perfor
mance leaders_ In deSign. In speed. In versatlhty In 
operator convenience. The OSP family simply oul
shines the competi t ion In price/performance and cost 
o f ownership, 

Printhead technology leader 

The power of the OSP IS Florida Data's proprietary 
pnnthead technology. utilizing the "magnetic stored 
energy" principle and Incorporating Innovative mate
nals that have advanced the state of the art . Theelght
wi re OSP prlnthead IS the world·s fastest each ¥lIfe 
generates 2700 dots per second Florida Data·s lead
Ing edge research and development has resulled In 

n aJor patenls on the pnn thead alone 

Worid·s fastest matrix printer 
Printing at 600 to 7JIO ch lUI( Ie PI 
pass draft mOde. 150cp I .... ' PI 
and 100 cps In Ihree-pass leltef Quality mo=. 
OSP breaks outP\J1 bOlllenecks tor data II'\d 
processing applications In tact. tne OSP II 10 
fasler Ihan daiSY wheel punterl In drift mode 
tWice as la$1 In leller Quality mode 
In most applications IneOSP 'h',Udothew()r ~.of 
more printers, Flonda Data pr nflt,. realty art 
those end-of-Ihtt-montn peak printing periods 
you need ,Pf"""td and ~r~ '"" ... '" 11"\ I,,", ~ 
on time 

Tlke mediI chlngel , The triple paper path mecha
nism easily and QUickly handles many different kinds 
of papar lor dlfferentjobs You can be printing 81~X 11 
letters WIth OSP standard Integrated automatic cui 
sheet feeder , and SWitch to traclor leed paper, multi 
patt forms. labels. paychecks. legal size pages. or 
custom forms, In seconds, Without any hardware 
changes The OSP IS the only pnnter With Iractorsand 
sheet If der whiCh can be Installed at the same tlmel 

Tlke word proces.lng. The OSP 130 emulates the 
DI$lbfo 16!.,(),6JO protocol supporttng 37 word proces
ling C 1"'1' .1' ~"and 12 font commands for type style. 
ptII'll Ipeod and cnaratler lizeselectlon. TheOSP IS the 
only prtnter wl'uch gives Vou draft COpies atGOO cps uSing 

Florida Data·s brightest ~o<d process,no I •• tures,ntheexacllmageolyourflnal 
tUgh resok.ttlon copy Bold. shadow, underline. super-

hlghlight ... versatility scr,p1. ",OSCropl. pfoportoanal pron\. horozonlallven,cal 
Flortda Data print' r al 'V' "mottOn in~lI.lng end page formatttng are all pan of the 
you conSider the mj ny dIU re It II. ell 01 pr.r.:.. standard OSP ftrmware You can even use these 
can handle AlcompulorsbeCOmemorepo.tJ1 1 .. lures In dala processing applications for special 
versaltle the need to pro ... lde more printed outpu1 etfe<:ts on spread sheets. billing documents. program 
contmue to grow Wht'ther you are p"nUng ata hs.tl~ etc. 
equations, graphIcs or any other business ~ The model OSP 12S', Interlace IS compatible With the 
lions. the OSP limply OI.lLShinu lhecompeliior. perailelOlablohytypclandOumeSprlntll1 BothASCl1 

and spoke wheel addresSIng ar. supported along With 
T l ke lonl changes. You have vlrtualty unlunttOd resident muJl ... ,onts which are operator SWitch selec-
Ir')OIC font aetec1.an TI'Nt ptlntethM enough ~ table. TI'Ie OSP 125 Intelligently performs auto under· 
store up 10 ten re&tdeflt fonis Or Illec:omputet'ar line. bOld and ShadOw completely transparent to e)usl-
additional lonlS. Ilgnah,.HCS and IogOa. T ng software dr",ers. enhancing tne pnnterthroughput 
&electable by a thck 01. avw'ld'I or IhrOugl'l ""' ..... .:, 
commands. You au, even c.nanoo type .,~ T.k, graphic:l The raster graphics option prOVides bl-
character sizes in the mlddleol. sentence "'he dtrecttOn plOtting. ,pace compression. data rephcatlon 
prOVides compressed prJnt at 13. 15. 11 ant: and selectable resotullOrl up to 360 X 384 dots per Inch 
characters po lOch to.1I0w up 10237 column TheOSP graphlCl mode allOws you to select from Wide 
f4)( pread I t and planning dilt. lormats lloge ot dOt denSltlCS Ind speed for draft or 'mal high 

T l ke specl.t . ppl lcat lon l . FlOrId. Data has 11"1 resolvttOngraphlcs output 
matlC 'v.dt capturo" fontcevelopmentsystem ... 

can prO"'ld~ you wltrl custo~~m~it~on:"::.:~~~~~~ 1!"lthe kmc:l ol ... er:satility thatellm.nates the bottleneck logos Bar Of"R-A and OCR~B. encountered With ""hAt pflnters and unharn81$8S the 
,.c. and many )th r p power and j:"t rhlw oJ' Co' ,)1 your computer 

Rugged heavy·duty mechanism 

In 1981 Florida Data entered Into an agreement With Bro
ther Industnes. Ltd of Nagoya, Japan, oneof the most 
respected electromechanical precision manufactur
ers 10 the world, 10 manufacture the FOe deSigned 
heavy-dutV pnnter mechanism ThiS unique mechan
Ism deSign has castsldeframes. ngldcast rail support, 
a ball beaflng carnage. a Single-leller paper adJust
ment and a bUilt-in automat ic cut sheet feeder The 
au tomatic ball con trol assures unmatched reliabIli ty 
In feed 109 cut sheet paper 

Di.p lay. printer .talu. 
On-Ime 

Ine numb.!'r 
Fault codes 

Reliable membrane . wltches 
Clearty labt·led 
Adjustable bell 
ConfiguratIon sWlt.,;hes 

under cover 



OSP SPECIFICATIONS 
All features standard unless otherwise noted 

FONT SETS 
1 each. 1.2 and 3 pass pre-stored lonlS 10 or 12 CP', plus 
one 18 Cpl I pass lonl 
OPTIONAL up to 10 10ntl\0lal, any combmahon 01 pre
stored Bnd down loaded 

AvaIlable pr.stored sell Include 10. 12. 13. 15. 17 18cp, 
plus proportIonal 

CHARACTER FORMATS 
HOrizontal 45.60.90. 120 dpi denSlly. resoluhon to 1.'360 
In (0706mm) 
VertIcal ~64_128.192dpl(1.2.3p.ss) 
Two high orlwo w.de or both 

PRINTHEAD 
Patented stored energy prinCIple. 8 w,res, 0132,n 335 
mm) d,ameter. 1 64 In (397 mm) spacing. long hIe ruby 
gUide 
Pm cycle lime 370 mlcrOMConds 

PRINT SPEED 
flO cp., 1 pass 600 cps. 460 cps 
2pas, ISO cps. "Sept 
Jpass l00cps.575cps 

PAPER HANDLING 
Contmu(u forms wlllhJlol5,r. fl62-381cml 
adJustlblelraclor. boU,' feed I.ngle "efpaperl~soOl 
adJustmenl 
AutomatIc Cui sheetlC&ut'lIe) w,dlh8to 12 ,n (20 3to 
30 5 cm) length8 to 15 ... ~2fl310 J8 I ern} 

Smgleshlel ..... ,dtt Ih 1 762to38lc:rn) o."""nd 
toaded Iror I lOp 

HORIZONTAL FORMAT 
Programmabl' h)rlZr ,1" ""I. Ode_.OUMIS.Moftlmlrgln 
tab SlOps and Ib!>lule lab 
Ma_,mum prml lIoe 132 ;tl uaCler. at 10Cp, 237 e"araclel 
alt8cp, 

VERTICAL FORMAT 
Programmable ven,callNl\. lI1,n(l.(>_, lop and boitom 
marg,ns_ tab stop. and ab~olute tabs 
ContrOl panel 6 ol81p, smgle or double hne leed •. top end 
bOllom margIn' 
L,ne $p.ac,ng 48 Ipl 10 J8.4 IPI .nclud,ng6 8_ 12. 16 IPI 

COMMANOSET 
D,ablo. Ouma. NEC ,)mpallble OptIonal b,dll8<t,onat 
graphiCS, lont down load Over.tr'~e mode plus O..,blo WP 
enhance"""11. auto bold, .tladow underliM 

INTERFACES 
RS-232 pr, )Ioe • 

Xon XolI, ETX .... CK. DTR!OTR (p.n 20) ROV IPIn 111 
7 or8 b,1 dala_ even odd or no par,ty 
DTR and RDV 'ync on .top b'l 
Baud lales up to 19200 

OPTIONAL Centromcs. Data Producls IBM. NCR B 
Honeywell, UNIV .... C. HA.SP Url'ougna. 

~~6;1125 Diablo IHylypel. Hypro 61 AU me 13 bit para'lel 
01 pr,ntwheel pas'loOn addressmg 

CONTROL PANEL 
MEMBRANE SWITCHEs & THl..-"'Sft'HEEL SWITCHES 
FORMS LENGTH 1 St( 18 51ftef\n 1ft 1 6 JnCn 
It'Ic:r~nl'l 

MODE ,FOIl'. 'OPGt'hOMI 
SET TOPOf FOR'" 
BUffER CLEAR 
FORM FEED 
MODE CHA.NGE 

INDICATORS 

SEl TOP MARG IN 
SET aoneM ~MG ~ 
SELf TEST 
DOUBLE LJ'-IE fEEO 

T ..... o 7-Hgrnenl dlO,I.'or proof., status and line ~ 
LINE FEED • U""ES PER ,'-lett 
REVERSE LINE fEED ERROR RESET 
PAPER FORWARD ON L,,.,.e 
PAPER REvERSe 

Ind,v'd'J.' .n(haIQfs TEST ~i.lOE. ocx,81£ LI".E FEED 
a LINE,s PER INCH ONL!NE 

BUFFER 
1i1 -.. 1 " 

RIBBON 
0, 01 Hyly~ Iy Car1'~ ftyton hbbon 

DIAGNOSTICS 
1.1 

" I 

""'ltCfeclaNl 'lOOfted 
:.tile "om front ~ 

GRAPHICS [OPTIONAl} 
Hogt ~. ,tcIiQnaI 

R",. u FMC. Of 0.1. Products par 

...... ',..1 eo.. 10 '20 

d. 

POWER REQUIREMENTS 
"a'dby 7SVA M .. 

100 250VA( J 11 • 
Y', ...., 

ENVIRONMENTAl REQUIREMENTS 
.5°F (7·C. 10 108-F I.' C' 
·20 F -28'C 1 1." C 

PHYSICAl 

• 

He 18 1.z.'eml'l¥dtf\~"'-Ct3$c",)()ept"'21 . 
71 1 e .... 1 

'W~Plt ass ~'~1J1 

Sumnlt'r 19a:1 

Lack of Clear Standards 
Complicates Design of 
Low-Cost Color Printers 

BeCilUS(I int clface &tandal'ds have n 't been established , pri nt er manufactul'el"'S m us t 
ofTer .epa .... t!' d c-signs to accommoda te each or the prevailing d isp lay technologies . 

t'\ \M Clra ,., 
and Ikn n l " "u('l le) . 
o\ch nc ,..-1 Ccllofll,,'lulOIOf(\' 

dt'\'('lopmenIS in tht" ;11'\'.1 or f(I aphlC"'i 
prinl!'J"S. and local-al"t'a nrlworks all 
l)(Iml 10 a !>rolift'mltOn or ,'olor hal'd 
I"Op.\ 111 bUliU1Cl>.!t applicalions ~ l nC't' 
Ihl~ prinlout \\ III pr{)b."lhl.~ IX' ~('nt'nli 
('(I hy a li.\I!>U'm romllri .. inlC pnxhJ('IJ 
from dl\"("I"W manu(aclun'\'!'j lilt' nt't'd 
for \\('11 dl'finl'<l Mandal'th \\ 1111)(' fd l 
I!lOI" anlt('I)' Ihan {'\'{'r twlo!' .. ' I h{'.~t· 
"tandarr:b \\ III ha\ f' 10 ('nrompaM Iht' 
,;rnph i t·~ '-pt'('lrum fmm inlt'r.ty~lt·m 
('()mmu lllcillkms of bolh \1'('lOr anti 
piOO1"l.l1 im:t,gt'lI, 10 tilt' 11t~'ds of Ihe 
I!>ll1all·,_v.!tIt' ms. roIOl'" \lnnh'r inlt' lfan', 

It is und{,I~lam\.lhlt' Ih"l till' sl:ln
danh nun'lI ll.v undt>I' ('on\I<lI',',l l lon 
bv 1\ '\ SI are v'('("IOI' lill('-ori('nll'd 
t.;!l('C til(' ~cnernlion of IIldUM~ "Ian 
daros hhtonr.aU\ hilli Ilf(I(l'd IX'hind 
man.('1 lrends \ ("('101' Mandar'lls an.' 
('OlIlmunicalion5-4;·ffit·lt'nt hUI don-I 
lend I h(,Ill~'I\'t'!t 10 ('~lnnd{"(1 f,'a' 
IUI'l'l; \\llhoul a l'iip'lifiranl loss of ho
tt,ge qualllY. nor ("an Ih~' 8(·('OlI1mo· 
datt"' Iht' 1I1("1't'a.·,('d roml,I('\11\ Ihala 
pl("lulial sct".'n(' f't'<luln"'!IC 

\\1,ile Ih(' n{'('(1 (Or\"'t'('IOI'" 
~'n("ral{'(llIna,,;t'8 WIll C'OIl1I11U(, and 
Iht' l'("qUll'l'melll for !IOIKI ·rolor ar'f'A8 
l5 s.all~lied ~ Iht' indu"Ilon of fill ('Oill' 

manru . lOlmilar!oolandardli lOla 
ralJler-orienl('(lllllilftf' Will ""Iuln! a 
~t.gmli(·anl amounl of memory and 
('Ompulal lolldl ')Q\\CI - \\h lth equals 
IIl('reast-,<1 ro .. t "Ill(' I)rinlt'r mdustry 
has hiMorirally <1("'\\'101)1. d dl\'(>f"I(' m
d,,;duaJ I)I'OI()('ul"i ralht'l' than add 
any fliglllikani proc.lm·1 cml 

IlASTI:. R STA~[l.\RDS 

\\1, .11 is bt'C'Ollling('\id{,IH Is tho nced 
fO l' an efficient , !"aSlcr-oticn l('d s inn 
dard Ihat would allow Ihe l11anufac
tUl't'I"S of gl'l.I I>hics prinlt'n; 10 adap t 
«uil'k1.\ to a d iversity of "yslrms -1l,ls 
go .. " cou ld be achi(,\1.'<l read ily 1)('· 
('au~(' it gr('at dl"grvc or commonalily 
all'l:,ad.\ ('~Is ts in the \\ Oll!"astcr 1m· 
a,;es al'l' gent:'rOlt('(1 for the color 11\0nl· 
lor I he ~.\'Stetn·s !"asler I(('nera lor 
M"ans Ill(' Image in meilloly. a Iilll' ut 
" lillle. Ih(,11 l)a~:.cs Ihis infonnation 
10 a lookup lable to f\ellcr.l1(' Ihe a l>
prnprial(' .!thadc -Ill(~ shadt' IS ("on, 
\'('11t'(110 an un8101{ Signal and \ ideo· 
:r;.\lwhroni7 .... ttion signalS nr1' added 
h I( 1 

\ I)rinler mlf'rfuc!' could (,Illll iute 
thlll :'("{luCIlC(' With liult' mochrka-
11011, Ihoul(1, u pl"('faC'!' would lx' nl'("{I
("{I 10 Ni lpulllltll h ll c.\p<.'CI('d .!t i .. ).· or 
thtlll1l.Ige- IIlfonnal loll uSlUi lly nOI 
Il£'t'd{"{1 fOl' a \-idro monil or b('C,Ul ltt ' 

IIU'lin{'s and pixels In the fie ld at'C 

fhed in hUJ'dwurc .J\ lso, a second 
pl1'fau' would be needed 10 load Ih(' 
lookup labl" w'ilh appl"Opria tr oolor 
\'aJuc.s \\1111(' Ihis lakes con.!tidrr.tbly 
lon~(,I' lhan the siZ(' command, II 
onl\ nC'Cds 10 be lransmiu('(i onr(' un
It'~ the rolor aS~ignnlt'nlS are 
rhalll('(1 Ill(' communicalion .!thould 
1)(' I)('rionnt"d \\ IIh HGU \ajul"'lllO 1)(' 
ron"llsU'nt wllh eXlsling\lCh'O ~)~-
1('111~ . which are 1la.!tCd on addll t\'{' 
pnmary colors 'Ihb can be acrom
pli:.lU'd wllhoul handical) I)('('au~ a 
(hre('II'('lalionshlp f-.·u.!tb 1,..'lwcen Ih(' 
addlll\e In-'d . green, blu('l and sublraco 

11\(' 'yrllow cy'an. magenla ' rolo", 
I '>('t" Tahle _1 

Color lookup t"blNi ("an I". fLu'(l 
or variable ' l1l(, nUmbf'r or "Ihadt,s 
pO~Mble IS C<luallo Ihe proc.lut·1 of tlte 
1X1~"ilh\(' m l(,Il"llli{-s or ('aeh prlrllluy 
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Pi.i: 1 " degt'OO Qf collllllonnlit,Y all''MdJ 1"(11" 
bet .... 'eefllyJlIcaI \~dOO ra5ICrIJ"tt'flU ,a' and 
oolor primer ra~lcr 1I.\'8tt·nll (b ) 

color, but values beyond 8] arc im
prac tical since they exceed the hu
man perception limit Fi.\:cd lookup 
tables have the color valucs assignt'd 
to specific bils in Ihe data word For ev 
ample, the lower three bits may equal 
red, the next three bits mas equal 
green. and the two most sigruficant 
bits may equal blue. 

Variable lookup tables are the 
most common. with up to ZS6 in1ellsi
lies 8\ailablc for each ofthe primalY 
co101'6_ That ""'Quid result in a pos:.i
ble 16.8 x 10' shades Prior to database 
InlOsmission a final prefaN! is re
quired 10 identilY whether the data 
will be in single, double, or lriple 
pl'eCisio n 

Actual data communication re
(Iuires thrt.>c codes to ('nsure Ihal Ihe 
data is reccivcd in propcrS(.'quencc, 
These would be: s lart of image. s la11. 
or line. and end orimage. \\11i1e only 
the s lan ·of·image command is abso· 
lutely necessaly.lhc olhertwo codes 
\ .... ould allow the g'-dphics prinling se· 
quence to be suspended for such 
olhcrtasks as a stalus report ora 
chanse in the color lookup lable_ 

The dala·transmission portion of 
this sequence is Ihe area in which vce· 
l()M)rienloo dala has an advantage 
since it's more cfficicnl for Ihe com· 
municalion of simple images_ Ralolers 

•• , . 
• 

can overcome Iheir luniUllion in this 
area, for all pl'3ctica1 PUIl>OSCs- b,\ In· 
corporaling a run· length encoding 
schemewhosebasict.'lemt·nu.arcC"OI11-
munds thai idenli(y the sta .. , and t'nd 
of fields ofrcpetiti;'C dala so thai en
tire portions ora piclure canlx' duph
cated This COl1lpre~ion u"Chnt(lue 
depends on repctill\'e dale lind \\111 
lose liS effcctf\'('ncslt as Ih(' rompl(', 
ity of the image inC'reasc5 Uul If 1I!Oj 
u-sc is sclecti\'(', il will OUIIX'rfo"" \'t, .... 
tor data on all bUllhe mOlol MOl"I£' 
images 

LDwercost pnnt£'I" \\ III h,1\'(' trotl
ble Iusllfying Ilw 00:.1 o( Ih«> m('l1lo~ 
for the lookup tabl(' and Iht' rt'(IUlN"d 
line storage A compronu&(' sI41lfiard 
ror Ihis class ofitp"h{,;lIion~ I~ Iht> 
transmi~sion or rom IlGH pl\t'l dal;1; A 
pl'CJacc would blllllx> ",<!uh'l'C.IIU t'lJ· 
tablish Ihe siM- of Ihe 1Il11'A(' and a 
SlaJ1-or-imuge and Mal1o.(Jt-iIIll' ('0111 ' 
mand. hUI dale \\ould Ilwn tx·Ir.IU
nuUf'd dil"("('lI) \\1lhoUI Ihe u!'t(' of. 
lookup lable 

111e 5t'(lu('nN' would I~ .. ~1l' of 
red, rouow-oo ~,,, 1~1(, of I(n'f'n , (01 , 
lowf!d ~ a b_\ te ofblu{' unlll tht' 
line LS complNe Ea('h ~ w wuuld bfo 
rolaloo so Ihal each hit I'l"I)rt ·111('(i. 

pixel,U,8 - puel1 \I~" . pl,eI8 and 
e\'e" Ihnoe b\1e!l' would ('onlliln InCnr
malion rore~llI pLwh. -111(OlInllt.· 
lions orthiS rnelhod are Ihat au.\ f(I\ 
en pixel could onl,' be ont' of ry;tn 
colors, and illhe numbforofpl\{'!" on 
a line \\'el'\> nol C'\'t"nh ' ch\1 .. ~lhlt" h\ 
eighl then Ihe unuM-d pru>lll would 
have 10 be nul'd aC'COrdlllf'I.' III Ih(O .I,)' 
propriale data b.\ Wit I ~ 2, 

CURKl:.~r DlS I1LA\'11.(J I' OlLX;\ 

111(' designer of looa\ 's ('0101 

graphics s)'SIt'm has OlON' uplK.n 
than e\'erfor han.l<op_\ ollll>Ut 1m· 
pact, in .... ·iel Ih('mlal and (',unt'"' 
lechnologie.!> an> l'OI11I)('III~ fOf' Ih., 
bu)er's attenllon 8ullh13 aC-ll\1f'\ of
ten O\'t"r5hadO\\ the mat' ... dt-fi~"'n. 
~'orthe rolor f(T8phw andu"ll'\ th" 
lack of irU('rf.\(:lIt~ "oIolJldanl~ -

Inlerfacing 1& IoIruMlin" lJ\ II ..... 
organi.zallon oftht> llOUf"('f' d.,lI~NM! 
Ihe comrnullIC""ahun chaun('1 .nd ' 
the output dC'\u'(' 01 thPMt Ihn ... · far
lars. only olle L .. &om{·whal .. tahle-
Ihe commUIllC"".allOn!l' ('haJlnrl l'ht' 
parallel and ru,-2J2 landardJ. ha\~ 
rnalured, and nlO!ollocal·an-.a IWI. 
wo ..... :lA.' dc.l#il:nf'rs an' 111\Ul,fC to 
keep Ihell' de:oWb data.indf1lt'rvt,...,,, 
Thedalabasc and outpol W>\1('( . 110\\ _ 
eve,--, are III a !>tale of rapid dlal1fl1" 

'-

romphcallllg 1M elt4blWitneni ci 
tolandards nf't'ded to sal~ rUitq 
and fulUrP nf'o('(b 

Gnlphia mi. C'aJ\ tM>\~ 
as ha\ I'VC Ihft\e It''\t'l~ of COfnplinr\ 
hnt.' dra\\ 11'\1(5, .olrd. ~11On..i.d 
PIt"lorW l"tltw df>Jlf'od on thl' ... 
bf'r of gaph .. : {'Ierne-nt m. p.n it 
~('t .nd thell' n-iaIMln.l"p . At lht 
nN'd (or p-aprun clAl. Ifll~ .,. 
fORlu"" aun,·ntton .. thai \\'f'n'-. 

tlltt"tIIO Implm 1M f'nl~ ~ 
l)r"OC'f!Io beconM' ('UUnt~1CIl.t. 
and IlfO\ .. furwttt"\1 nt~11O tar.-kW 
10 Iht" ol'M"nllltlVC y"INN 

FOf" ('\..IIOI,lt· foOlKi are. at cd:r 
d('mand • iiI! ~1lhm f ... ~ 
t"I,'n Ihoul(h tht· t6"'L. ('.an t. actQDo 

pli!oht"C! \\ Ilh. 6C"nt-. 0(\, Ion R.m
domplcuHlollan!'I" w.uaU) drfJiaa 
prot .. IUlllhroUlCh lhf'<\«tnra,.
pl'cwu_h .nd '.an,.-" Nn''"..cth mad 
ulfl.c'!wmf" Ih.t '·.o1lllt.lhuwonthrr. 
Il'f PI1t'nl.laun oIlh,· data. 

Initial ~phll" ct.l. "' ... by .. 
11~ . \t tt,.....,..,..nh...,1 twc.lUW'_ 

~ \\ .. r\JlMl I\t· ... ncidat.wu ..... 
.11.\ tonlt-n-d Inac.khhon lheltcnd 
(un-natkJ" cu.dct ras~ br ~ 
(-aU\ rNlnlp"t...It"CJ anc-t wl"-l'd ID. 
IJandlf\C~' Irm coml*-\!!\ Tbra 
loll: dll>pU) I ~ uf d.-IIID!' 

hrd tht"S«' .Jmplr t~ ~ ~ 
duunft. ~11IlO uI I 
urirnlt"ll ( Itl. 

.. I"n ('UIo1 ~ 
(UIle'tKlfl. wrn' drm .. ndrd and 

graphiC funn I~ the ,coal or., !t.\ I>H>1ll 
U uPPOI(oC,lln Il"kt l1lanipulilllon of 
rokJc' GnaphK'!I'''\ U-'nh n("('(1 fo""s 
"lon"Ila .. matlu-Illd.llc-al t'nllllt~S \'('t 
thP di,pu\ k,nrwl nt't'"CI!oo Ih(' f1t"~ibil
I" ut ..... ~h"1'Ulwnt"llon 
. f~ fVal)hM~h.a.rd ('t.),).\ \\as pro

ducell hv pkltlc'l~ \\ I\leh 100L..,ch <In· 
.oIl"lIlo11llfC h'lchnnl'lft\ l11is el('(""· 
lrom«h.am["~ .1'I>f'Oat-h has "'('1)1 
pi«' wUh oprtlllll\l: .' II'rn, bUI is 
rIpktb al"'""'" hlrlft Ih ll,lIlIl,lI hll\il~ 
.IftJUU1·THMlb lUI 101"",,, ('c.JOlI)\£'--'lly 
MMI opt'nIltlf r-os!>f' m"11·4.,"', 1'It>11('I"'I> 
~ Ill] Ih .. rhutl.'It 1111 ""plt' illl~(,!J 
\1D('r tht') 14IL.t· lull .lk .nt~(' of lradi
llOIWlt'C"hnaklft\ In JlnKlu{"t' "moolh 
llilplnab .nd loUl hIlI' dl""wtOft!l' at 
ft'Ialnt't\ b,\ n..,1 

T'he 101mI'll- I.u.~ tlll\Ohd nll~ .Ind 
Incr1'lUlu~ Ihl' numht'l 01 mlol'rotlukk· 
1\ drmon~lr.t., th., hurt("'lJlIIII-":l'I of 
llut appm.ld\. llirv .... lhltlllKhplil d~ 
CT1'UCauul~t"'llrnl:)h'''h In· 
cnouet..nd Iht' t'''I'4( 11.\ "nd 1"lId!}.I, 
Ityalltw- in ... lIl'l'h t"'l)Ifl(~ unllN' 
lfUC$tion lor t.rw: UI d m.t·I.\ oolul'Nl 
pkJtt. (..m.1 ndw dHlll'l .I~o lJl'lt"OII1(' 

mlft'dHrlf'Ull !If'('auto Ilw ,-.IIlll(·" La 
~ f"lrctromn:h.lnic-.;t.l and un· 
.tbolotDr h.dl ach.ant,~ .. 01 Ill(' a("rnl· 
conckx"Ior'llfl'Xft " .. rfonn.-Jlll£' 
tmpI1"~I" 

IV*llhlr (,,-tt"RhOl ' If'mI Up \\l1h lhr mln.llKtKln ttl Ilw pt',,,mal 
I" oftl'~ the ("lIl .. ttiJ,~ bat(' cmlpUlef' IIWI.PIM"olI of p-aphlf'" 
"Uem .. utkt lill _ &ncil;1Jl.. rnantp» Iuclrd .. dc.-.rir'lJlflt·,U I~dl' \\hu&(' 
tK,n 1114' lutut. 0' tntl.t ( fll. __ fint 11!Udut'1 lIS,"t1 tland..,d \.0..(:11 
qUk' 1,\ n...:hed .nd "--~1"" tM1wd- tharanrn II If' at'nuw un~(" It'I)n'M'n-
Uf(\ ht"('Atllt" Ih,. rn.un .. , .. , (If d_ 14110n inn.> dnl·m.lIM' p"nlt·" \,'t'''' 
uKlu I" Ilwmok"e ot Ih .. nuu .... ,·lplan.". II WM 

~tt ... I''( htlC*Jft\ "'~.... ontvnaluraJ for Ih .. Uf"t ~i'f1l'rallOn 
t'M...,ufur ilt1p"'d1fo1~ hDthr.t- uI~h.nl-<"OlJ\ dt"\1lt I(JUll o 

\AJltoll't· of. ("""UNo1 nl d~ timt IiZltllh4flNl rt\OU'allen In prodUf (': 
drr--nd"ntofun.ap:nxnplr\lr, In" .crtphIn~ Ihb.PI"uathcan 
rutk..-. the hanh\,,", fW'C:'aa.&n ... benp&nlirclll)' UM' of. \\111I,..,hln 
tlWl rutf'r- """""'Ir .... amrnat*- dwar1 ~tor 
l.'III't-hIUC""," .....uI1~ in....... .u thar d.owIotnllrnl\ \,t'rt' oc· 
cRr-fCrnr. .. alkWl mipe. tha. ty.ot r-urr1n«'Aith( h.,.I.· ..... ri·nll-eJ "ylJ~ 
flLat~lttu. h luUqufo ",tthln IIw 1!'Ins athn'nucnromllUU ... nWlu(.IC· 
n"at·h of f'\~", III'ItI drstpW ~ 1~,",,~jCDInfI; dlf1'CtI.\ 10 hll· 
..m.&rk_"'thf'"n aprordId IddrftwbIrsnpth ·1"ht,c!nl'Ol.1tru 
CRT. ha\1' onturt'd that ruurd ~ manu:bc1UI"Tf' "1'rr qutrk 10 
lheko~d.bf~ lC(td~ II 1"IIpOhd"'1Iht'lellrunk"\o1naIIOIUOf 
ImfTlftlt.alt' fulul Ihrarrroduct. 0 .. , aUo\\-rd th,·I"t· 
l~ !IItf1P,..ttb \-attllD_ "-~waphiaIlDaJo;l"lobc 

both 1n:.hoIqQN {lprra1~.,..-'1 printt'd aul l nld Il'trnll, h(1\\'("\'('r, 

auctr a~ '. .RU or PUTT IDmIl:lt Ihtw",,"," rif;kU) CM"k·IlI~ 100\ard 
d .. talobe 100000 .... ~d~ Ihe"'"t~lronrlftU'--.1110noflht' 
m.antl thai am ttwn UII'lt hJ CI1ft" doI-matn, IKinIt'f' and pnlll4Mt.V 1'('-

II"\1(·t a ,.,,1",".1110" ... ~rictetlIQ hlad..,uKI"'\\nlh· l~t-!I' 
1Xa\ on the (;RI l11ta .iq,..c«f1;- Ihr .... l h"" ) .... ~ h.nt' "f1'n Ihe 
f'OIlhnue. ~ manJpubtlonofttt ~r uf c nlcK in till' lCt.1phio-

,., 

"''' ,,. 

.. 
.... ". -

Summl'r 1983 

,., .... ... .. 
~ {L ______ ou==.~nn~~._c---l--~~ _c-.. =='~.~~-~~'--_C--L-~,. ~."EI "UlIl'TI.t 

,1,1,1.1. 10 1,,1,,1,,1 .. 1,,1,. If - • • • 

I lie 2 lhla ... mp'" bloc .. tl..,...,11 ..tw""" .. M,"-o_1 pn.lI...-I,"~ "1Ihnut .. k .... up lahlr 1.1 hI 
lJ.b _WI," data ~II"'*-111 nlt •• II"'I~ .. mwd bI. .11fo.~I ... lllI1-of·hltt" "onUlwnd Ib l 11,,· _,,'""IoN' fur .. \ .... , ..... 11'1" bur ~ .. m1,· "' .. -..I loU''Ml'<II~ .1",11' <of fVt""Iland .. b\11' ofhlUfllrl 

pnnlt'r Ilhll-kt"lplan' '1 hl' d(>\clop' 
nlt'nl (I(lh('''(' d(,\lu'~ hru; I)('t-'n pre· 
n'dl'{l hy a !llI1lllar t'I1It'I"Mt'Il("'(' of low· 
t"l~t'o~1 t"olo,..gr.tphk~ b.\'!ou·ms AI 
1i1.",1 ('olorWdSlll1plt'lIll'lIlt'tl 1\8 modi· 
fic-allons 10 Iht' rihboll lo.\blt·ms of POI'· 
ulal- dol·nmlri.\ inll);tl't plil1t£'nl, bul 
Ilmrt' rrn'nl t'I\l11(" III'(' 101all.v de
'*,l1t'<I lurrolol" and UIIIIl-(' non" 
IIIIP,,"I (It··~1K1Hl1l1t \\'('11 InL.-jl'l ,"olor 
IWlIl lt'I'li C(}\l·,·lht> rtpplu'allon Il('(.ods 
Imlllllw ~oph iMit'aH'd \pplit"on pial' 
Il'r, Ihl''UuAh ,\ (I\:ul{"('d color 'I t·chnol· 
nK\'" "'1 Iot·rit·".lo Ill(' low-"o!tl 
(' ,lIlun p,inh'l 

I lit·,£, prochl("I!'; l'('infOl'('« Ihe 
11"'t'nd low ... rd hard·(·op" d{'\ I('f'S Fu· 
luA' I)I'Ot!U{'llo Will rontllHI(' 10 IX' raJ· 

IrN)ri('nll>(1 and 10 1(£,Il{'ratt' an In· 
n1·.l~lng numtX'r (If &haci{>a 10 lI"3ck 
thOM' offt'nod 1'.\ IhC' hoM "y&lem 
\\ l1lh~ (· ... mt·ra "_\bll'rns !tlill dornin.ale 
the UPI)t' .. ('nd ofht.gh·rt'~lution al>
pli(·.allons. pap"r-oulpllt pOnlt·,.. are 
rapidly ('nt:roadlln~ on Ih(,II' domalll 
om\ Ihat Iran~pal'l"n(le& are 3\"aIJablt' 
on .In 1Il("r(-'a:.II\~ numt)(·,-- of product!i 

~m(·t.' til(> dt'manel for 8 10i )( It'IIl 
hanJ ropy l)n,'tionllnal('!I' III bOlh tht> 
Iran:.paMm<y and Ihtpl:r rna",(-I" ras· 
leI" dfO\i~ \\111 probably ff)('U1t in Ihl:. 
area 1(·a\.lIlg Ihe reqllin'rn{'nlll rOllal~' 
rr d{'\ U:('!I 10 ('XI3IlIlg 1)lotlt'r prod· 
u('I" '11(' prit'(' '1)('('(1 rallO Will ("on-

linue 10 impl'O\C d'-dmali('u\h SIIl("(' a 
graphlC$ plinlel' has C'onSidt·rahl.\ 
mol'(' eleclronl(,s than a 811111)1(' ("h",'" 
acl('rpnnler, 

I)m'('n by Ihe p('r"'I>Ollal rompul 
el' 100\'-COsl gJ<lphics \\'.!oIl'I1IS, :and 
Ihe dlVer5lly ofhard-cop:y plinlt'I~, 
color grnl)hi('.:.is rapidly ('nl('lin~ Iht, 
office ('mironn1l'nl'\S wilh any UI't'a 
of rapid changt>. the,,~'s alw II prohft'l'" 
alion of di.ffcrt'.'lli and polosibly t·on· 
nit" ling, urllvil ics, The \t'I1l'I"hl(' 
ASCII codc slubiliwd Ihe 1('\1 wodd 
nlany years ago and is 81i1l lx-'ing lIwd 
now \\11M I~ needed is a Siandllld 
Ihal'5 an ordcrormagnl lud(, mOI'(' 
complex, to SCI'\'t' Ihe l'I1ll'I"f(II~ world 
of color graphics bOlh now and in 
Ih(' fulure • 

\rthllr L. Cleary 1$ c/('c:lrOmr.8 ('11 
8111l'Cr1llS m.11U18t'r and a foundl't' of 
1\ih1mCf"d Color l'er:hnolOl() lit' prt
\100$1\1 "orkC'ClI\llh AppllCOl1 'n("_ and 
lJat.1producu, lie holds B &StJ. de· 
8("('(" and Iliu ix'en IJSSOCIllINl "II', 
mJr.-;el If'Chnoloto'lilflct' 1976 

Dennis J _ Duc klcy Uf 11C"r W't'.S.d('n/ 

n{prodUCI dl"'l'C/opmrr11 for Am"1tll('ro 
Calor lcchnology He holds If 8S 
III cIC('IrorllC$ 
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POINT . .. The 
Houston Instrument DMP41 
plotter meets the needs of the 
serious or professional user. 
yet it's easy to operate. 

POINT ... c/D size 
format. comprehensive front· 
panel controls and sophisti
cated firmware are all I 

lored to the needs of 
the surveyor, drafter. 
oceanographer, geophysicist 
and land developer .•. to 
name but a few. You can gen
erate superior architectural 
elevations, contour maps, 
circuit-board layouts and 
assembly drawings quickly 
and accurately on bond, 
vellum or synthetic media. 

, 
t' • -, - . , . 

::Jo~ •• 
• ' ". '*' i" .. ... •• j. ..,.. 
~ •• ___ I .. I 
. " ..... ..J.. 

-:~:. t '. " - " .. ," ~ 
... '\,,, ",f,'" - .... ' .. -, , ~ .1'" r... 

POINT . .. TheDMP-41 
IS confkJured to Vo'OI"k with 
micro'!> and minis. and has 
the capacity to lake advan~ 

mamframe 5 iIlCreas.ed 
capability. RS-232·C. 
mterfac:tng IS SI4fldMd. 

wrth alternate protocols " ... ail· 
able. The DMP-41 is easy to 
Itve WIth. ""henng to FCC 
Class B requirements. UI.. flst-
In9 pendi~, 

PO I NT . . . Minutely 
defined step size ond high
resolution Iogic~rnbtned 
wrth robust drives and 0pti
mized pen baInslK:s enllbIe 
you to create plots of high pre
cision and surpassing quoIity. 

BAUSCH & LOMB 
hou s to n Instrument 

.~ J S 
on 

POINT .. . 
Houston Instr ....... 

800-531·';205 II 
T eJtaS. In Europe 
Bau>ch (, 
Rocnesterl..on 6, 
Belgium Td 009-27· 
th 84&a1.l39 
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Summer 1!tAl --_ ..... 
Interactive Digitizers 
Increase Flexibility of 
User/Computer Interface 

Sonic and electromagnetic data-acqu isition systems both allow 3-~ input, but mech 
anical.y.tems that use a hand-h e ld pointe.' can s im plify engineering applications. 

1,:\ Lh 1r1.& .. 'on 1). \ Ie .. , 
\hc:m Conlrol ~., !'II(-'Ill' 

.!<>.\'SI(,lllb can Ix'di\idt'tl InlO 
two t.'l)('9--inl('r;"Inl\'l' nonlnlf'r-
U(;tl\(' \\aIlAbl" noninlt-'I"3('II\'(' 5,\'S
If'nlS includ(' 1110:\1 coon:ilnatl" 
nl{'a~ul"("llll'nl ioysl('IlU "hkh al'£' 111(" 

("hankal d{'\ic'l's ultt'd I)limadl~ III 

su(·h hlgll-l",(,loOlulioll api>h('alion~ as 
lll11chlno Inspection 1111('rn('lr\'(' de-
\ il"'t-'"S IU"(' 1«'Il(,I ... lIy lets pl'l'("i!W. bUI 
almphf) thl' InlcriaC't' bt',\\"'('('n thl' 
ust'r And tIlt' compUIl'r 1'.\ pemulIlIlg 
a hand-hl'ld polllH'r to 1)(' ulOved 
moc"C! or 1{,5S rl"t"('I,,\ 10 a lor"lIon orin
tt'I't'st n,is lu""tide "III dl"i("1I5S both 
1."'1>{'$ or diglli:tA-'r \, Ilh pal1ic"ullll" at
I('nlian to 11ll' applkatlons made pos· 
sibil- b,,\ an inleractt\"'(' appr'Ouc'h 

,\0:-",\ I Ht-\CTI\~ IlYn
,\CQlbITIO'\ M:,n \I!) 

A t~vkal ("()Ordlnatl'-m('a~Ul'£'rnenl 
.ySlem loolo.s a 101 Ii~l' • milling ma
("hinc II has a 2 ... dln1('nMonal bcd Ihal 
rnO\'eft In X and \ roordmatOl 1-"ifC I 
and" probe lhal mows up and down 
III the L. dlllll'nslOn ~uch" 1,'1!tem 
can ea.."ilyoblalll pOSItion Infonlla
lion to an a('('Urn£) of 0 OOOS in or 
Jx>11t>f for UM' III ("ritical insp<'('tlon al)
plicallolU In aoln(' /)}'lot('lns. Ihl' bcd 
Ib m()\'able in two dLmelllliOlu and 
tht:' prolx' mO\'t'1l in tht' third In olher 
~."'1I11'11\5. Ih(' probe Itl>CU 1n001!a along 
a1llhre(' 8.\01.10 U~ this d{'\i('c.you 
ru: whalC\-eryou art' 1~lng 10 I1\l'a 
lure nhe wOIi.:pU!('C I 10 the \\,0'* ta
bl(' 11lcn you 1110\"(' the probe O\'Cl"tIO 

thai II tOllches Ihe item being tested. 
111 a position of PI' cd clem lined I nlc~ 

oS! 
Usually, l he plUbe hils" little ball 

on the end of i i , 1\ compulC'r manilu." 
the 1I11'ec ~cs or motion and can 
thcrcfol'C calculate Ihe position or lhe 
probe. \ \11cn Ihe USCI' 1110\'e9 the 
probe Into oon1ll(" wit h Ihtl \\'01*
piece, the cornpu iercaiculalt'll the 
center posilion orlhe ball and com
l)('nSUI('5 for posilion offset due 10 t he 
ball Si7..P_ SinC(' the computer Is infer
ring that the \",olilph . .'cc Is tangenl 10 
Ih<' IlI'Obc ball. illIllisl dC'lemllnl' II 
unique tangency point 'I11al la, it 
must figure OUI \\hal p.1I1 Orll,e ball's 
cirrumfcrt'llcc has bc<>n touChl .. d 

In a comput(,l'"chiv('n coordina te
measurement system. II computer ill 
programmed 10 mo\'e the rercrent.'e 
til) Iwnl3l1y a touch·stmsllivc prol~1 
to \adous locations on the part to be 
mcasun..'<I , and, \\11el1 it gets there, to 
J'CCOIU its position ora d(l'\iution 
f/"Olll a nominal position 

Using a coordinntc nU'aSlH1!mcnt 
sytilt'm. an engilll .. 'Cr\\,III)l)ically 
look at til{' blueplinls for an ilemlO 
be inspt..·('tcd dNcm1ine interesting 
dim(>llsions or inSp(-'Clion points, and 
Ihen \\Titt" a program thai \\ill 1llQ\'C 

the probe 10 the appropriate loca· 
tlons and record Ihe resull..ll11sls 
u!iuall,\ a nonintt'f"aCII\'C, \'el) high· 
n:'!IOlullOn Task 

In fa("ihlies Thai support comput
('J'oaidt"d dl'Sign leADI the dlmen· 
sions ofintt'rl'lJl are located In the 
parts dalaba:w lIow(>\"C!r the Inte .... 
face bctwe<'n CAD and romputl' .... 
aided inspt....'Clion i5 81111 in II, infancy. 
l)3rtl.\ becauS(' inbpt"Clion typically iJI 
concemed "ith J-D mc,,"suremcnIS, 

.Zl 
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F~ I Acoon:linale·u .... lIsun'lUenl 5~ .. t('tll ... lIh nk"cllankal('(Wllrob.uu.... n ...... h • 
cmllce50rO.OOO lln. Of' '"'""'"".\\'1 I ... 

and 1110S1 CAD sysll'ms s till use Z-D 
d esign p.-acliccs With i ncl'Cil~d UM! 
of solid-modeling and surface
modeling lechniqu£>s Ihut r'Clain the 
lrue 3-0 nalur'C of all objt'C1 in a rom
puter's memory. this interface ~hould 
become mol'c direct 

INTERACTI\'):; 0.\1/\
ACQUISITION SY:;T!:.:\ IS 

Interacti\'e dala-acquisilion SVSlems 
are intended 10 simplifY Ihe inlerfllC'f' 
belween Ihe user and Ihe rom pUler 
by pemlitt ing Ihe user 10 mO\'C a 
hand-held pOinler mom or less freelv 
to a location ofinter'Csl A compul(>r
then calculales whel'C the probe is 10-
cated,Accuracies oblainabJe al'e 1'11i
cally an ol'(lerof magnitude coa~r 
than those obtainable wilh a COOrdi
nale measu''emelll bVSlem 
, 111ere arc three 'Iypes of inlcmc

tlVe Systems: 
• A mechanical syslem Ihal uses a 

dead·reckoning approach , dC\'CI
oped and mai'kct(.>d bv \licro 
Control Systems. -

• A sonic system made by Science 
Accessories Corp, I Sec ~O\'If't'n.A 
T'£.CtI\.OlOG, IU;\l1 n , \\ 'inter 1982/. 

wllhin lhe probe {'mlts MlIlk radld 
lion. and a COml)ut{'rt'aJc-ulali'~ Iht' 
source posillon b.\ tnan,l{lll:&tlon on 
aJl orlhe S<'nsors rile 2' , ·Ilw ,noW'I'I 
IC system ullhze~ a 10\\ frt"'I04.'n" 
transducing lochnl(IUt· to ('alc;ul~lt' 
the posilion and th{' on('ntdhnn 
IX\Z azimuth ('I("\allon and ,,,II, uf 
its Single lri-axial ~n301" ,,·l.t1f\1· to H!l 
single tti-;u.ial tran:.llllttt'r 

,lre 8C'CUf'aC\ of "'u,·h ~\. It'llu d 
pends on the po~'lionIOJ( oj ItM' 'n , 
SOl'S and on the probt·', 1)O:IIIIon 
\\,tlun th{' won.. \.'Olumt' Ih U""O« 
m~re sensol"5 than 1lf'C:'d("tllo rnft., P")_ 
Sition. Ihe host C"'OmpUIf'1" ,·An u .. ' 
data U\'Cragillf{ and otm.'l ... ipuJ . 
I~rocessing teehnlqu('" lu ,,'(Iun> ,--I ' 
Iion-estlinalion erTOr O'4(lttl'..atlun a.· .. 
CUI'3~ being qUOlttod forlht' 'KJn'f , _ 
~em IS approXjmal{'I.\' 0 ru In Ih(' I)m. 
JCCted aecuraC)· of til(' mapH'IIC , • 
tem Is ooz III 

...... 
~ .... 

, 

..... , 
Ul"iu h 
('Ymplct. \\ It. 
~'Uu CoI.n t d~hU IObd 
\\ Ilh Ih . .. Mlflic , to!ftl. 

.,., unoh" ruc-ted Une 01 N&hI ~ 

'" 11l"·~~i::=~E.~:1 and.I""" 
Mhe and tonk- holftDl, 

U1 'H'''tCll~ tlC"cuntottUCtedto.." 
tn an "'"ttal'ih ~" .... 
Ibrt ()fl. fUn,."t" mul. ... d;;;;,J 
• \u!llnN' oIallfKt.l\.tmI;ld\ 1m' 

"" tnlt ...... t" .. poallJDn 
.. a ",1.,1 Id..fo \ If'm C'UnIIatqit"1 
tf"lulrlfCklllnl rurUWdt'dltralt 

hmW iurnh .t,eJ . II~~';:'!::::;I 
IP'''' (", rvla!tun.aI h 
• til' d "'" ""'111''8 , I",," 01 
1 ... 1f' nM!bURmM'ftl ".~. rncwdlu-q 
,'.-c h of the tubll ~"" .... II_ .. I 
11M" &O"lfOh. ",,.,.t, o#lh(" .. 
'~III'" Ih,. tcMnl • nwnplterc. 
C"llLa, Ih411~1'" of allOll'dt'r. ...I.v1,,..,. C"PICnJ'IloII' 
fCin kK~tftt a •• r1fCk "" ... odl_1 
p<llin •• ('(lfl)pUl(tr~_ 
l~1 Ih .. ,lOtIllIOnollhrnr.i ... 
cU"'I.anl "linl kxoat'nfl t.amC1Jafll. 
lUll, IrllnafonnalllOfl bm('.lObr 

thnuplI ol .. ~.~""~.~".~n5:~~1 I"",.'\. II .. ml.llon 
th,. .-.tnt and 
Ihun .... -.nd .ltansbllOl'l 

tlfCkl hnk t", an .",ount """" 0.,,,, I 
1f'I'\f(1h oIll~ «""0fT8p'wKllf\IC 
It.... 111 roonIUI.II(' 1~ 
hun t~n t .. lmplrmr-ntrd .. 
(Jf n~ln'\. nlUlllplH.-.I~ 

'UlC'-r 11M' nlordttlAl 
Iran"fctrnUlI.un tTYlnrt'S lumu_ 
hn pat'NI. IlIII ... , 1("'I'TI1a Ol'ftt 

'.u~'(1 Jhtt , .. ""f«''''''~'''''''''''1 
AlI.\ unl>lrmrtlltod .... a ~utW 
notltn.lln'\. Inmt to c£lcubtf'. 
,roUllf'r-lIP JlOI-IhDn 

'~l to PJ Ihruu!tch on" 
t-UllhO" ... Ihrno art' 

durn III the dr\ire 10111" 
\\ Ilh Ill .. deUp"t • An e lcclromagnelic apP'1)o"lch , 

~nnou,:ced of llolhenlUs '\a\iga
lion Sciences, a dhision orMc
Donnell Douglas COlp. for!'C
lease this year. 

- the .".nlln \t ... " ............ 1 I 
\ulunltJ' is (""UfUtra.irwd b\ tbr_d 

tt~ ann "".·h al'.,m'\.~ 15. 
Irvrn th .. tlUf' au thr difOU .. · ...... 
laun. In an .... "n:n.ttNIt' 1.wn · The sonic system uses a triangula_ 

tron method of COOrdrna te cal I I" Th . cun
Ion . at IS, a SCI ofdctcclol'S situ

ated around th~ \\.'01'10: \'olume arc 
used to sense srgnals transmitt ed 
from a hand-held p,ube '11 . le SOUI'Ce 

, 

11w u oftu \. .. ur\ \orumec::an boP .. 
n'tIUc'(.' \\llh ~ ann. hoMWf 
1nn'lI'to \ tt'hl~ .. dNd-

J"t'( ltMl.11lf( .. \ ~I~ PI (".ak'Ul.aI~ 

eillM 

ur new ZETA 887 pen plotter runs direct from 
your IBM controller for the best color graphics you've ever seen, 

a k,.¥.-Jcr in dle: m\III1It.'1fACi~ "l)rid 
Yolth" wkk f.unit) offkkl l)4"O\'\."Il 
phlt."'" nJltnlng rnn."C.1 fn.Mll 111\1 

"IUf"C' 'UIl".U~ .allh .. - tJOJ) pen 
pl.lCteT nUlk dQl l:.&fl Sd'-c )\lU hi~ch 
t'("io. .... WlIW\.I t.. .. ~ dim..,t\ fnwn 
'u" !U\1 \r * ur \rC, l.IU:.'i<tcr c.."..,n 

l'HIk'r And ,,"t:1'C «~III* ')'!olt."'Il1 
II1liqlmlIC'nt ", adc..I"on.", !'Itc) \.11)
~ JIoN f*.itt II In ;&nd run 

\\e\~ hem 'ilk.'l.~1.I) lntt."1'f.K: 
~ t.U I.., peri:rmunc.~ p:tl ph, 
'"' In 10..\1 " .. \"(;"M"oo 11-q .\"C fCl,M 
fln."3I ~;and .." lit) Yo'C" 

()ur II J A Htr '" nu oruuUf'\ pkH ' 
ler II \ unlqUC.· JX'Il <:VTl,lg<.' hokb 
'4> tu c.-1td11 different (1rk".ed pcn.c, -
\lnu.dh chmllUlI~ lhe .lontr)'1lK 
dtMTlll1llC' fur pcn du~'C.. ..... '\;0 nV>«' 
pluU(-r ~""IflK. \\ ~'\\:' c:k. ... ,gllt.-d 
II tn Jell) ;af lugh 'fX'Cd ( lC) I~ ) :and 

Wllh tH.lr "no ",clpping' k;rlun: }\H.r'li 

~CI unhc,-.umlt..' Ihro ll)thpUI 
"c)tI'1I abu filxl pn..'t:hlun ("Um 

p;&r.lblc 10 f"r ("(, ... clicr plotlcr. I't.'n 
1"e"""IUlioll good Itl wllhin o nc:·ol'\c: 
Ihc~u...;tndlh.;()f an in<.h IJim \'I.llhuul 
opc:ntnr Inten cnllun un (C,llIinutH.1\. 
f~ ol4..'<.h:.r U\ cr II Il) 120 f,:«:1 

1J<.~gllerl e_'l)rt~/Y for 
tbe \'lI SDLC clIl",rmme"t 

lht: 1.1::1,. HH"" a.>ntlt'Cl. ... 10 lUllr 
16.\1 d~('T"<.UI\U\)!1cr thC' W1lC' \\"3.) 

)'la'" Ill\! :\E pnnlcr d()C'\. JlN pkjf( 
it in. 

\\ e· n: n'kln: than IUS' lurdwan: 
eon~~ \\C' l;d..r m\I\(.I>()\1 

:rod ('00\\.'11 illllI():I <bt:.r "l'"C'ml 

all of our I..c."l..t piollt.T\ Il:I\\:, hc .. 't."Il 
~ 10 undt."N3nc.lln bet, "\.·'re 

Ihe..' .... U1lC ('t)llUlUl'll:b dri\\:' all 1 ..... '3 
""lIler. '(I "al c..";In he: ......... "'IIUI of run 
nirl: am applicadon pn'fU"",un ll'lng 
indi.L\l1') ,,;mdanI pIoctlrlJ.: !U.11IIlC. .... 
\~ c·n.- ",rpponc..'l1I)) the 'QIl\'l.';U'C 

k..'"Xk..,.., ",th 'ilK.h p;rt."kap..~ a.... N.(,O .... 
1)1' ........... J.Ild 111J.A( .RAJ "'-'·11 
"'-, (.RAPtI:md Pn.ti ... X'I \'i'il&:lh 
1>1 \(,un 
Cnu (115) 6-J.(J6(Xl Or II'ril •. 
\"(co/('t Lela C()rpomtlon, 23(Xi 
~tanu¥, .. 11 OrilOf!, Omcorr/, CA 
<).1520 nr'X 91(J..I81,5951 

~Nicolet 
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"'m 
p~ 3 Mechanlcal3-!) dlglll:w .... tmploy an anll-lin~ llruc1urt 8.\' IJt."u~ _, III ~~ nk.u .. t ..... 
bull point, a ('QIlI))ulCr IIClluenUally o:ahbnrrtes the IM'):I moll dtlJtanl totm Ioocllliion 

poin ler-tip posilion~ , l'Csolulion de
creases as Ihe size orthc won.. vol
ume increases. 

A popular design of the touch 
PI''Obe used in such s\,stellls was de
,-eloped ill Englalld ~bout 10 years 
ago. II consists or a spring-loaded 
probe that's SUPpoI1t..'tt in Ihree 
places by elCClrical COlllaCIS Wig 4, If 
the probe is moved in any direction. 
at least one orthese electrical con
tacts is broken. The colllputercan de
tecl the pl'Obc'sde\,jation from ItS 110m
inal position by monitOring eiectricaJ 
continuity through the probe _ Tl1e re
sulting input data can lhcn be'icwed 
in a ,,<uiety of ways (Fig 51. 

Only thl'CC degrees offreedom 
are required to penni! 11 pointer 10 
move uniquely to a location in X,YZ, 
space. The rcdllndalll rOUl1h degree 
or rrct."<Iom sllbstalliiallv increascs de
vice flexibilitv and IImkcs it much eas
ier to reach Cel1ain poims
especially ifyou 're interesled in reach
ing around an object II also lets ' 'au 
hold the poinlel' stylus in the sm"e 
way you miglu hold a pen 

The coordinale accuracY of a re
sulting digitized poim is co";slrained 
by the accuracy of the computer's 
knowledge of the joim angles and the 
accuracy 10 which it knows the link 
lengths .1)tpical systems I"illl8e in acc-u
racy from O,t 100,0 1 in -111eses\'s_ 
tems are robol-like in Ihatlh~-con_ 
sist of a sct of rigid mechanl~1 am1S 
connected by rotational ,oints Ihat 
can be monilored by a compuler. 

With the digitizers, the user must 
posilion a pointer tip manually and 

the comput(>I' sirupl.\" tt'lls him \\ tl('~ 
the lip is locllted In a rohUI Ih(> !.uk 
is nol onl~ 10 infer 1>OSIIion but 10 
have actuators fol'C'e Ih(> rohot 10 a ("tol"" 

tain position Both system" u~. d ... 
sical geometric coordlOat("lran"for
malion tochni(lue to inf(,l'!hf' 
pointer-tip position 

'\n intereshng applicalion (ur 11lIt'f'aC" 
tive 3-D digitizers i5lhat of robot lraJn 
illg IIcll" Ihe problem I 10 ha\~ a ro
hoi mO\'e Ihrnugh a M"(IUt'Il('(': ,,( ap. 
proprial(> actions, such all Go 10 
pOinl A, pick up an obJ('Cl . thm nlO\~ 
to point 8 111e motu C"OllInl(1Il 
method cUI~ntl~ uSl'd (orrohot 'rIIln, 
ing is an IntcI1IC!i\,c t('('hnH:IUr IInoh .• 
ing the robot liself A tralllt"1' mO\ 
Ihe robot throlJ8h liS pac:' and Indl. 
cates, III appropriah'I)Omb tm- ("()()I"" 

dinalcs al which thl' madun(''' .uI)
posed 10 rcsid(> 

Another tochllKJut" as II e.""Ollhnu. 
ouS-,:»Ith trallling mNhod III \\tuc-h 
Ihe tramer mO\'1-"$lh(> rot)ollh~ 
the sequence of SI(>)» appmpnltf" fur 
a panlcular lask The robot "-"I."ot'(" 
Ihe sequence of poblhoru. Ihl"OUfCh 
which il Olwt,l1O\'(" and,~ II t)Adrr, 
10 repeat the operatIOn on §u_. 
quent \\'Orkpieces 

Yel another tochOlquc .. th(> 
point-to-poinl method In Ih .. {:.&I>(" 

Ihe lralOcrposltions the robot oI'a ('ft'o 

~alll plaC'e. indica leIS that a~ a pOint 01 
Interesl then mO\'CS thf" robot to a dtf 
ferent position and Indicate. It as. po-
81tlon o(inlere5t A controlIJ"fC ('Urn
putercan then cakulale. du't'Ct path 

-from thl-'" IiDI point 10 ttw> ~ 
which nla.' or tn.1~ not be thulI!! 
Ihroul(h whlC.·h Ihf\ lrauwr~. 
robot l iI1fI; th .... mr1hud oIl1abr 
mUbI bto artful to mdud._"¢d 
ndk.nt point. (ur lhe roboc top-. 
th~\\IIhuutamll""' __ 

II. anna and am "ur\pkao 
A mUl-h tnOA" topNtJ:iaItd 

m("thod rtrqUU"N. C'Ompulf-"t'ta 
Ih(' ,(I"tJf1K'tric f"h.v-acttort.ln d 
hut ItJot'Jr and 01 an~ oI~ thIt .. 
bot m/,ftht I"'c.<an)ulj( andlOhBe, 
IllO('k-1 0' lhe \\"Ofi. \uIumr in MId 
tilt' ",hut \\ilJ br Of'ft1lhn~
Induciu", a,~ \\'tMi.~ th..t 
lM" thNT (;t\", thb.inlurmitlon. 
"tllt", c-an ," .. kula, .. tool JW-Want 
anti tU1l1 ')(1,"nl;lllOf" n-YIM~Iu" 
\"""1'1("1 t" and ,"an tlwn", 1hn:qt. 
('Ullt .. ton ·.nuklAn.-... C",akyL.tllOft. n. 
c·ull'''kJfl '4I,ukl..aJln' r.&k-uLttlOh at 
m4.J .. tl) .. ruu"," that the,~ "ltd 
dOl nflt rulllHlo .,,,1h',. 

( .,lIwono lil\,*l4nce "'cuI ... ~ 
\\h .... h ''f''tI'' .... IM".,.' oomputltam.: 
1l1li)\\1'1 "." lu,;rh tJt,a\udrdb)t:r 
u..- 01 an 1111"*1"," J..p ~ 
trauu'r nltO\ ttll' poilltft' tJ~ 
th.· C"'UI"\'t" thallho tvha'looIlhc:dI 

--

mon' O\l'r, on a S4::aloo-down model 
oflrn- \\urk ,olunlt" 111is can be done 
oIl.n l'~1I1eeril"'K wori.hlation I"ilther 
Ih.ln a toohll.f{ won.slation, Ihl-"'reby 
r;ulleolilnlialh rulhng the costs of the 
h.lnJWM1' 1I1\01\'l"d In Ihe tnlining 
"Ult"'f'.n IIlt ... ra(·II\l' (hgilizer pcmlit8 
\00 10 100\1' a,)Olntt'r lip throu#1 cs
tentwh ari)llnll, C'U" .... , h, an IdeaJ 
aKllur an f"ngtn~1' \\ ho \\ishcs to 
Ira.'" al'l>rotimat{' p.1ths thaI the ro
bul ann lOhould Ol()\'t' throl~h 

-\nulht"ruM·ful"pplic.1ltlon of in· 
It'f'iVtrw J.I) dlKllIZ("('Ilt thai offield 
mappll'fC In IIu1'I ("3M-. an t"'ngin{'('r 
pIac'et a M"fWcn althl-'" III> o(lho digi-
11U'f' ann.mel mU\1" the 1>OlIllt'r tip 
10. ,.aru"" uf locatKII18 of Intl'l"'('ltl 
lhto "I~~r 1)lU\ld~ !t'mpt"'"3llU'l' . 
li(r;hllntl"nMlY .ound mt('nsll~ or 
",,1\1.1('\1'r 11141 1,.l1lt-\lla." 1.\1)(' of 3('n
.,..b c~lwd 10 I)IV\ jell' lu~elh(>r_ 

tlw dr\ln"S .uppl_' Iht' ('nglllN'r with 
l!lunlunHatlull IWI("( l/4~ fc)f' fit'ld 
mAppul8-Jor '""'lInpll' t .. "IIII)(·1.1IUIl' 
b. flu_·tlOn ut flu81110n In J'SIM("t. 

Inlt'f'altn"t" J.I) Illput 1ft d(,.:trl\' olI11lc.! · 

\-.of.ln the moch-lutIC 'Jllm'f('Ular 
.m.c INlt "an I I,., raJc-ulalt>(1 
I~ ITWIlh."lIwU'·dl'''luauun. in 
lOft",."· tcw I· .... mpw Ihla tt'c;hnol-
0(\' .. IM'b", ullfttl'l\ a pn'~thl;)(tO!lll.:.;t 
Iorn'phaluflI("trk anal_'''1 Ihl' mt·~ · 
unn,toflhf' ).oil\-' and .. kuU fnrol1h ~ 

ooonb ... 1}~11L-1I'« I tll~ tx"1Il1( U'It"d 
in Ihr .nlhropPl(~ .. 1 tudl("!'oII)I'lI1g 
oondl.K.'1!'t1atIIW\lIwne.·i11l \lu ... ·um 
01 \.aturalltl. .... urv In 'I.'\y \ Olit;.. wh('f"e 

uBaof f~11 m~,n"l" tilT dtR1tI7A.-d 
b the _Iuel\. uf ,",uluitonary I1'lallon
.rut"'''''\\'- n dlff"n"IU I)(~" UifCi
I~ it aJ.o 4"'I)tO('loo to Iwll' date 
lilt IlII fnHn \\"h"'h Ihr. 'OMII, well" 
tom. 

0rM' UM" for tOti.lV-I ~\,)rtN'd 
)-0 d~llJ","" hM ht ·n (.)und ~ an 
kOUIIlrreaI f'ltplM'rr In Dall ... who I 
bIoen ~ an InlffM"'lnc d('\lc'l' III 
ttw drrraW1 of llUhlir .dd~~· tems 
,0\ ckAtol"f of ~ and horna IS 
~ au dnc1l1OUnd at a pccJic !Wat
rca:ml anc..IlOUnd'pnouure Ico.'Cl 
Oncr a kJn«.,......,.. 'If u.iC'Ulauon. IS 
performtd 1tM- Immd 1i('ld .. pll"~ 
dirtrd and homI M'O ch()l'j('1l to "bue 
ttw pt'C'Ilf"I' roound c"C)'\t-,..,c" ~.,oftware 
aDeM tllft(- hun .... to"" rol .. lt'd Into 
pouIIOII .. nd aw-mblf'd InIO. du~
!for ()nno loaded Ih(' hQm. ("an 1)(' 

scaled_ mO\'t'd, or rotated. and pl.,n 
and secllon '1("W8 prinled out 

A related applicallon is Ih(> acon!!
Ik:a! .hal)lI18 ofroom&-6I)t'C'Ui<"all." 
audioronlrol room5--\\1l('1'{' 111(>"hnp" 
Ing and treatment of room 8UnU('(>-8 
are cnllcaJ for good audio I'l'pmc.luc
tion through morutor 8pC.'akt'1'$ 

Another Dallas finn hilS IIddl'tl a 
3-0 diglllzcr to i18 mlcl'OC'ompuwl'" 
based laser.cutling machine!)' '\ pla!!
IiC'. manufacturing shOI).1t had Jx>('n 
lIsing nonnutonUU('(! t('("hnlqll(>!lto 
CUI n1oc.lif.,- and aS8('mble plablle 
parts_ Pa11· complt'lionlised 10 take 
aboul a week, lIldudlllg Ihe mRnllaJ 
lavout ofpattcm!l on sheets of nal 
pia5tiC forcullingwllh hand tool, 
'ow implementation wllh 1\ personal 
compuler-b..15ed laseM"Ulllng S,V6lCI1l 
has reduCl"d ~'f'le timet 10 I("ss than 
a day, 

This sYlolelll aIlO\\ .. the product 
detligner 10 InICraM dll"'('(·tl., \\ nhthe 
completed pan, so Ihal he can con
.llUet it inleracIM.'I., In 3·1) . • 101'« 
with all of Its assonatl:'d d(,taill>ar1!1 
l 'slOg. colormomtor th(" de Igncr 
croalC'S a lest""ulume sample. alld 
chocks anv dimClUion ('hangra for 
possible intenerenC'c 'Ille ("'u t nll-"'s. 
after belO8 sa\W on disk. al1' M'nt 10 
the laS('r culler wh("11' IhC'y ('an 1)(' rut 
immediately. 

l11ese application. arc made pos
sible by Ihe 100y COSI and n(>\:lbility of 

Summer ISIIl 

hand-held dala-acxluisitlon 5ysICI1IS 
111CSC 3-0 dC\;ces \\ill continue 10 
find n("\\' uscs in engilll'edng and 
otil('r areas as Ihe ei\;lsling l('('hnolOKY 
i~ adaptcd creali\'('ly 10 sol\-e prob
It'ms thai ha\ c prt"vjousl.y rcsist('dcolll
Ilutl'r I('("hnol~ • 

1,1\ lng-stOll Oavles, one oJlfac JOllnd 
crs of Mi(."ro Call/rot SrSlcms Inc., 
slUd,N} roooliC3 lind compu/(>r sra
"/IIcs III 1\111' 1\/lIlc worki,V! all Ihe 
dt..'\'clopmcru of 8uloma/ed "1lf,,~1118 
s\'slcm":l1 cs. I)raper Laoom/on' lie.' 
/$ curTCn/l.v srutlr'"sfor hiS 1'1,0 If) Ii'" 
/!fiClnl III/clllgcncc at nile L 11/\ 
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Best Just Got BeHer 
Introducing the new Strobe Models 260 and 200 Graphia PIoHers. 

You can pay more but you can't buy more. 
lIow do you make the ,,'Orld·s most COSI~ectiYe graphics S)'StmI f\~ 
more rtm2rIablr? Simple, Makr it easitt 10 use, mort po.-ufuJ, men 
\-ersaille and more attractiYr, The Iurd part is doin& all 0{ tilt ~ 
_"hile holding the line on a ~ affonbble price. W'ith tbt nrw \Iodds 
260 .00 200 Gnphks s, ....... S<rob< Ius _" ,11 ADd ""_ 
art all yours. IS 

.",. S<rob< 260 ;, "" fug <ight-pen '*"'" .00 -= !"dol< 
Milable for under S J ,0011 With lust a .... _ 
few ke,'StrOkes Oft)'OUr computer, tilt 
5)'§Zem produces superb high-resolu
tion dw'ts, drnings and transparm.
des "im up 10 right autonuled co&ot • 
breaks. The rYerl more ttOnOmicaI 
Model ZOO produces the samr "ide 
rangr 0( graphics "im a slngIr pen 
'Il.1tlch may be: changed manually. 

The new Strobe plouers In&rrfxt 

1I , IJe and III , Victor, . 

andOsborw~ .,.. )~. _ n..--r ..... P"l'idt.,..,.,..,. _ ,.. .. ,....... .... _ _ _ 
:::J~..!"'*-Ioor"""_"", , ...... 
~~ ___ ..,... Io ..... _ _ .. _ .. _-_ .. _ ............. ,.,. 

vaphta. ... -
"'" ..... 01 ..... _.....,..,'-.. ...... .• I I) ........... ......... . _"""'_1_" . 

1oaIG'Im '" aI_'" .. ,..--_ ....... 
_ _ ...... COI .. 

~. - ...... -.-------.... ~.--.~ _a.-._~ ..... =----......-.....-.--

Summf'r I98J ----
On-Board Intelligence 
Increases Accuracy of 
Plotters and Digitizers 

Today ' ~ digitizer'S u sc a built -in 1l1ic I'OplUCessor to process and ronnat basic input 
dala . He,idenl inle lligen ce can be lI sed 10 ""fin e ploll el' olllplll as w ell . 
• 

b) L, nobln Ihlll'" 
'Unlu!ll.'!'> 

"',.,'."., in rom
putt'r p"u's h8\'{" IolunulalNl tilt' dl'
Io~ of a ho,,1 ofgl'aphltall Od{'\irl's 
111(' \l'I'Saldll~ of loda) 10 plotlN'S and 
d~ill7(''''' hol" 1)1.,('11 gn:' .III.\ (·nhallC'ef1 
ll:\ thl' pn'M'nCl' of QlJ.iK).ln:1 nll("l'O
pr()('t'!'>~I'!i Ihnt allO\\ "1>N·lal M)ft · 
w;u,· roullll('!'> 10 ("OIIIIX'lIlIolIll' for un · 
\\;lnlrd ("harnlwd:slil"l~ mht' .. rlll in 
Ill("c:hankal and I'ic'("llil·al df'SiKll 

In 1111 1110,,1 (' I"I1\('lIhll"\ fonn Ihl' 
d IKII 17t'I' fn n"b I" of Iwo llllt'ar 1II0110n· 
t r;ulMlullnf( ",.\slt'llI!'> dl"I>O!'>I't1 al 
I~ht angle'li OntO IS til(' \ l1,jflo and llil' 
olht' l Ihe \ lui ... of all >. Y l ·"'1t' !'>I:1Il c"O
onlinilh' s.\'!.ll'nI In Ilw \ullloni(·s 
IZz..I I,'slrilhU'cI · (·ul~ordiKlllI.('1 fo/" 
,'"ample' C'UrMlr Illation i8 1l'an!ll1lil
!i'(.1 to optical X \' Ir.lIlMI lJ("{'n~ h\ a Ill('· 
,·hankal ann anti rani~I' a.,.,,:mhl.\ 

IlIlht' fn'('·rUl~1 d(',,'K" . IllI' 
('Ul'Or IlJ ,·olllU"C ·I("(IIO 1114' diRI11U'I 
h.\ a n('\,hle c.·able and Iran~mil$ lIl(o"", 
mallon t'lllwr' (,!{oC:·lf'O:slallcall.\ or 
('1{,,(· lrollla~CJlt'1 knll.' 10 Ihf' undl'ri., Inl( 
d~iliZ.lIlg labh'l AI>ar1 fmm Ill(' oIJ\i
ou'O op,'raIOrt"OIl\"{,llit'IlN'. Ih€' ad,an · 
lAgl' of thl' fl'('(' ruDOr an' il11l)r(J\'("(1 

at'OJrary and Ill{' opillnal UM" of a 
I'('n 1111~ l!i)lIlem WOI1 ' I fUIl("IIOI1 III 

Ihl' prrM'llI"e of I1wlallK· mal('rial 
whidllfl\('lf('l"'{" \'I>llh M~nal InllllJlllb· 

~Ion :'lI1ularl.\·, Ihl' Ihlr lr.n(>o,!t of Ill{' 
dO(." Llm(>1l1 Jx.Ulf( dlf41llu'tl dl(:tal('" 
Ihl' IK'parallOn l){'I\\'f'('n ("ul'IK)r and 
lablt'l llwl1' b. mllAlmum Ihl("lml'!is 
Ihrough \'I>111("h 1)Obition IIlfonnation 
(",lin hl' II"an:Slllill("(ll'l'liabl.\ lal)J)f'o>J· 
"111\('1-,, • in 

Some fr'('{'-cursc)I' sySh.' IlIS u l iliw 
u lt lOlMlund 10 11"'hlll il PO!oll ioll in · 
fo nllll lionllll'ough s ptu'C. !lmH,\'CI', in, 
fOl, m ltio ll fro m Ihis ty pe Of S,Vstl' lll Is 
often lll iSiIlICI'PI"f'It'lI bl'CllllS6 of Ih e 
pn.'~cnc ... of oblt'CIS on Ill(' d iglllz.lng 
SUifaN.' M oM o( loday 'h digitlz('1'b tu'(l 

Iomar1 d{'\ic('s Ihal indude IIIl on· 
hoan:lll1irropl'O("(,MJOl" to pnxcss lind 
(annal Ihe baMC X , I>osil ion 
II1(Ol1nal iOIl 

MoM dig:ili7.l'1'S liM' an nhMlluU' 
IJOsilioning "ySlclll in "hich (·u .. ~or 
JlOMlion l.!. d('rim'(.l b.\ tht' \ and \ roo 
on:linalf' d i:.lan{"('s from It rrfl'l'l'nrt" 
POUlt !l01 Ihl'). and \' d ISIIIll{,,{'S fmm 
Ih(' prt'\ious po.,illOiI of 11ll' "Ir.-or 
'111U~ .\ UU ("<til n'1II0\'(' Ih(' "Ul"'Mlr 
frum llit· lahkl anti . in mo~1 (".l"'·S . 
('\,'!l !Um Ihl' lahl(" ofh"thoul lOlling 
IIIP l't'ft'n' Il{"{' IJOsitioll for Ill{' rUlwr. 

nlC 11ll1)()11anl faC IOI'S III digil i1A!r' 
"'1X'cifiC'Ulio!ls an.' sizt' . al."l' \ I1'3(,)', and 
digitiz. ing m\{' , In any :'YIiIClIll htll n·· 
lit'S on n human op('mIW' I() l)Osi l ion 
til{' ('U I1K)I', Ih('I"8 TlO nd\IUlIlt,g(' in b{'· 
ing (JI'(\CI"l> of mltgnilud(' fuSH'I' 01' 
mOI'e jll't.'t' i:.{' Ihiln Ihe 01)('I,llor l'un 
IX' Oigllii'.f'1' act'UI,u'y \""AtiCII s ign ifi 
c.·.tllIl.\' amonl( dl'Sigll!'> , dt'lX'ndll\K 
IUl1('ly Oil Iht, 0 l>cralins- (1Jll<lil lonS 
OiSn.'galding OIX'ldlOrl'lTOr Ihl' aeru· 
r .. c:y of Ihe digiliU'r can \ 'al)' \'\'llh I')()-
MHon and cursor· ht'ighl In Ih(" (·ilM' 
Orllen -slyle cut'SO"" 8("(,Ur.l(')' mll." 
ruM) IX' aff('(: tL>d ~ lh(' angl{' bClw('('1l 
Iht' pcn and till' lablel foUlfact' 

\l0l01 rnanufactUl't'f8 tar.,;t'l Ilwi l 
deslglllo 5U1~(v many appli('atiuns. 
1"t'COWlizing Ihalln 1>O111€, inslan("("A aC' 
rurat) \\1111){' fCn'aler Ihan r1'<llIlN'd 
111('re are IWO Ilrima~ f,KIOf8 Ihal in· 
nut'n('(' Ih(' arrurary of a d('"ign 
~lIlt"t" all ('1("("lnhlalK' and magll{'tl(· 
po!oIIiOOl"f!; &.\St(,l11~ liM'. oondurtin,IC 
grid a("C'\.Irnc:y is d('lt"mlill('(lll) I h~ 
m('(·haniC".allolf'ranCC'1II and 1)(,.,.l lon 

IZ~I 



rCo::''':'':":'':':T:''::h:''O:,:ogy:::R:':'i:':W::~~~::~~~~~~~~~~~~~~~~~ ____ ::.~~~~:-::~~~:=~~~~ surface in the A and \ dU"t'(: lk.m5 10 IIw fCnl e-mbuu. hi· at ~I 
t I nwd,umOOll """ tmlllod~·1 (,UM'r, 1ut~111C Sl"" .. -.... S 

.. I, crea le the gr:aphic dt'Sin"f In t U' m on lht' ordt'rofs IpS 
dnlm ploller, the pt"n 15 mO\'l'd Ul rol~ 111t' prtn.SUJ'f' oflht' pinC'h roliN'S 

" 1..: 3 The phue ditre~lI('tl 8, 8. bf'h"T'C'1'I 

the fine.posllkm "'inelirlg ./lel lilt' \'I"mler 
... inding plT}\ideli • OOilI'lSf'-posllionlll,tl '~n'" 

ings, the phase·shift information is 
pl'O\1ded directly as a pulse COUll! 
An intpOl1ant ad\'antngeofphase mea
suremen t is thai vou Can comel1 the 
infonnation into ~Iigitltl fonn \\;lhoUI 
using a conventional AID comcI1cr 

Once the basic positioning infor
mation has been deliven.'C1 to the on. 
board microprocessor, software proce. 
dures plU\;de endless pos!>ibilities 
for processing of the position data 
Forexample,you Ill".) scale X,V axes, 
shift Ihe oligin of the coordinate S''5-
tern, or rotate the axes aboul Ihe • 
origin 

PLQ'ITER OESIG,\ 

Plotting of digilal dala is Ihe com pic
mcnlary process of digitizing E,'1<lphi
c.'ll infonllillion 1\ ploller lakes data 
and ere.lles a gmphical piclure 10 rep
resent il. 

Severnl types of ploller are 8\'ail
able-spruckCI f('ed flal bed, drum, 
and belt SprockCl-feed plotten. use 
paper Ihal has holes along Ihe edges 
and rides over driving sprockets 'nle 
plolling pen is mO\'cd in a singlc 
plane. lypically Ihe V axis, and Ihe pa
per is moved back and fOrlh by the 
sprockets 10 creale the graphic. 
These 1~1>CS of plolter are c.\.cellent 
for specialized applicallons Ihal can 
lolerate Ihe useofsprockct-feec:1 pa_ 
per, bUI nol for applications where 
cul-sheel papel'or Mylar must be 
used for precise plolling, cut sheel 
is nomlally required 

In a nat-bed ploller. lhe plolling 
medium is paper or Mylar faSlened 10 
a.flal surface or bed . the plouing de
\'!cc, usually a pen, is mo\'ed over Ihe 

only one aus 10 Cf'('a le lht! plol nw II. DaOO an Important factor in Ihi~ 
bell ploller is sinular, t"'-:('('I)I thai Ihl'! h...:-It. and t\pt ofplollff 11'1t" rollf'1'S mounled 
medium is faslened to a 1&rJ(f' bt>1t In" m·.It· Ihr drs,in.d 00.1 common !'>haft: dnv\" Ih(' m('-
stead ofa drum, and mO\'('(' bad, AJld IMTI .. mllObC'd on dlllm lrom both .. klt-t. nUl rff('("ln'e 
forth If"" \\llh IhI' dwnrlM'ola roll('r IS" funCllon of Its 

These dt'Signs aU uffe-r from Ihll Ivmf'd roIJton. siR'.Ioct Itwo plIll"h prt" !Ourt" Inc"f'('a,s. 
same limitahon-Ihe m~ OrllWl folkJ\, .. \.atlt\ It,. umto pChllQ in,f;pmMUI't' C.U!O(' Ihf" rolll'r 10 bLIt' 
lransporl mechanISm IS J~~ and tlmn nu.'t'dmic)Ul' prvt.'fdrt.fII intoltwonJe'Churn Ihll!> n'Cluf'IIl,l(itsap. 
Iherefore the OlechaniC"aI f'(''Un.nl tm- lInd cll Pn-d:se. pan"fll daanwlt'r La('kof~-"mnl('ll~ be" 
quency is low If It 's so 10\\ lhal II f.t.U. quiJ?d and I¥o'flt'(lIM two t'dto('!o, nlllw mt'd1U1ll 
into the nomlal pIOlllllg-\'f'IOC:"lt, n.anl ",ill ,",ult In "1"\\11'1' and jamlning 
r:ange, Ihe Ol('("hani$m's ",,~n .. nl \1 n..J ,,-kJc:;tI\ of Ihl' \ t ~llht' Mdf' pf Ihf" 11111('hlll(' 
bralions w:ill C'ause IhC' pt:'n In 1'101 Illr \ and \ fllOI.l'InftIt Db JlJe "nl"roll dl.1JlU"kr dlrN:II) af-
wa\)'lines inslead of slray(ht lin or t~l" nI p&C'JU ...... drrkftlfnD Jon~ 1 two .('('wac", of th.· pial for 1"-

cause Ihe pJotted IIn(' TO ~ \\ Id(·r idf'flhci\l I.",.., ~~;::~~~~~ alii,,'" a! I.U 1\l'l'N'flhunl dl'" 
thallthe Ihicknrss Oflh('l,)(,11 III' J""n oW"( h.anwn.and ,hi' ~ Iht" p"l("'h mil ~ diamt'tt'r Iht' 

Grit-roller technolOft\ m .... '· II J)ln~h rollrn 1e'"'1 ...... ~ leiif' oflhfO 1)IClI (.In Ih(\ \ B_W. Will he 
possible 10 k('("p Ihe ~Sblt'm "\.Ill .ICJ\\ 1M-' eM muUun an<,hu. P'V'idrd. f'f(lm,"II!C' 
and Ihe resonant frt.'(,u('nC"\ h .. ,h th ... t"'It,a.\. It .. fl,."qatm. 'the plutH·, h,,'1 tI rt''1"IUllr)ll 01 
fabo\'e the range oflhf" "annal pint - two nlOlI"" 'a C"OO11dkod ",twa.. O.oo.J Ul 1('1) and an AN"UI1I~ of 
lingvclOCilyl. ln thl§ dNyPl Ihl' ,)(,1l '''''n &. ~ .nd kMftftJ :O.!i fnrrac:h 17111 uf ut.ll 
movl'-lo ill a singJl' planf'_ .and l~" ",oUICln •• r \aard ~dw*..,. mot;lOI1 
Illinilllum·mas.s s\.-loTt'm to hold 1M hon &. till" ~1W!'d and a('n.H·.I' 4n' a"'lllpor-
pen and dm'e II 1~U"k and f"rth .cm. I'" d,.t. Ih.1 l.Inllo Ihe "lutlM' &It Ilw~ an> 10 thl' 
the plol1l118 m('(lIuml() kN"P Itwo C'.I~ tlW\ h.n .. " ~ Unc· (1110111" ." All acldiliOlMI 
mass to a minullum In Ih('l oltwr.'IJt, ahnn c::hIt-.-I,"""IK' thai Nn Iltul(' an 1111' 
Ihe medium liself" 1llU\'l"d I.,-l. and IMlI'Iof'rauw pon.anlt..c:lor 1I1 plnllf"r Pf'f:'lfk.l -
fOrlhb)twosets:o(plflC:' hroUl'~ OUf! "",,,.,,, h~ IIIJN Ildaquallh ..... tul)t-tlulloflllf" 
on cltherside ofth~ m('(llum (\lUI ,_ h~," tr I'", plott"' prn'. I~' ami ~tR 1)(lIIlll(ln" 

Ifordin.l~ rubh("!" ptlV"h roUt.,.. .'MI " ... tJU II1f: P 01 
w(>re UM'(I , Ih(" l)Bpt'rwuuld ,(,.,d Itl In a r*,.lty dthWi b\ .I "'will Anv "1l\.Inoua rnnlion 1Il1hf': fllO" 
migrale from liS Inn lld IX)foll'On at) lIIule. Ih .. \ \ IINJ1,~ In' totdma \\iIIlCI'ltrf<llU' .;aJ1lfat·t .. and 
IwO Iypc.-'s of roller an· uJo(-'(I." .. If·.d mrul'" ,..Ihf'r IIWl nw'Ihl1UCllA" IhiclrnlnflnllllO'llIlt. IDAII of rr~I .. In\-
One i.!t pliabl8 and nol unhlt' I~ hp'" l'"'f'/'t"r IM'6rchnn nf Ih ... ,:~;a:::'111OIl in Ih .. dI'M "tlJ ~ult 1I111l.\CTU" 

used III t_'l)C\\"lefS I'ttl' olht ..... hArd ,lC'll""" nmcha elm"... ~ tll.1t .f~M"ar a" mUlllplf" IilU"l' 
of a plwiS(' dirunl'ter and r:o\1:'f"f-'(II,.,' a lac lor ,,10\\ rat .. ,,,"lChl('ft "bm.l pk>11t'J ""111&' rll Ih~ ' Io1m(': 
single la"\'Cr of \'e~ fine f(nl Ill,. - pt."rd, hut \\ lIh t.ar,cr In"' ....... '1 palh Ibnr Iltuhlt'llI M1:' c-olluuon to 
SCCrel oflhis d{-'SyPl 110 nut th.at Iht' ""t 1-'.'" n-Qulton "hW'l tlllO~ aU pIotl~, tnll nlll" lIIud('nll1lolll'r.<o 
pl'O\idcs a h.gh friUlOnnl ('Ot·m(M,.1l1 clUe," h",h n..rJlUllOfl.lllhttN_1 lILe II", \UI1ICQdCfl 'tnc,If" !t400 Ihal 
betwccn Ihe paper and Ilwl( hUI lhotl c" ,:w~ Plnl1~, (brC'Ut' IJk' noP:k-nl illll·Ullwnut to ".'q) 

ltad. oIllK"Sr t.&~:ln,.. ('Clmpt'n!WIf(· for 
lhrm II) '~t'nl pinllUllC clualt~' fmlll 

degnd",,1 • • 

• • 

PUJrtlM 1\ IUH( •• '( t 

lI.e ttwo II lizer tod •• y _ "IOI1t'n 
Ml:'thnrawn mkToltmC'" lA, nol 
on!) lotonlmi It. pltlttf'r bulla 
pm. a aJrnl"rlf'!IIk ltarKlfor ,-\."0( II 
lee aa.domaUc.a1tv in \ .. "."" flV' 

One DIll,.., ~ 1I1 -"tuc: h tht' nil" 
QUPuc::t!blll' lm,,n,,,," tlw plot qual, 
Ir\ til tht" 'tockol SO'OO u.lhmll~h Ih~ 
\DIr' at tb rnident an- mUllIU' All 
pkJnen can plot .tral,(ht lint' 't'('IO .... 
IfId 8'JOtI pkJtJf"n do th" \\'llh unl
bm. qu.lny n-prdl, of thfO anlClt' uf 

the vector, Arcs, hO\\,c\'CI~ arc g('n('rnl
Iy appro,dmaled by a sen('s ofshol1 
vector chords TheitC cause frequ('nl 
plotter stal1ing and Slopping, slowing 
the plaiting proccss and degrading 
the appearance ofth(, plot An int('lIi
genl plottercan comp('nsatl" by use 
ofa spcciaJ COlllmand forclock\\ise 
and counlert"lockwise arcs Ihal con
trollh(' \"elocilY ofbolh mOIOI'S fOI' pl"('
clSE' ploltingofthc arc desin"<l flU're
sult is a line plotted &l11oothl), from 
vOClor to arc and from arc to arc, wllh 
UnifOlTll line Ihickncss 

'\notheruseful fealure thl" micro
processor performs is the buffl'nnl( of 
dala Man} newer ploll(,f'S ha\'l" 
buffers. bUI mOM US('lh('m onl.\ as a 
wa\ to hold instruclions in 1111" 1)101" 
I('r'whcn Ihey've Ix-ell "enll)('fOl~ il 
has finished plaiting Ihe Inst "'Slnu'
hon \\'llh a large huffl"r Ihal ('an l'ilor(' 
up to 3SOO instruclion C'harAf'!("'ll for 
I'l'ploltll18 al any tillie, III Ie blocJ..s, 
logos, and othergral1hk f('atuf'l's Ihat 
are UlioOO rcpratcdly ('an b(' ~lon.'C1 
and replotted b) USf' ora Illn~lf' tn' 
&1n.Jction 

A key factor in Ih(' d('''il(n oC a 
plotl('r dn\'('n h.' a .. tl'pplnf( molOl' 
Itag .. 15 the USt' of 51)f~dill50fl\\al'f' to 
COfT('Ct and compcnSdI(" fortlw 1m-gu o 

lanll('5 tnherenl in Ihf' mot()rdUlrtu· 4 

l('n!'oIiC"~ \\ Ithoul th(',,(' ~Ifu.\ .1,'(' rou-
11II{"o;, .. It'ppm.t( motors WIll nOI 11ro
duc;:e h,pl qualil,"I)lol!t TtlI' ~1('PI>inK 
mOlor pl"O\id('s a{'("\lrdt(' m(''''lll4'lllal 
1>0"11 ion conlrol \\1Ih Ie ...... ("c>Illpll"II.\ 
th.1Il th(-' c-om'('ntional l)()Mtion ... ·,\'o 
nll' motormakf'~ a pl1:'<I .... and ,,'
pf'alable 1I1("r'('I11('nl in pC1Mllon inl'l" 
.!opOIlSt' to a !iI('I) ('Ununand 

The &I('ppinK"molorplinC-Lplt, 
UltC8 a .... ali('111 pol(' rolClr and "'lltOr 
('OnSIn.Jcllon ~tl'ppinK IS adlil'\ ,od by 
... "tIUf'nc-inl( of thl" field ,',nidi Ion f>O 

Iholl Ih(" rotor mo\'es ont' pol.· pltdl 
On C"Oml>\eltOn of a 'Ilt·p Ih(' rolorn'" 
mains III OJ position O(NIUlltb"um for
re:;ponduV( 10 minimum ",hKlann' 
In Ih(' .rtJr gap 1)('1\\ N'n rolor and tola
lor \\lu>n tht' rolor is dL!lplac('d from 
th~ 1>O!oItion, rcstolin.t( forn·,. ar'(' d('
,'('loJX'd III proportIon 10 Ihe dl"
plac(,n1cnl Inerlia romhin('!'o wllh 
this re~lon~ fOf'C'e and ('('"ult!'> III an 
C)8C"HlaIIOK ~_'!'>I('m 

If the Sle,)pinK mOlor Is .udd('nl"~ 
fllOI)ped II \\ll1lc.·nd 10 O"('IlIal(' back 
and forlh about Iht' rolor', ('{IUlllh" 
nllm IlOsllIon 1£lh(' mOlar'. "1>N'd i" 
5uffiC'i{"nlly hlKh, II ma_\ luml) a wholc 
poll' pilCh and MOp OIl(' sh'P Jal('r 
than commanded Similarl,\' dunnM 
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ac('(' lcration. too rapid SC<luencing of 
Ihf' control windiLl~s won I allo\\ 
timc fOI" tht' motorlo coml1lclc ils 
first :,tep and the movement will con
sist of ft'wer steps Ihan IhoS(' 
c-ommanded 

In a plotlf'r, a failure 10 (''(['('ute 

C\'CI'\' :,tep-command pl'C<"isely re
sults in unacceptable pclformanC'e -\ 
wt'll conC'ci\'oo deSign minimizes Ill£' 
in(,11ia couplt'd 10 the molol'S and 
UM'S C"lu1'l'nl-SOlll"Ce (,XCii at ion of Ih(' 
fi('ld windings 10 reduce Ih(' induc-
II\'{-" cI('la\'!> in flux buildup SoftwaJ'C 
roulIIll'~i can Ih('n be used 10 ("ontl'Ol 
ac-C'cl£'ralion and dL'Cc\Ctdtion 10 
avuid an,\ Illi:.c-ounttng of SI£'I>S, • 

L. Robin Il u lls, a ctirccrorof 
i\'UIJlOIll('S Corl'" has prc\'iousl,Y 
\\'orkt-'cI \\'Jl/I nCt, Sperry Hanel, lWei 

(.1nnc/iall ~\CS"''8l!ouSt' , Ht! Iloicis II 
8S IfI "/I-"SICS ami electrical cnsinccr" 
m~jrrnn .\f;IrIc1Ie.ster L'1I/\ m Ellg/alld. 
and nn IIIt{'ITllcdtate IJ.Sc III cllemlst')' 
from London l 'nil' 

IJJ 



JUpiter 7 widened the honzons 
01 coIorgraphlcs. With Its brighter 
and clearer coIors.antl-aliased 
vectors. high reSOlutIOn. and 
ergonomiC destgn. 

But now there is our newest 
model. Jupiter 7 PLUS With a 
larger screen. more display 
area (1024x780 pixels) and 
more standard fealures, Plus 
a price thaI's sllll very down 
10 earth. 

Eight 1 Kxl K memory planes 
are standard on JUPIter 7PlUS 
providing 256 Simultaneously 
\I1ewable colors out 01 a palette 
01 16.7 million. Further enhancing 
the diSplay are five antl-ahased. 
proporoonally spaced character 
58ls 

The high resolution and large 
screen of JUPiter 7 PLUS make it 
Ideal IOf apphcatlOns like 
mechanical design and pnnled 
CIrCUit board layout. where complex 
images must be seen dearly, 

BUI Jupiter 7 PLUS IS not JUSI 
big, Irs powerful. It has high 

U ... y.,7 ...... ,. .... 

-=" JUIII i. SYSTEMs 

-"'" gr __ l1>Ori. room. 
pen and ICI'OI, • fuIy ~ 

- kevt>Ootll "" ..... joyotJcks, buill.., sound 
IYl'Il.heIaer. and • ~.,. 
101 .... blue grid A p .. o! 
tJIocl! 'ftlIMng l)'IIem con _ 
ony ~""''<IehnocI_ II 
I mII100n bIU _ 

In-'""",~ 
Centtorw:. compottJle 
.. ertac:e IS av_1or ~ 
• 12s.coa Ink tat_ 

./upt'.er 7 PlUS ...... _ 
!rom $15.200 lor _5851" .... 

on • 13" cbpIoy. 10 $19 000 lor 
1024:..780 pt:KA on. 19" 45I*Y 
BesIdes "'" 6spIay. !hose pras 
include !he P<OCe .... wlIh oigt1I 
planes of I'T'IemCII '( and • 
detocIla!lle kevt>Ootll """ _ 
JO)'SbCks. For inIOrma!iOn on ..... 
.,., OChef./upl!et ~, ... 01 
wnlo Jupr.., Syswna, 2128 = 
S1rNt, Betl<8ley, CA 90710. 
Call ToD F_ ~sa.lI3O!I. 
(In CaJOITIII, "Sc6U.l02' .1 
TElEx 1762'8 



LEXIDATA 
The Lexidata 3700 has 

the speed and performance 
you've come to expect from 
the leader in high resolu
tion displays. 

In terms of speed, the 
3700 writes in pixel blocks 
automatically (e.g. for fills 
and horizontal vectors) . 
This is continuous speed, 
not burst speed, at 42 mil
lion pixels per second. 

Its pixel-by-pixel rate is 
also continuous and fas!. 
Fast when you're generat
ing vectors. Fast for indi
vidual pixel update-crucial 
for imaging applications. 

This speed is aug
mented by state-of-the
art 1280 x 1024 color 
at a flicker free 60hz 
refresh. 

In terms of perfor
mance, the 3700 comes 
standard with Writable 
Control Store (WeS ), 
enabling the user to 

. 3 7 0 0 
implement hi, o"n high 
peed routine.. AdditiOli

ally, \X'CS also gh'e> dllt(( 
access to the main proc 
essor, so even complex 
functions run fa,!. There's 
also separate torage for 
over 1000 characters .. 
uscr-defmable fon\>. 

Remember. too. thai the 
3700 stems from the 300l 
family. the mo l popuw 
high-performance tine C\'C! 

developed . The 3700 IS I 
comp/~1t performan e 
package ofi'ering 'Plul and 
feature !hal 1m! up to)OOI 

expt."ClJuon,. 
The Lexi.!ata 3700 

Fa ten \'Our scat belts. 
For quick r~ 

call 1- ()()..l72-174i (Ii: 
Ma sachusetts. call 
617-<>63-8550) or "ntl 
to us at 755 .\1iddksa 
Turnpike. Billeru:a 
MA 01865. '!\x'X il 
347-1574. 

a lEXIDATA 
Tb. c:Jar~., ....... 

Summer HI8l ---
GKS Graphics Standard 
Replaces Core System 
For International Use 

G{'nn~lny'~ GraphiCS Kel11e l SYS tCI11 has anticipated today's high -resolution rasters 
and broad IO\\-I'C,olulion applicalions . SIGGIv\PII 's COI'C pl'Oposal did not. 

m .,ldn4-") I)"rnron 
.ml " arrt"" O"Ouch. 

( ,n II' (t"l' 

("\I'ar \\ Ill 

Iwr ,'an now ht" d{'('lnl"f'd in Ihe on' 
f(OlllA: ('Onll1)\ ('I'M' 0\"1' gr.aphit·~ bliln

tI.tI'd~ GennanYI> tik.S I(;raph i t·~ I\.{,I'

nI'l .,."."t('IIl' \\111 '>OOn h('lhe cenlral 
dnl.'lllll('nt for all Olher intt"mational 
~.-aphit-!t Slandard~m a d('('lo,,, .... 
"Ill ()\,'r tht' \\ Id('I.\ Impll' lll(,llll'd 
!'tIG(;RAPII COl't' M slem d(.'\cloped In 
Ill .. l ' ~ Inlhc lalt" I ~JiOs 

In n:'ll"Ospt'{'1 Ih(' tnumph of(il\.~ 
"rut In('\1tahl., and st'l"\t':o, as stlU an· 
ulht"rt"\ampll' ufthl' iml);l('t IhaIIO\\ 
"1111('11101), ("Chll> ('an h.,,\'(" on ('\'t'J~ 
11~1)("('1 of ("oml)ull'r It'c;hnoIOf(\ ' 

' 111(' CON' (,) 101t'1II ("\'OI\(·d dUl1nf\: 
,11'('1100 \\h('n C\O C\\I applka
tlOII!! domlnatl'd computer grdphin 
and "'lrokl'-\\1illllf\: ('R 1 s I siorage· 
tuht' or rcfrt'!th-\·('t'lor' were til(' donll 
n.lnt dbpla~ d("\I('('$ Rasler di~pla....-a 
_ IIIlHwd III Ihelr rf'!M)lullon b\, the 
hl#(h ,'ost of n:-fre .. h lI1('mor:\,- .. pro' 
du('t'<i 100 man," l"ICf(ie8' when di
~()nal G\() CA \\ 11Il(>8 wcre SUp(· ... 
I1lIpo:.ed on the horizontal lines 
trat'('(t b,\ a ral>te ... t~1X' CRT 

In compariK)n G ....... antlC"il)4Iro 
th(' d3\ "h('n 10\\'("" mt"mon. ("(bb 
would' make II (t'3"blt' to prOtluC'(, 
hlght"" reMJlUllOn Mi!ttl'rS)'l>tt"ms I>u("h 
n!l tho!tc baM'Ci on COIll'aC'S Ilel.\ 
~n('~ i300 mOnllOrs 

Iligh're.olulkm raster S-,,"'st('m!! 
"ilh (J\'er a million stored pu.~1 
\alu~ on d!bpla," plu:; !ouch addMl.d, 
\'anl~1'S M 1('I("\l",on '~pc animation 
and ItOlid bilK!... .. of trohad('d rolor alT 
rtlpidly supenK'dmK stroke wrilers In 
aJi but 111(' mOsl demandin~ ,.pecial-

plllVO!W applical ions, such as those 
hwol\ing II \I'ly h~h d(."IlSil....- orlinear 
infm1nution , dynlllnir im • ..gc manil>u
lations. mlCl :i-dimensional r'Olallon 

Th(' propo~cd nt"w s landul'd also 
antiC'il>aU'd tht' t'\ploSivt' growlh of 
~uC'h nt'w apl)liclttions ru. bUl>ineM;, 
rduC'ationnl and homt"-<"nICI1ain
ml'nl graphks, all of \\hich ran live 
wllh Iht" luwpr I't'~o l \llion of a COl1\ocn

tional l'Islpl"' t.'1lO Il'nninal or C\'l'1l a 
Mandan:1 Ich'\h.lon monilor 

Uy cmphao,izlIlg til(" sp(.'Cial C'apahili
Ii('s ofraste .... typt· displays and hard
rop," d{'\'kt·s Ihrough such raslCI'" 
orit"n l('d W"phiC' primitiv('s as colo ... 
cl'li amtys (or im"l(c-proce!oSing ap
plic:aliom. and areas lilled \\ilh solid 
orpattl'nwd rolor nable l' GKS has 
pf'O\'l'd 10 1)(' Ill(" right siandard II I the 
righl tlm(' 

\ numbt'r ofolhel' fealures have 
t'Onllibult'd, hO\\,C\'('I' 10 the surC'eS8 
ofGI\.S . ·10 "\IX'fIII l' Its adoption as II 
o,tandard ro,.('\amplf' , authors ofGKS 
C'hoM' to ~('('p it 'I('an and clean' In 
Its pl"l"M'1l1 fonn II applies onl," 10 
Z-dim('nsional graphics--which hap
p<'IlS 10 COincide with the faSlc~t grow. 
inK computcl"A:rnphics appliC'ationL'l 
Ibu~incss gr.tphiC's . for e.\ample f, 

In conl,..l.)t Ihe Core SYl>lem, re
noclinl( its c:·\0 C.A \1 origin:; , has com
pliC'aled (unC'1lons for '1('\\108 3-0 ob
JeclS from 1I1l\' point in space 1\\'0' 
dimenltlonal X-\ IInplementallons o( 
the Con.' !<oy!<ol("m are ohlainro by 5('t 
ting th(' l QI' dpplh dimcJlsion lO a 
ron:;lant \alue, t~l'kally zero. 

"ctuall.\ , III lenn:; o(today'lIloch
nologies and al)I)lir.aIiOIll>. GKS OC<'U ' 
ple5 a middle ground 1t'8 t.llllloo 
n<"h (or many (J( tht> nt>\wr mlcropro
C('HO ... ba~ bY!ttemr-6uC'h as pc'''' 
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sOnal com pUlers, inlellisenl tenni
nrus, and desktop business 
sVSlemS--lhat have only an incld«.>n
tal need for graphics, 

An ANSI commillt>c that had 
been working on a simpler standard 
for such minimru apphcations has 
now integrated its \'\'ork into a pro
pOSed new "m"Ie\'ellhat i$ one step 
less demanding Ihan th€' C"utTCntly de
fined minimum C~ graphiC-DUiput 
standard 

Any new 3-dlmcnslonaJ Mandard 
that comes out of the intcl'11alionru 
standards-writ ing orga n izations 
st"iould also be compatiblt> \\;Ih 
GKS-plooucing a sPCCI'''UlTl of com
mon-dcnominatm" standards to meet 
the needs of C\'ety graphics npplica
lion, from the simplest to the mOSI &0-

phistica ted_ 111C authors of2-0 GI<S 
intendcd from the SIal1 10 cilopand il 
to a 3-D system and an ISO, Inlema
tional Standards Ol'ganization, com
mittee Is now wOrking on Ihe project 

Core and GKS ha\'e common 
roots and share a numbcrofbasic 
concepts that are nowfimlly en
tl"l!nched throughoullhe graphics 
community 1\'\'o-dimensionru GKS is. 
in fact_ an C\uIU!ionAl)' pnxfuct of 
3-D Core--building on its $uccesses. 
sidcstepping its faults and 
weaknesses 

One of the p itfalls GKS has not enlire
Iy avoided is Core's rclalr.'e inOexibil-

ity, Core implemcntation !>umdllrd!> 
\'\'el'e set at oven} rigid Icvels. and 
binding 10 a highel"-!M"ellanguag<', 
such as FORTRA:\. was n{'\'(>rdr
finecf-i,witingnoncomplianNl. \to"'· 
O\'er. having ne\"er progT'CSM'd Iwynnd 
a committee proposal COr(' haJj 

lad.ed the authorih .. of a ('('rtlfied 
A.'\SI standard lIence , the abun
danceofs\!>tems Ihat hav'rbN.'n III 
Ihe spirit or or "compallhl€' \,\llh " 
Co ... 

The Ametican \"('~Ion of{,~ ... 
nO\'\ in the pl'IX:eSS of adoptlun h.b 
added a degree ofn(,\Jbllll~ IU Ih,' 
original Ci\S StruC"IUrt' \\orl." allu 
progressing on a !>Iandan' bindilVC 
(subrouline nam('l) and ("ailing M'· 

quences l to FORfRA'\ Ihl1 t"\l'n IIw 
original \'(>rsion ofGK!> tool.. Into at ... 
COUnt the f{U't Ihal t"O!'It and !X'nor" 
mant"e oonsldrr'atlo'b \\ III 41\\ a.~ clk. 
tl1le a \'anN.\' of graphlc....,·lo.\·!'It(·mll 1m. 
pl('ment3holl!l \lo(,(,()\ tOr \\ Ith tht" 
rapid dt"\"('lopm(>nl of n(,,\\ U{"\ 1(-t·& fof' 
mtef1lC-liH" inpul and KnI"hlClo out . 
put ·mam \\1lh unfon:"M't'1l ("af),'lluh . 
II~wa):. h.a,'t" 10 tx> found to 1)(0' 
\ ;de dt'\ iCe ind<'pendC'nC'f'Wlt houl 1 IIn 
Itlng d('\ices 10 an arbllra~ IW'I 011 () 
fun("llOns and paramctp,'I. 

The pnncipal Gt..S whlCl(' fOI 
aC'hiC\1flg this goat IS Ih€' I~lcal \'\TJrl, 

statlOn.-an <,Iegant compl'Olll..e llo-
tW,{'en true de\iCe Uld<'lX'nd('JlN' and 
a s)'Mem in whi{'h ea(~h illll)lt"m(.nt.a ' 
tion defines its O\\Tl I 0 l"'nlmt'tN"!o 

The logical \\'OMlottiOIl la. M.(t . 
\'\'Olrf' abstractIon '''ilh a ulllfonn U(o. 
\ice-independent interl'nt"C' to Ihe ba.l· 
ance orthe system But ,,,11cth('rur 
not a 6pecific wOlblallOIl \'\ill an I'pt 
reJect or sub:'tilult' dt'fault \ alu('.'ul 
parameters pru.sed along by th", y • • 
tern is anOlher mailer Inpuloutl,ul 
capabilities and paramf't{'r "nllb an0 
defined b\ entries m a \'uri.3tatlon 
list dern.ect In tum from .. \\'on.. 
station dcscnptlon tabl€' that 1.11 100 
implelllentation-delX'nd('nt that b 
arbitrarily set bJ. Ih€' !'o'.\.e.I('m irnl>lt"-
mcnter 10 reneet th€' chara(·'t"f'UIICS 
of a par1icularde\ice orSf't of 
dC\iC"es 

ulensi\,e Ulqui~ funt'lions &I" 
10\'\ the application prnp;r-am orOJl('''' 
tor to e.umine Ihe entrie:.lJllh(. won.
stalion lists and .dju!>1 r! rn-e.''\w~ 

-
.-. 

to hCllh Iht" lunll.tlunsa.ud 
hlhtlt of 1>t"l'Ulc: d.~1Cn ",nn"" 
to Ih{'! .. \ tt-rn 

(,~~ pl"O\ldt fur 1\ kJQc» 
wurl.!'o'li.llIon t'<"tf·~t·~ 
mput onl\ UUlpul ' lOput 

1')("'( ·10111.0"(1 \\fJfUt4UOIl'\ 

~I' lind Iran I"j 
lion I I "hit, 2 
IIlt'n" f'o1n hc' al1\ 

wurl.!'It4I1un f\llt ud. 

plln ur Ilftl j,lollt'n tn, '~;.::;. 
01\1.\ "41t~ atul"'t\ n 
ft'nont dC'\ ,_"itk" ",,n,,,,..,q 
\\111110 r.Ii( h t~')fI 

11W'f1t anl tlil tlona 
on Ih.· l1urnl...,. 01 ptn '\icaJ 
Injl{tnll \'\Ofi..iIotaltctn 0lI1 "'!'Pori ( 
puto(lllh urnUIIJUt .lnpul 
t.tllun "IT fT1o.tricttod 

or r'ttCt-"dlJ~ ul1« 
(lutput ItIput 
IMIC1 "11' nUIIII"" fit 
df,\lct.,. In r-4th 01 
h~If.,11I1 I.hlel hut an 
\\111 .... '\t.1I011 rnlbt 1 .. \"", 
\ IN' III (· .. h c- l.ua f 1\'1' 
\ tn' ("]'" ~ rna\ be

InRlt· pin k.al ·dto\X'f'MKh ... 
t)()8Jd 

Ihu~ 100p«-n~nl .. tMXl 
""'Al uwr p1If.ltb 
t\'qUint I\\U Uf" nKW1' Ic~ wort" 
I,Utan. to uppourt Iorr,",,",*' 

( K I ~,"\ hoanlh-nnina.l kJufpU!. 
Input .,td .. h.v~ "C"(,,~ dr\ ... 
pot nn" ~\ tMna \\1lh mutt .. 
usm \\uuld 1\oZ\"" to "IPI..-1.~ 
pontonatrh Iarj( .... nwnt.-rol 
\'\Ulutallons .!tt~ wc:hdr\ 
AI print"' .,Hi camrru \'\ouId f)-pt 
(".aJI., IN" IIIQrahanod ~ pt~ 
t".IUl,c.nd dCl .... h .. t~ lasfaI . 
t.t I(I'W hurd on. ~ M"1 01 
I,.tton dwcnptlOO loibirs 

-
\lURI\Of- I\tPl.1..\lL\Hll0\:,\ 

'1he logIl"&! \\'0 tallOn appwrb 
fO\1!!S lh"., 110m Impinnrntc!'r .. _ 
d.·;tj of n(,\lbllJ~ hut couId.a.o"" 

... """""'" _ .... 
'Jed •• Ii. ,.,..A...'W'ItI. 

_ClA"""
"" ....... , . YW.III~~' 



Compuler Technology Re.'lew 

to so much divc/'sitv til'ltthe main 
point of ha\ing a SOftware s tandard
program por1ability betwccn systems 
-would be lost 

GKS resolves this problem by cre
a ting, in effect. nine separate imple
mentation standards \\i thin a s ingle 
standard (Table 4 1. The nine upward
ly compatible standards fonn a ma
trix based on Ihrecgraphic-output 
Jmoels-O, I , and Z-and three interac
tiye-input Ic\'cls-a b, and c. The ad
dition of the proposed minimal "m " 
output le\'cl in the American \~rs ion 

ofGKS will incl'Case the numtX'rof 
standards to IZ. 

E.1ch of the Iotandards I'l'pl'Csents 
a cohes ive graphics system with pre
dic table pelf0l11ltlnCO c hm<lclt'ris tics , 
Strict compliance is expected fl'Om 
anv svstem that cJ:l ims to meet the e.;\.
plrcilly defined and I"(·quircd capabili
ties ofa slxlcified set ofG I\S output 
and input levels, As modified in the 
Americ.1n version ofGI\.S. how(',\'Cr, 
these re<lu irelllents al1.· a nool·. not a 
ceiling 

A system can meet Ihe slandard 
by pl'O\iding a1llhe rt'quired func
lions for a specified 1t."\'C! but not all 
the functions for Ih(' next hight"r h.~" 
el 111e result is a nearh- conl inuous 
upward migralion patil for system 
penommnce impl'I:)\~ments as nf."\\ 
technologit's ore<luipmenl bt'come 
a\·ailable . Yet 1I3CI"S ha\ e Ihe assur
ance 111,11 any applications written for 
a less capable in.!olallation \\ill s lill be 
e.''i(!cu lable as gra phics systems con
tinue to become mort' powelful and 
sophisticated , 

The lowcst prescn! GKS OUlput 
level, 0, is designed for relath'Cly s im· 
pie svSlems wilh onl\' a limited nL't..'-d 
for s~ch display image transfonna
lions as scaling, rotation , and II<lnsla
tio n (from one location 10 anal her). 
GKS reslricts within-I he-picture im
age lransfonnations to the "'seg
menl"-a group of graphic primitives 
lhal define an object 01' related ele
men ts wilhin 5e\'eral objects \:0 seS
men! funclions aI'C required al out
PUI 1C\'el 0 lorlhe new h~\'e l "m' 
Users must Iherefore generate pte
lures based on jusllhe GKS primi
tives shm\" in Table 1 \\ithout am 
0PP0l1unily to alter Iheir relali\'t' P0-
sitions excepl by starting the 
piclure·building process over again 

1\\'0 olher limitations apply to 
oUlpulle\'el 0.111C standard doesn'l 
allow more Ihan one active worit
slation al a lime. 11lUS, if a physical 

• _ ... 'lUlOiMl"tMI. 

, 

won..slation is £'<lUIPIX'd wilh both III 
CRT display and a harct-copy df."\i("(' 
leach requiring its own logical \\'On... 
Io lationl outputtobolh d("\;("("~ \\1" rt"

(luil'C the applicalion program orl.lSf'r 
to build Ihe piCIUl1' Iwi('(' , ol1('e on 
Ihe display and ag.1111 as hard CUP,\ 

AnOlher 1(-"\'('1 0 Iimllallon 11> Ihal 
no functions are rrquired for ait('n"l{ 
the prinll!i\"e-allribUIC bundle III Ih('l 
won..slalion deSCripllon tablt·,. or rur 
addins: new bundles 10 the woli. 
~Iation lists 111e onl.' \\;1.\ tht" 01111)(',11' 
anC(> ofa primlti\,e can IX' altt"l'NI'it 10 

slart: thc piclure CJ\'('ragalll and ,,)1,<'. 
i(va difTef'l'nt p/'Cdefinoo bundhll(Jr .. 
diift-'rent 3eT of direct attnbutt"1I1. 

Output k'\'el 1 reOlO\-..'!t til('''' hm· 
ilatlons .Any numberorIOf(i("'~ \\un.. 
s tat ions can lX' aeli\'t' at Ih«- lHlJ1lt· 

time , allO\\ingyou 10 outpllt • PIC'" 
IUI'e 10 5C\'\!rnI dlfJcl"l'nt df"\1Ct· \\Ith . 
out l"t'gl'nerntUlg" tht-' pil'lun.' for t·.1t h 
OUlput Full st'gmt"l1tOltlon f.l(:al,tl( 
al'(' ab.o 3\'011Iabl(' pemutllllf'. 'ull 
range ofpiC'lurt:' Iran3ronnatM)I\' -\nd 
functions art:' pro\,'idl'd fur tht, rhalllC' 
IIlg or crealmg of allnbul(' buncllr.!t 

Uut outpul k"'t' l I is sllll hl1l1l("(1 
III one Impor1anll ..... -I'olx"Cl ~pl1("nl 
data is siort'd onl.' III tht-' 1000iuJ wuri. 
Malions Ihat \\~re a(·tl\(' at tilt' Im\(1 
the segments \\'('1'\' cwated 11\f"fl".",. 

no facilltie-:, 10 let.voll tran"f(ol Tht' pioo 
tUI'e descriptions rrom (Jnt" \'\Ufi". 
station to another. or to ""orr> It WI» 
for-future USC b\ Ihe SoaIn(' 
won...slation • 

OUlput level Z 1'l'aOh. the.e (hr
ficullies by pr'O\idinf{ a pt"t-iahuod 
logicaJ wol'blation call,'(I,. \\b' 
'\\'on..slatlOn-Jndepend('nt ~11I'111 
Storage Picturrs C'an hr bUilt In \\l~ . 
at the same lime th~ art' ""IIVC c'un. 
StNCloo III an.\ oth('("\,\urLslalton 
Siored In \\1~ indnldual p'("tum S('JI;. 
ments can then be tran"'ern"d to 
OTher won..stalions or I"l'tum('d 10 Ihft 
Original won..statron at a later hlllf'l 

A 1111 alar Pl'Of(rN&ion a,,,-_ au 
Ihn..,· ( ..... ~ rnlf·f1It"1",.·ljlput In. 
Il", I"wt Iln,·1 • due,," 1 
an.\ O1)('ratol Inlt"f'aC"uun., an 
,v!tlpm LA dt, 'IOwd onh .... "'''''''''' 
OuIPUI '41 ClUlputll"l,t"m 0 

J,yunpl. \\,"Jicl I,.. .. 
c'un,,',,1 Of" &lrnUllCWtur 
(·ahun III \\ htc h II \'\oukJ .... 

hi .. tu iIllo\'I. .:;::~;;t.;;:::;=:::~ 10 dun~n thr COIUf 
, .. It wtl4"thf'r .. \'IlI\C" .. open 
Ouh tht" APfJliahun I~ 
huulcl hol'1" attru.1n this 

the fonn (Jr .'-IlNnIl'If'eof thl!tb 
pla\1-dul~ 

hu,.,.- tJ\t" "'1M-II 1&t1.al 
h"I..'! b 'OUI,MJIlr\.t mO.l .. : 
~in IKJ\\t"\f'f' Ih •• ".lIlkatot ... 

C''Ontrul c.M' 1!W'~~I:~~7.~:::.1 \"" an'lunlt,.dluA 
It .. , pl"nlllh II,.. lIM'f 10 
thr .\ tC'rn utlh \,\h .. n t!IIlt ... .,.,.. 

nwdc A "IJedfk '"1'""'" kit" 
Infunnoll1C1f'I 

In,lul 1t,,\·1 ("' loulput ,"ftm.1 
or 21 .cld" 1\"'-1",",\ '_pabIJtft 
"'I'pIM "hun ,~m can wmpIr 
mput t,,",-irr.lall) Umr ~ 
funn.lllUl'l \\ 11 hou, \\ oI!lang b tilt 
U t·, tu n pond Ill,. ldIPf"can,J,o 
put udonrw.lkJn AI am IUllI" 
tk-nl ullt~al'pl.iclal.oo p~UD.'" 
p-rM'f1l11l18 f'\1"f'I1!t- lhoal ~ ~ 
a queue and ptun"Mt'd a'lIIIf'Mb 
thf'l.,IfJllcaIIOfl JlrofO'1lm.ln both 
OU4"a.lhe trrJJUI c-Jr,.inormDtbP •• 
Iht',. urn,*" Of f'\"11 rDCIde b'lbrlf 
,,(iCalWX1ltrogam OI'UM'I' kJWtI* 
lh1" intrrauM:' UlI'UI 

Alllh"-"O 1'U1 ~ 
Mn1l'iI:o and t'Wnt ....... &pi"'''' 
all at\ of the InPUI dr\'k'rc1aufic2" 
hon lb Icd in I abIr 3 0nI' of tbt. 
PUI-dt'\b d ...... UK·41aona b noIlfIfI 
('.h'e. t)O\\~_ 10 output il"a,. 
and 0 On~ M'Clllen ean br 

Jl ,..j b\ auch ","-n"Pl",tr,:k'!I
IJl(tII pPns or C'UnOf CU;I braItf 
pM h.lm'liOns 10 output ~81-

REAL 
FOR 

POWER 
Q-BU5! 

0111 CAllI DISPLAYS 
2S6 COLOIS. THI OTHII 
MAS HlGtIllSOlUTlOII 
· WINDOWING" CAPUILITY. 
IACIIIS AMAIINGlY COMPACT. 
&liD YOU WOWT allEYI 
TMIHKL 

opment easy FO' example, under 
program cootrol you can select alter· 
nate cOOr map setltngs on a lrame
by. frame baSIS so lhal spec&a' ellects. 
aOl(T\811Ofl and so on are posSIble 
'Ibu can also double the number of 
apparent colorS by drsp£ayrng hom 
alternate maps on ad}ClCeOt PIxelS 
Petlleks exlensM! sollware Will pr0-
vide all the support you need 

The Model YRH-O OraphlCS and 
Character 'Ideo dISPlaY tnlertace 
produces boIh a high r99Oiuhon 
1024 x 1024 rnonoct'lrome bt1.rnapped 
graphIC mage and an (Wef1ald 
64 x 128 alphanume'1C dISPlaY 

Because the characler sets are 
SkXed JIl random access memory. 
)OJ can daNnI08d an unlmtod 
library of characters and symbolS 
from a host computer 

The VRH-O can SlfTlUltaneousty 
dISplay sev'8fat processes on dlfterent 
parts 01 the SCleen. maklllO It partcu· 
~rty SUitable lor IIllentcllV8 appllCa· 
trOnS Typal uses Include CAD,CAM. 
robOtICS and V1SIOO systems. and 
htgh resolutoo work stallOOS 

llTUOIIIUIY COST UfltnVdW 
II youre p.-esenlly bu~dlng or 

USing a O· bus machtne, you have 
a substanhal software inY8Slment In 
your system architecture and Instruc
hon sel Doesn't II make more sense 
10 SIfTlP/Y add a compact ptug-m 
board lor $6,000 or lesS. rather than 
write more code or pay 0Y8I" S'K).OOO 
lor a sanal devICe? 

Proce of the VCH-O 5 JUS! $2995. 
W1th even IoweI pnces .n OEM Quan-
1d.18S The VRH-Q IS also $2995 
In adcjollOfl. Perltek oilers a vaHery 
at accessorl8S and aher O·bus 
hardware to help you meal your 
do9gn goals albdably 

FO' more Informal ron call or wflte 
Pantek at 5550 Redwood Road. 
QakJard. CA 94619 (415) 531-6500 
TWX 910-366-2029 

Peritek 
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Both Vector and Raster 
Displays Show Strong 
Future as Costs Decline 

These two di"play methods have emer'ged as the dominant display technologies in 
graphics Each has attributes that dictate which is used fora given application. 

Ir:\ I red r.eller, 
\, -Iur t~nt"r.U Inc. 

od.1.\ there art' 
IWO pnncll>'11 \\it.\1o 10 prodU{'(' a pic
tUrt' on a cathode-ra., tube , 111(' \'{'C. 

tor di.,pla., tal!.o railed the loIro~('l"(lls· 
pla.\ or (·.tIlip-nphir displa)I liM'S Ill(> 
{'IN:tron Ix'am dUl.'CII,' to tr3(,{' OUI 
thl' \'('C:IONi Ihalmak{' up the drawing 
In ('onl~1 rn.)t{'rdil.pla.,~ &Cart Iht· 
{'nhrt' !tnt'!'n rf(1)('IIII\,{·'.' 10 Iliumi
nalt" Plfllll'('-t'lt'mt'nt dot" 11ll.\('I:;; I, 

\\11('f'\'!t", n~lullon b ad{'
(Iuatt-, a., III bw.lIlt' .. !I wal)hl("s. 111(1 
nu.u'r d.",>la.\ is donunanl FOI' III~I1t'''" 
I'{':&ululion apl)II('a,'on"l .,uch ..., ('om
I)Uf('r-"ld{'d dt· .. ign and manufo('lut'-
1Il~ ICAf) enl and ronummd control 
bolh h'chnolof(I{'" an' widt·ly ust'd 

Colorcapabllllip. faT' bolh tll!,
pia,' 1~'JX'8 af'(' ('omparnhll' anti Iheir 
ro:<tl<t an' drdinlnK Bolh I('("hnolo· 
tell'" ('an bt' ('\I)(,('U"(.-I lu hold Ih('u' 
l1lun.('1 .,hul'(' dliling Iht' n('\1 fin' 
\l'al"8, although ra.,I('1'I ma, dominall' 
'afll"'- thai . 

H,rrOR 0I~1lJ..Al:' 

In \ ('<'lor dl~pla)'a, Ihe elIX'lronic 
bt'am i:. d{'O('('I(>d ronlllluou~I.\ 10 
1""('(' out Ihe ImafCe on th(> &C'f"C(!n Fig 
I t, Aftprtht'beamhuponerat<'<itht' 
complt"ll' I~f' II rrpf'.1ledl\-' reo 
r~he..lht' im~t' befo,," Ihe ·phat.
phor fad€'&, nle d'''play('d Im~e is 
"IOrt"<! in mt'mory and tht" I'('h-e .. hiOfl: 
b controllPd by a al)('('lal·purpol>{' pro..... ,," 

Since ani." Ihe pod I>oinl& of each 
\'('(~tor mu~1 he calrulawd Ih('1'(' u. no 

need for high·speed I)roressing. and 
memol)' ret:IUil'CIlll'llts are Illodest j\ 
rcasonnbly complex drawing of 
20,000 vectors, gl'neralt'd on 11 display 
of 4K-bv-JK tlddrc~snbililv. maintnlns 
high .-e"solullon with 11 m~mory of less 
Ihan 500 Kbits . 

Moreover, il pcl,nits II high de
gl'ee ofintemcll\ily A U5{'rcan ron
trol the image in realtime with inll'r
aclive dmi('("s such as joyslkks, l18ht 
pens, and dit:ili2.lng tablets In addi
tion. th(' u~er(' .. n era.!>(> I>ortioll!i of 
the di.!>pla), sei('("\in-'I., ClIUM' )..('.\' 
fealUI'l'S to be blinked and ma.gnil\,. 
rotate, or trnn!>latt' illlllECe!i on 
Ihe SCrffn 

Although mat.t \'(l(:tor-display sys-
1('IllS IOda\' are monochromatic, Ihey 
('an be de;i.gIlcd 10 produ('c rolor Ill',· 
agt'!> by modifications to a Mantlard 
J·gun roIOI'tll~ .'\ mask overlayslhe 
panel'l or Ihe color lriplet of the 
thl'('(' primalY phosphor colors de· 
I>osil!'d on the CKTfacc, Phosphor 
masking ensures Ihat lilt' ('1('('lrons 
blliking the scl"\_'t'n are ~lIiking pl't.'. 
cI.!>ely Ihe dcsit'Ctilocnlions, II.\" ad· 
justm('nb to the intensIty ofthl'{'(' pli· 
maly-colo .. cl('Clronic guns, individ
ual \'CCIOrs can he drawn in an unlim· 
lI(>d numberof colors 

ltadillonally. \-cc:tor dbpla.\"s 
ha\'c sufferN! from Ok)..t'r fo1k'kcrOC'
CUI'S whene\'('r unusually complex 
displays cause the refresh ratt' 10 
drop below 40 liz, lIowC\cl' Illod('m 
high·!;pel'd anaIOSC'if'CUlt!'l and dencc
lion It><:hniques ha\,(' bt'en d{'\'{'loJX'<1 
10 produce writing raletlthal make 
nicker a rare ()('{'UrTt'n('(' ().-cr 60.000 
,han \'CCto~, fol' in~lance. can be 
l).linled \\;1I11n 0 0.24 8 

~TER DISP[A\~ 

~ter-scun dl'n('('tion elre-uillio 0.1"(' de
si«ned 10 trace a rued pattem of pa~ 

115 
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FI,g I DeflllC!lon amplifit'rs In ,~ordisp"')'11 
1l1O\'e the beam to trace out thr ~ 1~ dI
rectly on the ICnlen 

allellines on the screen (Fig ZI.A mod
uJatingsignal changes the beam inten
sity at the pl'OpCI' point on the screen 
to illuminate each pixel selectl\'CI} ac
cording to the pallenl stored in mem
ory, Each displayable point requin's 
at lease one con'Csponding bit in 
memOlY 

The scanned lines are volatile. so 
the complete rnster pallel11 must be 
redrawn at a repetition rate uypicall) 
60 times a second I above the Ricker 
level of the human eye. Unlike \'{'Clo,. 
displays. however, the raster monitor 
is unaffected by the complexity of the 
drawing to be displayed Since II ad
dresses evcry phellocation on the 
CRT with C\'Cry l'Cfresh cycle _ It can 
portray solid or continuousl) "lu)ing 
areas of color 0,. gray-scale intensity 
as well as lines and dots Called fill 
this capability is extremely useful in 
cel1ain applications 

The principal dmwbacks 10 ras
tel' displays havc tmdltionally been 
low intcl'activity and resolution To 
mo\'e a line can require recalculation 
of hundreds of pi xci values PJ-ac tical
Iy speaking, raster displays ha'c al
ways been limited in the amOllnt of 
displayed infonnation the opel'ator 
can alter in realtime with interactive 
commands, 

The low resolution that has 
marked raster displays to date is the 
result of the stail"-stcppinglines inher--

Pl,g 2 1n I'8sterdl§plays the beam _«"pI hne 
by line acrou the entire ICretn.11le beam Imen
sity Increaaes at each pixel thai mus' be du;p."" 
l ' 

ent to the pixel maim Th£' imagt' 
lines on the scret"n often app£'ar 
jagged instead of smooth andcontinu~ 
ous, Anti-aliasing a~orithnls 
somewhal impl'O\'C th€" situation hul 
they incur additional hardware ("()!o1!!; 
and produce thicJ...er linea 

Resoluhon can be Impl'O\1"(ll>ul)
slanttall ... ""OU inc-reaM' the numlx'r 
of pixelS on-the scn"<'n fig 31. II()\\" 
eve,. doubling the reM)lution quadru
ples the numJx>rofpi..\:('1 \'alu~ that 
must be calculated stol'l:od III 01('111 -

0", and lransferred to Ih(' 111(II\1tor 
screen.A IOU X lOU alTa~ hIb O\t'f. 

million pixel local ions and h(',)(,(',. 
1-~1b)1e memOI)' requu'('llwnt 

F'orlhis J'('a~n 1024 )( IOU n'so" 
lutlon has be£'n th(' pl.t("ti("dlllllllta · 

I +- .1. f.- f-- -f-
~ -f-•• •• • • • • • • I 

FI, 31be Slaarc.u.r ~I 01 ...... 1<. ~ t'.n 

lJof' minim~~· an ~ In I"" ..u. '" It>> 
pb:eI malro. 

tion for a ra,Mt'r dlJ>play 10 t"qual thr 
4096 x 4096 1'C&OIution of. "('''(Iut d • 
play would require 16 \1lJ\1t"lo of f.l",1 

~rdisplay m('mo~ a \\ldt:,. IlMMlltlllf"o 

IIlterfaceband\\ldth , and. f4."lt-r ...... n. 
ning monitor_ For Ihls re..alOn ""tM'
scan users tolerate tht· I~ lillm 
whcre theu-appltc'atloru I)("nnll thb 
compromise" 

-SELECTlO:\ CO:\SIOlR-\IIO\"'I 

\\ ith toda ... ·s stat(' of th£' IU1 I~rn.", 
signtficant differen~ thai thetau
the choice of one or Iht" atb .... dl."pb,. 
type for each given appltcatlon PM." 
mary selection iSl>uClo. art": 
• Resolution 
• Interacthity 

• 

,- -
, . 
.." .... 
• \n'. fLU 
• Color 
• L(Wol 

tordL~plA.' ia thr dr.aM'\lt chft. 
l1w \l"(:lor dUI~. nwaluuantl 
40'.)1:; x m'J6 r(c'nMtnt un a NJiaJ 
IZ · ~n .. -not·,. ~ low tune. the-
4mnunl II\4t • ,,...I)CI.f \\Uh 
nllolt', h"( hunkJill('; 
.I'M) h.a\l· ag:llifk'".arll 
Inlf'14(lnlt~ 

IM¥d anet 1\r,ibUll) WI 
of dl~l)la\ AJxt 
l.,all 1)("13 Of' ct.la ubIrI 

(~onI\~;~~ (,,4n plU\1cil"l ...... i1U 
dUo"I., am unablto 
U-~ \~ uhln I~ outline-
10 dbpla . II I!I'linn 

f rani. It'll: I:~~~::~=~ (-uior c.,).Wlttb 
"vca am ("Oml""" IaC.h 
It&., al leul Itl ditten-n\ nlknJ'« 
franK" frot11I-okJr p.lrll at IIrp 
16 mOhon e-ulan HOM'\w Ihr 
(:ulnr h ... ~n w·w, .... Ul'n ... "'1 
IK.IC1ft\ \\l~""cuIar,,"'U 
lUI .. ""lulnmK'nl fU'«~ 
'\,'r un'&rlabh. MlrdPdblalat u, ('OS, 

"1\\ 

C haJ~t'«. .".1 
pla, Ih .. (1\oU\P' 
('Urno.:t fliP """" I 

"ir"&Alto. kt.nlQl 
rmt 01 both tww 
kit.> Produt'b nc;M' in 
IW \\1U srU for.tJuul 

WOlf .. t~ 

(-om,.....-.bIe d~pI.t) tu-t ."u),-, 
..., \,,~ft' b\ I bbd_ 
,\hlt dispbyll,.\ wtDbr 
at 10.000 lin' dis.pbJ .t.aUanb
lherl~ 

, _ dod'" h».".,.,.t 
lheC'tbt alcalordilpbyll,) ..... 
S "uh dV' I!IIat dn:maUc 

""""""" ~ ~ <l
In 19A1 .coIor~~wd" 
''''"~ noc onI\ .. twd., 
CU~ liottm~(Jt.)1 pit 
"'at .. tion Tbr hJf1I-ft5 + ..... 
Il"r on ,tM:, ochft' hand. hId"'-' 
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FI« 5 Iligh-peformance color _«101" dl.pla.\~ 
t...-e bIlen quill'! V;pensM' bul by lhe rnd d 
1983lhey tihould 0061 no morl'! than raslrt'd ... -... ,. 
morc favorable cost-somewhere 
around 560,000 per workst:ttion. dt'
dining to about $40,000 today 

At the same time, significant 
breakthroughs in the vector stroke
writing clltss of display, primarily in 
the processing eli'ments, have pl'D

duced a s teep dedinc from the 
5100,000 model '111lsyear. such a dis· 
play system will be ,wailable for un
der 540,000. The plice trend then will 
continue as forrnSIf'r5, and ~ 1985 ei· 
ther type of display station "ill be 
priced somewhere around SZS.OOO. 
Cost is no longer a sigmficanl i3~ue in 
the choice of tcchnolOK\' 

APPLlCATIOl'\S 

With all these factors in mind, it's eas
iel-Iosee which type of dill play tcch· 
nology is likely 10 be uM!d forlhe lead
ing computc"'graphics applicattons, 
In Ihe case of command and control, 
Ihe requirements canlx' equally well 
met by either technology exccpt for 
high resolution and intcracti\ily. VL'C· 

tor displays havc significant advan
tages in each ofthcse, so tlu .. 'Y arc the 
logical choice. 

"10 samc situation exisls foroom
puter-aided engineering !v\El. typi
lied by finite-elemenl modeling and 
structures. WHit toc:lay"s comparablc 
price structure, the \"CCtOI' display is 
the prefelTCCi choice. 

Forsimulalion, the siluation is 
quite differenl Simulation requires 
area fill that can be perfonned today 
only by raster displays, and theirn$o.. 
lution and interaclhity capabilities 
are quite adequate for Ihis applica
tion An almost identical siJuation ex
ists for imaging applications, Again, 
the choice today is raster technology. 

Compute",aided design ICADI is 
a more complicated issue. For the 
large semiconductor" ma~et. area rill 
is a necessity" Since the requirements 

.. 8 

for resolution and intel1lctl\ t~ an
not high, raster displays are todaJ'b 
most rational choice for tim; M'plleot 
of the CAD market 

00 the olher hand, mechanic.a.! 
CAD CA.\! used in thcllt'mspa('('. auto
motn"C. and hea\'y·indust~ man..('ts 
doesn't need area flll, but doeJo n.~
quire high re:;olulion and intf'Mlctl\ · 
it)' Forthis important man..l'I vector 
displays are the pretiolntnanl ("hoi('(' 

The projections 5ho\\'11111 Fig 6 

are used to detemlinc the markf'l 
share that each oftht'M' applicationt. 
commands today and IS lil.el ... 10 como 
Oland in fl\'e years 'nl(~' pJ"l."dirtton 15 
unusual Each ofth(>SC applicalions 
\ .. ill maintain ils I11ZU .... t·t ~hal"(' 

111is projccllon Impitt's that "'\'t"' 
tor will be the dominanl t('("hlloIOf(,\' 
fivc vcars from now -\nah.-M's of ('at'h 
of the applications Indir4t4!llhat ......... 
terdisplay is the dea~("U1 chOit",. in 
business, research. simulalion and a 

.. 

'M> 
~, ..... 

.. " ., ... .". 

• 

Lt_~t .. .... ~ 1 - ..l. 
f14 7 By' lW10 ...., ...t \UlCDIb 
~ to audII __ dftllltMl ~ 

~CDIor~"""'" mand_ .,... .. 1 no .. p .. ", ..... 

iltJTwnl nilh8 C\t.-t.\UU .. \I 
I.f'b \ t'l( IOf du-pl.t .. eom.Yneh 
It~I.·.1 dlOicr fur Ihr I.vJCI' • 
mt'nt of Wlno,and 'C'onlrol Q 

1n('I(h"'Ut"",1 C\U (.\" 
ISUI ~ I !)ft7 rDt .... noc \Ift 

\\LlII"·I·nW~I\C"'lhedunUn 
1'14.\ .. It°m in the Iup, md AI 
Iht" lm .. tone! h' ll1l" nwi-M tift': 
nultlh"r (II It'l( hnuklf(k"'.AI tin 
nwm. \\ til "I\for Ih,. C"UrTmt 

.",l'lIhc.ntl., nM"Ml d~ 
till" U!04" ", 1.'1 alUl \1.'1 cirnaItI 
ITln"t""II ... ( .... ""~C"OtInf 
on IfI,,.111C:"ularandofaD_ 
In 1I:,"uf'r-al and Ihr hII;tlrt, 
b-.; r \.per~ncrd ~ Itw C'RY 

In to_ h ut lIteM! ~ pt'Ib 
In."nee .. lW'lnfI: I~ .al. 
IWlnchn,; I .... It rnJuctann,. and. 

l,...nunl ... lC'e rul~I"" • 
.llUUkJ .-...ult tl'\ I' ~ RM-!on 
noaolutkm at leu )( 2NA pi. 
pruclut ..... ' 1't"OnCX1lIcal" and .. 
pl.1\ tlUlt tMlar-..olutk..cI~) 
1'1'\, ,\ UI flll"rllhr !"'f':IOIutd11 
n\t'lU nl alnKBI an .. 

'11lftr a.an ... (~nopmmt 
\\ dh.llo l .. "ln I.,,;:h I'UIrf .. IX 

,It'hl,, .. rc IIlrnat t",: !h 
tl'" n~lll«h"r ohft'tordlt.Pl 
..... U h ... , lal .. ,,11 n,n II aw..w 
ra. .. I.ot tlL"I't.\ \\il1I.-rr611nX' 
("unltnurd th!c11nr "'''""6ront 
,n-cs .. fln\' mo ... dMvc' \1-
11lI"'~ (~.,.. den"x, 
1':\0 19-'\1 hlgtl'l~ 
J'aJoh'f"-diarQ) \~f'II\. ",ill 
ah .. "", 10.DOO JW'I' ~ dl 

( otty d~ ba<h I 
~ .. \ iIIlyw .. place in lhr I 
o\ft« all. "'-..-n .. m1noriI) ~ 
". bIII_ morl.r1lo ~ 
both .. lmu.", hI\~a 
l.c-t lor \.-an 10 C'OIJle • 

• 'rNt I'A"IIrr ."mer Gmr 

-JOr'''''''UP·'' mrn. of"'" \ t; IIUD and rlrt 
"1rn11.rrolr aI'td ra.rrr 
pUvonrmu...........-. 
thr ( ... VI\\, and C.Al)(:i\U" 
placr Iff' 1wlIcU .. a,r.£frotr, 
" rMTI 1Inrnt" """ 



The PGM offers the most complete software aVailable 
Including the capability of overlaYIng vector and raster 
graphics, all at unbelievable prICeS. Conllnuous Tone 
Solid ModelIng ($2,000); Full OlSSPLA' ($7000)· 
INTERACT Interactive OlSSPLA includes charts · Fonts 
Maps, Shaded Counties (55,000); SUPERCIACUrr ' 
Interactive SchemalJCS and PC AutOfOUbng ($5 000) · 
DRAFT-AJDE CAD (57,500). ' , 

Over 50 ~VICe drivers (most pkltters, rmcrofilm. 
electrostallcs, etc.); a hst of custom dnvers upon request 
Full FORTRAN n op9f81lng system used to develop 
most 01 the software on the PGM 1lSe1f, al an average of 
2,000 statements/man month. 

The PGM must be seen to be believed. The combln8bon 
01 powerful hardware and Intelligent software allow t 
develop and run massive programs efficiently. ea. = 0 
and arrange IOf a personal demonstration. 'f 
PGM 'NorkSlations start at less than $50,000. 

""" __ ~PERSE'I; 
o..go. CA 82121. 115111) 452-81156 

Summer 19113 

Antialiasing Provides 
Smoother Displays for 
Industrial Graphics 

B) ,moothing ou t the jagged edges in ras ter displays, anliaJiasing techniques 
inCT!'.,e the \ alue and viability of graphics in indus trial applications. 

t~ 'OKu" ..... II . Dlrch c U. 
~IWlrt Il, Oo le, 
and \ Jc:-Ior n . Gold Jr., 
Pfntdr. ( orp 

ntialiasing 
I~ it Ie<'hniquc for ·d~-jaggin~r 
graphIC" Im~es so that tht.' bounda
ne5 of M:1'('('n Im~('8 100" smooth 
rather than Slalf'-stt'pjX'd orjagf(t'<1 
You find these ja.t.l(cd boundaries on 
r'Dstt.'r graphiC'S displa.\'s beC'auS(" the 
l>ictul'C elements 'In" t'ls l on a ( 'Rl 
6Crccn are ol"f(alliU'd III row:. and col· 
umn" that ran onl.'" appro,imate diag· 
onal (lnd ('"\1,,'("(111111'1, E(r\inll: th(,111 a 
jaggf'd roE(e , 

~tOl-aE(e ·tubcgraphi('.s can dis
pia .... ~llIooth lines of any (,hape direct 
I ... on tho scrt't.'n, but Iit0r.t80-tubc 
Il'ChnoIOK'l·I18~n't dominat{"(ithc 
market RaMer waphirfl holds two 
kC'V lId\alllagcs 
. ' It casU.v and naturally dlsplaYI 

color or gray-M'alc images _ 
• It lS indircc-tly supportt'(j by the 

tol('\1 Ion induMI)". which has de· 
\'Clopec:llow·cost mOllltor'S and 
equipment 

Antialiasing pf'O\id('S a bridge 
dun combmes the ath-antages of both 
tf'Chnologlcs \\lIh anti.·diasUlg soft
ware . llIoc:l<>l'ately priced CRTs can d15' 
play both a smooth line and roloror 
gray--lK'ale im~{'.J f"i~ 1 

~\I()(1nl ClR\'t~A'OTRlt 
DIAGO,\ALS 

In dC\'ClopI118 any raAtcr-graphl('ft fi~"
tern, the designt'rmu5t take into ac-· 
count the human ('I('menl ·nu' eye in
t{'gatt's the pallem of pixel:. on the 
lKn!Cn into a continuous-tone ,,1doo 

image or a solid line_ Either Is an lIIu· 
slon in tenns ofth(, actual arrange
l1Ient of pix cis on tho SCI'COI1, bu t to 
the human viewer, the imagcslook 
.... 1 

For pU'l>oscs of dcsclibing a de· 
jagged or anlialiascd line, the ideal 
line will be considered the true image 
and am variation from the ideal will 
be call~d noise . Most raster-sc."," im
ages include a ccrlajn amount of 
noise because the pattem ofpi."(eLs 
on the screen cant dll'OCtly duplicate 
the true image 1I0w(!\'Cr, ,,-hen the 
noise IC\'CI drops bclO\\ Ihe threshold 
Ihat the human eye Coln distinguish, 
the image appears true and l'Crubuic 
Below this threshold, lhe image Is 
more pleasing, and the \iewcr C<ln as
s imilate infonnation qui('k1ywith less 
fatigue 

Antittliasingcrcateti the illusion 
ora smooth , solid line by mampulal
ing the Intcnsity or hue oflho pi.\t'ls 
ncar Ihe Idealline.A pixel that ftllls d i
rectlyalong the idealline Is dlspluy<"d 
at the line's tl1.1C intensity or colol' A 
piu'l thaI falls ncar the ideallino is 
displayro at an inlensily Inlennedl
ale betwt.-cn the ba('kground and that 
of the line IFig ZI. 

1110 part of the plXcl that falls out · 
side the true imago constitult'-s noise 
on the display Bul. bccauseofthe low· 
er intensity of the rolor and the eye
brain threshold, the image appears 
true to the brain ofth(, \"lewerand the 
illusion of a smooth line is created 

Vnder nomlal \1('\\,1"8 condi· 
tions. th{' human <"}o ('an't distill
guish more than 64 1C\'Cls or shades 
of gray on a \"ideo monitor. and Just 
t61C\'els ofgray\\lll produce accept
able images As an example . the 
Ansel Adams 7..one tochnlque for 
black-and-white photography uscs 
only 13 or 14 1(..'\'('.15 of gray. A surprls· 
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• 1 

PI3 I A Iypical bu,ilws8-pn"6eOIa lloo fhart ( 
four 1C\~15 ofinlenilliea a lOfl{C lhe kteal line"~ 

inglyeffective antialiasing result can 
be generaled with just eight 1C\'Cls of 
gray and. in some cases. onlv four 

Because antialiasing caPabillliCS 
have been a\ailable only on large. e,
pensive graphics systems, man..' 
users have assumed Ihalll pUIS exten· 
sive demands on the processor and 
isn '! appropriate for lowcl'COSI sys
tems. In fact . if you use onl.\' a modes! 
gray-scale control . a low·cosl s\"lolem 
can do a vel)' respectabl(' joh of 
de·jagging. 

liARD\\,ARE SELECr10;\ 

111e hardware sclccled foran anli· 
aliasing scheme should be able to dis· 
play enough simultaneous colors on 
!he screen 10 accommodule lhe num· 
ber of shades nccd('d bmwecn each 
ortlle main colors used and Ihe back
ground color The simplest case is 
one color agains! a background-for 
example, while on black \\ith eight 
shades from while 10 blad. Ihe 
brigh!csi shade becomes !he fore
ground color, the da';"esl becomes 
Ihe background color, and the six in
tCl'TTlediate shades creale Ihe anli
a liased effect. 

. .A more common case uses eight 
d istinct foreground colors each \\;!h 
16 inlennediate levels fading inlo the 
background . Such a SVSlem would 
need to display III colors simullane
ously. The equal ion to calculate this 
is: 

8 x 116 - t) + I - I II 

Eight-bit display sYSlemscan hal1-

15' 

• 

die ZS6 colors, 1ll0rc Ihan ('nl)lI~h fn. 
this kind ofapplic'ahon 

111e inlemlechale shadt.'s I1lU" 

be carefully c·hOM'n l>O th"t Ih(' { R I 
will show balanCt"d IIllen 111(" \\ lwn 
Ihe inlenm:"(hat e InlenSlti" an.I nul 
well mat("hed Ihe antiah.l'M."d Itn( 
will han' a ca nd.'t-liln,X"d ortwad("(1 
appcaron{'(' '11)('",fol"(', tht' ,\ It'm 
I11USll1lllinlain conlral m,t'" th,' oJ tU41 
dispillyed s had(> and In!('rhlt\· uf ("Ath 
indi\;dual color Hw. u~lIlIIlI\' " .• 
quires a colorloo ... ·up labl,' \n ,·'n·I.)· 
1.lon IS the cal>(' III \\hlC~'h 'ht' Z5{. p"t'l 
values are C"OI1\'t'rted dll~·th InlQ 
gray shad(>s \\;Ih no color 

lk"<:aUS(" the mteo,," pnKlu("r(1 
on a CHT 3{'rt"t'n IMll a hnt'M fun('~ 
tion oflhe input \-olt ~(·, IllI' (,,,In It.· 
lion ofth(' \ 'nlue~ Slort'd III lilt' "ulut 
look-up tablc is no l stra~hlfnn\l,"1 
This depal1urt' rrom Iinoo.nh Il\ 

caJl{'(1 gamma I~I , and mu,I'lH" N"n, 

• 

lUI \1.(;':'"1111\1 

11M'! fund.tmf"IlW IdN 01 
'" 10 ad,,,,,t Ihe- lnlC'fllJllrSaf~ 
IIrOV 'h idral tInr 100 thai tt. 
uf IVM Iv 011"" Inl~ltJrI rarw

IMliul in ttwo 11U1" toc-.tlMoIdw 
lin ... 11th .. tot .. inlrna1t\ b 
thr t"\ "ill lnlerpn1 ~ • .,a. 
It_ actual kieal UIlI! 

101twon \'OU toUIdW ... 
(fUinocl pM inl«'fl&ilrs bw'" 
.".1 c-umdutinIC: thr idNl"'~ ,;. 
ltll!1o.ppm ... b~too"" 
IJUI.'6on to h" , .... ,"" .. 11r 
10 find II>hon NM 1rdlniqU1"t 
IJIU'ir1MIr .... idraL Ina"IUII 

I~ h\ioU tumPU1~tlonal:::::1 
h,.w 1"-""1 uwd to dP-tIf!: \ 
III 

In It .. Ii tho 1ft 
:M'fllrd a mos.aic of ItttJp 
CO\~ttwt\~ auNcr f¥ 
luI" 1't'liiLW'ntrduaba:od 
\\idr Thr ~rd pi. "" 
Itwat thr band Olfti&pt. On. 
III 1 ttM'~thatthP,C'(tCIf 

.. pu.rS ... aknpIto Iunc'tdl tI"bl 
&mounl ltMt thl' piu'I. "'~ 
~ Itwo \'I"rtor 

SPECTRAGRAPHICS 
INTRODUCES 

THE SYSTEM 1500 
MULTI-STATION.N 

HURRYUPAHIlWAIT 
.. re busy Your company 

.. busy Your c:u::amers are busy 
How can you attord 10 wasto 

pn:iducIIw hours walUng y<:AJr tum 
at 1he-.,7You au>t 
__ may be a wtue But 

U can .at you L'le markctplace 
SllJ'WA/T1NG S'OOIT WlJUIINti _10 advance<1 dlStnbuled 
Q!aIlhIc:s archIIecture. the Sys-
111m I!OO puIS the power 10 create 
, yo,.: hand> qu1C1dy. eUlC1enlly 
""ol1ully 

"'>L"lk 01 U MulUpIe high· 
perIOrmani:e workslallons With 
t:OII.pel1O/maIlC8 unmatched 
~e\$Q 

'Ibu. not only lind high. 

resoluUon dlsplays, but the tastes! 
screen updates on the markel. 
as well. 

PCB designs and Inlegrated 
dl'CU1ts wt1l spnng 10 li1e SO WlU 
f>tructural drawings. mapping. 
and the anc:dysts 01 seiSmic data 
and SOphlstlcated stress t_ 

All quicker and more thorough 
than ever before 
HIGH I'ERIlJIMANt:E GP.AI'HIS 
ANYWHERE. 

The rool beauty of the System 
1500 lias In Its OexibUlty 01 location. 
The result of Us advanced arch)· 
lecture Is staggenng 

WOrkstations can be grouped., 
mtheoo~roantheoo~~~ 
-or miles away 

TIlE MUL11·5l)(j ION IllNTIUIJ.EJt 
Key to the system 15 the con· 

IroUer Provld1ng the highest per 
fonnance graphiCS proce»tng 
avai.lable In a raster system ArI:J 
supporting from one to tour 
workslatlons 

Every Single grophlcs-related 
tunct10n IS perfonneci by the 
controller 

Including hlgh-<Pged 1nI~~aces 
to IBM. [)£C and more 
AIJDlNG TIlE THIRD!IMENSDI 

'The System 1500 conlroUer 
ably pe~ormsaU IlSgrophlcs tunc· 
boOS at high proce5Slng rates 
Both 2D and 3D. 

3D tra~onnabons. lncludtng 
rolate. translate and zoom - even 
01 complex unages-can be 
pertorrned at real-tune rates. 

You'll boo 1024 x 1024 resoluuon 
wtth rucker-tree pertonnance 
And c:hOOIe 16. 256. or 4OQ6 C("I10fS 
tram palet1~ up k. 16 ouw( m 

STEPOUTOFUNE. 
Now add 10 alllhis a tull 

spectrum software package 
caUed Prtsm And diagnostics as 
advanced as the system. And 
youll get some Idea 01 why we 
consider the new System 1500 
MUU'!·STA110N concept the 
future of computer graphiCS 

SO 1I you and your Ideas have 
been patIently takIng a backseat 
10 someone else's Ideas. we·d Itke 
you to do two things. 

One. step out of line. 
And two, give us a <XlII for 

a demo of the 1500, 
The hour or so you spend 

WIth us now can save you days 
01 in Une later 

I I I I I I I I I 11111111 SPEC I RAGRAPHICS 
Spectmgraphlcs CorporatlOT\l1026O SorrentoVaUey Iload/SOn Diego. Co 92121/(619' 450·0611 
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equivalenl The choice dCpf"nds on color graphics hasdm'en.~ .. from the host or retrieved from local 

V oompulationaJ com-enlcnce---Ihe mand in Ihe man.etp1ace torUla' disk stOl'age, generales the infornla-
kind of hardware and algonthms Ihat fritmdl~ 

::1 """-
tion displays In antialiased form 

./ ./ are available . ~g -.. along\\i th accompanying a1phanu-
~'Ith """"" V V These methods can be (".\It'nded ...... 0 merlc annotation 11le operator sees 

to polygons. both w1lh and \\llhout ablt' to Ot~M. as ......... 0 a simultaneous display consisting of , , 
' V- to be JOle~IN:I ~ _1 

• outlines SpeclaJ lreatml'nt is usual!) quantitative information and a qualila-

,/ ,/ 
required for pL\els ncar the end \,,&Iems 

~7-] 
..,.. 

I II !.*-II» ti\'e rendition of how the process is do-

points of a vector and for pL>.els af- . ProduC't of Ihia I)'~ can ""'- - ..,. -....... - """- Ing In other words. the dbplay in-

,/ feeled by two or more \'eC'10f'S In ad- operator t'fTOrratet. p-ntntrlftlftl 

I 
eludes precise numbers and, in \'ery 

V I dillon , generalizations are required 
14111 humAn 1Il1~ Ul.uc:fupplb I'=' I'ealistic fonn, a quick look al what's 

for nonsquare pi.;\el-aspect raliOb, but 
Ii T 

going on IFig SI. 

the same basic ideas apply tioN" ... I This type of system can be addNl 
Pig 3 One aJ.8otithm~ .pproach ~ Ihr 11lese calculations \\;11 produC'f" lion t"duullon paptua btaineI. I I to e.\.ist ing host·controlled proccs-
pixel. u equue .reulalld II'M! hnn u b.anoN : 
Ih.llnt~t them A pb:el P Is.ntocled 1:1)' hne the intensity IC\'els required for Inli'I'" pN!IM'nta,;on ICJ"IIphk .--.. -- f ... f,"_: I :;on. with only a modest increase in 

L if LO'I~pII P 11W' an~nl ofllle eIJect", mediate shades betwt.'t"n Ihe fore· trot and t""" \ltkro ~ 
_ .... ""',.., overall s\'stem costs. And when re-

proportlon.J 10 Ihe ratio dtlle O'I'l"1"Up~ &11!. ground colors lind the background Cm4'11 
Qr.' ......... 1Q: quiretnf.:nts change, the data·display L__ ...J 

610 Ihe 101.1 pl.\el .re. A.OO IS At this point the d('signcr must de· (":1110nll ... , "HM channels can be c.\pant!ed modulnriy 

Irlhe pixel is completely O\'CI"" dde how Inany discrete foreground ruuunum of Iht" UI~ III&- """" ~~ with the addition ofa single board 0111,,, 

lapped by the \'CCtor, it assumes the and background colors arc n('('tINI than othl" LIM tor rumpko c.- and CHT moni tor for each complete 

same intensilY as the \'CCtol'lelTect - how many oflhc fOI"eground 'bad .. · toonlu", t.·ullll)Ult·f ar1 and ~ "" 1 
display channel UI)to thf:'pl'";lcticall im-

11. If there's no ovcrlap at all, the pixel ground combinations will be d('- h'lTJIln "lfllulalMnl ar¥aPJlbt.a!tD -- its of the pI'OC(>SSOI' An alL\ilit"y pr'O-

keeps its otiginaJ intensity lelTect ""' 01. jagged, and how many le\'eLs al'(' J1.'. \\'h(,no: Ul~" qualil~ and ACXUr1Q """"" CC.!>501· can handle anywhere from 

Otherwi.se, the effl.'ct of the vectoron quired for each combination an- ul pnm4n ~- Oft.!.... cJl(N four 10 eight channels, depending on 

the pixel's intensity Is an intennedi- For most presentation-quaJlt~ !)(.111ft. ...... .- .. pl'OC"C'ssor load. display cont('nts, and 

ate value represenled as a fraction be- graphs. not aU possible combllUlhon. ("umllU:tM'AkkotJ Inaln)('honlCA( 
..- -- display acti\'il)' 

tween 0 and 1, as calculated by the are required and It'S aJmoM ah\ .. ys .10" ""', a ma,W UI1J'fV'GDnII TIle main I)('ncfils of this ap· 

following formula possible 10 fil Ihe reqllln;'I1lPntS Inlo "twn ttwo: auhtrC I an'~ndmod. ".. n.--..c .. .uaI ..... y.lrm_ "'Ialiur<.t «.Ior ,,",Imln II~"IX"«I ~ra.t"'llll_ pl'03ch to high-resolution alltialia~ed 

Intensity - Original Intensil), 
the Z56 colors of.n 8-blt sYl!<lem ~. all I aal&aM'd funn ~ h a" IIItat.a -s I 10 ,. tm.I «IfDPUI"" (.'Olor graphiCS are: 

x 11 - Effect ) + \cctor sentalion-quality graptu typkalh milt,hl he trm ...... ,JoIMA,. \11ft • .,. • lA'onomicalulitial system COslS 

Intensity X Effect ham onl,\ one or IwO bad,ground (.''01·, hahMec.l,craphk ,an "1 .... thr Mlt~ 1011,,-.,," an Intl,,,,.11 able!> and olher infornmtlon dC'H:-I· • Easy future upgrad€'Slhrough 

ors and fe\''I'intersecllon bt~lw, .. oen ~l>htnul" .. tnal~1I pan of a monitur cunlml ul ..... \ 11'111 oped by the hoSl pl"'O('"('SAQr.~ lilt' pm- modular additions of 1)().'tn:ls 

This Is essentiaJly a proportion- the different foreground rolo ... MIdI \alUHI Inr Iltrit caruwrdl"d 10 _ n"lnutt1 hrtlJol fI\4ln w C(>S5 continues • A low·conrrontation learning pro-

ing scheme between the two inten- graphs are common 111 bu lIle _pph ,,"ul tlfOf , Lu. of comJ"'USII" ...... ~ 0nI" or mu.l" h.,al p(·t"tl pal'" Local resour'("cs 3\allablt· to the (,(,S5 for SCf'\ice people 

sily 1C\'Cls by use of the standard col- cations or process-control dlltl>la.\-. .v-Jlh~ _Pl.,fk..a11ltJfM Sha tht • .... Iinb auxihruy dl!>I>lay processor may • l1,e rcaJistic, nalural display im-

o .... muing fonnula The process deter- An 8-bit syslem \\;Ih antlAhru.lIlfC ('an pl .. \ • mc,,", "'1" ruk-- t1wt IUbIkJW\ Q·hu 1)f'O('t.'POr lI1c1ude : ages ploouced byanliahasing 

mines which pixels arc alTcctcd or readily generate such dlltpla.\ \\ Ith 4 lklCl ,KT'M1'ltl"d on 1t..IINftn" it- • ....:1 ... mult.hannf'1 data noduC', • Sy5lcm !VUlto !;IOIY' down · !>Oftware . • 

ovcrtapped by the line and bywhal dozen dilTerent colons IIOf\'e .,calnllt. u"lC.lt'll IU .. hell human acl";-';. IlOftarxhtc.pt.\ ,w,.ttoll1 ~lI1ul;u dl~' Io."lded proSI';Un5 that allo\\ the 

percentage each is o\'crlapped 111en, background .-....... >f!. I*Y.\ lm .. _", In u"" toda\ Ill" IlUtll- subsidiary display SYlitetn to bt' 

it calculates an intensity value by the l"f( and ~ ('UOI~~""" ber~~r'r\;n"'n1t'nt!l that liM' nc.\.ible and fa~t \\o,thoul C'1'COIli'V( 

abo\'C C<llIation This standard text- OPERATOR BE~ EFn~ clh~"", J tnllJl1 • ""no I \"II1f:t) u( 1"·Ul."f'SM)f1I In tlll'M~ appll' 8n InOl'CIin8te pl'OCCSlllng lood T hoillas II . 81rch e ll, presidcnt of 

book approach WOI"~S but is time- Ik'f"t"('n In\arl'"" 11 ... ,.... an;U'att' 
cations, tht' heal tnalntl 111m' j.X'rlunns on the host Pt'rllck Corp., Is responslblefor lite 

consuming n .... " 1)t'rn1,1.,., of a f'I' .... t.lN&tIIl lhe M.lJ"'T'u..tr:\' ('{Kltrol (ll Ollt' or • I\on\'olntnc PHO~t to stOI'O an op- Q\'C1'tI1I dejimlloll, mnl1l1jhefUI'C, fwd 

In the second computational ap- ll1e cOl1lbinalion of toda.'·s IO\\-("(Mot l'ht1l"8Uh • 01--'''-~ IIIOI't' conllmlou 1""uc'f'Mt I_u(:h a!! crating ayslcm kcrncl and pt'r'" mllrk('ling of PenIck 's Imc of Sin fill 

proach, the pixels are represented as graphics systems. declining I{"mlC'on- ,hal ant ~ t,,..t\ and bt11 ID- CIIl~'ker. 101' r\M"t '''H~ dln'C"! h31)S basIC' s'yhtem constants cornpuler products. 

points in a square grid on the \iew ~lIctormemor~ .. pnces. and tl"C'hnulolC> formttd kM,... t'lnw ral .... - and indinoc t (XmtrulI1\1'f" tht' pl"Ol'(' !'i such as ehal'acter sets for alpha-

surface, and the \'eCtor Is regarded as ICal advancem('nlS III high'IT.alutlOn lbtcb&pla\ purlkJo of thllllly"tt'fll numcric presentation and dis· Stuarl n . Dole, prcs,dem of 

a line with zero thickness 1Fi8:4 1. '1le 
IU~~"""",,", ... ta1~ 

l.erpIlhf' C»pt'ntOf1l Ulfumwd or rapid play templates SI\.\lKH\i\ Software Hesc.lrcll &, Dc.."\.cf. 

affected pixels In this case are those t.tlftUc! in dtesr hIIchh ~ Iy oc:cunin~ 1JfUC'CU (hanfCI Oala • Local disk 10 &tore and N'tl1M.l' Opl1lt'/ll, has been a compwcr consult 

within some distance Id l from the • 0 0 0 0 0 0 
Wfto ('".an a1ao bt> mlnamill'd bf~,4 I daapUy. an- '"'port anI in 60th .n ('nw data stnl('tul'C.'t not reqUired 1),\ ani for biomOOu;.lI and grap'IlNJ appll 

0 0 0 1mcllUt)wod ".-.c1on and b;;rdrn. 
lin~usually one pixel \i .. 4auc:nl hrcaUJol'! tiM' ul)('ratora of. thl.' host callons SItlCC" '973. 

The magnitude ohhe effeet is caI-
0 0 0 0 0 0 0 11'1' the nrrd tor ttwo 0 0 

to fihrr nul thr~" len hal .. to rape"'" "uld ... h • AddltionaJ scnnl communlt:a· 

culated as a function of this distance, 0 0 0 0 0 0 0 In IlUI."u-m •• uh"l(hat), han hnks for status \mfkation \ Ic tor n , Gold, Jr. i$ \1C"e president 

\\;th linear and Gaussian functions be- - 0 0 --- , - Q-bw. proreuoI' fft"f'J\ h.,.tl· p<'t'd and small-data·i!em e.,chunge of cl1gmCf'rmgfor Penick and helped 

ing popular choiCt!s, '111e same colol'" 0 0 0 0 • f"ROCL' .... (0' 1.,.."" 0 0 0 0 dIla \ .... II o\t \ d\&llllf'1 {rom Ill(' hO&t between Ihe hmt and the dl!'i- found the comp:m.'v III J976. He has 

mixing equation applies after the ef- • -: 0 0 0 0 0 0 ptUOeMor Inlonuatl()l'l ma,· hi' ac:· play sumy~lem orothcrdl~play been responsible for 'lanh,OJf'e dew!/· 
0 0 0 

fect is calculated, Algorithms that caJ- , 0 

quU1'd from thr I~t In a (.onden~ processors optncnt ofPentcks color grop/llcs 

culate the distance can result in de- 0 0 0 0 0 n .. TIle dbplay channel or ('han- "ideo IIllcifaccs. 0 0 0 0 lonn to muumvf' tranMchnn time • 
jagging programs that e~ccute vely 0 0 """'"- and and~onthehc t A da\\1l- nels Ihat consi!;t of color 
fast 

0 0 0 0 0 0 0 -.. .......... hma IlI1tam Q-hu. pl't'X'f'IMOr auc·h u Oigi- graphics hardwa .... Th(' t6-bil 
l1le two methods yield similar re- o 0 0 0 0 0 thr hound .. " .... parallel data bus rapidly trans-0 0 0 0 tal tqlupmnll (.:orp'. PlJI"'-J123 pt'I'" 

suits, and in some cases are actually a~'Ml~ , bma the 1 01 "'~"mbhnlC, (01'" 
pof1S di!;play data and olher e~' n,,, A WCond ...,1hnUc- ~att...-1rw pu;els laS poulll Uld thr au-~ h 11\ lhP tnl;ttUl« and P" ·ntu1f' »RJCC' \'an- change. betwN'n til€' host and 

~ ~~ -1lpbc..a11lOna In a ~ the di:oplay sy~tt'm 
:: ihAPlUllP"~edb\lr»llfd 

pI..,.l.,." ..... """"* I fli! 5'.' 

/.: 
\\ I U\ ~ fwK-uon oIthr ~ 0 nw Software running in local system 

~ect "~I"'on pu.a. tNt WlC"Iawr.., ..... cukJr.p1Iphb 1I)...tnn 1nCG ....... RA.\1 01' PROM wtl€'ther downlOlldf"d 
h~ 
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At 125, we know what It means 
to be an OEM-and what it 
means to be a responsible OEM 
supplier. So when we say 125 
delivers total OEM image 
processing solutions, we speak 
With confidence-confidence 
based on proven capabilities 
and system experience. They' re 
your assurance that-from 
design to delivery-we're the 
people to complete your image 
processing picture. 

We 'll deliver a standard 
system- or bu ild one meeting 
your precise needs. Either way, 
you get top perlormance
aHordably. the way we're known 
for delivering in all areas of 
image processing, 

You see, from the beginning 
we designed our hardware for' 
easy integration-and our 
so~are for genuine transport
ability. We led the way in sensor 

interfacing, '" high-speed high
~e~lution pipeline processing, 
In Image storage and retrleval 
and in multi-mode display • 
formats Today, we stili set the 
Image processing pace-m 

. OEM image 
proce;;Slng solutions. 

That s our business. 

areu 11K' 1m. di1.l c:om
"'_ lind "'-"'9 

N an OEM ..".."..., 
.mage - you .. go< 
Important decieiona to 
The first one ., NS)' LNtn "'" 
125 can _ your I0I&l 
IOUl!On Wr~. or pf'oW 125, 
1500 Buci.~ 0<. '" 
CA 95035 ,t408I 262 ...... 00 
.t now a.c-_ 'f04II tmIIQII . 
.mportant 10 bOth of us 

2 htema!Jal3l 
:,;r-~ns 

Summer 1983 

Hough Algorithm Plus 
Probability Calculation 
Aids in Image Analysis 

11110n a number of densely packed circulal' objects need to be a nalyzed, the 
computer must lil'St tellihem apart. A unique program makes this possible . 

1)\ f\o!('('r 8u l1o n , 

OrnllK"un Prcxlut,ts 

I>I'Oblt'lIl 
III Ull~e dnal,\'sls (){'CUI'ti \\hl'n Ih{'l'e's 
a l1t"cd 10 lleparale oblccl8 1ha l an' 
1)1;(.'''(.'(1 relill" el-' dOloe IDg(,llwr and 
whl('h nUl) 1)(' toudlillft · rort",um
pi£', wlll'n parts 111 a bin Lll't'<ilo be 
IK'par-al('d for an appli('at ion IIl\'O"~ 
Ing;)11 II1du~trial rollol \ Unlqll(O fea -
1lIn' oftht' M)lulion 10 h(' d£'!t('lilx>(11Il 

Ihirt ru1klt' IS Ihat pmbabllitlt's an' 
ust"d by It rompUI('r 10 M'f(n:'ftaw Ihl' 
m"'3'tt-'<i parts of ObW('Ui I~ dcI(.'nnln
Ing \\ hl('h pol1ionlo oflh ... whol(, im
"f«(' tohould lKl rombinl'lt IIlIO l'ath 
('olnpoI\('nl 

1 his '(' I!'Culal'dp'apommcra
lion ' \('chnlqul' was d{"\i'lop('d to cn 
Itbl(' a ('OIllPUIt'I' IO I'('('of(nil,'" micm· 
1>('01'1(' lalt"t IIph('I'I'!> 1I10lmlt'(1 on II 
slidt' um,h'r It t<la:t~ ("(J\1.'1' II0w("\'l'r 
'to lu('k 10f(t' llwl" th(' 01)1('('15 llI'e, ('a('h 

Illi u('1uaJly (' Ir'C'ularand hx-dled in II 
plrul(', M1 non{' ohM"uR's anOlhl'l' 
from '1M'\' Iwc:auS(' of an optl('al ... r
f('('1 thai ottu~ \\Iwn an oplit'al im
Afte IS u~'<i Ih('1'(' mOl,"" 1)(' a (~onca\'(' 

cUr"t' I>(.gnwnllflllw area when:' two 
cUTularolJIt.'('15 tou('h 111t'SC ronca\-e 
K'gmt.'nls arc dllM.'ardNJ Th(' ~oa113 
10 ('nlt'r Ihe dian1('l('f of ('a('h OOI('('t 
miD Ihe Montg(' uml of a computer 
Once Ih('M' diall1elcn. arc oInain('(i 
C'131U1g prDfV8ma ('.an Ix'rfonn statls
Heal analy ..... on Ih('m 

·\nal,v"Is bt"!{In. \\llh a piC-lure of 
Ih('~ oIljcctio-t'llhcra pholograph 
or an image fmm II ltC'anJllltf( ('ICC'tmn 
miC"ro5COl)C-\\o'llh a black bat'''· 
ground and a while fOl'l'ground In 
the picturt',lhe obJocts look like a 

large number of "ing-Pong balls 
Som e :u'C sepurnte . but mosl arc 
c1umpt.>d I08('thcl' in masses like 
fl'OI:('S eggs, 

Ancl' Ihe enlil'tl piclUI'C is s tored, 
II 'S processed 10 oblain diameters , 
'lllC Clislom3lY WIl)'8 of measuLing an 
ob,ecl's s ize can 'llK' applied until 
each s phere is SCI)arat('d from Ihe 
ba('kground and from the o lher ob
jects 1I0wevel', In II1IS case. Ihe 00-
wets don 't need 10 be scpar.lled be
cause they call tx' repreM'LlICd 
malhcmallcally 111e 81gorilhntlc ap
proach used is analogous 10 Ihe 
Hough tpI'Ollounred "hull" , melhod 
ofcUl'\'C del('(1ion, bul has a probabi
listic I\\i.!ll 

TIle l>oinlS on lilt' bou ndary o r a 
cu-clc al'c M)lu lions 10 aLll..'(lua lion 
\\,Ih Ihret.· coefficicnls, c\'en when 
the boundary isn'l COIlIIgUOUS be
caUbe II touches Olhcrboundarics 
'n,esc IhrE'C cCM.'ffi(' ie nls ure the loca
tions on the). and Y axes, and Ihe 111-

dius f'orcom'cLlience, Ihese can be la
beled '< V. and n "f11C pic lure shown 
in Fig 101 il1\'Ol\'cstwo circles, Si nce 
bOlh have Ihe same local ion on the Y 
ruds, II can be OlUltted from Ihe pia l 
of a 3-dimensional hislogram o fX.YH 
versus a nUl11lX'rofpoinls trig Ib l 

111e program (!(.'\"eloIJCd analp.ea 
the plclUre's fealurcs 10 find scg
men ls of circu lar curves. Ihen com
bines segmcnls Ihal ha\"e similarcoef
fielenls in Ihe equation for a circle 
111e resuH hoped for IS thai all M'g
menls of circular cuI'\'es actually be
longing 10 a slflgle c il'Cular obJect will 
be sufficicnlly similar thallheycan 
be comblned _ and Ihal K'gmenls of 
circuJarcul'\'eS Ihal belong 10 sepa
rate obJccts will never be combined 

Due to a variety of condlhon....
IOduding noise inlnxiur;ed by sensor 
and differences in the aizca of objecl. 
in Ihe pic:IUro-Ihcl"e may be no sin-
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YOU CAN 
COMPANIES 

BUYA 

A LOIOF 
WANT 

••• BUIHOW CAN 
YOU FIND WHEN YOU 

TO SERVICE IT? 

::ft )f" J 'IWfIl ':la\'{' t-.- St'lIc11 

( ,"" 
Wl"n' ('CllmiUc:! I 1tJV.n& O~\h; 

ltM' nd support yt.;.l It.'Cd. 
wht .... ~I net'd it and whc-e 'jf J 
net' J I: W rr Implementing an 
at r-twork 01 rtog; Jnal 
~ IocaIIl"'ilmc I (('111('1'5 
<UUjl/lou1 11: coonlly, lJld 

rul h. _ k"M('''' .rna 
e;. -ue.:;;.arts.donJt 
..... 1'1 Idks wpur.rl "'~', 
,,"he;:: _ III _ It AA:"I v..ilh 

_ :ng trJiniOR )fI~ 
~ .hal our pt""'" 'an 
oC1cr )OJr ptOp.ie are C 1-

IWltlv betnIl"" _ X 
J~ 

",1m you ~ 10k at the totaJ 
J:' 1u~ Ji S6 )1,".)" of expe-

• 

nenrc. th' ')TlIOOf"it r.mge I. ' "rodue in '1'1'" 
indu.c,try. high qua.llty, pcrlormanl'e. rdial, il)'. 

S<'Mrt.'.:Ihditv, a\'illl'lbllil\· and rt'SPOIlSl\'e 
t" 19intt-'ri~ and rustl)l11(,Ist'!V: po -it's 

easy 10 ~ \\oilY C, tl'\t(lf IS the hr.:J 
choice in DE\! rTUlrkl'ts. ';m kflt:p,o; 

thai once wu buy from U'i~U 
\\00 haw seJTI'h fnr us. 

For more jctJils 1m Conr. 
c ;:r. .... Ie line : m ,i:-Jrs. and 
our schedulp ollr.lming )1'1 

grams. -'it or wnh .... 
'-C .lar )iv'-:on Corn< l )t· 

pordU 1, ax. \ Rirnsdc Ie A\'{' 
C 1Oo1n l. A Qrr22. 
~ _IOIfi= 

\\'cslm1 (213) 966·3511, 
Ihd """ (31Z) 833·3310, 
'.astem (203) 3-18·2IOC 
:-.<rw Englan I (~17) Z'~. :)720 

CONRAC 
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r In looking at the program an d(' · ofbal4 and th.-· lJ1.ner~.. \htf'f'lhrT'jf'("llon of at'(" b analogous 
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PI,. I The poinlt 00 Iheboundaryoll ebde 
InllhelOlulloo 10 In equilion .... 11h Ihree~-
8clenlllhll detennine I~ polnlt· Joei lion. on 
the X. ~ Ind R rrfldlu,l L"'!' 11le two c:ln:let 
ahOYo"l1 tal NI\"illhe aame \·-ulA Iocallon.to 
Uulluis II omilled from the 3-0 hl_lasrwn 01 
Ihedn:letlbl 
g1e threshold of similarit}lhal will 
give the desired result In pictures 
where Ihe coefficients are similar 
enough to scrve as a rule for whether 
to combine Iwo curve segments. the 
coefficients for the whole cun.'e could 
be estimated better if a way were 
found to combine two segments 
COJTeCtly. 

Recursive combinalion, begin
ning "ith the two segments having 
the mosl similarcoefficlems, reduces 
the chance thatlwo curves are com
bined incon-eclly. In this program, 
when the two most likely CUI''e seg
ments are combined first , the con-ect 
results can a lways be obtained-even 
with a very simple computalion for 
delenniningwhether a combination 
should be perfonncd. 

You can easily see that two 
cu~'Cs are represented in the pial 
shown in Fig Ib "Seeing" the result 
in X,Y,R space is called partitioning 
Ihe space-the mapping of every 
point on a boundary into a parameter 
space in a way that1t-eats all points 
on the same mathematical fonn of a 
CUf'.'C as if they were a single point in 
the parameter space. This mapping is 
the basis for the Hough curve. 
delection algOrithm. Successful parti
tioning of the parameler Space may 
require a greal deal of"tradecraft" 
however, since the process may be 
complicated by a great deal of noise 
in the p icture. 
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tail, consider three aJgonlhmlc pans 110 thft hole. In lht-durap Ub6 IO'~ pomt on Ihl' bllund ... ~ and 
boundary t..ad.mg arc segmentation Tc:Jf(edwr. thftr form .. lei ~ po. ns.r toonh om' pomt In thf' pa· 
and arc combination r1ea th.a! t-an bco coa.:..: It'd Inldl ramrtf'f''''llII!'e--thu,- J't"(lut',nllllhe 

~ ... fr ..... tW? becawe onI)- oombrt oI,lOlnt!l and lh(' amount of 

In boundar)· tradJng. onl~ the PO'"t 
that lie on the boundan al? solu
tions 10 the CU~'eS 50 there·. no nf'f"d 
10 consider oth('r points," the 'm~(' 
Also. a relationship is fonnNi tx-~ 
Iween a point on a boundary and It. 
predecessors and succt':55Ol'S \"OU 

can use this relalionship to collf"('"1 
sets orcontiguous points that haw 
convex cun.'atUf'C. To do this arc 5t'f{
mentation , divide a boundal")'-'A 
closed set of contiguous poln18---oat 
ils points oflnnection '1l('n. com
bine these arcs to fon11 a &el or all tilt" 
points that belong 10 th(" SAlll(' c:·lrn.t· 
lar object \\'hen a SCt of tlITa rt'J'r't..
sents each ball in the pil"lUI't": a Ibt of 
the diameter coeffiCIent for ('a("h "I 
is 3 list ohhe dlamet('n.; Or all tht' 
balls shown 

For Ihe purpDft('" of Ihts pro-
gram. the piclure can lx- \i("'\\1'(I .. a 
numberofboundane. . t> .. (·h ontO a ... t 
of points in succession untillhf! 
boundary closes on ilst'l( The (JOIN 
boundal)· outlines th(' ball ur c:lumJl 

• 

( 

at'(' M'IfICJlwontlitMt ~ membm dilatO JM"OCt!Slo 
Nmf' M"I tuJld ~. a:JntIin To an'OtTlph .. h thl!> 1'041 !tOJ\ (" d 

point loalt-d on I~ boundan-. ~"I'JMI of. ~t"t of ('(Iuallons 
umf" drn..tl.ar obtrt 1 -

ThliM1UraJdhWonohht. \~. \1 ... nO\ + t") .. 1- MTOr' 

110 u.eod to ~Iuoe (hiP nu:mbc:. 11X'toI\ltMIIl"'Ic)\\~ \'Ou 10 ab-
1Wb1t' C"()fllhu~11ON to incft...... !lin. bnl fil to It\{" I) t- and r ('(>t·m· 
putll\fC ..mcirnr~ f..-b bcamd.yll cilnt 10 ohl.t.ln ... r.,...Uclo-lm'·f'M' of 
tXI' ~It'd mlo C'OftWl~... dw In 01 t'Ql1~lInnt' "·I'"· ..... nu'<l 
roml thAt t"UI'n!6pond 10 ~ "it Ibn!. , mxtitlrr and n"\\ 1,1f' 111('1ll III 
hounclAl) oI • ..anprobt«'t~ matr\\toml 
thto pennt on a boundar) \l1dd 

~, \ I 1 IIUI I \1J"u' bt-Iunfl II) a ntfl\",\ uc. but ~ 
POUlt n .... ' he l"Ollt&inedtn.a" 
al ,olth,.,- cuoco.n' Of ('OInt's ~ 

X, ',1 1 I~ \ , + \ . 
1 ,I I . 1 I 

I I t'n"ur, 
I I f'fTOl". 

;l 
I 

I 
I 

11011. mlM"f'tn't'ld~ablflD"'. 
tllm ..... nrr~t\\"'"lhrb\Of) d 

, \, 1 \,' + ' · ... '1 I ('m)!· ... I 

("\t~'t" ~I'""I In mon° ('UIlC'I'oft IIlIldllnll \\ h('('(\ 

Ihlatll,llIU'Mr,;hon •• 'ux ... _ ..... 1 \1 III 1I1f'\&NIhle "",In\ ~I Iht'\ill1· 
l~ contmUu~lheonJrrof ~nl4lIn\ C. IAtlw(-ul"ffi 
akm IOf the POUlt. b1. ~ dent-<Olwnn uwln\ and ~ l!t Ilw l'r" 
("uunllon: kJc .. ". tot !JwoOUlertlOCll: l'CIt'<'OIurnn I1\IIIQ\ 
an Andc:lcx-bwbatm na t,. ,,\, .( ... S 
bountl.an lhotl tuna 101" Jet. 
(-011'\1'\ and thl' poinb that lit. 
in!I-nor 01. tNlum aJwaon .... 
k-tt akir- of Ihebound4ln· :II. 

Rl.(.Rt ...... IU' Uf 8tJl. \UU\ 
'f"(. \U.\l 

To minimi&.r th .. ("nur MluJln' ~" 

.00 lhctl (WI~Ul4tlo '\Ith n' 1W"l·ll0 
all 1M COt'ft"trinltft \\ l)("m I • h tilt' 
transpoIr (Ill. 

l.·L. ")( ( +... )( 'It + ... 
ddC ~ t .• Z)( "\I)C. (" ... \I ~ 

••••••••••• 1L'l dw JCiw's Ihf" n'Sult 

" 1('\lt"JIXll knp~rA 
11DU&h nK1hod "lIIl.d.rfllC.hpaa 
,t .. t .'nunet h)Urtona~C 
m.-p It inta allro\ralMtf'"ripP'_ 
a\f'ji, ano ItM' n:xotncimb of thrllP 
nOO (1-!"'kTilrl"6 the Pm dlhr 
~ or a JV"rwraJ ron~ e«1kJn.1NI 
f'l'Uahon it. 

\ '+ R, I+ \C )l. ' .O <tU.' 

In UM'" C"aMtof4I dR.it ,. 
B an- I and ( ... ,ftU 1bIa'" 
tt ... t \"OU mtat aoh b" D land 
t - Ihr tlV"ft' .q .... 
to 'he ernf rt" and r..tiut '" • c*dr 
\\1W'n" \ and" ~lhP __ 

and.\ and tbr radiut at a d'dr .. 
\ . -0 

' ·-U 
" . r;;O'''-.,-;:,T. '"' .. 

lou un rithrr IiCIhe bod.
t"fBdr.n I. tor f!'\~ point an I 
at:' or as In thb. c.aw wuC*' 
ntz.r thllt U'. ~ pari rI' 
cun ~ ia COI'n , then If'Kt t!I'IIi't' """ 
M'fPilt"flt mu.1 br p.an t1 It. ~ 
~ 01. ~ dttuIa< ..... no; 
'an t., of 1hr I«'CIOd aplitXlll '" 

( • \1 \I \1:-. 

l\ln \ (IR( 11 ...... 1101"11) \It. "(,~ 

'iof.ar bound4ne h4\t· 1)('4o n M',,' 
menhid tntu ("nU\1"\ alT" ~"~ml'nl!o 
and thr l)()jllt b,lh." f" (-nn',"' An:" 
wgmronta haw 1~1l UM'<I to fnl"", ,I 
~""nnol "'IUoIttlMU tlut rf"B,ult III 
tllIft' corlrK"irl\h fnr ,'.a( han· M'g. 
mml "b\l)()thtoab I Ifwdc'lh.11 Ih('l 
cdk'Chonof NIIC'ft"",drnu. 14~'n to
~thtt "1tf1"S.rnt •• Ullw (·In:-ularoh. 

.. 
'''In.~I,,,,,,,"., ..... jltrJrnbine 
......... tft'\W~ .. O.&Z: ",h_ It.. 
~11WI_'.ndJcomtb.O-M 

. , 
/ • • • • • , 
" 

Slimmer 1911J 

• ., 

ftg 4 In lhe original I",. (.1 1M lu!l:erclm,llu-obj«1 hal one ute flllllenM l1lI' roefIklefl~ 
cakuL.ted .... al18(lOd ~d>dalft lorromb'nal~ Into 11M" Iarg~cln:ularob\«1 .. ho"'fI b\ Ihe dol 
INt hnH lbl The ,1t\U1k)n I, 'UlIllhflt'd ho ... t\~ wlwon the 1 ..... 0 mcMl hI-ely &n:I ~ combll1('d lei 

JC('ts in the picture 11 0\\ can Ihis hy· 
potlu-sls I){' tcsted' 

Since the ('iglll circles l'Csull ln 
II sets of coemclenls. 111I1,!6 ofth!) 
ares mU!i1 be combined with 0111('1" 
arcs in 01'(\('1" fOI" the hypothcsls to be 
tn.lc . Sa.v that the hypoth(,8ls Islrue if 
no two arcs have all area oflntel"soc
tlon e~cecding a <'enaln threshold 
This lhrrshold is del('mlined eml>lri
call, to be som(' fraction of the al1'a of 
thc·smallerofl!1(' two cilTular objecl8 
rf'prcsenlPd by the cocfficientll \\11en 
two S('IS of coefficients have an area 
ofinll~nwcllon greaterlhan the 
threshold. compul(' the I1'lall\"(' proba
bility thai the two arr.sshould 1)(' rom
hmf.tlto soh"\' for a MllSi", "l'l or 
("Ot"fficicnt!l 

'f IwO of Ihe are 5t'f{J11enta haw 
(''lta(""tiv the ,"Hill' M"t of CO('ffidenll' 
the I>robabillty that both '>{'gmt'nls 
.. ,n.' pat1 oflh(> same cil1:ularobj('('t is 
said to IX' 1 \Ion:' ~('nt'rallJ" the pl'Oba
hiltt\ Ihat two dlrrl'f"{'nt M'IS of cocffi 
dctlts '\"t'n.1 oiJlainoo from tho saml' 
nbtl.'CI dC'p<'l1dson howfaraptu1 the 
('()('ffiC"i('nts an' 

SU1(""l\ the CQ('ffident8 fonn an 
OMhOf(onai spac('. Ilwir M'parnhon Is 
th(' s(jual"f' root of Ihe sum of the dtf
('J"'('fl(:('s-squan.>d 111 Ih(' l)al.Hneter 
f)pace. A 1001'1.' ul>Cful lenn is th(' ratio 
olthl :.eparaliondlstan(""('tolhcdiam
l'tl'r of the smaller of the l\\'O Cirt""ular 
obJccts rt'pN."S('ntt'd Il.\· thl' 3rr1i Illis 
rallO fonns th(' pal"amelf'rof an rx
ponl'lllial fune-Ilon Ihat beha''I.'tI wl'll 
.. a rclatl\"(' probabthty func1lon 
Thus the probability that an-:a I and 
z combmc is O.8Z \\111Ic th(' probabiJ 
Ily that arrs I and 3 combme IS 0.44 
j f"~J ' 

CHOOSI'G \\11101 CIHCI..t'. 
TO \UJtGt: 

\\ Ith such a means rorestablbhlng 
Iht" probability ofwhethf'rtwo arN 

should be combined,you might sim
ply ('stablish nn additional threshold 
In this function 10 detemline whether 
a combinalion will be perfonned 
Thllt might pl'ove adequate fOl· ma ny 
pictures, but one addit lona1 tech
nique j>I'O\ides n greal deal more ro
bustness 

Fig 4 will help to iIIuSlrate the 
value oC·most probable first'" arc com
binallon In the original Image tFig 
481. til(' largercirnJlarobiccl has om"! 
sid(' naU('ned 111(' boundari('s ha\t' 
ix'l'n begmentoo into (""onv(')( art""s. 
and the points of these arcs have 
bc.>t>n 'iubmiUed to a !"cgresslon to 00-
tamlhe coefficients ror circular ob
I('('ts 11\('5(' COf'fficiellts are plotted in 
llg ·Ih 

!}('caliS(' of the flau('n(.>d sid(' or 
Olll' of Ih£' obJccts in Ihe ori.ginal pic
lure. all of the ('il"("ularobjcct&, a5 l'Cp
l"l'M'nlcd bv their cocfficil'nts, at"C 

good candidnt£'s for art"" combmalion 
FiI( 4c sho\\., a plot of the Sat11(' Situa
tion With Ihe two most hkclyarc8 como. 
blnt'(l In the ensUing situation, none 
ofthel"l'maining urcs will bu CM'OIW
oUlilv combined 

·'n aC"tual praclice, it 's not net.-('S
Stuy 10 recomputc the relative proba
bIlity of <lrt"" combination every lime 
tv.'O·arcs are combined 'flh£' calcula
hon that computes tlu.' cligibihty for 
arc rombln8tlon records the proba 
hi.llli('s in a lable. VOU can kt'f'p II Sl'"(""

ond thrt>:fihold t1~t \\ill allow th(' t\\'O 
arcs 10 be combinro desplle th(' facl 
that one ofthell1 was ('Iigibl(' for com · 
bmation at a higher I1'lati\'(' 
prohabiltly • 

Hoger lJulion htUI bN-n "ltIIIJ.aUS(·h 
&: LombslIlct" 1964, and cu~nlh 
worM III tflcirOmlllcon Producu. sub· 
d/l"lslon, "heN" he IS respons.blt'for 
3Uppor,mg software <1M clopntcnt o( 
nl"W .mast' pfYJC("MlIlg and (J/1(J~'·SI}j ap· 
pllcatlOll$ on JZ·bu microprocessnr"'1 
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Summer 1911J 

Array Processors Evolve 
For Modeling and 
Large Scale Simulation 

The application of AI's to modeling a nd simulation pl'Oblems means that raw 
execution sp<'cd is no longel' a su ffic ient criterion for evaluating these pl'Oducts. 

n'3y 
1''l''OceSSOI'li IAI'&' ha\'o h£>t'n ('Olllllll',," 
dllll.\' 3vailllblt' sll1('(, the mid-1970!t 
und aN' now uscd ("tt:'n5i\'el~ ror 5'8-
nal pmc£'Ssmf(, IImq;e 1)1"OCesSing, 
and real-limt' Simulation AlihoUl(h 
th('~ applic3tioll!l aN' quite dissiml· 
lar. th£'Y share ttlt' 5<'\me compula· 
IIDIUtJ chtu'3rIPI'iMir5--mOOCnlll' n" 
(Iuln:'mcnls ror )11'l'f'lslon 132 to J8 
hits' modf'M dcmllnd'!; ror mCllIor .. 
1&1 .... wortls ', and 811mll computallon
al },{'Incls that 1""llraJlyconsbt or 
'o'('(-torol>t'l"ations. matrix manil)ula' 
lions . orraM-FollMl'r tnm5rOnn!> 

In these BPI,lkation:" tht:' 8n11," 
pl'()("(.'sM)r "lOS in tandem \'oith a host 
C'OlIlputer the host hllndles I 0 
\\ hlle Ihe AI' 1)(,lfonns nUI1l('M('all,\ in
tensive operations Prof(ram code III 
usually writl('n in a5M"mbly langu~(' 
10 achic\,(' the speed thai this arch!· 
tCC'lure ntal.(' po sible Be<-au~ an 
application is run on a dual
processor 1>Yfil('m, tl1(> dala-lransrer 
nUe is often rruclal to Ihe surccs' or 
a particular appli('atlon 

AP ,\PI'Uc·\·nO\SA\O 
ARClUTlCn HI'. 

~,.nce th('irfi~t appearance, all('mpls 
haw been mad(' 10 apply a"..)' pro
('f'5aors to Ih(' larger and more rom
pl('1( problrm!o round In modeling 
and large-!I("al(' ,imulallon Th~ ap
plic-ationlt requin' e~tended prt'('"ibion 
malh 64 b,lsl, make more 5C\-ere d('
mands forl1lemory' I Mbyte or mOn'I , 

and use ll1ut.'h largcrprogr-ams tmany 
thousands of lines ofFORTMro.; ). 

In mllny instanccs, thesc npplica
lions lire charactetizcd by compu la
tional kernels Ihal romplisc a vCly 
small fraction or tilt' rode and con
liume a 'o'er) large fraction orcJ>U 
lime _TIlus, attempls have been made 
10 adaplthe problems ofmodcJing 
and largc-sc.'\lc simulation to 11 hosl 
AP 1>),St('111 These attempts uSliully 
haven 'l been sliccessrul because of In
!>umrient pr(!cislon, lack or sufficient 
mcmol~ oroc'('auS(' orlhe tllne losl 
in data tranlofcl'li 1)('1\\'"('cn th(' 
proce&SOI'li 

One solu! Ion can be found in Sy8-

h'IlIS that ullo ..... tho hoSI and alTaY 
proccSSOIotO shon! mcmOly, Such sys
(('illS give Iho AI' access 10 the mllch 
la'l(cr 111('11101) orlhe host wilhout 
5ufi"ering Iht' time penalty or dala 
tranSrent , Anolhersolution Is 10 dl'· 
sign a pl'O('('ssor\arge enou&h to nm 
the cnllrtl program In Ihis architcc-
1lIf"(', pipclint.ocJ funclional units are 
rombilU'd 10 operale in parallci lFig II . 

Plpclilll1lf( has been IncoqlO
raH'(1 inlO a thn."f'-stage floating point 
multiplicr, a Z-litagt' floating point 
addcr, and a 3-Slage memo!)' pipe
line .A single Ulstruction can utilize 
th('sc 3 unils as well as include an In
tegeropel"3lion , l'Cads and wn les to 
twO separate dala registers. a "Cad or 
wTite to secondal)' nwmol)' and Initi
ate a branch ol)('ration Such an In
lilruction ran bt> initiated e\'Cry mll
chine t:\-cle 10 give a hartlware eapa
bili~' lhat allows 10 simultallrous 
operations 

To meet the precision requlre
menlS or nlo~1 modeling and large
IiCAle simulation applications, 64 bits 
are used to repre6Cnl floallng point 
numbe., Thr maximum memory 
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Pill Arny-prooeuorarchltectun! thai combines 

availab~e for such applications was re-
cently Increased to 58 Mbytes d . ,an at-
tached disks can be added when 
greater me~ol)' capacity is needed. 
Configurations are available from 135 
to 3000 Mbytes. 
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Foremost arnorvc the aof,'\'a,no ,oot~ 
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" compiler that .d~rft 10 thl" 
A.'SJ 77 standard and U.s wt the 

Dept of E~rgy e"t("~ for 
asynchronous I 0 It run on th(' t...1 
:mputer to produce ohler·t frlea \ 

Jeet linker that abo run~ on!tw- n 

producr a...n,dr fUr to hi!' 
to the -\P 

A ...... JM. ..... I"'.-I. oI .... ~ 
M", inMruC"tkNU an> 
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nf"l'mc_t IX) '0 .. ". tt-..tan- drw 
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t"f "",-.kJ."" •• Ufflll\ \ DO 
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better \mag1! quality any-
to Celtic's unique Image 

I'IevIew I'brt. along with a LED 
diopIar 01 th~ film frame and a "ready" indi
cator. theft" no guesswork to the system. 

And you won't find any other computer 
carona that's so eaS\' to use. Bl.~ause unlike 
most the VFR 2000 'requIres ab,olutely no 
ooIn-are Just take.t out of the box and put it 
to '"''Of)... 8t.--sid~ , your entire office will enjoy 
convement;td\'antagcs likl.!' a fully automatic 
film wind and rewind capability. And our 
( olor-Enhanced \lonochrome (CEM). a 
floatu~ that lets ,""OU make color copies evcn 
'"' hen your di p1ay is in black and white! 
l..se standard slide film, including ncvv 
Polachrom('.ln~tant 35mm film for Immediate 

de .... loping 
and 

-

computer or computer 
capability. It hooks up 

to a large number of computer 
systems, PCs to mainframe worlr.-
stations like the IBM 3279. It's also adapt
able for use with a wide range of graphICS 
terminals. And just like )"Our color monitor. 
it accepts either RS 170 or TIL inputs . 

We price our VFR 2000 model under 
$2,500. And we're ready to match its valuc to 
that of anybody else's c'omputer camera
higher priced or lower. Because we're ready 
to work as is. Others aren't 

For a hands on demonstration call 

CELTIC 
TECHNOLOGY 

Celtic Technology at 
(213) 884-6767 or 
return the coupon 
below. Innowtion In Computer Photography 

CtllK TKhroo1otO". In.: .. b265 \.ritl Awn"" 
Wood~nd H,n .. CA flJ67IZ13t ..... ....,. 

I would 1iW. un4a on ckmonJtr.t'OI! 

: 'tIt .. w wnd IN" product brocttUAe 

. . 
... -

TR -.st3 



Summer 1933 

Integrated CAE Improves 
Graphics/User Interface 
To Aid Concept Design 

Improved CAE lools, combined wilh an inlegraled design environmenl lhal has rich 
geomelric-modeling funclions, eases evalualion of design allernalives. 

~ ".,"11" ,\. \1c:<:I('II.nd. 
"tructural 1):\ n.&n1K'a RbNl"C'h Corp 

he IJast to years 
ha\'e seen dramatic changes in the 
"'ay mechanical systems are de
sign£'<! and manuractured
particularly In the application or com
I)ute,...aided procedures rordrnftmg. 
analysl1l . tC&1 and numcric4ll control 
111e ·productn."tyorlndi\-idual tasks 
has been significantly Increased O\'t'r 
this period 

CAD systems can yield producliy. 
Ity g.'linS or t hree to one or greaterCOI1l
l:N1red to the manual drafting process 
Similar gains have been documenled 
In such areas as finite-clemen t stress 
analysl1l. laborntory vibrntlon te5tlng. 
tool -path generation. and many other 
islands or automAtion Such produc
tiVity gains ha\'o rarely. howevcr. 
C'On'('lat(.'<i on(> to onc with the end 
produrfs time to maritel and 
pcrfonnance 

1\\'0 key ingredlentslihow prom
ise ror closing this gap One Is im
proved compute .... alded engineering 
~ CAl:.' tools Fig I I to racilltate rapid 
t."\llluation or dealgn aJtematn'el and 
promote greater dcalgn innO\'81ion 
The other Ingn'<llent is an Integrated 
d('Sign ennronment that em
phasi:t..Cs data sharing among nume .... 
ous applicattOns and a consistent 
graphlCSIU.scr Interface. 

Structural Dynamo Research 
Corp-ha. rocu5Ccl on dC\'t'loping an 
integrated em,ironment for concept
delolgn engineering In tht. environ
ment. 8ystems and components are 
dC1'lipled and analyzed in an iteratil."e 
rash ion, rrom the earliest phases or 

product planning and with succcs
sil.'C refinements until pcrfonnancc 
objcctives are met The functions of 
design. analysis. and test internctive!y 
access a shared applications data
base and convcrse .. 'lith the user via 8 

consistent. menu-based. graphlCSl 
user In1entlce. 

SO",,\VARE DEVfo:LOPM EN" 

Softwarede\''CIopment rorthis CAE en
lironment provides its own unique 
chaJlenges. Certainly there's ageat 
demand 10 increase software capabU
ily ror indn-idual engineerlngdlscl
plines lapplication programs) And 10 
provide. consistent and efficient lw
ei of Integral ion Additional effort 
must be expcndNito keep pace .. vlth 
rapid advances In graphics-display 
devices. a ttached processors, and 
p<n\'Crful desktop computing 

'Ole user interface must be con
sistent across applications,yet nex.!
hie enough to comprehend dlrrerent 
user stylcslsuch as hierarchical 
menus. conullnnd-dm't'n modes. 
screervtablet selection. natn."e
language support, on-line documen
tation. and easy programl114blllJyl. Be
cause of such demand" the 5Ofiwaro
dC\'Clopment process lllieir has be
come a critical element in efforts to 
achiC\"e an effec1n'C CAE en\-ironmcnt 
and hence. the desired productwity 
gains 

11 Simply takes 100 long to de· 
\"elop software, and reaultir1&'YSlems 
all too often satisf"y obsolete functlon
a1 specs and are difficult to enhance 
and maintain . Also. 50fhwre trans
portabilil}' between host operating 
systems is far from automatic . 

The answer is to mO\"e rrom pro
grammer-dri\'cn to useMlrt\'cn soft· 
ware dC\'eJopment In the rormer. a 
ronnal process 15 rollowed-
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IT'S 

It's a 6250 BPI CeCR) con· l1'e a H2.'iO nlJI.trl'nm~r o:::.n. 
troller that can handle dual troller for wmorTow's ne'A"l«h 
and tri·dcnsity drives from nology GCR I!Itr~ming drivt'8 
STC and Telex. It's a single honrd imb.ddecl 

It's a Hoftware compatible controller with (l 641\ bvtf> on. 
litreamer contToller for today's hoard mt>mory that .~ like a 
streaming 1,2" drives. tarJ{f' buffer in atart .. top mode 

It's a TSll· emulator. and as a multibloc:.k staging 

stern 
Dit-'u..,11 of ""ESPERCORP 

(rom Weakm 

company Ih t ~-:nr.:r i",.. 
magn..", tap" on 
romputt-n than any 
indepcndf'Dt 8upphu 
... nte .... ( r kduuaoJ do: 

14~21 ~1y{ord Rond, Thstin. C'A 9'. 
(7141730-62.50 TWX. 910 'iSS-In5 (,AIlLE. WF 'PER 



Now you can make the most 
of.your DEC· system's storage. 
MIcro Technology's Winchester 
controllers achieve total 
RLOI/RL02 emulation on dri\Oes 
never before possible. With our 
optimized recording technique, 
)"ou can Increase formatted data 
storage capacity up to 41.6 
MBytes. 

Fa,,=-o c.c-.,. "' ...... 

• ~ ... dI:JIn..e au " .. 

That'. 10 • 18".._ 
c-ompC-tlUl'e'" I.. pn 
0nS.t til< .-..n...
(he" amptC" pia,· I. tt 
roauelf, or buy Ill. c 
.tor~e.,. (f'ID IDeIat: 
drt>n ond ,.,. ... mdy 

V. rite or n1l todaJ 
key (0 l~ C toC"fftctrtt 

~~~-~--'-'-"-"'--------------~IIIIII Su rmn l"r 1983 

Proliferating Interface 
Standards Confuse Task 
of Controller Selection 

l"nd",,,landing Ihe emerging in le ,face s ta ndard s for all sizes of magnetic media 
.110\\, inlt'gmlors to upgrade w ithoul cosily ha,'CIwareisoftware red es ign . 

t~ I}onald C. I>t>ICNoOn , 
IlItt'l CI.rp 

echnology ad· 
\an('{'s h'l\"(> re:.ulled in a dramatic' In
CJ'(·a.!:te III thl' capa('lly o( magnetic 
1na!>S-I'norage dC'liccs CombinL>d mlh 
• growing numbcroflnlc,fare Sian· 
dartls (or the various mLodia I,n~, 

thl~ h.ts C"rt'ated a IlOll'ntiAlI.vcon(us· 
in~ M:enario (or Ihe OE,.\lln his selcc::· 
lion of ma.!ts-Moragl' IlIl'tlia 

An undt'I'blanding o( cUlTCnland 
("\'Oh'lIlg Irul'rface standards should 
enahl{' the OE\llo ch()OS{' an inle .... 
(an' and JX'riplll'ral ("olurollel' Ihal 
WIll allow him 10 remain compelltlVl', 
und to upf(rad~ an ("i!lling &,vt;tcm 
\"jthout having 10 rcdl'sign contl'Oll('r 
h.1u'dwal'{' or \\-'lito IlL'W aof!wal'C 
dlivCNi 

'J hen' arc Iwo basic kinds o( 
inl{'lfart's dt"\iN'-I('\l'1 ol'dumb Inlrf\
(an's, and h'lelllgl'nt intelfaccs , An e\
umple o( II dMiCl>-I('\l'llnl('rf.u-c is 
Ih(' SI 506 525-in \\ IIlchl'5lcr inter
(01("(" An c\aml)l(' o(an IIllrlligl'IH 
inl('rf3n" IS Ihl' MSI'~hug.1M Associ· 
alcs S,,!ot('m Intclfacc ' De\in~-IC\"{'l 
IIltclfaCCIi art' most advBnlagooUl> for 
Iat'f{t· 01'"\15 \\'ho maintain an engi· 
nt't'ring Siaff with controll('rf"llp<'MI&C 
and behf"\'(' they can gain an advan
t~f" O\"(>rthl'irrompclilion by df"\t'!· 
oplnR their own ronlrollcr 

·\n inlelli.,;t'nt inlerface Uri 1>e51 
5uilOO fOI" small- and ml'<hum·ltlzc 
01:, \Is \,-ho 13('10;. conlroll('r t'1l1){,Mise, 
and 01:.\11 \\'ho have multlplt· prod" 
UCb and want 10 mlnimuA' the C~
pt'!l!"'c and rt'.!tOut'('(!S l1('('dt"d (or ('on· 
trollt'r dt'\clopmcn! \\lIh an mlelll
W-nl inwlfarc, an OHt ran upgrade 
hUt produ('t linf' II.\' addinR a diffcrt'nl 

type of drive 10 the intelligent in Ie .... 
(ace bus, withou l having 10 buy 0 1" de
velop 11 new con lrollm-(ol' the new 
dlive, 

'1'111:. FLOPPY MA KKE"I 

\l arkCIS (01' the 525- and 8-in noppy 
have standardized on Ihe Shugtil't 
Ooppy Inlelface . 111ls has helped 10 
expand the 5.25-in market and ru· 
lows relatively easy com'CI'Sion 10 Ihe 
smaller, IO\\--c .... priccd drive~ because 
Ihe same controller can usually be 
uSt'd foreilhenhiv{' 

Four polenlially diffeJ'('nl !>lan
dards arc d{'\t'loping Inlht' lilIb-

525·m microfloppy markct Sony. thc 
first C'Ompany to ha\c drives avail
ablt', has choM!1l a 3.5·in (OI1U (aclol' 
and hard·shell di.!;kt'lle . "l\wnly-two 
olht'r dli\"(>, media and desktop com· 
puter manu(a("lul'Crs ha\"(> chosen to 
align wllh Sony and promote the 
3.5-in micronOI)PY slandal'(l. Thc 
3.5·in. chives use the sume inlelfacc 
as tht' 525·in minifloppy (hivCS 

1111'Ce otl1('1' (ol1n (uCIOI'8 arc also 
\.);ng (or microOoPPl sllpl'{'macy. 
lB\t has a 4 ·111 d,;\'l' Ihat isn'l mini
Ooppy-compalible lIitachi It'ads an in· 
duslry group o(about 17 manu(acluf\
era 'fllimarily Jal)3nt'sc1 suppoMing 
3.o·in dm'('slhal use a hard·shell 
diskelle and are mininopp.'" 
compatible. Dysan M-agate, and 
Tabor SUppOM a 325·in. dm't.' \\;Ih It 
soft-shell diSkel1t' 'similar to 8- and 
525-in dlskelll"'S' Ihat's rompatible 
\\'llh the miniOoppy intelfaCt"o 

Because the 3.5·in dm'C ISlhe 
firsl available, is Inlcrface-compatibl(' 
with the 525·in miniOoppy dli\'(>-8, 
and has Iht' larget;1 numberof 
backers including ShugaM' It likely 
will become an induslry litandard 
More than one siandard Olav ('xi:.! in 
lhis large mark('1 how("\ PI'. !to oth('r 
sizes may alw be t;ucce&~(ul \\11('11 
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of installations worldwide 
prove our concept: 

multifunction controllers work." 

r " '1"''''' Iylu.m pc:rfonnancc 
rt"dta« y (em cotit. 

~...... 

I Texas IAltrumentJ 
2 P.r"'..,·Elmer 
3 0.11 General 
4 OEC 

All are smart, firmwarc-inlensi\'t:, 
Ingle boud controllers that support 

the widest range of indtpmdcnl disk 
and Dlpt drives while emulating the 
au manufact:urer's disk and t1Ipe 
lubl)'1>tems. 
Our mulrif\UlCliOn controUtrs 
eliminate the need for 5CpatIIlC disk 
and Ulpt controllers, saving you money 
Ind CPU skxs, Incrnsing rc:liabilllY, 
and reducing pcJ\'I'tt and sPIra 
rcqulrc:ments. A unique dual micro
proc:euor uchllccturc: and $Cplnlte 
duk and tapt buffenng not onJ)' 
luppon limulWlCOus tranSfers. but 
appear to thc system 15 two 5CPlnlte 
conU'OIkn. 
10 enhance sYSlCm perfornwx:t C\'t:n 
more, Spectra I..ogic provides our 
o~" smaming soft ...... rc. Spectrl 
Strum .... for DEC, DG and TI 
openmng systems. It can back up 
an enure 80MB drive In only 5C\'t:fI 
minuteS, and 1$ the Kteal soIuuon 10 
1M Winchester and 'n-inch tape 
bldc:up problem. 

Wha t arc you waiting for? 
No mltter who you're done blHinos 
WIth today, Spcttrl log)c's high
pafonnanoe: mulufunction controUcn 
should be m )'Our fu~. To find out 

mort about our field-proven multi
function conlJ'Olkrs and the company 
that's rc:\'Olutionizing the controller 
Industry, slmrty return the coupon or 
call our nluon.a1 SIIcs lTWlIgCf Bob 
Clrter at (408) 744-0930. 

1------------------------
I tMII~: 
I SPECTRA lOGIC CTR·SUM 
: 1227 IrW'Ilbtuc:k Ol'l¥e 
I SuMyvlIe. c.I,torl'lla 9&O(MI 

: Tell me more aboUt your dlskllllpe 
I conl~ I()r' 
o DEC 
o o.ta Gl!nel'al 
o Toxa. Intltumefltl 
o Pw ... .,..EI"* 
AnhCIPl~ quantoty ___ _ 

I"m Inte'elted In. 
o Stng'alunctlOl"l 
o Mullllunctlon 
o Spectra Stream IOllware 
My need 11 
o Immediata 
0" montn. or longe' 
o Allerenee onty ~mo ________________ __ 

TIlle. 

Company ....... 
C,ly ____ Stale. , 
Ptoono I--J _____________ : 

~----------------- ______ I 

lZ77_.~ ~ CA",,* 
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FI,( 11m in1t'I1~t'nl \nll'nact" "~IJ I'\Uhl' in 100 
nexllhl'eC veal'll, dlJl"~ which Ihe Lntl'm~f"u'" 
will become part oflh(1 dn..'Iland Ihl' bua Lnler
face will be Il'amft'ITe(lln Ihl' h.,.,1 U>t boant 

Two COIl1 IK'ling inlclliJ(ent 1I1lC~ 
faces arc now struggling fordomi· 
mUlCC of the high,pclfol1nancc drivc 
and contl'Olicr market 11ll'ISI inwlli
gent standard inwrfacci i.!. SUPPOI1t'f.l 
by Contr'Ol Data. \\hil"h plan.!> to Ubl' it 
on hard-disk dl'ivcs 5.25 in and larg
eI'. '-'l· in_ strcaming-tap(' drn.'l's. ,md 
optical disk!. 'Ill(' 151 is a 16-bit int{'~ 
face that allows a lransfl'r rate of Z 
\ Ibyte.'s today and up 10 6 \1~1C'S III 
Ihc fulun' CDC plans an l'nhanC'(>. 
ment to allow no-hOM lIl\oh,(,ll1C'nt 
for drive-Io-dlin' Iransf{'1"S 

111(' oth{'I' pl'oPOSf.>d h~h-{'nd in
telligent int{'rfaC'e is the 11'1 intelli· 
gent pcl'ipheral inlC'Marr'l no\\ hf'ing 
developed h.' an \:\51 rol1uuitt{'('_ 
Thl' 11'1 appears to 1lf'. lIying 10 aCl"om
plish 100 many th inw. wilhin <I sinfClf' 
slandal'll lk'causr' of Ihi~. thl'l,,' ar'C at 
leaSI f01l1' tl"anscl'iver' I)'»CS 10 handle 
\'aI:'Iing dis\:IIl{'1' 1'('(IUir,(,lllcnts, t\\'O 
prot()('Qls to handll' differing dala 
transfer' I'3les, and both an 8·bil and a 
16-bil dala bus 

\\ ilh the im"gl' nUI1lIX'rof lX'nnu
lations PObsibl('. Iht' WI is no longl'r a 
single slandard and can' mu!oll){' Ink-

en 10 assure dm-e and controlll'rcom
patibilily.AI presenl no IPI-based 
products are available. The Tabl!' pro
\ides an o\'cmllloo\.. al the pn'~enl 
standards in various media and 5iZR 

segmenls or the market 

P~RIPIIERAL CO'-) ROU.J-_~ 

-111e size and coM of rontroll("r boan.1l1 
ha\'e decrea!>cd 0\"1"" Iht' paM <oi, 
'years. Intrl's first flopp.v-dl."l.. control· 
lers w('re 2-hoard sohillun~ thai 10 ' 
c1uded a singie·dC'llSrt.' ronlrollf'r 
pri("'ed al 5995 and a double-dcll!>I" 
controller p,i("'('(1 at 51290_ 1. .. 1\('1"", Int('1 
introdu("'{'d a i>inglf'-board, !'IlIlI'le , 
dt'nsil\" <hsk ronlrullcr fur. (i50. And 
thell ti1(' \1,1,1 flopp.,,·di .. k C'Onlrollt'r 
('hip 1ll.1dc I>os!>!ble a "In,l(ie double
dens II." floPl>.' controllt'r thal'& onh 
on('-Ihin:! Ihe !>i7..l' oflh(' o~maJ 
board nli.!. bo.lrd hO\\'t''\~r. dONon I 
contain the D\lA rontl'QlI(',· Illducl('(1 
on prt"\'lou'!' board.!. 

In eal'l.'- J!l8J Inlt'!lnll'(Klu('('(1 
I'" first \Iullibu!> \\IIl('h~tf'r·dl!'l\.. ('on
lrollt'rhoard for8-in driu~ 1k",,·auM" 
of tht> ba('\..up rrquin:'!1ll'nt fur 
\\ Ulch<'!.l£'r dri\ c, ... other t'Oll1panll"!'l 
Ml("h a!'l Data S.\'!'lI("Il1 .. l)t· .. ~n, ~·It"nll· 

fil" 'h('ro~.\:.It·IIl" and Dala h-dmnl 
OI{\ COil> haH' mtroc:lucf'<l "'1lf(1('· 
board produ(,l"lhal Intt'grat~ 
\\ incheslcrconlroll('No \\ Ilh n(JIlI'.' 
and or tapc ronlrollen>; In adrhtk)fl 
Iht' dala i>Cparalor ha. ... X'('n illl,'!
grall.'CI onto th!' bOal'.'{f, rt'CIUllTnwnl 
for Ihe 51'506 \\inchf'!it("r rnll'M.ln' I 
which 10wel'S l"O!ib and th't·n' .. u.t~ 
('ar~-slot requlrt:'llIf'nl .. Ih,' pnf(' fuf' 
multiple conlroUl'rhoardlJi b I()\\f'r 
than for eal'lier bo.lI'ds Ihal ,-'ould ('em· 
trol olll~ the \\ indl('stt'r tlmt' 

Controllef"!'i iI.I'(' also a\ all"blt· fUl 
intelligent int~rfa["'('" Oat., It f·hnn.· 
oK'>' and X("bee offpr rontrfl.I"" Ihat 
pl'O\;dl' an S1506 ml(>Mare h .... t\\("I"n 
Ihe ~\s1 bus and \\ Illdw ... h'1 tim" 
l1tis t~'JX' of coiliroll("r I~ aqulahlt' to 

-u.", _ C_ lJIl .... IIfOlOIIII 1IIT .. aa: ,,_ 
lilli - m.--I"IIDUII;I • m_ _. ... 

It •• 11 ....... • 
. ·111. 11' ...... • .. ..- .II1I5I Ul1JUII ,.. 
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inlcrfacing to Ropp.' and S\tDdr;.", 
and \\;11 be a\ailable ror ~"i:n c. 
tridge dm~ I U!'lolf~ the QlC-OZ Ilk:
fa("(' ! In Ihl!' n{"ar (Ulu"" 

Intel hM dt":ldt"d 10 indudr 
as an opnon on fulure \luhiJut. 
ba&ed (' Pl' boord .. %1"iB ~ fta 
poraled inlO Ih~ parallr·l·pon 
oftht" (-P\.' board and ("'an br 
1J\lh(,IOM'r110noflwo~ am, lO+tinl{"\Kb Nt ... \\ithlbo 
~ in RA\t and fPRO\l 
M.wf' hoard ('an nO\\ C'OCIloWr thr 
CP'll, lotai \ IMn nlf'n~ and 
pt:'''I>lwraJ mU-MA(1\' 

AI pn'~'nl M"t'rAl ~ 
tor manufal-tun·r.. 411' dr .. tiopq: 
\'Utl \A!l1 ('tJnlf"nll('''' and \L~I 
tihipplll,tC .... ulll)l~ 0( II .. ~\."I ~ 
It'l"-dlip t'l It aJ'pt'4J IhrrhJpwt. 
alill UK) "'p"nlloh,' fur tim" ,ftKb, 
to In"l'1WlMlIt' Inln lh,.'I, dri\. tru 
Ihat tohould thaI".,· DI hip Itb~ 
dm"n drn .. l1 III Itt' 
IWllt A~ 
dt"C·.,.",M " II "\lnl,..'~ 
wndon to nw."r It\(" '~"'I cttttn:&r 
an Inl(~II)4J'1 ollht' dn ...... ".1 

-\1...., I h~lnt"lll-d (:.ompuIft' 
~\ 1('1Il'" lAo NIllflU"f' ant"l CaeO~ I 
\\lth It", \Iullll.us uurrl:&cT .-.I 
'" d'''''lnph\(al1 bl-tnlrrikw 
III'Khlp M'I kit'" llM"on 11 .. 1 .. 1· 
t'UHlllAUhie «1m 

1\\"1) tit'" tlu,.,. .. 't' .... from ... 
\\h.'n \ 1 .... 1 &a a,.lbbk> t!Jab 

(-fIN 11\1' Inll',;;I1111011 CIIthe ~\SI -
",111", into Ihr tir ...... th,. JIId\A.~ 
{'unllullt" fUucl\l~ I an tJI' lata!h If' 
lU,n",d Imlll II"",, If'm lbcndw 

""'1 hu t"'IIM' (rt hoant ".~ 
n('C t til"" tI\ tf)." t(i8 ,vtrtym 
tim, 101 IhrnWM>ttofoot· 
f'II''"C:'I",U ~uhon 0Ilf' II, .. '~""I 
cluh" tWlnh\ "m or d\\'at'l' durWI 
\\h n" 'Iemb~ ' 

I)on. ltt (_ I"'I('r;.on ... nwlt: 
In. -r /tIr \fl Lfl81 ~ pti"'" 
CT .In rT booard.s lOr InIt'l. ()fJI 
m..JC2U1N ClJlltnIKWI Iff't".-:d" 
fl.\I.1 MId \I .... #JuNnra"'l!""'.'~ I 
rlw! ( 11ft: of~\ ISt"'ORUrt. 

'bJCiIll_ ~ iIo><bO<y DlLOG's faToIy cI 
08JS co .... _ IOU lot sysIOmS nIega!JoI\ 
~ .... U!no cHlEC LSI·111h1O.Jgl11lZl PWS 
aJ!'Il.OnW'd.,;oo cllOCIay hogll<ld1nology w __ 

DIlOO "'!her ........... ~Iy W1Ih_ 
UrwersaI Formattrng'" SO ~ can change 00..es as newer 
rrodds Ile<xlrOO _ aI W1Ihoot dlangng on-boord 
COIIIPQOEII"'ItS CIt adding OOSI: thus rnakng DllOO a real 

prc&'perfofmarce ""'"" 
SMD COMPATIBLE WINCHESTER DISK CONTROLLERS 
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• m.ll. RSX-l1. RSlS nTSX·Pks·· • Alll. RSX·lllr'1d RSTS 
_ ()p.eCA(*'. to 160 MB • O'M!Ic",_,.to40 M8 

· APOZ<lP03_ 
• Unr.ersaI F"ornatllnO'" 
· m: 11. RSX·lt. RSTS IWld 
TSX_ 

• [)rMtc ...... to 160 M8 
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• m·H. RSX·111W"Id RSTS . AT·H . RSX·11 and RSTS 
• [)rMt I 154 M8 ' DrM3 capeoClElSlO 40 M8 

ST506I412 CONTROLLERS 

• ST5061.O 0011 ipEiItje 
• AlOt.fLD2 emJMIon 
· Emlroad 32-bt ECC 
• 22-ht a::ktreeao rg 
• Alit. R$X-II. RSTS and TSX-PU 
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In lilt.;' !lurket pklCL-':'. of high h .. "(:hn<. ,1, 'lg~. I J1t." 
a1ll1 lxU1Y Ihal h:.l'> ,,11;.11 it 1~lkt!'>. Llkt.~ 1)( llhu1g f(,r 
gt~lJlll-'tl, \\ 'e think tht ... hcalth~ -re-.,x-'(." fi >r the 
changing IK't.'(b of our CU"'(Ollll->t:-. ;mu Iht:' d1.;uk'ng 
ing ac.h -:1I1<."C', of Ollr ('()mpc .. 'lil(ll' l'" the plinofxtl 
rca'i(Jrl " -e 3re ((x.b,"\ number one mantd;!(:lurl"f (,1 
imelligcllI dl,k <.hi \"c l'()l1tmUI..,..." 

h\ a Icadcr-..hip J"XNli<>n we II1IL'Jl<..IIO kt.-'t.1', . \nu 
[hal illlcmion i..., Ix.ckt.'d hy ;I full 'ix"(tnllll of 
C::lrXlbi!JIIL~ in high pl--rfoonancc ~u'k.t km pn<.mR 
in ~1, ,;ti llbIlHy and rcliabiHIY dtlt \\ork. .. synerw.' 
LiC1lJ~' 10 ,tn:ngthl'!l the \ J.luc (i cxh U l1TI1XJt1t.111 

In Our Business, Keeping p 
Means Keeping Ahead. 
It· ... ck)ne h~' m,unL.linil~ Il"t:hfk)"~cal ;uxt pn, 
ductJon l'llgL~_ And ~I! Xeht.·"c.: Ih;'1( Illc:.U\ .... cl)upk' 
of th.ing-.. It mean .... \Luling one of the- 11l( N ebh 
Or-lit: <..·Ol11pUIl. ... ~tkk.'lIlllcililll., in Ihe: hlL.'ilI"il."'-' Our 
CAD plllll, featuring <"'\l.-'rYlhmg lium cligHVJn~ 
~~'~ICI1t., 10 pilOIOplo{ling SY~l'llt' i.., ll'lt'li h~ our 
l1'gillt.."'L'I'. and oficl1 by our CU'""Ollll ........ • l.'nwnl."l""" 
;l., \\-dl 10 help define pnl1ll.-'lf arnlll IxxtrtJ .u)(j ,.'" 
drcuil dl!'tJgn (tbricnion 'iollilion • .,. inno\~lI\l.'I~, 
:K'ClU'::Uely, quickly and ('(~I efk-'t'li\'eI~ 

Q)l11plller ai(/l'tl m:lnu(;tCIUring heir)!'. lr.U1.-.LIIC 111L' 
qualily o f dl.~gn il1lo qU<ll1lilil.':-! of the ,,-une o,ul.-'r 
And n() l"OIllI1Clllor can l:1}- dum I() 11l(>rc: '" 'I1IU .... 
ticawd C UI f:.lcihtie; th.Ul OUf"\. '-,l;.ill'of the ~Ul 
n>lxxi<..':'.. including i.Il1lOin'IL"fti()n, aUlokX)(.lmg and 
<l1I1()11."H l.'qllipIllL1'1, are gcarc.:.-'d I() handle \dume.. ... 
a ... high ;l ... 100,0)) unib a 1110l1lh to a ... /tm a. .... a fi...,,\ 
i1X>lL."o:uKI ket.,->ingqual.uy up and c(l'.l...,<..k)\\ 11, 

whde k_l.-'t..j)fI1g Pn:xJUctIOI1 here, on..J"k>rC, nOf IlN 
for rXllnOlK.' bUI for \'l~ practic:1J f"l-'a."iOfh 1h.1I tx.'Ix' 
III ()lIr(U')({)mer.-. ~1IK1 OUI'!CI\'~_ 

'n,e Pcrfonnance [uge 
\\ h,.11 \\ l' to. ,k .t.I .. ltd COl I 
PI,:rf'Jf1l~Ux.',,: \\t..n,: h.J liI ~ 
.ulll "l111 "II k'\\J'If'k-"\~ lor IYt .. tu.."1: ) IUCWl 
OrrJ'LIIUlk"\.·\OU ,~'t .. 4iJfl'I"ld ('It" 
.tJlC lUI J"II..'lI"'-; IhJflk.· \\b:\ bom ~'l1ll: : 
l1lud'LNIJtt. In. JIll Ilk." nttnufw:rllfVl.: lint-10 Ihr 
n~u1.Jt..'t1Tk"nllint.·'1 , lhr: I Jltorn 1Inc.. ~ ~ 
d .. ~ ,U\'dllJlC ,111<' ,,''''''' ,,,,-") "'" ~ "'l* 
"hi'I\'\l';Jnl~IICa1n~) Ik mt,.cr... In.,, ,I brg..,. honk of < ,,-rirnn'--<nl&un ZI 

ntll."~\'-· and (lWlunUlllt m\c:':IIl"k"IlI ~ "","" 
,u .. , ""~"",,~1Il1<'I1I ,~ "*' .. fiN.' "''''' t- ..... 
III till' fTCJ\ l" ,TCIII.bJl'b chc..~ Rn1.- t.&kcn III 
IJ~l' Ihe:" I , () . J' c9 ~ indl 
lh-.k l"" JIll 

A Centrifugal Cllartef 
1k.;''I.on • .,l( ~! It pm 
nn.unh \ul! l'\ ,. II ~~"d 
-"k.·llf"~-..w-\~ In ~l'll \\ 11;11 ,.,JkI ",\'111-.' 
dk'l'1..'llrihtt;.d ".-0:1 ~ ourbtNnc.: ~2 
"t"ll..."l.,j I JIl(l' JlU.Jw" OUllnJl11 til(.· a'flle."!. pM 
Ill!( 1''''''' "0" n.,.,.JlUliIlcdvluI. p"""""'- jUh 
U'lJot m .. ui..l1 .Jtln: up anJ -'lll~ l Wl1f"1IUL"fl '* 
\\ l' hkl " II Ih.1I \\,1\ \nd "C) do IkJr ~IJflll"" 
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Graphics Standards 
Focus on Device and 
Programmer Interfaces 

At tho programnH'1' 1m c l. GKS is the e me rg ing world standa,u . VOl . a ha,uwal't~/dl'ivel' 
interface. dl'fines a ,land aI'd I 0 Pl'o loco l fo,' device- independent software. 

by " .,. ... 1,-" 111'1" 
and ".rk J a lnr .. Um\\ n , 
Graphk II ", .. !f'1Il lilt 

hlnnclal'd~ an' addf'('~l>UIK II,,· """" 
"an.' dri\'{'1' inll"lfan' Om-. h""I-<I on 
'Idrolt" 0.1I0\\!'! ron~lUl1t''''' 10 .Irn ' .. !'! 
("Omnw''(: lal dalal)'",M>~ ~ 1f'I!'phorw 
hm' For ~('Iwr.tl (-omplllt''''gl"3phlf"'> 
"ppll(".llion.!>. lilt' '111unl d('\ln' 1111(','" 

l,ln' \ '01 1 (h"fillt'llo" !'!tandiu'tll 0 JlIU' 
locol and l:,olnl('!'! Iht, Ulli(IUI' ("I1,)I:W' 

Il'n.!lllt's of 11ll' ph.\!'!it"':11 gl'Olphln dt" 
'1("(' III Iht' d("\u"t' ·dm,"' ~flWill1' 
modult'l ht' fllll("lIon .. olll'I1'd h"\' till' 
\ "0 13''1' c"on.!> ... tt'nl \\llh 111(' ."onn"p" 
Illoll modd of tilt' Gl'ilphieal I\l'mf'1 
\'~It·m I GI\~ Ihall~ tht'j'm('Il(in~ 
gmplu(" .. hl,mdill'tili t l ilt' 1}1'OK'",nl1U'1 
It'\\'1 

Uolh Ih(' pl'OKI"OlmIlWlllncilh ... kt, 
1111,',f<.l('1.' .!>Iandal'tl.!> no\\' l'I1U'Il/:iIlK 
ON' till' 1'(-.,ult of 0\ ('I" n til'C"ad(' (If 
WOIi.. 11"\\lIIt'I1("an ilmll.umlw.UI 
Or}t.Uu/Allons 1 hI' l"UK'"3I1UII('1" 
inlt'rfan' n.f,'r.o.lo Ihl' ('unn"ptu;tI 
model'1:> wdl ill> Ill(' !I,\11Iil\ 111(~ 
pn:Jf4Jamnlt"r Wo,f'!'! \\lwII hI' im"ol ' 
1)OI'aw!'! W"3I>hl("l> fum"lum!! inlo an 
apl>lrcalion pl'Op(f"am 

-I hr d{'\ in" illt(,li11("(' .. d('f'II to Ill(' 
protocol bClwl'"('n Ih(' d("\Wl" 
IOdclx'ndenl and Ill(' d{'\i('c
dcpendcnl funrtlon!'! ' 111(' I>ro~rilm · 
11I(',..I("\,£,1 inll-rfa('t' ~landardiu'!'!lhl" 
CAllin~ M'"qUt'nc(' and fum"1ion~ of a 
graphic:. pr'Occdurt' hbrn~ \,1111(' Iht, 
dC\it:e Inll'lface d(,finCh a d('\i("(" 
cirin' " protocol thai I" conf!olltlent fOi 
all graphic!> d"'·lct'l> I iK I . 

I Il l-. GltAPlllCI\L KE lti'!:.L S\'S'I · l-. ~ 1 

GKS, the c lIlcl"gingsland:u'(1 a t thc 
plugrilIll IlWI"ll.,\c!, has fell Ihl' influ · 
t' ll!'t' of many 1H1I ionai OI"gunlz.at io ns , 
induding Al\SI in the Unil ed Sla tes, 
alllll"'t'i."cnlly has been fommlly 
IIdoplt't! as u draft sttm dard by Ihc In· 
1('11111Iiollal Slandalus Ol"ganil-ulion 

GI\S arhi{'\'('s souf'Cc'--code pol1a· 
b i li l~' U.\ pl'O\iding a consisl('nt inlC'" 
fact' in high· I{'\'('llanguagcs such as 
l OHTRA' illlllowli graphics
applil"l.llions programs 10 be tl"3n5· 
1>O'1t'(IIX'IW{'Cn different compu ter in· 
hlallalions by pfO\id ing a conSisl('nl 
IIlIl'nan- In high "I{'\'Cllanf(ua~ws SUdl 
as I"OK J KA' Thl.!> t'n.!>ur'(''!' Ihal 
f( ... lphin~ pl'()gmmmen~ willi,.., ablc 10 

wo"" on d ifTI' I'('nl hal'th\ilrc wilhoul 
KOing Ihrough a co.!>ll) II'a"ung curve 

(; I\S aiM> pl"O\ides a cornlilon 
~rdph i n<; 1110d('1 and synla\ to Ihe PI'O
t<"IIlUIl('I" by .!> Iandal'tlizing Ill(' way i ll 

\\ 11I1'h f!;1'lp h it:s functions are a(~ · 
("t'sM'd and b) pl"O\'id ingg..lph ics 
OUlpu t on a 'irtual -d{'\'1ct' sllli:rrc dc· 
fill('d 111 nOI,nalizl'd dc\'il"c coolul· 
lIal('., J he ilpplicalion 1""Ogl"3m may 
lht' n ('ontrol thc WilV ind i\'iduw wo""" 
~Iallons inlerprel tile nomla1i7.e<1 co· 
ominal('s 

G I(!o, &Upports a full sct of draw .. 
IIlK I)limiti\'c:.. selling or primlt 1\'(' a l' 
Iribult'J; , multiple woiblatiollJ;. &eg" 
menU." d",i("c' indept'ndcnl scgm('nl 
.!>l(Jr .. ,w and a romprchcllsivc SCI of 
inputpmmlivc& It wso support.!> ras· 
It'r gr-dphiCS Ihrough af't'a fill and ("cll 
Ipi.\('1 alTa) primih\'es \\l,ile(;KS pro· 
' ·ldt'8 d('\icc indcpendence for fi lan 
dard funclions . nonslandalu opt'r.t· 
tiom arc also made available through 
thl' gencraliU'd drawing prim il ive, a 
well,dcfinoo ('.!>Cape mechan ism thai 
allow!'! a('c('Ss 10 the uniqul" graphics 
capabiilt ll's of a pa/1icuJar dC"\I{"(' 

'l1,c basic drawing primil i\,cs in 

,., 



COmpUler Technology fl e,iew 

GKS are the polyline. the polyrnarker. 
and text plimitives.ll1c polyline prim
itive draws vectors Istraightlinesl be
tween a sequence of po in IS specified 
as an array. A single line is merely a 
special case of the 1>oIy line Ihat the 
operator defines by specifYing bolh 
end points, ratherthan I'elyingon a 
sometimes ambiguous and confusing 

I 4P'I'LI(".I.T"OI'~ I 
1'IIOGIIoI.IM~[llfIrC( __ + _______ QI(J wtl.,1rC( 

I QIWIOICS I/TIJTIf 5 I 
"""..,...'" ----- ______ YIlIllo'TVlfQ 

"''' --- ---
()hl([ ;:4~[. I 

I 

II ....... """-l IJ'I'ANCIUIl ~[llJQ ............. ,I /OIIJI.\ICM) <'MII'fICI 

PI, I llWJ two primAl) 1e\~1. of jU8.phlQ ,IAn, 
d&nls 1m!! Ihl' programmer and (I(..,..,;e.. 

imerfact! le\'('lt 11W' G~I)hlCaJ A~ !o>.'''I"" 
IGKSI prtftidellhe lIandard Im~ Iwf»,ftOfl 
the t ppliealkJo ~m and p.phln> ullht_ 
TheVtMUaJ 01'\101' 1men- \nt · lIo1.1ldard.
lhe Imerf~ bt!tw_n thoc glIphlal uhl,l_ and 
cJe,.ice dI'1\~ 

cun:ent-poSition model pl"OpoM.>d 
earherby the Siggmph Core model' 
'f1le polymarker primill\'C is similar to 
the polyline e.'(cepl that il draw~ a 
m~rkersyrnbol nl each ~peclfied 
pomt , mlher than a \'C('IOr. :\ nd Ihe 
text primilive displays le,1 !oIlings at 
any POSition , \\'ilh any orientation 

GKS a lso supports ras tcrdcvices 
with fill and cell-nrray plimiti\'cs, The 
fill operation paints Ihe inlCliorof a 
c~osed polyline fa polygon 1 \\ith a spe
Cified coloI' or a patlCI1l such as a 
crosshal ch. 111C celJ-<UTaY pli.milivc 
allows a 2-dimcnsional D.lTilV of pixels 
ofdiffcrcnt colors 10 be defi;led You 
can then repl icate the cell O\-'er' an ar
bilrary area by speci{ying Ihe desired 
boundaries, These ol)erations arc cril
icaJ in imaging applications such as 
video-frame displays , cartograph\' 
andothersclentificar"eas . -

Some graphics devices inco'1>O
~Ie un~suaJly powerful capabilities 
IIlto t~~lr repenoire--forcxample, 
lhe ablhty to draw arcs, circles. and 
bars. GKS allows an applicalion pro
gram 10 access these capabilities 
through a special escape mechanism 
called the generalized drawing . 
, . h all pnmltve I at ows you to imuke . , any 
umque ealure of the dC\'ice b . ru . V pas:.
mg a ~cllon number to the driver 

I I \\ Ith thc l'Cquired parametet"S 

Associatedwitheachoutpulprirn . 
ilive are allribulCS thai all('r Iht' ob
ject's appearance FOrf',-amplf' . thf' 
polyline prirnlll\'e has 1111(> t~'JX' ~ul'h 
as solid or dashed width and ('VIm 
attributes. Polymark{'f'S ha\f' al1nb, 
utesof~'J>f! 0:'1. MU',.nd('Ulor 
Te,t primitl\1!!t havf" al1nhult"!lo uf :'W' 
color. and oMenlallon In addmun 
multiple fonts can bf' aC'(~llf Ih{"\ 
are available II1lh(' graphlC'a dt"\i('('l , 

You can definf> color mdlCt .. In 
associating a de!lll'f'(l rolor&pf'(: I"'~ 
in RGB Ired green. and blu(" II1t('n~I ' 
ties \\i.lh a colo""lIld('~ numlx'r 1111' 
colonalues oflh(' pnmltl\(,~ All': lil('n 

given as the appropri.llt' mdr', 
A GKS worksMtion I:'. sl~I(' tlt .. -

play surface and one or mon' Inpul 
dC\ices. \Iultlple workstl\ljon~ rnll\ 
operate III a !ttngl(' graphll':t '~hion 
Ihat might include. for('umpl(\. Ulh'l ~ 

action with a rast('r dlsphn a ploll(Or 
and a SIOr3g(> lube GK...., Pr()\ Idt .. Iht" 
logicaJ interface thro~h \\fll<:h tilt' 
applicatIon program oonlrol. ph\ "I 
cal d{."\ices ~ reditl"CtlnlCgaphl~s 
l 0 al an~ time 

GKS map~ Ih(' coordlnal(" l),af"(' 

-.- " 
/ 

o(lhf> appht'~laon C'aJ.ktd thttll1at: 
(H"dlnatft "'pac-e to Mx"t' 
th.uu.~.h t\\O W1 oIl~ 
_ no,m.altL1taon .. wi ~ 
lraru.funruation.. fnl t~ that
lonl\,. \\-urid coonUrw no, 
nunlw.llU'(i tle\bC'OOrdln.tt 
' OCJ ~ b\ 1o("1t1lllt'_1ri1 

du\\ 'IX; ,.ant ~ 1ft ... 

r,tn t \"'''\11\8 M1fi.Itot: orin 
dl~ p« ..... Iif"T\\f'ftl~ 
£nd df'\it nlen Ilt...,,,,,,",,,~ 
'IX' '),I('f' lnlo Ihr ~nQUd. 
Mit ui It .. \\ t .. llOll 

In thl' C&IoC' of multipll>~ 
t.aIIUIl" "at·h mr. h.\t.,.~ 

\ w"'\ ollh ... pplbhDn b) UM'(iJ 

\\1Jri,. .. t.hon \\ UlCltM lbel.alt 
tomto1hun I I Ilwt\\Of'\aQt .... 1ft.I 
\U"\\pot1lh-t1 can III;" UMdt<)g 

and tnu~LAtll' theOl1f;tnaJ pktn 
.0\ tull wi ot jnlJUI opt'IlItii 

Itn\ .an .pplic.alaon Pf'O«JMI-,,,, 
C"l!nt" Inl'UI froen • braId~. 
If-r-;ac: I",,-lu.,"'t m1cTs lbr 
t'rlltlCua an' puuJWd Info" 
chuin't kJc.alor '*" It~'" 
Wlf" 0\ ,;laI C'il1~' thb 
kl'\\ (.I\.!\IO.up,Q'l.lheop=" 
I~I dnic lor. lW1icu1ar 
I""ironmmt n-- mull. 
bUrr.-th"th Ihn:JU.l:h.idcblbrU 
pulMULal til dH' ~ mmw 
c'hu~ 1Il1f'ff.1aoC'An bfo ndft 

Ih .. ~,locator""= 
hU'l~ a ,JONUon ... "~ 
\\ hu.. the noqunl ,,-aIuator 
dK"alc II,., ruftTflt\:aJu.d, 
u". \",IWItal' dr\b KKh". 
(111uot IhI' ""'fUI"'1 ~ 

""tun) an Intqcrr lhal ITJ'''''''' 
urM' ul a liN of rltok'l"'S Ihrf*1 
tUJlI ",IUrnA thpPIlhkJ. 
numbrr thAI nM'r1"$fJOOChlDft 
~ t I~ IreI.11b 
')\II flnalb tt... noqunt4trtl: 
tJOIl ....-c-Is ch.uw.1ft' InpUItdl l 
hUlIll'd deo\ire 11'M'MI ~ 
nUl be mll.&cmrntn1in. wnrti' II 
\'''\~'Sl ~ ..... 
..... --.Jrj~ ... otw_ 

10 aid thl> prop .umn: 
"""'_ an 1nqu"~i>I 

M thr applicatIOn W 
t.'f11linp tbr C'UrftnI apt .... 
Iwtmil" attrlJut ,..
I~ and tramformatjom • 

dnhcaplthilit ... 

-
111t, \1HT\.:..\LOD1U.I' 

1 \'"0 ftllh p;b tIC ata:nd.anb ., 
II\R thl' I~~. 
(lI,,, the '~lf1hAmrrtcan~ 
llOIl U!wt Pmcocd ....,'fttL, \: ~ 

How to 
the 

for DG or TI system. 

1 Buy 'rom. ~y wtth • comp .... 
IJ>.houoo daIp and matn-In8 otalI', 

eompu .... SV'tems can c:hanQe. Your 
con_should have bull'-In nexlbWty, 
one! should,.. 0f>i0Ini suppon from 
tho oriQInaI daIjJn aroup. A "one-sho'" 
cor.altant may not be around when you 
n<cdhlm 

2 ...... OUR "'" --.. compatible -your_. 
A potch<d.tn subsystem to modify 

your compultr'l opaatinQ system is a 
poor eltanauve when true emulation is 
avoIIabk 

CSlIs tho IadIn8 
Indq><ndm, manufactum of 
pajp/wraI Int<rfaca for 
DotB GmmoIand r""", 
:n.trwnmIs min)
.:>mput<rs. All daIjJn 

and cnQInHrIna wort< 
II don< In-houo< So 
you'D,.. tho becl<up 
you n<cd whm you n<cd« And. our Ilrmw"," 
Is prD8rarnm<d to provld< tho most flaJblllty 
poooIbIe In your choi« and upQradinQ of 
~ AD products "'" wv<r<d by our 
Ucfuotv" two V- warranty 

.... CSI conuoII<rs an< tNe emulators, so 
Ihao arm' eny ooftwan< patches '0 cause you 
",_ down "'" roed When patches "'" 
r<qWmI. • fully $llllfod softwan< support team II 

3 
Don",.. .... eI< wtth Iut y ...... 
-oIotIv, 

Controller technology improves all 
the tim< Independendy monufactuml 
peripheral interfaces should nol only cost 
las'than [)(i's or n's. they should do 
more, too. 

4 
Buy (rom a company with a proven 
track rocord. 

Promises are easy to make, It pays '0 find ou' ju5t how happy oth., 
customers have been. 

available. Error detection! 
correction is standard 
And our self-test 
diagnostics are: among 
the most comprehe:nsive 
to the industry, 

If you' re looking for a 
tape controller or 
streamlnQ tape coupler. a 
winchester or large. SMO 
disk controller, communi

cations adapter. mUltiplexor, line prinle:r 
controller. memory mapplnQ controller. or 
mnote: dtaQnostk. device, give us a caD We have 
• full tin< of products deslgned for your o.ta 
Gene:raI or Texas Instrument's minicomputer 
Well be happy 10 send you our catalog. and fIIv. 
you the names of custorne1S in your aru that 
have beal usInQ CSI products for yean 

~ 
CUSTOM SYST£MS INC e 11!50 SheGy 0. ~ 
Eden Pra6ne. MI~563oU. U.S,," 
Telephone. (1,2) 84'.e.aao 
T .... : 21(»15 CSI MPLI ENPE. 



is haloed on the conc-ept Of\;dl"Olc, 
Developed in tu/'Ope and modified in 
Canada this idea was adopled ~ 
AT&T as a :.Iandarcl ror transmission 
orlc"t and gJ<lphic:, o\'er teh.'COmmll· 
nication!> lines 

about ho\\ to UM' tht' ("lun:nl 
graphi~ d('\icc 

'Ole pl'im.tl\t' runc-llurh tlfft'n-d 
In \ 01 are alo,o (,()rhl .. h-nl \nth Ihl' 
ronccptual nuxl('1 of tlw (."-...., a.1<ln· 
dal'd The cit" 1('(' dm l'~ IUU:.t J)f-r
ronllthe graphic" fUllouIOIt up· 
poned outpUI prill1ll"" , I,nlHlI"" 
allribuu·!'> . p-aphl("1o and lI~-' IlllxJ( 

c-ontml and in(luil~ tunc·huIL .. 

;\ ·WU~ PI'O\;c!c:, a wa.~ 10 ron· 
nL'Cllel('\bion &cts and olhel-\'l"r:'
low·oo:.l 'OISler dC\ icc:. to telephone 
line!> so ronsumel'l> can acct":.s com
mc.ocial d'llabaS('s. Since il:.uppor1S 
only on('-\\0I_\,-al-3-1.l11e communica
lion it precludes illlcrac!i\-e graphics 
applications Although \AJlLl~ i!o illl
po,lanl elm' to the llluuberohlC\;res 
Ihalcould 1>OI(>nliall_\ 1I:,t' thi!> Man
dill'd . il i:, nol an optimlll inle,face ror 
gene •• 11 {"ompul(""gmphic!'> applica
tion!. It probahh will sil helO\\ an
othel' mOlY' gent·.-al d('\ice inleJfaCt' 
called Ihe \'i,l ual dL'Vll'e iIllC,f.lc-t',\'D1 

\ IJI is bt'ing d('\"('loped b_\ A\SI 
X311J3 IL'Chnical committee a:, a slan
dard intelfuce iJelwt'cn dC\;ce
independent softwllre and graphic,:, 
dt'\'ic(>,s II makes all dC\il'"('s ap,Jear 
as identical \'i,lual b'JOIphics dC\-ice:, 
b_\ defining a st,'mdard I 0 p'''OI()('()1 
and isolating Ilw unique characteris
tics orlhe phy:.ical gr.lphics dl'\ict" in 
the d('\,t't,'-dI'iVt'r software module. 

TIll' \1)1 d('\ice dl'i\'('r pcrfomls 
s(,\1"<l1 runction:, It must oommullI
catl'lhrough a hosl hal'llwarc POr1 or 
intel'lal,ll'("hiteclun.' path 10 a panicu· 
Itu-gmph.c" d('\"ic(' '-Ill(' poll inter
face can be "5-232. Centmnics. 
ILI-.t..-488. or unique. In addition. Ihe 
d,i\"t! lIIust talk Ih(> la1lb'Uage orlhe 
gmphk5 d{'\'kt,. u"ing the appropri
atc con tl"Ol {'odes, t'SC.lpC 5eClucnces, 
or mCMiIlJ;t' rOI1lHlls 10 tlcce:,s its intrin
sic graphic:, capllbilit it's. 

l'OI"cJ(amplc, a dC\'ice driver 
1'-1Insla l('s IH.'lwt'en a \'DI {'aU 10 dr.l\\ 
an oulpul primitivc such as a line. 
.md t1w SPL'Cific s("fluence required 
by a ploller (connected \'a an RS-Z3Z 
linClto produce Ihl' requested line. 
T~le drivel' also con 1mb graph iC'S pl'itn. 
III\e attnbules such as line \\idlh 
or color-

In some ca!>es.the dC\lce driver 
must emulale rllnclions specified at 
Ihe \'lJJ inlerface but not pl'O\ided by 
thegraphic-s dC\ice--ror inSiance, a ~ 
dashed line can be emulaled b\' a se-
ries of ShOll \-ectOI'S f1ines' wilh 
spaces between On many displavs. 
you generale marker-symbols in ihe 
dC\ice dri\"t!," b) using special alpha 
char-actc.'S orby using shor1 vectors 
10 d,m,: mal'kel's_ InrolTtlalion about 
Ihe dcnce charactelistics can be re
IUl1le~IIO Ihe applicalion program to 
allow II 10 make some deCisions 

B\ d(-finllljl: funC'hona! (-all.llnll
lIe!, ac.·("{''':'IIlf: nU-lh'N.I .. , .,Id 
paranwtt'I"P,,,,,,,,IoIC nJl1\,-ntluns \ UI 
('nabl{-~ lilt' dt'\dopnU"nI "I lIl""1't 
mdept-nch-nt "uft" .1,,' \ P'''I>hk- .," 
plic-alion canlK' wntl(-n If) (In\,' 4 ~t,.. 
nt'lic \1)1 d(,,'in'" .th "pt>t: .Ik tlt"'K-e 
dl'i\{'I~ !'>ub!'>l.tlllt"(l a!'> nt·c-tlf>t:1 
eilher in ,. t-onli,.."lu·at.fln IJI .. ,n "ur 
111 ru" 11111(' 

I/'Om all .. IIt'ITltlt(> ,X-r.IH>t:·tIU-, 
\ -01 abo aIlO\\~ t'(IUlpnwnt m"Uluf,u-
11Irt'n.tO dC'!'>~n MIlt",." 
indepenclenl hanh\.Jn' In I. t Ihe In . 
dUMI~ I:' mon' and mon' mh·" h"(l 
in huildins til(' \ Ullntu Ilw n"",eI"nl 
finllw.1re of 1Il1t-IIy(c·nl p'aphlt" tlt-. 
\'i~ l'Itlll1.ltl-h Ill(' \ III "III hr 1111' 
plenWllh"f'm .. ih('01l all h,,\1' h,~n th .. 
ll:..f.I _-l8H and 1.llwnl{-' lanel.",1 

Hut hrn\ do.\ou 1I111)lt'lIwnt. 
MandolJ't! in it 1('('hnl)luf{' th"I •• 4"" 
thin~ bUI Mandan.I' 1.llt'. lllI ,',,,tn" 
pletheC\l~op(-I-ahnft .\ tt.mun." 
1H\l3081 (P \I on.Ul \Jt(J:lIo UdJ 
l...abs' l·\I\ on a 1J1j.;.lalt",UIPIIIl"III 
CO'1) \ \ \ and \I..,I)O~ un a \ Ie 10, fill 
Cf'O('OlllPUtt'1 Ill(' \.rtllo1.1 \\,,,ill 01 
C\I~ hh \ UI\ Ill' tOnne ,lIl"ll.IlI>t:1 \\ IIh 
out t't'l'Idn:111) MJ'11 
10 :.i.ze 

On Ihe otht'r hdnd ( I' \I n 
qUil"l':.·z..:ljl:. to tilt' UIM-I,tlll\C .\ . 
telll!'. 10 lo.ld cit" 'C'l' d,,\ ",.,. d\'l~m" 
icaJly \1~-DO~ \\ IIh Itlo Inuit 'm 4Iph .. -
nUlllel'ic·-dml-,lo.:uh_I·. C-,llllw- luo'l>t:1 
into 10ad"l.f(W.lphj(-~ dm .... ,... aI!WJ 
And wllt'll l'\l\ and all ol.b d.,m ... 
!i\'\,!> are ('oll!'>idt'n'(l th(- &upph ul 
standarc"!!> that apl)('~" th" Nmf. tn 
the u~rbordl"1'!o on alclwl11\ But n 
will be dont' • 

fortheOt\l tlu-aclophonol 
this standan.1 rnean!'i Ihal .. \ UI ctm ..... 
ror a 1>aJ1i(-ular fC"aphl d.'\ic."'I! llft'C1 
10 be "ntten only on('(· .\11 I{nIphk::& 
apphc.ahOnlt thai C'Onfum) III \ 1>1 \\ UI 
then be able- Ih(- utilw.' Itl(' !lot.al'ki.ud 
d('\'IC'C dl'i\t-r l..on,l1(-ran4-W h'-Ilf'fit 
\\iJJ be more C\idf-nl a~ e<JU.pnWIII 
and scmlcOndU("IOr manufac.tun'." 
begllllO Implement nUll'" of thl" M)I1. 
ware dn\1.'n.·!> fuUC'I'Ulb III 
hardwaro--in eO'(,(,1 mo\Ullt tilt" \ 1.)1 
mterfa('(' dm\'l into til(- ~plllo de ... 
\1ce flltel( -11ti.s approach off~ ..... m.trl\ 

f'loIllll#: .\ '.·n. 
tu IhC' hank,,,,,,UL\I '" 

cl'dl. I"ncianlrnr..-uthat ht 
h.. tn Insl4J1 "M" IP'Dph ... 
c-:all .. " to." oswonltn«n 
( OIDJrilrt- and Pltwr uuIJI 
' .. "n I" IhC' \ 1'1 ~"'~~~D"'b,;;, I 
( II.., \ittual dr\'tIcn 0"1\ 
\\Ilhuul iipf'I.iU act.pulkrt 
tI*C!' lr.anfu'W1"t manuf.M1Uff't' ad 
dronl oC .. ub!r df'\Yo6nkrCP 
t ... ldn 10 Itbcr Itl,c:twr In 
lriIOlht'lcko\bl~ .. ar'" 
...... ,"""> p"o,,,,,,, oJr,\<n 
C'Oflw ...... lr .. full \ tu Inlr-rllcr 
"lunhYllnfI; IJ~ nerd lor m..b 
d.mrn 

II", ~r,,; ",aphb 
eLa"I" at .. noault 01 man.rI 
(k:r I '-"M I t:nd lIM'n drmand f"*l' 

lion tor ~hri§r~_~~~~~'"'~§~~1 and III" 
hun. 10 
It.) Inu...tonn Into 
\\lUlI l1M'ndon I rwrcUunrwll'l 
proldnlla unol\ttcl "'ith Ihc
anch .. -ulnA up IIf ~ Innatcdl'l 
t"I~n"'on.nd ~ 
\I.anub<:tu1'Tf"& and LU 'b an' 

I NJndt,,~ to ttwo ~ • 

""n.. n.." lin .. u; ~rrc1OIfI/ 
"'lljOTe.....-. 
II. 

_A,. 
Mpnrt IPCflft1JJn Ihr r. If 

'Jrq;nn 

New printer controller 
increases VAX 
productivity 15% 

AClual1y lhe OLP 1132 IUSI g'ves 
productrVIty baCk 10 your VPIX - proch.JC· 

hVity you d.dn't even know was lost Your 
prll'lter IS the bonleneCk.. Everytlroo you pnnl 

somethIng out the VAA. has to spend woo and anen· 
1000 managong lhe da'a OUIPUt. 
But no more The OLP 1132 IS a direct menlOfY access 

(OMA) control"" It allows lhe ponler 10 access mem<lf)' d<rec!ly 
and print out at ItS own speed while the computer goes on about 

It.S buSiness 
Not oriy can the DlP 1132 control one pnnter, It can control two pnnters 

at the same tune - pnntefS WIth separate addresses and different speeds So you 
can have for '"stance, a lener quality and a tugh speed ponter ruMlllg at the same 

tme A.rYJ a sa" test feature I'lOI onty checks out the conl1o11er ItseU_ but the cable and the 

~':':y"c:" ~ back lhe prodUCIIVI'y you·re paYIIlQ 'Q( Call Q( wrrte us loday all0072 Wdtow 
Creel< Road. San Ooego. CA 92131 f't1one (619) 566-5500 



The LSI-II controllers will. 

Handles 8 f>.l dl&nfW'b, i"-oit lII'Of'd 
traf'lSkrs\ 0.\1.\ \. 22 Nt a4dnslnst 
IA· d,annt'll'n~' 

Flint:~N>yed financp Iypes are push· 
overs for Emulex rontrollNs. 

And wh.v not? EmulC'x rontrollers 
have great ftgUl'l'S . 

DEC LSI-ll u!'lt'rs simply don't pay 
extra for higtlt'f EmuJC'x Quality. per
formanC'E" and rt"liabilitr In fact, Emu
lex con~l'?IJ(·rs.al"l' priced to tx> highly 
competluve V.l1h the lowl'r Qualitv 
brands. And thaI's just the bc>ginn'ing. 

comptrollers love. 

Oual dt"TlSlly at up 10 'rnlpl. handl..s up to 
iltIr lot- trar'I.IporU. 

There's no up· front im't'stment 
because Emulex cof!tro!lefS:in; totally lran!'-
parent to LSI-ll CPls. ~o sJ)e('iaI softv.are drivel'S 
handlers or tweaks required .. 
. Smartco~Ptroll('rs don't tiE" up ca.'ih in n{'('(lies.<> 
~n\'entol)' \\ Ith Emulexs remarkablv fast df'li\"E'l'v 
m\'ento~es c~n be kept economicaJJ\' small - .' 

QuantJly dIscounts are another opportuni,\, lOr 

* EMULEX 
The ........ .... ,..,1 ... 

Summer 1983 

110 Controllers Break 
Performance Bottleneck 
Between CPU and Disk 

.\dram'l'''' in Inkru(lI'OceSSOI' pelfol'mance and the increased capacity or mass
slor-af;(' unit.., J"quir'P bet tel ' controlle rs to opt imize ovemll tlll'olighpli 1. 

tl\ Jrfl \lJllrr 
and lUll On·.·.lon . 
\.1 ,If" 

Ill' 
p.wllolllcnal gro"1h of Ill(' mlcrop!''O

t'e~M)r market stern!> pl,n"lril., fl'OlI1 
1('('hnol~ical ad\nn('t'~ IIUIc!I-' In mi· 
t'rupro('t.:,sors und !>,' stt'm IIll'l1IOI:'o 

Hut Ilw .. {' ad, .mft'!t haw CX"('ulTt'tl al 
lht. e'p<'n:.c of the inl('rfU("l'ix'twl'('1l 
the IWO. and I 0 ("onlrol1C'r'h W{'I" n-Ia-
11\(>1.., neg!{'("It'd-111I' \\'('OIkt'lIl Imk III a 
hiK!l-IX'lfonnancf' :..\:.1('111 I hl)O 011'11-
dt. dc,.,n;bt'!'> Ill(> nd\anc{',.. mad" in 
mi("I'Opnx:(> .. M)I' JX',fonuOIlw{' and tht, 
,"apanly 1111111'0\1'11\('111<; of ma., .. -
stOrilgl' unit:" lind C'omp'u'1'!o 111('11110 
cll'\I'loPIlIf'IIIS 1111 0 ('(JIlIl'nl 

II wa.!>nt unl,119itl \\\lh ~hugar1 
,-" .. (X"I.llt'S· cit'\, ('loplIlt'1l1 of till' .!v\SI 
I 0 bu .. in l t'nilt"l' dall'rt1'n,H1U'd '>mall 
computer 1I.\'!',tt·lllllllt·liiln· '~C~ I h,\ 
lh(' \ '~I \J"I'92 COInnllllCl'1 Ihlll a 

",(dnd.wd I 0 mh'"fa('e capahlt' o( han· 
dlin,l{ lh(> dala-ralt' rt'(llIil'l'm{'n1lo; of 
\\ in(·ht· .. lt·r d,<,k!, {'\~'n ("I~led I hl' 
adopllon o(lh(> ~~I..,c.:~1 inlt'rfa('(' 
!tl3ndarc:1 by l·onl.ull .. "manu(fI(·IUn"~ 
WOb Ihe fl."'!,1 ,H'p 10\\an1 Mllnl1gan in
CI ..... ru.ing!\ ("ritit'al probl('m in '.\~I(>f1\ 
pt'rfnnmill«"-Ihe 1).1lh h('lw{'("n (I'l ' 
and m .. IM.-!>I0I""3I{(> ullib. 

Ot'('al..in,l{ Ih('1 0 bollll'Il(,(·l.. be
I,\f'("n high 1X'.fonnan("{" C 1'1.' !>.\I>

U>nl~ and \\indW~ll'J"dl"'l!, I'l"<luin'ti 
the ('Itnllnation O(.!te\l·rn1 roadblocu, 
~u('"h 3" 
• ..,pceti mal('hin~ b('I\\'("('lIlh(' 

hObI and 111<' dl!>k 

• 1)('(('('1 handllll~ on Ihe disk 

• Multi-u:.cr I11ullitasking 
~upporl 

• Dl'vice indl'pcndcnce. 

IIIGII -PLlU'-OI{~I/\!\ Ct 5\'5'1 "~MS 

Illl' mino('ompulcr indusll)' was 
spawned in 1974 with Ihe introduc
tion 0(lnl('1'5 8080, Ihl' first ln..ly low
£'OSI indU!)II""\ '-slundam miclUpnx.'cs
SOl' This inl~llIclion . £'Ouplcd \\"Ilh 
lilt' dt'C"I"l".u.lng ('OSI perbil of dy· 
namir ft.\\Is . establishcd a b .. 'lSt'lc\'f'I 
fOl'lo\\~cosl h.gh -I>clfonnance micro
£'Ompul{'J' :..\'''1('111)0 

~hllKaI1's 1976 inllOOllction of 
Iht· fi~1 ,'ommf"I'daLl,Y a\ailable 
525'ln nopp.\ disk l"pandcd micro' 
f'Olllpliler I11l' 11101"" lx>:'o'ond Ihc capa
hlltl." or ft., \I !'lIIulady. Sca$:alf" Tech
noloK\'s 1980 i n troducllon Ofl ll(' fil'Sl 
('ollll11l'n:iall.\' a\ ailablc 525-111 \\in
dll')ol{'l diS!.;. lOO!.;. miC"l'OCompUICI' sys-
1t'1II!> anolh('I' slt'l> loward Ihe high 
IX'lfullll1lnce ("apabililics prt'\iously 
anlilablt, onl .... in I11lnb and main
(mllll's 

1'1'lfOI"1UanCe enhancemenls 
h:t\'C oc·cun .... '<l in IWO main UI'l'as 'n,C 
fil'hlls in Ihe direCI-I11CI1101~ addrcs
&<Ibilih oflhc tnl('lUproccssor I f"ig I , 
'111(' a080 and lIS class of PIUCCSSOI'S. 

(oIlO\\'('d bv 111l' 8085 and Ihc 2.80, 
rould all dll'l"Clly address 64 KbylCS 
of tnt'l11o."\l1"le &*K '8-bil banit'I'r'(." 
mainetl u~,til 1978 when Inl('1 inllU
duc('d Ih(' 8086. whi(,h direclly ad
dreM.ed 1 \lb,V1CofmeI1l01'" 

., his finol 16-blt microprocessor 
was quicldy foIlO\\'Cd by Ihe Zilog 
1.8000 and \lolorol.,."s 68000, which 
pu1tlwd the addrcssabilily limil up 10 
16 \lb ... 1l'S To dale. lhl' addres:.ahiltl)' 
ran~(> 'o( lhl' popular 16-bit micropro-
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1'18' I DirK' ·memo,) addre .... hihh In 111(' 
m\fropf'ol:'efio ~ iOCI'eAM'd 11\ fi.I 000 from 
197-1 \\ two thr l1OlIO 6800 ..... intnxJu~ 10 
the JZobl! chip. lhal \\1111)(' Inlroduet'd '>ODfl 

C'Cssors has bN'n SUm (' I t'1l! for tht' s in
gle-user micl'O<."ompul£'r ma ..... ('1 

Microp rocesSOI" co1pahilihes ha" .. 
also 1ll0\'t..'d into the multi-uSC'r al't'na 

a m a ..... c lplacc pl'C\-iollSJ.\ I"eS('lved (01' 
s UIJC" n inis and mai nframe> _t\ micro
p roccsSOI" lhal SUPPOJ1ed '"i'1Ual memo 
OIV, the In lcl80Z86, wa!o introduced 
in' I982 '111C 80Z86, coupled \\1th thl' 
now available 68010 a nd Ih(' 16000, 
have pushed lh(' addn'ssahilily of mi. 
Crocom p lcr Sysl('IllS hu o the g igab.\1C 
1'3~C. Soon, 32-bil m irmpl'OC"essors 
will eXle nd th is ad(iI'('ss.1bilil\' 10 "* 
Gb,}1es. -l1ll1s, al'ro~s a 1O:''ea'r pcliod, 
the rncmOl)'-add ,ocs:.ingc.tpability of 
microl),'OC(·ssor\.based system:. has in
c reased 64,000 lillles. 

Ano ther wa.Y to m ('asu I'C the pe.\. 
fOmlancc ofa microp''()('cssor is to 
look III the po\\,('/'and sl)C{'d of its in
s tn.lctio n set With thl' 8080 6800 
class of mil chi nes used as;. bench
mark and assif)11cd an arb itlcu) ]Jelfol'
Illancc level of 1.0, the l>erionnance 

--
-", -

P1.( 2 The 3Z-bll machInes e.\1)(lCtt'd b\' 1984 
" i ll proo.1do 100 Ilmeti Ih .. prrionna~o(lhto 
8080.'6800 elus o(mllTOJ)~ Ihal wen-~_ 
lea5ed • dcc.ade eill'llt'l", 
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ranE::{'s a!lo.!.O<:hl l f'tl \\ tl h hJlun' pJU('t • 
SOI"S i ... illu!o(l'a lt-d III tlfl2 Ihu~ O\,or 
the sam .. IO"\{'ar pt'nod mlt-I'Upn.k 
sor l)(,lfonn~n('{' ha'l Ulc·"'t1M"l' 

l oo-fold from tlw WM) 10 !ou(-h 32:-1111 
machinf'!o a:. Ilw Inh:,I _tN; .md thr 
'Iotorola f>802.0 , \\ hl('h ilJl' to l.rr .tn' 

noUlU'ro ~I()n 
-l1w't(' Impru\ '{'nl{"III:oI All' all tlu 

Inot'ellllpn' 1\1' \\h('n_\uu ("UII lei t 
Iha l lh{' ba .. il·I)n('lIl#{ 1t",'1 h.,.",," 
main('(1 (,'1M'nIIdU~ tlW .... 11I1": 11t(· 
8080. til{' fif"ll Ib-hll InlnUp""' I"SaOr 
and th(> fir,,1 \ Il1l1al-,"I'nu", 16-hll nll
eroprot"t· ... ~n. \\t'I" all", Ih.· lOCI 
l'an~f' w'wn Iht,:\ \ \1'n' IIllmdu, I"d 

!-'illlliari.\ Ihc' '· ... ' J.lnh ulnt..l"'1' 
s lor<J.g(' lInll~ h, ... Ult"I1·.:h(·tI tI,.lIttaU . 
eall~ !tlilr1 1I1loC 111 I 97ti \\llh "'hUft;U1 tn 
Il'(xiu(,,1 ion of lilt' fil--..I .'i 2,';. In n"PI" 
d lsl. \\ hkh h.ld .1 ' ''.lpdnl\, elf d"I""" 
malcl.' 100 "'b.\ I{'., Ih(' nt"\\ n"l.p.\ 
d isks 110\\ ('onl.un 2. IU:J '11,:\ It· .. 1Ja...· .. 
wise, s.zs·1Il \\ indll· .. h·1' c11",ka h.n, ' 
gJm\ll frum ~'ag.'l(' .. or.lnal 
5- 'II" I{' off('nn,t( 111 I ~11iO In ",,-\Ior:o. 
anno'unu'mt'n! uf a :lHO- \I'" Ie' (Ji a.. 

sllum ' L\ I( ""(; 

nUl( I JI\\IJU\t. 

".fTU"ofnoct nW'dia ~ d1tDruII 
IW) , ... l1n' 
i ... ... 

(Ila (Jefrcb 
In Up thr rnrdi.l (~ 
.0 !lUll Ihr , lern 

tlrltow: I" ......... "'* Ihrdr4rlcU. 
IllUp,lI"d can 1""..-I-ItCnifk-.anr 
un , (J ,wrfunnancc-

Irulh-A .UJ1 

!-,tnCC high -sfX't'C.1 tll:o.a.. (l,nn. If.,n ( • ., 
daHl al a much la .. !t'r mll' lh.111 an I () 
bu ... can handl«' II1I'flUfthPUI tif'IN'lIIl 
on a mau-h b('I\\("('n lilt" PIlJCl:'a.MlI 
and Ihc ma ... 1o· .. tm·.Vt(. tlt"\" e Huifl," 
and interlca\ 1111( an' 1(-.;hnMIIIft WIof'C' 
for' spced malt'hulI( Ilfl'\\ Ihl~aw 
used has a di/l'('1 ('flt't '1 un ''1km 
pcrfol1nanCf' 

'111(' inlerlt·,j\ Ull( 1('(-hlll(llit' Ul ' 

''01\'(-'5 lIlt' I'l"cll'lllihUllnn ul an,ul'l1h .. d 
records on a dl .. a.. l!"iIea.. 10 t11"'("n',,"ot. 
Ihe etrl!<:'II\'l' dal,j- I'Oln!<oft'l rail' ollh. 
d ilok·\ n ('nllt\' l ra,1. 01 diU. ;IZ hi," 1.'Ii 
ofZS6 f.l.\1C's . (".3n l)to n:-,1(11I14 "",,,11' 
1'('\'Olu lion of tilt' dha.. d II 1'1 IKII In I,.,.. 
I('a\'ed Th, .. 110 Iht· h~lw .. 1 IN'rfUl ~ 
man('t:' po .... ,hh· -\ hp".11 Ifllt'f"koa,t'I 
oflhree \\'ould "'{Iult\' four n"olu , 
lions oflh .. di .. J.. 10 n'dd all ('Illtn' 
lrael. of dala 

"f.I~'~:::~~~~~~ 
Ih .. ddroLll!I Iound n~~:~ I ill ,...-,. InIC'l on .. ., 
mell'r "Ith .. d~ I If; .. 
h.d 

Sy:.t .. m hull(· .... .It\. lIW'tllu Pf1)-o 
duct' th .. sam .. I\· ... ult anello """"Of" 
O\'e"'-'n condllinn .. In Ih(" I 0 d('\ict
-nU~(" arp eau!>('(1 \\"1('n Ih(' I 0 
de\. lC'(> is unable 10 .. Ian or Inp 
1tl5lanlanl'OU .. h 

'1le s.\ '11('nl dt'''lgl'wr ('an U!6C'! Ill ' 
l ertea\l~ faelO~ and buat'l ~pal"l' In 
fin .. l lIne tilt' p('nonnall('l' ollhe \ 
(Clll 10 Illl' appltC' ... IMIIl' .. nt·' ...... In 
mosl applica llons II ~ nlapl>fvpn,lln 
10 U!lol' in l l'rlca\i~ 10 t\'(;lun' Ihl! 1)("" 
fommn('(' oflhf' dic,l.lo fhl' 10\\f't>1 rom
mon denOll1inalol ~lI1q' l llI' I () rnn-

1M! 1H'd III n-ad 
(JI IIlrt .J.2 hlurl. 

'''''~ 
In '" andll.ba 

01 
U"'h\Itu-~ 
\ mo.;' f'fIrirn1 

lundU IS 10 
","I'd tJo, 
IJIUiad1 'thrtTpl.arrrnml 
oil, on thco ................ and 
" oi, Oil III(" UIlW' n tiodrr l'-
5U~ Ih.'a &+ct donn'! tallfl 
daI4-trans.r.,-ckUo. In 
U nfllft:'l'S.a.IIn 

-'lus It'ChnkJur b u..dGII 
d~" ronlruUrn tn.t pftM'I'IIl 
driet-•• fn.r ~Mtdrw.I tpaC1' 

More Multibus:And less • 
..... ---.... ~1l4 - .. ---_ .. ..--............... --III: _ """ .. _ 
.ul r .... . _ 

p. --::.: t:r"" 
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PI8' 3 A l-lI:bylc dual-poOr1 bulf"r n'l:f\lIfl'Io f'I,dll I(-~ and two nlotXl' Ir Ih .. h"tI .... r~l ... r\p.ndIo.J h' 
64 Kb\1~ 

the hosl system To prel>('I\(" JX',fo,.. 
mane(', the logical-to-ph.\,!o,ical .. d
dress I ..... .tnslalion i~ ('olTl'('I('<1 for mb:-.
ing dcf£'Ctin' 111,('015 b.\ Ihe ('Ol1lroll£'r 
so thai st'Ck limp is minil11izt'd 

DEVICE I\I)I:.PI:.\D/:.'\(T 

A m.ljorily of I () {h.'\-ic('s ar(' ('1('("11'0-
mechanical in flat Un,' ,md ha\(' 
unique control :md ('ITO .... I'{·("O\·('ly S£'

quenc('s as wt'll a .. h,II't!nilrt> inter
faces. TIU" unique han(bhaking ''{'. 
qUin:'nll'nIS fort·itch I 0 dC\il'(' .we 
passed through the ('orllrolll'r. cau,',· 
ing the creation afllniqul' '!'Otl\\ill't' 
d .. h'C/'S fOl'each lil'vice nci'lliv('iv mi
nOl' modific<llion of lin I 0 d('\icc of· 
len necessitates l'ooflw<tl'c modifica
tion to many other sy!>t£>m 
components 

\ew I 0 dcvice!> ('.Ill only 1)(' con
sidered when a new s .... Mem is in de
velopment bcc.ause th(' cost 10 modi
{I.' and support l'''isling syslem soft
ware is prohihili\'e. This results in a 
limiled range of l 0 dC\i('Cs forlhe S\'S
lem and slow acreplanC'C ofn("\\ J 0 
dC\ices and technologies. 

A beller approach is to incorpo_ 
rale the ncw dC\'iccs into your prod
UCt as soon as th~ are praClical BUI 
this requir~s device-independence in 
order to minimizc the II'3Umll of a 
ncw-product intruduction. Dcvice_ 
independence can be achievcd bv 
Illming dC\ice-control and elTO"'
f"CCO\'ery logic inlo Ihe Controller and 
ha\ing a standanJ system irllt'rface be-
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tWl"t'n the coni rail", .1I1e1 lilt' hoM 
proc('!'~r. 

Ill(' ("()nlrol d,fll'n'nc ('3 h.'I\\I " 
classes of I 0 d("\;c'(',,> IUlI">t hf' "PIJo1,.. 
('Ill 10 Ill(' hosl ".'M('m 1)('t"tuM' aom('" 
10 d("\iCf"S 31'(' OUlpUI·mtl., pnlllf'nl, 
.,0111(' 01.'1.' "'N:luCnlial'an'( 1.11)( I, 
and olh(>rs art' randoOl'dl"f'(' .. du.1o. I 
\\ ilhin ("ach cia!>:. Ih(' hU!>1 &\ lI'm 
... hould lreal all d('\ 10· ... 01 ... lu'nC'ltofUlJ 
l.'qun<llenl!> Standard 'UIl( Ilona 
!\Ihoulel ~ impl(>m('nll'(lrn A I,mel .. ,,! 
fashion. and onl.\' .. ,>t'f'idl 'Ullf·hn". 
should cause Impl('!IIf'nl.Ulcln 
1ll('lhods 10 dilT('r. 

'111 is approadlllWanl\ Ih.:lI,,)1\' 
ulliqllt" conlral '\.('(ju(·nn· ... \\ Ilhlll _ 
dU:>l> mllst bf' ah!>{)rill'c:I Il\ lilt' ci(,,\,n' 
eolltrollerso Ihal a "'1;lncl~nllIltl'''' 
fac(' will 1)(, pl"t'Sf'''t'C1 In till"! "loin
ner, Il('wer I 0 d('\ let' ... IlId\ ht: .:Itilkd 
"ith lillie ('ffl'Cl on ulh('r~, It'm 
components . 

ERROR RECO\'tR\ 

Once a de\lN"-indl"I>t'luh'nl tum 11Of1' 
al inl('nacc has Ix'<-n cI"hn('(t for _-:N'h 
major class of I a d("\ iet·. Ihfo 0111\ is. 
!>uc left is 10 handl(' (·'t'('pllon Of' (,.. 

rorrondition\ If ('n"(}rdl'Wc'tkln ancl 
r"CCO\ ..... l~ isnl handlrd 11\ II .... ('ulltr.,I. 
ler, Ihe advanl-vt(' of dC'\ ~('e
Independent conlrol ha .. Il('t'n no. 
dUCNI bccau!>(' Ih~ 1a.,4 ha,,' to he 
1ll0\'OO hac\.. into tht' .... , ... I(·m--antl th" 
I'(>co\"f'~ Pf'OC('l>S C~ln Ix· \,.~ Ill. 
\'oh'('d, COIl!>uming nlll1ll:'n)~ ... "" IC'rn 
f"{'SOUI't't'S . 

,\ dl'fN:'l·ft'('C IOKII'dl addn 

I.·r Ih\3 ,m",'kJtr«~ ci'i\-e('~ 1M' lunnatwd Ill{' IUMmil. S("('~s nre accomplished mol'(> quickly. illsfor Ilclaplt.>e, w:lsfonncrly em·. 
mcl·'IIICI·ntlf>o, ... dul1nfl normaI_ ~~ U. elm. ·«.II',x·I\(I(,,111 an.\'" As ntuhi-us('1' s)'!>Iems pl'Olife", played as microprocessor opera tIon 
\\ nit· cpr .... uon IIlJ'We\n 1D~ l\'J'\ ~ Iht:! tidl,,'! IIlfl)nna!lon al£>. 111...1(' Illulhlnsking can 1)(' a{'com- marketing mamlgcr for Intel, He has 
Inlt' d~in~b"""JC'Odrnct 11». ~idrd ~ ttw dmt' m.Ulu(.u·!ul'('r plished by liS(' or effeclive buffeling also \\'orked in a taclical m'~rketing ca· 
lrollt't 11111,.1 ~ IbeI IIIUtIbrl!l'lt''fTCt tim I~ dn\" Onc'(' and noninterleavNi operation. em· IHlcltvat Fa.rchild Semicon uclor . 
1M I ~ It"fl\ hl'lp so t .... 1II2IftIt ,$Wld.u'd ~ C~'f'lope'd rl.1 mallura('· ('1('111 def(>cl handling. and dis('on-
I1IU!floIl.no,", Ih" phw~~ U'fft ll)r«:ORi Iht" drlr t IlM'Aliuns 1l{'('led 011Crnholl. '\CC'('plancc of a Phil BrecdOl1;Adnptec's \'icc presi· 
ullht"clri\'Cl "umhcTdC\,~ .... c:: 1Pddm."SW'allW'I", (hrt'<ll~ on Ihl:' ... 1.andnrdsn.It"1ll inlclfacepl'O\'id('snd· delll afengineering. has o\'Cr 15 )'Cars 
hi" nI IJCMb alrp-puaWOUIpI.. "'or med.a th .. (k"\\re·d('Il\'ndt·ll() ditional ~n('fils. including d("\ice' e,\pcrtcnce in disk and tape control· 
l'lc' I '-)fUr.' C'Onlrollrn~ (III br rtimiMtf'C.1 Ind('l><'nd(,111 opt'mtioll Only Icrs and I 0 subsystems. lie was fo,... 
h,,,.1 W JJ4U Irw. ,tIf:anens", One \<I., IIWllUcllI.l~ ran Clh1411' Ihl"Ough Ilw impl('m(,IHalion oflh('sc mer/)" a pnrlner in an enginccring con· 
I'~ IIn"'lh .. I~1 .. ~~. dr.ft.indf>jW'llfimlll'I'M"f'Ahnn i~ 10 '('ntul'('s \\ill It 1)(' possible 10 dimi- sultlllgjinn s()CCializing in Intell(genl 

_. t ~ I I 0 I I kIt ~'t dIsk dri\'C design. U'huh.uizn Sirv't" hn..11OItwa:t idot" •• t.&nd.t"J '" "It'm Inl('n,lU': nal(' I 11' lOll ('n('(' )f' \\h 

In induc'" IltD Infunn.llion.lbr lbI' " .. I \ I nt.2 ("Olnmllll'l.' ("llfTl·IHI,\. high ·lX'.fonn:lIlC'e micl'Opr,()(,(,s~ I'S 
nple ul ekr\iNo-....,IIf'ndr::aor. ilcunpk'ur,,;onr thft man c'umpul- lind I 0 d('\'lrl'S • 
\luLllt'tl ff5'llolrm illl~ 0,,( 'I • th.tI ~ ~1I1)~ 

\m.lllf'J'cnmmonlnr'lOOd poied 10 pnwru t.tUCloild h.ud\\,l''tl 
\ lei"", l"UlII~r.t.,., ~ .oopruhl('olllll,'rtAl In 'IU' ~.\ "'H'III 
bUllet II b""lh~ c'omm!lrr: tufll lJ\ldtlltrocl '< .. laU,,,\,,, th ... ahl\wartl 
elc. II 111fU\1cict ~.. • dr\~drf\ft1I, 10 n'nwllIlIl(I!'P('lIdt'nl 
I-II thl! numbrT." cirfl,,, ~1'IrI- tldrMrha .... 'Mul.n 
,.hlll! I his pfOhl.-", b p.m. 1he SOIl hua ... 5O'pln nill ,',Ihlt-
nHIW'I" the u..-ul .. xnrbm \\1lh 18ac1h~ Une. ancl1.5 Inl'· .... 
\\.u \\Ihh~auchu)umpnl! IMfdpuunc.lhnr. 11wn",tmnlllt' 
clip a\'Io1h'," bullht- numtwr.. aIIltroIlinn and nlllr clala 1I1K'. 
rrlldrt\ onlhomarirtand Idr;httbtaUnnf,luto,J.&nhl Ih.,hu!flo 
hCTu(,t.armM·IC'hnoqutrf'dllD .. ~·tordm". "1(1. !(' .... 
a 1.,1\" lull\. m.&l.r thit. appr1IIIdr. dIwtd on tx,th rlMI Ill(' .1"1:'('1" 
aallslac'tot\ 1~Tf1 if II """' lJinofthb It\lnUr:r "IU .tlln\\ bllih 
,all} Iftb.1lJm lu 1"""""IamIpm" drl.nand ",1rma tl\Allut,x·tUn'f'S 10 
all the ~ p.uamrern._ ~H'IlWpmdW:1 pnKhlf'lill1l CIUllo., 
Anci aut..-qtIC"UI ronflpnnac. Iy and deeth 
\mulel IUihrd icuJltJroaDr 
uf.tdunufC kIt;bI &nd6dt!-o;;r-PI DbCO\\t.c:nJH)J'1 1\.\110\ 
lTquln'rtWflts 

''"-",,"I IlfJffilldllockU 
ur Ikmbhl"Ttr('!aII~ 
l'lt'l '"I Ilw d.rf\-e"1 bmaI mrrc 
,'CO" 1'r 11,,"11 AI NCb toUIwqurd 
In~' f Inlli.JItulton I"~ 
tlliln II • • ..vanM1cn Iobt..-

.lC~"""dW. u ... "',.,.p.. 
""b~ ..... ..- _ .. ".! ................. , .... ,. 

In -'dillon 10 (ir\1ce-lml"pC"nlll'I\fl', 
~I.now.lhe Iin,de-nlf"nl,Ihnn Cit" 
I\dI:I d~trd np""l1tMlnlllift 
DW'Ihod aDeM .. thr cuntlulll·,IU ,..,.. 
Cfft-ea ('omm4l1d .. mlllU'1l dl..run· 
nert'" b¥ lho· h"slr". 'ur11wf' no· 
que.t..-I kr\' """lwlT'nK"fl1 In " IHulti 
~jQf;~IIllMII 

"mulhl ..... 1nf!: ~ 11·.nf'"'.'It~f'an· 

~ttquabIUIIU"dl"'''''''.' 
Iftnw..1lhan .... .,. Of SO ill.arn'» 
mar Ipnll InC' .... h n"qUf"tol rnm· 
p&m!101!;at. I~ lunt" ot I..,.. 
th&nltn1P"'~t Ul.c-c.nnf 

oon aDaM. Ihr M I bu. IU hi' lI!.(,·d 1,:\ 
othtrcunlnJUcn on 1.)1' 1\Ill!l. I'" '1:\ 
thor hotl whton It _ues a tlM\ t .. "lr. 10 

'dllrn-nt umt on thf" Nmr 
.......or. 

tor t'Umf'le. on IIIII! ,,\ciaplc"(' 
Q·SOOOcontJulJr(, "lUr (lJ'f'f1lIIIl". 
could IlfI actAt' in 1l,.. roulmll," AIUI 

thor fint untt to r::unllm'lf' II. acC"l !flo 
'Auuklbr Ihfo 6~llo ',anAl"' II .. ,Lila 
nu.leatun"" .. m aJl(J\\o II) It'nullC) ull' 
li1.t~ pc rtwlllAnrt' \\ 1Il!:111 If'r 
dri\ftrnor~ rilrtlfWt\', hrcal.mc 
dril.a "1Ih ~ ,,"'C'U tlllt! ('an 
oonhnue 10 wrt. 'wh~ d.-t .... ,,.,.nR: 

Min. Compuler Technology otters mlCfoptoc-.sor 
based .ntell.genl d.5k conllOlIeB tor MulIJbuS 
applicahons The Modet MGT 4300 .... ,11 conlrot up 10 
tour d.sk dnvfliS w,th standard SMO Inlerlace· each 
dnve can h81fe different cap&CIhes The Modt!' MGT 
4500 Conllots up to lour dISk drives 01 ellher 5', '. Of 
8' w,th an .nterm.,!; 01 STI506 Of SA!lOOO .nlerlace 

Call or ." ..... Ior C(IIT'pIe'Ie .,lor .... hO'· 

MINI COMPUTER TECHNOLOGY 
101 '" COmpul .. TtCMOII09r 
.. Eal T .'ffINJ Aootd 

SanJoM CA~I)' 

,4(8) .. 2· 1IUI 
T ..... 8'033ll2tl 

,. 

"''IJ~\afT~ 
PO 80. 1M3 

"We Valley CA 92'307 
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"\\10 pn>duce Winchester dIsc drives of 
uncomprom'.'ng quality-We build them In hIgh
votu~ and we denver them to you on time:' 

nK." rl1lUl.lllon ul yuur .. ~ ..,tc.:m c.k:pcnd, on the 
~ and n..fuhlht) ufkq (.'Omrxmcnl,_ One bad drive 
an OSnJ)' c"Uo,lOflllT ,-,u.,Itt."t.u)O 'Ilut'" \\' h)' Se:tg;tlC gOt.':"! 
1 __ :,U1d lndu-.;U') ..unt.lJ.rd ll .... tin~ 

Our ·'7mHk:fc.. ... '· · prt~r"'Jm a..,.,UrL,,\ lhat {.,,\'cry 
ftianbly. di"oC. l"kc.:tn"lic." f.:ompon<:nt. motor, and mettl 
put rncrt\ uur dl .... ign ~nd wu,-knun.,hip 'l.md.1rlb Ix'f(m! 
1.N1t1bb-, lhcn h.~c.-d ~n in hn;lI U. .... l., "IRiC functional 
paau1t1.l:n an: UMJ% \ l"l"du .. -d Jnd diu inu..'ynt)" a.:rtific..x1, 1·:n .T) dri,c 
asluppcdwnh an Imh\KJu.&.l printout oftC'lI rl~ull'" 

U'hcn )00 n'1I.1' c,,- lI1Jl driH', you <.-an U~ ~:agale' ''' exdll~i\"e 
Rn'd\'V1f;Toa: ~.;i.lJun (R J") thlt pro\l(.il"" ilir(.'(:( l'OffClalion ,\-ilh 

iJ1.hcJu:<" k"M '~'4(.,,1.\ \,1lC.:n you a. .... <,CmbJe <t ~ .. ga(c drive in 
~'OUt.n"Yl-m. yuu kncl" It" ... nK-hl 

•• ~. 
' .. 

\\' (0 ~1lhb pnwni-.c \\ Ilh our indu'tf"y-lc-J.ding ·· lOS' 
C.wt'l%Uc.T'· pnwan1 U OJ ~"'3~;llC dri\e <Joc:..-:,n', pa..,., rour incoming 
tnspnlion. Wc." l1 rl-pair the.: unit and rebate lj "" of your purc.;h~ price 

In I'JK\ ,,"-:qt;Itc.° \\ III .. hip more lhan :.e,OO,OOO Windll~u.T doc 
cmo from the n.N '"uphl"-iCJlt.'d \\inc.:ht...,tc.T production facili ty in 
the _uc1d_ \nd l"'\ t.T\ dn~c.· ,\ ill be hac.:kt.'C.I hy the larg<.~l Winch(..,ter suppon team in lhe indu~try" 

. We abo provide you with cxlCn~i\"c It.''Chnica1 and appli 
catio~ ~i~tance, timely o,par~, and comprchcn~i\'c 
documcntu.ion 

While \\-c're proud that5e'Jgatc ha:, ix.-'Cn o,p<."C...iht.-'d 
by Ul(: industry's largest and most quality-<."()ru,ciou~ 
OL\ b . you don"t have to be big to enjoy unc.."()mprom~ing 
quality. the lo\\t..~ return rate in the indUSlr)-', comp<.1.itivc 
pric..ing, and ,,·olurne dcli\"(!ry. SO aU Seagate, the world'~ 
k-ading "tupplier of uncompromised l)14+inch Winc.:h( .... ""iter 

d& dfh"" 

"Thrning the tide in disc technology" 1t'O 
Seayate Technology QlY 



HeadlDisk Interface 
Improvements Increase 
Data Storage Densities 

Dis~ capacitic. and data accUJ'acy can be increased by advances in disk-slllface 
technoio&.\ data-bit-dctectiorvtl'ack-iocation systems, and thin-film heads. 

l~ J..J. 'en mao 
.,m '..J . bordello. 
\h'nton'\ Corp 

s magnetic 
1'('['OI"(1i118 heads have hnpro\,t.-'d f,'Om 
lamlllDINI metal ~ 1960s t 10 fCI1;tc 
t970S1 to the lal('st thln·film heads. 

p4J1lrulatc-oxide media has domi· 
ndted and steadily Iml)I'O\'Cd Hut 
foul' fa(-tor.J will continue to IlIlIillhe 
usc of pa,1irulate-media -signal -Ia
nois.· I"1Itio IS'-"' magnetic-£'OatUlg 
thit"lOi.lwss . COCI'Cl\lt.\ and defoct den
Ilily Sig:nlfK'.ml Impro\'cm('nts In 
each of these area:. can be expt.-'CtL>d 
10 e\IPnd dn\'e capaclt.v unlll 1lC\\ 

1t'('hnoIOR,es ar'C a\ailablc 

mAD-DISK IKn.HI-\Ct. 

Disk .,tOI-otge d("\I(,C8 fan into two I((-'n
eraJ (~ategorie!t rdlsk d';\'[-'5 and dilok 
filt'a l b.'t!",ed on whethcl· the Siorage 
media IS removable tdlsk chiv'C r or 
whetlwr the h(-'ad.!; and diloka are part 
of a nont'l'I11O\able Iwawdisk a.!;&cm · 
blv Idl:,k file t. 

. -nw h!ghe!>t storage demiliell are 
obtalnec:1 \\lth files that emplo:-' a 
h{"addl~ka~:.cmbly 111)..\ ' fig t in 
\\hieh the heads and dbka arean Ime
pa] unil l11is pac-J..aglllg aJJO\\1O lom.'r 
head flYIl18 heights and thinner me
d,,, coalii1p aince both head-loading 
foru-'-& and deanhn('!i3 problems are 
mllllnliU"d 

6cc.ause Ihe heads are designed 
10 land on the dl!>k !iurface as the di!ik 
rotation .10\\"" to a SlOp. the disJ...s 
mo.JI be O\.1"N:;Oatl'd to milllmize 
Wedl' -1'11(-' head-loading force al rest 
ha:t bN>n reduced to as low as lOG for 
th(' IlDA compan:'d to 3SOG for CUI" 

rent removable disk-pack systems. 
The technologies fC(luir'l!d fOl· 

disk stOl-age systems extend OVCI' 
many scientilic and cnginccringdls
ciplines. Including physics. chcmis
liy. mechanical engineering . el(!ctli
cal engineCiing. 11C1'Onauticnl engi
neering. Illaterinlscicncc. and munu
facturing tcchnology.lnc CU111:lnt sta
tus of disk l'CCOI'Ciing includes the spe
cific tcchnologies as npl>licd to s to~ 
age media magnetiC recording 
heads, track positioning of thc 
1'CCOl'ding hends. and f'(>('()1'(L-,'Cpro
duC'C ck'Clronics 

Rl.'coluing heads CO\'CI' two key 
areas of magnetic transducer lind 
ai~bcating 1f...'Chnology "I.'cording 
h('ads or reudA\'rilc heads consist of 
an ail"bearing ,i1ider cnnying the mag
nellC recording lr:msduC'e1' 111ls slid
CI" OiCb-' like a tiny ","Ite lifted b.va 
wind generated by thc rotating chsk 
al film thickncsses ofmicro-lnchc8 
1I1)()\1:llhe dis"," I>urface. 

fhe h('ad.-disk hllClfacc Is pli
maril~' concen1('d \\'jth magnctic 
transducer and media technology. as 
wdl as the initial dl.'clronic!I !iW,gCS 
which din'clly IIfTl'Ct the m<tilubl(' 
sj'Stem S;\" 

RECOHOI'\G-!\llOIA TlCll'-OLOGY 

S'-R is fundamental to allY stor.sge or 
infomlalion-transmilo!tion system be
cause it dircclly affects the accurate 
recQ\ocry of dala The h~her the 
dala-rcco\'t'IY aC'Curacy reqUired . the 
higher Ihe system 5:\" mUM be. Jf 
noise-free electronics were a\-allable. 
the fundam('ntallimll w'Ould be the 
magnetiC storag(' media 3:0.." Currenl 
syl>tems designed for an tntnnsic 
bit-error rate of 1 bit in error In 10'0 
bils transferred require a media 5'-" 
of26 to 30 d8 l1lis value is the ralio 
of base-to-peak \'Olt5 of I>i.gnal PCI' 
RI\t3 \'Olls of nOI~ I fig 21. 

'OJ 



Compu.er Tcchnolog) Re\ie" 

PI, I HJg1I'I~ den,l.let are ob'.1ncd V,llh 1IJe. emp~""fI. ~ d...a. -..1>1\ k1 toofUctI tJw 
heMb; .nd di5b are an Imega! unll Thb ~ ronIJfcul1llO'l aau.. .. bo."" ~ It\q 
he~I' and Ihlnnermedu ooallnp 

The SOurces of media noise in 
curren lly used oxide (particulatel me
dia are surface irregularilies 
{scratches. roughness I. particle dis
persion within the binder matrix 
Iclumps and agglomerations of parti
clesl. and Ihe physical size oflhe mag
netic particles used in the COating. A 
number of decibels ofSi\R impr'()\'e
ment are still achievable liowC\'er, 
particulate technology is approach
ing its limit and new media technolo
gies \vill be n..'quired Conlenders in
clude conti nuous-oxide films (chemi
cally grown. chemical vapor de
posited. 0" spullemdl and conlinu-
ous melru films fplated or spul1 eredl, 
AJJ oflhese lechnologies show via
bility \vilh SNR improvemenls of up 
10lSd8 

In many respects. Ihe most con
s islenl and dramatic tcchnologicaJ --... • 

• 

change has lakl'n 1>14("(' m Iht" Ihle'" 
ness ofpartK'ulale o"d(' t"UI 1Ul4 
which hu d('Crt'8b('d bh'add" O\ft a 
quarter of a centuf) (rom O\t'r 1000 
• .un dO\\1110 th(' p~'nl 25f4ln uwd 
in the n('\\'C$t hi8h .dt'Oblly I~ 
syslenu ffigJ. Thl rt'duc-unn '.&0 
times! has been 8n'Omplll.lwd "hal ... 
presening Ihe Inlri'hl(' :'\R 0' Ih(' 11'" 
dia and the rt'laln'(! d("fl'fl dt'rbo'h \t 
the same lUllf' . absolult" ddt't'1 dl'lI-
5ily has unpl"O\'Cd O\\'r 5UOO ItHl( 

MagnellC' media ("O.ltlllR Ihk'l 
ness directJ)l lumlS IO'VC11ud,n.al rtt

cording densil).' ,t·Yc" . 11'1(11 lult'.lJ'o 
recordi.ng dcnslIics ''('(Iu,ro thlll ru( 
dia CO<llings 10 mlnil1lLw Ihl' t'Ul>c1 
of adJacenl bit dem~ll'IIt..:ulOn Cu .... 
rent lZ-:\lbIiS in .. d'~l·ttl(lrol,f(l' to., _ 
terns use m('(ha-COOlu'\f( Ihlckllt .... 01 
ZSJlin 

The nCJi;t Iinl'ar data 1'lC:I'l'~ (Of' 
10ngltudinaJ recordlfll{ tlppt· ..... 10 Il':
qUire lhickneue. tx-IO\\ 20 .un nlf!' 
manufactUrin& PI"OC'C&.I. fOI <'Oahng 
thickneSSbeIO\\'20JlIll wl1lfftJu~ lit. 
nificant impl"O\'emenl5 III bllld~. CUIIt 

in&. and polishlll8 h_"Chnolog\ In Ih&. 
r-ange, one of the n('\\. te<:hooIOK" 
loxide mOl or metaJ fiJm ma" bo're-
quirec:J 10 maintain fodav '. I~'-'I of 
data-reco\,etyClTOr l'al~ at Ihe 
hjgherdata den 'hes 

• 
........ DI.IIWT't' 1* I"" 11m.., 

PI,2 CulTCnI')'li lem, de!ligned ror a bU-error 
/'lIe or I bil erTOrln 10'· bllli lransre~ 
~ulnl media S'..: H orZ610 30dS AI; am-.! den
, i,leI increase. 'he SNit varies depend'f18 on 
lheaype ofme ling 

Media coen::n.il)" has 1IlC"r('..aa.ed 
onl,\" 25 ... O\'er the J)<UI qu.at1f'r cen
tuI)'. '!tis is largely becau&C ht'ac:h 
ha\'en t dC\'eloped higher 1ll8.fQlt."lIc. 
field mtensihett at Ihe OYlnR hf'&Wa1 
u~ P'rebcllI Hytng he'8h18 1010 IS 
".un .) are approaching conlal'l r~:urd. 

,"6 

urnll'da and 
~llnp~t.Un 

(rraaf'ln 

Uncool Itwo 
mc-d ... ~"",JOM1'II 
\ t'&n hat. trrn 10 
(~thCl 

~,~ 

fllaoCIlf'hc 

'""".aM! 11K'! m1ntmum 
fll'C."t It~t 

fOtTUI' 'tv" 
from 20 I 
1000 
~Irom 
UM'"h Id lomw 10 
q.....,,~ r.ulbu...I~"'I""' ... 
tlOl\~ doc-l'1"UItd In ~._ 

INC.' 01 tJri.o8 'itlJkllO Ihr 
f"\ d . .-.an ~ two II'I!I 

• 

~ "_~ ,,.. '!I 
t-1« a "til ...... c::tunp ...... ,.. 
"*..,..",~ ... .... 
.... .&1>-" "-__ ...... * 
:u ..... '"*~ ... .... 
...... pr ....... dw !\ ... .. ....... _-
hWl-quolJ" mIcnJoa>po ".,.. 
Iem.. wW ~ media wIb_ 
l~hltT~I~ 
l\. ddft;1 dc-naln mn 1'\"" .... 
ihD rd.li\~,'bbUit\ dh ..... 
~ -

~b~bun.1DI 
-...... dwin« manu/.t<NI 
~ .. (""h rntlhodofmanubctLI 
dUl .. m&gr\rtac n»ting to 

~ thai ~ prad.W to 
unh ~ lhal afT' mata 
0&/ ;..".. olI_1Vlj! , __ 

-~ L-~~S~completely 'I""'"" I on. 80', me 1)'1''- and eppIicoIionO 0 

And ~ S333 00 tn OEM qlJ8nhtl8S. 

=COIt. flOPPY upgrade Add super dI 115 In the manufaclurlng 
rnak It ~ pet1ec:I 333 M8 \JnformJ.lled ~!ss~~:n means enhanced roanufaclureabihty 

nee soec:a Ii~ ~Irat:k access and 500 and &er\l'lceabflaty. Ifl 
ty 3 mIOC trac - • ddenly got a formallon about the SuperMln oppy, 

er rate.and y()U;~ ~he low cost and "' ~~~:: ~m. v,ce president 01 mar1l.etlng, at 
.,. repIaC8m801100. rovldes the lowest I 408) 942-1515, Or wnte ORIVETEC, 2140 Benng 

pf u noppy medea P baCkuP) .torage cotl 01 (Onve, San Jose, CA 95)3, It could make your I/O< IfC/lMI "","98 0< , 

any QIsbna clsk drl"-: l0C)Oy drive for higher .ystem a super success. 
OtVvETEC ~ mlltraek follOWIng IefVO 

, ~flOO A PfOJ¥u::;:.d.o wnte head po$It.tOn,!,ng 
f tem ensurea on- 1Jnique Gumball HMds 
-.j~:=tld med.a-V(e8'. "AbSOlute-

.. accurate, fTiP88tabfe 
... ~ ~ teaf\..lrM, alOnll"Wltn fl'I8O)'-.-. 

• -
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disl..-subslraIC finish. and clean liness 
bcron~ and during coaling l11US, 

most disk rnanufactlllingpl'ocesscs reo 
quill.l a dean environment and signifj
com l CfT0I1 is put illlo dC'\'Clopmcnl of 
subslmlc-prcpa"OI tion tcchniques. 
The Tlible summarizes the mosl sig
nificant dcfl.'(' l sources peculiar 10 se\l
eral mL"Clia -coaling technologies, 

HECORDlf\G- II EAD TECIIJIOOLOG\' 

f-I ead-malCriall echnology in disk 
drives has come full c ircle. TIle firsl 
dis l..·drivu syslems 11956-19661 used 
heads made of pennalloy lamina
lions. These heads were replaced 
11967·19801 by reMile heads 10 oblain 
higher recording frequencies CUI'

rent feMile-head manufac luring, 
which requires the transducerconfig_ 
uration to be machined by grinding 
and lapping, can generate enough 
slress 10 ca use m agne tically d ead 
layers tho'll appear as incI'Cased spac
ing losses. 

,os 

\ 0\\ fl'mu·lw.ltb. .Ut. 1-.1I1fC"'" 
pla("{>(1 1980-()I1\'hll-c1 I,., Ilun-/lim 
heads IlltHl(' of dt'IXl .. 'I(·d 11t..'nn4JlfJ\ 
and olh,-', matt',ial" Ih(' mint",," 
hi8h.f", .. 'qucn~ m~O('IIr' n flnll1M' 01 
Ill(> thin-film 1)('"nall'1\ 111 acltllhon 
10 the a.bbCIl('(, (If 1ll{''';lo1lllC'alh 

SII''essro IOdlc,;./ .. -"wid •• h~"a(1 \\llh 
\\idcband frt'qUl'll,:\ t'llolIOlc.lf'mllc . 
inlensc Wnl(> th·ld. , ane! otrt!>l.ne!1I14( 
lrad\\idlh ('Onll1)l 

'Il11' prirnol~ l'('Ol!k1n Jlt·nn.alkA is 
once again u~blt, 41 IhMof'I""",urn. 
cies I5lhal acl\ant'{.,. In PtunMs. 
conlrollrd 5('lml'onduC'IUI It'Chnol . 
Oft\, Create lIun 10'1.\('''' an Ih('In..crwIK' 

1UICr_-..c:'-~~ 
n - --LOI' ..... ---- --I ~'''''''' ~, "UI~IY lOo-n. 1CJIII,tt>u~_ "'- 1I\.I,r ... """o.,-.... 
~ ..... 
~=:ai"'=--.-'" ~IAWPI\CQCII - -~ 
-~ .. ~ 
~....-piIrICQ'" - -
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--'-.... 
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.INdv~mhd 
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ti.. .. ~ "'" "",,,,,,,~ 
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~'ft~t1on"'lD 
jIUAnJ _ hod Ib, tor, .... " 
h,eron 1rwi..A and lft'Io ,,-: 
lu br! imprut. I 

>I...., .. PI> 1rn!1ho "=, 
r<1I;linj< I .. ~ .. to """ 
.c&nfUAtr.".1 natn;M 

fflAj.nt4in 11 .. hNd .... ,..,,-t: 
flc_(~ • 
u~ ru&r. tam.. into 1"_='''' I 
hy! d.. In Itwi ... idd\ 
'rfl«1h IPP Itt,Jth.. ... ' n,i .. tUmhNdshM 
_10 .. '* anTnl d'"",.o= 
~,~~~~,~ 
• ., '1At 0l't'UIftd In thr 
M'b~tfv""aa 
on" .. tlnil ~'''',",,''' 
r .. Anti itJncco the-.... 
lIoln,/Urn fONd.. pbII)
fft.~ pp Inl«th:a. the, 
fW'fl1 01 II .. hAct IrId b 
Utn"ht'd In thr n-p.. . 
"tM'T1I"T1flnA pIIcT 
tn-asr.1 W'f'IiCaJ Grld . 111 br • 
...... .,-,.:1 ""~ awl b 
Ik' ... . '"~ II) 1ftftI. 

drna.llrs 010 \tbD 
Ihr~I1 ... I'" 

1,..1.,t ..... l .. HI~ 

~cf I"NIXJIlMt'1rtI1.~" 
p .... 1 J 'Uhf. Of1 "1 o&n "'1I'ft 

'''lion of liwo ~IC P'*' t.. 
("f1 lit .. r,.qub uuentJ b. 
h.nd Ie. 'od.ry • ItIirHUm hNdt. 
" ...... I'.d."idth ... P'" 

II> ......,.. ThIs ....... '_"'.: 
mO., ~11.llhrbWWr 
drn&ll of futuno ........... 

\noI1,,-..I,<nllnno • 
Abllit' '0 rontmI t.hr nM:t ~ 
Nons of MC'h t1lhe I'Mo" ::~ 
.JOIct lrad. widtIb nw 
~6eIda~i""~..twe" ' ..... b..-~_ ... 
Ctt',", mIoim.Ut-~-nri 
up fulunhrr mfnimlao .... 
I rad .. C1'1Ji&sUB. thew> P*:t C*I 

tJ(> rn..c:J.. "-tth ..., pnltlt P(."" ,""" ....... , 
h"( hniques wW bP UIf'd IO,.".J$ 
lu~ t'N:' n.anvw rr-.c:L rhin-8I 
Il'qUinod h).' lut""''' 
at 1000 to ZOOO lpi tI. 

Or)fOlmpDf1m1 ... ~ 
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lJnexplo 
A few years ago Computer 

Memories launched an ambi
tious space program. We were 
determined to push the capac· 
ity limits of 5\4" Winchesters. 

Without increasing the size 
of the drive. Without compromis' 
ing perfonnance and reliability. 
And without moving to unproven 
"the.jury's·still·out" media. 

First, we broke the 12· 
megabyte barrier. Of course, 
others promised they could do 
better. But as they continued 
to promise we continued to 
deliver. And we went on to set 
new standards at 19, 26 and 
40 megabytes. 

In so doing, we created the 
industry of high capacity drives. 

Thday, with the lion's share of 
the market, Computer Memories 
is the leader in volume shipment 
of large·capacity 514"Winchester 
disk drives. And with our out· 
standing plug·and·play record, 
we also lead in reliability. 

Of course, some things never 
change. Others still promise 
more and more megabytes. 
But when the 
industry needs 
a 60 or 80 
or even 160 
megabyte 5'!." 
Winchester 
drive, you 
can look to Computer Memories 
to deliver. 

Thafs what leaders are for. 
The capacity leader. 

@Computer 
Memories 

~ a:: Incorporated 
9216 E-. A_. CbIa-a. CA 91311 12131109-644.$1 
Ft. Worth. TX. tIl7l3327S5tlc-. M~. CA. 17141 
241 9260 J ~pruICIkid. lolA. 14131 7tl-23M. '" Earape 
B...,_~ krill. UK. 06283-4U1 n.:l 8C7Wl 
R>t -..II q ..... tm ... c:aII Sdowrilon ElM....,.. 
'800I645-J04.0 

space. 
~~=5;~"------------~1 



~co~m~p~"~"~'~T~"~h~no~ ... ~~.~ .. ~;:""~~~~~~~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: __ : 
fabrication Current head sliders that 
have IwO air-bcaling rails l\\';ngsl nor
mally CD")' f\\"O thin·ftIm head trans· 
duccrs-one at Ihe end of each 
raU-but onlv use onc of them. Fu· 
ture systems' could have sliders \vilh 
multiple lransducers to decrease 
head positioning aclualOr travel, thus 
reducing access lime and increasing 
the numberoftracks per cylinder 

-" ro.e IIlgnab 4lft'! adtkoclto 

Today's thin·fiIm heads aJso have 
impl'O\'e(l nux efficient)' and head in· 
ductance. Useful frequency response 
is limited by the significant indue· 
tance offenite heads, and cirruil ca· 
pacitances_ In conlrast, thin·film 
head lransducers have high fre
quency efficiency and low Induc· 
tance, which a llows high wn le' 
CUIT'Cnl n'eCJuencies at!ower\'Oltages 
applied 10 the head This ad\'nntage 
is significant ror syslems \\ilh a high 
dala·transfer rale IOTHI. Current Ilun· 
film heads support data·transfer 
ra tes above 6 Mbytes II 

[).\TA·8H READRACK DETEcnO," 

One method ofliloring dma on disk IS 

saturalion recording In this tech· 
nique, the medium is fully magne· 
tized at each storage cell_ A change In 
direction of polarity or magnetization 
at each cell indica tes the data The 
heads detect this polalil)" change dur
ing r'Cad nle presence or absence of 
th is change lreadback pulse l consti· 
tutes th e data 

,11is type of system requires a 
clocked detection window to identi~' 
whether an an ticipated change lcon'C' 

Pig 6 Since !he pole lenph of a !htn-film head 
ill Iypic:a11y less than 0..", SIP lelll'ht, the \'ff!!. 

cal component of !he head field I, Ifl<'T'eIied In 
!he region ... hen! wrillO« lakf'$ plac:-e 

• 
""" 

/ 
• ... ", .. 

ilrl'fslwL ~ II~ 1)f'kIUI 6 
_dfmmthl ...... "IMlIot 
lilltitbrciJMn"t 1"11 1111" 
¥-Ibtnoilr .uUlll!IUI Ih., I .. rx 
1f".tiI :auM' Ill .... an11,1I 
....... .utburolll.., 'WIU th .. til,.. ' 
;hIioa tI ~ Induc'ftt pr l hlft ~ 
• alia IbtidPt ,!.JMJ\\ ..... lf.:t" "t 'It-
• .rId ..... .mplitUCkta Ih .. " .. lItn\ 

19catnM" tt"'lwuh.hu.." uf 
::..,.., r'l'lhan Ihl' ' .... 11 Ileln -..~ nI \he! ,.,..dh.u: l 1"-111Of' 
!hlp' pubf"idth .IMI ultt..,-",d\04· 
spdip_wed to dtoll!'OlIlflf" 1101 ...... 

I ~~;;;;;:;;;-;;;;;:;;;:;;;-;;;;:;;;;;;;;;-~;;:;;;-;;;;;:;;;;:;;;;;-":i;;;;~;;~;;;;;;;;;;;;;;;-I ttib t t ... 11M' J,ula(lll4I1'·111 
";; ~ ill dMf'tInilw'd b\- ..... ,.,>!W n,nl*"" .. ~ al cllllI't1InfI paIart!J bI. "TUlft'I on IIWI d " 
In ...,.dbacl.1)U1~ "fhea.fo 1)01.- an'tIUfWo.bfIconoIIIWI'...J I., (OIft..n 1~·Ir*I_~ • tn1 PlP't1Oda .. ,. u\llf't;lt(1 
SIIlC.'t'l Kiealh thl'o t'Xp«'11'd pulaf'orn.n ltllh"'"MkJ~CJlI''' ' ....... 1 .. ""udM aTUhA'._ INaeakulaitOn Iniluctlll4C lit.,.. 
IAUted Iflhl'o·IOtal~.lk .llIft. no n--.. 11lA1\ half II ... "II .. """, V\tdlb .. ..a..tJko In..,....,~ 8!'compn. rnotWti'IrIl Itl'n\t"\l" 

&omc+nlt'f' 1_" I , b,' 1" ...... (.ral fM"\\ d,.w(llOOt«fnio. ..... put..tU., .. rtn'I_II~I"IH"·lhl" 
spondmgloal'('COrtl .... caa I •• ~ ""'-. ~~Il'I" ~ \ll'4Ut 
laken place. The infonnatlon ahoul a ~II bt'lllI( III" I~t(-d tur 'utunllt _Icqcasttw minimum , .... u'" 1 
data bit's presence is conltllll('(lul It'mit lIl\olw .dunt('(1 .,...1han",,,.lhlnl Iha \\I"lh (If 
the peak location ofthe r'(·adbad. nlclut 01'1Im.tJ tnfotm.atlflnll.. Ibrbll.-be puIM't. 'I .... 
pulse. Since elE'<'lronlc CUT\JII~ art' conlrnl 611M1n~ And d\oUVll"lliael) ~m.an¥e&1I8 )OJ: r .. , IUlI"l .. 
adept at detecllng polarilv chal~I·~, Ulton b\; hwa A'COf'dulfI, IlYCMri lllilt-Mldp&nnn,""',rrd IlIt!Ill 
the rcadback puJst" is 11mf" iI,..t('~·la an nphn"'t~ 1bifIb) IbIRUIl calculalk,. .. u.Utf{ A 
dlfferenliated 10 C'OIl\1.'rt JX'al..s Into t".'eMlI~ pub.tM.udth DC Ilvt...:- Jllllhal'dw , "'1 .... It'Ct l .. u -
:reroC'"rossings Fig 71 dl~klnlf"rf .... ,.nd""I!iCJPlb'U!i'" IadftlMlJM~pua... .lainrcltnJln 

O:crthe \ ears. Ihe docked det('C- to mUllmlU" Ihfl 11Olf'.tuft alrd "I) 

tion window has e'\"Oh'('(l from .. 5C!pa " pul from II tdNJ lot",tton.,1br _can obLa:in. WlIR' -C.,.,' 

rale clock track thai rontrolled bolh c-Iod..i~ wmdr1\\ .... ttwlalAl J .!un I. In add 
h d h d (,h \,-.~ ---" mUlt.Jn~d I I I ewTilmgan I e rt"a '"Ro e ........ u\a"u"'U .. _~... .tuft ,_a"e I u' 

data to phase-Iocked·loop PUJ .. IN" ~ would a1~ mort' <bll bib." pAttHrducnt ~ ahitt I, .. llwn, 
Ironies referenced to the IIlSlanl." .tort"d pcor ~IIC If'1UltItdl .. *n .... np'Cted pubr kl •• tol!\ c 
ncous disk speed '0\\ PU. el('(" ~ anaJ~ ~ of polt'nta&l I anID1IM" midd1l'~ Itwo 11f.111I hnn 
tronies is comblllecl Wllh .... ·If· hmlt Indtntt-llutlhr u!1&nU1!'_ wIIdow thrw.trm,,1Ufunt Hun.", U 
clodJng data codes bec.auM' hif4h hn· ~(' ('~pAhtilltr.l ~halU'KH1 bmt .. IlIIf)lfdw Iotal f 10. hit\ In f'ltlwr 
ear-recon:hng densllies re<luil'f' c·,- Jll.\Plt·tl n"«M'du~ ~ 1m»1Ifr kttan. l'lA011 ... h.alt dell 
tremely high accura~ 'nanOM'{·unw I rM lit 11"\ of f"\nl dw dtnN:bN m..YxkM"ictlh ~"lUh1 .. In "Ithl'r 
in dala-tlelecllon linlU~ Ihatt'an t"' AoI'hll"\l·cI b\; tt..txM dnocOontom eMlt...- ' tK' .1 ... II« 7 ! 

TIlese codes lransfonn Ihe' InpUI unl'tu\,'nK'lIt ID~ .n f',lra IIOf1.nn fl' Ihl' 
dala into pulse pattems lM)mN llnrll _ wixbw IQUl.t he- M'1 ale'" Sur (1Ih,'! 
referTCd tOM clocked dala' thai In· tRl' • RROR '1.( It\'I~\h ~MJt'h.to lit I'''' nt Ih~d .. " 
clude both Ihe input dala dnd thr ~ "~.nd rn.nuf.'V"'" 
clocking information nf'1'(I("(1 10 '>.\11- III'qIIJeu .. c. » lhb" Ii fllftC.IO 
chronlze the PUrgeneralf"d dC'II"f:IKln .u '\llh all (lAtla 'tJl"8rP'''''''- .1Iindow~ or J,f\Ut9 matltll1 

windO\\ The pulses 10 theM' l>allt·n .l'C\.l~ .nd lntrp1" ... prtmt- IDdIlICDOd ~ P'* I ..... i. t_ 
each idea1l\' occur in tht' ~tC·1' of. f'l'nUo The Illlnm.-..r...o.. rateb- ilImt:n.lhr touJ, ..hitl In "1 
detection \~'ndO\\ det('nnmt"d ll\ II~ mlffl"d bo. 111«> hPAd ditJ. .mrrtln!- ItIrtdnrtmn mtDI btl.,... than ,,,u· 
code, . Ilit mime 10l ",Ih the dauudt tt*d. f1ltwhalf df'tl'l"t .... ..wirac\o\" 

Modified fmquen~ modul"llnn 1M me_I a.b;nificant c.uwc.trmrl ~.I"'l.Jl 
( ~I~I in \'hich a data hll ia !>leJf'f'(1 lhro twlaci d .... I~.......... AAdn.crtwod. u.. tnlnrusc 1""1,,,," 
for each polentlal maplt'tK" nu, polol." JMttlorn-inductott ~ IhIft lOtel hNd.drU.lnl~. dil~( I ' 
Ily transit.an is a common dala codfo "'UK:e the ,,:rntnudbll~:t1u!d IIDlhro bioblntOU'IKII J"-,I,.,· 
used tosloN'dala on d~k I'IIP'fortlt·n· ~tM" hc3ds.,.,..maD indltw ~ ""koru" .. nl l.abo 
sily systems are usang data ood noivI of I'" ~ t:!) 1hr IIW'd.Wt and tt.aIc ~ 
with up 10 1.5 dala hits SIOn.-d for tronic ~ n.. iMJIatrfl pul/-t ItOl 
each potential magnellc·Om tf'3fUj· Plt ..... hona PId a ~ .• JunrUonnf hoth mI·' 
tion . These codes are ai50 run. llOUot"aft.... dWtandhr..s~ forf'uOl· 
length·limited Ino more Ihan a fimll" coml'lOnrnt hun nol'dia rdII' flit" pie,CCJhIkIt'r. aimple"I'Jwo\lmallCJn 
number of transitions "lthout polar- lron.e nobe trm·J:tiJe("llfd-- Iohoutpus h.If'JI'Ulv ""1(lIh III 
ilyr'e\'eI'Sals l self--clod.Jng _ndUM' un\\&ntrdCfON.I tracn~ limPunIJ, lrvman6MMlf-.:lnUl~If·tll' 
signed code pattem" to achN!'\~ m· tl'1lC"'~, and inadequal~ .."ed I,-*lon 
creased density aiRI&Is from fJ"'\loUt mud 

-"" ---
-"" .... _ ... -
_ ... ..... 

SunU11er 1983 

• 
r iii 11"" pMionnann. o£lhe IINd,dIU hllL'ff~ h .. 11111)1'0\'00 l1'II1W linleJ in tilE' laJI z.5 _\"C"I" 

~'" II> dlr«II)' attributable '0 Imlll'O\'t"IlWII" In both recon11ng h(!.d~ amllllooia 

I'. Improvemenls in oxide par1,icu' 
KS VGl + 41(1 + tl iia + d + Ti 1:lll' media , a long with Ihe perceIved 

whel..-

G II't'<"Ordlllg head! gap lenwh [!Lin,' 
d 'rocordin~ headl nyllll( height 

II" III .J 
Illrtlta thickness l .... in .1 

• ml'dla lransitlon lenWh IILln .! 
'I("nglh of magnl'tic nu~ c hange 
Inou-dlal 

... _ \'('locll\'tbetwet>11 I'CCOl'tilllg 

head .ind m<,dial 'ill_ sec I 1000 
alillllllinf( factor 

{
!:t 1 for rem1£' ht'ads 
S 1 thm fillll h<,ads 

'c)r Ihlll·fiIm Iwads 
11('1"(' gaplt'nglh, nyill~ height, 

lUlllltllmming fat·lul·are head paramco 

Ie'''''' and nU.'(lia Ihiekness and . 
ml'(lia-tram,ition 1t'l'Igth 31'(' l1l~cha pa
rnl1ll'I{'I":) Both Iho pulse amplitude 
and othrr pulse-shape r:tct~I'8 do· 
I>t'ud Oil Ihe head and 111c<l!a p:tmmc-

60 vou cannol chanfoW ('II her pa' 
Irl"'5 , . II· II of oUll('trrwlthoul cons (('nnEl: II 
Ih('.,r fa('lor.. 

-----
fl.rrl RL. D1Rl.CnO'~ 

Th(' I)('rfonnanre of the head disk 
Inu.rfac(' has Impro'\'ed man~' tllll('1> 
O\'("r in Ihe laM 2.6 years .\reaJ s t0r:t8e 

df'n!'llli('1i Ilpi x maxmlUm bpi'l 
n"'-as('d from a "bllS III to h.,\'(" I .. ,~- _ 

O\"t'r 12 \fbil , in a. 'n'i~ is due 10 lin· 
fV\'('Il1("nts in bolh recordllV( heads 

P I -", .• Beller coatmg l<'ChOlques 3n( nlL .... 
ha\t" re~ulted III extrcmt'l.~ low abso· 
tulr ('n"Or dl"n~lty for partlC'"ulalt' me· 
d-a. otnd attempl!'. 10 replace II In largo" 
d:aIl1Clf'rdbks by using olhercoatlng 
I('('hniques 'primarily platmgl have 

failed 

pl:ttcd·disk problems OfCOlTOSiOl.l 
and dUI<lbility. have allowed p3l11CU' 
laIC m('dia to maintain ils dond· 
nance. ltowC\'t'r. Ihe induslIY is ap· 
proaching a transition point in media 
I("('hnolog"- I~nl densili('s arc 
achieved eilherby thin· fiIm h('a(Ls on 
P3l1iculnle nu-dia or femte ,heads on 
thin ·film m('dia ·nle ne.;t s.gmficant 
d(,IlSil), inC'rement will require the 
uS(' oflhin·film tcchnology for both 
heads and media IFig 81 , This change 
I e\IX'cled to occural an at'Cai den· 
Stt\' abol'e 2S \tbils in 1 sometime 
lII.Qund 1984 

Hy 1986 the h.-chnology dis· 
C'lI:o.se<1 in this al1icle can be expt.'CIl.-d 
to pl'OCllice an al'C,,1 density of 50 
\lbitS/in I t;xtensions of these tl.och
niqlles. along with Ihe applicalion of 
\.'('11ic-al reC"OI'ding, pl'Omise 10 
incre.,,,e the iJI'Cal density of 
lll"gm'lic recording 10 o\'er 200 
\lhil s. in I by 1990 . • 

John J. i\ c \\'man Is/he prillc"x,i 
Mlen,isllInd senior s,affsciclI"sI to 
'fie recardlllg ,cc'lrIo/~ ' Cf'mcrat 
\1t'mof'l",-:, IIc is a mcmber of"1e 'f~lf.e 
ami tl,(, Magllc"cs Society, and holds 
nsfe, MSE.E.. lJnd PhDEE degrt."CS 

I~ra n'" Sorc:I c110,corpora ,t' nrc prr£' 
dclJ/ of,cehno/ogy for ,\1cmorc,~. 
holds 37 patents rn the Ort'.1S of dIsk 
drin! lJnd magnetiC recordlflg trelmol
ogy_ Hcgrodua,ed[rom Ihe l 'n/\ of .. 
Santa CI.1ra "1th a BSE./i. and an ,\fS/:..E.. 
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Don't e 
no for all allswer! 

WINCHESTER CARTRIDGE DISK DRIVES FDR MCROCOMPUTERS 

Feature 
DMA S y s t em s 

5 1c- Drlv •• 
39-Dn 

Now in production yes no no 
Data interchange yes no no 
Contamination oontrol yes no no 
Retractable heads yes no no 
Standard cartridge yes no yes 
40 ms aooess time yes no no 
5 Mb capacity (formatted) yes yes yes 
Capacity growth capability yes no no 
RemOllabl~nly drive yes yes yes 
Rxed/RemOliable drive yes no no 

A companson of Winchester 
cartroge disk doves shows there's 
really no companson. 

mICrocomputer Winchester cart.ndge 
dosk drMlS 

But DMA Sys1ems drMlS don t 
lUst outpef1onm other cartndge sy: 
tems They outpertonm 81 _ 
types oIlTUCrocomputer backup 

~ 
Only DMA SYSlems a/lowS you 10 

mterchange data bef'Neen dl'M'lS 
Only OMA Systems has a unIQue 

retractatje head that ensures data 
mlegnly by neYer touch'ng the d,sl, 

Only DMA Syslems has a seIf
sealing clean air system thaI pre\e1ts 
contaminants from reaching the data 
- even after thousands of Insertions. 

And only DMA Syslems gMlS 
you a choK:e of fixed/rem<N'abie or 
remowble-on/y dnves Both mod
Qs match mini-floppy front panel 
dlmensk>ns and adapt to eXJSbng 
5,,- Winchester drNe controllers 

What's more, DMA SyStems IS 
the only manufacturer delrvenng 

Consodef the attemab_ 
F10ppes haYe low capaQly poor 

_bloty and 00>II access_ 
Streamers are unreiab6e and 

cant ~ random access 
The,,"s only coo dr1Y8 rna""tao

turer who can answer ".,. 10 all of 
your needs DMA Systems. 

For rTlOfe U"llormabOn wme 
DMA Sys>ems. 601 PIne A ..... 
nue, Goleta. CA 93111 Or 
caD (605) 683-3811. 
Telex 658341 

S '-r'S I E MS 

Just ... bat the industryoetdL 

~t~""""~ ______ • Summl'r 1983 ---
A Conservative Balance 
of Technologies Boosts 
Winchester Capacity 

H~<.l(Mnly S.2S In \ \ 'inchpstcl'S I"'equil'e a combination of nm'" and pr'Oven 
5U~~~tt·m dt·!'ol,.;n~ to produce reliable. 11lanufactul'able products. 

hy Uo" ... r ""Irol""'.' 
\1'Ttn. till 

Ilt'W da .. s 
cd h~h ·('aIJal'II,\' 52."'111 \\ IIll'hl'tol('r 
elm .. .'!'> HI(,O'l)()r.ltt·~ a nUlIlbt'" of '>0-

ptw,tic;alNI elN"II'Kal nnd IIll'C'hanical 
uh .. \ .. ll·lIl~ that d,fTt'r buh .. lantialh 

lrom Iho~' uM'd h.v Ill(' first ";(,11(,1<1-
t.un 0(1{)\\ pt'lfonnal1cc,IO\\·dt'nsit:-. 
\\ 1O(lw .. l('r~ TIl(> (htTl'n'nl d(,s~1I tlP
pn);lc hl'" Ih;ll lIl.lkt' po'>bibll·tht,.,r 
W".!Il'f d{'l1l>1lWlo 111\'01\ (' tradt'OlTs two 
1\\(' .. '" plU\'tm ancl unp''O'H'I1ItIIt'rna
Int'., '-01 Ihl' \\toh'IllS inll',;mIUl" It 
(·.I,'t'lul .mal,' .. 1'0 of Ill(' lIri\(' manufa{'
IU'''l''-b df· .. lgll dlOicl''' ('an h('lp III till' 

'h'C:IIIHI of:1 f'{'lidhlt', hil(h· 
1)('nol'1nalu'(' P"XIIKI 

1111 \1r\HKI.-1 HJI{ I IIGII -(.J\P\("In 

I)R[\ .-~ 

Ad\an('CS In s01al1 ('o01I)u(('I' 5y~l('ms, 
I prc:iallv 16-bll O1inupnx'c~so .... 
ba .... >d 1ii .... ;I('!1l!', h3\,(' OU1!;lnpp('d Ih~ 
athaJlC't'!o U1 ma.!.S-slot<ll(e dMi("l's hg 
1 1, IheM' uu·reasinl'l:l., pow('lful com' 
pUh'~ an' being (,l11pl~'('(illl multi
UM"r !>.' "I('m!> Ihal ha\'t! mlll1lla~l...lI~ 
opt-rallon .. and in apphl'atlfJlls n.'

ttUII'O~ la''f(l' dala baSf':o; P!'\.. ..... 'ous 
5.25.10, \ \ IIldw:.I(·I'!> \\ l'''' a<.!Nlllillt' 

f U,,,,I!'-uliM' bu:.mt'!!IS al)I>llc3110n5, 
01 IY 'I' bUI HoI for O1ul1l"lallon ap!> I("allon .. 
",. toe-ai-an'a n('l\\'orl.in~ 

To filllh~ nf'oo!'t manufaclu .... 
i'~ art' now rt'll,.t.Sing pro<iUC'"I!'I \\;Ih 
C-..aI>an1i ('1'; orlO 10 100 \1I~tcs. or 

_ 'ood ac("Css IIIncs ofJa o1s mOH ', · 
On\'!''' 1I11hl~ perfol1nanct> dllJu. fll 

the same physical fonn faClor as pro
vious drives but incorpol'ale major ro' 
dl'signs oflheir'components and of
ft,l' good plicepelfonnance char-Oletcl'" 
istlcs as well A l'tlle oflhurllb is Ihat II 
chive offcling double cllpacilY should 
command no 1ll001:llh:tn a Z5% plice 
pl'Cmium These drives must be /lvail
IIblt~ in high volUI11('S and at high lev
els or reliability, regardless of the tech
nologies used 

A number or new and provcn 
tochnologi('s In 30·, SO" and 70·\lbyte 
lhin's Mlike a consclyalivc balancc 
IWI\\t'ell pr(J\'l'n Icchniqucs :tnd Ilf'W 
tt'ChnoIOft\- -!11e major dri\'{' subsys
I('ms arc_ 
• Kt'adiwrite heads 
• \l11.1(1lClic media 
• l-lpindl(' mOlor 
• lI{'ad-c,uTiagc :tctualol"systclll 
• S(>I\O ~\stcm 
• Hl'ad-c:hannt'l implem{'nllltion 
• ~.\'~t('m ("onll'Oill'I' 

IU.J\DI\\tHITI-~ IltADS 

Sin("l' the kl.'Y to high capacity is in
("1'Ca!>l'd tl'ack density,lhe l'Cad-write 
hl'ad i!> a majorcomponclll in lhive 
design 1111..' IU\I 3350 head and slider 
IHg Z' has been field-proven fOl'Sf'\I" 
l'rdl :rears \\11(' n uSL"tI "ith rolalY aelu, 
alDl's II pennits ayn\\' angle of up 10 
IJ' "wider\a\\ angle pcnlllis a 
shorter aC·lu·ator ann-a \ilal consid
eration in Ihe limited space a .... a ilable 
III th{' SZ5-111 \\,"chester packagc 

In contrasl some :.maJ\-dli\'{' 
manufacturers are plannmg products 
baSt'd on the IM\I Jl80 \\11itney \t"t"h
nolO!{\' nus Iype of h('ad, flhder. and 
fit'xul'{' J}l"eS£'nls a lower profit('. bUI 
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-Pig I Technology-dm-en hnpl'O\'Cmenl5 in 
small compUICrS)'!IICl1lll hll\'tl oUlpaced dl"\'!I
opmcnl6 in 1II11$5-5101'll88 dl"'~ 

s ince it reduces the yaw-angle toler
ance to about 8°, a longer actuator 
ann is r"l.>quired-and a longer:um is 
likely to be mOl''C sensitivc 10 reso
nance, sh ock, and vibration 

TIle newel' composile heads of
feradvan lages in high lrack density 
applications The core inser1ed into 
the ceramic slider can be machined 
to a 90° angle between the head's 
read/write COl''e and the media Thi 
angle concentrates the head 's mag
netic field and reduces track-fringing 
elTOrs caused when adjacent tracks 
pick up the signals emanating from 
the head . 

1I.lAGNETIC MEOlA 

Another major cont l;butor 10 higher 
capacity in 5.25-in Winchester'S is thc 
use of thin-film, plated media which 
has a number of advantages 0\ el'O\.
ide-coated media These include dura
bility, better signal-to-noise l'CCOrrling 
characteristics. and IIlcreascd areal re
cording densities of 50" ormore. 

In unusual circumslances the 
heads may conlact the media and 
cause catastrophiC head crashes that 
mar the record ing surface, Plated me
dia, while more expensive than o\:ide
coated media, is 10 times more dura
ble. Thus. a reduction in overall costs 
may be obtained through decreased 
shipping and handling losses and in
crcasedyields in manufacturing Ca
pacity also increases, since plated me
dia using standard femte rcadt\\Tite 
heads Slippor1S 14 to 15 thousand 
nux changes pel' inch !Kfell com
pared to 91010 Kfci with oxide
coaled media. 

6 

nlerefore, almost all manufal:tur
ers of high -capacity \\'inch(>Ster 
drives are planning to usc plalro mt'
dia , But since early jll'OCt'5S(>S had 0)'1-

dation problems and few dri\'e manu
facturers used plated mechl. an.,,,\"'. 
media manufac turers have be(>n slO\\ 
to supply it :\ow that the manuf.:tl"lur
ing naws have been eliminatN.l and 
there's widespread agrN'mt'nt on thf' 
benefits of plalromedia Amlx'\' 1'01." 
disk, and at least eight othcrfimh 
\\ill hav'C il in produC'tion thl:' ~"f'ar 
Once a\llilability problf'm~ an' w
solved, plated media Illa,\ ('wn bt'
come widcl~ u!t('d in ~Il\Alh·"'(-.1I)"l("lt?'o 
driveS , I)rimaril.\ be<'auM' of II!. 
durability_ 

SI)Il\DL.t.:.-~tOTOR _\ ... IJ 
SPEED CONTROl. 

l\ewcr high-capacil_' \\ 10("11(':.11.-.
dl'i\"CS requirt' a chalV{e fl'OI11 a 
z-phase spindlr molor to a 3-pha~' 
motor TI1CM! 3rt' more f'\.I)('11 i\.t' hut 
prmidt" mort' IOI'{IUf' for fa~I('r .. tart 
hmes and redu('(> th .... IOlJIantant'Ou!l 
spct'd variations requlwd by tilt' In-

---. ..,.. 

l.!. 
... , 

r-

J • ~~ . ... 

cwasetllin('ar bll-pad..ing dmsirit. 
\"('rtf'\. has d~ to Strl \\ithiPt 
('11 e'(tema1 motor"llh I. ~ 
nlOunlu~ brcaw.e motor-~ 

mhh .".nt In \'Ohune 
prodll(-Hon y('t 

Pn'("i "plndJ pet'(! contra 
t"!lM'llllaJ an du.Jr,;. rurmattm,c~ 
thf' tA'ncJ .. to r",,,,,,, ., .. ".,101,," I 

an 

I1w th,"", rt\IIln "'1 .,. actUata'. 
\ It'n In lIM' \\tlh hidl

Ilf'rlOfTUaucc tim ...,. bnr 1Gb 

C'fJII ".I.an \Uk,.nK1 and~ 
IAI'\ urlt-r ("1111 \hh.~""_ 
f,lI'lunon an' u ~ lulNt ~ 
1 ht It'lMI to'" 100fT' compku, 
(IInll"ul1lOI ~m.S!.l4l" 
C'4110nll ,. tUt 

\\ 111!t' rotan \uK"P<Oil~ 
("'O~t I . l.al. .. uj, k'N "Iloitt .-.lit 
qUln'l f'1M'f'J\\ loartllln1'Wt¥' 
~lln~ II""" an'~M'1O 
.net \lhrallOn and h.M~ rYtn
Nile,. prohl4-ma hl!C.~dM 
hJt'\,-noc1 ann lhrNo '''~
(J\ 'M"1'ClflW IJ\ usr CIt • baWYtd 
liC'UaatOf" \\Iih. "tOrt ac:1.a%D1''' 
nU".J~")"* hmducnlhr~ 
lIlIIl'!lIon ~ til pinlhrlt-

1_ Urnes 
11~ n".td.wrtlr hNdI and Jl'l'" 

hr.oct mount ... 1 onlo lhrarlU'l' 
3 an- au""",...! b) pnd>I<II>"" 
tJOAnIl,f;S \ bOObin- pr\"*,,,ca1 
DlOllOh ... J ~ft"n ""0 

1n.a,cnrt·I~'k"" 
rul.,h-
II ."" 10 
Ua 
10 lcllaC (untrul 
t'f"Nt ckJ\, tl IhI' artualOr b 

J[ Qyality Tamily of 
Dis Drives. 

FROM FUJITSU 
QuJlttv 1Tk',ln', more when It comes from Fujitsu. 

'~gtt tht. Lth' t Wmchl"ter disk dnvc technology. A total vertically 
tnk"'gf.altd m.Jnuf,'k:tunng 0Pl~rabon. And a solid reputation built on more 
tN.n 15, l',n-, ,"'< ..... -n,,-O( • 

Out bn»d ba"ol' or cu ... tomcN have come to rely on this level of 
~'O'\tf 1M "t.'.lr"lo Quality that's exclUSIVely Fujitsu . 

For ~ tnfl1~tt(ln contact the 
FlIjibu AIn<'n<a I Office nearest 
\'011 ...... h'" t (.Ia<) "NI-<IIOO. 
r.... en." tb17) ~IO. Sou.hw,"," • 
(7H, -K1S7. fUrt>pl". 14- 1 4~1I38. 
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F'I&:J A bawlCell rolll~' \-oI<'t'-nulac-IU"lor 11\,1,\ nwuam .. nun .... ·' uf ~ 10 Iwvt" I II. 
heads If II malfunf"lion OCTO"" In AI..-,.w!'1'd-t1own IAle Itwo t--. ... n1n1t'1«i lu ........... 11nfI 
wnf> and I~ 8("IUlllor arm I.locMod 1010 plM? 10 l>I'l"'on,1 &In ~ <fur \0 o.hlf~'InIIl_ rIJUIIIh 
handhng 

cally driven 10 a hC'nd·landinEt: I'.on(' 
and locked in plac('on Ih(> il11U'rdiam' 
eteroflll£' disk 10 p .. ('\'Cnll>O~lhll' 
head or nu'(lia damag(> 

SER\'O S\STI:.\I 

An illll)()11'UlI (hfTp,,'nn'in MlI11I' 
driv{'s b Illl' C'loM'd·lool' M'I\O, \\hidl 
uses a dl'clicnl('d ~f'I"O sUlfiln' -1111' 
selVO infonnalion il. \\1111('11 on Ill(' 
bollom sUlfnrt' of Ill(' bollom eli!>/.. 
DUling seck operations. al'lualOr 
movemenl is conll'ollf'eI by a dual · 
f,,~quency lechniqu(' baM~1 011 11I11pli· 
Imle difTerence!> belw('('n al lcl'1aling 
servo Iracks w,ill('11 al difTPI'ellt fre· 
quencies ' Fig4 1. 

OIHrack positioning is r('alizl"d 
when the S(,IVO Iwad is e~nrth be
Iween Ih(' IWO !>('I\'O Irac~ Tile se,,,o 
head !>/tmples 1\\'0 fl't'CIu(,llciC!>, .!oUI1l.!o 
and /t\'Crag('s Ill(' Sign.lb_ and I)():.i. 
lions lIself /ttthe poinl where Ihese 
signnls al,(, equ,lIJ"i:. posilioll will 
be e\.acll., belw('('n IllI:' IWO tra('ks 
/\ ny resultant ('ITOI' signal is lincal'l, 
propol1ionallo the enurtoff-lrac/..: 
size. and indicales Ihe ofT·track 
direclion 

Dual-frequency se"'Q position. 
ingoffer5 seve ..... 1 /td\'a ntagcs when 
com!,ared ~o eli-bil or lri·bit mel hods 
and IS n;:latl\'ely insensitive 10 surface 

'feels III the media '''e elTOr-free 

--

0- D I , 
• 

Sf'I'\U !>urian' ~'N~~_ 
bll IrHut nU'lhod m.Iuc:e.-.. 
lunnl( ~k'ldJ..-parttrul&rh b 
\\11h h~h lrad, dtrgil~1ft. 
,-I'('a_ t Iht-C'oe.tolthu",oct.l 
"t1.Jl('f' tht" duaJ-tnoqu..·nn""9 
UPU h .amP" the two .. 
qUl'nde>a, 0lf'(1 .. dril'C:1,_ 
out and not J.M'lK'd i):\ lhr Mn 

In addltlun aen'O-head 
aJl,f(nml'1l1 'lion I tnlk-~ b«aat~ 
flu-Ihud dlAnl u.... puUe.pot.Ib:ZI.; 
runn.1I"1Il hut 10 th-hlt and trHi 
ow, hUlL. thb altpunenl a cnx:ii 

j 
~Ol---{] 

",'III"-S~~on ......... ,1 SU-IIl lh1\to Ihf'(bll'!Plo&! fronl I' .... twold i_&lIl
pIIId........s. ... ~ -\ ~I\ilCdooti"l-I • ..-(Io,O<>I ... ltw pt • .u. of Ihf' ""llbK .. 

• 1Ilt! tunt,... UM..,..uei ~ .... 
("f..'_ 41KJ art'\MT""lUtrnnmIl ~br1\\"," arl'''' alul ,Iiltol 

1~"C'41u"Mt ltv- ~ brarinfC nobl!, ,\lUIIot'I\ll 
'IUt-fIt tt Ira!'!. fIn'1W'A In hl.,ttlM!'N 411041( II~ 
,1"Mln"Clu"I'" "nlt'·dat....... driI.lIlrttw\~1.·\' !Uthrr,.·" till' 
I'"",II\' IUt..,.,..,1 uut u.o.lnl(\,ht 1Nd-l .. ~ Innn Ih" h.'_ld h () I 
11\ 1'41 hvm thl1 M'f'O klklrmm:cl. 10011 01\ pra'" lit I '" "ulIll)AI1:"tIIU 
thr'1:--. Iltl nft'CIIUI'" "N"""",,,.I ! 10'\ m\ b. "'tuMI .. "II" .... "f'> 

,;h u!'>-f"tllll man., ~ driI, .. 
(If...:''CI,h_JS)W'f'o Ibro"'.td-<-' .. nfM!'l'f1It·r1.1, .... ul1" 

'MJI1'nl, hWM"f I~" ~tmdud .iUoln dnw ",c·Ul1Il)4, .. • 
"1""""'''MJIt" dfoslf:m bulfiPr lAf'Iy t.impIr I hI' .lala "",wi h·",,, 

d.a'''' ".hahihh 11M' ~lMc.lJtuIr~ thr}wAd ... mphn .... nanlho"I,..!'" 
thumh lito th.at the "",\mwaI ~ filter and di1Jrn'nlt;1tl'C-l 
h.· .. cl lu,L.t.aI,-.l can._ lbeautputal ..... ttlu .... ~jnlC clt,tt·,· 
,,""_t« II .. n '~llf Irvl J**. Ior~b 10 'hI' 1K'4l~_ lit th,. 
• l'ilc.h·pt"fionnAnno I ., ~~ 'IRS1 
111I,"1 lI~int~ , .... p.a1 or IJ lbro Ihl'thocb UM'Clln 11M! 
tnl ~ .nat}Cin 'cnc1! I~ ~~ I.J,S-In .. 1m: .... ' 
ul, .. , lI'1tul\a\.''IlI~ IIIIdlmonoCUllI .... ' .. ulltt'1JflNlfalc. 

.. TOtmt fur rmVunmentll • nt.mirralrltn .. nb .M,t found 111 
kMft.c.tpedl) Wilt I- III to In till 
pI'OCl'U a.ipl&J P"·-Aml,lillr,.,. AI" 
pIIcrd m thr IU"1U.o1lnr an" ,,'" c 11"'-1' 
Iothro"'at w"te 1""'11 tl1 hnpnJ\I' 
Ihe~o-nuaar rallnhdu""lhll I.e
nallr!!ftn thr ",.:11 ..... 1 h"I",I,' 

HI.\I)·( It ,"'II I\IPU'"!: \ • • 

(>tM.O "'-1"\ lu ct.t. rdiatJIm.1br 
" ... d. hannr:l cl..loI JloIm-:-bdI 

~ ~ dllc ..... • 
11~an' 

,-....... 01""''''''' 
tTl.t.llCal '" 1tHo pn''''''PfllXltldID' 
rur. lulUn'! lnle:rfM'e ~If - • - -
......... 'Ion -.-ItT-ttvnlCa 

""' lNnUf.oc1urrr 

\ dtl ilionally. /tn IHllom«tic gnin 
('ol1tl'Ol t"OInpell lOntl'S for \ -illiations in 
Iwad ~ign"lampliludc cauM'd by \"\li· 
IIIIO'U III tht' distllnn' 1H.'lwc(·n tht' fly .. 
tnf(hC'/tds !lnt! Iht! mt'din. lind by Iliff('I~ 
('I\("('S III til(' h (,!ld nmplifit'r·s ch«mc" 
t('ci .. tl(·S I he lIutom!l1 ic Kllin conll'OI's 
I.,mp output is cllfTl'renlinl('t1 filtl'I'('d, 
.met cliSitizcd b~ Iho 1'..l'I'O-t,ft)l;slrvt: dl" 
Il'(: lor '1 he OUlpul, PI'OC'csSt'd ")111(' 
1)(';1).;. followpr and tho ".f'ro-I"'OS!oU"\I( 
d('tf'(-lOr. heconll's th(' I'{'ad-data 
plIl~J1lt' lim~ domain's ~~nal· 
(Iu.thfi('r !H"C·tlon f'liminalt'.!> d«ta Iran· 
anions C'au~('(1 by falM' lA'I'D c,'O!o"f1Ks 

Sud) nn.'mts 3rt' Similar 10 IhoM' 
\N'tlln Ih(' larg(' _ m\l3J80-1~1)t' 
d,n1:'.!> and IlI't' rt'<11IIn't1 rO"I'{'liahll' 
n-,ul-clala opt'ratlon_ 

'til ROPROC .. ..s!-,() R (:m"TH()I. 
(IKClTI 

111(' 1II!t'f11al nli(TOt'Onllullpr an g·hit 
.. mWf'<hiJl pn.H.·cl;SO,· monito .. " all 

• " .... 
".IrOoa.T~ .. ,,. 

c 

~ 

~. 

,,' -• •• 
•• 
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dri\'e clemenls, and protecls the 
readl'write hC.lds rrom dllmage in the 
event off«i\urc. FO!' e,'(ample, the pl'O' 
cessorcontinu/tlly c hecks the spindle 
moto l-speed conu'OJler and deacti· 
\'atcs the dri\'e ifthe speed ''<tries 
more than :!: Z" It alsomonitorssel\'O 
olf·trnd, /tnd fault conditions 011 the 
read"writc circuilry and keeps lrac k 
of lhe head position to pf'C\'Cnllhe 
host S)'5I(,111 fr'Om seeking into 
guard·band 7.ones, FUl1her. il \ 't.'lifics 
!lnd realigns trac/.. 0 posiliol1 as 
l1('cess'uy. 

'I1m most importanl function of 
the microprocessor is to monitor in' 
comi ng Slcp pulscs. develop n ,"cloc' 
ily pl'Ofile, and !ldjust the aCluator 10 
CfTl'CI an overlapped seck function 
fhi s PI'lJ('CSS pcrmits the hc«ds 10 I)C· 
gilllll('\r move 10 II track before «II or 
th t) s lep pulses am sent , and Ihull 
dmlllalic:tlly impl'Dves systcm 
«('cess timc , 

J11e systems inteb'llllorwho 
M'Cks 10 "dd the high c.1pacilY und 
(<lste.· acccss times or the Il('.\.t g('lle'll' 
tlon ofS25·in \\ inchcstcrdisks 10 
his 5\'Slel1l lihould be aware of the dt."· 
sign ·decislons made bJ disi.-.dme 
lll«nufacllll't.'I'5 It ISI'-I enough to 
prumlS(' the benefits ofnC\\ lechnolo· 
/(II'S Iflheir techniques are nOI pf'O\" 
t'n If ri.!ok:, muM be laken 10 explo it a 
11('\\ t(ochnoloKY th~ should he tem· 
pel't-'<I \\llh othcrknown m('thods 10 
redu('C the ch!ll1c(' thalufliis \\;11 fail 
in the fil'ld • 

Boger S . ro m s . a, manager of CIIS'-
1li'f'rm8 III \ ['rh',\ , lias IS yrars ofltd.:D 
fHld producf dt'\'Clopll'lcfIf C,\lx'rjt'llce, 

1\1111 " of"It:~c rC.1ni fiJClls('C1 Ofl ''0 . 
Inllll~ m(''''1()'~· dM'jrcs Ut' IHJS fo,... 
",t'rll: cI.rt·C'fDr of CflgjflC('rjll,'l at Sltu 
Wlr. '\.":'O('lll/('S 
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WE DON'T MEASURE 
WINCHESTER CAPACITY 

JUST IN MEGABYTES. 
We measure it in 

terms of production 
capaCity. CapaCity for 
technological innova· 
tion. And capaCity for 
building-in quality at the 
lowest possible cost. 

We're the Tandon 
SV-!" Winchester 
Company. And we're at 
a dISadvantage. Unlike 
our Tandon sister 

-... 

• • 

companies, we're not the world·s produc
tion leader In our field. We're only number 
two, Though not by much. like the Tandon 
sv." Floppy Company, we didn't start first. 
but we Intend to finISh first. 

We build a Wide range of drives, 
Open· loop and high performance closed· 
loop models. Right now, we have the capac
Ity to bUild and ship 60,000 drives 
a month. That means that we 
have the capaCity In p,lace to be 
number one In SY1' Wlnchesters, 
And we Intend to be. By offering you 
what no other Winchester 
manufacturer can. 

No other Winchester company 
makes so many of the parts that go 
Into Its drives. 

No other Winchester company 
builds Its own heads. 

No other Winchester company 
manufactures more of Its own plated 
media and Its own PC board 
assemblies. 

Our innovative products are 

.. 

backed With a 105% 
guarantee. Indud,,& "" 
brand-new half.r.e;gI1: 
sv.' dnves. Wrth6.4 
and 12.8MB In half the 
space of tradl~ 5 .• 
Wlnchesters. 

We're dedl(ateO~ 
bUilding more dnves 
with more capacity 
In less space for 
less cost 

WhICh means we're dedICated to bell 
the world's leading producer of 51'.' 
Wlnchesters. 

landon 
11tE MOST SUCCESSfUl DIS« DIM 
~ES YOU EVEJIHEAaD Of: 

TANDON 5W WINCHES I ER 
• . _---.. -



Best assured for disk 
drive testing. 

Whether you're a manufacturer of disk 
dnves or a mamframe OEM, accuracy and 
performance are the keys to your success 

PreCIsion test equipment that can mea
sure heads, medJa, data channels and servo 
mechanisms In the deSIgn stage. or on the 
production bne IS essenba1. 

In the past your test cycle may have con 
slsted of a patch-work of eqwpment. Some 
dedIcated. others adapted, usually about the 
only thmg 10 common was mefhClency 

We've put together a team dedt~ated 
to disk dnve test equIpment. Over balf are 
graduate engmeers, and of those, htty per
cent are disk dnve speclahsts. That means 
expertise 1Il the area where It'S needed 

It also means you can have yow ~ Jl 
a umt capable of r8lpondmQ to your r~ 
ments from ow eXJ5Uno hne. Or an mfngfa:ed 
custom sYS'em specl4!ly deolqned and bull! 
to your exact tolerances and aCC'Wac8I 

That'. probably why tbo world',1eadm9 
disk dnve related manufacturers are ou: 
best customers 

And. because we \lie .. progt.mmtblt 
deslqn fea,unng a 50 MHz bandWldtb.t:o 
system we bwld todoy wUl expend as you do 

Whatever your c:Ls.k drive test.;ng ~ 
ments. from mach. certl,bcatton. 10 held test' 
mg, to wlIldow mar91n, 1pe&1r fust to 
leader In duk dnve testing technology 

And. rest ~ured 

o Cambri~ Systems, Inc. 
The Leader m Disk Drive Testin T,..-'--
31364 V ... Co!mas 9 =O.llnology 

,Westlake Village. CA 91302 (213 QQ1.~ 

-- Sumnwr 19A1 

Servo Design Extends 
Capacity and Increases 
Accuracy of Minifloppy 

\Iid")) ''''''''1'11-'' 0\ (-I"tl)(' pa't decade. noppy disks will find further applications 
through th,- ""\ I'lopn1('l1t of half-height. double-sided mininoppy ddves. 

--~·~:::::~·······~SlgnCI~ rhc!>c include: 

b\ \ I.dlmlr LIIlllfl'r. 
U ..... I 1111' 

.\'~I('m II1IPgralol'S 
fan' oln 1I1crt'dsin~I., dlfficull la!'!k in 
, ... :llllallll'; Ih,·mal1.' napp.,-dhk-dm'(' 
olh'rm~~ 111(' inll'O(lu("IIOI1 of micro
nopPl{,:O !'oub-S.lS in ' has only addt'd 
10 til{' (.'onluMan , .. hilt' !>Oint' law· 
,-nd "'lal"''('1\ 10\ .. -t"O!)I S2S·ln 
\\ 111t·h'~len. pl't.'M'111 nc\ .. OpIIOIl!!. fOI 
tilt' .... -placcmenl of Ropp., driw!o in 
I'Ollwapplkdtion!'o Prolx'r M'Il'(·llon 
(1IIh,'M' n{'\ .. tit ... "·I'!> rt'(llIin.·s an un· 
d('~llIndlllgof Iht'lr lunilallons ami 
Ihl" It-c:hniquC$ Ihal ("0111 b(' u!'ol'C.l to 
O\'t'I'l'Ol11t~ Iht'm This ar1ide db
(·u~">t'~ IoOm(' of Iht, acl\,lI1t'{'8 in 
flot>p~~dri\'e 1t'('hnolUf{\· lhal will C\

It.no th(" al)pliCallons oflh('* proo
uc·ls In Ih{' IoYIolellls of til(' SO!'! 

HoPI>.' di .. ~. orilolinally UM'd for 
pr'Of(l-.un loadill~ in l3IlW l'ompulent, 
bt,<'am(' the mru.1 \\id,'I_, uM"(IIl"I:'~' 

torage d{'\',cc for small COI1lPUI(,I'5 111 
th(' 19iOs t..arl~ 8-in dm'('loo ""-('1'(' fol· 
100\ro b.' 5 ~.- 111 InlllInOI>pil'!>, and 
man\' d('~!pl cnhall("('ITlt'nls W('f'(' 

mad~ to hoo!>t cap.wlll("!> !,O ,'Un1:'nl
h a\3ilabic dn\t'fo (:0111 hold up 10 I 6 
\llntNt in doublc"!tidcd 8-111 nOI)PIC.i> 
and 1 \1ln1(> 10 som(' 5 \.-in milll
floPPIC!'> :,oda) .lollb-4·1Il dri\l~ 3f'(' 

fur1her l'(>du("Ing thc ~I>a(·t· f1'qUIrt'-

Iflent~ forroll\Cnlt"nl, l'("mO\'8bl(' 

nl&>:. slora,;e 
Although floppl(,s h3\,(, bttt'n 

.. ,",delV.('('('PIOO &omc hmilallon~ 
haw Cau~ I>roblcmlt and &ClUe 
product introdu(;lions-e:.pcciall.\ 
the double-denslt.\' doublew&ldcd 
8-111- dn ... e-\,\('I'e plagued wllh ""I·h
OIcal problems 'I"el'l~ arc several 
areas of cMticaJ concem to .yr.lem de-

• Diskette llllcrch:lngcnbility. 
• iJala-slOl'agc capacity and 1'C1i

abilitv. 
• \Icdilllonge\'il) . 
• System inlcgmlion (comp:llibilil)'l. 

While thl'I'C are many ways of 
M1h'ing Ih{'S{' pl'Oull'll1!>. DI;\'ctec hit.!, 
inlrodurcd a new minifloppy Ihal 
I)A-'M'nts some unique way" 10 !>Olve 
Iht'!.f' problems and man3.8cs 10 pack 
3.3 \lbyles inlo a half-heighl 
doublt·-"ided drive Olives oflhis 
I."pt' of Cl(lcnded capacily will help 
nOI)p.v-di:,k 1l.'Chnol~ ""'lalllll& un -
1)()11,1Ilrt' in smaU-sy!tlcm design for 
yl'al'5 10 COI1lC. 

1)1~"lrn~ CO~IP"TIHIU-I' 

ant! of the mOSI important areas of 
ronn'l'Il Is thai of diskette inler
c1ulIlgt·abillty. tim ability of one dli\'(' 
10 ""'nd d.lla from n diskette I'ccordt'tl 
on unolhcrdri\'('. -l1le mcchanicallol
t'l"ances in\'ol\'ed in rcad!\'1i!{' head 
posit iOl'lll1g, thl' media alignment . 
and hygl"oM'OpiC" l'!Teets arc all .!omall 
l'nollgh to allm\ accul<lIC posillonmg 
oflhe I'f-'.1lL\,ntc heads on the d.1ta 
trac·k und{'r\alying emironm('ntaJ 
comlition.!o 

·111(' main problem is thaI Ihe nex
Ibl£' !>ubMrateoflhe mctlia ilself~-
1)'1nds and conlraCl.!o as a result of 
heal and humidity \"ariallons 'hygro-
1o("OI>i(· Cfft'Cb A diskette recorded by 
it drivc in onc It),stem en\'lronment 
and th('n moved to anOlher und('1"
goes .!o1~l1 chang('lt O\'('r 11111(' TIle 
ronc('ntticity of the data trac~ wlll 
thus be 50111('\'\l1at aJlerctl In ron
Junc:tlon with the different 10!eI1111t;CS 
of the read/wrile head-positioning 
mechaniSm oflhe second dm .... , dala 
lracklhead misalignment can I'CliUit 
(fig 1 'illC dala lrack. whit;h Ideally 



Computer Technology Review 

"'''' ... ", ... 

Fig 11'hc ideal diskette hu the data track in 
perfllel conCllntlic li ngs around tIm center 
hole. lIowe.·cr, head and humidity elTL'Cts on 
tho polymcr mL'(lla and substrate, and mechan
Ical s tresse$ placed on the media during manu
facture can caU!l<l thc nll .. '<I.IUIll to expand and 
contract 80 that thc actual data track ,"llriCfi 

should be <II a COnsla ni radius from 
the center hole, weaves away from 
that ideal circle . 

The second problem is misalign. 
ment of the media in Ihe drive. This 
can occur after the media is inserted 
if the media .. c1amping de\ice la col .. 
letteJ doesn't accurately press Ihe 
diskette into place. Any such 01T .. 
~ntering results in olT .. track position .. 
mg of the read/Wrile heads . Older de· 
SiE,'llS bl'Ought the clamp down on the 
media al a s light angle . Thai proce. 
dure can cause some m isclampi ng, 
so manUfaCl ul't~ I'S often recommend a 
t'Cinforced cenler hole. One way to 
overcome the problems of lhe past is 
10 use a modified acme.lhreaded 
shaft to clamp the d iskelle 
vel1ically (Fig Z). 

The shafl Oflhc clamp has the 
same cel.l~el· l~oi nt as thed iskelt e spin
d le. But II s difficult to clim inal e the 
effect of the accumulated lolemnces 
of the several mechanical palis, be. 
cause th~ spindle and Ihe clamping 
mechamsm are separat ely assembled 
modules Ihal musl be fitted together 
in the final slages of manufactu re. Ex. 
act centering is accomplished by use 
of a wave washer Ihal COmpensates 
~orany off-centering and can be pUI 
mto place at the final stage o f manu
~acture. Whcn the clamp is closed 
lI:lt.O place, the collette is precisely po
sitioned and Ihe W"IYe washcr!ocks . . I U 1I1to pace pennanently. 

Th e co.Hclle itself is tapcred and 
s~pp0l1ed IIltel11ally by a flcxible 0 
nng. When the d iskette is insCl1 ed 

and begins to rotale, the tapenxl 
clamp seizes the me(Ha and uses cen· 
trifugal force 10 help center it before 
clamping il into place. AJI of these im' 
pro\,ements resu lt in a drive in whic h 
no cente .... ring reinfol'Ccment is m· 
quired in the media . The diskctlc is al· 
ways precisely positioned 

The third factor in dis!..ellc inte .... 
changeability is the head-positioning 
or actuator technology. The fWO 

types in use now am band and Icad· 
scre"v actuatOI'S .111e band actuator 
uses a metal band and capstan con
nected to a s tepper motor to mo\'c 
thc head caniage. It 's less c\.lX'nsi\,t' . 
but relatively inaccurate because Ihc 
band can become stretched and 
because oftolcmllces in the cap
sl<lIl-lo-motOI' connCClion To sup
port double-density d.;\,cs 1'('<I1I il'('s 

!....- -, 
~ '\ '>. 

Pig 2 The mcdia-clamping 
which Is maintained al the exact . 
',he media and tho spindle 1 1000~ponlon ' . ..... 
are clampin&. u'" 

precise and expensive 
the 

pensi\<e. but generall\ 
-Illese dC\iccs • 
double~ensit:y drn~ 
positioning is more 

",nbc 
guide rod thai hold:, 
riage in its linear 
mented by a parallel 
rod Fig 31 111i:, 
linear Iiitl"t'SS cau.M'C! 

keep the carnage In, ~:~~~:7l= 
of lin\" m("('hanlcal \; 
In he'"ad positioningornllll 
other syatcm camponenb 

Addi lionaJly a third spM 
tached to lilt."' lead·scl'{'\\ nul 

.., ... 

...,..... ..... 
L,..oo 

10 MBYTES 
Keen engineering 
design packs 10 
megabytes of for
matted data Into a 

slim l.63-lnch high 5V.·lnch 
Winchester disk drive. IN A 

SLIM 
1.63 INCHES 

Plaled media, clased·loop 
positioning, and guard bands all 
work together to put 12.7 mega
bytes of unformatted data into 
this slim·llne package. The 
Mlcrosclence HH-612 combines 

proven technology 
with a unique desion 
that util izes dual 
microprocessors to 
maintain stepper 

motor closed-loop positioning, 
and precise spindle motor 
velocity. 

Self diagnostics continuously 
monitor electronic performance, 
motor velocity, and head posl· 
tionlng accuracy. 

The HH-612, designed 10 
meet the needs of compact 
transportable computers and 
portable personal computers, 
is shock mounted and operates 
In any position. The drive also 

features sealed media with fil 
tered air for reliable, continuous 
operation. 

Storage compatibility Is con· 
venlent and simplified with the 
Industry standard 5T506 Inter
face, 

Mlcrosclence second sources 
electronic and mechanical 
components to assure depend· 
able delivery. 

For more information on the 
HH-612, or to arrange Immedl· 
ate delivery of an OEM evalua· 
tlon unit, write Mlcrosclence 
Intemltlonll Corporltlon , 575 
East Middlefield Road, Moun· 
taln View, CA 94043 or call 
(415) 961·2212. 

• •• Mlcrosclence 
••• Internaflonal 
• •• Corporation 
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f'i3' 3 11'us de51091 \ltIiW'fo. ftxt'd ",.IIM rod.md. "I)nr~-ro..k-d rud 1<) .. If·...." d,", t-I ~ 
~e 5pnr~ hold the ~ In It~ COfT't'II:! poalllUll and ... ..arb .1hntKOfl ('.UM"d 
lIOn. The olherSpnl165l'llnllfllll' ~ ttJ,.,1 ruull' from lu_ and rut.I ..... ~--
SOli) backlash cl'ea lro \\he'nthe rola
.tional direclion oflht> SCI'\"W chang~ 
rogether.lhcse splings will COI1'CCt 
fOI' mechanic.tl backllt.'th causC'd In 
1ll00'Cment in alw dil"Crlion (IUIUlion
al 01' linearl and ~elf-ali.gn the hC'ad ac
tualor. This design also eliminales 
any field-alignment retluil"l'nU'n!s. 

Another possible source of posi· 
ti~ningelTul's is !he sll1all gap thai in
c\'1t3bly OCCUl1i between the lead 
screw and nul 111is problem can be 
eliminated by IwO springs Ihal lilt the 
nut into the sc!'e\\ and hold it into 
place when il moves back and for1h 
so Ihalno linea/'backlash oceUI'S • 

Q.\TA-STORt\GE CAPACITV 
AND RELlABILny 

Data i~lterchal~geability and sioragc 
capacrty are dll"ec tly linked because 
as t~ack density is increased 10 
achlC\'Cgrealel'capacitics the , • compo-
nent s enur margin gIU\\'S sm II 
°loh ° ° aI b a cr. e cntlc reakdown in achie\'e. 

111e'111 of gl"l'alt·rlrad.. dt'n lilt i the 
open-loop Iwad 1)()"lltollt'r Ihe.ulu
lion is a dO~I'<I-lu()p M'I'O .. \,<11'111 
thaI gi\('s po!>1I10n mIOn".tllul1 In Iht' 
h('ad-acilialor hub.)\ -..1('111 

. 'i11is 1{'('hnl(IU~ \\id{·I\ uM"C1 in 
hos" . h . -<Al1l3C'lty .. n:I-da:. .... , .. Ic·m"l ( 'olIl 

lx' a~aplcd for nopp~ dri\ .... \\ "11 
Dunng lllallufaC'turt" Ih~, ac",," tn'OP 
matlon I~ \\nll('n on tht" th. .. kc·tln t,,· a 
~l'\ ICC c.aIlNI a '>e~'O wntt'r anclla j..,.. 
onn('(llJ:' Ihe mOOla manula( 11.1.,..1: 

orby large Ol.\h th('IllM·h,· .. It ... 
.)Iraif;hlfol\\ard prot'(.' .... lh.:l1 ""1(.,Ii. 
~? sp('("lal m('dla \lan.\ nUtllnnl"f~ 

Iskeu('s t'IllJ1I~ Iht" 600 .. (),,> 50 ..... 11 
m~CIIC-(nid(' ('()aIm#( Ih ... 1 .. I..,. 

"'" .... 

cumf' common IIIlOnI: htP
t'4I:1.iaC1I.\-dm rn&nufICtu:t:. ~ 
mt-d .. mAflu!.Kluren ~a... 
tt"tlto .UpP"'", thbnwdit il" 
Ulnt"! quAnlillft Ihr pm aflht 
wn I It'n I!ot"f\ '()o h 1" 1 0 
p!'('If'd 10 he OM ~ ~ 
lan<Wu 9&tPI ~ 

-\ bun.! ,,. k.,.,O ~I 

pi" I in rMh I« lor f\C4 
t'rUOf'baM'd rirruib., 1ht 
f'h .. I"",ira runlanutJU1h 
"'I'olnionnalion md dnd1ll 
1,lAct-lilirUI altt.! , .. .,I\It. __ 

nib t &o.rd kxJsu,.no~::~ 
p1Ulo tiM" ac-c-unn dh 
1~lhonU\fC ao lholt U"~ca 
hlln Ihr hr:ub lu ,,-tlh!n UI:! 
II ... t·\.olC I nlmlllr dthr 

\\ Ith Ihu. At CUrK\ thr tnd 
II' c..tn hoC'! incfTUf't1 &1;Jm II 

Ipl \\llhulIla WCTIflcrafd.-a 
Ih In 10M' cLttAlnlt"ptI:tlt 
IIft".uMt II., lINCh Dndttwnt. 
tt-rhrM' alld IoIkM; __ 'PO." 
II ... t"p"*"Opk"aI!y nturrd 
til thrmrd&a 

I1wo ,tm .. ~ 1M 
ml)I~JR. unit coarw and apr 

I"" a lrae ........... opntam b 
.. h'1t) JC;'f' motor 1 .. ..u1llhS Ib! w.t 
Iht·cJ.I.I,.. .. l'hmUw " 
nlf"Ilnr n I .. ""b 10 ....... .oloO' 
tunIMlion ancl.l~ Ihr ... . 
200· ~Ifl ""'mrntJ until dw_ 
,"'la ·lnd. Jertirwo • ...tIIt 
h,-.vI ~ 1tlt' tf'e('l. ~ 
\\Ithin l00~I.n oIthr~ 

'11ln" Itt. 
h~k-ct doubSfo 
oIrl> 
rtoI'\, tim" hul.-rnthr tw6-iio-
m.e-d &.t rompliant'll and Itw 
c·fkoc I un nW'dLII bIfo T1w hdIt-

......ont"'" PI ""'" "' .. .... 
\\llh ,h .. med 10 I .... dII 
............. alf;nol ... iIW 1>005 
''''. ruh tho m..dIa .... I .. "'.'o I 
t"Onllflg .urt.cr 

11 ......... idr-t> od<!*''.'f 
"WI\.I(' •• 10 tY\ .. onr' hNd 
.,L.--..J .nd IhtllirURf en 
.lItnrut nr'\.itlfC.nd inM'fUII' 
th .. lt.'ur 'lallftiI:.aI 
tllCh NAP thr J 

---

~ f«ftnakalo " w 

---
I ~ 

• 
+. 

• 

• 

• ..-

• 

.......... 

.. + .. -.. -............ OO'·.fIIW)(_ .... '1I 
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FII' Itt. • 1 .. ,. ronatMII,..L Cn,'" II"' I .·nl.·rill"· 11111'1"· ..... to ".fI(l\-ror 
_ ....... CIWIIb-~t \\'Jho~"I""I""'''''' "Ih ... ~ 11l('.t.U.·lrat-l.rM11",.hnt' 

CIfI lit .............. w.-J _ullin 100 .un. 

lrh\ thnn and I ~ nu "h.up 
I and lo.-ntdl thlt f11f't1 .. ",uri.,." 
I 50\\1· ..... rntuc-r.1 

IIl.m 1,"",1"111 .. U1\l,l\,t'l 
tn &n',u of C'l""'rMl 
• \\h.1tn.'llroUot', t'l~ 1"1IIt! am 

• 

• 

--
.' 

-' 

Jl(.t.dNIIO ml£'lfaC<' th£' dn\'(l" 
\\ 11111 be compallble wllh exisl
an,; ... ~:,tl>ms and (>\:aSIUV( tlata· 
hilW~ ait"l'ady I"e(.'ol'tlc'(j on con
u'nllonal di~ketl(>!l? 
\ \ 1\llhl' physi('al package' he suit· 
.1hl(' fm' u~(> \\'i lh s.v!;telns ul 
,,·tul., using the defined foul
punlofS.zs-in drives? 
I'f)!' (·'<lmpl('. Dri\1!t(>C d('signf'(l 

,~ 
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its syslemlo be Shugm1-COIl1I)alible, 
which means it's compatible with the 
standard !Y\4x.x type of (!Jive control
lei'. and confonns 10 Iht' same inlc~ 
race conventions as any otlll'r Shu· 
gar1·compatible dli\'e. ·I·hus. eUITenl 
dli\'e conllullel'S can bt> usl.'d 10 inte
grate Ihe drivlJ into c,\.isting computer 
systems, and iI cun 1)(' used as II 
plug-in replan·men! fOf' lower
capacilv (hi\'es. 

To"aid syslems inlc~rnlol'S in up
da!in8 Iheil' exisling cuSlomer 1)<I!>c , 
the' driv{"s micl'Ol'l('("tlunirs allow it 
\0 I,>ad sl:md3l't148-and 96-lpl mini
floppy diskettes . a~ wt'll us liS own 
l>elvo-wrill('n 192-lpl dil'>ketl£'s, \\ ith
out syslem modifications This ro" 
:.ponsi\'cnesl'> allows {'.\iSling softwal"c 
and dliia 10 bl' II.Ul:.fl'n'{·d flum Slrul
dlll"Cl syslems 10 a hlglwrcupacity 
drive withoul intl'lfacing pmblcms 01' 
pl'()('Cdures 

\..Iso. the (hi\l' is ('\al'llv half the 
ht'ight of It slandal'tl 5 ,Z5-ill' mini· 
flopp.\ 1.62..'l in h*,h 5.iS III wide, 
and 8 485 in long . A singll' I -'Ibyte 
S.zs-in full-hl'ighl naPP.' ('an be I"C
plact'd b~ Iwo 6 6-\lh.',IU ll1inmoppics 
without pad.ltgl· l'l'dt'sii(n 

Flopp." disks ;1I"l' the mass· 
storage dl'\-it:l' of ('hoke fol' small-sys· 
tems dt>si~"nel'S I'll(' lIS(' of doscd
loop 8('1\'0 It't'hniquf's b Ilw rnost im-
1>0113111 elclllt'nlin ('\Iending the dala
capacity-and tht> IlIIU-ll'llifC'--Of 
Ih('!>(' f1oppic.) In all dl~k dn\'C!i. the 
Irt'nd is lowal~ smallpr I)hy.'tical si.z(', 

gn:oalcrrap.'1CII.\ Bnd 1't'IllU\'{'abie me
dia \ \ Ilh illi 3.J-\lb.\ Ie dala l>IOr.t.gC 
und ultraprt:'cis(' posiliomng B('CU
l'at;'· Ih(' half-heighl floppy n.·pl"C· 
sents a s ignifkalltlll'wdf'\1.·loplllen! 
Ihal will hell) Sl.'1.'W"C Ihl' pN..'t'mi
nenc.."C of minlfloppil'!i 3S IllI' mass
l'itorilge' dc\'i("'C of dlOice' for l'imall sys· 
I{"ms • 

\ I:ldimir Lang.·r. "rocllll'l m{mlI8('r 
for Dmr:u'c'S 3.33· \f/~u' :;u/wr.\flllI ' 
.(lopp"·' P''(>\'lou.''/1 I\orkf.'d [or :s/lugar, 
t\.'I.SOC;a les as ;m("rrlll,I()fIfll "l.1rk('l 'nil 
m.1Ju!Sl'1' mid elM l'IOI'I11l'1I1 ("flgim·t·r 
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81<1000_ 
MWX-looo 

10 reedy for 

most 
powwIuI QA, production or field 
lIIH'Yice Winchester ever offered 
•.. 1IIe MWX-l000 is from WIlson. 
the 1~year leader in tesr 
exercisers, 

Imagine full Interacbve testing 
with operator prompbng, and 
field programmable analysIs 
modes to expose even stubborn 
intermittent errors The 
MWX·1000 has them, And It all 

-The 10 ." .... MWX 1000 
10 your _ !*II_ til quIcIdy 
1NIyZII_ drIv .. .............. 
PerIpIweI AMttz.,. 

Wilson's Ql8nl step IOto the 
future With microprocessor logic 
now offers you a growing line 
of MAX Senes Anatyzers 

Entry PIleI 
mak .. an.rylef 

Error and Status 
IndicatOrs 

Easy to-,ead 
16-chanlcter 
alphanumeriC 
dIsplay 

, .... -10 bu6Id custom 
UN' prOOf.,.. 

L.~.r.' 
mJ' 1II u.t. ..... SfIU. 
, 'e'sw n. _., -,w •• ;;;,-

IdentIfy each mode AS 232< 
Command keys 
to control 
analyzer 
operation 

I 

f· • '. C . .. :oJ -r· : ~ : · : - : · : · :" :·l 
.-. •••• 
L· , · ,·.~ 

Sol 

._ .......... -
------------• • 1+ 
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Analyzers Provide Range 
Of OEM Tests for Error 
Conditions in Floppies 

As th£' Ill."r'd foJ' floppy disks increases, sophisticated microprocessor .... dliven analyzel'S 
are findin/t "ider OE~ I use 10 delecl Ihe ma ny fac lars thaI ca n cause dala en.,,,.,;. 

,-s""''' In
t('.cmlo l"!\ planning 10 lest f10Pl>.~"'disk 
drn l'S }:x>ron> InleKJ1lllllfo: Ih('m mlo 
d(':o.klop pel"oOnal rompull'I''S word 

b LhuC"" Ou(' lIelle, PI''l)(' ('l>SOI''t , or 5mall-busin('~s 'W5-
H 110 Inl' tem& nO\\ ha\'(, 3vailabl(' 10 th('m a 

\\ld(' mnK(' of Mlphisllc-at('d Irsl rquip
m('nllhat ("..til ("heck Ihr pt'lfonnanrc 
1('\('1 of M"\l"ml drn'f's al a tun(' Some 
ohhl h'~1 ('<Iu1pl11('nl Will \'Crif~ .. only 
thf'< IX'lfom1an("r ofbasir drive funt'
tlOl,. ; oth£'r. mort' wphlsliC'att'd 
("Clulpnlf'III how(>\'{'r, wl.l1 not onl~ 
c'ht'C'k Ih('b(' oo~k lhi\'t' flllKllons , but 
IX'lfoml mort' rritiCalt('lo,!li iiI> w\' 11 

n'IS al1id(' Will C'onl>ider thN'tl 
h'PCb of equipml'lllthal inlCgratOl"S 
(·"n UM' to 1l'~1 Hoppy-disk drives . and 
Will dlM'u!t1; lughcr-I('\('lll'SI5-
wlOdow-mall(in analyM's and asynl
mrtl' Ch('Cl...5-lhal can IX' pcr
fomlt"(l b~ the uSt' of this t'quipnwnl 

IYPI- .~ 01-' HAKD\\AKt \\AILABLf 

Th£' lhn,'t' t)l>f'& ofnop~'"'Clb"-dm'e 
If"fIl ('qUlpm£'nt a\ ailabll' art' 
• t~('f"('I&CrIi . 

• lc.ters 
• Anah'u'f'I 

t .:..en:.I&t'1'S 5uppl,\' thl' IDK'(' 10 /iC-

1('1('1. "'pc('ifiC' dm'C and to position 
the "-,ad \\'Tilc hrad!li ~m(' are 
eqUlppt'd 10 wTiI{' dala pall('ms 
TIw!tC low"rod dC'\;C'('S are r1'lall\'Cly 
Inc'pcnltl\'(' laboul $750 1 and nonnal
h don 't pr"O\-ide power 10 Ih(' dm'e, 
read dala . Of allow for any measure
m('nl., l~'Plcall,\'. Ihey I'l'quiro Ihe all-

si51ance of an oscil loscopt:',Alllhcy re
ally do is, as Iht:' nal11l1 suggests , ~e ... 
cise the device, 

Teslers arc mOl'C sophlstlcaled 
and expensive hlppl'o,,"imal('ly 520001 
thal1 exercisers, and may 01' may nol 
provide dc pow('1' for the drives un
del'tesl These systems can pcd"onn 
alilhe lests associated with an e)(e~ 
ciserand m addilion. handle read! 
wrile funclions and measure specific 
drive parameters such as Ihe rotation
al slX'cd of Ihe spindle molor SOmo 
1('Slers can trap erTOl'S. but most can'l 
id('ntlfywhere Ih(' efTOroccunro 

Allalvzcrs are microprocessor
driven t(>SI systems Ihal lypicaJl,Y are 
more expensive Ihan either an exercis
eror a tester bUI which CBIlI>Clfonn 
a1llhe checks asso('ialOO with 
each-and th('11 some. 111esc 5('lf
contained lesl syslems have a sigmfi· 
canl amounl oraulo-tesl capabilily. 
and can e.'lsily measure Ihe 1'Olational 
speed orlhe (hive, lhe posilionlng re
peatability orthe head actuatOI', and 
th(' read \\,;Ie channels , 

·1l1ey gen('r;llc WOl'St-c3s(' dala 
patterns 10 lrap read enul'S, and can 
indicall' where Ihese elTOf'I occun'Cd 
Analyzers also can measure window 
marSin accurately- an r)(('('llcnl indl
calion ofa dm'C's ability 10 read and 
wrile data-and JX'rfonn 
asymmetry teslS 

CAUSES OJ- rnTA lKROK 

Data generated from the magrl('tlc im 
pUI5CS wrillen on a 60pp.\' disk romes 
from the reacLWrile heads in Ihe fom1 
of an analog signal In omerfol'1lus 8n · 
a10gdala to be undrr'Slood by th(' com" 
puter, it musl pass through a pha.o.e
locked oscillator that rt.'fcl'enct's Ihls 
data 10 lime , 
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Each bit \V1ilten or read to disk 
has a lime slollbil celi) allocated bv 
Ihe disk controller. In the case of a~ 
read, if there's no signal in the spe
cific lime slot (window) established 
by Ihe controller, a logical ZERO is gen
crowd. Ira signal is present in Ihe 
lime slot, a logical ONE is indicated. 

In an ideal situation, the signal 
or lack of signal will always occur in 
the middle of the window (see Fig). 
But that is rarely the case. Instead . 
data appeal'S to shift from one side of 
the window 10 the other; if it shifts 
100 far, the controller may not be able 
to captu l'e i1.11'0 l'Csuh is a data 
clTOr. 

'n,is bit shift, the analog signal's 
shifting from one side of a time win
dow to another, can be caused by a 
numooroffactors, many of which can 
be detected by analyzers. In some 
cases, the window itself moves be
cause of oscillator inaccuracies when 
the wjndow is generated 111e moS! 
common causes, howcver, relate to 
speed variations in the drive spindle 
motor, and to media centering. 

Although the drive's rotational 
speed should remain constant it can 
be changed byvoltagc fluctuations 
rough spindle bearings. imperfec
tions in thc media jacket friction of 
the media, or rough head loadings 

Depending on the combination 
of variations that comc into pia\" and
the design characteristics of the drive 
itseU: instantaneous speed changes 
can rangc from less than 0.5 10 Z .0' 
oft.he theoretical rotational speed. 
11"1Is translates into instantaneous 
speed chllnges all,Y'\ilel'e from 
1.010 4.0 illS. 

'lllC impaci of anyoflhese concli
lions on drive latcncy fand hence, on 
window marginsJ Is easy to see. The 
typical 525-in. fl oppy-disk dri\'e has 
an average rotalionru delay of 100 ms 
The average window for a bit in Shu. 
8al1 Associates' S>\450 floppy-disk 
drive operating al a dcnsitv of5876 
bpi is 0.017 mg, • 

Media centcling is another con. 
dition thai can affect window ma .... 
gins, If the media is not centered 
within acceptable limits, the disk \\i11 
move in an elliptical path rather than 
a circuiarone, causing data to be a1. 
temately closer and furtherawav and 
to shift in relation to the established 
wi~do\V. media used in floppy-disk 
dnvcs. Smce these diskettes don't ex
pand and Contract linearlv in all d' 
tions with temperalure a';d h 'dl~' 
Tid U1nl Ity. 
I t le ala is \vr;lten at one tempera_ 

T 
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"'8'\\'hiJr. •• ~l>hnuJtI I<,,"~, ~'" (aUM" 

Ullhe .rndd\tot oIlh .. \Ov.d.,.. IIIn" .10.>* 1""'
.idod tJ:\I I"" f'OOln'lIlPr n>&ft\' r.:1',", rM1 ('_ 
the lbl. 10 ahlfi fmnl OJ ...... '" II) II", t>ltwo.-

ture and re.'\d at 1\1)01111'1', (:rl'1tun 
areas of the track mil, 1ll0\'l' ful'1hf'r 
away (rom the h('ad than otht,~ Ih,
resull is bll f§hifi 

Jl.\TA·t..RROH \t1.J~l RI- \U '\ 1 

An anal>7.crcan Ix' ulK'd III W"'t"r41 
ways to mea!'tuf't" th(' 1i1X"('(i hLlt;mel 
\\in<lo\\ Illargin "Ill{" fC'A'aU' t 3C"C'U 

ra('\' ~ltOlution and ('()Il"ol!ot('fW\ .. 
pr"Q\ided h.' the I'(-"n('rallon of 4 \t'n, 

accurate \\indO\\ 10 do 1hl't 4ft ..... · 

tr<-"mely aC'Curnl(" ('f)l!olal u6n.llatOf"" 
used plus lin(-"ar ramp flt"tll-"l4tur .tnd 
inslrument -f(rad£' ('Ompunt'ntlt thai 
generate a IOOOnswlIldO\\ th4I " 41'('\I ' 
rate 10 \\"thin ~ z. 11:> \tl',lMI""n""n", 
commence at tilt' IIlI'lt-"tlllf):\t trad ... 
where bit shIfting 1lo IllOItl Jlrf'\a}.·nt 
and a \\UI~t-Cru.e data pal1ml iii lllW'd 
~uch as 6D1lG" '01101101 10110110 , 

The annl.vu.'I'\\"t~ till llatti'nt 
on thl' di!'tkell(-" . th('n IlWallltUl'l'Jl""nta 
can begin Samplt,~ at'(' tak('n for lilt 
that shift to th(' It·ft of ('t'nt('r Lad, 
shiftffi bit i-'J ~I .. trl'ed \\lth tht" hll 
shiftUlg th(' mo:\t MOrt'd ror fUr1lle'1' 
analy~i.s '111(> pl'O('t~ I thrn flft'o 
fonned a.ga.n rOI'I)lt'\ hditJ'« tt) the 
right or cxontt' l' OnC"(" th131>mn-"'U b 
complete, th(' n<"l(atn\" and IMJ5111'\t'! 
shifts are added to,.:(-'thf"l and thc'lr" h~ 
Ialsubtr.u: ted from ttw \\104,,\ Th('" 
result the \\indO\\ marwn of Ihr 
dm""(' 
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FOR 51/4" FLOPPY 
DISK DRIVES? 

NO FURTHER. 
THE /(£ lEX FAMILY OF COMPATIBLE INNOVATIONS 

RFD960 RFD485 
!lJJt3 W ~KB 
40111'1 ..am: 

tatit 9dId ~ [)a..obIe s.o.d n'.... r.J, Fwl S- l-WfHlQh 

~ lor over ten years as a leader In fleXlo 
bIe drive loc:hnoIoqy. Remex offers a WIde 
IFlecticn ci S .' floppy dnv .. 10 hi your noods. 
0." InnOVative designs and high performance 
Sandarcl& g:"" you Ihc!lel , ..... y oompabhility 
lor tncnmod e!f;c:Ioncy And regardless of Ihclf 
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RID 1600 
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size or capaClty, all Remex dnves utilize the same 
proven mechanics and quabty levels - at an 
affordable pnce. 

Call or wnte us today and see how there IS a 
Remex umovabon compatible to your needs. 
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3-1n. CFD Format Vies 
For Acceptance as 
Microfloppy Standard 

lbe 3·in. Wmpal' l flOpp) diskelle has a hard pl'Olec live envelope and minifloppy 
compalibihl~ II 0111'1'" 1'CliabiJily, high ca pacity, and low manllfaclUl-ing cosls. 

iN '-!lout ..... ,.klljlrnh, 
" .. IW .... ut .. t.lI'C·tnc.· 
InilmttiaJ Cn ud 

;tllt''!lo in 
Illagnt'tic n:'<"OI'lIlnK I("(:hnolol(.\ el('('
lrol1l('" Ilw('hanics, and minlaluri/.a
lion ho\'O launchf'd Oopp)~dbk 
d{'\"\'lopnll'nt 11110 a m'w phaM'"
I1lIC'IUOOppl(,S, \Ia,s production has 
lx'f(\Ill on Iht' J·m ('Om,)ac'l flopp.\ 
dl .. '" l { IIJI and Ih(' J-in fonnni has 
ul,,'alh. won IllI' ~up')011 of 1 i (~ulllpa -
1111''\ ,\(uidwidt' 1 hl'Ct' ullll'1" mlc"ro
floppy fOl1lrat&-J.25·IIl ., 3.5-in and 
100In ha\'(' "-'('('nlly h(~m intro-
du( .. oc:1 ,uul suhmill('(llo Ih(' \~Sl 
\JU8 c"ommlll('(' fOllttantlm'lli7 .. 1110n 

~lIIc·t'lll(' 1Il11'()(luoiun ufthe 
8.ln nuppy III 1972 Ilh(' 0''31 phaM' of 
OOI)pv-dio.k fun'nals' IllI' Il'f'nti has 
bt~n toward d(,(Tt'asinK Itiw and in
("I't'a!'ilOg 310""l'W capadly 'I he d('\'CI
o.,nwllt and ItUbM'<.lu('nl Mandal't!i7 .. "\
lion of the 52.5-111 fOlTllnt in 1976 WI1S 
tht. &{'('ond phalt(· of diltk d('\l'lop
tn('nl '0\\ Ihree Japanese Orm$
\lat .. uJohlla, Illtadli Ud and Ihladli 
\luwelll.1d -are ,)rcpaling 10 enlcr 
mlo th(' third phn-,t· wIth Ih(' 
J-in (.1,0 

Oflhl" mwroOoppy fonnals com
pt'llnp; for 1I1111"'el acceptance, thc 3 
and 35 In .. eelO lx>M ~Ulted for5lan
darduation l11e medta forth(>5(> ror
ma15 ia prolt'Ctro \.",Ih a hard CCl!tC len
\'rlop£"J and a .. hutlel' mf'Chani:.m 
Ihat prot(<(-h the n'COrding mf'dia 
from du!tt and finl(l.''1>nnI8 Iffingl.'r
prinlS on the media are moist they 
can be remO\w \\'llhoul damage. but 
ann' they hu\'c hard(>nl.'d or dried 
they can:t be remO\'c(t and I'('COrded 
infom1ation is 'o~1 

,"is ell\'Clopl' al!tO p''Ot('('15 the 
lllt'dia rrom l'Ough hUllllling, nipping. 
bending, and c\.cessive pen j>1"CSSlII'tl, 
und Siabilizes the shullcl'mccha
nbm Since Ihe 325- and 4-in micro
floppy romlals don't j>1'O\ ide I! shut 
ter, it's difficult 10 r;uppol1 their 
slandm'(lizntion 

In Olucrto crcule 11 IlL'\V floppy 
disk thai would increase effidency, 
muintain pnce-colllpl>lhi'>"Cncss, and 
win r.tandan:lizntion appl'I)\'al , de"eI
opel's orlhe J-in, Cf-1) \\"Cre guided by 
rour majol" goals 
• Compatibil llY\\llh exjsl ing 

525-ln minifloppies 
• Handling casco 
• IIigh-\'Oluml' production ror 

bolh dIskette and dlivc 
• ,\n c'pundable and nonrec:lun

danl ronnat 
Compallbility wIth Ihe existIng 

525-in, fOJ"mat ,'>as C53Cntialln the dl"
vclopmenl pl'OCess, In OJ'(I{,I" to gnln 
mde acceptance, the (J'D had 10 or
rcn'ariolls apl)\iC;:llions, so Ihe p,im'i
pal r;pcciOcalions or llll' nL'\V disk 
&uch as l'Otnliolllopeed, dnll! transrer 
I"II le. and recOluing cap.."\cil,Y W('I" 
designed 10 be the same as those of 
the 525-ln minifloppy. [\ot only Is 
the 3-in, CFD compat ible wllh Ihe 
minifloPPJ. e."(jsling measuring '-'quip
ment and 10015 can be u~ to pro
duce the new dIsk. thus CUltlllf( manu
racluring costs. 

Since Ihe 3-in CFO i~ a con
sumer product, It'S crucial to be able 
10 handle It c3!oily and e\"Cn cany II III 
your pocket f'orthis reason. II S pro
\;ded with a rigid ("A5e .envelope' to 
contain the Oe.\.ible magnetic diSk
elle. ,.,,1,ich can be read or""'nl1 en on 
Ihrough ,.,,;ndo""', on bolh sides of 
the envelope tig II, 'Illis caslI'lg con
sists oran upper and 10\\'(,l'plat(> 15 
mm thick in IhoM' areas surrounding 
the diskette Ihallh(' t'IWelOjX' pro
tects Th(' case is easily manurac-
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FI, I The 3-[n C"-D dlalr.ene hall _ rigid el1\~
lope that contains \\1ndO\\1> \\ uh , hune.-. ' on 
bolh sides 10 allow for ",.dUl~ "'nIl"" \\ hetl 
the dlsl<ene is inserted IlIlh(' drt.~ 

lured by an ultrasonic bonding 
method and is inherenlly slron~er 
than the thin case used 1I11he 3.s-in 
fommt 

The cartridge thickness is a ~~ 
element of the disk. since thin car
tridges are susceptible to the same de
fects as conventional jackets
particularly nipping and bending As 
an additionallabcling feature. the 
back face of the 5-mm car11idge can 
be labeled with :t hard pen 

111e 3-in. Ct-O also featul'Cs a 
unique intCinal au tomat ic shuttcr 10 
protect the record ing media Since 
it 's mounted with in the cal1ridge, 
this shutterc.:lIl·t be opened eas il) 
when the diskelle is rcll1m'ed from a 
d';\,e. The sh u tl er mechanism con
sists of a pairof sh ull e,· p lanes and a 
s lider to open and close Ihe 
wind m,>os. 

-111e ell\'elope is also equ ipped 
with a hardened plast ic center hub 
that positions the diskette precisel) 
and accu"lIely thus a\'Oiding di.!>k
chucking CrTOl"S. The Oange portions 
of the hub are located between the up
per and lower plates so that the me
dia ne\'crcont acts the case. 

Since Ihese th ree components
shutter mechanism, hard sheU lem'e_ 
lope), and recording media-are sim
ple in shape, the disk cal1ridge can 
be produced inexpensively by high_ 
\'Olume manufacturing techniques 

An impo'l ant design factor Is 
that the case shou ld be Oa l, nOI 
waIVed , and the Iincr\\ithin Ihe case 

muSI make absolutl' ronla('t \\ Ith til{' 
media Eithcryou can UM' a plalthc: 
spring lever to PI'CSS tht' luwr ~'lIn!>t 
the media arJOu call UM' a Ihll"~t'r 
compressive IinC'!" that Ilt (>1a. .. Ill" 
enough 10 makC' contac·t In t-ttht'r 
case. the liner is attlldl('(.Ilo tilt' IIlnt'r 
surface ohhe C'1l\{"lopf". \\-h,d1 mU~1 
be \'('fV Oalso that II ('an lllAlI1l.U1lh('l 
dislal~ce between Ih(' 11111(,,' urioM-r of 
the envelopt> and Ih(' n1("(tl~ 

\\1,en inSt'rtcd mto tht· dnu' Iht' 
case is SUPPOMC'd IJ:' Ih""t · '~tI1Dn · 
mg plOS cfig 21 and Iht' OI('(h .. alb on 
a spindle lablC' Ilu' ~I)tndl(' tdhlr h4 .. 
a dn\"e pin 10 rotatC' Ihe- hub \\ hteh 
turns al 300 rpm nw~ pln~ and thn 
spindle tablC' delC'nnlll(' Iht' JlIblhon· 
1118 relatton:,hlp tx'TW('i:oll Iht' dt .. t..t·tu, 
and its el1\'\'lopt" 

'\ote thai I'('laln r 10 a (·(,I1\,·nllun· 
aI Dexible jadel tht' t'l1\('lopt, n.·~ultlt 
in increased C'anttl~t'rinft ofth(, OlAf" 
netic head from It!> bll!>lx"bloll 110\\ 
e\'er. this problt'm hM bt..-'n ", .... ,t\,-c.1 
\\ilh a ne\\ head-ltu~pt:'nMon tit tpl 
and production of a doubl('· .. lell'(l 
drive. 

1l-1J:;\lrro\IA'IlC MIlTI t oR 
\lECHA.'\IS\' 

Ollie J-in microOoppy IS pnJ\ ulrd 
\\ith an intemal aUIOfTh1hc hull,.,. 
mechanism that roOMS" (I' 
• Apairofshultl'rph,tl'~ t-.ehO: 

• 

• 

I1lm thid mouilltod on th,'lI1nr, 
surface oftlw ('11\ l·lul")tl Ill' 
\'olve around the ('('nll'r huh' 
A movcabll' slidl'r that !\ "UI)' 
POlled b) the ('11\1'101)(''''011 011, 
lached to the 1thuttc·t .,Idh·~ I hr 
slider has a Oe'lblt' ,)rolnl",unr'\.-
lending oUIStd(' Ih(' C', ~. 
\ spring for fon;Ul~ Ihe Itdt'1' 10 
close Ihe shutt(,r"\ 0\('1' Iht' h(".d 
windO\\ 
I"he force of the ~pnn,c (,,4IIU 

Ihe :,huller plale!> to ("0\(" the Ilt"ad 

\\ IOd()\\ bUI \\ hen tllETnal 
nld\(',.lhr PfUtnWonofChr 
alo~ Ih .. dWlIlri an tIr 
a,puu-t IhefOfn'OHhupr~ 

huttt'f 1,I.att'"i &J'l' mo.1Id ill! 
opt'n poIolllOlland ttrwhb: 
t"'IJOM-ct 

OJ .. Btunoof ttW 
the hunl'fOf~ 
\I-n lmpw \\brn 
M"f1rd 00t' A,rd 

.n~,,~J~ul1'<~"~~ 
hult« f1lot"(h&lUIm ". 

("'0', JOtated 1"",'1'\ Ibt 
" .... h.t.n1sm .. alloIdwd 
\~k'flf' ,,,tllch lueft.alhl' 
lot' iK-cic.ktn • .J brNU.po 
, t-. 01 .hutlet mal •• 

n,ct1t ~ 10 It.. dirr<'DII 
hem lnlt) (two drit.'I! "fIidI 
Itwo dri\~ man" NIl ...... 

It m/f'ht hi' U~1hII I,., nl«hanbm iI.,.." tbr 
Itw diD. bullinCl" .... 
P .oothfo 
\ ulumo t... moIdin4t 
r.,,, coat Iltcn'IUe --
11It tit BUtl11t~' aD 
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\"clope . This hub consists of two 
pnr1S, a substantial hub and a ring 
hub, tha t clamp the platterfinnlv be
Iween them l11e centering accuvra~ 
of the diskette depends on the dime n 
sional accuracy of the shaft it ridcs. 
Since the diameter of the shaft is-l 
nun and its tolerance is Z • .un, the plat
ter centering is quile accurate. 

-n1e hub is made of plastics tha t 
have a high tolerance 10 wear, and 
low creep Centering accuracy is kept 
within 3 fJ.m after 5000 thnes chucking 
at40"C. 

The diskette is centered by the in
ser1ion oflhe hub into the shaft. A re
cessed pOr1ion of the hub engages 
the d.i\,c pin mounted on the spindle 
table so that the hub and the diskette 
al'C rota ted simultaneously by the 
spindle. 

CHARACTERISTICS OFTUE 
DISKE1TE 

'111e diskette is 72 mm in diameter 
and 77 fJ.th1ck.lnc recording area is 
defincdbyrl - 16mmmin., andr:l. - 35 
mm max, on both sides. 

TIle basic specifications oflhe 
3-in . micronoPI>Y system are sho\\Tl 
in Thble I. lne material of the disk
ette has a light transmittance ofJess 
than Z'!IIt.l1le tOI'(lue required to ro
tate the diskette is 0.004 Newtons! 

U kl i _CI,.Cl.ffOlll1l Of ,.... ~""""_III 
-~ C(M"U~Al 
~ .""'-_nm """'" ...... :sa :sa .... . ""'" 

OIIA Tl'.I.NSf~ IUIt 
~~ :~ _DU·, 

I'IOTATlOIi ftm ,.-.q '" .. - .... .. ... ..... 
"""' ..... • • 
""'" ""'" '" ,. • ....-.. """"" ., - .. _ ...... 

n ,. _ ... .. - IDoll!1oU 

"'" ... -,. ,-
m~ter or less. TIle recorded track 
WIdth on the diskelle surface is 0 150 .. 
O.D1S mm and the area betwee Ih -
I ks

" n • 
rac IS erased . The nominal radius 

or the cen terline of track 00 for 
Single-Sided recording is 3Z.s m < 

1 "d mlor cae 1 Sl c . Fordoublc-s ided ..... " 1 "",",u-
1I1g. t le nominal radius is 32.5 < 
Id d 

mm ,or 
seA an 30.468 mm for side 8 . 

The impl'O'\""("01cnt of the nll'd •• 
tdiskelle sutfarel i3\ 0 11t' oftht" nl()&.1 
significant aspects to ron5.de,.m 
achiC'\in& high denSity t"OC'Ordu'l( . .A (..'U

doped high-C'Ot'n:'i\'t) matrrUJ hu 
been selected for thl" 3-ln ern 10 
achieve a high hnear-re('()I'(hng dMl
Sit) 11,e magnf"llc" ('harac tt"riltl .c of 
this material are Ibled In I"able Z 

~ .... -crotM: !OIICI ~ ~ .. 
IIEW%I8U -III ~ •• ... 
lII£T£on¥n" ~ '" ~ .. . .. 
D.IIIIIOUI-IIII. 1M 1M 

OIIEIflATUI AAT'O ,. ,. 
.................... " " 

Since the COf'l"'Ch'\' rOf"'C'e of Ihl" lIU'dUl 
is sironger than ('Olw{'ntlonlll lllt'dLt 
coaling thickness ('an 00 n>c.luc"t'C1 10 
J 1 fJ. and thl"' linear-rccordllVIC df'Il"It\' 
is Sill! incre~1 111(' OUII)lIl ('han, . 
lenslics of the n(>\\ rnt"tU. an' ,.htt\\ll 
10 f'ig3 

.. r---.,..+-""", 
"I---l-i-

ut-++-Hi-+1+ 
"1--1-++-++++++ 

I • 

CO~IPATI8IUTYA '0 
DE\'EU)P\ Il.,\ ·, 

L 

~e question of comp.,ulbll.h \\uh f'\ 
lStlng S)1>tcms has been of ~l ron. a:m from the s tan In ordc'r 10 he 
\vldelyarr.>nted h th ~II. t e. poclfic-.lhons of 

e ne\\ small-dLSk 5\ It"m l iable 3 
must be fl e.dble (>no~8h to adapt to 
~aJly applications and br. fCOOc"J 
dldate forSlandan:hUltOn Thf'ft!!J CMI
the specifica lions (or the 3-10 for:::: 
II'01al10n speed data 1--'< I _.. . ........ Ier "'1(' re-
COn.dng capaci!},' are d~igJ 
th~ ~.Ille as lh~ oftht' S.2S~ to hfI 
minifloppy. In 

.... . ., .. . 
............ . ..... 

~"o·,:·;;'=~"'::..:":":' __ ..j:-" "II 
~ • --.1... .... ..0....... • .. -
I; .... ~~·~ .. ~·~~::~~· - ... -
. -•• 

--
,. 
• • •• 

._ ... ,.. --...... ,_. 
Sij(nAI_b"" ... 

mal .. _,",lana! In ltw ~ 
"Ith ,1"\\ r\1""T'I'Uons ttrJ.tl. 
nUll nul bP UM'd In pa.-.allibr. 
\"IlllJf\a1 ~ AJro. .. 
JMIWUlh' malo "'~Ics:~ 
flM ..... ' and hw uwfuIb 
of Ih,. 3-An mJadlo"p~ t , 

IM.in bm.Il.~~ 
vl'"d ....-nnlln(t to lho 1<6> .... 
• I....., "trp. UO .. ~~. 

lpi bpI. .. I .... "'" 

• 
• 
I 

fl'7I" 
~ 
- . 

.,..,. ...... .... 
~IM m •• 

• ~nd /i1{'p.!tOO .... t .... 1(\ .. Ide. 
.!l tl" \I .. bpi ~ t ra.cU bidr 

• Third lilt'p. ~ l,a~1t' ... dt' 200 
Ipt IS.oou hpl 1"0 trad ....... "i.de 
It. . 'iIlrtte and lh~ dM"!' 10 tht' 

first Itt r- aln"4lh III man 
pnxJuctton 
11k"~ It'p In "hll'h lrad. 

denNh "InaeUPtt from 100 to ZOO 
tpi \\mbrilChir\T'Ci tJ\ lJnpn.~\·nlt"nll> 
~thr mrdi.a 

Thr ~ r\, .. ncl", and run-
tnll:b due 10 the- It",o".l and Il\·~"(t .. 
~ propnties IIllhe \h tar .. ub· 
~1nI1t' TbrmlPl,tud,· uf 1ImM" ('\pan · 
~MJn~ and conlrw·llun. tI.'IM·ncl fin 
theth«tn&lar.1 tn",,-."ol.IC nM'lIi · 
dmt-un1"l1lJlII1l,lh l i:::i')( 10 • 
cmrm"t 1I1M'nlM1 -UluI5')( 10 · 
anml 'eml", HII ,h)W'*"OI)I("I. 

II abo d.'I,,"1I1 nn UU.s..,'ttl' 
~U.tmaIlrr.ll"" II 1'\11411 .... 100 
llUlphrnomMtun n tm1li lhn Inark 
dmwl\ to "i,llIn "''' Ipi lin _0 "'lIl 
diUcand h) "ithin 100 Iplln. _ J'In 

t n .. tutal I~n'.' .11(»\\ 

abletorhQd. poI.I.Cllt'flI( rnvr .. I).""Uo1 
caIt\ dcddell b\ Ih .. 1("01.1 k (I.'n""h of a 
G-n~ tor.IOO:'l'ldm ~lltM\ I~· 
4.Sfl ~ in 1Cl"'M"f'Al "I.oul h.1lr "I 
Iht tuC.II &oIcoranc .. d tlut! lu Ihl' plat ....... 

rhe Impro\'cd med ia of which co· 
('fficit:'llls of cKpnnsion arc t 17 ~ 4) x 
10 ·cnlicml'C UhcnnallandS x 10 8 

CmlcnvRII' IhygroscoplC! Is undcr 
d('\"Cloplllellt and have been an
nounC(>d to be "\'3Uable by the end of 
Ihls year 1 his new medla-\Yi.1I allow 
tilt' S<'Cond slepln dO\'Clopmcnt to be 
realized 'r1'Iat drive willl't'sult in a to-
101101('lO&n("(' of about ZZ.5fJ., but the re
qUII"l'd ml'('hanical 3CCUrnM.· oflhe 
dm'tl wiJI be about 10~ . ~ 

Such accuracy will be mndu avail
obl(' for Ih(' tld\'!' Ii)-imprm't.'d prod
ue:' te:'Chnology and precise mechanl
(·411 !'nginct'ling. 111(' 1OfJ. n.cC'"uracy is 
t""timalcd to 1)(, tht' ~3me liS that I'C

qUirt' d by US, tpi fonlUl1 of3.5-ln 
tyP('~ ",h('n that fonnat Is bas('d on 11 
di ~k subSlrate \\ith coefficients OrCA

",,"sion within 11 range f"olll 0 to 2."8 
)( 10 5 CIW('I~C ItIWnllall and 10 a 
m lU,IInUItl of 1.5 x 10 5 CIn'cnllH.II ' 
IhYKro!>COI,i(' I, as dt'SClilx-d in aJanu-
81)' ZO. 198J. \'\S I proposal fora 
35 In c.m1ridge 

111(' third \'(' .... ion wiIJ be made 
liI\Jllabh'by inc.'('asc~ In Ihe lincarden· 
IUty of Ihf' 'impro\'t'(1 Zoo-tpl disk 
"Ubsll1tlC 

Summer 1933 

'n lC second and third vcrs ions 
can be ach icved by use of impl'()\'cd 
mcdia . ln o ther words, Ihe 3-in Ct~D 
slandard wHl be sufficient and not re
dundant as Cal)3City is expanded up 
to 800 KbY"Clside and I 6 MbY"CI 
diskettc, making il compntible with 
an 8-in disk The development of the 
second n.nd Ihird steps is now being 
executed by the thrce sponsoring 
companies. '1110 ZOO-tpi drive \Yi.t h 
l -~ l b.Yte capacity \\ill be offcn.'<I this 
vcar 
- Since the 3-in CFD has a too-tpi 
track density. it exhibils almost no dif
ferences from the COlwentionall1linl, 
floppy disk dlivc of96-tpl track den · 
sity.Accol-dingly, the Icchnology for 
96-tpi drives can be applied to the 
lOO-lpi 3-in , drivc und the CI'D cun he 
product.-d in h igh \,olu lllcll t lowcost .• 

\ 'nsulaka l'o'akajll1llt is c/lle! engll1ccr 
o!tlle A tecllanical Component Develop
ment Dept. ill tIle W,,"'Clcss nescarch 
tab. a!Matsusllllll EIL'Ctrlc Induslrllli 
Co., Ltd., Jllpan. He h:1S a EJS III 
mcchmucal enginccring/rom 1101.111 -
doUnn 

I Flexible Disk Drive Thsting 
Should Be Flexible, But ... 

Uncompromising! At Brlkon we won'l budge a 
nanosecond when it comes to accuracy, resolution. and 
QIJIUty Brikon lesters are completely se«~talned 
units wrth many extra bullt--in fealures 
Bnkon lIexlt*I disk drrve testers are accurate, easy-te> 
use. and less costly than most otherS. Mapr OEMs 
around the WOf1d recognize Bnkon as the standard for 
ne.lbIe dISk testing Compare these features 
_ Easy to use narnM in Engtish and numbers in deCimal 
_ Self<antar.ed DC power supply for dTiYes 
• AIJ1.Qr1\IItIc testing optJOl1 : lests and QuaJ~ III rna,or 

subsySlems Within the dliYe under test 
• Multiple drlY8 testlno and I.chlllllignment tfJItJng .,.,.,..,. 
Contact Brikon loday for I~th spec:rticabOnS. 

BRIKON INC:. 
Bnkon. tnc. Z2i8t Ak:UMo Dr . LagunII HtIII. CA 82653 
Phone (714) 78&-3838. r .... 181645 
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FLOPPY 
At last, a disk drive which accommodates bOth stand alone removatlle ~ c.14t.1ltOragt an:s Wi 

backup applications - all with one devtce. The Amly" drrve • alU)Mlt&' .. JdllIICIfIOI 
system, II combines the benefits of high performance. IltQh capedly la 11Of. 'ert'OICIt. 
user friendly media. All Ihis for less than hal' the pnce 01 a Wrnche&1or dr1w .,., lis ~ 

II you use Winchester drives,you need backup AmIYO" dove IS THE baC*~ ctovtc. .~ 
mal a~d S?ftware compatible with the WincheSter llsell So COI'flPlllble. 1 can ., 0WWf 1af)'QJl' 
w~en ,It falls so that a Winchester failure doesn't 5hul yOur ')'Stem dOwn Amtyn I:IaCItS ~)QI W 
dr~ve Itself - nol just the data on II. Now backup Is l'T'IOfe than IQfl'MtINng )IOU hOld In:rcu '*'" 
Winchester fails. 

Dynamic On-Line Opera lion 
Amlyn drives provide 8 MBytes In the sarTII 

spac~ as a standard mini-floppy Amtyn has 
combmed the capacity of Winchester driv 
with the advantage of removable media, es 

Ava_-. 
Contact UsAt 408·946.8616 

l 
2450 Autumn ... a~ Dr ..... 
San Jose CA 95131 am 'In ('08)9'':'''. J TWX 91()"37~0029 
TLX 171627 Amlyn 

RandomAcceu 
W'mchesterllack-Up 

NI3W, you "1'i~W;;:::: 
bot""" not ..... """ 
and IOftwIIr. ~ 
U ..... 

- - , ...... -... -
RemovabieMeciia 

Standa. d and 
FlvshMounl Design 

I4nVrn "''- at 
""- -.gn ~i5t, 

Summer 19&3 

5.25-10. Winchesters 
Must Handle Tradeoffs 
For Higher Capacities 

Mechanical faclol'S and lack of pal'ls availabilily are among Ihe problems Ihal mus l 
be resoh~d before small \Vincheste l"S can achieve greatel' cap acities. 

tn l)Ou( Mah on, 
~ 4U' It'! hn()l~ 

5 ('apaCI

!I('S Increase. l'Csolvi.ng the design 
pl'oblems of5.25-in \\"inchesters will 
I'1.'t"IUI~ careful evaluation of"ilich 
t,..d{'()fTs are practical The universal 
.('('cplanet' of the S1506 interface is a 
fCood example ofhO\\ a de facto in
dU~Ir:" standard can promote broad
halted act"eptance for a new cJau of 
product At the same lime, the defini
tion of this oontroller and some fun
dam('ntal deSign considerations lun,. 
I)UI linuts on the capaC'ilit's that de-
6~ners of micl'ocompuler-baSt'd 
(;lIllill-bu&incss systems. word procea
ttOnt- workstations. and personal com
pUI('t'S can e~pect from thl':tc dri\Cs 
O\'cr th~ near It'nn 

In early 1980, ~ll8ate Technol
of{\' intnxluccd the ST506. a two
plalt('r. 6.38-\lbyle . 5.25in. Winches
ter di&k dri\'C_ Since that lime. nearly 
3S otheroomp8rucs have announced 
products of this type. and thisyear, 
a('cordang to Dlsklrrcnd Report . O\'Cr 
383.000 5.25·in chives wtlh capacities 
under 30 \t~1cs mil be shipped to 
builden of miccocomputer-b-aM!d 
small-business systems. wo~-
"tat ions word Pl'OCeSsors , and pe!'
aonal computers 8y 1985, this figun' 
.. c).pcC'ted to reach 686.000 

Compatibilityy.1th controllers de-
6igJ"led 10 handle the ST500 was im
POl130t 10 Ihegrcn\1h ofth~ market 
for st"\-eral reasons First. il pennitlcd 
different manufaetul'('r5 of compati
ble dm'es to act as second SQurces--a 
relationship Ihal5 bcneficla1to both 
dri\-e makers Iwho aren't barred from 

any 1'1111 of the 5.25-in. Winchester 
mal'l;;et due to incompatibili ties) and 
to O~Ms (w ho can lap several sOllrces 
fol' a drive with given capacities). 
Second. contl'OlIel' manufactu l'Cl'S 
huvc a bcnch mllrk by which they can 
makll products available off the shelf 
10 St'I"\'lI with any ST506-compal ible 
chive . 

111 is con t roller design has prov
en more than ade<luatc for the vast 
majOlity of the drives projected to be 
shipped O\'Cr the next fewyears_ Mean· 
while. howC\'Cr. drives \\;th higher ca
p.1citles continue to be announced 
This rai.$Cs the queslton of just how 
far tht' ST506 interface can go, given 
the n('('<lto produce large numbers of 
drivt's and gi\'Cn the new 1e\'Cls of 
qualit)" and reliability required to com
pet£> in the market for microcomput
('!'-hased systems 

This ~11icle explores the issue of 
5'1506 compalibility. and shows what 
kind of dlivc capacities can be ex
pected if this intefface conti llUes to 
enjoy ils cun'Cnt populari ty.1llis aa1i
cle will also discuss some oflhe con
straints imposed on high-capaCity 
smull dlivcs, and I)()ssible solutions 
to Ihe problems orbuiJding large vol
umes of highly reliable small Winches
ters at plires the market \\ill accept 

Sl'506 CO\1PATIBILI"IY 

1\\'0 key speCifications characterize 
an ST506-compatible controller l'he 
first is a 5-\lbillransfer rate. TIle sec
ond is a specification that calls for 
IDA 16 b)1C'S per track lunfonnatted 
8192. bytC'S Ifonnalled l 'see Fi~p, TheS<' 
specs are iml)()rtant to both drive man
ufacturers and OE\fs--not because 
they represent some optimum set of 
characteristics, but because the:.v de-
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" h dW.(lrt\~~b-anur*.''''· ptgThe sector fonlJat ofST506-c<lmpatible 525-10. \\ 10(; et; il'r dhtdood 1nW.u.at" 
led capacity of 10,416 bylCIi pcrlnl(;k. Typically, Ihe 5UrfaC"l!S ofl~ drfo, art> en. 
Ior.;, each oontainlng 2.56 daia b)1CS yielding a fonllllilOO upa( ,,,. 018.9% t;,\'N'. tr 

line the peifOimance IimilS ora con
troller thai has become widely ac
cepted in Ihe indusliy. 

INCREASING TIiE NUMBER OF 
TRACKS 

As a result or the need to maintain 
this compatibility, thr'ee methods 
have been developed rOi' use sing1y or 
in combination to increase 525-in. 
\Vmchester capacities while pemlit
ting the use of widely available con
trollers. One method is to increase 
the number or tracks per surface by in 
creasing the head s troke. TIl is ap
proach incn:l3ses the area available 
for data storage without affecting the 
drive's SI'506 compatibility. At the 
same time it minimizes the impact on 
actualor design because il doesn't in
crease the track densily. 

There's also a limilto this ap
proach, however. To see why this oc
CUI'S, consider how the optimum num
ber of tracks is detenninoo. Slarting 
from a knowledge of the maximum 
flux density possible lestablished by 
limitat ions of the hcad/disk intel'-" 
face), calcu late the maximum area of 
the disk you want to usc. The outer ra
dius lor the outer track) of the read! 
write area is set by the disk's size; the 
other dimension you're concerned 
with is the inner radius-the position 
ofthe innennoSI track on the disk. 

It might soom best 10 make the in
ner track as close to the spindle as 
possible to maximi7"c the read/write 
area, but the inncr Imck is the small 
est one on the disk and has the high 
est nux density- Ihe maximum prac
lieal for thai head/disk intCiface. If 
you make the inner lrack too much 
shorter Ihan the ouler one, the outer 
tracks aren't taking full advanlage or 
the drive's maximum nux density; in 
effect this reduces capacity on the 
outer tracks. Any s lorage capacity 
gained by moving the inner track fup.. 
therin is lost on the outer tracks. 

A few simple I'elationships help 

Z4' 

delemline Ihe opllmUI1l ,..dlU fur 
Ihe inner lrack 

1\0_ oftnu-I..s :o.urfa("(' -
outel- radiu:. - Imwr _,..ct~ 

lra('k \\1dlh 

LRngth oftraC'k - zr 

Capacity - ,mlU bl. d(-" 11\1 
(length ofiOlwr I,..'· ... ' 
(no. of Irad.$1 

By Aub"lItullflI( Al\ .ppn'l,,,...1 
and S!'tting Ih(' fir,t d('mAt"", u. It .. 
third cqu31ion l"quaJ 10 I~'ru .\·ou nnd 
that the ratio bNwl't'n the- '"lit., JD 

dius and the innt'r roidiU i"o.KM.dd .. 
ways optimally be 1\\0 to (lIM' ~ .. n 
any muimutll flu," dt'lllloll) 

As an (')1.1110,,1, •. Ih" '.ulI', ,..dlu. 
of a 5.25-ln Windl('I!o!t'rdlltt-l t. z t'5 
in and~.\' tilt' Duh'!" fl.\ II'" r.dna 
for the hl'acll 2 In Ill(' 11 .... lh"" 
inner radius thus ''quAI~ t In pil • 
circumfen.·nr(' of 628 10 I hla ta"fUN
alent to a hnl'''n ... ltI("Il~ ufJ:7 I ... al 
3600 'pm h,'n Ihoul(h tha. l$ It", ..... 
timum inlwrrndlUaonaS.l..'i n "'n. 
cheslcrand ( 'iUl JI'.ad 10 '-ntn. ani 1m 

pl'O\'Cml'llI~ III dl .. l ( ·"I)4( II.. in 
ST506-compallhle elm, . c-um-nlh. 
availabll' ''{'ad \n;ll' IWilda Unul Ih ...... 
len t to \vhi(:h tht' "In,j,.,. ran tltt lDCt-o 
fully inct'{'4.'W.'<1 

·111(' l)mblf'tll i one flf 1,.....1 til 
bility. l1w standard 3J5(}·t\l'n h .. ed. 
u~ on 1ll0!>1 \\ lIldlo II.,.. ""'" cfco.. 
stgned 10 ny on a l-Hn tit "I."., 
t~e Inner radius "''1 .about S '" lhal fa 
dlus grvt's a velon" ~r"" 

. v ....... 11 .... 1 
rpm-the sloWt-'st thl' 'lo'Ad \\ ~ 
nally Intended to 0\ \"1 nnKh ~ 
Ihan the s~ on it""' S..zs .ln ctb1. "" 
The re&ult can be un~Lahl.· 0 

on til(' InnCr Inlclo,.s of tI"K'i..=llon 
as the head i:. mO\~ I 
spmdle. (" 'JIS4"t 10 thct 

Just as a h(-'ad IlOnl 
and yaw:. as II 10\\ du..~ IJi1d 
on the disk surfa 1'1 end I&ncb 
same instabilillf.':aC:~11t e\.hibh~ Itw..r 
slowly, Althom'llih "', n u ft 100 
pc d . ~ e l("ad is hAa .... . 

rpcn .cuJar to Ih(-' AI,. 0,,"-;;;;: 

tn,cll ,,, 
t,nWld It .. 
nWwd.".. on) 

-~ 

"' ..... >iIi\)' prd"'" 
'-d>"-'Id_-
kllhr In . 
.....ung..-.. 
prndu<tIan 

tu 'oav: 

, 
people are solving 

their back-up 
problems with this 
fast, reliable, 10 MB 
disk cartridge drive. 

IOMECA .. 10 Mrg.abyt~ colrtrldgr drive outperforms 
most wmlh"t~n 

So you coln Nd ... up 10 M~olbytes from your 
6,td d iniH. th ... n 30 ~<ond$, 

The u y 10 ~ urtndgt- sports the industry's 
Iownt pric~ u& only SJO ('"oIch In OlM quantihC!io. 

t MEGA"lmbf-ddt'd clO!of'd-loop ervo 
guu,lntt"n inlC"rch.ing.ablhty of cartndges be· 
twtm dnvr And tht' t.andud interfue is 
SCSI cOtt\p.ltlblr 

Solw your Nckup problems w.th 
the jut. rdi.lblt> IOMEt.A 10 Me~.abyte 
wtridgt dnw-

coin IOMlGA for.a per!.On.a.1 
demOlUtr.ation And uk .about o u r 
OEM Sp«bt (v.alu.atlon Offer. 

IO~[ _ HuoJ. ~"" 4l"'''(' 

Soat; lJt'O \\ nt. Osdm. ' Woo"'" II 
)9l. rl'1 s.. t-. CIt. 408 l6J "'-::'6-
Cor.J .... n.. )OS1'7»-IOtO 
hob.t1I" MA .11 • J..l:IOO o.n.,. T\ 
1:14 z.»t Iroolfi .. W. ", u.. 
;-C·SllO to. Altpln. CA 714 
&U-l:1l In u.o,... Spmow 
c.rp SIo.p. UK (O'1$JP6SJJ 
\\ritWm., f6UIJ7t'IO&6l.- P.r" 
(lP6:" M.i.Iafto (lJ1l.!5J1 Ina ... 
wh I.rich (lJ 814-)131 

• (eM:GK 
Copyr~t • IOMEGA 1geJ 
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track ratio because of considerations 
l'elated to head-flying s tability , But if a 
bette l' head \\'em IIvailable in quan 
tity, il would take an increase in flux 
densily to widen the stroke to 1,025 
in, because Ihe (hive's maximum den
s ity is a lready employed at a larger re
cording mdius, The smaller mdius 
set by a t ,OZ5-in , sl!'Oke would require 
a pia ncr Ihal allows Ihe flux density 
togo f!'Om Ihe ClllTCnt spec ofabaul 
10,000 flu;'\. changes pel' inch Ifc il to 
aboul 1.2,000 fc i. 

The media 10 pennil this flux lev· 
el will cost mOl'e than the disks nm .. ' 
used because the mal1ufactuling 
y ields diminish when the dis ks aI'e 

cel1ified against smaller flaws; a flaw 
Ihal didn 'l use 10 COun l now makes a 
differcnce,l\'!ol'eO\'Cr, the lighlel' lhe 
cel1ifica lion spec, Ihe mol''Cyou l'Un 
the lisk of being caught by an ava
lanche cu n 'C Ihal desclibes Ihe yield 
011 media. 

This Clll'VC gi\'Cs a measure of Ihe 
Ilumberofenurs pcrsunacc as a func
lion oflhe Si7.e of flaws relative to Ihe 
a \'erage read-signal amplilude, In 
other words, if you I' a\'erage ampli
tude equals IV, and you count en'Ors 
only al 02V,you won 't find many 
flaws. AI O.6V.you 'lI find a few ; ai 0 ,7 
Vyeu'll find a lot and bv the time 
you reach 0..8\'. there \\~II be a tremen 
dous number, 

The result is Ihal you ha\'C to ac 
cept more flaws pel'SUn<lCC, aI' the 
disk manufactul'CI' must yield-..'tt a 
premium- bel tel' disks ou t of the fab
rication Jll'ocess. The laller ahema
li\'e won 'l sene high-\'olume needs , 
Accepling mom flaws can be a vaJid 
course, butnol fOr simple el1'01"
handling systems that spal'C oul 
whole tracks instead of sectors 10 <lC
count fOl"en'Ors ,AI 10,000 tpi and 100 
en'OI'5, fOI" example, you would ha\'C 
to spare OUI a majOl' pal1 of .roul' lotal 
capacily. 

Onceyou '\''C detemlined how 
much oflhe disk slIIface 10 use for re
cording, it's necess.uy 10 eslablish 
how many lracks will fit in Ihal area , 
This value depends on Ihe number of 
lracks per inch Ihe drive will pemlit, 
and Ihal parameler in\'oh'Cs a dele r
mination of how nalTOw and close to
gether the tracks can be. 

The belter the drive's pos itioning 
accuracy, Ihe nanuweryou can make 
Ihe tracks. 1118 pos itioning accumC\'. 
howe\'er, is limited by mechrulical f~c -

lors in the s pi n d lr moW. 11t(· maUl 
culplil here i!. n o n n:'IJ4"llInt' " ind 
molor runo ul \\ h lC"h rt'pn~'nb Ihn 
pla\' in the splIld lft llIoln"" ('uncentri 
ci~-' Th e I(>ss p .'('(' IM' Iht' ,,",lor
bearing assembl.' I!II It1l' nHJn" nJr1CJUI 

the re is. And hN'au!O>l' ptJ6ll1umfllC ac-
curacy d epend!'o. un Ihll ell .. t.-UII( P 
collccnllic as Ixw.'olhlo nlfNM11 ,'.til drt
fcal an~ d ('sign Iha l d l 'm.1tKb lUll 
much acc-ural') 

The sourt'e of 111«' nUl"ul JH'Obo 
lem lies in tht> pmdj t~U hea.tuycs 
and th t> rat'(> thf':' ",11111 11., .,,, .. n 
sizeafS,ZS-in \ \inth If'Rmt.na 
Ihallhis ro('r i.s unh I In 1111 U'CUm 
cnce,yet ta \\llh I~nd It,r 1001I11hr\< 
cany Ih e ha lb II (''(IIlI.tln" HlU.t hn 
the samf' :.i7-f' as IholM' UM"f111l I I In 
drivcs, 

The rt'Stall IS it ~n',lll'" II Inlh 
to bearinEC impf'lil"C'liona .lotn t I"y! 
quali l~ i~ 1l)(>'I~ull·d tl) \lU ( IUJII' 
be l'S, wilh hi,.;llt'r numh.'1 d.'flOlulIC 
higherquali ly ~I "ndo"d Inllll'tl k.-.u 
day's d is" dn\ t'", ('.aU Ie,... \81 ( !f tJ4lb, 
but eH'n IhrM' an'n I m,UlUbctun.od 
d irecll,\ 

111l1&, 10 IInp'o", on Ih. I'\unont 
s landard of ahoul 10 Of 5(J ..,In uI run 
o ut in a spilldlr ",ulm t-nl...a NJfTtr un
p l'O\'cmf"l1t in Ix"an,'It 1I"C h,uJloft\ 
Such m('('hanl(:al..ld~~fl(" "'_lV!' 
s lowl,Y, so you ('01111 ,.",""f:1 n "'''
night d CC'n>"':.(! Iron- tocl." .,1, 
40 J.Lin.ofl'tJnoul ' nr1l'tlwoIr.N}OU 
can buy a bl1l1ull(· mCltnl thiU ha ufl~ 
5 J.L11l ofnon"'I"'II"\" nmottl anti 
you can e\'('n bu,\ l() ullhrm hUI ~vu 
ca n I bu,\' tilt' 1000" dA\ n"""WeI tn 
SUPpOI'1 lil£' hro.td h4J04"C.1 filar"'" lhal 
has COIT~(> to ('hanu·h'llI:to Ihe n~'1 
far 5.25-111. \\ IIldwt.l", 

lI a\ 'ing 40 J.L1I1 of "judi molor 
runo ul lUean.:. t h ai \ uu ('an Ik'\W 

guarantee that nih 111k" wID t,., 
c loser than --'0 . &In 
itl a be 'lll ' J.L1Il lo\\h f't"UU\\1Ul1 

, IS nln'l{lJl unl n 
limit o n tra("k d ,I lUI 
dm-es A ('Ihll,'\ m hJ,;h",ulun'M! 

n d hear U1 ""nd tholll.)Ut,. ('.an 
COunt o n 40 I,un 0111\ .1 Ofll't 
lemperature 

onlv ~~se runout IS 1l(J{U't'llIrtlth. 
- '0 ' '''lh anfinllf h.~ 1m 

can COtTect for II And Mo'rll'hb 
sumcs a perli I .. 
Ihal's !X·t ,'\ 411("01'\1"" 0 

COl1t lOuOU!\",1I ... __ 
the mo re COOl mOn ,J. It'T 1.10&1'1 IJIlIp of 
pomle se,vo lnti If;rb thai innJr.. 
at ea h onn.I1KJn '~Jdrd 

c. sector f(ap 
10SC(' wha l . , 

oul imposes I)N it limJts run 
, o n IOn"4M't1 t ""-

slly, COns ide, Iha l a ' ~. Ikon 
525-in . \\ inc h {"bff' f 1-'60 1111 un. 
am 800 " , r c 1!\1o. drl\ ... ttar 

J.Lln \\ldpand 10.0 , "'., 

I ........... uad "--
runouf uI.ao.un. ~ \Il1,)1~'1' 11Inblrm I .. Ihatlht' 1l'111· 

tn.d, ",1t!th (Jl.ft'ihrcht peratun' 1II1't"'bl' .. IIl!olllp Iht' hf'<I<.I 
'unt tt." ~ .... t o'.1 di.J. ~nh'-' 1I1l\ ,l!'o.lht'lwad 
IIlOR\c~ aIxu...... 5pUlsand .,f1dt'C.t 101h(' ma'III1UI1l.IIIl
ot I'fTOI' and ~Ibt blf'nt It'mprI'OIIIII'I' III \\ luch 11m 
I ~ID dri\l'~ mlDt \\l.r+. tI"", hl',\1 ("Ul PI'O' 
h .'" abw!: duC't't<. !,rullkm", I-ur h~h Ir.K" «1('11-
lor the tnr-.t1.IbW h\ r.l tif"> II an" pldc ·t,! Ill!>ltil' thl' 1111 \ 
brirlp the touI lo .... nphf\ ..,.".11t"1·1!> IM·rCIn' 1111,\ lx' 
U fwntallt1d.1IftI'I COlfIt" wt!}rt t tt'll)ulw IJut II h~h tf'I1I' 
tnJl'lCWnii;-.-I nu. nnw inti! pl'RItutt'S Q("c-ur 111"111" IllI' d .... c·mhl\ 
"-'ftI wroum.. fllhtor Ihr J( l.tll (lUII'i",hl ur IllI'li 
hNd li\el\ In' ahof1t°!1t'(! \lull.llh"(l I( '~ III , 

~itll- tilt 1111\ r .1I11 ht· n')I,III'"d III 
11M> fiekl 

f urtht'r IIIii' III"I,lltl'" c'h'I' I h.11 

I ... "".p..,.{; I handk't "nlult( I;u."~ I!'o. "'''ltlC' I h,' 
pal l..ip- II 11\\1\ ,II · IW.llltlfC (· .HI 

helpd" .. llll\ II Iht·chll'C '.IIIK('!U" " 

II 

..... ftllM:" __ ::::::: 
• t.n ...... ctra 
thu nurnbTta .... ar.-
cuuJd t-;x.Icat*'" • _lID _ 
o<.vodanJ .... _"'.-
1~1n dw~ 

att a$tl (' !Uc ,tt Ib IUIlt'lulII \,hllt, 
I\ntul4(. "u f"\t." \\ Ilh IInh till1'" 1>1,11 

1f'1".1 til ( 11M'IMIl tun(lItJII h'III ' 
ptratul1' ("&n I1·..uh III ( 

(h cdto-nl.'Ill'(l m("(h.I c' ,III .11 I 
~Irt (rum ti M! IlI'.1t ~1lI " .lt,'(IIr, lilt' 
~d L (If l.te lu, II10It 
males Ihu 1m llIoe'ft.a I1\nl'" ,1111.1t' 

tAt' lel drt\e ',,",Ion 1"'111 .1 11·llolll1lll\ 
point ~ \1r\" 111111 fill" nI('(lId h 
mono ctur.bk> thAn U'''!I naal('(il,I.l1 
Ifn bull1ft1' -.caIn 141 '" (II 01\ .111,11,,1 

~ f'""~Us II usr III """,",,1IIUII1I' 
prtnx-UOfl ~It> lurt' \.o\ml,lc' " 
rmth lIol'prd 1 ') ~1I 1fC urtlC"1 fUIIl!\ 
S_ "'\lbI,1r 1':'116 ",Okw\oIhleJ dl .... ' 
('.vtndg- \\lIlt~I"'1 otu"' IIH' IO 
lO!Opblerd-mt-cu..ch ~ IMol' cli,,,, 
pPr,'" rWrdr'(lln "U!'INII1 tlll""f1 
dri\ "'I'non I l\allahl ... md elldlll 

u if 1tM'\ '\llllld he In 1114' nl',lr 
JU tUJl" 

lIij:h lenll"".IUI1'. ( 0111 ""tollil 111 
oln('ul it!icul1 a te., ~1"lldlt- lilt Inr 
IIbt.lf1Clo QUSt"S " tidlo-,, ' lIc I' In INI, '" 
pc:.n1Ofl from ont> pl.lll"1 In ,mnlh,'1 
w i hif;h IrtJlIM'J';1 IU a " '11 I th(' 
I'otw problem '-lllrl It . iI1lIN1r1.UlI 

IOronatdn Ihr l'(lli'''' '."P' uf 11 '111 ' 
penrun-...-.4ron1 euld ,,1411 .1 I ( 

IO W tndrd oprrallOfl.1 R:'i ( "I ulri\w mlghl Ufltl'"lSu Ik·· 
ClUll'thrdin an.., I I'nI1l"l11"(1 

II . CUhpUI",",OUIII Mn1",nITwnl 
tkir IrInpftaIU"" "I' n flll l»l he \t'" 

wJde. AD Itrte Irnll"" .Iu.", I.te lUI 
~ limit. nJlunM" pnlChK"llUII 
;;1.;.tn \\lnrllb1tT 10 no mun' thMI 

""'''''' ..... In the final an&k 'nt .111 .. I SOt .. 
CI:ImpII'" Sn-ln \\ f'M I I('J till 
hiI1ntap«lly tn.1 r:.Jn IN' "'IN 11'(1 
in IhP ..... fulw-r frum .... 1i,,111~ 
dri\~ In t~"oIulJW' IK1MIUf IMlI1 ~. 

&Olll('\\ hel'e bt't\\(,pn 47 and 5 1 
\lb~ tes, 'Il1is I'ange nSSllllll'S" 
·I-platter thivc operaling at <l1ID I pi 

l'pcoming d(,\'plol}lllt'nlll will ('n-
1311;(' Ihis capacil} For e'3Illvl(', if 
.,"Oll in("l'(!a5(> til(' numh(' I'ofbil s per 
in('h you increase thr amount ordin .. 
JX'r II'aC" Technol~ies sllch as thin
film media ca pable o fSllppo I1ing\,cI" 
ti('al l'l'('on:ling and Ihin-film l'Cadl 
\\'tile heads nil off('r Ihe pl'Olllisc of 
h4::hel' ('al)acily withoul I'CSOI1ilV( 10 
IOI1f(cr slruke 1£'1lJ;l hs, lrack (it'ns ilipli. 
ordb"s 

tiul anything Ihm raiS('s the bit 
d('II"il\' abo boOSis tilt' lhi\'r 's 
lI'3n&fl'I' ralf', 1,('<llIiring new ('on tl'o l
h'l' dc-signsl his IS l'M'c.:tusc lilt' "'ad! 
\'1il£' hcttd flips o\'('r mort' bits 1)('1' S{'('
o lld o n II Il':lck and the tili\'(' mllst 
tht'rl'for'C tl"II1:.f£'I' Iht' datu fmilt'l' 10 
lilt' host ('omputt'I' \n,\ r hilllgj' in 
It'an .. I(,I' ' ';1 te makf''' <J dri\,(' incompati· 
hli· \\;Ih Ihe ST506 inlt'lfac(' 

Om' Mllutiol1 is 10 ('mplo.\ <Ill 
IIIlt'rfat'C tllotlllpt'Cifi('s <I fns tt'r 
Ilom"fl'r 1<11(' \!though at I('astIWO 
::olldlS.zS·in \\ inrhf'sU'r inl4'lflH'('S 
h.I\('IIt'Cn pl'OpObNl I.SlJIund til(' 
\, SJ !>Iandard for 8-in \\ IIlrh('!>tt'I'BI, 
Ilw 1I1c1111111~ i" nol in K4'I1l'ral ~I'N" 
nwnt aboul what the altct1lati\'c 
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should l>c, :md no bl'D<1d-based SU I)-
1'011 c:I;isls fOl'cilhcr. 

II isn'l c le'lr allhis point what 
tht' markel l'Call) 11(''Ccis in a high
pt'lfonnancc intclface. so forlhe lime 
Iwing it's illll)()rtant 10 consider \\hal 
I('\'e l oflcchnology is practical , ghcn 
IIIl' sp(."Cifit'a tions of the cont!'OlIcn; 
:l\aHable. j \ (hive's price \\ill gh'C 
some idt'a ofils practic..'t liIY, but (1\'.1lu· 
ating billall \\ incheslers generally 
willl'{'(IU II'(' lUI understandIng of Ihe 
pt'lfol1llilllCe faclol's 111\,01\,(.'<1 and 
I illlc fOl' new tcchnologies 10 pru\'C 
themsl'l\'f's in the field . • 

Doug Mllhou, selllor \ iet.' preside,,' 
(Jj'I'''8 /I/('c/'ifl8 :11 Sl'<lgflIC Technology, 
1m,,, m'l'/) 1\ 1IIIIIIe company ,"//lCC II 
1111Jj fOlIll(/(''l1 if! /lIlt' 1981 . Doug dirt'rl~ 
1'" ofSe.1J;u lc8 N'8t'lIrcll II/ld ellglll{'t'f'
!1I8 nelll'lIIt'S. 

" Is there a reasona bly-priced, 
reliable disc drive available E!!!!!?" 

"YES! Contact Linda Smith 

80 MB 
$3,000* 

160 MB 
$4,000* 

300 MB 
$5,000* 

Featllres • SMD mterface 
Include: • Compact rackmount size (7" high) 

• Integrated power supply 
• Clean air package 
• Quick performance 
• DEC, DC, Perk,n Elmer, 

TI compalible 

INC . 

113111 



h's here. Wtnehestef capacity c:n:f perlormOllce at hoIf the Itq, 
hoIf the price. And)IM, 0Y0i1obie in ~ or fiud di" dri...s_ 

The SyQues' l00mm (3.9") SQ306 pocks five megobyhK 
(formatted) in t-.oIf the height of 0 SV." Wr.chester. And when 
fhe Q-f'ok" cartridge i5 fuU, jus, slip in onother one. Iti the bes' 
of both world5-the reliability of Winchester with the tr~ 
bility of removoOle C<rlridges. 

A better drive, 
Syaue, ' drives give you 0 be"er fit. Mowl, 5yQuesl drivti 

olmost onywhere. Undef 0 keyboard. In your terminal. Fit two ... 
one minifloppy spcxe. 5yQuest drives ore only 1.625 InChes nigh. 
4.8 inches wide, and 8 inches deep. 

Eoty integmt;on. The 5Q306 has the 5on'Mt pin-outs, tming, 
doto tronsfer rotes, and trod: . sedor foo ...... ".IQ os irdntry
stmc:bd 5'/.'· Winches'er drives. Use standard Wroc:hester 
controllers and interfocing proceoc:UH. stondord minofloppy DC 
power Wpp/ie$. 

Better price/perfonuonce. 5yQues,t deWen five rnegabytft 
with proven WInChester heods, posrtioning. bruINeu motors ond 
oil' filtrotion. Buffered seek recLces overoge seek time to 75 
msec. But tt. cosl ~ hoIf of compr::aoble 5Y. " W.nchesl~ _ 

It Fits. 

Q-Pak -a better cartridge. 
h" ... ,.llab.t.ty CJoted..&Dop.....-o w .... t I 1M", 

..-vo 09L0It I.,..,.....CO ........ tt .. , *17, ..... 
Ing ¥CnObIe s.ectorwIg. 0... •• 100& •• ~ coot.d • 
metoIoc oIoy do", pr!"II«t oc-w COl ....... =0« I .. Nobt,. ""'" ......... 
Available now, 

SyOuMt .. ahippong s.o I'd ~ en oroaIabit 50 ... 
)'OiOII" e'oO fOdoJv '. more po:iA:r .... "0\ co 
our fIIOdIrJ _ .... ou ~ For.,.,~ ... P"Cf'G ~ 

- .... "" u.r, Sanooy. s,o.-_"'* 

S yOt-e-l -- ... ... .. . . , -....... .-. 
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Open- Vs. Closed-Loop 
Positioning Systems for 
Winchester Disk Drives 

Lower-cost open-loop positioning systems are ideal for 5- to 20-Mbyte single-user 
system, but dospd loops ofTel' 20 to 100 Mbytes fOJ' multi-user applications . 

~ Hob.'" \brlllhDIlI , 
l"Juion Curl' 

n S<'1(,(,li"8 
\\ lnc-h('"I('r dbk driv('s. !oyslems de
!oYtIWrs ha\'(' 8 (·hoke or dli\'Cs \\ilh 
dosed-loop ol"o»('n-loop Il('ad-
1)()3itlonll1~Io.\'5It'ms lkHh have ad\an
last'S 80 st'lt't-llon uililluut'ly should 
bc dt'INf1UIl('d b.\ Ih(' sySl('m and ap
"Iie-allon l'('(luin.·mt·llls 

I~'pkalh an opt'n-loop !>.\!'Ilem is 
10\\'('1 in (·031 .111(1 offt'I'S" ~1"('tlICr 
l1(hal1l~t~ In nlpa("II'l'S from 510 ZO 
\tln Ie:, \'1Ih acc('Mllimes or90 10 100 
illS' \\hkh make!> i1 itlt'al for single
uM"rapplic"lions A clo!>('d-loop Sy8-
I('m on the other hand pt'rfol1ns 
bt-'sl OIl (·a,)a(·ili('s rdl"\!(ing rrom ZO 
\Ibvtt·s to 100 \lhvli'.s or IUOI"'C, w ith 
8(·(:(·S5 linH'!I or30 10 -10 ms_ As such, 
II s .tlt·al ror I11Ulli ·us('1" applic-ations_ 
\11 (',aminalion orthe It'l"hnologl{'s . 
1X'lfonllanc(' Iradroffs. "tid appllca
lion .. will makl' tilt' !oy!oleT1l5 inlt'gra
lors c:hOlC"t' oi}\;ous 

op('n-loop .... "!oI('I11S, rcgardll'ss orthe 
I('("hnologyl'mpl~"('d "hare two com
mon e-har<l(·I('rishcs fig 11. Fir"t, 
:o.leppc'r motor<! aI'l' ust-'<Ilo chive and 
control tilt' ht'ad-poMlionmg Illccha
O1sm Ill(' eleclronU'dlani(·aJ nature 
orlh{' fjlcpp<>r mOlar lim lis Ihe posi
tIoning a('Curacy orlh(' IIYloiem and 
di('lalcS Ih(' a("(" .... s lime. As suc-h il 
hce-01n('s bOlh Ih(' hl'al1 of the open
loop po .. iliollingll'.VtoU>1I1 and 1110 IinUla-

lion However, ils 10\\ COSI :md prov
en pelfonnance are more Ihan ade
quate for lowel"-capacity. low-speed 
\Vinchcslc l"S and IU'C wUl1ldy ro
g:lI'dcd by sySlems deslgncrti 

The second common charac leris
Ilc of open-loop systems is IIle luck of 
feedback ofposilioning inronnation 
'!lle positioning cin;uits S<'nci inforolu
lion 10 Ihe positioning mcchanisl1l lo 
mOve Ihe reawWlile heads 10 Ihe dc
sil'l'd track local ion Bocausc ohhe 
lack ofinleraclion and intelligence. 
Ihl'I'C's no monitoling and fct.'<Iback 
oflhis posilioning infonnalion 

-111e l"C are I\\'O common open
loop positioning syslems used in 
\\ illcheslerdlivl's today One is Ihe 
spli1-imnd positioner. which has IWO 
rnajor\·ariations of its 0\'I/11-rolal)' 
and Iine31'-and the other is Ihe 
rnck-and-pinion posilioner, 

A splil-band positioner consisls 
of an anchored metal blind wrnpped 
around a capstan t\ sleppcr motor ro
lilies Ihe capslan 10 mol,."C the I>osi
Iloner·IFig ZI. The accuracy or this 
type orsystcm is underscored by ils 
wide usc in \\,int'hesterdisk drives 
PosilloningelTOr'S 31"C minimized by 
accuralely grinding Ihe capslan's di
amelel· and eccenlricily 111e splil
hand positioner is fast, lrack-Io-track 
a('C(!ss lime is typically less Ihan 3 illS 

and long-tenn reliabilily is inhC'renl 
In a 1'Olal)' system, Ihe head

posilioning mechan~m is placed on 
the end of Ihe radius and S\\ings in 
an arc. As the mOlorsteps Circu larly. 
Ih(' ann moves ae-ross Ihe disk trig 31-
111is method lransfl'f'S Ihe rolary mo
lion of the Slepper motor to rolarymo
lion orlhe head caniag<>, Ihus achiev
ing maximum pOSitioning accuracy 
111e dming mechanism Is mounted 
oulside orthe scaled storage cham
ber. therebyeliminaling a major pos
sible source or contamination 

249 
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.• ,,""'" ... ... 
" .. .... 

COrl\ft'1f'd mlo Imar 
)-woad alAe'" ThII! 
mfICh.ani.wn 
on a ,..diu. 0\., ... , 
\,.top" -\bo. 
chan., .. p.n. mu.t 
.kif" Itwo w.Wd 
IO(,~ 

"-rarC'GnIPOI'M"fII~:'::~~ O~ mec:hanirAi 
ftH'N' to Ih~ hr3d 
mOf'fl "tJ, ... .-.wr lu Iohod. 

-nU' uthn n,,~ or~ .... 

If-m b a ~~~~':~~'::= In til .. ('ose 

looth" .... p{nloo~~;~~ nit'" 10 t"Ul'I\t"f1 

into 110"., mflflDfl 

PIA' 1111.e CIOkod-loop \\1nche$ter system tlell l fealU~ ~ thai 1llOn1l,," .ocl .... ' ~ 
posilklnin& data 10 sen'O ctn;uita I~t make in-COUB(! COfTt'('IIDfU II Abu U ..... \.*"' ..... aoehM-

...., mnunh-d un a 

.[-ruN fhto r.t!no III thit 
Urfo1'~ ' f " 

lor 10 achltMl higher densilles Ilnd ril~ler ilcces.s limet 0pen.1oup 1).1""- 'tWIt' _,.>\ .. ...,l 
per molOf'to po6llkln Ihe heads This technique it CO!II-e/fCld;"", aud an"U,..t", al .. "" .... ("."... .... Iht· rad.·and-"luion 

lUI ,u4liltjll; Another advantage to the rotary 
system is its shock resistance, De
pending on the d eSign, the mechani
cal arn'an tage O\'er a linearsyslem 
can be 5 to 1, to to I, or 20 to I. I(you 
place l OG of shock on the axis, for ex
ample, only a \'e'y small part of it will 

be lransmilled 10 Ihr: hl'old ., till' PI1'. 
venled from skalirlf( acroM Iht' dt ...... Because Oflhis m('(·hanka.) ."\.an
lage, rolal)' SYbtl'IllS aro I \uirw .... 
ble to shock than hnl'.ar ~_\ It'llls 

In linear po:.tlionuvc ",.\~f('mJl Ihn 
rolal) mOlion ofth{-' Ml'pp"-r mulCK I!'I 

Ihe "llIll I .. nd 
ond 
t'IIUI~ 10 

",lh In\ ,...-1. But 

1Mc tOO,:~~:;:~~:i nM\ ..-M"f" 10 

\\ Ind"",l("f &nofW 

1"'''1"11 \tlct II .. ~1h 
hnurd Iwtrn..riI\ brcauIt 

_llld ';~~:;:,.::~.:::~:::~,~ "Ulli~~ Ilu """'" 
illJlbun IIlU I tlf' n'lOtmtfd ~ 

I'llf"Inc~' rhan,11f'I" aJrq '" 
hrir"nI ~fUlI"1 b\ II\(> 
.delthun. n·"I4l"rmt"f11 Oft:: 

N.nc-"f' ollhe flK'I:hankal po 
qUln 1",," n~~ 10 be' 
f.ac-·ICl~ d ~-,uom turkl 
nol-eu-Imi&! f'\Ilt'nM' 

fu,.1 
Iinuolu.f:\ hetn" trod tt. .. to thr 
drn~·!l ~o cln-ull (run 

thl- I"f"ad \\nl(' hf".Mb lolrt 
Mo\\ the tw.ad .Ioclalronat. 
tUlll \"fwod,.., II • on tJ-. .. ." 
\\ twlher II • .al tht
Iht- 1,..,1.; Thus. t~ 
hc.ad por.lhon .. nredrd 
accuralt'l\ 

SecoOd • \-oict"-COiI 
UM'd The \oiler ('(uJ 
one or more ~'l~ 
head ~tt In Mid 
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Pf&, 3 Spill-band posUJonhlij: '.)'II lem! come In two fonn. A rot~ JXl'I'II""",,, k-fI' _ d. drnJ. 
far nlotlon orlh!! Slepperl1l0lor 10 d .... .., Ihe ~ .. d-p05illOniJ1f{ ~ruanjam In an.,,· _ tl'w N
dius oflhe disk .urface A linear actualOf' lright l oorn'el1. 1/1t' rotan mou ... " or II. 'hopper fIIIJIaf' 
inlO the fincarmollon orthe head poIIllioner 

face oflhe disk . The \loice-coil posl
lioner, essenlially a linear malar, is e.," 
lremelyfasl and accurate. In combina
tion with se"'O pOSitioning. II makes 
possible the higher denSities and fasl
eraccess limes found In closed-loop 
disk drives. 

There al"C some dis.."1CI\'aOlagcs to 
use oflhe voice coil as the molar. 
1\fagnets M"C healY and rather bulky. 
"nley create magnelic fields that must 
not intelfere wilh Ihe road/write ope .... 
alion in the compact confines of the 
525-in_ \Vinchesterworld, They also 
consume a 101 of power_ Nonelheless, 
their accuracy and speed am well 
wor1h these II-adeoffs. 

There ;11'0 three bas ic Iypes of 
closed-loop POSitioning systems-
dedicated sel"\'O, embedded SCIVO, 
.lnd optical sen'O. 

DcdICltled-8er\'O syslelU. In the 
dedicated closed-loop SCIVO syslem. 
one of the disk surfaces is dedicaled 
wholly to the sioragc and retrie\'al of 
5eIVo-positioningdala Fore.~ample. 
theTandon '1'1\1705 disk drive has 
Ihree plallers (six surfaces!. One ell
tire surface is dedicated 10 se"'O 
data ; the other five to OPCI'ating 
dala (figs/. 

The servo-track information pro
\ides polarCOOrdinales for Ihe loca_ 
lion of the data head/sl at any given in
Slant_ These polar COOI'{Ji na I es are gen
emily broken into one or more ele
menls. For radial Pos ition, the sc"'O 
tracks at'C locawd at defined radii 
and pilch {spaCing) with respect 10 

the cent('rofrolalion nlt'~ Ir-., 1. 
are Ihcn grouped 11110 hand 11M! 
oUler guard band doll" ,Wf1(t and 
inner guard h.and 

The angular-I)('MIM.ln nMJnJJ' 
nal('s usual!., oonM:o.1 ol.n ."ct.·, II .... 
slal1..end poinl Oflhf'do1'oIIIlrol''''' 110\\ 
e"cr. it's nOI UIl('OnHnun 10 'unit .. r cU. 
,idcthclraC'l.inlolW"(Ion \\hkh .. ... 
encoded 1» Krou,,. of 1'1I1 ,-.n ... 1 
50"'0 franl(>S Thel"(' an' I'("'M·,..I1\ tWrJ 
kinds of S('"u frnmC'& on c'ac h w"., 
lrack lal)(>Icc:1 0 and I Ill ... mItt"~ .,"1 
st'Clorbounc:lar;(,!t.u \\!"II.\. Ih ... 

"", ... 
.... f!UMd 

.......... 
dlf't'lt"1ron 
milled 10 It .. ,...., , 
drfhulbu 
8 ,MUnns 
\nolhrr.'d • 

Ie","" dWltCn rhe: :~~~~ hon 'n S'uupe,ot"b.-
t\ Ih"~ 

Unn' 
IkJflf'(1 hrh\ft"f1 
I, Ii II ii InCJ\ro 
ampltlucJr ut Ihr 
JacnIlIoM\O 

'''IC I t.c l.. JlOIiItat 
~ monit,..,..f 
drifhOll: 01 'liradl 
hTCll U". 
rn-w.1 \a. fftldl , 

,JArrd '"" ctc.rm 
I h ltlc-ft 

IhekJraJ 
'rm is .. 

... 
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Pi8' II In n dl.'tJknwd-sef\'{) system one entire 
disk surface ill dl.'\1ltcd 10 Ihe l)()sillonil18 
Infonnation 

move quickly to a designated track, 
then posit ion sClvoing to home in on 
that tl'iICk. 

A major advan tage of a ded icated 
closed-loop sen'O system is tha t a 
l'Cad/writc head's posit ion is updated 
and con'Cctcd continuously in real 
t~m~. l n (,'\'c,y instant of time, the posi
iloillng system is working 10 COITeet it
self and keep itself on track, II always 
~no~\'S whe,'C it is, ln addilion, posi
tlolllng accuracy is much higher and 
heads can be positioned to a greater 
tolerance le\'el. A trad. denSity of 
marc Ihan 1000 tpi is possible
approximately Ihrctl times the track 
denSity of typical open-loop systems, 

Bmbedded -su n 'o 8,)'810m . In 
the ~~o~d major closed-loop sen'O
position ing mClhod, se,vo infonna
lion is embedded between sectors on 
each track (fig 61, The pr;malY d iffer
ence between the two types is Iha t in 
embed ded -sen'O systems the SCIVO in . 
forma tion is ava ilable intennillently, 
"alhel' Ihan con ti nuously. Embedded 
systems I~ave a lowel' track density 
than dedIcated selvos, and lower 
head·positioning spl.'Cd and accuracy 
becauSe?f de.lays in head switching 
and ~et t l l ng-tlme , An embedded sys
tem IS accu ldlC immcdiately after ii 's 
updaled on a track. 

. "'1u!~ sel''O infonnation is only 
~\'3I,lable IIllennitten tly, the position
mg mfonnation is in a d ifferent fo~ 
mat lhan wit h dedicated units and 
different method oflrnck identific _a 
lion is 1'C<luin:d, I a 

Anolher disadvanlage of the em
bc~lded servo is tha t interfacing re
qUlrcn~ents al'e different because th 
I'Ccol'dmg surface is fOl1llalled d'a e 
ently, The dri\'c has 10 iden tity tl;e e~ 

, separate it from other 

Fi,(8Inllllll'lllbedi.ltod'IW'f'1l'f"'ll"m ' .... 110· 
j,,« dar. IIlft'Orded and rt'1nf!\f'd In IUlfOP 
record PPII (In I"\~." d .. u, .u,u,., 

da ta recorded on the su,facp oflh6 
diSk, 80 Iha l Ihe selva dala ~n I ~nl 
10 the intCifacc nlong wllh tlw dala ''C
quesled ,A pm1 of each dis'" 1'Olallon 
is dedicaled 10 Ih(' scrvQ·proct>.ssin« 
sC<luencc. ghing tlw ronlrollt'r an c,-
11<1 load 10 C'OI)C wllh 

Bul the emlx>c:lded .sc1·VO is nOI 

\\ilhout ils advantage:; It doe:-.n I re
quirc a dedicated h('ad ordl ... '" SUI" 

face , which LS a rosl-saving bcu('fil 
over the dedicaled scn.'O 

Optical 8Cn 'o 8}8Ie lll . -Ihough 
not as Widely uS('{1 as Ihe dedlC-8t('(1 
and, ~m~dcd c1os<"ft-loop M'n.'O
posll,onlllg s)'Slellls, opticAl M'r.'O S\'It
tems present a c1ea,· altcmall\'t' ' 
\Vh~I'C ~cdic.Hcd sy8lcms l"l1lpIO\' an 
enlJ,n;' dl~k SUlfaCl" for '~f('l'l"n('('..(I"'t .. 
I>osit lonmg. and enll)('(ldt>d 8C.'n.tM 

use part of each disk surfal.'C. oplJ('aJ 
systems usc non(' 

, I,n an optical 5.\"1.;1"'01, till' head. 
poslt lOllcraSSt'mblv i~ 'I""p.~t" od I ' - .• '"" ... ,-In ~ 
u al' l~nlt n~ollnted 011 th(' ca~ti'lf{of 
the disk d.".;c_ Ut>adfWritt' headl> are 
moun led on a can;a.ge Ihal's sup
pOl1ed on a bc:uin~ l>1t'U('11I1't-' on 8 
shaft A preciSion oplicalscalc ll> ai
lache~ to the head ('aniage This 
scale, IOte" ...... -- ... bet I ' ... _ ..... "U \\'("en a 8mp and 
pholo transistor, conSi.sts of opaqut' 
and transparent areas in l>)X't:ifK" IMI-

--... 

-------- --
TRAOt.oFTh 

In ao<>ll'<1I1\4C. d", .. drn" wIIlt .. 
._n 0lx'Il,loop or .. C'iutrd-n,PIII 
IlOnI08&.\ It'lIl Ihrf"t"&lY bJr. 
l~d("Otr~ 10 ('UIl!IKf,'I ~ 
tlJlI~ , COSI and fTh .. hwr, itt_ 
Th~ Iradt"Ulf" anont .aU c:te.u. 
• cl0M'd·1ool' ~ It'm for ~ 
par-II) and 1Ict't'N tUIIIUrt!." 
CI'l"a.'t('ti unult.rlt'(JUak 
on the appllc-.alluo 

One WD.' 10 Ifll'JnM' CIpd) 
10 spa(:(' ttw.- reooniu~l,.wtbr 
and d06t'rt'¥i('Ihf"rtJn &dN 
()(on!loll~ of dw n*t oommanty. 
open'loop "'~ INn aa 304$ ncbpr 
Ulch (lOr ('IlM«Hnup n II 
Ipl 111ta,-.r..:lorulnNrf\tJ.l 
t\\~n th(' 1\\'0 \ tern", 

But tI~R \~tlO .f..af) tbt¥ 
('ap..1nt • abo \\.,,1. tum ... '! 
d(~ In.r-cn..luM Tbt~ 
1>a('I~ 3In\'<lI101Ih~ a.hamfw:q 
mulllpJr u*,.. of tJw- umrdrM 
I1lUb If.\'Ou dOl/hit· or tripIt.Ot
capaCit) and II 'n"C.' lunr i's' 
a('t'l'pIAble To f)l"O\idrNCh _ 
with Ih~sam.' orlbt(>t '"t'iof'~ 
c-ea:; rf'quu'\: a (~pundlnldP
crt'a'k' in a~ IlIn~ 

F-orr ,amplc a('1.WU~ 
a\lulable o~n·loof) "n-II'111",ib 
\t~1ea of C41pAC'I~ '\~I tW\","~ 
ces.s limeol.ppro'.lJTIotl~ II 
rna In. muJlIuaerm\vunrnSiLI 
SO-\fb)'te dml'-&boul lhn'elJllf 
the CIIp.ilCI1~ of the open.~ 

-' 

dri\~d 11.t\,· an d\l'I~(' d('(-"('.,., 

timt oilS to -U1111 11u ... Il> (·,arll.\ 
l\'hat.~ drh~ \\llh a l'lo!'>('d-loOI) 
po6l1~~ tl"f1lon'·,..... 01 t'uu...,e. 
it\\ill 1\.1\" .. \'Ok"""""C1i1 fUolI(nN .... a Iin
urmotlX' will {"(»t mOf't' and \\ III ('Un· 

wmeman' IJO'\\I'r Ih.an.n uIN·!l·loop 
5\)tem IILltll dMiwf' h .. th~r l<"I:J.'Il'~ 
~- ,nd ~1", _ 1101t' 
, 0nlyl»'101:1hrd(~I·lunp 

dri\'f'" hq::tw-rt'Olot .. tllIt' tu 1111' I~j
tIlI1if\( '!I\1fMJ\. .t,1tC'! (.Ih,·r i·I'·ltWnh 
ronttiJu1~ Itl h~hrr- cl"n"ll, (· .. n b(' 
mort' r.s.pms*,~ tor ,·\. ... lI1plt·. hil(.hl'r 
Ultl.dpuuh mc-.an mO".I·'I)I·n ... I\1' 
hNds-- ""hrthH. d"a-.,I·lunJl (II' an 
Dpf'Il"kmp dm" b lI-""C I 

"""lIM' Ihl-I~d hll\" hlf:ll('1 
f'fIIOIutlon .nd a.nlAlI." I"w'" \\ ,dlh .. 
tbt-.' R"11IOft\' COIotlv t u hu ~ lei 'lid 
anC.ITll"lh. nu.It-,'IN· ",,'lfi.'cIIU 
tf;h1C:1Jf IM"lS It .1'IoC.I'UI11' 
/I'III'IIb .. pn-mtum l.rieI! Unl tllt'M,' 

COIbp*""and bl'",u,ull! .. , 
Qldthtl ~I b"lI,JOIol1lOnllll{ 
l)'ilt1l1. 

lnltlf'hcJnkortln,"al1'lI Ih~ I\\U 
~paaf dtt\ apacltars,.nd 
CJ:JIb lend to ur.ttbp t tJt t"'-"llupl 
IJIIIIDft'[Wh ~'IlIlah'" 01",''''001' 
"inchetWTctrtw. ",Ih. 1~lh (II 
2O\1b)1n M-e"tthin 1O'f. ut tll(' n .. 1 
~ commndaIty .,,-.&llIf, ("~I-IIM}I) 

"\I~_drh 
\l1hou"h CiIJM' ,I .. tel ru,,1 

.., bplboutlhrt.a.ml' .ttna 11n'~ 
ftlarapar1 nw-.-lowtlb·l.dm1" "I)' 
lQld, tnucf1 f&sI rn Ihn 1U11t~ 

fat.lt't In eapa.r:aIH \1I1\1f'l1 
foreumple .noprn .. lu"l' tim,· 
lluuId not bl'I t~nk;.tlly pntH, ... 1 
~theOlhrrMklol tiM'! ,M"CII'Um. 
tbtd·!oosul""",wtlhS 10 Uf IS 
\Ibytes it....,. bu1 can 1 n'''''lI'lll 
IIlth IlwkM coat of Ih .. C'ltMl,luu!l 
en .. ewn lhouf:h II ~uuklltfV' uk
IbUr::tI &.trr anna t 1fDf' 

BuI bU I~ and u· ,,11\1(' 
Ift.~don 1 WlInl '-tlorae
bslJmr l)1*.th 1I'It.f'¢iea1ll1n '" 
It.- & ~ ~ .nd 110 to!lO nlll ac-
:at limP .. quill' adrqiUllI \ \ 'hro • 
~1lem~1t·"tlUt.les, • 
~Ih~ ... Itw- .,,,"k~l.un 
_lar .. mutti-uIII'T nnirunnWflI t A' -I, 
loIIerin IIwI)'pr of Inn ~1Inb ac
t'tbln ~ orbrnf'rtlmrl' II .... in.ll 
~~ 10.". .ccea-s 
__ G" kI <10 1m an!' ftIIJulrrtt 

1lu Ihr appIjc.lion du loltr!S 

llcIt ~ Ihr QPM1t\ d. dm bul 
lI.o"lIl'I:a.timl'and~' 11M' po--
11Uon&nA: Ian Ihrn lJft'ornn. funrw 
hOll:Glbrw thrft' tw1on- plU8 a. 
~I>-_ loca 

'. - ~-.1tJOI 

--f!!'-
• ~ 

..... "'" 

• ! 
~" 

M"".n u -

• • 

11, Ii' Upton-loot) d ..... l .. ano C(lfot-l!ffl'Cll\(' .,tlJ'\ 
.... ,·.,).a(:1I1t-$ and .pt'l'(lII., and dOfll"(t, 1001' 
dl1\" j)l'(t\ldro Illll.dmum \&10(' II hJ«h('r 
.',,",-'1'1_ and drm.iltn 

Lv,'1l though dOM'd-loop l>)'s
It''''''' D1't' 11101'(' compl('i\ mpchaniclIlI) 
.1nd t'lt'('ln:mit· .. II) Ihan open-loop s)'s· 
h'IUS_ Iht'.\",'t' d('~iKllI'd liS hlght'l'
IWlicwrnullr-c dri\'{'s IUld IlIft't t ill' 
It,lIUt' f't'liilbilit.\ l~qllh't'III('IIIS The 
t'()IIlI)OIll'nts u.,t'd III hi~h 1,)(,lful" 
m."lt'~ do~('d·loop l'IYl>tPIll:' hUH' In-
111',,'01 I.\' hIKh('r l'('llahllity Ihl.ln Ilwir 
n>unlt"Vil.11s in all oIX'n·loop system 

\ 1,"plc':ll (',nmple is the Slepper 
molU' U"t>ti In an opt'n-loop l>ystem 
It !i nol as I'l'linble as 11ll' \-'OI('("('uillin' 
t' .. r moto!' u~t>(lln a dOSNHool' S),5-
1t'111 bul Ilnltoels Iht' nN'ds orth(' 
ul)I.'o,lool' dt'~iKr' and Ihc \ol('{'·roil 
rnovc:,wl m('('j:; tlw luglwi t't'(lui,,·-
1I1t'''1!'> (If till' do~I-loop dlive Thl')' 
hoth ,-,duM'l' Iht, same 1(,\""1 of I'('lIabil· 
11\ ;1" IIU'i1SU.,"£I In tt'nns of mean 
I.-nl(' 1)I.'1\\t't'l1 rallUl'C !\l1 UFI, LWIl 
though diN'll 1001' "),stl'tnS havc 
HIOI" ('(.Imll"" ,,It'l·tl'Otlll'(:hani<'.,1 
1"(1111.,011('111", thl~'I,(' no IPM. 1'{·Jlablt> 
Ih.lIl UI)('n'loop sy:;lt'IilS 

01111 Ii ~I,LlrIIU:\ ISM tES 

\ \ 111t'iw'n'r pOMlloninl{ t1lt'thoc:l is 
uM>(1 Iht' c'hokt' of mt'(/ia ('all IX' C'liti
('al ,,, II'i1l·J..s an' hpul't'tllijl;htcr,lhe 
"u"(II':1 rnul>ll){' l'Ipt'Cified to lighter-
1)('(llkdtions \\1'l'11 lracks UI'C 

hundwtl t'lOM'r 10000l·tlwr, Ih(' tr.I(·'" 
\\-,dlh .lIul h(·ad·pl' \\idth becolllc 
.. nallfor and .,rnallt·r S'I(lIallt,\l'ls 
th,'n,fon:' dllnin~h 10oomp('l1sal(' 
fUI thl'" \\tth "tand .. rd m.ld(' mNiia 
liI!;hU" poll'amC"IN-" musl be 
lJf'C:lfit'(l ~bul rOf .. pnc'(' \n altcma

Ir\~ L'" !>l,I('riton of plated medIa 
\\-tll(h haa a much highf','OUlpUI· 

,*,HoIll('\1'1 
Iht. dOM·llht'trado.s are l>ar-kNJ 

lhi' 11IU1't' eriliral bccol111'S the S('lec' 
lion ullwada to plt'k up Ihc diminish-
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ing signal, The standard manganese 
z.inc head pelfonns well al densit ies 
in the 1000 tpi I'ange, bu t beyond Ihul 
range, new head technologies be
come nocessaJy. The Whillll,OY type of 
head. for inslance, has the gooll1ell)" 
of it Ihin-film head but has more con
ventional magneticchal-actelislics 
and is an attractivc altelnativc when 
head gcOtnell),becomes ctilical 

A closed-loop drive gencr-ally con
sumes more powcr and dissipatl's 
man:: heat Thcl'Crol''C. morc care is 
needed wl1('n designing Ihis Iypt' of 
dlive in lO a system to eliminate hal 
sl>ots, Also Ihe lal-ge magnCI in It 
closed·loop d,;\,(' can affect otht'I' 
(,'qu ipmcllt al"Ound it -lhcl'(!rOl'e, lhe 
dosed-loop driw IIIUSt be pllckagt..'(l 
differenlly and bellcr than lin open· 
loop d l'ivt' The type of CIIVitUllInI.'Ilt 
in which the disk d,;\'tl will he ul>ed 
musl also be ronsidcrt .. '(l '1 he 
closed-loop and open-loop sysl('ll1S 
ol)("rate equally wdl in alllypcs of en
vironmental condilions_ 

'n,e majority ohhe \\ inclwSlcr 
disk drives commcl'('ially a .. ailablt·lo
day usc a Siandard indusl'" Intcl" 
faee_ ln theS(' drives" wilh c~pacllics 
UI) 10 50 \1~1es and beyond, dala is 
IransferT'Cd al a ..... te of 50 ~ t bps_ Hut 
somewhcl'e in thc range below 100 
\ tb)'tes, a 11('\\ intcrfac(' will most 
likely be l't.'quil'Cd in ord('I'IO lranl>fcr 
dala alII faSlc" ralC 'n,,:, definition 
and pa ..... mclCl'5 or this interface al'e 
no\\' ix'ing wOliled out in Ihe ely
lUunies oflhe malilclplace_ SYl>tcms 
deSigners should C1I:1)('C1 10 switch to 
Ihis ncw inlcrf"Ct:' in thc Iwar fulul'C 
for Iheir vcl)'-high·capar-ily , ... ·quire
nWIlIS . • 

I'obert c. Abrahlllll,pro(/ucl markel 
mg mWllISl'rlor/anc/on Corp" I\Wi 
prt:\' IOUS!\" p,'O<luc-, mmt.1,'lf-'r unci ('fcc' 
'r/c.1f l'''Slm'cr a, I'c'rlcc Corp lit" 
Irolds;a BSEt; from L"n- ofcalr(onu.1, 
lkrk("/l'\ ' 

... s 



Computer Te<:hoology Review 

Winchester Disk~Drive Market Tre nds 

The overall dri\ing force in rigid-disk dri\es today is the 
e:l;plosive growt h of the office-automation and dl'sklOP' 
computer markets. and the resulting demand for th{' ad
vantages of the Winchester drive in the same fonn fa(·tol" 
as the 525-in minifloppy already popular in these ~Y"
tems. This h as made the S25-in. and sub-S25-in, ~id
d isk-drive field the fastest growing portion ofth(' 
Winchester industlY. and shock waves from its unp"-~·t'· 
dented gro\\1h are changing the entire man..et 

Inte nse competition among the manufacturen. of 
small Winchester dti\'es has caused marked priC"t' ",<hl(' 

tion, so these chives are no\\" tuming up in applil"atlon~ 
for wh ich they were fOlmerly too e.-...pen.!.i\'(', Thl' ..... !ooull i!!o 
a steady redefinition and broadening ofthc mati;pl as tht' 
technology matures, Three main t"end~ ("an aJl'eady bt· 
discerned . 

Same SizclHig h e r Capacitv 

The firs l trend Is the errOl""l 10 pack more and mOI'(' ~IOI'" 
age capacity into the popular ruu-si.ze 525-in fonn fae--
l ~r This is Ihe mainslr-eam of dC\'elopmcnt in the ~m.1I1 
\\-J~lchestel'market: and it·s dliven by the inc ..... a.c.in,.; pepu
lan ly of small multi-user business systems Tht':-e :w~
t~ms demand both high storage capacilY and f,bl a~{"("3!i 
lime!> so Ihat mo~ usel'S c.an be added \\;Ihout ~Iowin/( 
~own the access tlmes_l11lS combination of spt'nfic-a. 
lions can only be offered by Winchesterdri\'C~ that liM' 
closed-loop servo s\'litems. 

As a result ofinlensilYing competition in tilt' bll~i
ness-.sy:;tems market. this pal""l of the \\in(""he!oot('f" indu1'>
tl)' wlil be the majorplice battleground for the nt"t cou
pi,? of years. wIth most orthe action taking place anum/( 
\\- Inchestcrso.fferingJOlO 100 + \lb .... tesofsIOra~{., wIth a\~ 
e~ge access lime:; amund 30 ms_ Stor'age ("ap';U'itl(':; in 
thiS market rna)' C\'entually go well bc\.·ond 300 \lbvlf's 
as mor'C of the advanced technologic; oligilHuing j'n th~ 
lal"gedonn?ls "resealed down and masl£'l-ed b\ manuf- _. 
tur-ers a t Ihls II:l\'el, . d( 

_ II is Ihis piU1 of the S2S-in \\·inch(':;tcl·man..ct th I 
ha\1Ilg the most effect on the resl of 'h . d a I!I . _ e 1Il USl."\ As Ih(' 
capaCl1J('S of these small Winchester dn," d· 
' h k f

· - d. e g(' upward 
(' ma <£'1"5 0 8-m drives are respond,·ng'· . 

'

" , ' . l\ m(·rt'.J!olnp; 
t 1('11' Pl'O( ucts capacities. This olTe - ,h· • 

t"I "" d d rs (' upward ("am-
pol 1)1 Ity nee e 10 continue attracl' u I · ... h 
plica lions to the larger fonnals. lIlC'l lI/V,-capa(·ity a l'_ 

'111e capacities of 14-in s\":;tems m I r. 
the same reasons. As a result- Ihe sto ove UpW31'1: or 
.. . , . ' r.tg£' C"<lpaC"lll('s 01 

m. systems ar-e edgmg into Ihe 300 + \11p, 
those of l4-in Syslems into the gigabvtc -11' rang(" and 
of lhe compel it ion fmm 525-in, \\'inches7n~eD &;.allse 

Thmds sees production of 14-in drives in ~~ ~St 
IOO-\tbyt£' range peaking and be inn' , 0 
year. while 1984 is CApecied to ~Ih mg tk~ dt"cline thi~ 
driws jn Ihis mng e pea .'ear for8-ln e. 

Same Capaci ty/Smalle r S ize 

'111e second main Ir-end focuses mo . 
packagt.t han on Ihe sto . re on the SIZC Oflhe 
cu." is the resu lt of two f':::f~~~paclty orthe drive. 111is fo-

• 

• 

fu-.t Iht'" e'I.N·n·luop I«ttnolqo I.IIoNf in bin: 
.5 .!5-ln \\ InclM'"Slfn h&s lopped out 116;u 
J() 'n~""It· 01 loragrcap.;aal) Ihpu5dllr lQ I 
lol'l"·I'-C.'~'l&dly oprn--Ioosl tim" but IlCiI..~. 
I. ''If'l' a("""C"e» tlJ1lt"3 demmdro~ Ulenct_ 
(. pilot.' elm • '\\1)0 an-~ Int II 

mllltl-t.llM"r apph"JltK.Wllo 
... ("ond Ihf"ho~nln"JJOtt",*,&nd cleab:, 
I,UII.,. nuui.t'l has cn-alrd _ dMnmdb" 
dJ1\ in_ ... laaUt.,.IJ.:lC~ ".IIq»up 
.lu\\t'r.I(.J\\1.'!'-t .,)"Int\' rn1n:J!lapp;) lbb 
\\hldl .. allIlOfI.l rnttrr'lv.~Drirmrd. .. 
lI .. ntl~ lU'ilht;'T"'lnJnumJc-~ tl",,#CIpICba 
uhnUa."1 aCt"t' Inllr.S 

" lu~' twu loIetUf'.lI .. ~~ 1Odar!d~ 
loop u'dlllolofc\ uno a ..... rrh fur wnaJlcor ~ 
Im\I" ("t,.' . 

Ih"l1hll1' t\\u .. 1· ... of M lnl~' in Ihis"."..-.. 
\\ IIlch t('1 lII.uil"l 11~ CUll irnuh_lhe hail 
\\ me'h, IN \ .. hk·h hM t"""oII~'1'J) popwu 
ufolt;turt-n ul m4n dnlo.top and JJOrt.tbje~ .. 
I·,IU,,'· II 1'11411.1 IIwm 10 £Oml"nt' _ nopp,. Itllh 

\\ mdu .. l«'I In Ih" MillO f""'~ CtttUpird 
flup,u" Ihuslloftl'nUPfOJOltmnlhr .all 
,,, __ Iit'r ,..· .. po"*' \'Io1IhuUllhr nred 10 rctooI b ... 

C"dbinrl 
Onh one IhirlfC ptT'\Tnta ~~ \\1ndIrstm 

f~om c"OlIJpk-It'h- (tomJ.tutl"'8lf'Mo tMJb.3O \lb}1r.&k 
I..-Id And Ih .. 1 t ttM"Jr lncn--.uinfd)' r~UI('IIp;c 
hll'l) Irma Ihbu r\IM):trS·lbe\\~'" 
1I1$ffi- \\llk'h b 1 harac1Il7rizrcJ bI. ~, .... IId,.lo), .. ", 
1"lU.,:\ •• ullulrran 10 humpt &net Ihoc and 
In hUlllldlh and h'lll,...,..lum 

nUl Uldw.ion 01 a&f~ b:atl.ln!l and Ihoci 
tn '" Prt"'(llnO I~ prohlrnu rabo lru- ,Jric1o .... 
"VI! dc.r\\l\ Ihellllln.rl I "·fwt,.Uon OIlhntordrMs d 
('4'1101111 Ih .. IIIM' hAlf·ha,ghl \\ nctw.lrr,,"\t brlhr 
Ilal1nllhC'! .ui.J..30. \ttl) to m.vlc."1 "1thJn. trw) 

I heat'C"t.nuJ an',. 01 aCI"','.' in th .. ~ 
\\ lIIe h .... ll·r m41iN i th('l uWZS-1n ~rnkTo-'\ 
11111",('1 IIU' h"(hnoloft\ IIc ...... kd tu "On1IIfft1A" 
dlt'lJlt'J IIlln ,1 5I" .. II"")MC ... ~ .. \\t'U undlnttx;d.d 
tlmu. u'lhl" "jze ~ C ,lIt'Cblh .ltr«the fO~ 
\\ClI ..... "\( wllh 1"'I'1.:1.hlo C'omput~ dcrtrunIc hi"'" 
\\-r1h'l .and 1m."', ,."xlu(t JI~~'ft" lheoui·~"" 
10 ho(1o. and \1ltralon ollhe MJb..J.Z5-Ul drtws ...... 
("\1.'n 1111,n' (·,tll."mI' IJlan U'-I of the h.aIf-tx-ftdd tbO 

\\ ll.alt"\l'r Iht'! "'"l!TltuAI ml, 01 iuIkiz:e hair ...... 
alld mlCfl.) \\mcht"SI"" lunu out to br in UwkM" 
('11,"'("11.' lIlan.r-1 tll(" -"pl1ca11Ofl of \\ lncheJ,ter1l'dld 
01(\ 10 thit.an>a has 1,,'('11 ao ~ Wllh!' IIrF 
lnal .. 011"1' bet""" 11m,,"" r;nl&l?h OUI 01 the aub-»'-
1i,'ld Hy 1',"'5 IJUl'l"r-rnd. ;Un..1 SZS41.and-" 
\\ Inchea.l~n \\ilJ , '; "11 . Jl It marltt. - --Hig h e r Ca padf\ - . S m a ller ~iLt" 
The thin.lIll.1;or I~nd ,_ tho 

dn-aopmtcro-\\ Inchesh'. \\Ith ('OIpaC-lllt-~ Ihat jU!o13('OU
pit 01)\".,.. ap)\\t'I" rounet nnl.' in 1-1 III llt;",s 

Althotlgh pGII1bhle ("OlIlpuh'r'!> and olht, .. "1)01(""(" 
terWtiWl)~l'm. an' ill factor 11\ the f-;l"O\\""Ih (If this lipid a 
mA/OI" tmpubc (trl\ing Iht' dt!WJol,"Wnt nf 1IItrah l~h
~mic"nJ-\\ If\("IWI6I 1"11015 at"footlwtll' 11w~I' pnxlu('(s 
~atIfa(1"'·to (le:aIp1rn hl-cause thn 111.11..1' I)()!oo~ibl(' 
" Iltorlrr and lnon' "p.t .... I·lhc ,,"Ilt dt, .. if:ns 

ptroducb 10 thlt :.t· 1030· "ht"\ .. dn'" .In' alll.'ad\' bhow. 
~up.and may f'\'t'tltUAJh ~n a -Iugh." 100 :\1Il\iI3 
~lactthr micro \\1",",1 I,'''' .. rt· malnl."\ininK intl'nan' ( ... -
pIbi!.I!)' "tlh Ihear 5 .1.\·ln hn-tlln'n- -)\I~I il~ mie"I"l)f1opP_\ 
drMt.,.~" thll~Sz.s-ln Ouppic.-. tlw,'11 moun t 
I\-.ycn-dibte dural 10 tI~ ~t" 10n1\;lt \\ ilhlll '1I"ouplt' 
.:I\"f'..&n 

- ()M O1hrt rnou-ll'l I,"'nd elf 1I1h',,",.1 I~ Ih.· dr'\ ('Iop
~I 01 S.z.s.u.. and .. ul~tr; .2.S--ln 1l'llllJ\ "hlt",,(·.u'I1(IJj;(' l i~-
d-cml dri\ -\t Ii .... t g14'l("('1 tht'"'' ,111\(" (·t'mlo 011t'" 
mlnraC\f\T Qnc.OIt .... CC"1 ,,111'111<111\ (. In till' U~(' of .drt\ b'\1ndlt!!>tl"t bAt ""P 411 \t',"1 in low
~ appI"'.lkHl. II."J\\~"I /J11IA. n ,-mL .. (·"timal(·. 
tNt 111 I onIy.hout 10' uf 'iF-ul·dl~'" tln\ j'~ wliluM' a 
~~C4t1rilt,,;r though"' of tl1l''''' willi", III tlll1 
US-In. and arn.tlwr marll'l 

l:brno.n- .. ,....-iety 01 f'ebt)fl lur Ihl!'l dbl"PP()Intll\/I( 
~ P"rionnllOC1"l One ill • tack UII1\t'(It.l tot,md.tnb. 
and1h1..-.uhintC Iw-obk-ml wi1h inu'n·h.1I1~(·.dlllit~ HI'
wed III 'hit." lhr Umlt in raJlal 11\ III IIn\ c·m""lli'1I-"'-t.'IH' 
MIftn It. difI'k"'UIIIO drsi«n. d .... ~ .\ 111'111 thilill-ls hlllh 
~ tr'ItXTnalliOn aparlt" aIltllho"hUlty In !.w,tp d ... l..s 
IIDDt1It IOI"S n,r f"W'tltWlll1l1ul h4!'oll t 1.e4'n n, .. dwt:1 
)'tland ~ andtoetJ be hipM'r Ihan Ql.-tIIy I~III'\H_ 

Bul dW' ad\mt of \""t-rtw-Al n"COI'tltl~ I!I 11.·IUII'111l11: til(' 
au:ndanJ S..z5.tn doppy dbl.. Capilhlt'! (,I .11 1t· .. ,,1 10 \lh.\"II' .. 
d"~.,..Jprob.bh· mon'! \\11\ cll'." \\'llh Ilwl" 
ptnM 1f. rtgId~ ~ tnn" hen n l)r.pp_' fin\"{' Will ht' 
abIr Ie I6r nc-at1) tho aame ('.1111 N!I( It.", Ull a IIwcllU III Iha t 
wiUU"ldoubtrcJl\. coat ....... Ihan till" 1V(,d-dl,,1.. '-"I""Il1d,.:('-' 
for~c.tp«1ty Irm. tlU'101P(o cfI1H). \\ Ilh It I hl\\ 
(OS! J)1r'1 "til rontjnu(O tn I", till' clt'!oIKOI"':<o 
chok-e. flnalh tnrr unn'ft.tlnl\- .hullt IlwlllIUl" 0111\114 
product I"'t~ c.uwcl h)' :1\\4'~UI"8' ul ,111 tlw ,tiKI\(' 
brun..prrt.ap. Ihr .trollp'al d.unlX'1 un 111I~ 1)0111 0' 

"" ........ llwortpktlMcar1I"id1;rWUI 1,n:,(lAl,h filuilis mo!>t ,'It-
Ihu:aIaWt ~ In Ute high t·nel ,.1 Ihl' hnntl' and 
pmanalcumputrr~Id.""hen:! most UM'I are ull\\llhng 
IoPl)bbaCh.d drt\",.ndal.apechiw lnlll.u-
cepItd b) m~ In ~ the nutridpl \\,II,-IIlt'., lila
Iar &.:lor kl u., n,tkt-d .... -1irh .. n14Jt.rt 

All ctI thNe Il\AlUU drprnd on lechnulnft,u .. adaptf'd 
~ formal \, Indl 1m but not all tlu'SC u-d1l1010-
pe.arw rtv u.abk- 1"hI! do&t'd-luflP .wrvo ~.\",-= .. ..adtwloped anct,\itk-k' ulM"Cl l'Iall',lnU'dl4t hu 
rIM- rNCbrd IhI"' point ~ro,· (if"llf'nfJahh, 
~-pruduction trdm"JU"mai.1! II iRlld.ilhlt" at a I?as-on
ablrprkrbS.za..tn .nd.ub-S.z.s tn \\lI1dl(~ I('n. 

lbr thin .cDm-hr.MIlrchnoIOftV piunr("Tl.,( I h_\' m \ 1 IS 
IW.J amabIr to oC!rr. ~ ~nOU.Ah manuf.1I-IU rin lt .\lI'ld 
~ IOthrbrndiailcxnlfrn. \\lty I:)<IY fi\,'llm(·. 

Summt'r 1'1113 

till' PI;C(' of a !olandard manganese-z.inc hcad \\'h('n )'OU 

only E(Pt Iwit'!' the penonnance? \\idespread us(' of Ihis 
l{'("hnoloi{" is slill a couple of years off 

Oddly enough , conSidering its .. ucces.!of"ul a!>pliea
lion 10 flop!>.\' disk~_ \'t'rtical recording is W..('ly to 1)(' Ihe 
mosl d lfllt-lI ll t('(:hnolo&\ loap ply to \\ inche.!otcrdliv('s. in 
clud illg the latt«('-fornlat d rivcs_ The hiAher bil den !oily of 
\"('11ical recording r('l>ull l> in less oulpul from the h('ad 
'111i!o i!o ('ompt'Il!oaled for in floppy d isL.!. b.' til<' fact Iha t 
th(' Iwad ,,'!oots d ll"t'ctly on th(' d isl.. 

In a \\'indwl>lf'r d livc. ho\\'('\£'r, lowcrolilpul mt'an .. 
tht' hl'ad has 10 fl.\' closer to Ihe disk, .tIld thai f"'C(! Uir£'!o 
bolh 1)I',tl('r air fillt'rillg 10 I)f"(>\-enl jlal""l i<'u lalt' conlamina
I ion lIne l ciust'I" IOINilll("l'.!o in the manufactur"'(' of Ih(' 1lU'

diil !ou lfacc, ThiS la!ol-namf'<i l-easoll. alonf( wit h tht, di fTt' l-
('n('(, in til(' th icklll'ss and com posil ion ofth l' mt'dla, 
mal..('s 11ll' :;UC'U'SS of \-('11 ieal rccord in~ in tht' \,\ int"iw!tI('1' 
fil'id \,('IY d('p('ndent on the dt'\ c lopilwill 0 1 eC"Ollomicdl 
n1tt f;~-p .. odu(·ti{)n ll'dHliqllCS for lhis ('.'-.:1c ting ffied lll 

~OIU'th('I{'Sf;, a ll of lh('f;e If'chnologit'!oo and olht'l,"" 
not y('1 d l .... "ml,d of -will (,\'('Il luillly 1)(' MI('ct'ssfully a l" 
p!il'd to til(' d('~ i""11 prohlems of the :-.mailligid-disk dli\j' 
I1w (·ompuwl·lll.lI .... (·1 's insal iabl(' clt'mand fOI" moll.' (:OIp,l
hll lllt'!oo in small('1" pado.a~t's will ('n!oull.' thai this d('('adt' 
will 1->('(' 1ll('I"lhhl(' W'O\\1h and dt'\l'lopml'llt in th(' smil ll 
\\inc-iw .. I('r imlll~":'o • 

ZSi 



Summer 1983 

New Error-Management 
Techniques Increase 
Integrity of Disk Data 

Enhanced erroJ-deleClion and -COJ1-eclion lechniques, combined wilh higher 
recording clen,JlICS, impJ'O\c dala reliabilily in disk s ubsyslems and J-educe COSIS. 

~ "1Iliam \ (' ... n-. 
Pt1~\t('l.oNIJI and (; ~\I . ItI.(81(', 

~ t.quI,lfIW'flt (.,." 

. "',e,· .. "e. in data· 
btom.ge caparitit·s and the amount or 
10 .lctl\lly ha\'(' put con~idl'l4Ib le 

pIT~~UI,(, on thl' IIlhCI'('nl data intl'g
rily or di~l..·s l or.tge 3ubsystems. AI the 
""lInt'llllle, and ror tlw same re;tMln, 
hiJ(ht-'r data iIlWg.rit) is rt'<luircd b) 
Ill(' uscr To cope wilh Ihis increasing 
0('('(.1 .. ubs.vstt'm manuracturf'l'li have 
pl'O\"IdNI higher data ill l{'grity 
through betterclectrom(ochanical de
I'olEtn and "n'O,"dct('Clion. -corn'ction, 
and -I"'('("O\"f'IY I('t"hniqucs 

l.n'Or lllanagt'lllt.>nt has PI''O
gn.·~M>d rrom 31111ple error dl'll'('lion 
\ ia panty clw('k to rl't ly 11'l'1'1!..'td with 
orwitholi t resN.'kl, check blllll and 
('He blngle·bunit en'Orcol",.'ction, 
and such nl'\\-'cr 1'C('O\'CIY te(:hn iqu('s 
a~ automfllt'd track offset and detce
lIon",nndowom.et Interlt'<l\'Cd 
Rt'i'd-!-oolomon t'!TOr"cOITCCtlon codes 
11:'.(:0 h3\1.' pl'O\"icit-'(1 impro\'ed con-ec· 
tlon or singll' bUrst('tTOD and limited 
cflonindl'pendcnt correction ormul· 
tlple {'rTOrs 

'Io!'\t recently Digital has imple-
ml'nll'd a powerfuJ version or non
U"lIerleavt."<i Reed·5Qlomon t:CC III Its 
mwlll';:l'nt disk controller Il' Jl.\5OI 
and mru»·!ttol"al(e I 0 M!tycr tMSC50 ' 
'l'he6<' devices are dcsigned to won.. 
c.fJ(O(·tl\'t.'l) wllh three high· 
,-.paCltv racl..-moulltabic di.lok dn\cs 
Ihr remO\'llble.media HAGO rZOS 
'''n-1.e81 and 1\\'0 \\ inchesterfu.ed
media drives, the RA80 t lZI Mbytesl 
and RA81 ,-156 " byteS I, 

nle data integrity or any mass
IOra,,;t' 5ub.loystern is the I"('SUit or 

many hardware, software, and fiml' 
wam runctions in the con tl'Olicr and 
(hive . Some or lhcse runctions check 
wltidity arcollt l'Ol fields; olher~ de
I(.oc t, c~I'l'ect , and I'eCO\'crrrom data CI" 

ron; Many techniqucs applied in 
these contl'Oliers and disk dlivcs am 
widely practiced in the mass·data
storage induslly Othcrs have lx.'Cn se
lected to attain a higher level orintcg· 
nly and 1>Clfollllancc rOl· thb 
architectu I'C. 

DlcnAL STORACE 
ARCllITI:.CruHE lOSA.t 

'111C main clements in any disk sub
sybl('m are a hOSI-resident c!C\"ice 
driver, a controller. and one or mOI'e 
disk drives , A mass·storage architcc-
11II'C such as OM describes the struc
tum and runctions or lhe subSyStem 
Ih:l t apply to any combination 'or hard
ware, Mlftwal'C, and finnware II di· 
vldl's disk-subsystem functions int o 
IlIyel'S and links the la}'el'S wit h stan
dard inwrcon ncctslFig I I. Com· 
mands and data are transmitl cd rrom 
layer to layer through the intercon 
nects in the ronn or message packets 
dcfin('d by protocols. 

1\\'0 p''Otocols account ror mes
~e transmil.sion either way be· 
l\H'C1l the hosl and controller. mass
storag" control protocoi lMSCPI ror 
generic 1 0 runctions such as read 
and write, and diagnostics and utili
tM!li protocol, OUP '. Mes5a8es be
tween the controller and drive are de
scribed by the standard disk interface 
(SOli prolocol panilioningorthe 
physical disk-an impol1ant element 
orintcgrity-orien tcd design-is dc
scnbcd by Digital's s tandard disk 
fannat 
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Computer T&c:hnology Rel'lew 

"'" 
"'" 

• .. 
"". 

If ('oOCUtn'nl ~1IId_ 
nat.. 4ft> n"C'r1\'fld iheocbt • 
laultf'd 

I~I I' ,/ ..., ..... """"'" ma /, "/ .-... / 
• If,tt, llO\\t'f" ~ Ior.t .. Cl'nGII 

Ihl' \\nlramplitierclm.ptt 
"TIl" rurn-nltoPtlUndIl 
10a\t)ld an.\ \\nltn(".1IXQ 
IruJJtod M"tl' Jfown~tbr_ 
b ahlr 10 ftnitoh "'T1IJ.. .. ':'a! 

..... .-...... ..... ... .... ' 
""'= .'" .. '" 

Pig I In •. !ilandan:1 di.tk·ba!ied 111 ..... ·1i!~ 1iub!l;yMem romlTUlncD .nd d;to,. ~ Irana-lIl1llt'd In 

meuage packels deflnoo by Digit.1 SIOf'agI!An:-hll{'(1ul't" ~ protocou 

When the disk subsyslcm func. 
tions are d ivided into laver'S. Ihe de· 
vice dri\'Cr, con lroller. a~d drivc can 
each sense and con'CCl cn'Or condi
lions wit h m in imal inlCmclion with 
the olherelcmcnls, The device dri\'ci' 
for d isk s lol'age can handle all mes. 
sage exchanges beT\\'een an Opcl-a1 ing 
system and any Ds.\ controller .anc! 
disk d.ive. The device drivel' includes 
no e 'TOr.h.lnd ling software and no ge
omellY data specific to a pm1icultll' 
control ler or d live. 

A conlrolJer designed fOl' this ar
chiteCIUloe can handlc one orlllore 
DSA drivcs, The disl.. dri\'e ilself con
tains a pammetel' lable of all ils own 
characteristics. such as geomeliy .md 
retrycollllis foren'OI' handling, This in
fonnalion is passed f,'Om Ihe disk 10 
Ihecontml leral star1up. 

To maintain dal •• inlegrity bolh 
the disk dlive and controller hme em
bedded micmpl'OCcssol'S app''Opriate 
10 Iheir positions in Ihe subsvstcm hi
erarchy. Seek e!TOrs. for exanlple, can 
be handled entirely by the drive. 0" re. 
covered by the dri\'e unde,'direction 
of Ihe controller. 

Convcrsely. Ihe control ler ilsclfis 
l'esponsible fO I' handling data en'Of'S. 
Data C!TOI'S moe Ihe incon'Cct bits that 
can develop in d 'lla blocks between 
Ihe time they arc l'Ccci\'ed f' '0111 Ihe 
hosl forwri ling on disk and Ihe lime 
thcy are I'ead back fl'Om the disk for 
lransmission to Ihe host 

Togelher. Ihe controller and disk 
are responsible for PI'O\iding the hosl 
with "clean" data. for which all neces
sary en'Ordclection, cOl'rection, and 
reco\'C/y ha\'e already been done. Anv 
hard elTQl"S-those ull/'eCO\'Cl'3ble • 
due 10 majol' ha''tlwal'c failul'e in the 
conlmllerordri,,&_m'C reported to 
the hosl in elTOr logs 

SEEK ERRORS AND fAULTS 

forc.'\.amplc . th(' mi('roprot"t'''''\('' 
in a D~ disk drive monltol'S M'no op· 
eration in order 10 dele«:1 ml"'~'(·L..t. 

• 
0.( tor pnorto~ 
Iflht·""Lt.I~l po..~:o 
Un" I nu I~ Ih&" ZO IftII 
,onuu"'l f·' .... JC\ b ,to!'rd 11." 
')(J\\ I'f &UPJl" lu ridr ~ .... 
Ilu .. Ie 

on Ihe flv. In addilion th(> h(>.1tI('r
compare prot.'css in Ihe ('o/llrollf" 
can indica Ie a mi:.~1.. If d 1II,~'t'L I~ 
identified , the rt'spe<'!i\(' min"O III th(' 
controller initial"s a sp<'ufi,'d num
ber of relries flypicaJl.\ th'''t~, \\ hit'h 
are vil1uaHv alwa\'s :.u('c{'ssful 

A quafitY-CO,ltrol chl'CJ. of thn 
se,, __ 'o position is pClfoMlwd p"i()l 10 it 
write operation. TIl(' m.tgll('II(' h(',1(1 
musl be positionE'd \\llhllI an allm\ 
able range oflhe track t'('nleriuw 
about 8% of center-tO-l'rllli'r "p.tt'lll,lt 
to avoid erasing adja('('/lt Im("1..!. ,tlld 

to ensure a signal-to·nolM' ratio hl,t(h 
eno~lgh tomake suhScqUt',H n:'ad ('P 
erahon reliable. 11,(, dri\l':' IIut'ro_ 
processor mOllilo,~ t.-ark I>OMllon f'r
rorand . if outside Ihe allowahl{' 
range. pl"e\'ents inll ialion of Ih(> \\l1tt' 
operation and rep0l1'!'IMl'k to Iht· ('On. 

lroller Again, the C'Oniroll"r rom_ 
mands a specified lluml>f'rof"'lnr 

• 

• 

II tht· h('ad ... huukJ '-' "'1.' 4 

.lIull ... n I-·ur houidnt'" 
Ill- IhC'dmt·.~I'.1u1ll'd 
If f·\t"t "t\,' he·.1 D eir1r'(' 
dml' 1_ t.lulil'd 

Minimizing en'Of'S in ""old "'nt(' 
Operations im'Ol\'cs P''C'\f'ntullC Iht' 
OCCurence ofunaCf;eptahlp ('It ..... tro. 
mechanical condition'!' in Ih{· dri\1' or 
I'Ccogniz.ing Iheiroccul'('ne '(' anel 
counteraCI ing them I)(>fol'(' Ih('\ ' {',II! 
cause any dam,tge. \\1'elt 1111\ of Ih('~t, 
faults is detecled thl' C'OllIroilt'r I.'> Ill' 
fonned so Ihat approprialt' a{.tlon 
can be lal..!?n The s.\ ~1('1I1 "-'IXHuh: 10 
these conditions a ... fo1l0\\1o 
• If mol'(' Ihan one 1'('ad \\nlt' 

head is selecled txot-auSl' of fail 
ure in selector-billoWr, till' 
nucrop/'O("p'-SO. abo'h Ihe 
°l>eration 

...... ~ .. -""" .... aD(> -"" """'" --, 
"'" .." 

"" ax --.... ....... -
"'" .." 

"" "" -. 
"" ........ 
"'" """ "" ra; --... ~ ... -. '" .. 

• 

• 

In c·mhtodd.",1 k"nodrl\a. 
nrc·ulI"I'I1.,,\t·m .-crrimtallltt 
\\T1hlijC olllMt Larton-1ninBl 

'nu lolnonal,uo ~prtCltI 
tht' tlnw MId c1..t. 
In (k>c.hcoltc",l· nf)ti", pi

If·m. lor .-1'1M'r.tcod indailld 
IC'\.ldnl·' .... nd mtl""~' 
nHIlIIllV.t'thr pt~.,*, 

,,·l..ul,iC 

tUROR \I "'"I: "f, \ I !<ITR"n.cm 

Ill(> n"t't)ftlll~ 111f"tllum In 1M IIIfr 
an·.t 01 .. ,"\ dIU dmt" Itdi.id!d 
IIUUM'('lu" tlfC2 f..achleC'tCf 
(,ludc· ... d.,..bI0l: ... .512orS:b 115 
fnur ('01)1(' of th,· blOl:'l. hf'.tdtrftJlll' 
{'(KIt' .tnd ph\ fowal Ilk.·l numbr!\. 

.tntl liw(l·hu fit'ld .. 'orf'l1'Of'dtt«ti& 
('Ode' U)(I and t'fTON""OrT1'<iJOn 
rodt' 1',( (" 

Ihl' dk"l. c IIntroll('r~tmI' 
('OfTt'i·tlOn .1I1d b.tel-hlud, ~ 
m('nl It"t'hlUqUf'$IO d"lm c.umt 
411ltl ""'0'\\'''- ('nun (k'l"UrnnjllII cbIII 
hlOf.·1...:, f Yt J hl~I~I"lhr rffK1Ct 
thPa(lIf>t'hntqun th~ IheIDPdJ 
PoI""~OIl runt' that n'prt-s.rr1b"~ 
dl"trihuhnn of PfTU"" O\l"'~ 
",3d., olOlor;q ,>(,(:I()r~ In a ~ 
mt'(IIum 

There are many integrily-oriented 
fu?ctions t.hat a..'e common 10 all Digi
tal s OS<\ d tsk d '1Ves and 10 mosl re
m:"able lind \Vinchestc,\.rype fixed 

, Ihe maritet 10day. PI, 2 A SOClor con~l5!.t o((ourC"nptt't d ,he> 
h~der .• dat. bJod;, and I'k-Idli rex- r'I1ur
C(l~ion .nd -dt>1C(1ion I:'fXW> 

b lCl('nu'! 10 wtt' ~Uft;"~I~ IhII 
Ih(' ft.·Vl I dint· f'"\.hlblls Powon-liiJ' 
ht"ha\iur ·\\t:'n ~Il\o1U num!Jflrdi«'" 
IO~ h.1:\,· a ",1.111\1.".\ ~I' ~~ 
l1umbtor of t'rnws wt'llie /llD!'o1 ~ 
ha\"(' aJmo~1 nonr In f'1ft3 thfonlJl2t' 
ht'rofhlo('lJ, aJlpt:'a~ In orc:Ierof~ 
It~ 1101 loe;'ahon III Ih(' rl'('()I'tIin \"If" 

dium I on Ih(' honzontai sc.ail' Itft 10 
l;gIlI fmm wo,...lto txo"t 

1\\ 0 h 'lX':> of ('rTOf':o rna\' ()Ct'\I111 
a data hloCk bt·T\\'l."C1l a \\nll- 10 and 
rt'ad from Ihr' dior.l Tran. .. wnt ~ 

--.-. 

~ 

I 
1 

1 .,. 

-

w 

~J~"""CWW""'_".""_'" ....... _________ In. IftG'It ................................... _.w, ......................... ttlAa ... 
... Idaad eIK1rir:'a1 '""PM"" 
.~ noiMI.".1 Ol'TUr mn", 

lI'iat .1Z\Cb'nt. '.InlI1I dull In IltNh .. 
4ttK1I 1ld"I_ ..... Indu.tcJf\ll. and 
iitlJdl.., bN"iW IW!I'lIYIW'l1t 
IIIII'«W' k'I..ch: , ... d of ..... IOf ur 
1bt1k1cl'mn-- .1 ...... btonJrnr-IIM-n" _ ....... 

l'tJ\'&laIdetft ..... &I1ton (" .. ~ tiM! 
"" ..... 1fUWIh 01 J~" tltofct: I 
~ dw Wroof II. f"YICOnllf'IC 
.... Sinno I'" pt","narDl'non .. It .. 1_ tht ~ of f"fT'OI'I 

prttiri f m. "WUffiU", ",,,_I 

ItJI "'ilh • ....,.. IntrnMt nnw 
llaftwurwrA 

-\t1hP «( rifndln in Itwo fli k 
....,~, and {'OI'TT'("1- fOn,", 

illfIt....,.dda ....... hl .. 
biirnlWy """"'~.. borin_liM'! 
.. r.,-...t1lmJA d"rtn~ p'''-
~ AI bed ~ U • ...,. 
~mono .~num· 
'-III. lao. ... mtrftf from IW"f'\o'" 

""'do&. io _in ...p.c"""" 
bi:x:b lad aD",_"" ~on-cl 
IrIrtpUnlbtUl6ddl,UftI I .. '" .. 
... dt IS Itw MiOn pUn- .J,II" 
'-:IlftIIIIrtdDprnllM bkdJr' .... 11<0"""_ ...... "'"""'*1 - .... -thrmGl ~1nI'fl.1It"'1"" 
litlhr n::nInlIkor ma»t tJIO 'I(M ...... 
~~... alrft'( t ancJ,... -d .... s".nd Quod..-run an 
"'w Andlho_ ........... 
~ muM rnMIf"f'! Ihal 
~ tIItr awuinur' to br ... J 

able t\li n COni iguolls sel of logical 
blocks of published capacity. The 
h01lI'8 operaling system will then see 
a fh:ed numberor/ogic-al storage 
blocks throughout the useful life of 
lh(' dnvc, 

tccu)C 

n,(' .. ~CC circuillv in OSA controllt'f5 
f(f'n{'ral('s a I;O-bil ECC thai Is cal)3-
lIlt· of C'OI"r('CI ing as Illany as eight In
dt'lX'ndenl 10·blt ClTOrbur&IS or ont' 
hlll'S1 of lip 10 80 bils in any single 
el;ll,1 hlock 11lC bursls art" aligned on 
fh(>d IO-bil boundaries so Iha l 
\\"t),..;t -case single burst can be 7 1 blls 
long 1'0 lllatt£',' whcl'C it happens to 
t-w' I>rn>ilioncd In comparisoo. convcn
tlona.l pl'O«'~Sf'S typically gellt' l"te II 
",hon('f' rcc that cnsllrt's COITertian 
of onh on(' t'n'Ol bUI'S1 In each block. 
.1, ho~gh some systems Can COITCC't 
multiplt" dt'pendcnt en'01"8 

Digital SIX'C'ifi('S Ihal an unf"eCOY" 
("r3hlt' (,rTOr oe('\lr no mof'(' ort('n than 
unrt" In (,<\",,\ IOU hits rf'ad 1I0wc\'er, 
analv I~ of OM disk op(,I'3lion Indi
('alN. ("\'f'n lx'lIel' pt'rfonnance If 
t"lN·tromN'hanlcnl failul'(' does result 
Ul 011(' or more unn:'CO\,(!l'IIble l'ITOrs, 
Iht" il!'1! rf'pon('d 10 Ihe host in an 
f'1TOl 10,; 

fhe f .OC pn.K"css--mo,'e Iimilcc:1 
Ih.:.n Ih(' 1 ,(:C pf'O('('H-monltorshard· 
";'11"-' 0 1· finnwaro faults in pOl110n8 of 
tilt' ronl,,--,IIt'r 'Iho (,KC-type FIX elr
rUI'" I(lllu'(b against faillll'('. in the 
nmtroll('r cirruillY. hut )X'lf{mns no 
eI"ta ("t)n'('("tion 

lloth Ihi' 170-bil ECC and 16-hit 
I, IX: j)""~ ('(lkuhIH.'d in Ihe contmll!'r 
for Neh dUIA block 1'CC'f'ivcd from .he 
hn ... t HfC" anti am addec:llo each Sf'C-

101 fur \\TlllnK to thl' disk DI~nng a 
1 .£1 op<"I1Hion Jo.CC calculations are 
J)I'rlon1l('d on th(' prr'\'ioll"'.v gt'ner
.11'"(1 ux: and on Ih!' dala hlock 

\\ lwo • M"('!ion is read from (hsk, 

"""""" 
I 

J ""'" I -I ..... 
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'"" . S11 SIJ UI 

I ~" '§1L_L""...l...-""---l 

f l, 5 1'.ac:h teCioreorllains 512 b)1es of da' •. 2 
tMei off.OC .nd:U bytes ofECC Dunf\ll. 
~d ~)eflI.tion both ~!. and t:nc b),1es are 
uH"d 10 ~nlle ,he ~ U:C c:tUlrac;1er. 
",tolch 1.,h('n COIlll~ to the f.CC chlll"1K"lef" 

""" 
CITOr dt'tection and COrTeelion 1'1'0-
c!'('(1 as follows' 
• DUling f"f'ad , a custom NMOS 

LSI chip IRSGt:Nlthat handles 
Iho ECG process calcu lates a 
nllw ECC for the dma block and 
~Iored EDG ami adds the ''esu l
tant modu lo 2 10 Ihe EGC read 
fl'Olll til!' disk farcamparison 
Iflhe ('ompltrison I'('sults 
in all zeros, it's assumed Ihat 
Ihem are no crrors in thc data 
block or EDC. 

• (flhe ECC comparison haS a rc· 
suit olhcr than zero and indio 
cates Ihe presence orelTQr. com· 
putation i.lo pcrfomled on the re
sult 10 generate COrTeetion \'oc
lars. which are added modulo 2 
to .he data block and stored 
[DC, O"e stored EDC mayor 
mav nol have been COfT'CClOO by use of Ihe Reed-Solomon code.! 

• A n('w EO(" is calculated from 
the data hlock alone and com
pared with th(' slored EDC, 

• Ifthl'cnmpari$Onofnewand 
stored EOCs shows thallhey're 
et:lual. the dala block has been 
\'('rlfit'd as correct, If the EDes 
art' nOI <'qual , the controllel'lnitl
ates the rirsll'elry for data ''('CO\'

t'1V. A l'('tlV consislS of another re: .. d Opel;'lion, followed by the 
pl'C\iOlis three stcps TIle disk 
Sp{'CiriE'S th(' numherof ''t'lriCS at 
slartup Unless there is a hard
ware faull in Ihe controller. ii'S 

.. 
~~ (:) 

re oaIC'UlalN:lln the C'Ofllrollc>rfor ~h <b,. blork ~«I frorol IhI! "'-I 
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Floppy Disk Drives 

TEAC ~~;i~~ 
~T WI" HIGH. TEAC FD-SS SERIES S W' FLOPPY DISK 

dnves use half the space and run cool at half the 
po~er of conventional drives. High-reliability low
nOise brushless DC motors provide an MTBF of over 
10,000 hours, backed by a one-year parts and labor 
warranty_ 

FD-55A FD-.558 
.4Btp/ . 4Blpi 
· 40 traCk • 40 track 
· 2.50KB • SOOKB 
• single side • double side 

Power Requirements: 

FD-.5.5E 
• 96lpi 
. .. uad< 
• .5OOK8 
• single side 

DC +12V ±S~ 03A typical O_7A max 
DC + SV ±S~ O_S A typical: O.7A max: 

FD-SSF 
.96t:pi 
• ao tr.Ick 
- 1MB 
• double side 

";,;,,..;;write or_wire TEAC Corporation of Am -
technical data, price and delivery_ enca for 

TEAC C~rpor.ll(jon of America 
Industrial Products Division 
77]] Telegraph Road 
Montebello, CA 90640 
21]n26-0]O) 

unHk('ly thnt UX: Illbmal('hf'll\\lll tnduct~ 
reln('s 

• Iflhe retl"""s an" unsuC'f' fuJ 1ht>00I1lrt6r 
alcs an ('1TO ..... log pad«'land Ir~J\smlli.~:
rommlllliC'altOn'i bus to Ih,. he: I 

l'\om1all.' Ih(> rolT'PC'IOO dalA blorio -. pasrd to II» 
buffer in th(' hO'i1 The 000lt'01", of Ihfol'ofUralierl l1li: 

buffet'S art' ,;M.nl:\ rhMi..ffi for "'I~IIII ern:nbtbt 
seelor I~ pa:-M."Ct along III t'llht'f" dU'ft IIUrl U .new" 
1('('100 tlU' ronlmllt'r N"qu I,," ""lral1Wl\JMion 
dala sourre, \\hethf"r ho ... t 01" dl ,. 

Digital ... !'landan:1 £II a. fUI'l1l4I1 Lnducte.la,:lcaldI. 
SIOrag(' block:, and rt'pla('("nW'nl hit..... lbr kf:IaI 
bloc15 .ll't' \1"lhl(" 10 aplllll'aunn I'n'..g&ms ~III 
Ihe hOlol and at'(> .dd~ b\ 1of"C(\U'n11.&! blod 
from wro 10 Ih(' dl a. r4\pacw, t()f"f'YmpW IhtlUI 
dl.!>k hn.!> 8~U .072 100000rai hloc: tM.-oor. \IolthSU .... 
dala I)('r hl(K"k and 17 (j 12 n"pl.lc't'IIW"fU bIori.s 

R('pla('("nu-nl blod ••• f'(" '!IIlbi,. 0111\ 101hl'0lIIrI) 
Il'r and al"f' I\cldr'('~"'f'd In n1l'4n. nf fT'\1'( Ic~ III 
Illenl bloct.. mllnh("nI 

A.III a IOf(u·.11 blcx'k 1!Ii detrnnU1I'tl lu Ill' t.d thtckl 
is Iransfrm'C:l 10 a n-"l.":I'l1wnl hInd. rhr .... ",= 
add",,,,, i .. w"llf'n min aluul.ul' t.lhle nn Ihl'''' 
rnll1l111lZt! I"\"\l'('lnnIVt llmr Ilk" flBl r"pl..:aer:mm:llirli 
K\,ulahlt' on Iht': It.tIl11(' tnc'" a.tlhfo l,.cJ hied. primI]: 
\,(,('Ionn~' \fI('f II1.1t n·pl.an"IItf'lIt IJ6ocbfrom 
wherr ('1"t~ on lilt' dl t.. C An 1)it'I~t as nn-drd 
onda,,· n"\,YIOllnlC' 

~Iaodard du.t..·lnlt-nacr prt,lucul hdpa toptm:l 
data Inl~~ In .... " ,-raJ (,Ih","", durin..: lranIIDIII 
1)('lwt"4'n Ihl' rnnlmll.-r4lncl drr\f'I, ( hed.1UmI.,.,* 
laird 011 Ih(' ('unwnl. of an !'out c-ommand Inl!5IoIIIJft 
pa.liNl aC'n. tht· ('nOllnl ..... cJm .. l1"IJ~ Inlht_ 
~('I)"rt..(·t Inadchtlnn 1lW' lolrtot.rnru.ttCI .... 
6('(1 ~ " pN"("('(hnlC ,croup oll'~·n. _,KI. Imd»cd12-
11011 rhar:llc'a'r \n aUUK'U'",~hon dn'ult P""idlsb 
SUOC('. fuI1'o.' ndlrOnV4'lhun f'O>"n" as man:! .ttvw* 
ofth(· "'.' n(' d,dlac'lrr •. "'"t.' IIlMTUr 

\llhouN'lh(' opt'nallnft"'\ It'm arKI tlOII~ 
dmt:'r .,'('n't t't'1IUU'1",lln '\oaMIOI~lf-ln II~ 
elata II1h'gnl.\, Ih(' '''''( l'I,,'olnrol UI'port!!~
nlands.lh"ll thcoApplic-.lllun 1~ .. IT"nt'rllll.:'t ..... 
dUn' "ddiliunal \'''"fkallon ,,,,,"\411_ "flrTllht .... 
dala tilt:' 1$ ('nlll'", and Ilw". ha"ItM'~ to brno ..... 
for II', I\\u of Iht"M! '1'04: I't'u!n,"wulfl l"Ndrompct' 
\\nl(' C'Ull1llt1,,· ('an he\\"ltl"'l inl()u..-r~ .. 1D1III' 
Ify Ihal \\hal h.u; ba:'n n· .. d or\\"llmond$~ 
lilt' ('op.\ 101"('1(1 In t)( •• ""'IU(~ • 
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Half-Height 5.25-In. 
Winchesters Provide 
LOW-Cost Performance 

Terhnolo!{\' ath an('(', allo\\ quantity manufac ture of 1'Cliable half-height S.ZS-in. 
Winch ~tl'rdri\('!'> to ll1('ct gro\v ing nlal'ket demands_ 

-

b) \nd"",~ numnn, 
~u" 11·lllll. ('urV 

hi' tiri\"Utg 
lu,,'C" ht'hlnd tht'd.\'namic5.25-in \\ in
C"Iw ... tt-r dl!,>l..-dn\(, mal"",'1 IOOa) is Ill(' 
IIlC('!liS.lnl dpnumd fOI' MuaU,'r. more 
('ocnparl dl",k dlin'S thai Off{,f-iligh ca
pdt'lh rt'liablhl_'- and pr·,fOI1l\lIl1Cl' al 
.Iuwt,( 1'0 .. 1 1111'''' b a ronlllluousdr
In.1nd III till' 1Il1("f",x'umpulel- induSII)' 
fnr 1'0111>11\(',. mOff' comp_lorl ph~loiC'al 
('h",sl'" MU' In 1981 half-h(''8hl nop· 
pil'I aplX';u1'd In Ihl' g·in fonn faC:lor 
"nd In I !Jft! ('anl(' tilt' half·h{'~hl ~t.'O
nu-tnt· fonll fa('lm' for S_ZS-in nop
plt'!Ii I hi ... II'('nd (jukkl.\' ('\01\ ('d inlo .. 
111"1 1.. •. , dt'mand lor IIulr·ht'if(ht 
S l!i In \\ mc-iwSI('I'S 

(:ulllllluing nt'\' It·c:hnoloK.\ de
\"t'lclpmt'llls of dl~l..· cllivt' COIll I)()I\cnIS 
ha\1.' abo 1"t-.. ullI'd In 111(' lI\'ailllbilil)o 
oll}<lflf·al..v.shulX'd .!opindle motors . 
"molllt-I·1l101"t' ('",("it'nl, low-power 
.1<'111)(-' molt",., and Ih(' n('"\\ 1Il~1 
,JJ80 high-rt-c;olulion 100\~ pl'Ofilc 
,,-.ld \\l1lt'-lwad ltuspenltions ln ad· 
(lit Ion (I,I\'01n('('''' ,n ma,;nctic record· 
Ill" IIweid haw ('nabll'd higtlPr Ita,k 
..1nel 1)11 d('nMlle:t and ha\'e rrsulh'<i in 
hll4WI blnr.tge capacil.\ pt'r sllrfac:-c al 
tlll4wr n:h.lhlht.\, Ihan Ill"t'\ioll.!>ly 
.\,1II.1hl(' 

Thus, looa\ 's half·h('~hl 525-in 
\\ ,"(·hr.~lt'r (h_ .. ~ din'· ... offcrlhe 63I11C 
or fii;,,'au-rsIOI<IE(r ('apaC'll) ali Iheir 
full.hl'y;ht rounlCrpar1!11 \ full-height 
elm£' mea"Uf'{'$ 325·ln II x 5.75-ln 
\\ X II 0-10. IJI I hl' n('"\v half·lwiglll 
'" on" 1 tiZS·in high and lllodPis 
huu ... ;"g IwO planen. ean achiM.'C 

12,76 Mbytes ofslorage c npucilY pcr 
s pindle. 

Onc clear-cuI advanlage of using 
two pJatlcl'S intt'nd o r one 10 11Chiovc 
12 _76 ~lb'yICS Is Ihnllhis des ign PI'O· 
vides comple le plug-compalibili lY 
with Ihe induSII)'""slandard S-I'4 IZ 
Inle/facc, 111C areal dellsily on Cog!-
10'S Model CG9 12, for example, Is 3"5 
Ipi and 8783 bpi faboul 3 Mhils/ln 21 
using coawd fClTOliS oxide, which Is 
loday available from many indepen
dent sourccs. This densilycnn easily 
be increuscd if you douhle Ihe lrack 
pilch 10 690 Ipi 10 pl"O\'lde ZS.5 
Mbytes on thc same h\'O plallel'S, and 
complelo plug-compnlibilily is main· 
lained in Ihc same Siandard half
height S25·in. \\'inchcslt'rprofile _ 

Olher half-height 525-in. Win· 
chesler drives CUI'"Clllly tX' ing pro
duced offer 12.76 \lbylcs on one plal
I('r, bUI dosC" analysis I""(..,\'{'als Ihal 
Ihcse producls have l"t'arhed Ilwh' rn· 
pacity Iintil In conlrasl, 2-pl"II(' r half
heighl52S-in models have laken 
only Ihe On-I step w ilh 12.76 Mhylcs_ 
And IWO plullel'S offt'I' u potenlial en· 
hancement 10 h ighel" slol"age capaci
ties in the fulure a nd I"cplY!s('n l tI f1lm
ilv of525·in Wincheslerdisk drivcs 
lilat main lain Ihe smllC half-heighl 
profilo and plug·compatlhlc indus
tl)'-siandard ST4 lZlnlelfacc_ 

Tilt: IJRO\tISE OPTIIIN-t 11 .• .\1 MEOlA 

bpccted higherslorage capacities 
packaged in a compa('1 half-helghl 
525·in profile can only be achi('\'Cd 
\ .. ith higher areal drnsill(':S. 111ese 
can be achie\'ed by usc oflhin-mm 
media, which has Ihe pOlenllal for 
2000 tpi and ZS.OOO bpi IAllalning 
Ihese gools WQuldyi('ld an arcal den
sity of 50 \lhitSlinh. 
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'l11cre are Iwo It,'\'cls of sophistica
tion in thin-fUm med ia. The first uses 
thin film the same way ferrous oxides 
are used now. The second exploits 

for increased dala i.ntegrily 'Illis 
safety zone is IOCllied close 10 Ihl.' 
hub, on Ihe unused inner l rac~ of 
Ihe platt er. A m cchani('a l ronSIr"allll 
locks Ihe actuator caniage dllling 
Iranspor1 and secUrc8 the l'eacl \\'rile 
heads 10 p revenl thplll from mO\"l!lg 
across clata 1f"3f'ks. A mI.'Chanical 
break on the SpiIlCUl' hub act as a 
spindle-motor lock \ l1l('('hanicaJ 
braldng sy:. lcm ~ u~C'd 10 SlOp dl~1r. ro~ 
lalion wilhin 3 S. minimi7:in.e: w('ar Ix-. 
tween head and nU"dia dlUing 
touchdown 

("("Sst'S. 00(> re.uon 11ft-.:DI%i ~ 
malnt'd I'{"lalnt'I.\ hldl illhtr.:td 
unJ\l'wuJ land&rtU Tbut,~ 
gn>al ulltl.1nl .... ~f\\f'ftIfheMiJ. 
chf'5lf'rdm bt-in.<o&rtd """ 
manufac-tul1'T' ~lln"Ilo!t hit.,. 
con:llJlg-ht-"d pC'drk".ltb1l_

lIl r~ untqu(' ph.\ ;';-.&1 darnrn&ic:la, 
C'haraMf'n&tK'li urn AI number, 

the ability ofmultipJe deposits 10 cre
ate new clystalline magne tic-media 
s tructures 10 achieve ultra-high densi
ties, as in vCr1ical recording. Higher 
densities can be achieved with thin
film media because the metallic film lum. .. In Ih(' cUI. rail h idth. 

\\Idlh WI"l"\\Kh and"'ftd. 
lX'dnn" .. urf.l('t' des.igl 

is II continuous iSOll'Opic medium in 
which the molecules are packed 
closer and in II morc orderly fashion . 
thus providing II thinner film withoul 
II Joss ofsih'l1al strength. 

;\ reduction in film thickness, in 
tum, penn it s densel' recording and 
faster nux n:l\'cl'sals and l'Csuhs in 
higher signal s tl'tmgths thai can be 
swi tc hed a l a highc rdil la rale . But 
the facl l'ellla ins lhal today there an;! 
on ly a few independent OEM suppli
ers of thin-film media. so it's unreason
able to expect several dozen dJi\'e 
manufactuf'CI'S to depend on them 

Eithersputteling ora we t chemi
cal'plating process is used to pro
duce thin·film media. Although con
tr'Ol ofsuch processes has becn im
proved considcrably. thc stlingent d e
mands for high·quality plated media 
result in relatively low yields. Conse
quently. the cost of plated media is 
l'Cally highCl' than the cost of coa ted 
fefTOus-o~ide media, which is 
multisourced . 

-J11crc al"C now m orc than siA in
dependent supplic l'S shipping s tan-
dard 525-in. felT'Ous-oxide media in 
production \'Olumes. -111is medi,1 has 
been in Produclion for' O\'Cr four' 
years and is a malur'C pmcess; its 
quality and reliOibilily hOl\'e been im
pl'O\'Cd 1111(1 siabilized . TI1e OI:.M 5."l les 
price of5.25-in . oxide-COOled platlers 
has, in IUITI , been re duced 10 approxi
mately half ofwhal IhCY 'Qliginal ly 
cost and Iheirqualily and reliability 
have increased many times o\'er 

1\m po pular misconceplions 10-
day are Ihal plaled media needs 10 
have an exlremely hard SUlface 10 en
sure resistance 10 head crashes. and 
thai chi\'Cs using such media arc less 
sensi1ive 10 mechanical shock In .'CaJ. 
ity, the reSiliency of fefTOus-oxide me
dia cooted with a silicone lubricant is 
more likely nOI to c.."lUse a head crash 
when a particul."lle contaminant such 
as a piece ofdusl or dirt is lodged be
twccn Ihe I'CCOI'Ciing head and 
the disk . 

111e fulure of Pf''1X'ndl('ulal" mdf;' 
nelic recording is baSN:1 on ~\\lIc-hlll.c 
magne lic field ... III \'C11kall., ol'l"'nl('(1 
clvslalline film Io tn.lclul'f'S. to .u·hl("\t. 
ru.eal densities nem' tOO \lblt:- 111 .1 

\\11ethel' lhi~ dl'n si t" can he tt("hl{'\'('d 
depends h e.wH., on ."l{h ;:I Ill'('!) In 

thin· liIllllechnolog ... ClIITl'llIl.\ at 
leaSI Iwo dozen inclep<'ndl'llI 1Il('(lm 
manufacIUI'er'S il", dC\ ·doping Ihlll 
film media processt's lIalf.lwY'hl dnd 
full -heighI 52S_in \\ lIIl·heMl'rdl... .. lr.. 
dli\'c nmnufac-IUI'ers a.'l" C"Ontlllualh 
lesling and monitol;nlt theirPl'OICrl ..... 
and assessing tlU"ira\alJahlllh loob-

Thl' d("\"lojutlmt oI~ 
'wad .. "a."I,lhllf'(>n'<I ~ 18\1 ~ 
tM.w u--. tJU'm In.u" ~ 
pt'r(onnllnn' \\ Uk I .. Irf"disl_ 
Indudul,f( Iht" JJ:O JJ7.5 andlWl 
Pnm.lIiJ.\ 18\1 cJbtt'ct"~,, ~. 
hall('('t Iht· "frl(· ·Iln.· Clf~. 
ht"I<I 1ll4nuf ... ·"1rt' t":\ ~ 
mUC'h of Ihl' rn..nlUJ Lillor n'*'d. 
Anol'Wf 1t00&1 walt hJn".lh>ru:h .. 
h('A(b (·"I).lb'!! 01 ul~t.anl 
,x·r(om,.,nn· In Imlla 0( l'NfIIq: 
hlftlwr ",-ordlll,C (honsJln ~ 
nll(' ('''p_th,lll\ .Inti I ... ·ltrr 
10\\1'" n\ IIlI!: hd,(ht 

1I0\\t'\\"1 h1t'\I*"llhrll 
hal oflhlll·ftim rn.etfr .. ~ albir 
lhm·mOl tw;adt \I~1r\(arp 
JOM" L \ " .... " l~ fint Ir.dtptndIrr 
m.:tnuf.K·turn III dnnTl" I~ 
ht· .. u!'.. Ilft"lll( .. Ih (inJpxod bllw 
Ot \I dll L,·tlm. mll'-.l1 In ISIIl "
n("\. IM'IC.8I1 drl1\1"OI1fC f'\.ru.am ... 
oflhm·lilm ht-... d~ I~ onltipq1l 
l'lan,mtNnalh dr\t'k.,~1 th
"PUlIt"'..-,mJl"t 

la in production volunlf~ . 

AD\A,\CED II .... AI) l!tL~ I)I-.\SIO'S 

1Bi\1 3380 \\11itn" l£"ChnulOf{\ ""ad 
\\"lile heads al'l·lighh\l.'Y'hl 10\\ . 
mass low' pl"OliIl' Unll!) \\,'ulabln 
from sm"ellt l incl('pt'ndC'1lI O~ \I h(',ld 
suppliers. Ih£";.\ aJ IO\\ hll(h 
,lelfOnna ncl' /"Cad \\"nl(' Iwad-and. 
Suspension as~cmhli('" 10 hl' cll" 
signed inlo half·heiltlll S.zs-in \\ In 
ches te l"s. In con l/ltSI til(' fil~1 g("n('l<I 
tio n Of5.25-in \\ in(·h(,Ml'r'!-t :Oll("h iI~ 
Ihe Seagale ST4 1Z intrudue-t'"C1 .... l'\"('ral 
years ago, still depends enl il"('" on 
the oldcr' 3350-1).1)(' ",ad """t(' ·Iwild .. 
wh ich have a 3-rail monohthl(' 
(lesign 

tor Ih.' nM.\ ~('f'Ihonafhlf. 
h('~ht52S·1Il '\Ioch t''fllftdd. 
\I<lItI'(,,\ 110 Ih(' onh head aupp&r~ 
rt'ntl.\ d"II\~"n~ tlun·film'-' 
th(' h~wr numlllt'f" oftumI nc-cdrd' 
pro(iu{'(' lilt- hWw-r 4fCJ'W.I ampINit 
N"tluln"d 10 0'\ "I"t."III1K' 1M 1oMr_ 
\{'I(l("lIIMo of5.25·m dl l, lhr_ 
.blhl~ and unplmUt'ntAhon cllI*t
filOllwach \\lU .. Um\ P',I.."tJ,afh 
hl~twr el,».,,· t~.· cdpMilirs - --
Bl fTl-.Rt.O ... H .... Sll:.PPI:.R 

()p('n-lCJOp ronlrolWd .·tuaunF 
\id(' SO 10 100 01" 411: 10 Umr JnL:bI
lOA: ~tllln,c Itnw In thordftirn' 
1D\\'"<"'Osl If'Pprr mutur ~ III 
huff"t"l!'dmodf'IOdm-ea ptil.-.t .. 
lualor ",u("h M(.11J~ha\~bftn 
fi('ld-Pl""O\l'n and ,In.' a\ailalW6'dI 
mUlllplC' SOtII"t'CS, .pIn ~ 
h'8h"'\uluOlf" 0l3nuf.tc1Un/lfii DuJing PO\VCI""ofT periods a d edi

r eel head-landing zone is PI'O\ided 

1\ewer compoMtt' or O1onohlhlc' 
manganese_zinc rt'ad \\Titl' hl"](".:t1T' 
mOunted on 3380-tYPl' ~l11bhe1lo 
and enable inC'"l"'eaM'c:ll>f'rfonn.lnCf' hi. 
pemlitting higtll'1" alT'dl dcn:'lllr~ '(111· 
Ihe orderof20.000 bpi and Z.OOO Ipi 
and reduced hrad-seltil\<limt"'s afll'r 
lrack-seelr. olX'lOllion 111(' 10\\ prufill" 
of the 3J8O head-:ouspen:'lon a!'oo:o.t:'m. 
bUes pennits a c1ost'r !>panng 1)(>. 
tween plallel's and thu!)' aJlo\\~ Ihr 
SlaCking of lhrt'C platte ..... in the 
J6Z5-in h~using whill' O1all1lillnlllg 
the half-herght 52.5-in \\int"hf'SI('1"!) 

Allhough Ihe de!)1gn and manu_ 
facture of52.5· in \\ in("),ester ",ad 
"1ile heads al"P qUilt"' matuJ'{' pro-

11'1(0 t'Otf"pJ>t'1"mulC)f' ~plrl-blnd-.. 
a(·1 un t or pO!>lIlonl~ Jrn'"C"hamstJlll 
1~1)lraJl.\ allu\\ M ms .\t·r.,gt"~ 

ume "tuth Lt. /IIIUrY' than adf'"CIUal(> 
"'~"I),'IIt·.ltlulh lud.l.\" to 
I! 7\i. \ltY\1.· h&l1·lwlf(llt 5..!5-u\ \\ In
chettrru, 1\1ul''''I\ fnund 111 :-ou\dl" 
Ltd prnonal ("Urnpuh .. ~ UM"t1 fOI 
1Il)n11~\ft. rlrclluntc" .. "n·.lll 
~ anAI,)'*" .,...t ",'1,.., "I .. 1Il.uI, buiint'D., Inn Apptk'.hun~ 

Thrcomml ~ Ih .. U'I'I)t'r mOlol' 
""" origtnalIy h"'KIIt-tII~ IIll'dm,-' 
routroller ~h:ic h ~J Uulnldu .. 1 
JlIlbnkJ~" the.' nl'UI onr I)cbltion 
.It allJDl' ftuft tAl: ... tJl)t-r .ttlun 1111· 
plio lhaIthfo M.IIl"" ~uml'l1l .. 11.tna· 
mfUrd 10 Itv.1m as;l hurat 01 
pubaantl alOft'd hUll1lh.lt pOlllt 
on trpprr mol .... '''I,.ul"ll,. h'U1dl.'cl 
IocAllv lP\ • mk"nIJlIUl""1 ". III Iht' 
diIl.drh R.llh ... 11\41t .1('1' tlw I"Qlm 
&l!rr tlkfll'U~ th" IIlh'll~t·l\("t. 1l1'U 
durn A I:lOnUOUCM' ."fllllun' ('iii, 
rimtlnOUl_' ut Iho lutOl It", ..... ult 

.th.aJ~~ .. " l«IlIh :.1"11.\ 
~t ~rp 1"1Ik!a .. no (l b III pt'l 

6Iep rathrT ,ball.1 nu f1« h-IJ 
10"''''''''' ltv! I~' c 41)olnl\ 

bo.lnr"W .... ,h,. tnac:1r. ckn n\ .a ........ , 
SlHpimifobl ft'!qUin- .'"u ... · pn...: 1~1 
~,"I"" aut"'h •• " 
dawd-Ioop M"l'\O C"OfII ,.,,1 btl I Ie Ie 1.)\ '. ... :_:::nnl alrppr-r n.,lnl, IN",",ldc' 
1'1 fttulr rRabUn,,:: t hI' d,1\" 
~Io.hir\~h"'h ... ululh(, 
~ to mrrt .hr hu~r t1I4,.. 

Indanond 

VA ~.A{.I m 11-\11 tIIlt..ln 
\\t\OllSrt JIL<; 

Ilalf-hl'ighI5.25-in \\'incheSlel'S 
alluw two dli\('s 10 be moun ted in Ihe 
s,unl' 3.25-in panel height Ihat pl'C\i
uus" held on" one d.'vice. Ide."llly. 
the '->111<'1" half ~f thl' 3.25-in-high slot 
t'Quld be u:Ol'd 10 mount n half-heighl 
5-"!5- in noPI'.' Ihal fcalu/"Cs thc 1'C1ll0\'" 

abl£" ml'llia Il('{'dcd for program or 
(hua loachng. for p0l1abilil). and fOI· 
hild •. up Fig I I. 

., 

• ,. ... 

• 

II dl(- lwll'(hI 5.l5-in \\ II1dl(,~~l' l"s Incol"" 
I)t)F.tt(" Il la n." 1"1('\\ Il'(·hnologlcs and 
('U!IlI>O!lt'1I1 ad\am·c" I he parts . 
('Qurll oflhc tOlall1umbt·rof mc:chaOl
c·41 ;lnd l'Il'C'lrwal ('ompon(>llts III the 
d .... 1o. elM\ c. hO\\ I'\el' hru.n I been cut 
'" h.slr ,('lIhcl have tht, Ill"nbcr~f 
.. h'p" III aSM'mhly and 1{'.s1 olX'f"aIlOn 
In 1,1(·1 Ih{' climc·ully of as!>Cmbly and 
U.,.I ",a.\ (,\-en have IIlcn'ased because 
th« pou11!i ar'l" ./llaller . 

\d("tlonall~ Ihe :-omaU('r 817.e re-. 
.. ult" "' n.."'tluN'd d(.'al'an{'e~ so the cli· 
111I'n~Jonailoll'ranc{'s of the pal1S 

, "- ,wht(.'I' 8UIl'~I>cnchlul"f'S I'Cha\"(' u III- on 
d 

"

)' Ih(" UlI)llall.'qulpmf'n t (llun' . d 
u,",'d for lC)olmg. IcStlllg bUl." -1il an 

)I'OdU(:lion. llIlc automallon slill 
if~ ')n'"rnt a "Iwble Im'f.':-otmenl .A 
':!xl ~'.:s:.e (·ilil oIJ\ioul!ily be mad£' fora 
~ lu,o I)Mt"(' on Ih('!'c cOI1II)aCI pn:·m 
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F1& a 11,e marMol fomeul of S.l.Hl1 \\ h1(.-h ... · 
lerdi5"·dm-e ~hl"menl' 81'11phkaJly lIlualral .... 
the SJ&lllftC&'lI penl!lnlliun o fhalf.lle!8ht thlp· 
me nls fOl"'apadtlet u p 10 25 M!l)1C1i 

d,;ves, bul aClunUv. lllchnol-
ogy advances hll\~ lowered Iho unit 
sales p!ice--Ihou~h thl',' IUl\"c n't cuI 
it !nhalf 

So far. :.c\ en manufacllll'l'l"S haH' 
announced marc thnn 10 difTcl'l'nl 
half. hc ig hI 525·in \\ IIlclU':-ol£'r mcxl
els. and s(.'\cralmOl"t· allnOUlU"l'Il1CllIS 
are c\pt!Cted. but last year, no 
PI-odut"lion units Wl'I'C aCllIall). 
shil)pcd I·.g Zl. 

Because 1983 IS a fonn:llh-c -,l'ar. 
s lighl l~ less Ihan 5" ofl lu'" Ot~ \I shIp
ment!> 1111.5 veal' WillIX' half-h{'~h t 

5.25-in . Wh;cheMcrs 110\\'(.'\1· ... thh 
trend will inCl'l'al>C d .. amlll it'ally and 
b\· 1986.66'\· ofaIl 5.25·ln \\,jrl("hes
lers shiPI>ed will b •• half·hc~ht 
dM\cs. '111e B\CI'.18e salt's pd(·c p('r 
unil will be h igher' because oflht: pI'O
jeclcd increase in SIOl, lgC ('.lpaC'i1 i('s 
and unil pClfonnam'(> 

1Ui\l's I,-'Cent announcellll'nt of 
its PC XT personal compul er, \\hieh 
fealul'E's a 5Z5-in \\'inchcs tN chsk 
drive \\ith 10 Mb) tcs lfonnatlt."'tl l on Z 
1)latter'S. \·iI1uall-, cndOl'Sed this capnl" 
it\" as Ihe optimum disk dri\'e for Ih(' 
"eJ'SOnal ('Oillput er' ·\11 tht, I'C (,UIIl
palibles--and t..~ IH..'C I,dl)" Ihe Ill'"\\ POI"" 
lable PC emulalors lX'ing tlt'\"t'loped 
b\" other manufal' lul't'l"S--i1 I"\' ofTt'ring 
half.height SZ5-ln nOppl{':O l 'I)
grades 10 IO·\lbyte half~h{'~hl 
525·in \\inchesler aJ"t' unllllll{'/1l • 

Andrew Ho man, ~1CC presult'nt of 
marketing and u lt:JI for Cogl/O 
S~'S'cms Corp., prenously $Cn'Cd In 

\-arious marketillg and crrgmt'crms 
manugcml'nI POSlliOIlS \lllh drsk dme 
manufac /Ul'{'rfI such lIS I}mblo 
.s:YSICnlS, Control Dal/l . Pcr/('C and 
NCR 



Telex GCR adds up 
to over 9,000 
units shipped. 

Today, more leading comPUter systems houses are 
specd'ying Telex GCR Tape Subsystems. The 'acts add 
up. VoIith more than 9,000 UOIIs Shipped (most lor hJgh 
speed 12S.;ps operatIOn WIth tn-densrty capability). 
systems houses have dtscovered thaI Telel( prOVIdes a 
design. manufactunng and quality lTl8tunry that IS 
urvnalched In the marltelplace tOday_ 

Telex GCA Tape Subsystems are the most proven. high. 
performance rack-mountable GCR uMs available. C0m
patibility proven by live CPU manufacturers VersalJhty 
proven in system house interfaces to Sixteen different 
CPU's. Field proven in demanding seISmIC operations 
and office enVIronments 

And !hew range • mp, .... The ...... 62S3 .., 
1$ 001,,,,.., Of IU tnodIII at tape drNw. ~ II 
8peeds Of 125-, 7> rd ~ . ..n ..... ....., 
(6250 '600 800 bpI "' ..... """"'Y ,62S0 '000 "" 
~bes The 'IInIIy ..., ~ ,. 1'100II15850 

tn-dentorty torm.rter: In ~ .,.. -91-'" 
---.. -..g............ -,...~ ""'"""'"' .,.. .... 
Start WIth Pft\"4Jn C8pabt''Y Sp.:rty Te6u: GCR ~ 
more I"I'Clm'II:bOn, ccwnact the ~ ,.... OEM S-
0I'fc:e listed 01 phone our OEM ~ o.p. .... 
n Tutu (918) 627-1111 . • Arnhent. NH (603) 67H212 
• Soothfiett, MI (313) 352-2720 . Garden aru... CA 
(714) 898-9833 • Housson. 1)( (713) 49NJ770 

The innovation continues . .. 
Teiell; ~ Products, Inc 
~_<>EM_ x . 
6422 East 41atfTulsa, Oklahoma 74135 



Start/s .......... c. 
CacheT ape pr~ 5Upenor perlar. 

mance ~ tensiOn arm. vacuum column 
;~/,i;PS~d. aming.and SO Ips 62SO bpi • 
"...--. pe t'lVe1.Asanexample.thefol_ 
'~--,~ 'Y benchmark companson ~ 
~al periorfn¥lCe data for a ti/e .. onem ..... 
"-,,up aPPlication ~ 

~ -_. 
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Streaming Tape Drives 
May Not Be Best Choice 
For Winchester Backup 

Streaouog IaP(' ha~ b 'COII)P synonymous with Winchester disk backup. But if fil e 
maJ13/:t'm('nl I. al,o Iw('ded. s tao'Vstop drives tum out to be a better choice. 

~;;;I ---__ -
by kt""nJII 1J(f1t>,.. 
0.,. t.l«1runn 1Iu-

,artistop 
And 61N'amlng tape dnves,the two 00-
,ie 1~1)C8 of ".·in . tcchnology. have de
wlol>Cd over the l48t scveralyeal'S for 
I'lmall .. busint..'SS computer s}"Slems. 
data-a("quisition '~'fitems. telccommu
OI('O\llons s~'Stcnts. Industrial process
mnlrol '.\1;tems, and word
proc.;{,,~Slng systems StUI1JSIOP dl;\,es 
art' the classic full-function tape 1)Co 
rtl)ht'raJ that can rt'udily Address rec
or~b llnd manipulate stored data 
11lt.'~ drives have been In wide use 

.. lnu·lho ('an) 19708. SII'Camlngwas 
introduced to V.- in digital cartriclSe 
titpe drives so that I! could be us(.'(i to 
ba('k up a small \Vinchesterdlsk dJivc 
f·mC'ienliJ 

But streall1ers are not the answer 
rurall applicatlons.lfmil1'O~image 
bad.,up is all that's nct.'tlcd , s lreamlng 
L't the proper choice. Bul if file man
It,f((>Olent Is the desired application. 
alart 8topdli\'C8 can handle both Win
('he~t(>rd is~ backup and file 
management 

CO\lPARI\G 1'11£ Tt.CII,01..(X:lES 

80lh dri\'r.s use the nme M~lJEC.\lA 
.tandard C41;r1ridge. which actually is 
thl': Hlpe drh'e.AlI of the tapo's ten

KIn control and guidance resides In 
Ihe c:aruidge I.ilg I , An isoelastic 
band couples both reels or tape to a 
crntt1ll drive \o\:hccl TIle tape driv'C 
m~rdy pl"O\',des the molion control 

to the cenll-aJ dli\'e wheel in Ihe ca~ 
trldge. ll owcver, the tape drive also 
con tains the read/wrile recording 
head , Illotion-contro l electronic8, po
s ition-sensing Cil'Cuit ry, motor, and 
somet imes the fOnTIatt er/controller 
and codoc. 

In a SlaJlIslOP drive, the 
motion-<:ontl'Ol electronics are vcl)' 
sophis ticated Its servo circuits must 
simi orstop the dm'e in Ihe Interree
ord gap prescribed by the ANSI stan
dard for V ... in. cartridge recording. A 
streaming dm'e, on the o lher hand, 
doesn't require inten-ecord gaps and 
Iherefore has marc of the tape actu .. 
ally available fordata storage. TIlis in .. 
creaM!d area fordala storage on the 
tape is one ohhe major advantages of 
the s treaming fonnat The differences 
in the data fomlat on the tape are 
shO\'\'I1 in FIS 2 

TIle othcr majoradvantnge o f the 
streaming fonnat is the speed at 
which an entire cartridge can be re
corded l\'hCI'Cas the 8tartJstop drive 
typically rt..'COrdJI alless thal140 ips, 
s ll'Camel'S can record at up 10 90 ips 
TIlUS, 8 fasl s treamcrcan record Ihe 
same data at more than twice the 
5pt..-ed of a startistop dJi\'e. 

Unfortunately, all is not as sim 
ple as It appears. Data is commonly 
slored on a Winchester disk in 
predefined block lengths. As block 
lengths become shorter. the number 
of intcmJptions Ihal Ihe cartridge 
drive sees In the available data in· 
crease. \\lhen data 10 a slreameris In
lefnlpled for longer than It takes to 
fiU the input buffer, the streamer 
5101'8. TIle same is lrue for a startJ 
Slop drive. \\11en data flow resumes •• 
511lrtistop dm-e Immediately ramps 
up and begins recording_ The 
511'Camcr. hQ\\'e\'Cr, must go through a 
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lnb'oclucing the Scorpion'" haH·height 5 ':4" mini streamer_ 
Once again Archive has the Winchester back-up others will have to 

, measure up to. Only this time, t hey also have 
__ ... to measure down. Because the Scorpion is 

--,......;-;;;..~~;n/....... only 1.625" high. 
It fits the footprint of half-height floppy 

disk drives. So no change in existing cabinetry 
is necessary. Yet it still gives you up to 60MB 
of storage. 

Now system designers ca n choose from a 
wider variety of storage combinations. For 
example, half-height Scorpion, half-height 
floppy and 5W' Winchester. 

And our standards meet your stan- r - - - - - - - - - - --, 
dards. The standard Archive (QIC-02) I FREE! I 
Interface and QIC-24 format are both I STREAMING TAPE I 
Incorporated In the Scorpion. I HANDBOOK. 

But tha t's only part of the story. I 
S I 

To receive your copy. return 
Thanks to Archive's advanced L thlsco"po" to 

technology, the half-height Scorpion I ~~c.~rfc'~,~"" 
gives you higher capacity and m. ore I COSt. M .... CA.2.2. -

I Alln: Marketing Dept. or call 
functions than many 8" streaming 1714) 641·0279 

tape drives. Yet it has fewer parts, I N,m, 

uses less power and is competitively I ~~"''''_ 
Priced. I Add,,,. 

For complete details and a free Ic,t, State ',p 
copy of our 176-page streaming I T,',phOoo ( 

handbook, return the coupon. Or I ..... ~...,,-- ...... """"~N .. 
oJ s.nct .... .ad.honll' .ntor- ~I.I'''' 

II A h' t day 111611011 .tIOul ArdI .... ~· ca rc Ive 0 . I "_m .. "~"'_ 
,,_~otAn , .... eoroor.l>Oft L ~~·~~O::-~T~~~ ___ J 

COR'-3pQo.../lfJYE 
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1 !1" flUlOUOM""f uno or IfIIUMI" 
IIIIn fa IfAllf 110. OlIn) 

I !nnll,TUIJIIIIUIOII) 

Fig 3 The throughputs oh·ariou5 cla5$C$ of 
5tn~allllng and 5tmll&lop dm"1!5 am given liS /I 

function oftmnsml5lllon-block SIUl. A 3O-ips 
$lIullllt0 IJ dm'tl is fa.Sler than a 9O-lps S" 'lamer 
for block 51zcs ofless than 12.5 Kbyt~ 

·'"he Z-track se'l>enline h ead u ses 
an erase bar and is oft en used for ap 
plications that requ ire more tha n two 
tracks. l\'lany of the new s trcam ing 
drive s use this head in a moving head 
confIgUration . ·' "he main disadvan
tage of this type of head is that the 
erase head isn ·t track-selective and 
doesn't always p recede Ihe wrile 
head. 

·I"he foul1h type of head is of lhe 
serpentine varie ty, but contains mOI'6 
than (our tracks . An example o(this is 
the 7-track se'Ventine head tha t Data 
E1ecll'Onics Inc. has used (or se\'cml 
years on a milit.uy drive and is now 
using in the l'ecently introduced 50-
Mbyte statllSlop dlivc. From a reli
ability s tandpoint, iI's pre(e l'able to se
leci a product with a flXed rccOl-d ing 
head ratilet' than a moving head be
cause each moving pat1 is subjcct to 
potential (ailure, But some orthe 
head movers are reliable enough Iha l 
this isn't an issue. 

SYSTEl\II~'TEGRATJON COSTS 

It would appeal' Iha t s ll'Caming is a l
ways a lowe r cost technology be
cause of the lower base cost o(lhe 
drive itsel( Do not be deceived , The to
tal cost ofsystcm inlegrnlion- which 
adds the cosl of the controlle r and 
host inle lface to the bas ic dl-1vC 
cost-is the figure that maile rs. An 
analysis ofsy stcm integration COSIS 

forstartlstop and si reaming syste ms 
shows thalthcy cost \!ely neatiy Iha 
same. 

The basic stat1lstop dJive costs 
about 5200 more than a oompam bJc 

"4 

'08 d ,,\'(' bul thl' rontroU('r sl reanll ' 
and int erface (or tht' streanwr('Otll 
about 5.200 more Ihan for Ih{' tart 
s top d rive. Uso. oontrolh'" fUI tart 
SlOp d rives aN> 1ll0n:" \\ld.·1\ a\ ~Ilahle 
One reason for this dlfff{'J'{'nN' Ul n,.l· 

t roller cosll"('lat£'''I 10 thl' addlllunaJ 
bu ffersloJ"ag£' and O \ L\ runl"llurK n 
qu ired 10 main lain fitn:>amu,"" ,\n· 
other is the difficulry 01 (·nor.-un • 
lion in a streaming dn\~ 

\\ 11cn an clTOr u. df'lt .. :It-c1 ." ,'u
read-arter·write h('ad III a tart l"ll 
d rive, an elTO ... rrll:'\ strau'g\ ~ 1011,1 
mented 1118t Hi th(' dm" t(JP ."el 
rewrites Ihe data on till.H' If upon 
rereading it an ('I,,,r ,.. till dl'lf"C 1t"(1 

the procedure IS nUl th")'~ iIAoIHt 
u p 10 a CCI1nin nUIllbt.·I' of "'In 
111is usually f'l'bUlh 111 t ilt' c'n,,1 bt· .. ", 
con'CCted 

With 8 :.trt"UllilVC dm .... an 
ClTOt"rell~' :.lratl'1t\ (',m tiN' UIM""I 
cause the ulin- kN'p .. ~ulI'" t"uluanu. 
ously. Therefore th~ l""Ooln.III" nlu~1 

• • • • I • • 

I,""" 
.ncI,1IfUducts 
tN'ftl ill' toducrd 

lho ...... ""'b 
irl8 (.nlf.'p muw bP .. 
Iunno. 

""d"d , ............... 
... tW." 01 
fJVIl 1a ,. ac.p 
It.~ if dPrt.n 
anlt"tTt~ 

• • 
• • 
• • 

• • I 
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tem "'th fOOn' lhan ,,",-0 t......-1.. 

m ain l a in ("l1o"",h Illt'!HUI'\ I~ h. 
member any la,X' 10(-.lhoi1 ... "Ilteh 
?n eCTOr has bN>n dC'tt~ hod \Hr, ne.t 
mg Ihe location lh(' data '1'1 A"\\nl1rn 
a t the end o(lh(' data bln-.... " If an 
ror is still nOh'd. Ihl' Plu""f"clu", la "'" 
peated again \\111.'1111 " .... , IloIII L tI", 
la~, the controll('r mUSI "'IIM.tnt 
~vh ,ch locallon~ had ~m'flt ........ , ..... 1 
mgs. and must 5Umtttuin thff 1"1"\\"1. 
len data from th(" l'nd of Ilw d 1 
s tream Th' .. ~ • 

I..'; U. a IDr IntJt~ C"'O"'I"~ 
co~troller(unchon than lart I ) 
dm-es requil'(' Of 

linti.1 no\\ thcn" h.a t t.d. 
of s landardizahon In I • ...". !::aces , \'hileslart; .. ::,)~'«~. 
J ~ a COmmOn de (aciO 
standard_the OLI 
II L. I Un"", mlt~ 

OW f!\"Cr, there h .... bt 
move in the l85t \: orn. Ifctl --..,., 
Ihe Slreamjn., m', ("~IO tandArthze 
d . "'0 ("na,"'· '"' I .1 uSlly·s Q IC IQu C "If'm· 
\\,o rk ingGroup h,,"~ln4:h ( ..... nrk 

posed s tandard lI~('~t'\"lnsf lIf'f'.,~ 
.... ,. or I~ 
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EASYfOOPllAl't- touch ~I"" 
no1fd'IeI and UO ~..",., 
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___ IaII_ 
~MEANS Itfl.lA&IUT't 
I(eyIk)ne IOOe \ofWtI need no fiefd 
octAfmIrII cI Ot?f kind 
No ICheOMd PM\_ ..... 
rTIOII'ItInoI tee ... 

THE K E 

guideS 
lcpe rides on a 

GCRWE PNH. UnIQue, poIented 
tope path (onty13"'), soIcktote 
hlnS60n sensing. ond JR-controlled 
$8tYOS !of precise hIgh-denSIIy tope 
moIiOn comd. 

y S T o N E" s 
$etteI wItl bUIIHn cIognOIltcI ond maII"lIenonce 

W. deMJned':' ~.::. fa operate, easy 10 serke. 1Ow In Ife-cyde ~ 
~ 1hat I klCOI Control 0010 OEM SoleS Represerlu" .... 
For rnc:d inkM mahOt\. cal ~QN08H Control Dolo COIPOfofion. 
Of wr'I!. OEM ProdUCt Sates.. ' 
PO lox O. M"*",,*. MN 55440 

<S 2> CONTRPL DATA 
Information Hot Une <f.8OiJ..d21.1776.. 

In II/noll, 1-800-572'('724 

saMPLE MECHANICAl O£SIGN. 
No tension arms, \OCuc..m colUmN, 
capstan motors or guide roUEIB, 

E R E S 



........ 
for..-unr. Ilurpu"tt' .... ud\ a" fi". nocxl ol,theft 
protCIL1, f"illll'" !>Udl m. head 

ltw~ I U.,. rt'lll-tll1W ol'lllonllonnfl; func tion Ev 
I, lJlChKk- on-till(' datil pl'OCf's'Hnp; . \\ Iwm the ca r'

• "';1I-llm(' full -funt- l ion pt'fi-
diu caUrctiun &!o In 4 datn-at'tluiMl lon system 

;~::::::~.~,':,. rum ,'nll'n! , hlp;h ,(·apad t,,· nu.·m-
x: Innft dur\lm("n1~ and file .'nanag('

mtruclunl \ft 
!/lIIWil.1oun" a ICltr., anI and dala · ti\f'lilinciion II 

, ........ 01 LO.llllI\ft d.\lft Inl('rt' t"Ul~{\: Mlftwnl'e 
t, IWJft\'4rr d ... tnhulicm 

.\ppbtW:MlA 01 v.' In d~ltal C'3J1ndg(' '''1'(' cil'i\t's 
",,"nl~iplil il'!lu",IKKII (>,5" b"("\..UI)' ZO' ui llit\ I () 

Ii initlal1uuun . 

1.11"" clnH'~ .It'f' IW!>1 lor ntln'OI'-inlllgl.' 
.. "Ir.t~hl hlnal~ dump fl''Ol11 

It) thll '.IIlt' ." c'an"lt'd out \\Ith no I"{'. 
ul d.tta hit", (In till' ,.lpt' I hi., pro

c-an1t"C1 (lui In Ih.·I"("\ ('I' .... (· dll'f'C' l ion It .. 
d.lt .. h,IITl! lw 1.11')(' to tht' 

. h.II \..up, Ihl'l'!' "1'1',[1 m in ullal 
IJI"" lUI_ ,aclc'unn'n' "hmll Ih(' h'llf(lh of 

lha\ It I ....... ln~ IIIUI\ft I"IM' In 1" .. 1"11 diU'r a :.lOp 

11:~~:~I~.~Urt~~';:':ll:III"1\l ."o1llah .. dn an l'ffin('nl hul Ie .. 1,lIlt" I't'('Cll'tl "1"'1· .. IIl{~ '1'\' 

tl\ ... ' .... · .. Ul' '" tht' dt'MI'!"IIIUHII' of opt'la' 
I",,,,dlho,u,,,,, "a.l11 tu ... \\t'clIll\ 1)C1I11C1I1 .. o1 I ht·dala 

In ttat c-...... thl"t. .. \.. I~ .',II,"hl'lIlollhe dt'
and IInt\' IhUlII .. lill~ Iot'nt tu Ihl' t.lpt' Sinc(' 

.. w. ... amuunl (IlIum', ... ·11'('1.\1· hat'\"up of· 
r\.I-rssJ\'t'! IUPI'"llC 01 a hll't',IIIIUlg lap<' 

)itokb. h~ 111'\\."' Ihl' l.ul !tIOp ell-i\{' for 

."pl .... tM .. ' 'It .. oftt'f\ lIIiJTur-.1m"f't' IIroIlll'nuufloll.ll11lllll' UM'I 
.~""' .... or mc,", ul the ulilit, I 0 Itl Inll.,II .... , I .OI1 fU ll(" 
h" ...... D lllf"n Ih(H hnklll" IJldh 1lI00l'!l IO Iht' 

top drtwo 11lf" ·I.hlt, 'nd",dli'A I ht' PI'UIH'I d/i\'(' 

Jar \tftOU. apl,lie' ~'INII" . 

IUrvtg I CJlM" uf Iht': rno .. ' r'nnll110n .. pplica· 
hiukuJl rOi (·\.IUllplt- d .. MmW an or-

10 rr"~lll'" fill' 011 4'" ... (h l·u .. lonlf' l· .md 
B a!kw'.a14'd \.\llhllllhl· til .. \., lill' 1).l!tNI on on(' 

U,T»k,.WlU\ n .. r1illn C'uMmllf'I'S WIll 

nerd mom lhan one f"lIln "hl< h n"IUIrt·!t Ill(' dl:.k (·on· 
troI~ 10 tind add II"""" "1J.3U' \\ 1II1In Ihc' .... \ .. 1('111 for 
tht-w- rur. rtwt...,. ... of thf' fij(' 11\01\' Ilf!' a1l0(,"31NI frolll I Ill' 
OUIl'f I,.. oC Ihr dlJo.\.. 1'0I1Iu".-£nJIII lilt' c·t,nWI" lra("ks, 
and IORW l lOf1l('l .. frum 1010111" dl«{'n'1I1 dhlo. "ulfacC'!. 

The KCCU hoJeS 1m"'" t'tl \\-.11 dt'KJ1Id(' O\'('rall !oy!o' 

trm ~ "tW!fllhlS Olt· 1.I"M·IIl~ ("{.mpIINI 111(' 
oper;Ilqft"e-m coUM "'1 ...... ,\"\, IhLS dald \ .. hc'I't-"\"t.'r It 

Summl!r 1933 

"hich Way Is the Market Going? 

Onl' of the holW:-.1 III",IS in Ihe slIlaJI·hu:-.inl':-.;,·rompull·1" 
mnrkl'lpluCl' right now und for Ihl' fon'M'('ahle futul't' is 
Ihul oflocul-ul"\'a 11(·lworl...., und othl'l"lmT11s ofmulU
u:-.('r \\ :-.t(>m .. 

.-\('con:linJ( 10 l"ra .. 1 and Sulli\.lIl, \illuall.\ {'\'ct;<' hu;,i· 
Ill'"'' \\ilh sales of mo rt' lhan S 10 million ah't>,1Clv u"£'s (~I11' 
pllll'r.> and b.\ I !Jrl.'l , '~ "oflhe bu!>in('!>"I':' in ihi!> coun
It;< \\'ilh :.a\£':. of1(' .. s Ihan S10 million will hm£' Iht'mllh 
\\,('11 ~incc III(' I!"t'nells toward l11ulti ' ll!tl'r .. _\Sll'l11;' lind 10' 
(·,,1'111'1'11 nPlwQli..s, it':-. dl'ar thill UU'mOIY 1't'quirt'll1('nts 
fm' lll('s{' ;,.\'su'm:-. will hl' "ignifi{·'lI1tJ.\' high('I' lhan for sin· 

g:h'-u"t'r s.\ ",II'm" 
\ \ Ilh til(' in .. "'a,,,in~ u .. agl' 01 \ \ IIIdll'!tH' 1" db" dMu's 

III Ihi ... c-\us!t of s.\ .. II'Ill , 11ll'1't' i;, a {,OIlCUlH'nl iIWi't'iI"t' in 
1111' lU,t'd 10 hac"\" IIJllhl· ... • dM it'('S Ilub tlw,,'s a d.\'· 
namil' lind r.lpldl.\' I(l"o\\illfl: I1Imi..(·lful' \ 0·111 di~iloll (',II" 
IlidAI' tapt· dl;\t,i'o lU !tat Isf~ ' Ihl''''' ha('''up " 'quil1'IIU'l1li'o 

Thl' curiou:. thin~ '1! )OUt Ihi .. 1ll,IIKt'I lor bad,up 
tll"l\('!> i!t Ihal it!t 111)1 t()l1o\\in~ 111.11' 10 11ll' l()Ill! oUllil1l'd 
h\ lilt' l1Ian..l'l p.,'dI<'IOI~ \\ht'nUU inl rodun'd ' .. -in 
('allrid~1' :.II't';uTlln~ 111 1!)79, tht'I'" \\iI!> pl'.I("II("alt.\' unin'l" 
bill ~n'i'I1l('nt liloll !>11 .. ·.ll1ling w o uld qUid,I.\ hl'cOint' Illl' 
d{)lIlin.ll1l foml 01 \\ Indu':.I(' 1" db\.. h,U"kup But ",hih' il 
llil" ht'('n a !t~l1lfkanl 1.1('1 0 1" ii 'S 11('\1'1" 0\ (>rtilk('n .. lal1 
slop dlin'" for had,up 1}lIl-PoSP" 

It .1PI)('at'S IIMt IIlU:'! ".\,"'1'1ll dl, .. ~IIt'1'S want to d o 
mun' lhan jll!lt min"{)I" im~l' IMC"\.,lIJl 0111'1' it \\ind1('!tu' l 
eli",\., dM\ (' i!t induekd In .1 W!tIt'1ll II !o no I()n~l' r a ho u (lI ll ' 
ul-lhl'-Iin(' !t.\ !oIl 'Ill , il i!t 1"p("(' ll'd In 0111'1 1(",.11 n £" ihilit.\ ' 
and multlpl(· hU1l'lums lhi" 1)lu lo!Ooplw C';lmt'!> 0\('1 tn 
tht' ba(' \"up lal"M' II ill .. n i .. (" 1)('("11'11 In h«' iI\ il ilahlt, fo r 
lilt. l11an~"nll'nl ilnd ()liwl" lull · tUl \('linn l"I}t' Jo hs I hll .. 
il l1lusll)(> a !t1.u1 !>tup drin' 

\\'hill' 111'\\'1'1' .lnt! mOl" {""pabl!' ,, In ',II11('r'S a n' ( . ... . 
pe lll'd 10 "e'I),1ncltht' m 'ln..«·linr &In·.ullln~ lapt' c!li \f·!t_ 
tllt'y won 'I O\ t'!1al.t' Ihl! IW\\l'! ' .mel Iltnll ' (·ap.lb l(' !>Iart 
l op thin' !> tlMI an' ht ' l1\R inlnKilll'ed (';w h _\ ('ar, 

ma.\ bl.', ... nd a SIall1>10p dli\'l' could ht' u .. ('ci 10 Siort' il 
on lap(' in Iht' nu)!tllof~kal ordel' 1'11I'n \\111'11 Ihl' datR is 
Iransf('rTed hal'''' 10 Ihl' di .. l. it \\111 3111)(' III Olll' art'a of 
tl1l' disk, and lilt' "(,(.", lime will lx' I11lnimiu:'(1 \\ hen Ill{' 
data ii> nCt.'d('(II~' tlw C1'l • 

... cnJI I::J gn c r , proeluct rn.llI.1g(·r at 1J.1tl1 f/N"trollic.<; IlIr_. 
pt'('\·lousl.v held \'arious markctmg .1IIe1 product manilse· 
mrnl posOlOn! at cornJliUJ.l'S sudl a." (-II'll("r lJilla 

I'NXluf"Is_ lie 1,.1S tI 8.') 111 {'ompull'r .'Klt'II('(' from.san 
1J'{'gO!:;/lJ!C ('fin 
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SEEING IS BELIEVING 
NOW W\NGrEK~~~SfREAMER PACKS 20 OR 45 MEGABYITS 

_go"..ow"""" oew . . ·HlGH 5.25·INCH SPACE. 

llX:8emsint-atorandUPIOEM~·,~~~~opbonsto."", ~-ru 
-Do" the "lUI ~"''' ............ uuof''--~- .. 10.~~ __ .~-e,-pelnten=ban--"'III......... , 

, theonlyavailable20or4SMbyt halt· . UJ<:oJOO'IQ - ... ' .... WTldrck.Jtider • ...-....... • .,. " 
an kJeaI backup for sr4-inch Wmchest:s. -high 1/4-indr str~ bwsI: thf' SerieI SOOO hot.Id ctn'IIiiIt ...,..1!tNy Md tract"-

0Jeck these advanced features: rud-~e can cor.-enlJy and pnodIIIy ., 
Smallalze: The Series 5000 can be easiJ t-indl.u::::O\'O" a deaired lTa IXt a c:.". W'!I!rII." 

h!, S1A-inch floppy or half-high Wmc:he:st~ packaged Wrth. half- Mo.t ada.pt~ 1lw half ....... _.~ ~. __ ~ ... 
.C. voltaget: Uses the same voltages - ta1ns an adcX.onaI slot lor ,'''' ... ---

inch Winchester (+-Sy. +l2V}. asa mlnifioppy and 514- adapter to any holt CI'IJ ..... _CUItom thII a-..t.oad.-
QIC-compatlbJUty': Packaged 0 • • The Sene. 5000 - ..-. 

the tWoOOard intelligent formau~nis~~~~'~ haIt-high module, mUll for Mur'"' d~~ WqJak m\rJ ~ .,..._. 
theQIC24definedrecordin f ~ofreadingandwntUlg Wan .. ....-nowbdeiYft)l.· _bdI_ 

is 1/0 compatible to the~:c02~~u!:d':i"8 d:ala interchange gtdr:'. IW'W ~AllntqvatJon ~ 

i1
d' IDleJligent mtmac:e f21~~~~~'2S"". ~. Cutvt!r ~ CIIIor-.I 
~dge loading: The Series 5000' 
",o"""OO""loadin, m<chanbm fo< -=~n;qu. <!'.) wangtel~ 
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Streaming Tape Drives 
Adapt Easily to Small, 
High-Capacity Systems 

rnrmrcl"nlla '~-in ," aming lape drive 10 a small compuler system via a slandard 
I inlE,rfal:-t'l pro\idl's high-capacity backup and olher' capabililies. 

by J(MoIt C,lla.,ytio, 
~'orIlP ( urp 

he pri0l3lY 
rt>ason for streluning tape's pop. 
ulant\ is Ihe rftilid Increase In \\'in
c:h~l('rdisk (,3p..1(,lti(,8 Eight-inch 
\\ uwht"8ter.f with capaC'itlcs cxc€'ed
In~ 80 \tb~ II'S 81'(' now I)('('oming rou
t IIll'l\' a\ ailable to d('signers of mini
and mlt'J'O('Qmpule ... bascd sy~t('ms. 
end tl) this 11111(' nexl y('ar. 3OO-\Iby!e 
01 \IIHn dnvt's \\111 be l'Cadily 
8\.:ulablr 

J lll' fVO\\IIlf( dlsk·dli\ e capael
tit' ha\,'(' broUl(ht with tht'lll a dc
mand (or rt'liahlr. high -sllN.'d high
(·,aI)lK11.v lX'rlpherdl equipment cal)a
hl~ of jJnJ\itling low·('ost 5(.'CondUl), 
fito~{! 11,18 6C('ondmy storage i8 re
qUH'l'd foron·llnc hicl1l1'Chlcnl mem
on. ol1lanB.gt'IIlCllt "cheme8. ofT-line 
ato~(' during large·S<'ale file l'ctMue
tunng. and traditional file-oricntcd 
fulHunclion backup of8-in Winches
!(Or dl':;~ dnve8 Low-cost stl'Camlng 
11Ip<" dn\'C m('('llhCMl n:-qulrements 

In .. (um·tion such as the backup of a 
\\ Indll'~1('rdl.~k dm'(!. a 51l'l'aming 
HII)(> dri\'t' raml)~ up to full op<'lOllil18 

1)("t"C.1 then rrcords all data on talle 
.1 .. ''1)nllnllou~ high ratc. Depending 
on till' wa.\ ayatrlll SOftwBrt' handles 
thr tMok, tilr lotl't'.llllt·rcan rlth('I' 
n"COrd data in a filt'-by-filc, 5C('tOI" 

by-seclor, and record-by-record man 
ner, or as a "milror" image, 

The data is rccol'Clcd on 1ape in a 
sclvcnt ine fashion :The tape drive 
makes onc continuous pass fn)m one 
end of lhe lape 10 Ihe olher, I'CCOI-d· 
ing data sc.iallyol1 one trotck at a 
time. \\'11CI1 it gcls to the end of a 
tmck, it reverses the tape and reposi
tions the read/write head on anothcr 
parallcl track, The drive now records 
on this tnlck until it reachcs the o ther 
cnd of the tape. 

lllis process continues lrack by 
trad. until allthc data has been re
corded The number of tracks avail
able on the lape dcpends on thc fo ... 
mat used and thc width ofille 1ape A 
1/,·in tape. foreumpll' . maycmploy 
U tracks fora Iota] capacity of 160 
Mbyte8_ 

As data Is tmnsfcn'Cd to or from 
the streamcr, the tape con troller usu
ally perfolms clro ..... dclcction and 
-con'Cction as woll as pmity checks 10 
CllSUI'C accua-acy If an clTOroccurs 
during a read operation, tho tal>C 
drive dcccleralrs. repositions Ihe 
ta)>o, and accelera tes bltck up to 
speed If an clTOroccunJ when the 
streamer Is \'I.'Ti ting the data, the drive 
keel)S going and f'C\\'Titcs the data 

Like strcaming tape dri\'C8. 8tal1l 
stop dcvices pl'O\idc high transfer 
rates, but they handlc data in bloc\..s 
At the end of each block. tht' dm'C de
celcrates, comes to a complcte SlOp, 
and walts . \\11cn Ihe next blOC'k 
comes thc dm'C acceleralC8 UI) to 
speed and writes that bloc" 111l1s. 
the blocks on thc tape are separaled 
by intcn-ecord gal)S, and the drive 
must acceleratc and dccelclOltc qulck-



HERE'S 330 MEGABYTES 
OF THE FASTEST, 

MOST VERSATILE, 
MOST INEXPENSIVE, 

HIGH CAPACITY 
WINCHESTER BACKUP 

YOU'LL FIND ANYWHERE. 
With the growth of today!; high

capacity Winchester disks, you sImply 
can't ignore the IxIckup issue any 
more. 

Fortunately. MegaTape has solved 
the problem. 

Using proven, reliable 9600 bpi 
tape technology. we·ve built the indus
trys most advanced file backup sys
tem. Once you see it in action, you ·11 
agree: theres really no sensible alter
native for IxIcking up large disks. 

MegaTape Features 
High capacity in a convenient, in

expensive format. Your choice of 220 
or 330 megabytes in the convenient 
cartridge shown here. Cartridges use 
standard U2" tape, and cost arou nd 
$85.00 in OEM quantities. 

Streaming and start/ stop modes. 
In 200 ips streaming mode, MegaTape 
reads or writes an entire 330 ME car
tridge in just 24 minutes! In start/stop 
mode, tape speed is 50 ips. 

Random access capability. Mega
Tapes serpentine track layout and 
Unique head steppmg capability Ie!rt 
locate any segment of tape m an~· 
age 3D seconds. for fast. Slmple file 
restructunng. 

Compact, low-cost drive. Them
geniously Slmple transport :pot. ~. 
ing) OCCUpies just 8~.· m a standaro ~ 
ElA rack. Models start at $3.200 In 0 
quantitiElS-<Ibout 113 the pnce of stan
dard 112" GCR drives. 

Industry.standard inte~~r~ Per
Mega'RIpo plugs Into a stan standard 
tee-type Interface. and uses 

CX>lltrollens and data_ra_tes:::::. :;':iIiii~ .... 
II you have a '""" 

bacb.tp problem 
!CI knge disks. 
b.iIOMego· 
lape 1Oday. 

Thcrellraal 
Iy no alternatlVO that 
--,- &0 much senseI I ._~ II~ A,cIIua:I..-:t8.6 4 • .. .... _ 

-------------------
--M:;a~c:;,:. 1041 Hom~91'610~2131357.9921 

PO Box. 317. Dual1e. 
. cl bull need backup. Send me mote fm Intngueci by your OUru!. 

.I!o.:mallon. 

_ ... ----

---J. --'" 
--------------------------------



Com puler Technology fte\~ew 

Iy (tens of milliseconds) to avoid 
wasting tape. 

Getting the drive up to speed 
and stopping it with in the fairly short 
gap-withollt breaking the tape--
requires some complex and expen· 
sive features. Forinstance, multiple 
h igh·torque mOlal'S are needed to ac· 
celerate and decelerate quic k1y, and 
tension amlS orvacuum columns 
must be used to avoid s training the 
tape. 

111e mechanisms fe(lu ired for 
start/stop operation make these units 
inherently more expensive than 
streaming drives. Because streamers 
work cont inuously, without stopping 
for gap s, they use less powerful mo· 
tors that cost tess. And Ihe slower ac· 
celeration and deceleration puts less 
lension on the tape, so tension anns 
and vacuum columns aren 't neces· 
salY in streaming drivcs. 

THE SYSTEM ENVl RONME:'Irr.'T 

Streaming tape drives are often ,'Cle· 
gated exclusively to the task of Win · 
chester backup. In Ihis activity, there 
are usually three levels of backup. 
Three tapes containing Ihe three 
most recent days onVil1cheslel' disk 
contents are rotated, the oldest one 
being rerecorded \\;th the cun'Cnt 
day's data. 11lUS, backup data is 
nevcr kept more than Ihree days. 

While streaming tape drives do 
an excellent job of backup, they also 
serve in other ways, such as for sec. 
ondary storage and software dislribu· 
lion. In archival storage, for instance, 
as opposed to backup, the data 
copied to tape is for long·tenn sto ..... 
ag.e ofT· line. This data could be from a 
Wmchester, Of' it might simply repre
sent a large volume of infonnation 
previously kept on paper. • 

Income-tax fonns provide a good 
example of the lalter. At year's end, 
an accountant could key his clients' 
lax data into his computer, then 
tran.sfer it all to tape fOf'compact Slo ..... 
age In a safe place . The archive lape 
furnishes a histolY of past activities 
and, thus, an audiltrail. 

In their role as secondary SlOt'
age,.streaming tape drives can keep 
on ime any data that 's inconvcnient 
or unnecessary to ha\'e on the pri
mary storage dmices (Winchesler 
and floppy-disk drivesl. Some exam. 
pies of candidates for secondary sto ..... 
age include \'ely large data fLies, info ..... 

zsz 

motion gathered ,ia a data-IOWJlIC ...... 
thity. and files tor up· ordo\\111oad· 
ing to or from otherd("\1 

As \\"inchestercapa(,"lt~ tn· 
crease and greater numben of mall 
computer systems 1000J"poratl' 
streaming tape dri\-e; 10 bad. up tnJ · 
cial data , the tape dm"t.~!J \\lU.IIKl bl'r 
used for software w.sIl'ibuUul\ 
Syslem manufa.cturen. lIullt·attt. 
willingness 10 replaC'f't nOI>I'" dj .. 
Ihe mL'(iillm for updatllV( 01*r .. hOlC 
syslems and dl5tnbutll'f( "pph""4tlOf\JI 
software bet'allSl' tapt" ... ("hNIpM'" and 
can more ('a~iJ.\ hold \'"~ lArIl(IIJfU~ 
grams or opef'8ti..ng.~ U'nu ' aU( h as 
Bell Labs' F\:I). "'OPpl(' ('Clulcllt~ 
foro be eliminated t'nlll'('I\ In.nl ",.,n 
systems 

Streamil18 tdlX" dn\,,",* an> a11K) to \ 
cellcnt for ot)wrapphnlliUlu aue h as 
telemetry monitonnft and !J.4'3m 
data ac-qui~ition \\hkh ,-.11 '01 ra.). 
turing a fru;;t stream 01 rt.".aI·tUlW dAt. 
And imaging appht;atMln. au( h .. 
radiograph). can mollt· fCOOtl uw oC 
Ihe streamer's h~h cal"'( tt\ .. nc! 
lran~fern!rll' DiglhZ.IIlIC. u~ \ n\ 
for ru.arnple. ~f'n(',..1t·1t .no", dun. 
million bits o( data dnd al",,,,d, 
about Z5'~. of Ihl' \ ·ray", t.aM-n I'" dtls 
COlilllI) are nt"\l.'r ",t()n-ct on film Ihls 
masSIve amount 0('-"".' d.ar1.IfIU.' btl" 
stol'Cd III ,,'adlly dVo1il"hh· fon" 
sl~amil1g tapt' pr'O\ldl thi. Ir~ 
qUlck1) and Inr'J)t'rUo""i\ 

STREJ\\I1:. R " n.GRAll()' 

The intel(l'l1lion of. I dli, . fWlmu'IC 1.,lII' 

I 
'Cmloa~mall('()ml)lll("r \""1Mnin · 

\~ \'es man) or tht' qme t"UnAk 
allons as Ihe incorporatlun 01 aJ~ 
other penpherai Ih(' ('"nflr aJ 
ments al'e Ihe lOlerfarr .,td ruI 
ler There are dlfft'rt'n<'t'a be c:'Onl • 
streamers and oille '1" ..... \ 
these differences r pen~ bu1 

~o~ :.s:he contro~;;r~~~~ =. 
inle~rato~l)robl('m for ~,\ l("rna 

One fac tor tha h 
the use of otT.th t .. IOl,\hf"W'd 
stl'eaming tape ~ht'1( f'Oll1ruUrn for 
iution of host and l& th(, l.and.ud . 
faces De faCIO ~1\hM"&l Wlta--

liland...-w. fur 
chesters Such as II -in \\ 
S-\1000 m telfaces It'c;,\fDand 
for SOme lime d ~t' ~ a\"aJlabko 
the integraho an mal. Ih .. aided 
As for the tapt' n qUlle Mralf;hllcJn.\~ 
posed QIC I qU~'e lnlf"rl.-C'1! ttw- prv
slandard original~ ... tnrh <"&r1.ridrt;r; 
Y.·in tape Col . Y d 'IO"lI!d lor 
Iy adaptable ~~~e dnvC!" .. ~'1; . 

.t"-Ul 'ap. lilli' 

-10 

.. 

~t"fand Ihl' t .. pe <1m,. IIlh .. data 
JDlDI tm"f'l thn ... ~h tilt' ( Pl· onh 
~ ftd dinot·t nwrnur\ .('('t'~~ 
,O\l' huamIMlI"'(tl~t pU1f(Ull 
"ilhIIlO"I-- nah' If tloUA IMl t (t'<.llo 
thr ~ unlll»l MllMJKh tht' <In\ ... ' 
mu.litOl' t1'llOIJlton II M·lf. and ramp 
bldupto 1","1 .Iunr· 
con~l.unh1f!: III'IJiC"CIU th.u , ... " \\i)X" oul 
wbr1~ .. I w.1.11~ th 1JO-IP~ ...... 
But~ .. PNltn,II," Ihal h.llll 

diet IlI ... p .. l~ofl·hn(" (·llml 
nat Iht> probIi"I11 oi hdmllillft UJt. 
rfiattdboltJMwd.a .. ",.11 ... 11e)\\ 
~ttwCPli to ,..-rlt",1l «Jthrr tlb~ at 
thP.amr umtt Suf"h • rnnlmll«',. IN" 
.. " !!In taLI' full.ln olnl4ftt" Cli Iht' 
~,t[) inI~ lor hlft;tl 1)('It'(t b.lt'lo.up 

"t-ont"tUrr Ih .. u lI""'" Iht" Inobl 
.,1..ua.d • .'\lurci ht'''' - Ih(' pro
poK'dQI( tUMknI IUrn ... lItr«·,.... 
1"01 ~ of ad\llnIClt'· .-\lIIu.H.I~h lilt' 
(JClntnt.t> W1U <<It-\,-I"fM'C.I lor l.·ln 
.~dtt\ "'I"It'l'ilo(·ll.' 
~~ 1O""k1 unit , too ClI(.·
ooq»tibfro lJRl["1"UOt (""An IIWn'tllJ"t"' 
pin p-eatCT hllC~UI'l'oll'at .1.' I" "",InK 
I ~ LIp" ,lrl\ ... aUtll4ll .. "'"'IUln."(1 
IHoontrolkt' WI h a RlI'ue-ump ~ 
((61 thai nJOJ'" III tu. hl.,.1 \Ia lilt' 
QK t&MpArAlkollnh·r(dl·.' 

(~w.vlu .. l",phl' tlU'ol1('nrum ' 
pItl in2~hon ,...-ocrN .. ltI UM' An 
",-aJUanOn ",-..,.."I'wllrl .. .'ou r\t·,.... 
dJ,co. ~ bil"" elmt' to 
hawWI'D.1 wiD 0f~I'· \\llh othn 
~t. 11,"" ,... lu.allon" t('I1'~ 

needl10t bt,,('OI11plc, All thdl .. nN.."C:1 
eel •• Upr drt\t! ronlntlll,t Ilrod· 
111.1 tnd tI1l.-rfM"f",luM.III"'nl<lUnn ('a ' 
bks.ndconnrdon .ml.n C',,'n.·1"'
tr IhII aflowI; ,,10 In IllAnI1)uIAI(" tht' 
n. mt'Il""hanir&lh \\nlt- data 1>0'" 
lems mop I"" hc-all and 40.1\.«' "". 
n&k ",tlh an (Mll:iUoac.-'v,w 

5udt. ~rm can 1"lrt('n Ih(' 
omr nt'I"ded IDIOM .. ~pr UOII up 
and nannb"l& with MJllM'l prd.fk' ml.). 
01 oUwr pniphmI1s and 4 prureuor 
lhrnll kob WJU. I thr I"tJrnhinal.un 
underartuil"u\.inIC ('(mdlt,on!\ to 
_heM Ihrl~I" wt~\ II'ml)l"" 
btm l~.Ul'l.n·.fl)lIl7wt-d in 
~ IIltegauDn pnlC hul • pn.
~ t'\Wu.truon. l4'm nl"~( It 
atrlOft"nat and ctrirIl uncl ..... .J.JnR --
\\br-n 'OU ~l'I •• "'po d~ ,,110 
acmcnputera" Irru vuu t:an c-hooM" 
1nDl.811f\..hJ aUt'f1;'IM from ca'" 
~1eI1O ~ n Bc<cIt»>C' 1M Pf· ...... 

fOI,nance differences from one end of 
this I.mge to the other are tremcn
dous.yoll can make the choice easier 
by comp"lIing the applications 
Involved 

\I one end of the tape SI>ccln.lI11 
al't~ 3\Hype 0 IS· in and Philips-stJ"lc 
caSsl"ttctnpc drives. Although these 
units are fine for small 0 1' incxpcn
sivt' COIll I)ut£'I'S thai need SOIllI.! fonn 
of mass Siorage. their low dalll caIJat'· 
It.' malo.ea them III-suitl'd forWilll'hcs
lei' bac~up 

'\nother altemalh'e lies in h-II\ 
3\1 Iypt' tape cartridge drives. Cur
renll., Ihese can store fmIU 20 10 45 
\1I1.\-1('S of dala which Is buffie-ienl for 
ba('kll~ up most a\'ailable 8· .md 
52!;·tn \\"incJwslers lIowt..~cr, al
It'mpts 10 pl'O\'ide grt'al('I' capaei l ies 
h.t\"l· I"t'quked Ihe use of spl.'clal1." cel'
I lfil'd and fOI,nalled media Ihal \\ill 
huncllt" hlgh{,I' bil dl'llsiti("s. and the 
us{' ul otll('r tC<'hnologies Ihal all' 
nol.\'l'l fil'ld·pl'O\'en. FUl1het·. tilt' cur
trld~t's d£'sign makes II difficult 10 
mainlalll ('onslanlla"c tt'n~ion al 
Iht. n"ad \\1'lte head 

t-~mployinl( reels ralher Ihan ca ..... 
IndICt'S and enlarging the lape \\idlh 
tn' J-In o\l'rcollles the Iimitalions im' 
po.,t>d b) inslantaneous SP('("<I varia· 
Itonll In ~·.·in car1Iid~(,1l A~ \\ Ulch('~· 
h'l' dis\.. dJi\'es mO\'(' into the 
160.\lhytl.' range this ycar and to 300 
'tb~te. 11{,,1 year .... L·in tapt's hi~her 
,torage ('a racily l)('COmes tIlcreasing' 
Iy I011>0I1<1nl. And by makmg lilt' lapt' 
adf. loaclinf(. the I..):_in reel ('an bt' a" 
cou\'('ni(>tlt as Ii (,"3J1ridge. hut with
()lIllhf' rar1Jidge's pelfonnonee 

II01"ollons 
'\notht'r factor to consider i~ 

('tlSI ·both the COSI per l111'gab.\"tc 
P(., hen and tho COSI of media per 
meRitbyte !lalf-inch fl;1N'amillE( tape 
units generally offer" bcttercm.1 per 
n1('loI;al))-1e than othcrproduC'ts Of 
('UUrM'. the original ('Ost of a 1,.'.·in 
tape dnv\' i.& less. M) sYbtems thai 
h<J\t' only a fcw megabyles o£\\ In
llll'!tler slOr~l' to backup might 
mak(' good use of a low,(·apaeil." 
.... in cartJid~t' 

lor hif(her rapacity &..\'I;ICm" 
ttwugh. the vL-in alternall\'{' dearly 
('QSts leliS o\:erall. especlall." \\h('n 
\'Ou c..'On"ider the cost of m('C.lia per 
'nwl(alJ}1e -I ht' leasl c '"(I>cnsi\"c talX' 
pa.l'k~t' c\,('rdC\ised is the 1'('('1 A 
rot'l of ... ,·in tape cosbleM.lhan half 
.. !flu('h as a h-in cartndgp With Ihe 
aamt' length of tape. and th(' ...... ·In 
lape "illlilOI'e far mon" dala ca ..... 
lridgea offer con\'cllIence. hUI as nOI' 
ed ('Oldie!". M!lf·loading reels arc 
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equally casy 10 use and also furnish 
e<IUa\ , unot beller. cll\imnmenlal 
protection 

OTHER BACKUI~ IlARO\\"I\t\E 

In addilion to thtl stllnd:u'Cllape-drive 
altetTIntivcs fOl' bllckup,you can also 
considcl' floppy disks, Winchcsterc8I'" 
tridges, and \ideolnpc t"('cordel'S for 
the Ia:;k. Itere ag"ln. Ihe \aluc of 
Ihese producl!io dep(,lUls on your 
applicalion 

Floppy diski. PI'O\;c!C a readily 
availablc b.'trkup method They CM 

easily back up WinciU'slers \\;th ca· 
pacities under20 :'I.lhyll·S on a Ir,.IIlsac~ 
lion basis. 110\\"(.,\'('1 ', the l'l.' la ti\"ely low 
capacities amLor low tr.tnsfea· rates of 
cun-enlly !I\"ailllulclS- illlcl5.25-in 
floppies 11Iakl'Ihem impmctical forap
plicalioTll. whel-e dalabahe h(.'CUlit). de
mands Ihe ha('kup oflhe ('ntire me at 
tht' end of each da\ or wlll'I'C a con· 
stant audit Imil is ;'l.'Cessat'\'. 

1yPicai flopp.'· cap.,l-ilies range 
up 10 aboul I \lllylt'. bUlthis !C\el 
would l"t.'<luil-e fhe Illl>dia changes 10 
hlol'C the daw on l'\en a low-end \\ in' 
('hest('I' fOf'archivnl plllJ}OSCS. An· 
olhel' problt'm aliS('s \\ hen large olT
line slOr.tge c;lpacities ar'C 1'Cfluin'<i 10 
I'ChiruclUI"C fill'S ami \\"11('n \ \ inchcs· 
IeI' cap;'lcil).· ('xCN'dlt :W \lb).les 

A numl)('rof\"cndon; htl\c intl"O
duct.>(1 fiopp.\'·dbk dri\'c~ \\ilh ("apa' 
(:ilies o\-er 3 \tI~t('~ . making Ihese 
drives far mOl'l' ,·mdt'nl III backup ap' 
plicaltOnh from till' point of \"il'w of 
the numbcrofdislo.t'llcs 1'C(luircd 10 
hllndlr an cntir"t' mc . TheM' dli\'cs 
ha\'C) ct 10 be manufllcllll'C(lln large 
\'Olumcs. hUWt'\'C1" and it has yet 10 be 
detennined to \\hal c .... lenllheirac· 
ceplanct> \\;11 be affl'('ted by the lim· 
ited sourt"CS of the specialized ml..'(\ia 
th~ require 

\\inchester dihlo.·cartridgc drn-es 
offer a b('ll(,1" altenmliw for some 
users. SinN' Ih(' Inlroduction of tile 
fi~1 fi\.l-d .. di~k \\ mdwsler. M"\eral 
\,cndOf'S h;l\t' announced pnxlucts 
"ith the f""C11\0\ ahle (·ar1ricigt's. 'n,esc 
driws an' well &uiled nol only as s.!s· 
temh d('\-ices. bullis hil(h-c"pacit~ 
hiE(h-spt'l..'Ci hal'kup rot filtl'd·dbk 
dli\'Cs 

AI th(' same lim('. II s good to Ue 
aware o£\\ inclwlllt"r cartrid~e Iimlla
tions. mo:.t of\\hlch Iou'm from inher
ent propel1l(,s of Ih(' media fir51 thl' 
media is e\Ill:'llhn,·-.1ppro,imalel.'" 
S50 per car1ridge in lal'ge quantitim; 
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Remember 
TEAC for 
Memory 
Machines 
• MT -2 Digital Cassette 

Transports with Lsr
Controller 

• Specifically designed 
and built by TEAC for 
computer-based 
systems 

• Ideally su ited for data 
logging and program 
loading appl ications 

• Over 250,000 units in use 

• Over 20 years of 
expertise in digital 
technologies - as well 
as quality stereo 
equipment 

• Complete Product 
support in all areas -
marketing, technical 
and service 

Second. dala inlel'(:hanl(('abil ily ron· 
tinues to be a problem nOIOnl) 
when can ridges arc mO\'t'(1 from 
drive to drive, but \\ IWIl Ih(" Slime c.a~ 
lridge is ro·inSCI100 11110 Ih(' sam(' 
drin!. Third Ihe uS(' of propnf'lil~ 
servo pallenls on man.\ (·aI1ridgM lim
ils the SOUI'C('S for media 

FUl1her. on Olan.' relllO\abl(" \\ In· 

cheslerdri\'es. Ihe rL,cd .. ~"!tI(,In<J d, .... 
and Ihe removable ('aI1ridgf' aN' 
moun led in Ih('l 5mn(' pad.ag(" ilnd 
al'll dli\'cn fmm Ihe :.an1(' IipUldle If 
for some rea:.on Ihe rLu'tl ~.\:.I('ms 
disk goes down Ih(' ba(·&.up d,,,&, \\ 111 
go down as well 

FinaJl\ Ihe faM pan' offh('d·dl.&. 
\\·inchesl~" I {.'chnoloK\ I{'ndfi 10 
mean Ihal a single lal)t ' (·al1rid~f' ,-an 
no longel' Slol'\llhl' ('nlll'(' ("onl('llIti of 
a rued disk 

Cun't'nlh fort>,amplr: 5.2.5·,n 
Winchcslers ~\ith (".11>3C·,II(,'1ln IIU' 
ZO-~Ibyle range an.·l'l"adll.\ a\;1llahl(' 
with hardware al Ihe ·10- to SO·\1!.n1j' 
level collling on fa.!tl Db'" ("ilnndgt' 
drives wilh Ih('M' ('apa('llif"~ 81'\' nOI 
available, however !)Inlllarl.\, Ih(' , .... 
pa("ities of 8·in flu'f:l \\ IIU·h('M(·f'II; rou
Iinelye:\ct'Cd 100 \th.\1t:·~ hUIS'1Il 
dist.. call1id~Wlt aJ'(" 'to folr 1111111("<110 25 
\I~1cs 

Some \ idt'O-N'lall.'d I(>(·hnolo. 
gics--mOltl nOlabl.\ \;d('0181)(' n.'r'(J1'l1 
ers--havc also Ix>cn Prol)QM>(1 lor 
high-capa("il., \\ inl·ht~"' t('r bac:&'u!' 
TIll'S(" dli\'t's ofT,> .. Ihe l>cJtt'nlial or 
enonnOUlt calh'WIII{'ti, bUllh{"\ ~Unt.,.. 
fl"om inhl'I"('ntJ.v long tran~rt'r·llrnt ... 
high COSI and lal'Sr SlOW, 3nd 1111' I'K&' 
of suilabl(' conlrollt'I'!; \ IClt'() d'fiU 
could sOlllc'day fumi~h , ... t'n hIKht ... 
capacilies than vid('olapt' l'CCOrdC'f"'It 
lfowen'l' fOI' lh(' pl'c~enl tilt ... al'l" 

'even further from \iablhl.' Ihan Ih(' 
lape Unit!> and pf'O\id(' no ablllh 10 
erasc dala onc,> II·s \\"11('/1 . 

TIlE FtJ I1.Rl:.. OF S rRf.J\\II\G lAPl:.. 

Ihrou&h til(' \"t" ....... 1UUatq .. 
"Ill call for unJlf'O\1'd ~ 
('.apAbt.lltit".a 

\h"""P> , ... ....u_. 
dalanuT('nll} lurtrd.-. ...... 
computt'f'S dONn I \II'lnallbIda,. 
lhe dranatk' ulcn-... lndua-. 
that "III toUr plM:r~ flhtnarr. 
.\ean wtll mal.fo h.cL,.,......, 
And b I'lVled prt"\~ ..... 
It, of Ia.pp d.m Ul tmaU~ 
!Ii.\ 1('1n \\all prump'lt8lZ1rb 
(llhl'l pu~, .. t. ... ~ 
ch .. lnlJuIIUf1 

\nolhf'r I .... nd in masa-. 
thai ~ Important IOf"'ONidrriDrlld 
up Iml>lk'ahunllo .. IMlncn.d 
5.2S·1I1 \\Inch«- 1f"r&ll1r.Qpll 
II( &"C.uM'U"UOII ...... 
5.2.. .. · 10 dml"I(I'~umudll .... 
8·ln UIll!,; do tod.l\ I~~ 
1),I1e·&'U,l "'.\ trill \\W MJOnbr 
in tht" S,Z5·1I1 funn '-lor Iblill 
Idl'Mt on l'l"t'b flu Mlllf\..m.pltrt 
l)fI(-auM' It rail ht' notIucalloq 
'('llh«'1" t~ nlC"d ... 
11U1I1~ 

5.2.'i In lil.aNia. 
1114' d~ tNUha ofthr. 

an' abu rrudiIJ I" cona6d!!r 5am 
la'w-dm't'IlWlut... .. I.I"""ftD 

lIl'1(i1'l' Atk'I,llun 01 • PlCIdY IbIt 
l"lUld n\Ol"t' than (iOUtW 1hE< lImP 
('.,Mnh a\ "alai'" trom.!Chtn 
,,(tap"· Ill". LmJ~~ Llpl'Mdd 

'""' IIWll.all(lMt1 ror.rcftty" 
111'1 (·om·11I \...tU(·'" 195~. 
.hout :-uo (It\ ,. Ie," Irwl tMltJr. 
dllod n-11"hh "lth Iott.\ .1ld:IId(I 
10 Io.t'f"p tl,,: 1'1",,1 01 lid': adu,'" 
lIbl .. • Ihuu"h Ilw lJl(h"'l~ ,U" 
~('IW\ Udl" 1\' ... 1 ml»t I,CIftGII 

o{"\, 'and.1nl 
·Ill .. l"Ulltmuall\ d~cd

lool f(K mall ("umpul recpe 
thaI B' I('rna lf1t~lon~" 
lomo"",\ !l~J _"tiI_. 
For tn. .. nuJlfC la, ... dnws.lh1t_ 
w-1('(·tlOn 01. mec:ha bmatlNl(lll 
f': LI.\ Incn· ..... Ul ('.apr« .mt: 
rrt"aaf> In NUl and t -cea ._ 

IlOnllo thai poinl 10 \;0,"- • ." 
IoOlutlUll rur mo.l ppIic1ItJam . 

As compuler sy:.lcms Kt>1 :.maJII'r III 
size, lower in COSI and InroqxJr.ltt' In. 
Creasing amoulltr, o£\\ Ul(:h("~I("rslor
age, the role of high-<"'apaclh lillX' 
drives \\ill ch"rvce s.gniJira.ntJ.\, To
day most l1lil't'OC'Omputt>ru!M."nl ha.\ 
a relali\"CI." small amount of Infonna. 
lion slored on \\IllChc&I(,I~ Bul .. 
more data i!o acqUired in Ih(' rotJl'Se 

of ~aY-lo.da.\ bultiness and ne\\ apph. 
catIOns are added Ihe m<b:..slo~e 
capacity of Sill all syslems w.lI bal. 
loon E\"Cn ihl!>en. COnllnu(' 10 ("m
plo) Iht, sam(' l:OI11PUlcrs, Ih('\ \ \ Lli 

JOSf! Co ll • . nto ft(T p'rs;id:if~ 
mari.rf'l18 and .. /~.f ~ 
(" CHp .. JH"'M 'JfJIlI&h. "url..-d., ~ 
("~ 11(>h;ubN-nNmJhnJ.~ 
IflS· .v/es. and ~ .ithtII
C'Onlput(>,. lnau,.tn {OI" dr"': oJ. 

yt'.a", 

be fOl"ced 10 add mol'{' ma .. ~ ~io,¥e 

The Perfect 
Complement 

DEle It'Itroduce •• new 
~ In magnetic 

_ QIInCIgO .. _, stO<-

age oj do'" (1,6400 bpll 
!dill __ ..,'h 555 

'"' 01 high g.- • "'PO 

This offers the end-user 
less expense lor most 
applications by providing 
a lower cost per megabyte 
than olher media types. 
Model 401555 
High Density \~' Cartridge 

For the All New 
Super Funnel 

aled at 6400 bpi With the 
faster through-put rale 
of 37.5 Ips as well as read 
and write at 8533 bpi 
with 50 megabytes of 
removable storage. Con· 
tact your local DEI office 
or Representative. --Super Funnel 
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Embedded Formatters Provide New 
Su"'_ To GCH Tape Subsystems 
by Marold H. Lohrenz. Telex Computer- PmdU(·ts IIll' 

Half-Inch tape is the standard for infonnation iolt'''' 
change and IIbnu)' storage. As nt"w 1e<'hnoIOK\' has ht"t'n 
introduced, the coals ha\-e decreast'd and Ihr sv:!olt'rm. 
have become more tJSer-friendh' SinC'e ib intn';'tUl~tiun 
In the t96Oa, ~in. tape has enj~'ed a pofioilion iI!o the 
moat cost-effective means of data SIOra.t(t' and t",changc. 
Fortunately. the slandard~ and induSlr)' diM'iplim.' ha\'e 
remained inlact You can 1r&n!tIP,. tape!'> fi'(lrn ... itt' 10 !'ooltl l 

knowing thallhp tlala can he n·ad . Ih(' tapt'updah'd 
and the new data redistributed as requir(>(1 

Today. three primaryr AXSI standard:. ru-t·,i!'ot-
nonretum-Io-U'J'O cum'n! !~R7.I', phaS('~('n{'()d('(1 'Pt.' 
and group·coc:led f't"{"Onling IGCRllsee Fi/o( '. 

NRZI. inlnxlucpd in tht- 1 960s. plU\id('d a maior 
step in capacil)-' {'ompart'd to thp punclH'd (".wel Uow
ever. NRZI wa~ Iimitf'd III 600 hpi ,bits pt'r iudl ' thl(' tu 
mechanical ak["\\' in the tape driw, Whf'11 PE was inllu
duced a ftM· _vranllalrr it doubl(>d th(> capal"it\ ,to 1600 
b~11 by Incorporntilll( a sf'lI-doeking tedmiqu;' Ihal 
yrelded a f"onnat thai was more lolprant of ml'('hanic-al 
skew. Thta slandard also in<:rca.">t-'<.I data n·li.,hilit, and al. 
lowed a sinR!e-lra(-k f'fTUr 10 b.· {'()rT'f't'led on 1111' -n\ in " 
manner Iran~pan.·111 to thf' Ul)('I' -

,co .. " 

~ disk s~te":",s rontinued 10 e'pand, ~'alt'r lap(' 
capacity was N'qUlred The GCR fannal mlrodun'd III 
1974 almost quadrupled the rt'Carding drnslh (rum 
1600 to 62.SO bpll and CUI the inlerhlad. gap "'K{; ill half 
!from 0.6 to O.3ln,l. Data reliabill~' was illl'n'!a5('d an
other orderor ~tude as a result of the t.fTOf' 

~RldetectlOn facilityemheddt'd in Ihe fnnn."\1 
allowed two tra('k elTUrs to bt' COrTel'lfl<i un the 0\ 

and was completely transparent to Ihp UM'r ' 
The result was a capa['i~' of up to 180 \1lJ\1t ller 

reel lcompared to 46 Mbytes for PE, and a dal'" n' . _ 
that was 10 limes heuer. Ihe GCR fomtat ('Olddl~~ 

the on most ~pes In existing Iibran. . lho u!Wr 
henl~t~:e.~ls la~h-~IOl<ll(e capahility \\ilh 

Chi ne\\, ighpr capa("i~' dis!.. 

'Ilw (;(' R 100mai hi n'tluiftott 
proac'h t'apaCIIIe:. ul IOU \lb}1M 
panly and Ihro\llthpUI an' lhe 
cit'pf'lul!t nn Ihe h.ud\, am capabihl)- and 
lape'~ data blud ... 1ypil'.aU, USf'1"S "ill ~""'d. 
pt'r retl in I'l.and ISO \tbyt1'5 per.-I in GCI. 
c·n 'ape "p.'f!'d GCR \\111 ifl("n"oUe lhe e&.ctM 
r3lt· b,' 310 J Slimes 

CUnl"fltly Ihe 10 ~ in 
mP. In p(lpulari~ 
nUflMiu('!aon of.a 50 I» '.1rt. lop 
tlwr ("\Idcnc:c this (umlal will find 
\0\\ follO\\blA th" 1t'4«1 01 'RlJ and Pt 
lelllS. hil-:1qlf"lfonnanre (,CK 
d,'" Irlnn,llIl'l h ulltroUrnf an' ~ 
IslutA: lolNtat . 11u ",iII rn.l!..o r.eft NMer 
du("e t-mol unt! "I01phhr ) trl1lalnlcgnhon 

•. \lHU)DUJ HJH\t \1"1. R~ 

'11w I()nnal'f~ hanll! ... dm-icf'l-dt'pftlttrm de ..... 
IU'('S('IU1,ll1 IIllt'tf.:1l"t" 111411 tQn fen dAta U1 

.11 tll/tlldlmallmor It conlrub t'1TOtdrl..cllan 

liull c'n,"O<IIJ~ (lnc~~d~OC<~~"!:I~b~"'[i'~I~""~U~~;;;~ \"lIhml tI.,\ i . und 
lod.lff'! G{" 

pa('!..~1 in ido the I."pc unit beau", 
to ZU plllll.·d-dn-uh nrdA 1'(J\\'I!'\ft loday .. _ .. 
10m Ilo("hniqu. (""an II IrvtTlhf' ronlmla DIan 
(· .. nl un a slrvae (""hIp 

I or ruM (Pl'a.\ leolllSl."'UrTrnttyon 
tJOa.d f'l1Ihl..'1lcJ .. d ell' 19ns 
IlIlellig.'ul Inlrrf4(~ urh as 1haM
th,. \31~1 \:\:-.1 COIlimiUrr 111r 
opt'd anI .. (1),llmlt 
olulIc',1.Ict!: 1.lUtI.uti,. Th£"n ",1lh .. hant\\'~ 
tlnn [('.INt.nut ("4ul., bnd .. fumwam, h.arw" 
{;l R sub!'>.\, h'lII c.ln 1'1' e,,1 tj~ inlen... 
nl'\\ 1I1I1'111~I'nl-IIlI"rf.1cCI 14ndard Ih "'~ In 

10w"1" ('O!'!1 t'mh"c1dcd autla\ "n~;;iII~Iw~:::,:= 
11m sauli' _\'SI!'m '-:IItWolrt! and Job 
t-uln'nllugh-end (.( R aut.\ h.'n"tl) 

In Ih(' 1l(,\\'imy.pl"tc8'hllth prrfonnatlC't' GCR 
thr quanht:'o'ofcomponrnb "ill bet 
the numberorfirld-f'LjlI~unlt!i 
n~II(' C"hedf.s \\111 00 almplifted and ~ 
wtll h(· r1!ducrd (:.ombinf'd "'-lID the r~'I.' 
I~plp mk'n:lfl~ the d~t will t
In. in fault isoL1l1on 

. t..mhrddrd foml.1t1c:ra n; ..... ~~'~""';n:~:.:~: lime hern'M!'O r..nUrf' \f mf 
\d"I"~ d igns implf'fnemcd in 
tulr(~nt of midlife \'&ri.1.horu; i.nJwon'flt ""th .. n 

"hanK'ni de\;c(' \d('litio~na~I~I\~~~~1~~~~~ dudrd in Ihe finnware 
clnh Compon(>nt \\ e;ar. and 

'n" • roulin may be lnhull!d 
during "pedfic (11N!r1Illonal mod 
monlloling of cen.ain operational d\OlJ".u1erbdca 
other IIlStanrea adJlUt m~l1b \\'tlisimph br 

ub .\ Jo!t'm nm he' u!-.I'(i 
II' 01"01\ thuhlkmwly ,'usIUIO(,1" ('I\~lnl'N'" 
bI\,,_lhneroutmntunl..ul'a uh", 1"111 \\ilht·m
btddr'dbrm4l1rn theop4"l"IIlor ha§a(",·~s In "Iimilt'd 
dIIrlolroutUV"Sfotaronfldt"tl('(' htM:1o. and tht·t·u!'!tnm
' .. !\l"" can """ r~nuh' tnlnlnab 10 ac ~ ,I ('I'ntml 

IS-::C: port c.an lXI Ullpor1("(t 11\ Ill'd.11 1(· ... 1-

::;;~~-:itl '~~'\a modrtnaat a cenllal n'lMir ,tnd pmt\ 

ntrnanCr b , ... t anolhrc .. rra thalllt'l\t'IiI!'! h't,m 
",,,,,Idtt Icnnanrn INtoi' ponton "'I,.ue llll·1 nMin· 
~.dI-\utrd 10 ("Omprrual"'It rl,r Iht, \"'.,,,. and 
~ ~ all1lt"ChAntc"lI-ornIKlnt"lltfl \UII I',1Il 

ella IOmII prob1rnu tJ\ minllluzlnft tilt! ntlmht,,, (II 
IDtC ..t 'DmfJlJOCflb uf~r b\lI.Unl~III1W ,lbt·t· 
IPltOlut ... 10 U\l~ Ihrif loleora" • .., •• tI~(' \\ 1wI1 
IIIOl't' :fx! uNl a ""Ai UmttoprDliunal C(mtmi i~ iIWUI ~ 
pont~Hnftnm\;an) nunuC'ud II II,"'~ tl\l" IIH'\llahh' 
ph:! "1!&1' and nUnIM',U,4h' fIJI" it 

'opera InUOf',lftW'UQI(.M) al.ol1 IUI,or 
";";~:I\~ 1hnM- unU operatl'l With lape~ us· 
~ I KlI~ at4nciAnb ,,·hrn the d"ta 

..... ~t rormal .. re a4",looal"1ltl-d t~' IJn·(I(", _ 
• .,bIoc PlM Inca force: R lheal.lnllilrd IM"'·I

aG.)1n IlIGand. t~rormat .. t 62.So hl'l \'llh an 
onIl<dONlI!!lT'ON'Otf ion r.;actlth The Pt. alandolrd,.~ 

• I-tn IBL.tt :OObpl 11m_ ttu-dt'tT1'''' 'ct lIle. 
a\ rorct..la Comhtn('(I\\llh th"ln, 

~ ItUt hpkall\ yiddA ISO "nAil re<ud· 
tel • 1f1. Upr and 40 MIA" on. PI. lape 

For tbft lop uniu \\twn a dalA block lA Iroms' 
h t.- lopprd in Ihe IBG alUl lht ' 1)('\1 

tAoc Up(" ~ Ihr datA '" rr.ad\· Ittl' slart. IUP 
".td 5 "" or Ins to lho InMfr.r alteration. If 

th!datl"M'albbtl-laUflMbatrly Ihe tape UOII \\111 nOI 
m.. ~ ..... "' .. k.. ... hc> JBG on th.- ny,.1 tlu' nllll1l1l1ll 
-~ ---..,.--~ of uon;1.! Inut!!oien ('on' 
tape Ipft'd 1hb ~ trans.·lI. I 
tin duMnltwtt.lpl" ,,1thlhrCPI InUls(crrin.Rtalaa.'1 
ibto:A:oes • ....a..bkt and Inlenuulng It .mong ,111' \an· 
0tJa &.pf ,",,,In'd by thr .ppUcalJon 
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Sln'aminEt-lape units have lwen inlrodut'ed 10 mud· 
l1liZ(> pl'Odw't ('0101 and optimize Ihe unll (or dis" back
up Ihbt ~1)(' 01 lape unit mO\"'5 lape direCtly from one 
"",'1 to thr olltel' and I1"pl1"M'nb a cost pt'rfonnanCfl 
Imdf"off To mainlain Ihe streaming mode, data must be 
t-onlinuousl~: a\'ailable at the lape unit. in tum maintain
ing Ihe tape at a ('onslanl speed 

Ihi5 requil1"l'i spt'Cial considt"r8lions at Ihe s~lem 
It'\'('1 and rna)' rt'quil1" a dedi('all..-d cPt..!. If lite dala isn't 
a\"ilahlt" or if an enur rondition e:cub on Ih(> tape.lhe 
unit '0\111 I'ltop, bol('k up, and Iltt'o reslIml' forward mo
tlonlhis n>('O\"(·~· t.\o')li('ally rcquire5 0.5 s or more aa com-
1),1,,'<110 5 Ill~ or I('!'>!; for a start !>top unit 

Ihmu.,;hput I!'> (:()Iltl"OlIed by thr proportion 01 time 
u ... (·d 10 tr-,lIli;((·rdata. rompal"t~d 10 thl' n'(:O\1.·I:'o thor. If 
tht. "pplkalion and tlte !oy~t(,111 paraml'lt·r.. pl'l1nil a ("'On
lintlull~ <I.lta I1m\ tht' throughput of a !IIrt'amcr and a 
!'!t.u1 !llnp unit \\ill he ('qui\'alcnt II intt'I"lIption~ OITur 
or .II'{\ unlln,di{:tubl.>, tl1l'n tht' re('un'l) lim('- IOO lunes 
IUIlj.{('" for IIw !;11'l'anWI'- -bt.'coml·!-. the contl'Oliing fut·lor. 
dnd lilt' !'It,u1 '!>Iup lInit will pro\"id(' a signifk,tI1t1y It~her 
Ihl'('lI~hput 

,\ ... tart~lop unit i!'> aho morf' imlllune to l·h.ttI~c~ al 
.1 ~i\ ('n installation \!> users mil!<r.U(· and In('l1'a~c' thrir 
('ap.lhilitit'\'I in di!'!k ... l:Pl" ... mlilliprot"(~., ... inl/; sntlwa ... •. 
and tllh.'r ,,\"!'!tt'lll .'ohanC'rntt'nhi. a !;tart ... Iop tapt.· unit 
will Ill' 1'I:·lali\l·" Iran!>pal't.'nt 10 theM' ("hanK"!'! 

\lanufacltiN"r ... loda\ arc l"onn'111l'd \\llh ),(·,hu-irtA: 
tilt' t'o",1 01 (;(R IOub!'!\'!'>u:m!; wilhoul ~a["(ifkin~ 1lt'r10l" 
man("(' flO thallh"ir .l(h·anlilJ(M can he oht.lillt'd wllhoul 
major im,·"lmf"nb III !'>y.,l(>m !'Iohwart'. or ("han.'(· ... 10 !t.,~
It'I1l-0pf!'r81ional pml:l'dun'!'! and lob miws. 

I'RI(:t...Pt,Rt()R\t-\:-..U, 

\\111"n ('CR was muudlJt'('d tht· 1.11lt' unit and funllattl'l" 
wc,,,. "a,'h pad .. .agl·d in M'parah' :m-in ... ,idf' (-;lhilll'ls 
'Ihe I a"!..·lllounlt'd units inll'odun'd in 19i8 \\('.,. hall 
ttl(' ... i7.c' , and umtil on Ihl' dra"1n~ hUdl'd ... \'\ill b,' onl.\" 
hall u ... lurJ((· a!'!lhu!If' FOlthls u,'nd to n)lltiml('. Illt~ 
PI"kt' of a t),VlI'al ~lIh"'.v"'lem I11U ... t also be' I"dun'd !'!i~nif1· 
t'anlh whill' 1)('1i(lnnanl"f' I!; maintain('(1 ~'ml-{'u!;IUlli 
u'dHlUIc>K" and mOI1" I,)(,",,('-('Hki('nt d(,!li~II'" will MTOIll
plish Ihal I(oal. and allow hal'tlwan.' clt'!'!iJ,(ns In bt, impll'l" 
ml'lIl(-d in a nunhinalion 01 finnwan.' and man' cum· 
paC'1 ('ilt~ul1~ lht"M' I('thniquc!> 'o\ill) it'ld a ... uh!'>y II'm 
thai 'o\ill be more n-liabl(', !omall(,1" and {~onSUllw It· !> 

1)(1\\l'r 
lIall-II1I'h lape hul)('t'n Iht· ("O!;H·H('('tl\1.· ml'8l1!1l()1" 

"llInnf!; tlatol llle u·C'hnoIOI{\· improH'mt'nl!l ('uln'otly un 
Ihl" dra'o\'rtg hoa",b dominan('p throu".;1t Ihn I ~""~ and 
19!1Os. Ihe 1I1t1"p-tly and utility of Ih,· lI!1l"f IiIII.t~, \\,11 he 
pn'M'~'Cl1 1110 fle'ihi"~' aftordt'<l by the UM' 01 mulllplt· 
10w-ctJ\'li minuproet 5oClf"S, and th(' ath.anres III molor de· 
a~n!O elfld lJO\\'t'N."ftiot·nt compom'nh \\ til th'Cn'a!'ll' 
IJlu<hu'l "0.'>1 And 1_"illc'Chnolo/{\: \\iII flII11wr dl'rI1'a1le 
the co!'>1 ,If Iht' ('tlnlml anet ddla-handlmf{ (,IIt.'tlltS. 

A1,o. Sf>I'\US \\iIlIM! implem('nwd in finnwal1:' 1101 
h.lId'o\",", 1l1t' U8f!r '0\,11 ha\? a\ ailablt' lalM' unils at 
ont •. half 01 (-urn.'llt ('(Jilts and ",Ih Ih" ,.tart "tol) unita. 
will hol\1' a aub!'!lanlial,)r1C'e p<'rfunnanre impl"'(1\1·ntt'nl 
('OInph'u'iy tran!>parrnt to his cun ... ·n1 !I.\'!>u'm op.'ra
tlun .... ~t.anuraclun'f'S \0\;11 inlnxlurt.' am:h tape lIIuls 
'o\,thin thr Ilf'XI two yt"al'!l • 
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Compact, Fully Enclosed 
UPS Systems Move Into 
The Computer-Room 

l!.nufaOu!'t·,. of LI'l> ,yswms hme developed producls Ihal are smalle,; smao1m; 
!lid moll' co,Io('ffit>jl'nl for loday's smaller, more powe,ful computer syslems. 

~ "illl.Am" (.-mptwll, 
(aUdIo fJK1rvnka 

ecenl 
.c-h.uw(' III suuk powcrcoll\'crsion 
and ~·ilJ<'d It·ad·add ballCI~ peno .... 
mane t' hol\1' I'('lIult("d In affordable 
PO\"-' l)r'OlN'lion for the small-

'\ I('m U!,(', t 'IlInIt'M-Upllblc power 
.. , INTI ll~, pnxlU(' IS 31'(' nO\\ a\ilil · 

.hlt· III p.1("~('S d{'~lgnro for install,,
Hun III ., ('ornpUH'r room The Si7.c. 
\\ ~·",hl lind ,lp!){'nrancc of th('s(' com
IlIIH" n:MHII-llllllalhlble sysl~m'i and 
th,'., .,.tK)("I.:I II"'<1 bcniC'd . 1118111\('n"l1oo

h-,'C' IMt IN)' pad ... " offl'.'" lllS !X'lfor
n'dnn' .11 1I10rt' atlrn('II\'l~ pnC'Cs 

I he .. t,,).'U"kl\l(l.'!I ('un IX' inslllllcd 
pn .. 1..t1lt!df'(1 l:tl~{'d computer-room 
nuul1nf( .tnd IwO\;,de a 5-10 15-mln 
de PCJ\\'{'NlUIDf(lI I'('~('I\ l'. Jllclr low('r 
( ..... t l)li"~1'i ttH.'1Il 11101'(' Inte,> line \'~Ih 

l I"" " OW(' ..... (·ondIIIOl1mg cclulJ'-nun· . , I so, 
mt'l1l whil~ pr'O\ idlnga comp c e u-
I.un W c'OIll l)lIll'f power p,,?blcms 
Ih&. Ill'W ~l'n('rallon ofL I'S Is cspe
d.alh an .. u-!i\,(' ror 1'Clrufil applica
IM,n. to t"I!lllnK("()lI1puler rooms and 
rfinunall!lt thl' nt-'t-d for li lwcia ll.\ COIl

trtJ(lf-d ['I'" l'qlllpmcni rooms 

\ rt"I'nln"lt'ndt'd dt'finllion or ~m-
> '1\ .1(' nno.',(,I- apJX'ars mthe pUlt.(--(tlM I , 1'- ' 
II'. (),-al1fl,t" lJook 1t·. U . Sid 

"1'1'I'J"'" . but tht' ~amc Il'~t also ~c. 
Ullr\' I,·dgt-!lthal not all compulf.": 

I )l1ll-nl l1lanuraC"turt'1'5 subKnbc ... ,U,' ~"dl.lincs In hlief quality ae 
10 t 11',.-

POWCI- is pro\idcd to Ihe compuler 
room when : 
• Electrical noise has been 

minimized 
• Transienl orlong-tc l1n ovcn'oit

age or undc"ultage conditions 
are eliminated , 

• ~IDmenl3ly or 10ng-tcl1n power 
ou tages have no advcrse affect 
on computcropel'3tions. 
A variety or approaches I1re used 

to dctemline the presence orpowe ..... 
line disturbances within the compu t
er racllil\', Existing elcclrical·nolse lev
els, rron~ I()\y-rrequency hamlonics to 
high-rrequency E~II can be dete ..... 
mined by mcasurement , but are orten 
diagn~1 and cured by on-Slle in: 
speclion and analysis orthe clcctncal· 
distribulion and grounding systems 
A\-ailablc products ca n corU inuously 
monitor the incoming ac scl\icc ror 
tl'illlsicni and long· lcnll ove ..... and 
undcn'Oltage conditions 

I>()WER-DIS'llJRRANCE SOLlI J'lONS 

Once you detcnninc your needs, a 
wide array or prooucts can provide. 
the required degree orpO\vcrconclr 
Iioning TIle minimum ~m- . 
mended solution forclcCll1cal·norse 
reduction is an Isolation lransfonner 
that prmides both a power
grounding system ror the computerra, 
c ilityand a degree or electrical noise 
attenuation 

Line regulators are another'com
mOil solution rorae scn;cc \'Ollagcs 
Ihat go outsidc or reronullcnded oper
dting ranges for extended period:. or 
lil1le.ICompulerC<luipment operat
ing ranges may \'8IY from :t. 6 to + J 0, 
- 15typicaliy;A;\SI slandard C84 1-
1977 I'ecommends + 6 10 13' I. 
Most linc regulators rali mlo one or 
rour broad categories orbasic powe ..... 

Z9' 
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P~ 1\o,v uninlem'plible power 'y5temlll'PSI oplion. ~ roru.idc-n.>d--opllnn on .. III "Ilkh Itw 
UPS Is installed in Ihe cornpull'rroom U""~ Ihe new af:ale<IIT".lnlMUln«'-fnolo INlII.-,- and 
oplion two. In which .pecially roll.tJ'UCla! room. hou!i4' 11K' CPS and a WN",U t .. UI"n 

cireui t design ' fen'OI'Csonant, elec
tronic, and elcctromechanical or 
static tap changel' 

111e choice of line regulalor is de
tem1ined by the amount of correction 
needed,ou tput-\'Oltageregulationwin
dow, speed of response, and cosv 
benefit judgements_ However, line reg
u lator5-\\ith the exception of ferro
resonant types-can 'l COlTCCt for ac 
service transienls which are a sub
cycle to a few cycles in duration, The 
response speed isn'l fast enough and 
the transient , perhaps sOl1leWhal at
tenuated, is passed through to the 
computel', 

111cnc;..t Ic\'clofconditioned pow
C" is regenel'ation, cit herby rolating 
or stat ic Isolid-slatel equipment, Re
generation eliminates subcycle line 
transients and includes grounding iso
lalion and voltage l'Cgulalion \'arious 
degrees of ae-outage ride-through ca
pability are also available with regen
er-Ition-type systems In recenlyears, 
motof"generator sets packaged for a 
computeN'OOm emironmenl have be
come a popular, cost-effective choice 
and offer an ac ride-through capabil
ity of a subcycle 10 a feweyclcs. 

1b provide protection against 
longcr-tcl1l1 ac outages 'minutes to 
hoursl a UPS, which uses the stored 
de enel,&, in batteries, is the most 
cost-effcctive SOlution available, For 
extended ae outages Ihours 10 days!. 
engine generator:s al'C nOI,nallv incor'
.era led to prmide backup po\\'er 10 

the UPS, Sc\'erall'Otal'\ 5\ ~1l·tlU, al&o 
offerchru-ger ill\'C11erb8ttel';' add-on 
packages that can bt> w'Nlto IlO\wl 
the motorgcncl'Utor through lo'Vtf'r'
teml ulitil) losses of 30 mill ormore 

POWER-DISTRJOlTIO,\ l'" I;, 

An ac powcr'-distributlon unit pro
\ides an attractl\'e, compact pa('~(' 
foroomputel'"ef.Juil>menl jlO\\"{'rdialn 
bution and {'Iunjnalrs Ihe Ilt'f'<l to 
hard-\\ire youroompUlt'r room III 
conduit It 'iJ mobill' und u,,"es fl("lbln 
plug-in cables thatlX'nnil rapid 10\\

cost installation ol'l"{'an.t~{'nlt'nt 01 
equipment Since I)()\\(>~i!tlributron 
units offer no indusll,'·stand:U'd 1('\\., 
of conditioning, you ~t'l!d to ('011.'11£1(>1 

adding extra-cost optlona that nUI\ 

not be pan ofthe ~sic unil J1l("~ 
include: 

• 

• 

• 

• 

• 

Isolation transrorme 
Required to estabh .. h a M'parau' 
computer-power g"Ound 
syatem 
Surge suppression ,h'Om a 
rew cycles or I(OM; to 100 
O\'er\'Olt~e 

Transienl suppre"$lon ,tOf' a 
subcyde ("\"("nt Ihat rnA\ 1)(' 100 
to 5()(Ft outside lh£' f'('~tatlon 
windo\\ 
EMI sUIlPre!.slon U('1'trirAl 
!lOiS(' til rrequrnci(':' hum k)\\. 
oml'r hannOni('!'> to nl('~h(>n7. 
Llghlning arresfo ~uh(,dc 
{.,\'Cnls that rna\ read, thou- ' 
sands of \'01t1o ' 

shleldil"g-fOl' adWlMmil 
eleelri('a1 001"" .,\11 at~ 

• Llnc-\'OIIa&e ~ruiatloo
'1~'PiCAI J)f'rl0l1l'lM'nr&lf!'ic
("('pi a 20'1 At: ltlpul to : n I: 
OUlpUI 

• L.l.f."'-\\ Ide InpuI,,'GIlI#a,. 
bl1lf') --~"leall.\ U Io~", 
for Slbl&ant"'d undt'f' Cl\tn,. 
Itf(f' Ofwnohon 
.\ 11O\\\'Nlu.tnhutton 1L1I1 •• 

• (-on\~it'm ",",raJ kxAtianbtt 
monllonn,r;&; and I'tICOrtiIlltJ: cI ft'ai. 
limp t"Untilhu, .. fur incornIn.cl('lrft. 

1('(' and tht'< ole powt'r UUlpl,lt mUr 
tht' COIIN.,tlun And du.,IIa)'oloda
rornput('f'-rooln and bud~ 

ll~ tOR lilt. to\lI'l. ') t fI 

)l()\\ I'N'ondllluninlC And paM'" 
dl!lolnhutlun plUdlk't" can~ 
Iruol;ll1ftd IIllhl·('(lml~U'rrooa.-
\\ Ilh Iht' nulAh": "'-''t'pllOO priar 
1~'''2 pf"tetl t'I~UlUIA tort! II' 

toIaJlatM>n to a t'uml'Ulf'I' room. 
tnll: fiK-tUn--4klfW or in 
1t.lIKlIl- \\1,"" IhI' .\~rm .. i .. 
\\"""hl aprr.aranc-e audilIr 
("Ulllplt'\Jt;. oC {tfJfnt6on arxIlbe 
nred tOI \\,'I'I'1!Uba.Ilt'riPS. 

Jl,lU t p.. prudlA'l cbdnl 
11lf' ('.u('uluu.l.a.llalton uwNd 
10 IJOO t'\.I'IorIClt ... J \\llh p'" 
dUotrihuhon UIUI" and ~::;,
cuothllOfltft ~\..Jt,,'l ~ 
\\l"'U ImroduCftlm 1<}."i!,,1th 
malnll'I\4f'k"r In:or hant'ries 
fOf tn"IAllatlOn Ul 'K"\' orf'~. 
pUIf'r f .. Ctl!t ... ·A 

-1111' \ ,·!1I.ltdll\ iUld n:al
t'fll~'II\\'nt 01 d. MWI\t«=' 
Illli tralt-d b:\ C.otnIMJI~1\II1lIl'I 
(.orp • c"on"'MJIf'f'faci1Jr. ~ 
linn In "'Ilf'in~r ... kt \ \ In thiS'" 
lion ",h .. h b.n 1 unlUUltl.lW'I
putt ... l.tclLt~ \\ as hclnf: bui!l: ., 
1", lin,: oIk-e."WUl~~ 
hon Icx, .. tt'<t In'' R!btA nfIW_ 
lri4J JlAri.OUIWc-lethrdl\ 1'ht,. 
lem"l and KJluUon,'1Im~~ 
AJ!'I()"PI,I~ loelocatmin.dJIW 
offll'(" crnlrr II 

111e romputn-burd oIdh'IIIf 
ll)(,f"umJllecomlr.an~ tydpPlf" 
('nQ."d ~ probIemI.,t 
huh of &c-wn fno d~ 1111 
d. ton" .. mat ... II,.....nl P 
h~'hon for ltv 6m1'.18\1 un ~ 
It'm OUter An!a5 an' p.II1 alp ,; 
and an • J1O'\\ffCOflll"S trom
"'Ialton lbr: kJc;.al Ulilit;to .. ~ 

No. J EPE UPS systems 
A complete line 0' UPS systems, coupled WIth EPE's 
Computer Power Center dlStnbullon unIts, can tncrease 
power conditiOning etfecllveness to 100% protection 

EPE's Powtrbloc UIS the only system avarlable to add 
battery backup to elCisung MG sets This unlQut 
'upgrade' system IS the only uue off-Irne UPS available 

" you're faced WIth the deC" 
SJon of Cl"lCloslng a power pro
tecuon system to( your 
computer, we'd hke to send 
you a copy of the Bell labOra
torIeS ~port ~The Quality of 
US Commercaal IV:. Po'wef~ 
For your free copy, wnte or caU us 

------

EMIfRGENCY '"'OWER ENGINEERING, INC , 

l'" Ct_ X I'IIt . Cosu MI"W, CA 92b26 
po >Of' 714/S57,1636/ Tt .... 183,535 

The Luder In Computer Power Te<hnology 



Noise from switching equipment. 
power interruptions and unsteady 
voltage are more than simple 
annoyances - they can cost you 
money. Errors and equipment 
damage are common results of fau lty 
utility power. To avoid these problems 
rely on Computer Power, Inc We offer 
a complete line of standby power and 
line conditioning systems . And our 
price has the competllion spiked 

Computer Power has the system 
to handle virtually any line 
disturbance you encounter. 

We·re the UPS experts . Ocr 
UPS system protects against SWitching 
noise, lightning , brownouts and blackouts 
At the instant of power farlure, It 
automatically switches to standby power 
with absolutely no interruption Models are 
avarlable to 75 KVA. For isolation from 
commo,n a~d transverse mode nOise, Our 
LCI senes IS your choice. Special 
s~pa~ation between primary and secondary 
windings enable these umts to delIVer 
maximum IsolatIOn 10 times more effective 
than ord.inary isolation transformers The 
LeR senes. our most cost· effect ive 
line conditioner. uses 
a ferro·resonant 
transformer to ..... -. 
provide super high 
isolat ion, suppression 
at equipment 
switching nOise and • 
virtually foolproof 
regulation vs Input 

• • 
LCR lCl 

LCS 

UPS 

voltage ctlanges For IJ/'p condl ,onrng 
Isolation and utility VOltage sutlllUloOll 
In a lower cost unit. OIIr lCS set" IS 
Ideal Oesroned pnma!lty lor to .. cost 
mini and micro computet \Iems. 
the unll can be mounted 0/1 tnf 11001 
under the computet 

Computllf Po", ... has the tystom 
you need and I price you 
can afford . 

Whatever "hllty pov. prOblem)'Oll 
lace. Computer Po"et has a 'em 
to II and your budget Our tn:td nt .. 32 
page faa·1 led caulog SIlO ... OI! 
mOre lor your mOtley Sencllor tocay' 
COMPUTER POWER, INC . 124_ 
Streel . High Bndge. .. Jersey 08829 USA 
(201) 735-8000 Tel. 847481 

COMPUtER 
POWER NC. 

... , ...... Summ~r IOU -
~ .. i~ of .1ypknl l PS In"lnl ta lio n I.llr.STALLHD UPS COST 

LU1Ull O 'llllP'" ' T 
ATl\\\U'''l I ",1 Ul. \TIO' 

I • • 

OPTIO 'J ONE-In the c ompulc r room 

• Ex idc Elect ron ics Series :WOO 45- .... 'W UI'S 
-S·min . scaled , m ainlcnllllcc · fl'C6 butlcry for 

a c l'i ticaiload $59,000 ......,.,., 
~U" Indud~ IT _mod _ ..... "411.., .. 1 rn.nuf.Kt Urin~ 

~lul,,"rnt·nt .. planni"#( 
If"lrphum'" 

- Ins lallation S 1.000 

Tola,l Insta lled Cost - S60,OOO 

O I'l'ION 1'\\ O-ln a sep arate UPS blluery room 
a..i&<I.f'IcUnl -"""Ito Tn» tn.lNmr'f1tJo mk"'''~ 
p~rloJ)mrtlt --_1'KWd' 
~....u.d 
pmd>-

... cbU 

..... CIlTI.-nt>lnoh 
~"ott ... 1 
nI .. dpn .. f1t 

...,. 
~-urnI'Ulrr 

.......s 

t l'IOnl'rnlV' 

t n,w,mf'C"Mn8 
J ''Nnt't'lilllC 

\t,u\I'tUlf{. ~d1t-" 
",mul.l( H!flnK 
" .. nufa. h.Mn,c 

11Anl -\\ uh
'''I.I" '»4I'>U\1C 
""nuC "IUI1I'" 

I .n.glnrl·n~ 

«Jlftke ,tn'. 

r..puwr- l\oom I r.lurt·, . "d l ,qulpllU'nl 

• F.x ide Electronics Series 2000 45-J(W l'IlS 
-S.min w et·cell blltt CIY fOl' a 

45- J(W critical load 
Ins ta lla tion 

"l'0 11\11n81a1IOO COSt- -$66.800 

COST SUMMA HV 

ll'S ins talled In the computel'l'DOlU 
• Co mpuler- I'OOIll cost 
• 4S·K\V UPS instll l1{'d cosl 

To ta l Cost - SI6O.000 

l' PS installed in oltt'para. ll' room 
• Compulcr-room ('o~t 

• L'PSib a IICI)'-I'OOI1lS cos! 
. 15- .... "\ U lS instaUed COM 

lo tal CoSI'-SI99,800 

S63,800 
S3.000 

Sloo,ooO 
S 60.000 

5100.000 
5 3 1,000 
5 68.000 

• ICHonair"ClJndltMJltir\i ,Iut !,s J1..-luml.lnc;.'t. 
-n." monlhly"apenM' orlhe 1'\1,-. Zoo·Ii' 11l.....: .. .. 1 f"r Ihl' l ~ .nd 
batlM)' r'OOfTU •• n MIdIIIQI'IoII1 f(Hol 

• 1SO n..1fI-colf\l It~ 
..... Il00< 
und« Ihfo \ lOS 

.~ ion unit 1,1u. ,-.. hit 

• rc Ift\,k . r. 

-fno.tatcd conatnx don 
-Aampa. handtaIh Irlta 

ToUJ InItADed Room CoIo'-IIOO no() 

Forttw ",,""fI , I~ bIIl lt'f') 

fIrillr, ...,..10110" in. 
"... t. mu .. ' lH" mt'l j 

' 1 fI~ ftoom 
-\~ IIIDUflllI,mohn,c 

.J tel COf1Iotruc lion 
-Aoa1tiana1 air ("()('MtltlOlllOlC ---_'Wan 

' 10" 1M &attrn Room 

--~. 
-~ C'CJQ&tructkm 

-'---L)'t'WUh 
-DC and banmv-

dikulDft:1 .. i'rh 
lata! irnII&Dtd zoo..ftI t'oonl 
Cos!-131.GOO 

A Glilch Killer 
Is Nol Enough! 
Your Computer Needs 
CompleteAC Power Line Protection 

Sooner 04' later your 
ompul8r..,., I be sub,ectedlo power 

line problemS that win resutl In costly 
loss 01 data 04' even damage 10 the 
eqUIpment You need protectlOO 
aga<nst transients, 1lO4S8 and AC 
ground loOps. also .soiatlOO and 

.... .... .... ----

reguI8110fl Exhn's Computer Power 
CofIdlll(l(l8r will gIVe you alilhal plus 
m8)umum rehabllLly 11 s cheap In· 
surance and you pay lor It only once. 

Get siithe stfslghllscts about 
power problemS and the soIUhons 
Irom Exhn 

4868 Ronson Ct PO 80)( 178471. San DIego. CA 92117 (619)571-3134 
CAl l COLLECT 
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STAIIC "" WITH s-.IlItI_ 8Amll'l' 
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FlD1AAV POWER COHDITIOfrItA WITH D1STJIiIIUTlON 

"" COIIVEIISOI PK:¥,N;l. FOIIIIOTAAY UHfl co 
8AJTEJIY.QIAIIGE1I4M!IWI fit 
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as a reliable suppliCl~ but plant opera
tions create a poorelectlical emiron
ment and briet discemible power in
terTUptions la few cyciCSI occur about 
once or twice a week. Longer-teml in
tenuptions, perhaps 30 s or more, oc
CUT' about oneea month . 

The accompanying box details 
the computer 01' compuTer-based 
equipment at the plant and fcatures 
oflhe ISOO-ft computerrool11_ Addi
tionally, the box delails two UPS
based power-conditioningpower
protection opt ions_ In option one the 
UPS is located in the computer room 
and uses the new scaled, mainte
nance,free bat1elies_ Oplion two uses 
specially constlucted rooms fol' the 
UPS and wet-cell baIlCl}'. The oost es· 
timates are based on use or4S-KW 
UPS and inc1udL>S the cost of the UPS 
nith batteries, plus unpacking, mov· 
ing. placement , and hookup. 

The computer room layout in 
the figure is designed fora typical COln

puter system and requires a 4S-Jo.."\V 
UPS for the following equipment : one 
113~1 4341 CPU, seven disk drives, five 
tape drives, two printers, and temli
nals, modems, and miscellanoous.A 
listing of various phYSical char:lcteris
tics and list p{ices (based on May 
1983 catalogues and \'Cndor represen
tatives] illustrates the product spread 
available from major power
conditioning-equ ipmcnt suppliers . 
Using the Table, \'arious other 

2" 

,..Ie' UfU .U" • 
Nt ~'''~., "UJ ..-

•• ., - • ~ •• •• - '. '"' n, n, . , •• .. • ~ U' •• - • '"' 
., ., ., •• .. • ~ 
., - • '"' 
., . , •• 
•• .. - • 
a, •• •• - ., 
u •• •• - • ~ •• .. - • ... '" 

~ " •• •• - • ... ., .. .. - • 
~ .. d' ., - • 
'"' .. •• .. , . M .. 

power-rondltionll'4( aJt('mAI,," 11M\ 

be sub:.tituloo rOr COml",.,Mln 

SEAU.D U .... \O-A(:IO BAl't t Rtt _' 

One of the kl'Y elements that mal.ro a 
computel"room-in:.la..Ilt't.lll~ 1"'- , 
ble is the d("\"('lopmt'"nl of Illro M".tl"c:t 
high ca pacity It'ad -at.'1(1 b.illlr,,· lb 
plimal"\ featul'('S are m~mmaJ h\'tlm. 
gen gassinf( dUI"~ I"'f>('hM"f{(oam·' a ('.1)

IUI'Cd-electrol.\1(' :')o'lltcm th,,1 p'mut 
thc st'al('{1 0011(>1"\' con:.ll"u(:t.," 11"Mt 
balle.)' ca n 1)(' mounted in am • __ j. 
lion-e\'en UI)sid(' down If d . 'n"(l 

Bcfol'C high ca pa(' lf.\ at·'"lt'(l (I.IIJ. 
were inlroduc-ed laboul 1\\0' \'t'al"ll 
agol, lead·ca lclUm \\'(>t-t"t'IIIMu('rn' 
were thc most C01>t.o(>ffl'<"IJ\'t' t'"n"1{\ ' 
s torage systems that could prv.lde 
rid~-through capabllitl(, forlXJ\\,., n . 
(IUlrements of 10 Jo.."\\ and a l)()\11 10 
make prol>eru5C ofthClf> h4iu(Or .... a 
separate battCI)"room f.anllt\>· ~ nt:'f't' 
ed forcolltrol of su('h Iletru. " h\dru
gen-gas c\'oluttOll aCCidf'ntal ('1~tr'Q-o 
lyle (sulfuric ;'IC"id spilla,tto,ambM"fl1 
l ~mpel"a tul'C, and eXl>osure 10 ctprfl 
hlgh-\'OIt"8c de {'I('('tnca) ('(mduc.tcra 
. Dunng reCharge. \\l't-("f"1I bllUf'T' 
les glVc offhydrogcn and O\\1fMl a 
mlXture that becomes \"OI.t~ro \ :hrn 
the h'drrur.... " • . -o~-n COntcnt "cllI"h~.. 01 
th~ endo.!>ed volume SarI'''' ( ... , .... no, 
jUu'C adequate \'('ntTJ.altOll 'to IlIntt 
t ~e h)o dl"Of;cn COntent ofbaut'I'\.mnm 
alrto I' Or less -\ numl~o( . 
abhles are im"Oh-ec:1 but on~ to ~~~lr 
c anges may he . 
a small encioS('d~;:d J>('r hour tn 

• 
• • 
• • 
• • 
• 
• 
• • 
• • .. • 

n' .. • .. • ." -.... , •• • .. • • • •• • -• • • ... • ... • • • •• • - • • • •• • .. • • • .. • - • • j I-• ... •• - • • • 
• OJ • • • 
• , ., - • • , • .. , .. • 4 

• .. • - • • "' • - • , • 
~ .. • • n, • .. 

8_\ d"'!llpl II..,."", ... UII 
raktum n'UarnKfuc? __ 

~-ndW1""~ ~UJt 
f~ the- 1(.1&1 IC» f'\ululka-Thrllfl 

U" I'l"O and Olhtr ..... 
o t I It.,. ((.H Jtroductd .. -

h n ..-uhuwd UIIO thuln:nh. 
It'lll \\llhin ttw nil and_. 
\\Itltolll kJU 01 rIrrtroh ........ 

\\ hl"'fI tiM'" lnt.-m.! trD~. 
t ....... t-: to IOpt.! lhilc:ardld
cJn'Ut dUlVllC. ~ ~!I: 
:aull Wl~~"1r 
111,,\ the 1 Umil undrr"'" .--DlM! 10 '" I , .... _!II 
t'tJllak I ... M'odnt_ 
in. f'DtT11"K1 rr-toMn .. -
t '''' _,,,lIbt'" of \.n 
which J1"U'tdr S Ie) U mil If. 
th f1'SC'f\ I~tr 
"T"iIr.tlt of addd!d\ll b~ 
om, ._ .. d. ""'"' ~ 
..... tin«.ldro .. __ n .. vt
\~ "fliJr .. s .... 't'2I' IIIr It_.
man lor IhI! M!2!rd t6- 11w 

blnf'rirs an' awnIenanctter ' . 
...... J\4IIl O'Ioft'".ftI 

-' ., 
~rublf' 1'0" ('r for 
Portlbl Compul('~ 
IIt Dl,tdltMl..n ,t t.~\""'nu' 

M JDUI* mictul'Uf1lI'" 11'1 
..ai_ t~, Itl 1M' ttA!rolh 
[IftiI'd)Yl t\tlh flO'\~'Mfu1 n .. 'ltlun{'!; 

If!d~ """"" ""Ilaln! h~ tht' 
OIbortWIII"II9Al '!Y.I Ih .... till" 
).J\'P'OU,0ltunII '"acl~ l~nd 
~ and _ dllun " II1M 1M"" 
.... C'I'XIIpAI'n haw 1WT11 bltm' 
Ptd and hiM' mMIr It 1IIIu full 

Mt"ptt In und prD\ides unintenuptcd 
I)nm(" pQ\\'l'r 10 the Access during 
11Il(" po\\,('I' loI;5 01' inten,..ptions . 

~nU' olher poI' able computers 
hC'II~ 1)C)wel"Cd Ihrough tlwil' ac line 
(·ol'tl~ IVtluire a GO-liz battCI) ilwel'
f'1" f'H t ht"'ir IU' fnns , 01' perhaps a 60, 
10 ·U)O· IIL hl\'('I'CI' if a 11'3115fol"lnOl' 

Ivpt· 01 I)(}\\ ('I' supply is used 01' a 
M\ Ildllng ~upply with an ac s1m111p 
('In'uit tight fl'(-'(Iucne) oontrol , 
TIlthl m'I·I.\ from a CI)'StaJ oscillator, 
m .. \ dl~o be l'C((uired to pl'C\'cnt 3n, 
no\ IIlR \1d('O ,In('r 

Summer 19&3 

The markct fOl' llOl,able power 
for ponable computers Is growing 
rapidly. These manufacturers esti
mate that from 5to 20' oftheircus
tamers intend to purchase a bnllClY 
I>owcroplion, and halfoflhose in
clude the cal"l),'along balll.'IY. t\1<mu· 
facll11ul"S who consider their Opl ion
nl bUltelY power needs eady enough 
to affeci the design have 1\ hC1ld 
stm', and thL'Y and the independent 
deve lopers .we busy pushing the 
state of the m1to make poI' able 
computers tluly pOl,able . • 

,.,.-.. 
""'"""" Irw of dW"K'T nWiI l' 

..., Id!R' pR"P&ft"tlto ... t.c: t _", 
,.nattbln", IJ()\\'-'f IMJ'1f te) 

~tht noquin'tl ,,,.1\\ if't 1I1Wrtt'I 
cr(U1l.", arto d"'«IIIIOf' thf" 
_cxtdr-manda uI thl' nUl''''I'II''1 
IbS-binro pM"'" "pilon •• 01 · 

~ Indq:wucit'flt n.,.. h.a\"t" 
~"~.llhl'n.IUlt Ill" 
~b) dW'0I \I ordbl th 10 tht· 
or! 

~--

"",,,,,,,01 me U'\ '" h ... 
lt1Ir bInIry .. ~ , k!alt .'k! 
..t -admhm, ,,, ... d 

~ -«diAl'" uflNd&dtl 
IIIaerir'I WI' _..u.tJIf' Ir'Hn AI It-.. \t 
.,,-.dac1u"'"'n ..tluuhl"1 
III1p or bfiJ. -loop &IT"t "1« t 4.00t· 

~~ID II \h,.. uf II 

"'*"I' '06 porubko I1U(nI('UfllltUlt-t"" 
liIbidt: f)I*".aIh .,.quirT. bum .ao 1U 
811\ ci InpUI pcM .... an hGur ull .. t 
~ CIpI'f'It1ng Unw ""'I'IU~ A"· tu 
U-.\brbinrty ~'l1Idd."", .. 10" II,. 
\~ bat ",.,lIlr ,k-Ihl'f1'\IC 
Ibout alhlrthnont JJIM It". I ht' 
_amp-hou, raln",."d \\"If'ht 
COlI up to twIc-r mut h 

linin ~ lm'I1''''1 • \tll1 

.wtpui or COI1\t!f1I!n d ,,;,)1.1 

"-~ R!!Itu"~lIt1'ntlt df"
""'*-d ~ U .. N"IIf'Clt 0I1he '"Pf" I 
k parbbr c:ompuil.,.. [1 .. ().tJUf'1le I.... ~t\\lth. 
... puwt bal1"'Y ,"pUI C"vnrM'(tur 
ItloIII1IqIJlnod M'lI'"""Jialtod of- tZ S\ 
cit IIId • S..s\ de tor port..t,lt 

..... -Alb CIJ'IIl*I ... ud of tllr. I)t'('° 

!rum h U. buDl in han...,. I~" up-
lion b dw poruhtr ("flm 
PUla' IYIlnn. ThKIIf'lIC-fUC-l ulClud", 
I \ £Ad ba!1f1'\' b 1 hI of Ofll"'BtKnl 
_"11 Z1>IqJbaUft'\ dllll#" al"f'· 
~Ioranr .... wm.t pl~'1I11Z\ 
~ IUppI,) .. pGWPHIAllJa 
red.~ WJ kldJc4llur and 10\"'" 
ban") alum huvrr: .."d a ~nrf"\.: 
pc.ft"CDn\utn" tlwl"UIOf1"'IK'aJJ~ 

I 

I 
Shape: -

Solution 
to Power 
Pollution 

ISI~I 

I'qulpmcnl pc:rrornlance problems 
uu!>Cd b)' power line: potlulion are: 
1\<)1 rotrlcted onty 10 comptllct'I Any 
microprOCCMOr.cOntrolied device: Is 
5Usccplible-indu!itrial robon. proce:M 
conTrOllers. Idcpbone PABX li)'lllem~ 
And all on be prolCCled "'llh Shape Une 
Tamer'" (en-orc:sonanl Transformers 

3tandard Sius range from ~O VA for 
electronic cash regi.sltu. 10 10K VA for 
PABX and m,"icomp(.lIer~. 10 t ~OK \A 
~Ingle·phasc and ZSOK VA three·phue: 
for targe in!ilali:mOM So Ihe UneT, 
me?' furon:sonanl lr,nMormet you 
need is IIkc:Jy In .stock. When )'our need 
i5 unlqut, we provide fUllUmaround on 
cu~tom modlficalions 

"h.lpc hu Ihe 'IOlulion ull (lr .. .-Tlle 
for complele information on controlling 
po,..'CrpoUulion and Ihe name of)our 
local Shape: 'IOurce 

901 OuPl~ A>-c." • LumDnd II 601i8 · .\116108,94 nx 910991 l!t'U 



UNINTERRunlBLE 
THE TOTAL SOLUTION 

While some power conditioning devices 
are 65~ effective against power problems and 
otbers 86~ effective-Emerson's AP100 Unin. 
terruptible Power Systems deliver lOOlO pro. 
tection. Complete protection against line 
transients, voltage fluctuations and power 
outages, 

The APlOO, Emerson's most recent addi. 
tion, continues a 20 year tradition of providing 
total solutions for power problems. Available 
in 5, 10, and 15 kva single phase ratings, the 

APIOO assures an uninterruptible lOurte of 
power for micro/min.i~comput.u systems., tdt
communication netv.-orb. process eontrol 1]1' 
terns, security cente",. and other applicatioaJ 
requiring lOOlO power protection. 

For complete information on the AP100 
and the AP1OO'remote status panel, conllt! 
Emerson Industrial Controls Division, ~ 
South Standard Street. Santa Ana. California 
92702, telephone (714) 045.5581 

I~ I=MI=ASDN 
- Industrial Contn:>Is 

rite If-orld', lArvut Ma,..,fcultlFW 
of Ultiltterrvptlble Powr Spina. 

---
Off-Line Micro ups: a 
Cost-Effective Way to 
Keep Micros On-Line 

Summer 198J 

<:II·speed 11,111.(1'1" ", ilches enable ofT-line UPS 10 provide essentially Ihe same 
of pruh"t,tion a~ on-line ~ystCJns, at a f) 'actlon of the cost. 

-

b¥ l-"nnlt"1 tI \\ hlt(", 

Tbpu"" 

he high rost of 
"Ull\t'nlional uninlf'n"\.lptiblc p~w~r 

\ It'mlt ' l'~, traditionally has !rmll
.",1 hlad.out pml£'('llon to mail~:ran~es 
.md ItUIlI('[)lnputt'nI . An off-hnc l PS 
that UI,plit,!t l)Ow('r to the lmad only 
II Ih(' pnrn.uy powl'r falls 01' if \'O~tOl8e 
tln.p" bdO\\ a prt'~l~llranl>f('r pornt 
nUl \(' on hoth pun:haM-' and oper
."'''' (,(,,,,I,, 1I0w('\'('r. thi~ approach _ 
h~" 1M!t'U un"uilahl{' hf'('au~ switch 
I lie c"t1uld not ()(TUr fast (·nough to 
:1't,\I.t1111l011l<'lUar\ laps('~ ofpowcr 

I I ,n .. (t'!' from Iht' ac hne 10 the tJUHIV( I •. ~" 
1 . ,"'\ the d('\-'('Iopmcnl l I~ 111\('1 "I 

nl h~h p("('d tran"ft'~ M\-i1('hcs ha.s 
,'llIl1ll1;lI('d Ihls probll III 

. \11 ('Olnl)UU'I'!t. from IlIlcl'Os to 
, ·\f'·.nlt'~ I'U'(' \'uhwr.lblc 10 ol'dl-

,nlS 1 . '. . ' F'c!Ctri-·,)OW{'rdIMllri,an(l's ~ nou"\ III . • an,' 
. , - ~ uitnu(' nU('luatlons ( .... lnoCK· \ ~ se 

p<)wt'routa,ges can cau nUJIlll"lllarv b 
\anl't\ of ('0,,11.\' ('OmpUlI'r pro -

~ 1I1dudmgdata-cntIYI'ITOrs, '''Il'''. . 'MItt'It hal'(lware damage, nl('lnn" 
d 

"
!t'm '1hutdown f 

an . -.... "f'rnltypcs 0 ()!Iwr Ihan Lt,.,. '>C\ .• .') 
, -ondltioning d(."\'kt'5 are a\111 -

,X1\\l N '1 computers .gaUlS! 
.hh, tU prolM, - .... ~nct'.s Isolation rV'M.\T'r ( IMU,Ut> 
lhr30V 1'-' d \011""(-' regulators fomu'", an ~ . 
Inru. fi p-'('Clion ""aanst de ,)('(:11(- 'v -a 
1XU\1 . . and \ulln4(c fluclua
f"lrc'tn('DI nOI~ 'v ........ \'('rcondlllol1-.. ')('t·tl\'t' . '--V' 
t.on" , "' . 5' t both noise and 

1'01("('1 awun d 
rn. P fl ('Iuations "111(-' Iype an 
\'ulla,(<' u ....... ion appropriate rora 
I dn'oP of prot~-.., 

( f" .... ' - plic:ation dc)X'nds on 
part.("ular ap "llncrability of the 
Udl fa('1ol'$ A~ h • 

application and the amount of 
money the user will spend. 

'111C ty pe and degree of PI'OI(..'(;
lion appropriate fo,'a P1ll1icular
compute.'application depend on II 
numbc.' ofvmiablcs, including the 
criticalness ortlle application, lhe 
peculiarities orthe ae power available 
at the user's location, and the .. 
amounl ofmonL'Y the lIS~I: Is ~V1l1lng 
to spend (orpowercondillolllng. 

i\1 icrocolllpulcr'S, particulaliy 
those thai use hard disks. are as \'ul
ncroble 10 powcrolliages as Imoger, 
systems, and microcomputer apph~
lions can be as critical as larger appll· 
cations. In fael , blackout-rclawd 
problems such as hardware damagc 
and loss of valuable d~ta can some
times be more damagmg 10 a small 
business Ihan 10 a large one_ N(.'VCI'" 
Ihclcss, il simply isn't cost-effectIVe 
rora business to invest 54000 or morc 
in it convent ional UPS to Pl'owct a 
SSOOO to S10,000 micl'ocomputCl' 

'1'0 rapidly increasing lise or 
. -',nputcrs has splll1'Cd effor1s Inlcl......... . . 

b the powCI'"condillollmg industly 
t~ soh'C Ihis dilemma thl'Ough cl'Ca
fan oran efft,.'Cti\'C, low-cost UPS. Suc
I ss was reccntly achi(."\'cd wilh thc 
~C\'Clopmcnt of the fasHr:ansfcl'off
line micro UPS 

Uninterruptible powel: systems, 
used in computer applicatIons tmdl
tionally havc been on-line systems,_ 
which means that Ihe LPS i,WCl1er 18 
aJwaV8 on and the crilicalload ai
\\'<Ioys draWl> its power from Ihe UPS, 
'Cgardless of the condition of the ae 
;>ower line. With off-line UJ$, Ihe load 
nonnaJly draws its power from the ac 
line, and the UPS is at ('('51 111C5e sys
tems are far less costly to produce 
and operate than on-line sySlems, 
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..... ".,,, .. 

F\C' I A I)V k:al on-line UPS conS~ls or II recllficr b;a 11~' ctuJp', an Illn'f1« II iNt""" 11._ 
monilOf". and II b}vus 1I'lUlsfer5,,' l ch 

but in the pas t, have suffere d powe r 
lapses-though typically only a few 
cycles in durat ion- thai were suffi -

cient 10 cau!>c !ocrious oompul(''' 
problems bec:tuS(' mo!>! cornpuu·"" 
can ride tlwough onl,\ abmJl OIl!' 

-

-\ ~pk"'oo-lulrl ~CInIIlI 
n tl1lrrt...1t~ rlwJn: .. 
ball~ .. pD\\'C!f" nD\dor 
, ..... tl1ln"("f '\\llth 

~Liebert 
World leader in computer support systems 

Is at your o. _~ 
seM'ce Wl'\h p ~IOO'-- In ~ .. ~ poweI' 

I!prc><itlc:is and ~"'W .. c.mo<-ICO~ 
people -,.:: ___ - •• 

helpmake ='~~hOd sureyour - "": ______________ _ 
computer 1---- 1 

uwestment 1 ~ Liebert : 
pays off! i _ .... ._- ------- 1 

1 i 
1 I 
I ~ I 
1-- _ ~ I 
~ cr. I -- ...... 

COnIocI UebO<t 
today...l)ecal.De protectirQ 
yow computer II as 
important as seleCtIng It 

I.Jebert COrporatIOn 
1050 Dea:Jbom 0r1ve 
PO BcD: 291M 
COIumI>a 0N0 4lZ29 
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Fig 2 A I}Vical off-line micro UPS comlsl' of an im"f!r1er. II bllle~· II ball~ rtloall 
lor, and a high-speed I ransrer5"~ICh .. 
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LINE CONDITIONING 
SYSTEMS BY HITRAN: 

4 WAYS BETTER 
I More choices to fit the degree ol 

protection you need. UPS Series 
unlnterrupuble power systems for the ultimate in 
protection against virtually all line problems, 
Indud~ng prolonged blackouts. SfR Series 
slOllS01dal ferrores.orwlt regulation/ isolation 
syttems to eff~t~ly eli~'MJte problems from 
~nouts. noise. lightning spikes. even short 
hne breaks up to 1.5 cycles. And economic.al UIS 
Series ultn·I$OIJuon systems for iscluion from 
corrmon-mode a.nd tranSYerse-mode power line 

noise. AU In .. Wide 
riItIge ol sizes from -- 500VA to t 50KVA. 

o 0 

- Single Jnd three phase. 60Hz and SOHz. 2 More reliability tS built If'ItO each 
system. We des 'gn. ~1I1d and the ear.. 

directly control the quality 01 all' ... . 
nenu. such ;as; tnnsfOl""R"l«J ma,or c.ompc> 
We carefully select and c.onse and ClfOIlt boards. 
manufacturen' com ,... .... It .. ~I)' ~te other 
trouble-free oper;a::;:enu to USUA: }'bn 01 

"'- 3 Mor H . 500V"",ISOI(VA e a ordable. System for 
__ ...I . • tern. feuure for feu H ..,.. 

c ... " ... ltlonmg systems COSt less to buy, less to install and ure, It~ I ..... 

4 More available. MiII'I f u , IHS to ma.nUJn. 
rush shipment. Other sys!e~~I~~'red SIZes Jre stocked for 

beause we rmke J.n the .un:: With short ~ad ~ 
Mlmpossible to get • 
quicklyM components in 
our own modem plant 
completely devoted to 
the manufacture of SClte
of-the-art, ultra-high re-
liJ.bility power s""ums... -. ,_. ._., ..... 

So. If you are Iookmg for the best ••• -_.:: I 
system money can buy ... u well u the best 
system for the money ... an or write: 

I 
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Oon't Be Misled Into Half-Solutions 
Elecuonc 5tJ(ge rupprOSSOlS <X<y IacI<Ie spokeS exceedll'9 
"clip \IOIt~ 1evEis~ lhal are COlSIderablv Jl excess of normal 
"""ages "SpI<e cIoppers- m "surge rupp<essoo;- do nooh
ng to elrnnale electrCal rose and surges below the "clip 
1eVet" and dO nothing .....tlatever to gel nd 01 sags. glitcheS and 
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ISOREG ModuleS proIect yr:AJ< canpute< loom ALL tt-ese 
botherSafl8 rregJanUElS crd frctn fNf!rY type of sp41<e-1ow or 
hogh_ 

Do The Job Rlght 
when ~ set OJ! 10 prctect 'fOX ccrnputer Irem the ups 

and doWlS 01 ··rem·· uUity poYt'E!r Isolate and reglJate-IHIth 
equtpmenllrtm ISOREG. We elfer small modules for rT\ICft)o 

computers. Olhefs lor mrus, for mall'lfrarnes and anlte 

c:tJrT1lUI'" rooms 
Get Full Information Free Call Toll Free: 1-111:)6.225-5078. 

In MassaCIl.JSeIIS call 617/486-9483 
Or use tte Reader Service Card 
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p~ 3 A square~.., '- •• Ine wa\.., p1U5.1aJp numbero( odd harmon," 

I~I"BFI far exceeds that of on-line 
systems. 

The COSI advanlage of off-line 
systems applies not only to purchase 
price, but to opel"3tingcost as .. veil. 
An olT-line system obviously uses less 
energy than an on-line UPS, s ince 
most of the lime the inverter isn 't 
operating. When the batlClY is fully 
charged, the only energy consumed 
by an ofT-line UPS is that required to 
power the monitor and control ci~ 
cuits. As a result, the typical off-line 
UPS is about 99% efficient, whereas a 
typical on-line system is only 65% 
efficient 

SELEcnNG AN OFF-UNE UPS 

In select ing an olT-line UPS, there are 
at least five basic features to consider: 
• Transfer time 
• • • 
• 

Output waveshape 
Backup time 
Styling 
Unit cost 

As mentioned earlier, most comput
ers cn n ride through one cycle of sub
tolemnce volt age. At 60 Hz, one cycle 
lasts 16 ms, so any UPS with a transfer 
time slower than 16 ms will leave a 
com puter vulnerable to sudden volt
age nuctuations.1yPicaltransfer 
times for off-line systems equipped 
with high-speed transfer switches are 
a maximum of 10 ms-well \\ithin 
the range required forcomplele pro
tection. 

The wa\'cshape of Ihe ac power 
provided by a UPS is also vel)' im
portant, because the harmonic con
tenl of me ac signal can affect a com
puter's petformance. Among the off
line systems curTently available, 
some produce a square-wave output 
and others produce a sine wave. 

A square wave is a sine wave plus 
a large number of odd harmonics 
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(Fig3J.111CSC e.'l:tra hnnnolltc:z. can ad
versely affecl cer1ain I.:n>es of pnnlt'nl 
and may disIOl1 ",sual displ"~8 Thus. 
users should dcl('nnine the harolon· 
ic tolerance oflhc system tht>:\ wI3h 
10 PI'OWCt . before Ih(,)' choo!tO It 
sq ua re .. wa\'C UPS 

Any coml)uter syhlem \\0111 01)C~ 
ate satisfaclodly fl'Om a IIln~ \\.'"e 
BUI the quality of the WD\'('ShafH" is 
crilical Thel'e are many dlffen.'"t 
types ofsine .. wm-e im't'r1enl ('()mmon ' 

Ft,,, Step""·a'o'f!.,,...,('ft a-. ~ _ ..... 
enl~ th.1 are control\.tod to ph ..... and ...... 
tude to prodUC<!! •• Iep ....... '" t·euaJ.I\- dwo "'''. 
are eo.'eflly apact'd acnJM JIkI- .nd d. ~I 
of each Ilep lI.rl~ed 10 IPhmll\8l(1 toM an .... 
honnonla 

Iy used in UIJS. Some product! a d("..tn 
wilvcshape Ihal nearl)· mall"lw IhAl 
of commcrcial (Ie 1>O\ .. 'Cr Olhe",. ho\ .. 
ever, create ham10nic dislontOfllll.llt 
can impair compuler perfOm\aJl('"(" 

Among the mOSI ('ff(,(:In. f\.l'" 
ofsine-\ .. " .. -e im'Crters .n.'lh~ Ih.ttl 
employ felTOrosonam IPc:hnolclllt\ 
step ...... a\'e technology or pulae"\\"Khl 
m~ulation Of these IhnY. pulao- 1 
Width modulalion probablv a. the onto 
best s~ited 10 off-hne ""crO .. IMllf 

Fillenng inherent in fl'fTOno.o
nant transfonne.rs enable. (ern)

resonant-type In\-cr1enJlo pmdut"t" a 
cons~tentl.\" clean Sine \\a!\'e mo· u. 01 
~'el)' SllTlple circul1~ Ferro~1 
IIl\'eMers are, Iherefore, hipll, reb . 
a~le. They are also bull., and·Int1'fi . 
Clenl. howe\'Cr. and .... __ -.. ...._ 
I ~uset'~'are S ow to respond to load c:ha; .. ~ 

=i~aonfftiln\'e"ers aren I 6U~hl .. ~ 
.. me system./> 

-.. -SI('P"\lI\'P IM'Pr1 tr1l!01Jl1o!. lao-

("raj squMf' ..... a\~ ~f'l1f'ntllh~ .. 
rontroUed m ph.aafo and 1mpUt1lde, 
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and thft h~1 oIe.rh I",it_ 
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t fi«"" _ Tht' rffiWn~hMmon:ia~ 
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1>He fiJlt'r ~1fV""""t." imwtm. PI' 
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b-Industrul wi "'nd 
II.Im' ft t.d for oIIk" rm1fUfl
..... lUrand~1 an'I,,-oIMhl\ 
.. _ irnplrtmt A'tJII'C1 In ("01'1' 
.~.lhrcomIM.tcrtu~ 
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___ C'OII\utknc .. In ..... h 
c.a Ihrl'PS ..tKted rJVJUkJ hl'l 

IIDIIII'fQlCh and..,.,,' rnotII'h In hn 
IiIad on or undn" ,two ~ t 0'1' IM'at 10_ 

Ptrt..;. U. mo.! lmpOrtanl 01 
lil*!ot IMfurn, h ,Jf1("" at",pl\
-""dw ~ llUlllOK' or 11"Jit'l'o.(' 
.,...... to ~idD a COIoI ~ In1f 
~1DPI'aIfft ~~ .. mitiu(otn· 
II4tn ~~ " .. ~ hf' tn· 
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Ihf' ("(lSI of the system to be 
pmlf'CtPtI .. 

n,(' faM-trnnsf('r off-Une micro 
l I~ 15 an important t{'('"hnological 
dt'\~lopm('nl-nearl'y as illll>011ant. 
pt>rI,,,p,,:. as thcde\'~loplllenl of mlcro
c.'Umput('rs th('I115('I\'('s. \I icrocom
put(' .... ha\~ Illnd{" affordable the 
man.\ Of>n{"fils of ('olllpuler technol
Of{\ 111(' off-hn(' micro UPS makes uf
furc.l.thl(, Ih(' protl'<'tion ncct'ssaJ), 10 
pl"t'\ "('nI pow('r dlstmilun('es fl'Om 14k .. 
IOAlh('M" ht'lt('fils awn.\ • 

Dannie l White is engineering re
search amlfyst for TOP.1Z Inc. lie Iwld!> 
a BA degreefrom £1SlCrn \Va.sllingtoll 
Univ. and an AJAfrom Porlfand State 
Univ. 

Take a 
cto .. took at 
Data .. '1.'~ AC "",w." ".,ok".: 

o.~MV'IoI" endI lhe haVOC IN1 ~ 
bIaot"lloUl •• I'd lin. d,"urbe.nceI do 10 
~100 COIfIPUI ... .,.tem. 

Upon PO'*.r 1.,IUre. 0.1 ....... ' .uto
_IlC8fy ..... ~ 10 ill bullHn ltandby 
belief)' - WIthin 1/100'" at. HCOnd- 10 
oonl,n..,. ~ unlnl~Pled power 10 
"""'" 8)'1'-' 0.1 ....... ' deINerI up 10 5 
","n,lI" 01 hOI6-uo .lluM pawet, about 15 
_I ... 1 ha. ,.,-' Ioed. ThiS II'"IIt8ll1 
PQWt>t.iIc)ooIrN 1_ II'OWef 10 relum, Of gn.oM 
you I"'" to doN out hie •• 1'Id shutdown 
~ther IlUpplylng t»ekuo power Of lull 
,~ ovef"'IOIt8Qe 1f.~I. 'rom It\e 
AC line. 0.1 ......... /,mm.'.1 progr.m 

..... 0fS. n'lemot'i loMe .. Of GIl. enlry 
errOfli due to poooo>&r line 

d,lfurbancea. 

... "" ;;~:::::;;;---J plug)'OUr dMklOC)eom-
pul ... Iys'em 1n10 O.IaMV'If".1Id 
plug O.~WlI Inlo the WIll - • .,.Ilable In 
elllMIl 200-wan Of QO-wall eapec"_ IOf bu,,_ Of pelSOl\lll use. 

II 'fOu d.pend on)'OY1 comput.r, 'fOur 
comput.r I"ould d.pend on 0.1 ..... 11 

Ord., I~Y. SeeyoureQU,pmenl de ..... 
01" contact u. d!feetly. Deele. and O.E.M. 
InClUlrla inVited. VIlWMUI-...d ~ 

[)at ...... 2QO-W." - 16"5 
[)al ... .,., IIO-W." - 13"5. 

Call toll-free: (8001851-6055 

CUESTA SYSTEMS, INC. 
3440 Robe.lo Court £9 

S.n luI, Obl~ 
C.lIloml. "3101 

18051541-41110 
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Replacing Bipolars 
With MOSFETs Improves 
Switching Power Units 

1'01' '''' \to I 1.1 s huH' ye t to achieve cost pa ,;ty with bipolar transistors but they 
"" thr I't'hnblh t) and penonl1ancc of swit ching power supplies. 

by IJrrttor \\ ood. 
&nI«nataonai Idl('l 
~uctot I)",u,"o 

reel'nl intro
duulon of pow('r \fOSF£Ts has pro
'-Icit"t a aiKIllflC'AIlI Imprcn'l'ment in 
,h(1 "-'habllity or~wil('hing powen.up
pltt'll nxln" \\'Ilh moroc and more 
M-nllt'ondurtor manufacturers cnw ..... ill" tlw powt'r \1()!)rrT arena the ini
lIdl ObjN·tKJIlS of high cost and poor 
la\aU.Jllllit.\' have larg£'ly dlsappcart.>d 
r>t"",PUt. tht'lr hlghl'r" Cosl, the Inl1('I" 
f'nll'M'rfonnanre advantages ofth(>.sc 
\tt~ll.l. ('ollll)ltl"('d to hipolardc-
... n'~ mak(l th('ir UM" \'{' IY atlracl h'C 

'1oN'"lablcl 
"Ill(' majol'ily ofthl: s\\i lching 

I)O\ .. 'CI IJupplif'S Immuractul'cd ar'C 
wId 10 01 ,\hwhoare inu'grntingcom
putt.r 1J.\1'iIf'rIlS ornuylng slws and 
I\-'Ix-..I hr'it' computei'll and pcriph
(;raJ,. all opt'rali' (rom standard de 
\ullA.f(C ,which can be provided by 
lh(' 'YP'-' o( pm .. -cr supply Ihat will be 
df"knbe<i III this article. Although the 
tnl('nl 0(lh15 art ide is nol to provide 
• ("(JC.Jkhook r('ci l)(' (or an opt imized 
power flupply. the approach laken il· 
lualralcs1he UM' of Sll1aIl1Io\ .. <..cosll 
\t()~l t. h to prore!'os !iublanliru 
&.mounlfl of,)()wer '111e current· 
d";\'('n ('OnfJgUration minimizes clec
In('41 "1n:'''~S 011 the pow('r switrhes 
and .. 'nhal1('("'$ reliability because of 
Ihl' lx'n'ljl1 operatiol1 of 3.11 act ive and 
p3 ~'(' componenlh in the power 

tra in . 111is d esignyiclds an ovcmll ef
fi c ie ncy approaching 80% al full load 
and the conl rolloop W.IS stable fOI' ,,11 

line and load cond itions. 
A medium-sized com puler I'C

qu il'CS 2050W of processed powe r wilh 
Ihe fo llowing spt..'cs: 
• + 5\1 dc, 10 to 20A with a tOlal rip· 

p ie and reb'lJiation of ±50 m V, 
o\,Clvolt age protected 

• + IZVdcanci- IZVcic,O IO I A 
wit h a 10lal ripple and regula
tion e nvelope of ± 100 Ill\' and a 
common rclunl 

• + 26V dc, I to 3A with a total rip
ple and regulation envelope of 
± IV and a common ret urn . 

• Input .. \,oltagc fange 95 to 130Vac 
and J90-260Vac 3t 48 to 420 Hz. 
OvcrcUl'l'lml protection Is re· 

quired on aJl outpu ts, and the powe r 
su pply should ha\'o a min im um effi 
ciency of75% at ru liload . OthOl' re
qu irements such as VOl": compliancc 
and £1\11 attenuation arc also I'C
qu il'cd by most users, but are not con
sidered in this 8/1icie because they 
have been extensively covCI'Cd e lse
wh ere. 

CIRcurr APPROACH 

To assure low cost and high effi 
ciency and reliability, 8e\'CrnJ design 
choices were made, including; 
• A current-drive configura tion 

was chosen to minimi7..e Ihe voh
age s t ress on as much of the cir
cuit as possible. 

• The power switch was operated 
at a constant SO'\ duty cycle 10 
maintain Ihe best regulation o f 
the unsensed output voltages. 
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• To reduce the number and cost 
of magnetic components, no out· 
put·filter chokes were used and 
the single primalY inductor per
fonned the dual functions of 
pulse-train integrator for the reg· 
ulator and cun-ent source for 
the powel' switch . 

• 50-KHz operation was chosen as 
the best compl'Omise beo\'ee n 
conventional magnetic d esigns 
and minimum size (cos t) mag
netic components. 

• 1151ZJOV ac operation was ob
tained by u se of a \'Oltage do ub
ler to supply a nominal 300V dc 
bus in the 115Vinput mode and 
a conventional bridge rec tifier 
for the 2JOV input. 

• Contml-loop stability and re
sponse \\'ere enhanced by the 
use ofa pulse .. width modula tor 
(P\VM) with feed-fol'\'Vard capa
bility so that line· ... o ltage \'3ria
tions were regulated indepen .. 
dently of the c1osed·loop 
contml. 

• 45V Schottky rectifiers we re ade
quate to supply all outputs , be· 
cause all input-line conditions 
are controlled by the front -end 
buck re gulator. 

• No pm\'eM\'as ting snubber c i,... 
cuils were used . 

• Soft s tar1u p , unde,... and ovef'\ 'Oit
age protcction, and current limit· 
ing \\'ere all provided by the 
P\VM . 

A block diagram representing the 
powe r now of this approach is sh mvn 
in Fig 1 . 

"'" -_. 

.. '" .... 

In the 10\'" input<\'Oltage . 115 ael 
mode, ac power is applied l)etw...en 
one of the input lines LI or La and tht" 
neutral N. The resef'\'OlrcapaClto rs C1 

and C
l 

are each charged to lh(> pf'D 
\'Ou age of the ac wDvefo nn lapprou-
mately 150V d c \ ... ith 110\ IIc inpuI l, 
and since they are in serie tJw to tal 
unregu la ted \'Oltage Is around 
JOOV d c . 

Whena23OV ac inputiS UJK'd I", 
and Lz become the input t~nninala. 
and the rectifierfunCfio nsa a evO\'-O· 
lion al bridge circuit ) i<'ldnV' a JOO\ 
de bus across capacito n. C I a nd ( '. 

In -rush surge ClIJT"Pn t!laN' h l\\ 

ere<! somewhat by the U M" o f Utl U 
Bmiling thennis to nJ , \ .. h k'h han '. 
negat ive tempcratul"{' C()(>ffin c'nt a nd 
mln imb.e the ir di:.s ipallo n lUuh''
s teady.s ta tc condj tio n s 

SO-KH z BUCK REelfLATOR 

The regulatio n o f outpu t \ull 't 
against line, load and t(" If1I)('''' IUr't'' f'f 
fccts is pcrfonned m th~ bud" 
regulato r st age o fth'C' powrf" UPlll\ 
(Fig l b l. PW" d""c .lgnaJ~ ~ im 
pressed 0 11 trnnSls tOI'l Q t a nd Q.. 
wh ich conduct 0 0 ah('tTUltl~ h alf c • 
cle~ of th e drive w ave fo nn 11l(" 

sWItch ing funct ion could bt' I~P 
formed by a s ingle t ranhj~t(W f' \.t"'p l 
tha t the duty cycle r.t I K) nt"'l-df, If) 
range from 0 to a1 m o.l 1001. 
.. 8esldes th IS" .. d(> d ut\·C\l we- I" 

billty, th e use o ft\ .. 'O tran':L .. t~" 
fords 0 .. '0 separate h l'''' l JMU f 
erdiss ipa tion and ~ u lt_IOu. n7.ll::: 

I , .. 

... .... .... 

.. -
fig I This ,n,lchln« powr r&upply df'$1gn incorpora Ie. ~1(brl.T. to.-~ 

INPlIT R£C11F1ER 

Dual inpuH,'Oilage capability is 
a~hie"\'e~ by the u~ of a diode bridge 
\\,th spilt-reservOir capacitors (Fig 2al. 
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I:aI ... hWIo ....... ) 

MOSFET 5\\'II ('h 
p Ier drive clrcui~ land. much irn 
be less expen ' t can knJW1tnw-. 

I sf\'e to ji;P«-t'd\ 
s,:,a leN:hip "0 F . MO 
\Vlth o vice th . T.T than onr rillp 
switche are e tctf\'e "J"e'. llwo 

P aced In tJw ~th 

00. '"0 that c.apaol n 
t:\\,ICrun.. c:bl. 
dnw 

'"1>0 
m duc tor '-t la at t 

muta ,f'd ~ d~~;':~J~!~~ pan lOf" ill ~1 am.w 
th rt"fCUt. tDr Iince.~ 
.m p<'do ........... kJbo_~ 
Ih~pm\ ."11t~~ 
10 .. nun''Ot·tnt ~tnft 
outl~t \ \ Ihil .. ,""'dh ... b llo 
irlf( ''lfVllft''tft 
• rx bl-. t'UIn'nI .... 

.0U>h 
• IX: h .. \ 

• 

pn.tun-dby 
burndll'p:*w 
11 .. full drcUII: 

M'f'j "' .... 1~. 
nJU&cJ t"" I:IrIm 

""'"" a\\ 1:fK.,. 
andlt ~ 
uld!uUon Wtor ADo. 
\U~t t I • .no~" 

1....- dt1o"';"~"~:::: J. t ldi .alA '".,.~ 
\","II"n C'UtI'~.ftd .... ............... '100_, __ 

"11m brauN IhI' .., "1f1lWI'. tid •• 
cioM-d .-ttchn IhII hill" 
f'rinw) I Thrbridp __ 

OU111Ut 01 Irw ...... ~ .. 
dr InIIUI but.nd . ... 
and It. condur1 ... ....., 
andQ,ondUO .......... . 
natt.' h .. lf n lIP 'I11uL ".. 
palOon" _ .bo'" 
" ..... "bkh ..,. 
"idl hAIl &he..u.. ..... 
txo- rwnswt'Io • Z.",." 

I or do< 01 ." 
<hlp -. "'" "., ....... .- . 

\\ "'\' pal'" 
bUd ~. 
""""'" ondlnlhr_dl 

.l$e"I~ft'W 

~allhrp"""'" 
~I"'''' 

A rIit a«ond bI;w,;:" out or. \uddc n voltaae 
.. ~.bvt do_1I your maU bU'"lC ~ computer , 

J) .tptqout cntlcal data tn"'c ntones. 
Plrroa. , rcccl"ahlc _whau~\lcr I '" the mem .. 
CII')", be "* in~lAnlly 

A2thoup Ibit 1)J'C of d ...... ' JU \ t a Important 
toaUD&lbuslDC •• ,tlttoalarJc corporation . 
lIbc procKtloa W aJ ... )o\ b« n far too 
CDIII)' Cor bu lM a rPhc:atioOi- But now 
dIat "tbe Po_erma er MICro UPS . an inupen
tn't DdbJ po .. er lOUfC.e peclficaUy de i.ancd 

far UDal tritt, tomputcn . 
TlQItC' ... rcctu..rpNe pO .. er 'iystc m pro'*' &0) IInInutt,ohte.ady'lnc ·w a ve 

po.u. tuNiqe,"cnthe mo t .en ... ,ti ve mall 
oa.,1Ikn to nde throuah blad..ou tj . nd voltage 
upcomr'de'y unan"ocltd 

't\1II, w,e .•• ",c po.er" Because ~quare· 
"nt p"-« Impar. the performance o f ma ny 
P"alCT'I. 'Ww tercen and lim,"' ClrcUlt.s. 
Po--.: producc,,, me w.~e that e xactly 
-.:!Ic1lht .... e ..... pc of commcrcial po"",er. 

---- " 

ensurina compatibility with any computer 
sys tem. 

In addition to providing highly reliable 
blackout and brownout protection. Powermaker 
also protects against electrical noise , one of the 
major causes of computer errors and system mal
function. Powermaker is portable. completely 
automatic, maintenance free and plugs into any 
standard 120V outlet. 

No matter how small yourcompuler, your 

data is worth remem· ---------------
bering. Protect it I , 
with an affordable I TOPAZ, 9192 TOPAZ WAY 
Powermaker I SAN DIEGO, CA 92123-1165 
M;cro UPS. , PHONE: (619) 279-0831 

For complete I TWX: (910) 335-1526 
information about I 0 Please send me complete 
the new Topaz I information about Powermake" 
Powermaker Micro I 0 Please have a representative 
UPS , please fill I call me. 
out this coupon or I Name _________ _ 
call us . I, Title ________ _ 

I Company' ______ _ 

I Address' ______ _ 

I City State __ _ I Zip Phone ___ _ . " 
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OlJl'PU'1' KECrIF'IERSAND FILTERS 

One orlhe main advantages orthecuf'
rent -dJivcn square-wave com'C11er is 
Ihal allihe secondalyoutpul voltages 
orlhe power transfOlIDerare accu
rate functions oflum ratios onJy, so 
the reverse ratings oflhe rectifier 
diodes don't neoo 10 accommodate 
any ac inpul-line considerations. As a 
result. 45V Schottky rectifiers can be 
used for all ou t pu t voltages ofthis pow· 
er supply trig 2dl. 

In the CUfTent-fed confcguration, 
filter chokes at the dcoutputs are re
placed bya single inductor on the pri
mary side of the pm\'Cr switch. Be-
cause orlhe \'Cry coarse lums resolu
lion of the pmver lransfomler lapprox
imalely S.6\' per tum), it's necessary 
to regulate the 12Voutputs with 
three tcnninaJ d e reb'U!ators. How
C\oer. since the tranSfOlnleroutput 
voltages are independent of ac 
input-line vaJiations.the overhead 
voltages oflhe 12V regulators are 
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PWM A:>' 0 DRJ\1:.ru, 

In addition 10 the usual anaJOfIC'IO~ 
puJse .... \idth functiOns. tht' P\\" con. 
trol circuit Fig 2(-" I hall> _ fN"d fun\ ard 
function that allow:. _ COn ... t_nt \ull
second output--a \'t'rvd~I"'hlt' ~ 
aCleristic, since it rcd~(' tM ~ n; 

qUlremenls of the c1osed·loop ('On_ 
trol functions and henc-e 5iml)hfH!a 
control -loop stabilizatIOn In till. flO" 
ersupply, the feed·fom'ard C'OO1ro1 
voltage is dern't'd from thedc blaa up.. 
ply obtained from a sma1) hot'
frequency trnnSrOmler 
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WITH A GOULD UPS, YOUR LAST RESORT 
WON'T BE THE FIRST THING 

TO BREAK DOWN. 

Our uPS d 01WO'VS keep yOU In 
beCause we keep our de

powet' Sitf\PIe we UIe the mnllTlUlTl 
ItQn btu of conservatIVely rated 
num That means fewer ports to 
porll do. .... And fewer porfS to oreok .... " 

k~ ~t of thiS SImple lOgIC is on 
MTBF thol e){ceeds 100.000hOufS 

Gould UI"IInternJPtlbie power 
~.ms ore ova liable In ratings 
.yS UV'P./A to 45KVA ,,,,,"-" 

So If you need on UPS 'r'OU can 
count on under any condtfJons. 
put Gould to work And dlscove, 
the pow9f of Simplicity. 

Gould Inc._ PowerCon'l8fSlOn Dt
\IISIOO 27271<urtz Street, Son DIego. 
CA 92110, Phone (8001 854-2658 In 
COilfomiO (619) 291-421,. TWX (910) 
335-1241 

-> GOULD 
Electronics 

I 
I 
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like s ine-\'vave transfonners, switch
ing power supplies demand wide 
band\\idth designs capable of sup
p0/1ing not only the fundamentaJ 
switching frequencies but also the 
fast wavefronts associated with effi
cient power transfer, 

The cir'Cuit isolation obtainable 
through transfonn er'S applies both 
for de condit ions, and fOl'switching 
conditions where capacitive coupling 
between windings or even within a 
winding ca n cause unwanted ringing 
or common-mode spikes, 

Ifs\\itching frequen
cies are too high, leakage 
inductances cause ineffi
cient opera tion because of 
dissipation in the snubber 
circuits that cont rol voll 
age spikes, Convel"sely, if 
switching frequencies arc 
too low, magnetic com
ponents become Im'Ser 
and the increased \\inding 
capacitances add to the 
common-mode problem, 
not to mention the addi
tional cost of the magne
tics , For the above reasons, 
it was decidetllhat 50 KHz 
would be a sat isf,lclory 
compl'Omise between size, 
ease of\\inding, a\'ailable 
cores, and (''Osl. 

CURRE:"'T 
TRANSFORMER '1'2 

CutTent from thc UllI'egu
latcd de bus is sensed bv a 
cur,'Cntll'3nsfonnCI'i f'ig 
zfl in series wit h the buck-
regulator' switches_ 'l1,e 
primary winding for this 
toroidaJ transfonner is 
made by passing the drain 
connection leads once 
through thc core only, thus forming a 
barprimaI}'. ElTOl'S in cun'Cnt sens
ing occur because of v aria lions in 
magnetizing current at different flux 
levels, so two design considerations 
are impol1anl : 
• The core hysteresiS loop must 

be nalTO\\' so that magcntizing 
cutTen! is small and low CUI'
rents can be measured. 

• The design 's nu\: lcvel must be 
small to minimize CU!Tent· 
sensing elTOt'S. 
The use of two switching transis

tors in the buck regulalor allows an 
easy way to reset the core of the 
driver transfol'rner because or the ac 
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nux wavcfonn produced rF~ zbt , 
TIle secondar~' winding is bifilar 

wound with the ,,;nding OCCU P) u'l( 
360° oflhe core to distribute ron" nu, 
unifomllv and to fonn a ('('nl('r t"p 
,11e col-e"is a small, tape-wound to~ 
oid of Square PennaJlD::\ 80. whi(:h pro
vides the necessary high Sl'nsltlnty 
and lineari ty (fig zn. 

DRIVER TRAl\SFOR..\1t:.RS TJ ,\, I) l·t 

Because ofthc nl."ed to produ('ft at ... ·u· 

• 

-.. 
duce mapwtlL1l1ACUrmlb;:: 
at.olutl' min unum 
~1ec:1 COf1' matmal, b 10.
l"dd)'"CUM't"flt k-..e. and b;' 
Oll\. n,pac:l\ae. ill SO lJtt 
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wbtfd ",Uti .... - .. 
I.&r 'al" 
Int~ 

&rr. IRl7Z0 ttt.\fl1t 
~ rno,.mbdw 

na1 %JIJ\\ ~t!~~! 
hlf:I- P"" 
achIn.:d """'" '" 

~ of I"'" train 
~'lIWfonnP'fWft,orandchl' 
","II "u.a)d fT'IJYin lht 
nosultllarrnl~"'.~ 
transbt~ • 

UIDE£LECTROHICS ~ 

~te Switching wa\-efonnl' ror C'"a,....n 
tn'C loading of'll(> \'O~I-I.l ptt'" 
dm:rtrnn:,fonncrs mandalt" till' tnl. 
lowmg ObJech''l.'S 
• ~1aximul~ possiblebanch,hlth 
• ~ n:<IUCIIlf( lea~(' indun.nee 

MUlImlllll possiblt" It"~(, 10. 
ductance by use of 

• 

• 

-Unity tums rahos 
--lbtTOidal gaplC1.1t <'On."s 

-\fulhftlarwllld!n ..... 3600 . ~ 0Ct'tJ1,;)-tn,r 

Minimum number f 
duce - d· (J tum. 10 f'1'oo 

COP~~ll~s:: capa('ltances and 

COrt's '''ith small d' 
narTOW h . laITlt!t('r. and 

)Mt"f'CS1S ru", tu 

POWER PROBLEMS ? 
• 

POWER CONDITIONERS 
FROM J'{"l ... '. ,..,-{talk· 

LlIMI. AK'f ~" 'ACTO" LOAD 

GYnc. 

TEST EQUIPMENT 

SPIKE AND TRANSIENT RECORDERS 

POWER DtSTURBANCE ANALYZERS 

Call or wnte: 

?J1-lQWey-&'cumce, 
(619) 292-4322 

0'nc. y_ rvlt-du', 
(619) 292-4422 

7667 V,ckers St.. San D,ego, CA 92111 .. 
..... lor U>e bOOklet POWER DISTURBANCE TECHNOLOGY by E. Cooper 



I THOUGHT I 
HADTOCHOOsEBETInII 

TOO LITTLE POWER 
MUCH COST. 

THEN I 
THE EliDE 
SERIES 2000 

'Iladlllollall.\: f< "'llIo<iI'r.IIl' siz('(ll11ail1 
frame ('mllplltl'r installations, it was a 
hOI '11('111"'11 two Illlcl('simlJl('s: 100 
lUll' pOl\l'r PIllU'('( ion <Ind 100 l11urh 

cos \i..llage n'gllialors or lim' ('ondi 
ners 1C'f\II"'11\ \'uIl1l'1<I1>1(' 10 nick('l"s 

1)(/\1 r Ollla!,1(>~; 
J mterruptihh' 
iJ(AI'('r t1l'pli. Pill 
Ild!d all of tltP 
,rotecUOII, hut at 
• mll h COSI 

'O\\lh ('t' IS 1\ h,.'1 
tera! rI~llI\ '. Tit" 
E.'<kI" EIf'CIIllIlir's 
Sen 200() l I'S: il 
gI\ )11t1 (ol1lph'l(' 
IJIl)tccllolllltttll 
install ,I (,OSI a 
much a~ 31l 1",10\\ 
Oilier l'PSS\. 1,'11\ 
m Its rlass. TIll' 
:'n< tor)o " ..... \·iell·S 
complete prnll'('lillll c....._ -=-- . 
agunst pike I .-.tI1Sil'lIls,linp 1100se, 
blUl\1101l1S and hlarkolllS. W!1alc\'cr 
happ('rlS,}'UlIrt~llIipl11l'nl and yourdala 
are protl'('ted, __ 

.~ I .. s\,siB' THAT IlELO);GS 
'IIl~ CO\\Pt,:TER ROO\'~ 

Justas IItP Serie ~(jO() filS your hudget, 
It also fits your ('III11PIII('I' mOl11, The 

rompact system,includingbattery pack, 
I' quireson ly 16 square feet, less thana 
third ofthespace needed for comparably 
rated systems. And its lightenough to be 
I ransported over computer room [loors. 
Once in place, final installation is fast 

and simple. 
UPS PROTECTION WAS 

NEVER THIS AFFORMBLE! 

Exide Electronics' 
Series 2000 UPS is a 
new direction in un
interruptible powe~ 
designed specifically 
for the computer user 
who wants complete 
protection-without 
the cost and space reo 
quirements that have 
been associated with 
UPS. Look into the 
Series 2000 for your· 
self. It's the first UPS 
with big system per 

formance at a small system price. ------
f £ _ ,BoIc.tnPOII P08ot5e'!"9 N<. '76$8 

lP" '(1m """".u.,OMo,on_s.v.2C r. 
]P ,_, 

1-
I~ 
1-
1:'- -. .Zo. 

-----



DATARAM. 
Your lit' drive 
connection. 

It's easy to interface your liz" drive to a 
DEC computer. When you have connections. 
Dataram provides tape drive connections to your 
host lSI-ll, PDP-n, or VAX computer, with a 
family of couplers/controllers that operate in 
NRZI, PEt or GCR modes. Dataram's 
couplers/controllers operate with I,.l'"' tape drives 
from all major manufacturers. As slow as 25 ips 
- or as fast as 125 ips . 200 BPI to 6250 BPI 
With TMll and TSll emulations. 

Start-stop or streaming. Efficient streaming is 
supported by a unique RSX-IIM utility, 
FASTSAVE-llM, which provides optional 
backup and save capability for Dataram's 
streamer coupler. A full one-year warranty is 
standard. 

For mor~ inrorm.lltton .. bout 
\i'" drive ('onnf'Cliont. ull (bOQl ,00 t 
Wr'U help you m.keo the ronnf'(hon you rt«4 

STAI\DARD A.'D STlUA\t£1. 

"Ml'f KEN ;roy 
l IPttlR PERn 
CtA. 5 £. LABS 
O",nM TA OBER 
PIt,I·n"r TO 

D~hum Corpo"'oItioR- Pnncrlon Road 
Cnnbury, J 08512 (oO<J) :-00-00;1 _. 

--- Summer 19113 

Hostile Environments 
Require Rugged System 
Design/Configuration 

ti\c l"tJml)t)ll('nt~ ("an be u~ed in hal''Sh envil'OI~I:nents if the system is ruggedized 

.,jXOt I tlwm h'Ulll a wide range of adverse conditions .•••••••••••• 

----.... b) Ilk-hoinJ I., "'rud,\ Irk, 
~th tk"n,,,'t"ln , 
"nd "'lAnlf"\ H llfrldl , 
tl1kiJ;)1tr ( GmJM.llC'f ( Oft, 

nul Cli tht' (.·I('an. of
lin- And Inlo fa(·lo,)"'floor and field
mohlll- .'rl\·lronnl('nl~ ('\I)()~Cb them 
to tilt' h.v.JJl"d" ofwl'Ilpt, .. tture ex
tn"nU"lt hUl1Ii(hty vihl'3tion. shock, 
• \It ,md RrI ,)OOruir<juality, and 
1~1\\1..1 nll('llII\tlon8 i-..n("h ofthesf.'. 
ho~tlh' renchtlon" dt'flumds conslde .... 
Alian III f"\"'l'r)i C'il'lllt'nl of system dt'

Iftn and ronfigul-ation " 
~t.:uldal-d l·omllU'I""Clall.v lw.ulablc 

c"Onlpult'I'C.'()lIlpon<·nts ('n~ be nl~~I-
•• 1 Ilh('"\ Uf'{' hUI'f{'':lt{'(illlto a Ii}S 

i7h .. I . ,>C1l 
It'm Ih.11 pJ'O\icles fcnlul'C& to ('om -
~tf' fo,· ad\'CI'M.' ('ll\ll'Onlllt'rllal condl· 
lioua I ('mpt'IOItUl"'l' tise nUlst be ~n-

lI .. d bv a hlgh-\'Olull1l' fill~I'Cd mr 

0"" ,. ''':'·tronk filh'l"b and shielding 
CJ\\ ...... . "IC ' 

" 
'd 10 l'{'duN' ('It'ctne", III I an'llt'1.' t . 

(t.n'n('t' ~ho~:k mounting mu~t be 111-
Jitallt"'tl to I'('du('(' phyltkal d3l~l:l8e 

, 
"'

lion and shock AIr ente .... 
dllt~ to \1) . ' h ' t.n.< ulIO Ihl' syltll'm allKJ bnngs Wit It 

rt of the sUlTOunding I'nvlronment ::u.h a~ hUlllldlly dirt and h~al l re
~IM>" o(llle quality offilll'nng 

10 build an affonlable n.Jgge~-
lJ'OO ,\-,tl'm mandales comp~nuse d 
~lwN'n a broad .. mge ofopt.,on~ an 

",mt'nl criteria RuggcdlUlllon 
,....qUI '(>(! by complC'tc redesign or ere
arhl{"\ 111 nenl s Is beyond the 
allon O~~lO~)roJtOCIS. Ralher than =1' the rapabilllics ofl~lenlal 

I .... II s more feaSible 10 roIl11)(JIl('n " rio I 
, them \\-·ithin a frall1{'"\\'O (e

piaN cd 10 expand the ImlilS oflh~ir 
.. Ign. Within Ihis context, It 5 
fun('1I0ns . d · ...... ,ssseiccted hostile enpoto!ilblc to I.:-~ 

vironmental conditions and the avail
able dcSib'11 solulions for lhem. 

To dale, the major user of rugged
ized e<luipment has been Ihe miH
tilly. Mil-spec l'epruscn~8 the state of 
the art , but ifs economically unfeas
ible for commercial usc and nOl ruad
ily available even at high cost. He
cause it 's the onlyslandard fOl· the up
per Ii milS of system capabilily, hmy. . 
evel·, il will be Ireated here as Iho opti
mum Individual needs, naturally, 
will dictate individual combinations 
of solulions 10 ensuI'C the mosl COSI
effective design. 

"l~IPERATURE 

Temperature is perhaps the most ob
\;OUS adversily faced by tl'3nspOI1 -
able or process-control equipment. 
Few commercial computel' systems 
will function oulside a mnge of 10°C 
10 40°C. Tempcl':llure-mnge specifica
tions fOl' 1110s1 conullcn;ial compo
nents are O°C 10 + 65"C. Scmu compo· 
nents are specified as mU1uwly as 
+ IO°C ta +40GC. ICsuscdincommcr
cial equipment have a specified tem
perature range ofoGC 10 70°C; Ihe 
mil-spec versions arc - SO°C to + IZ5"C. 

\Vhile absolutc IcmperatUl'Cs 
may range from -z5"c 10 + Izs"C, it 's 
unlikely thai systems will be subject 
10 these extremes because human be
ings can't function at such CJ(lremcs 
either. Conse<luently, it 's neccsS3IY to 
expand Ihe opemlional temperature 
limits of computer systems some
\\11at beyond the still-air specs of 
their most sensili\'e componenls 
This can be accomplished with prop-
ercooling-system design . 

Both Winchester and floppy-disk 
drives have mechanical problems 
with tempcratUl'C change and ex-

JI9 
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aroun d all modules in the b ackpla n e Ih("ir input it rather-rut. ~ tremes. ln the case ofWincheste rs, 
the castings expand and cont ract 
with rapid changes in temperature, 
causing head and disk misalignment. 
When the temperature stabilizes, the 
servo tracks align p roperly with the 
data tracks, again p rovid ing s table op
eration. 

The low-temperature limit for 
the drives in the Micropolis 1200 
series is u sed by the stiffen ing of the 
grease used on the head aim p ivot 
when the temperature drops below 
O°C. The resis tance introduced 
causes the a rm 10 s top short of the de
sired track pos ition. The d rive senses 
this off-track condition and lakes cor
rective action . During read opel'n
tions, l"ecovely techniques for offset
ling and gain adjust ments allow the 
data to be l"ead . DUling wri te opera
tions, the off-II-ack sensor will trip 
and disable the write c ircuiliy, caus
ing the drive to l"etum a write-elTOr to 
the host com pu ter. 

With floppy drives that have a 
nonser\'O step pe .... motor posit ion ing 
system, the offset caused by differen
tiaJ expansion of the disk and media 
results in an off-track condition at ex
tremes of temperature. If the system 
is normally used in hot or cold envi
ronments, the drives can be aligned 
to these temperatures for reliable 
operation . 

The disk·drive media is mos t sen
sitive to high temperatures. The disk 
media used in most Winchesters is 
coated with a lubricant that soft ens 
at SSOC. MicropoJis 1200 series drives 
have a l OGC rise betwl..'"Cn the disk 
platters and the clisting. Thus, the 
maximum casting tempera tu re is 
55GC. Allowing s"C for the heat 
transfer to the cooli ng air, the maxi · 
mum opel-at ing limit is SOGC. 

Quality floppy diskettes remah, 
reliable somewh al above that limit. 
By forcing large amounts of cooling 
air around and th rough the disk 
drive, reliable operation can be 
achieved . 

Commercial -quality integrated 
circuits used in the processor, mem
OIY, interfaces , and d isk dri\'es are rat
ed from O°C to 70GC. Most camme ..... 
cia] modules will func tion reliably 10 
6(tc with adequate air flO\\I. Digital 
Equipment Corp. specifies the 
LSI-l1/23 processor board at saGc 
with a maximum rise of s"C in the air 
ftO\ving across the board . 

To meet the cooling specs, air 
flow must be dispersed uniformly 

lZO 

The boards are n o nllallJ cJU S tCI~ to- • \ 1.in,.mll'\&& pOIlltl\"~ 
getherbecause of backplane pria M- "Ithan the urul ptr\~birIfiI:Q. 
lies. lrthe unused slo ts are le ft e mpty hon 0( pathe-Iet t~~ 
the air Oow will fo llo w the path o f • OJ)MlI~ ttu- &onl door. 
least resistance through the O~1l op«>rauuo 10 ~~ 
space, leaving the boards \\1Ih I"SUm- hould nut alb" duw 10_ 

\\ Ilh thtoo Wb 1J\ Itw IftI' cienl cooling air. 
You can accomplis h IwO th inlQt hac- 1.·lo-hunt au """ a!kM b .. 

by us ing a pdnled-circuit card in all 1M" pu,,)u-d thtot'fCh the UM Ind_ 
unused s lo ts, wilh the p nont\,' grant ,,,an. po&ll,u' P"'uw?"'IhiD.-. 
lines jumpered First the actl\'(' moel- "h('n th .. bUill duor"tJpmldll) 
ules can be more uniromd~ distnb- t hai du.," wrpl ."' .... bIo lbecu
uled throug ho ut the backplant'. Ilwn:>- nO\\U'" aU- lDc1t1Ul,C; lhr..-Imai, 
by reducing the h eat concen trat ion mt"rtJdol~ thr: t.ana In Ihr_ ... 
Second, the air fl ows unifOl'Oliv IU .U,ft\,. \ IM'ntdnC hal \brat 
through the b ackplane rim (1{ tilt' unit Ullfttlt acholppea 

Since aU com mercial modul("., 10 hI' a l'UllIlwornbe brQUld ... 
are d esigned for dil~t tllr('OOlull(. WOIII,I M,.ln IlUII thr.~ 
hea t tl'ans fc r from til(' romponf'nt~ to th,. flU(",. 
the cooling air Is the function to opU ' Otl1 \\t .... n th .. IkM pIttmltlO 
mize for h igh -tempern tul'f' 0 1X'liltUlIl and uut of 1 hI'" f.uu, ""~iIIok' 
11le ma jor fac to r a fTcctl lllC t h .. I("m l)('r- _""Utlnl J)1acb1fC Ih .. !bt'l'brtn6r 
ature of a com ponen l is Ih .. (IUIU1I1 I~' fan. In Ihr .1nt.tf1'lAlft"ut.,.M 
of air passing over it Of M'(""Ond4" 1m- Iwth"f If II .. roll"''' .I .... W 
portance bu l st ill signllkan t $lht~ IU.... IK"hlnd th" lana thr"'''VJldbP 
bulen ce of the air High \1.."lonllt'. ".,.. hLs-.. led at hiP' ,W'Iodt\.-al'''1I-
s uit in increased turbulf'n("'C pun or Ihe lUI and rwulllapxr 

If a large \'Olume ofhl,f(h"t'lnC"lI~ '4IIpIU", ~ npId 
air is forced ovcrheal'proc:lu('11lrIC (·um · and ItWlnboJd. ~ ftIcq 
pone nts. the ir tempcraturt' n* \\lU Ih" IUtrr ",,'lind Itveu.~. 
be minim i..zed and the ma.'"l1Um am· ~Iu'rwi M\'Il"I"AI iftchn,dllfl2l11 
bient operatin,g limJt of th" ,,-,"1>!(olll 4 Ixori&IJydr.a1,cncd III" 

will be b rough t to \\, thlll a ft""\\ dl-- ut d altuniformtythrauP* 
grees of the maximum limit of Ih(" In· HIIM" 
d ividuaJ components \\,m Ihelhl'flnfrt:md.,,, 

You must carefully haLmn' Ih('l II., Air fkM unIIormb ~U 
a ir flow in the various Paths to '-I\"U"'" Im\ ,,",,.-it, ~ In FOd--
that a ll coml>onen t!o ",,<-'('nt' ad{"(luatl tu~ ,,,"rfunnalV'eilftd kM-bd,. 
cooling. "111e TriJob\1(' II illuMrttt( \1m Ih .. matd.,.. "ilhh 
the factors involved In .1I .... nO\\ d(·... de ...... l),,1t~ at lheintal. dttd' 
s ign . A large. unobstn .I(·tl"C:l air IOI"~I' and pf1J1.itban"~t6iD-
and outle t was n~('d to at'C,'ummo' lf~-." Ifttl 
dal e the large fih eral"('a N'C.luuvd 11lr \\Uh Ihpairb ntJbIiIlId 
front and biack s u rfarca \\"1.',,1 u"I-t"t1 tMto bolla'" tu.lmfl! the- bac ... 
cause they rema ll) unobalnIC:H-d In d", and fllCM .... .uppIIrs'-'" 
viMua llyall installation •. t Iltt'" am nk.UIltf'\J akJr1fIlhr fnocd ........ 
needed on both inlale and flUIIN In ktc .... thr ftna1~""'" 
p reve nt infi lt ration dUri~ !IohUldn\\n 1/1Ofl can IJC" drtnadl.d. 

Front access is re-quirrd 10 U\S(>f'\ l'-"'I1lJlC"!"StUID t'llW ~ 
Ooppy d isks A door\\ith an ad ... ,,, .. If' .txw ,ibreUDn.pM1'f~ 
fiher \\:ould cover m~1 of thf' hunt of • MI and lUI 
the umt and pl'O\ide ea. .. , I 
the no~p'y drn-e. The fo"1n~ \\uuld ':10' 
stalled In the back inC'{' moo I 
Ih · h · n""If( em ~ 1 e d oorisn·lft.- Ih,o 

. AU'"f1ow direction \\ dl0ft ..... 
mined by severa) oonl>KlerahO'la 
• F~ns are more etTk: III "u!o.h&n« 

rur than puJJ ul.g · :~t~ts have bell ert'.aptu", t"fl"ki-
CIe5 a t 10\", aJr\"l"IOCltwa and 

mus t be cas\" to chan.. ....._ 
clogged· - ~t- \\. IOnI 

Fans COncent I 
int h i ... 1 nUe I ,"..,. OUtlJUI 

o "O-'H'elocJty Mre.rna "tult' 
• 

¢ 

DISK E ULATION 
THE COMPLETE SOLUTION 
FROM AMPEX 

For Faster Throughput 
and Maximum Uptime 
How l ptCMd the compl"1e solution 
~ penj)ltelal memory problems wl lh a 
ctOiCe CI Megaslore" m mort - ellher 
liar. Ie memory Wllh ~p 108 M B 
taIIOd Of ble m mory WIth 64 K 
Dl\AMuno plO32 MBcapaclty Both are 
IICIIIJ:QCalJrlg. I'Ia no t ncy, aod oller 
_ met In microsecond TMyellml
Ili\e d Cl3S no na no moVing parts 
w .... :>$811$ 10 rempcralure, dust. 
IIrX .no lIOn POpUlar amulallons 
c.o...oe DEC OATA GE.NEAAL and 
HON~ELL 

All Your 
Memory 
Needs 
J,'I\Iltl S 
_lO a l 
)Out memory 

To nd 
OIA_our I bread eng -no 

:5~e8od productIOn 
can hCI(!'.VOU. 8()(}4216863 In Caltlornia call 213-416-1412. 

ca: "1;:=lOn.l~~~ produCI; DIVISion. 200 North 
S eel, EI Segundo, Cahfornla 90245 



COlllputer Tcch oology Re\'lew 

in electrical charactetistics (jnclu d 
ing sp.u'kdm\l1), corrosion on some 
metal SUlfaces , and moiSlure prob
lems on disk du rfaces. This occu rs 
when sUlface temperature is bc.lmv 
the sUIT'Ound ing air's dew point- the 
temperature at wh ich the relative hu
midity reaches IOO'*'. The emiron
menl presen ts humidity ranges of 0 
to 100% , while commercial eleclron ic 
equipment pClfonns best in noncon
densing humid ity ofO 10 SO%. 

Inlemai lhemlOstalicruly con
trolled heal ing elements thai keep 
the sys tem above Ihe h ighest dew 
point in Ihe daily cycle will prevent 
both condensation and olhercold 
s tartu p pr'Oblems. Adequate ai l' filtra
tion solves dus t p roblems, and C<luili
br'3 ting the system with in its operat
ing limits at tu m-on prevents 
thern1al-shock fa il ures of electl'On ic 
componen ts. 

AIH PURrlY 

Particles as small as 0.001.., are abun
dant in the atmosphere in the fom1 of 
oil and tobacco smoke, atmospheric 
dust, and carbon black. -n1e air con
lains various sizes of dus t, dirt, and 
lin faclory environments) polentiruly 
corrosivc and conductive materirus . 

lligh ... ·elocity air flow circulates 
at mospheric contaminan IS and partiC
ulates as well as air, and results in 
higher par1icle ve locity. which in 
creases the likelihood of impurities 
pelmeating the system through pores 
In the filter med ia. 

1~i1tcr med ia are genelwly speci-

....., 
p O n 

.IoCCILUUIOII IOJ 

• 

fied for efficiency al t .... l>articie s ize. 
for example, a GO"" fillcrwo uld niter 
approximat ely GO'\; oflhe I .... partlcll's 
impinging on it Filtering effic ie ncy 
also depends on the ve lOCIty of air 
flow and is significantly reduced al 
high er paJ1ic1e \'e iocitll"s 

Ifvo u increase thl' filter area the 
vc locit;' is reduced and fill l" r e ffi 
ciency-iS improved . AI the samt' limt'. 
the bad.pressu re fo r a g:i, ,.n flO\\ LS 

also reduced . -Inc l h lob,\1e II \\11h 
two 7-in . fans. a 4 .5_ft J 6()<'1: -in take 
filter, and a Z.z-ftJ t' ,haust fill(>r 
achieves about 400 n", m in -111(' a ir 
flow through this tYPl~ o ffLlt (·rde
creases rapidly wilh filt er ratlllg.'i 
abovc GO%. With nn 85' Inla.lo.(' filt pr. 
air fl ow is too 10\\ to cool til .. !>y5tt'm 
at 20°C. 

Individual appl ications In.!!.} I't'· 

quire you to spt'cify pa t1 iC'u lar fllt (· ... 
ing media to suit a Sl)('(' ifi(" (,l1\lI'un· 

men\. Filtering to rt'11l0\'l" ron'Ol'>I\'('i 

chemicals is generally no t e(ft'<1l\ t ' 

and m ay rcquir'(' o lht' l solu llon~ in 
faClories whel''e m etal d ust I'> round 
use extra filt ering to kf't'p Ih., C'flll 
ductivc particles ou l oftht' w~l("m 

SIIOCK A,'O \18fto\TIO.' 

1\105t commercial cit'('l ronic <"qU tp
ment is not d esign<'d to \\Ith!'ltand '1' 
bralion and shock I n a I)mc:'~' 
control applle-alion &udl a,. a r",·W" 
the vibratio n a nd bhock or t ilt" noor' 
p resent p roble m s t .qull)I1Wllt 10 1M" 
Iranspol1oo is subJCC't to a Kn.·al tit"') 
of shock and \'ibru tion n,'gardh of 
the fo nn of tranSit 

.. » 
UlOUllIU Il'tI 

"" t On . h\gtlw.~', \oehlcular-mounted sy&lems will br .ublOCt IO\ibral 
of7 to 20 1l:r. lieI 1/1 Ihl! tow-amphtude ~gton oftne \,'bratlOfl ' 1J«'t,.. IOn '\ IfOm tn1pbtc-..aon 

32> 

-.. 
Shock and \ibration prot~ 

needs 10 bt> considered In t\\'OQIb. 

texts 
IN'I'ELLIGENT CHOICE I 

• \ teasurea required ror. 5\'\1_ 

Installed In an Indw.lNI Ora.. 
mobile SltW IKHl 

• TIll! . ddlhOtul Jneaul'b rIIQt. 

~ to prottd port.able 1\_ 
from tilt' h.a.zArcb cj ~ 
loon 
In both l:aC1Uf)·Ubt.dRdllld.,q. 

d~mountf"d StTUatlOOlo thP ~ 
conrem 1& \ ibf"atKMl "lth mod!!ra 
ahodrr,; \ (>Iudt" nlOUnllOj( -..atI 

lh.tlhr~ I('rnu.~ tothr_ 
cit" bod~ \\1\1('h" ruhhtr-moun!ed. 
thf" OOI1\'-'nh"n&! n~nnM' ~ 
mounted t'It-.- lronk' and I'IW'CbinQ 
roml)()nt"nt' \\111 .U"1\ and opera 
und ("r thl.'M' condlllOfU 

\\(' ("an dl\K.lr lht-fomponQ i 
a lI) Hom IntO twO d ..... thaw illl 
'\ ttl function \\\'U whm ~ 
IllOUllI ('(l l lntlud~ pt' t~ .. 
('h41U1· .. I l.an uwomhlft. and pM' 
.U PI)I~' and thoM IiMKh .. diIl 
dJ'1\, ll~1 rn.a1funnliOft or~'" 

iytt"C.t tl'\ lM"'_" and wIntda 
pn'IW"nt In IncJUblri&l and mcWt. 
ronnK'nl t or ('u.rn,*" ~ 
dn\'r'\"in aunTU" but not .... 
.hh \\ htlr \\ lIldleloh.,cbtlJ ..... 
dAmIIfi'f" from hr.d .. jnttm. 

Cntnponrnta on Pt: c.dI_ 
'\ lth.t&lKIIudl \ ..... Um andllb:d 
hut tlwt mann .... In "nldt.lt 
mounlM f1U\ mal.e than 
ac:ldllaun&l \ ..... lton and 
Iud "tlu", o\U rumJlum 
\lIwalr mua.l toOW'hcM br-
til(' (".&Itt M htm, Iocmrd 
InlO p lAn"" Uo.anl f\c'Uf\1ldul 
lion un caulllC Ihr lJo.tnb tD 
ttwtr \\ a\ OUl ol lhrlr('OlVXlC' 
uaU~ ~ lnllLu+. threai*8tI 
to ,1I,...tlOl'\ c-.UW'Scabit 
10 ,,,,un, fnoe and t"\ftllO 
~ 

\CAin. lri1ob) II can ... • 
("\..aJnp6r It,.,.." thr c:anb 111' 
mountf'd \ft11Calh tomP.tll:~ 
b 1 han 10 \\ Put allh" 

Performance 
Subsystems 

Your DEC PDP-ll 
Computer 

Data 
Labs. 

... 
, •• -=toinar;l optPa~ ......... 

ItendhI'lQ 
&oc.·.UK' IHr A Irt'PI..,... .... 
\\'khh,. 01 c.anJI, +"'~
tw-, - the smaIJrT~-' III 
\\1111on1) 0fW~ .......... ..,10 .... 

JkW1..tlJ\ <ard~ r!:~1~ so..-
\II 01 the anI> .... '" - " - .... boIIor aDd ~It.I"""""""" __ .. .-a1Uoh 

l<nn<diatranl,...rt -...-
II ... Ndos 01"'" <Onl_..... cbnnoI..w-
10<=1 non!> ..... Idr;f:Id-... ICC_ 

~... "'" !cpo""" tho ho, lid ......... tho .... 
hodpi&no Iddo tho 

111111111111111111111111111 1111111111111111 

11W!.!!1II1111111111 ~IIIIIII"", 

\ '",:,:::::''''''''' ;,,,"::,, 
, .• 11111111111111111 

11111111111/1111 

11111111111111111111 111111 1IIIIIIIIIIIIIi

ll 

\ 

wUh ~ry IIIIC'tor vutuAliy . lunmatll!ll 
1IJlCCI~ data errors • 

for the beat buy in MUlitoraqe available 
today. 

Expenence? We could teach DEC. thiDQ 
or two about inteJ.liqent dWt ~emI. 
OM!. bas been ~y building them 
for years. We've sb.tpped tbou&&ndI of 
controllers and dWt drivel hued OIl the 
same advanced arclutecture u..d III our 
new DEC compatible.. 

For more information about D~ 
DEC compatible disk ~ms, call 
us at (4(6) 946-9424 . Or wnte DMl 
2l8O Benng Dnve, San JOII8, CA 95131. 



CompUIl~r Technology Review 

" " ,. 
U 

u -1 ---+---1----;.---+---------= 
" 

.utT ...... Of lIdOIU.IIT ' .. MllItCT I' .,j 

1'lj'2 ThevibraTIon Tl'3.nsmiuLbUiTycul'o"'5hows th., thellO" i..ohttlon point oIlhfo.""'h"ln.I U 
1I.t Is re.ched before the riaeln ampliTude. 

in theil' sockets, and prevents the ca· 
bles themselves from vibl'tlting. 

The next problem is power sup ' 
plies, which may contain heavy pc. 
moun ted components such as trans
formers and large filter capacitors 
that must be allached securely. 
Several of the a\'ailable S\vitch ing 
powersupplies, which use smaller 
components, have adec:luate vibration 
resistance. 

111e fans and other mechanical 
assemblies can eaSily handle the 
shock and vibration of installed
factory and mobile environments. 
Oisk drives, on the olher hand, mal
function when vibrations reach a few 
G's, and Winchesters are damaged at 
accelerations above abou t 2OG. Both 
fl oppies and Winchesters require 
shock mou nting to operate in instal
lations experiencing only 1 to lG. 
WinchCSlers require protection to 
prevent head vibrations (which occur 
above lOG) from damaging the disk 
media. 

VIBRATION ISOLATORS 

Vibration isolators are typically either 
bonded-rubber springs or coiled ca
ble assemblies. When a disturbing 
force is applied to the carrier assem
bly. these isolators allowreiative ffio\'e
ment of the shock-mounted assembly 
to reduce the force by distributing it 
O\'Cra longer time. Isolators provide 
damping, and absorb energy by hys
teresis loss in the rubber or friction be
tween the \vires . 

The controlling property of all 
shockt\ibration isolation systems is 
their natural frequency of oscillation, 
which depends on the mass of the 
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supported object and the II't Iffn('u of 
the shock mounts. SinC'C all ~\""t('m .. 
\vith Ihe same natural fl"Nllll'llc:')' 1"('. 

gardless of mass. will tx>ha\1' III tht· 
same manner. they can hI' rharart("f'o 
ized by their natuml frrqu("nc)o" 

Take. for ~lImplr a \'('hlndaf'o 
mounted svsl('m for holh on- and 
otT·road u~ -1"(' I'f"COmm('ndrd OoItU ' 
ral frequenC)o for smooth h.p,\, ... \ l" 
12 to 14 liz. Forroll,'(h road" 11.15 to 
20 Hz The e.1I;amplr \\'(" ' 11 U'K' 1.8 14 IlL 
The transpol1atlon \1brahon ~pt'('lra 
lFig 11 and vibration tran"lml "IIhlllh 
(Fig 21 shO\\ thai the \ . t("nl 'fo "'~o:n 
of amplification from 710 W ilL lit· 
prinCipally in the 100\Lampllluch> no. 
glon of the \ibrallon sp<"<'tnl. and Ihal 
the 02 transmission 1>OIIlI .*" taola . 
lion! of the isolators at 4:a liz i:r. 
reached before the rlSt.~ In amplttudt" 

for OCCllsionaJ OC'CUI"T'(>Il("(' tilt" Z 

and 3 show 7 li z 10 IX" an ob\ iou~ 
choicc.llowC\'Cr while hl~h· 

fl"l"QuenC)' auenuahon IS better the 
continuous 5pec1rum ~ho¥., IGII; 
Il zrompart"d to O.3G al 14 ~ 
linu> the dm"'l~(~ at I'ftOnart 

\1 05t oftM lime. tht- du.l.dri\"", 
tx> In ~nanct"at 7 H'\\llhlbot 
3G A 14·Hz • .\",Iem wouid ~ 
"11h IG a\~fI-a mUthbPttfT 
lion bN::.au d run ~ ... 
bUI not al 3C 

for I hfo 14-lh. 1.\ ttm the,... 
.sc m tht' OC'C'.uaoml5pH1rumM-' 
na.~ ",,11 ('.aUN" ~III~ .. 
rur dUnIlfi operalMM'l 8ut IIJX't iN 
ISG KM\f"f'IItfOd Ull"'NOf\&t'nM-..I 
\\Ithln thfo 20C fra«ill~ ot\\~ 
dl'tU . ont>.· r«O\t."rah~ct.a..ernnn 
IIlt·I.\ to ()('("Ur 

~hoc:l i.. t hft olhfor .w of tht 
t"Oln n\(" drop ht"Wl1 \ Iohoo.loo
~I)h t1ll: 3· n-lAlr. nawnI" 
qu('o~ .nd drop hd,ctn to cWa:ra 
and nuUll'Uffi (o. t.rarunuttfd .~ 
07"'1Il dM\("C"hun ~ • ~hritI 
(JI 7 m (or. IIloi.umum ~ 
lurN" of t 6(. 

Tlw NJTIpIP 14 Ib ...... ~ 
t ("m pr'O\ Ides flOO't pnJtKtJan trlr 
dUoldm, whrnwldrd,..t* 
air. modrf1ltet\ I"OU(h • 
alM)..urnr. (~, It. 0UIa'm... 
nul auhif'C1 to "'"''''"'.to:: '" 

In theport.bko~"" 
n)(oOl IhI- mapor t'UnI."f'm at WWft' 

hod. to llw eqtnpment d:ur •• 
pml( 'Jlw tAnC:J...nt drop ~ • J 
In fur flQUlJlmrnl '"' _UI 
%.SO I.,. .. 1ancJ..rd tor nut ttapII 
<h_ 

A n..t drop from 3O ...... 
I)I~ wbk'c""1 Ih,. I1\aIIl chaf,I;h .11 
oflh("I'1ftKt~ mountt'dmllj ... 
to hundtotb 01(; • eJ'oft".broId ..... 

---....-, 

a 

•• •• 

an RKQ7' dISk drive and a TU10' mag lape drive 10 your 
DEC host And lhe CSS-800 IS sotlware compatIble With 
DEC's AT11: ASX' and ASTS-E: as well as TSX" and 
UNIX'" 

Software intensive controUer technology 
The CSS-800 micropi'ocessor-based conlrollers are soll 
ware Inlensl .... e. which gl .... es us Ihe lIexlblhty to adapt our 
hardware to advancements In hoSI system technologies 
The css·eoo IS a lIexlble system. deSigned to keep pace 
.n 8 rapidly evolVIng industry. 

Let your micro think 
it's a mainframe. 

Call U.S. Design at our toll free 
number (800) 368-2811. 

u.s. Design Corporation 
5100 Ph.ladelph.a way/lanham. MO 20706 
(3011577-2880 TWX 71()"'826-04t7 



evan 
Com-put-er 

En-hance-ment 
fanned with the sole aim'Y!:i!!!!!!r~\~:~~~2~~a> 
subsystems to enhance DEC· computer pelionnance. 2. A campan) that is currentl) 

Of' ,f" " '1 ,1'1' 11 ' i,':jj"'11111 HI, l ' 
"" 'f" " " " ' II~II ' '1111 'r"'11 , 'III i· 

'11" A 11 '11""1 fo ' It I I "1 1 1 ·111 '11 ~., 
.' ,-, , , ~ , , ., " '11 ;" ." :1 1.1 1'1 , I " ~ , 1'\ ~ l.~ 

manufacturing a family of unique product; pro-en 10 

enhance DEC computer performance. eJi. Pcriphml 
Processor Link eries including (al PPL-I thm PJI)IIIie:I 
a comprehensive interface netwccn t\\O DEC compule! 
systems with a "memol) \\ indO\\ - technique """I) 

,~, ..... "'- ... """'l·' de\eloped by Ran)an. (bl PPL-1. ',me a; above 00t 
links Q-Bus or Unibus systems with VAX. machin~. e.g. Bus 1anipuluIOr ri IIIdoo. 
ing (a) BMA-2 Q-Bus To Unibus Adapter \\ hich permiL\ DE 1l\Cr\,.x.... 

to update older PDP-II systems to Q-Bus processor performance. - I II I iJ 
(b) BMA-IQ Q-Bus Repeater whi~h doubles the Q-Bus procl!S.'>Or ' :~:: :~" ,\.... 
load capacity by provldmg a phYSical and electncal e \ tension of the ' I III , III 'I I I II' 
standard Q-Bus. (c) BMA-IU Unibus Repeater \\ hich pm\ld~ the IIIUlIIII II 

same benefits listed above to the Unibus. e.g. Intelligent Multi- ,J~ : : : : : : ::: U' 
Shared Memory, a fully mtegrated subsystem specificall designed --

/ "\. to enable memor) sharing b) up to four <> ..... __ .... 

I 
.......... DEC computers, thus pro\ iding higher thnlughpUL\ and -_... I expanded computmg powcr \\ hilt: eliminating the "l'tll to 

--'--.~ mvest m an emi rely nC\\ s)'>tem. 3. c'Ompan) !I.II ~ill 
1n1"11g"'IM ... ~I-S"'reclMemoryMSM- 1/5 Contmue de\ eloping and marketing unique producb. \lJdI 

as those listed above. to funher enhance the performance of 0 ·C l'Omputer "\l~ 

I, "~N~I." ~N " --~ 
U.JU I~.JU GMNG NEW MEANING TO D£C SYSTEM PBIfORMANCE 

RAmAN COMPUTE. ENHANCEMEN! SYSTEMS · 15239 SPRiNGDAU 51 . """"ING!ON IIEACII. CA 92619 ~ 

r-C------------------------, 
I OU·~ n, .1. A device at the end of.1O ad "hich 01111.-..-. \Uu c. funbtr ~CII I I the products menuoned In the ad, . ) 1k'\.'CM 10 I 

PlEASESfND MEMORE L .... R>RMATIoro. 0'I1HE R>l..1..O'o\"G CPb sA II_ 
1 . a. Itt -- ...... Serc.C ... u, t=s.cr-. I o 1n1d1llall Mlll ... Shaml Memory 

1 Nm< _ I 
I =:r -- _ .... __ I 
I C'i') St. ZIp. I 

\lail COI.IpoII 10: Ran)1UI ComPUICl" EIlhanccmern S~CI'Ih. t~.!."lQ ~ 10, • ______________ "'""--CA .. ~ 

----------

-

""U \\1) f-'ll Itt 1 

........ lObrtrar ..... .., 
.... wtlh JlO'"" thai \ .no 
..... "'IJIaroto: 10 ,.t. .... In 

nn(nd U to tZD'\ .k .,lel 
m Ie SO 10 ..aD It &.. 5ot1w u( 

IftIyCDnr '""'.11...,11 
~"'hkh • ,lit hn 

~naby 'hromh n-
01 l ..... fUlf. · 
b.n-ttc~ drfln~d as 

• I U to ZJIC'\ ar. II a or 400 
b::ch mIliIarv and {'( .. n · 

PMW MJUft'N n .... h,a\ .. "M' 
.... to~",tI, .. ",.1I 
a ...... p:Mft' 8uctual'lIns 

Pt.w IUppbN abb ........ teS I ... M; • 

iaa:I.dQw ••• ~wirt',,,, Ulput 

b bo wmr t...ab'IC dmM"It ' 
.......... trJWW )'OlII,l6n III 
_MUCM'Il ruwrr MlPI ...... fW'" 
~ pMC'f'MJM ..... ' 
-bM IUtt.bIe IIbirIdin« to pnt'" 

ond 11\ frum -ar'nf< and ' __ e..nu.-.. from 

~ thr IIlM'I't' "" 
,. ..... ,. to ~"IMJfUI 
1It)d~Mnn'1 ,u t .... ron· 

-" .. ohioIdlnII __ Ior~..qull'n....,t 
~ IJIIrinfr: rm»' I .. ,..,.,. 

:Qd1DP"*d S)*"- from ~"'f"f"fW1 
~ aaiwllQUftft and tnAlCJw.'tt 
~MJII .. In.laUl~ 
Jag lad -.: II!II of .. 
.... Ie nan u.. JXMft linD 
-b) "" -'-"'" of...- '" 
~-~ "f'brs,tr nJlup
.. ~ dray In Ir:H ,1..-. 1 r 
.. -~ Irom rn1rrl:nA th'1 
~1br"..,.....,JxJuklhe.d. 

t'tllUU I'h filtered a.nd som e ro rm o f 
()\'t-rvol1'V(fI protoct ion prm';dcd. 
ud, .. ml"1a.I-oxid{' varistors 'l1,cse 

llln1tl'"(ctl$&\V{I pea.k-to-peak volt ages 
and bM1l1( Ilwlll dO\ .. " lo levels arccpt
.blt> to thn sy5t('m design 

AnutlU'l'way in , ,,,hlch EMI RFI 
('an rntt'rOI'f>xll the syste m is 
throul(h t hfl alr-lnl{'1 and oOul l('l 
\'t'lli I lunr\c'omi:)('d Illt' tnls l"t'd m'll 
thl!o c)t"("u""':nNl slgnitkantly. II OTlt'.'r 
C"oml)t"(t m('lals 1)lmilie 100y I'('sls
lann' 10 'UI' nO\ .. high Il P-shit'ld ing ('f
Rd.'nl'\ rl'ciurt'd tUl"hul('nl"e. and 
It" .. wt'*I(hl Illf' most romlllon honl~" 
c".,mh IIlL'lIf'rial is nluminum. w h k h iii 
",I!M) 1'\·I,l'I\1'I.\' low'pliCt"d 

\\ 11''1'' M'I"N'OS 01' Illcsht's 1"C(luire 
.. IlnKh 0111101'('< Ihicknt'ss 10 pf"O\1dc 
th,.. ,.;\lnl' 1Illl'nllal!oll 11~ Ihl' ('<llIiv1&
"·nl IlUlW\-'('flllIh nH" I' lial 110 \\('\1('1'. 
1ht'lt4' (·tlu· .. o ('ollslcl('I'lbly 1110 1'0 tu ri}ll-
1 ... lI'" and All nnw I'('striction Alumi· 
Ilmll "uth' .'S from till' prohlem of clr 
,·n',uK"C.II·ffid('ncy 3t 10\\ fn.'<llIcncy 
rII'lf;f'1'I IIIU,,111'1( at aboul 100 t\.ll z 
l1u .... ' 1I1l1{,~ 11"1 ntu('h t1l1("knc~s is I'{'

ctuln,<1 fur Iht' IUlOU' attenua t i~n a l 10 
kll:r .... 81 tOO .... II:r. \ lunllI'llUll Ii laC'k 
(If low fN'CllU'n(,\' '''t('nuu lion is Ilue 
to Iitl low IWI111£,:lhill lY, I ron lind 811.'£' \ 
nUl pl'O\icl(lI'f'latlvcly OUI all l'nuation 
drt\\>" 10 Ill'dl' dc', bu l 81('('1 h ont'Y
c'umh I .. O\"t, lim('s more {';(pensi\'t' 

-

" lchord &IMlth\ Ick /1(';uis Ihc', dl',~lglI 
Alld "I,,,.l1fll(·1I,,-/I11{ /rmns for tn/u· 
I~U' nHUI"IU'r Corp, 

Summer lS11J 

A 'l}'pical Scenario (or 
Startup Problems wllh a 
NonMiggedlz.ed System 

II was - ZO"C the night I)('fore. 
'llle h('al was tUnlcd on shortly 
I:wfol'e starting time and iI's 
lOoC in the l'OOm now, but the 
""slcm's still at tS"C inl£'l11ally. 
Some fros l has ronm'fi on the 
\\'inchesl('l'{lisk's plaltl'l'S ht>· 
l:allse Ihl' dl''' point was 10°C 
"hl'n the s.\"l>telll was t.hut 
dO\\11 last night. 

The t.\!ttelll is tUl1wd on 
1h(' fans ~>\' up, blowing moist 
air. with a d('", puint oflX'I'haps 
SoC, oVe!' tl1(' IJ(~ (';lrds . whiC'h 
an' SlilI;l1 15"CI he compo
IU'llts ail'('ady huH.' a ('oating of 
alkali dust ftulll th(' facIOI:\" ami 
now frost starts 10 fonn on 
them. 

l"c \\inr heswl" hplns up, 
~\\t'Cping tht" froM frol11 tht" land
ing wne: no dam<agt" .\t"1. 
though. 'nlt~ disk it. up 10 ,-p('('d 
nnw and at auto·I)C)Ot st"l'ks to 
Ihe fil'st tra, k, The disk is l>pin · 
ning fasl nm\ and tho f!'(lsi 
knorks Ihe head Oul of align
Illt"nt and the system failb 10 
boot 

'1 hl' operator lIit's "gain. 
hut b\ now the l('mpt'ratul"(' of 
Ihc IJOards is lising abO\'e fl'{'('z
ing and the f!'(lst is l1lel1ing and 
n1i.\in~ \\,llh Ihe alkali dUSI to 
fonn a cunduCI i\ r ~ol II I ion . ('at!b
ing the p!'(ln'ssQI' 10 malfunc
lion The operatol' got'S out fOI":I 
longcoff('c brt·ak.l('a\·ing the s)'s
trill on· -as he's dont' st." ('1011 

timt"s Jxoforc on eold morning!! 
wht"11 Ihe system wuuleh'l boot. 

The system wanns lip and 
dlit"s out The pl'O<'CSSQf 1'('

(~O\crs and tht" \\indll'sler's 
ht"O)d is ill~1 a !itllp bIt fUI1heroff 
trock. Uut this 11111(,. lh(' tht' nnal 
t.tf'{'SS has finall.' l)I'o k('n an in
lemallead in a 11ll"I1lO'Y ('hip, 

Th(' OPl'lOItOI' l'{'tunlS .md 
tMps 10 buolth{' \\osl('111 "gain It 
boots--hut slowl."·, 1)('{'aus('lhe 
di~\.. has to retry nearl,\I ewry 
read 11(' l"Uns hi'i program. 
"[11cre 31"(' ...,me di.,k l'f'ad-t'n"Qr 
me.:.roagcs and 111('11 a mt'molY
paMtv en"Qr that kill!! the !ii.,!o

tern • 
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Five reasons why DEC users 
should buy Emulex 

communications controllers. 

Broad product line featuring 
our new DMF-32 emulation. 
Nobody covers LSI-II , PDP -H, and VAX ·I I users' 
needs like Emulex. More (han 15 software 
t ransparent controllers emulating DH II, DZII . DVII 
and DMF -32. All deliver improved line -handling 
capabilities. in a smaller package, allower costs . 

More channels. 
Emulex's new DMF-32 emulation is typical 0 
l II bo dh 

' neeon · 
to e r ar andles up to 64 lines vs only .gh DEC d I' el t per 

rna ule; And Emulex offers all lines with mode m 
control, not.Just. t.wo. For even mo re lines E I . 
Sl l 50

· . , mu ex s 
a can nes IS the answer_ We simply add I a ow·cost 

port. concentrator, so that. with one controller board 
you can connect. up to 256 remote and locallerminals 

Easy growth path. 
As you r system grows, upgrading is simple with 
Emulex controlle rs. Just change PROM sets. Exam Ie' 
DH to DMF for $350. In addition Emulex', ad Pd _ . ' vance 
mic roprocesso r architectu re is consiste nllh h , _ roug OUt 
the product hne. Think of the inventory savings_ 

Fewer backplane slots. 
Emulf"X communi ,,(IOf) Int,.,.. • p k somudl 
ca pability o nto ... c: h t>o. .. rd that ("'A' 1: Ild .. rt 
nf't"dl 'd "'l.b :. 601 h n<e DH 11 t'm,,1a;llVn. EiIlWfsdoa 
on o n .. boa rd ... hat It lAt H DEC todoon:l " 
th t" a\' lnA!ltn ra('k J-J.('~ lO ynothlr g ofplld 

Lower prices. 
"'o r 'a, .. [J ,C C'OlIlJ'QDrf 

II I .II ~, "',() ~ 16 
f' 'lC p. un \I (OIU~ 

(.I r me r .. eom,q rf' OW to 
Emuk- . ,C'i l1 Hlt1-4 

(or lhfo rtnt liS Uu,. 
$..1.000 (oJ , ~ 

1'; Unes A16011t1rl''' 
.uddenly hm-

o f about S23000udl. 
of u t ,.. dots to bed. 

Don·t pecul.alf' _lI h yo"'r commUJ\lOUON~ 
d o llar In\ ft1 In Emu! " PhoN' lOU (~( 
864 ·7112 InCah(QrnJa ( 7J..t )662 Of 
~;'UIf>X C()rPOrat&on.3$4~ HarbOr ams.. PO 8eJ 

25, Col. •• M .... CA 8262 

3€ 
EMULEx 

The genuine altem.ti"'. 
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Data Bridges Can Move 
Stored Data and Records 
Between Environments 

)lJ tJridt;t link. bN\\ ("{, Jl t\\ 0 :,cpal'atc conlpuling enviJ''Onmen ts-facili tate 
.... ulurof'i (i .. ' I., P\ (:hiln~(l~ thai involve ne twor'ks, protocols, and gateways. 

-

central 
IKUI,I!'m III t'mliputlllg lod3.\ IS the 
n~" 11\1( of ", tun'd datil frum on e rom
I,utln" l'n\ lronllll'11110 ano lhe r In 
,nndl'nl hUMIlt'''!t , com p u ler s),!I-I('ms 
Iholt C·41l1 ("{lnununkatt' with t'ach 
ullwr J)1'(.lifl'flIlt' and the data PI'O
,tu('t"d II" UIl(' \ t('111 (·" n' l be u5t'd by 
.moth,·r· \\ Ith Ij,r ra l}ldl~ 19'0'" mg 
UM- ulllllc:rO(,'OlllpUIl'(S III 1111..' busi-
nl ufh("(\ th'll probl(,11l ha~ bc<'omc 
I 1)4·c: lall.\I , ·1111('.-\1 -10 1)(' rcall~ uS('flll 
In mn"t (·a!lot's th('!>.' ml(Tos n<"Cd to be 
IIn"'I"l lnlO II Iwo'lderlnfonnatlo n n.' I
\\U~ MI tilt'" C·,1Il ::t(TC~S the C'OIVO

I.Ht' dal u , t(m-'d OIlI't' lIl l1Il host 
('umputl '.'" 

\\1wn.' t ran~"t"liO ll ls p rocessed 
tr\- A t-um"ut'~ 1 tha t d ocsnt have Ihe 
tl.tlol II "'-'(Iuln-" there art:' IWO poss\
ll1l1l1t'1l t' ltheryou 1110\'0 th e d nt., to 
11,l' I"'O( {·,,'lIlg ('omplI tt' r. or you 
mO\1' Ihr lran~(>lionlo Ihe rompllt
t"f \\llh lilt' d.lIa 

.... UIlWl lnu·' l'I"O'-'.·55 Ing" transac
Hun noclUlrt .. data fmlll mu iliple I()(·a
I.nn" \-\ hwh compli(:;atcs Ih inf<S con
akl("r.shh \ dalo" hlidgt:' lin king 1\\'0 
IM'1)draU' c'Ol1lputlng ('n\-'ironmt'nI5 
pl'U\-,d('" • \\a.., to 1ll0\-'C 8;101'\>£1 

dolla _ f'{'Cunl!t . filt'!; , c\t·n lra nsac
uun...-from onf' rompullll~ ('n\-1ron
nW1l1 ICI the- olh(',.· nl('~ ('11\ Iron 
nlt'nts ma~ bf' flllnt iar or dlff£'rent 
-\nd tllf~ nlay r'l'll ide in dlffe rt-'nt 
C!\1.n "-mote , hO .. 1 computers. or they 
uta" n.·,. ~ d(' wIthin the sam e h OSI 

- \ da ta btidge scn 'es to exchange 
d .. la tx-Iw(,(,n coopcratlllg Ibul not 
n{"('e!NlHlrily ('o-lo<'ated l pc'OCesscs, 

and pl"llSelVeS Ihe meaning and usc
fulness of that dala as il Is exclumged 
between poss ibly diss imilm'compul
er syslems. 

T h e goal ora duta bddgc Is to pro
vid e independence from both data 10-
Cl:llio n and OIiginaling fOl1nal .A data 
hlidge thus entails bo th dltla II .. msfCli 
which o rten rccluires l'emote C0l1l111U
n ication s , and dltla tmnslalion , 
which involves the rc-coding, l'(lfor'" 
mailing. and even resll1,JctUling of 
the d a ta . 

Q.\TA TKAi\Sf'EH 

Data transfer in\'oh'Cs: 
• Nel\\,or&';8 to l)r'Ovid e Ihe 1'''IIlS-

1'0 1'1 mechanism 10 move duta 
f' '01ll o ne location 10 unolhc.·. 
i\e twOl~ pl'ovidegeogrnphic 
t(3 nsferand inCOIl}()(3te physi
cal links. such as wires. cables. 
or phys ically u·ansp0l1ed mcdhl 
(flo ppy disk:~ or t:lpesl. 

• protocols to pluvide Ihe sy n 
chronizing mechanism fOl' duta 
transfer. protocols arc rules spec
itying the fOl111ut and re lation
ships o f mess:lgcs exchanged be
tween conllllllniclltion nodes, 
·n,ey provide for mcssage con
lrol and t iming. 

• Ga teways 10 pluvide a protocol 
inte rface betw(>Cn ne two rks . 
wo rksl ations , and appl ications 
Galew nys plU\ide protocol con
version, buffering. and coding, 
The bas ic dat a-transfcr p rocess 

IFig 11requil'es nelworks, prolocols. 
and gatew ays, and includes: 
• File lransfer 
• Record access, 
• Message transfer 
• Document transfer. 
• Job transfer 
• Transaclion transfer 
• Reillote procedure invocatio n. 

"9 
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Pig I ·nle goal of a data hlidgl' Is 10 plm·ide 
data Iranslation and Il"ar)~rl'r 11lCSll an.' lmple_ 
ml'nted by mean. orprol ocol~. gat~'wa.\~ ilnd 
nI'IWOI-ks 

Communication networKS fOl' 
dat il Imnsfel' are a lmosl always mogan. 
izcd as a h lerarchv oflavel'l>, whc/'e 
each la,\ or pClfonllS a s;nall sot of 
closely related functions. The func
tions prmided by onc lo\'cl suppa" 
those of the ne\1 higher It.'\'ol and aJ'C 
implemen ted in tClm~ Oflhosc al Ihe 
next 10werlC\'el 

"J1l(~ Intcmationai Mandards 
OrBiiniZo.1tion IISO ' reference model 
pro\'ide~ a good fralllt'wOIi; fOl' dis
l'w.l>ion ohllch mu ll ill:\'cl networks 
fFigZ I. 

Logieally, cllch layer i:; communi
cat ing hOliLonl ':III.)o w ith Ihe same le\"o 
eI in Ihe olhcr Illllchinc. Of COlll'"be, 
data Is ac tually pa:;z,cd \,OI,ie"lIy 
down the Ic\cls ofthc l>cndi ng ma
chine :md up Ihe lavcrs of the roce i\ ·. 
ing machine. Only i~ll c\'cl I docs Ihe 
physical communi{'ation OCclir (Fig 31-

\\'hen an .tpplicl"lt ion pl'Ogram 
running in hosl t\ wanls 10 !.cnd data 
to Ihe IIpplic'ltion in hOM H, it passes 
a message to Iho application-control 
level in it!. 0\\11 milchine. 'nle applica. 
lion lewl adds a level 'i control he.td
erand pa~ses the result dO\\11tO Ihe 
prescntation le1o·cl whi("h transfonns 
the data and adds II le1o ·el6 control 
header and passes the result down 10 
the session IC\l~I. which adds i l ~ own 
header and passcs Ihe result do\\l1 to 
Ihe t!'ansport le1o'Cl. anelsoon. 'nlecoill
plete path from one USCI' process to 
the ot her is Sho\\11 in the hea\) flO\\ 

line in Fig 3. 
It shou ld be understood Ihat thc 

ISO refe rence model presenls a some· 
what idealislic piclun> of things. In 
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any reallwslclll , <I Uz,{,I' PI'OC{'!>s typ'· 
caily has ;,ccess 10 11l;1I1~ oflht' . 
10wer'le\'el inlelfaec:; II ag <I nus ac· 
cess is nCCCbl:>aI) \ .. hCI'C\'t!I' hagher 1("\· 
e ls don't pro\idc Ill.'cded St'1,\ Ict~f!t 

'J11C I~ n;fl'rence mood IS nol 
ofcoursc, the onl.)o la)l'lro "n:hllt'('
tUl'e fordaln tran~fcl'. 18\1 io S.\'bt{·m~ 

Netwoti.Archileclul't.' I~ '\ Is 
layered, as is til(' Xero~ Inll"nu'I ,·\l'C'hi· 
teclUl'e which ~ I)lilb layt'r3 nt·lwO' .... 
conlro l, into Iwo subla.~(',"" 1111('"1("1 

conll'Ol and local-nelwork ('Onll'Ol 

In addition to dal:l tran .. fl'1 d.lln 
blidges PI'O\idl' dnla tl,Ul .. lalinn 10 
tl'ansfol1ll the dali.l 1'('PI'{' .. "III.lllun 
and s truclul"'(' of ant' ('n\ 1I'Ollmt'lIl 10 
those I"equit"'('d in i.lIIOlht'l U,II.1 
bridges nt.'Ct'bl:>aril.' pro\ id(' ".~ nIlKl"· 
a nd scmantic u-anz,lntion bt'I\\('t'u olp" 
plications and pron'''''I'S iUi wdl ot. 
communicat ion 

Dn la blitlgcs impl.\I bolh d;u.1 
Iranz,f(.'1' and dal .. Iran .. I.lllonl1lll~ a 
dist ribu t(.-d. di.lUtb;tsl' llIi.111~t'lIlt'nl "_\ "" 
tern. \\hid11.\lJit·all.\ lI1\uh1."!oo no ddla 
Imm.lation i:; not 111 Ih,'lf a d.tlll 
blidge . nOI" is an t'lt'(·II"'OI1I1· m.ul \~. 
lem Hut tXlth thew:-ox .. tt'lll", n,ultIIH" 
used to build II ddla bl"1d~(t' 

Dala tran .. I.llion 1I1\uht,,.t!.ltd n1' 
I",(,M-'n lalion- till' ("odll"IK of IlIdl\ Idu.d 
dala itt'mz, . and d.tla .. lnl.·111I Ill(' 
grouping of dat;, 11110 ILlI);"1 ,'!t'nlt"nl .. 
'Inc prublt'III!'o of 11.IIl!'oI.)! IIV( d.lt.t n'p. 
1'C!>ClItation" <Inti data hlnJC'IUI",. ill'l' 
bolh Ml inl! .1I'!.lhh, ;l" In ht· IIW<lI,.lhl,. 
of an~ lIl>t'flil K£'nt'l".ll -.ullilion nil .. 
simpl.)o IIlt'ans. hO\\I'\"I' Ihat d ddl., 

...... ...;~ 
• fIliIlD'"..a"OoI CiCW"IIQ. .---._""-. ---,,;;;;;: 

, .-CDr!IQ. 

l-...... t - '-~ It- • 
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I ..... """" -"""" I r~~~~~~~~~====~~~==~~====~~~::::~lI-::~~~~~~::~:'~--~-b~ tht> \mt'fit'an \alkirW ~~ 
10!>tUul(> 

\notlwr "\.&mp~o( .. ~14ndir( .. 
U$EfI o,o,u I 

I """ , """''''''".'''' j ~~ """'" ~T()o. ::owTJQ J -, , 
P'IIESU/'I AT"Of COIiIJIIOL I 1"!IESEIIT"'1lON 1II:5SAGE I .......... TlI)tI :x:.tJICl I 
I """ I 

I iIlJSlOoI CClHTIQ. IITEAI'fIOC(SS IIESSAI.>ES I ............ I 
""" I 

I """""""""'" I '"""'" """'" 
_ ....... 

J 
I """ , /oETWORK CClH'TIQ. L .. -"""'" -, 
I """ I 

I ... """'" I .......... I 
"'" , 

l """'" ""' ... 
I 

I 
.....", """'" J 

I 

PI&' 3 III IhllI!!O model. d.ta is pasSot.'<.I \'et1icall~ tkn~11Ih(" 1a)\',1o ol lh ..... ·,Klulj( ("OMUp" •• ., .... 1 
back up 'hrough Ihllt.YI_'BollhCIllCe1\1''8compule,. as .ho\\llln I'M' .uUc11 .. w 1~4 h 
I.t.~ colllmuntc.les hOriz.olltally . \ ....... 

orlhe source data to a \'eIY s imple 
phys ical st nJctuJ'c, such as a lable or 
Hal file . Thc fOlmal process se,,'es to 
create a common or standan::l repre
sclltalion oflhe source dala , one Ihal 
is acceplable to both Ihe collllnunica
lion network and the larget environ
mcnt '111e I'cfunmll and in!>ert ion pl'O
cessru; l'El\ er'1)C the~c tI<lnslalion~ 

As an c."(ample oflhe d:lla tmnlol,,
tion "ppl'Oaeh, workeni al Ihe Unh'el" 
sity uf~lichigan htl.\ 'e de\cJoped an in
te'l)I1Jti\'c dat a-tran lo lation technique 
Ihat u~es a bton!(1 dala definition lan 
guage !SDDLl to de::,c libe the SOUl'CC 
and targel data babes, and a tI<l1l81 .. -
lion-definition language rroLl to de
fine "" strucluring opct<ltioIIS_l:.ach 
host cmil'Ollmcnl holds;j de.scription 
~f its 0\\11 stO/'cd data. and a deS(;fi p
lion oflhe I'CSlluctUling opcl<llions 
11(.'Cd(.'(ll o translate tha t data into 11 
fonn acceplable 10 each of Ihe othet, 
hosl envil'OnmenIS. 

The use of a slandaJU data I1:!PI'e
sent:uion in ('.\changingdala among 
St'\"C1<I1 cmironmenlb ii> highly de!'.u" 
able as a pl<lctical mallei' The num
beroftl<lIli>lalion routines can be rc
duredfrom \ \ - 11102:\ \\ithoneal_ 
gonthm in cat;h ('miroumcllI defin
ing Ihe tl<lnlofonnatiOI1 to nonnal 
fonn and one defining the invCI'1)e. 

:'Iandalu data fonnals Ihus facili-

lale dala bndgil~ Ill(> UIIlIUlUIIlf( 

need and dcsII'e 10 ''> \ Ch.J.l\f'l-' ('um,)ul 
c_'''l'eadablt> infol1nallOI' hd't ~\l'n 
I1se 10 nUI11('I't)U" dal .. n'pn"M'nt'Uu.JIl 
siandal'd~ 

Becau!>{' of C()IlUIIUlllt',1! lorl (·on. 
sidel<llionlo, dhll<tC'lt',"'b.IM't1 '1.1n ' 
dalU fonnat.!> an' lIl-cl.\ 10 pn-n 11.1t. Iht 
best gent·ral-pur»o!>t. bnd,.;.'" fUI thn 
e_\change of 1loInJ('tun-d d ,llt! 

, fhe , ·\changt· 01 !>t'lI.dt',.n,hllllC 
data, III \\ hu,:h datd -d".!>('I1pI",' loI.K-' 
acCUmp,lll) Iht· <I.lld III II!> lI.nt'!, " 
an ub\loll!> CAlt'I1MOI1 .-\ Mdnt!lud 1111 ' 
molt fOI' lhu "\( han~t' u( btn,Klul1"(l 
dat'l" hlch '>lI1plo.\" .. cI.lld 
de::'Cl'lptfol1 (01"1'110.11 b., .... -d 011 d d ald 
elcmenl t.tg flo no\\ Ix'u'l( PfU'~IfW."tl 

It·,:t'-ollhl appnJoX h tolblA ~ 
13 pJ'O\ lC~d lJ\ \DU the ~ Dca. 
._\l'han~' .on~1 ull'd b) \t<rm;c., 
pUh'r~'nK"" 'IJHM'n~.~ 
It.und.II.OII IlK 11 .... d.I .. ~ 
an' Ilt't:-dnlln ordrr to Intrgllr 
\.uin« ('O.n,~'t~ ftJ\'WUnInrIt 
('uUtlh,,"-d ~ \<--:"""t and ibdq, 
dud,n", .. ,.,.." (J.~ 
p.1( Ir.. .a.ces lor huWnt-.a ~~ 
('1.11 modelJng. tL.l.abae ~_ 
4nd f"\\'n \\(tnI pn~ 

\n\D1llik>D'~ 
n .• 1 .a11)'l.aUUmrnc r,lr II hu_ 
III.UII ,lotn 4 cldulihon J*1 -tC 
t'Untolll,- thr (k"m'tKl(b and Ior1IIIb 
ull.'" d.ll .. In Ih .. I~.~MI.dmp.t 
h hu h nmtOlina th .. Ace lUll d.w .... 
uld Ilu·"oIloI,.l.oV1u(..,,\UUiIr 
loIlIl",U'1 Ultt' tl'l"Old t~I" _0 
II ",1.1 ""fllt' h I1"nJfd .. and tdd.1III 
no n1)(' .. tu1fClCfUll,'Ii IIothdda.s 
,khfUhuU. ... &I" Ul q,laJlUlllftY.b 
hl.aJ 'unn \Ott rue. .n-ltwunl 
lllit'd lor Ih .. I.--..r»f«of .... 

til, .. or tLtt. Ih .. 1 Qn bl'(:urMftlld. 
,.t.w..-lunn 

J'HO I U( UL ... 

lu '.n"'it ...... bl,& ~r"""'" 
I h«- dmin" d"t,tol PUb! br lInIN .. 
('l' .... rd and Ir.uu,ft·md. and 
",,""""1,1.11_1 and.uuctunl..
IJrotllh&lltlt~ nUJaoII .. 1ftOIwd 1l_ 
tum hun ... .,. UICUf'lMnkd,,_ 
If .mlllrr "n:.lucoIa. ... antl"tpftltt' 
t'mnnllllu. .. atK.Wl 

ll.u,translr. ,lfUIllC'OkC.lltDr 
dbll1l.guWlt"lll.l} ttlITt' ImilcdA
n-'It~ drllCh(lInfCunhtrlhtTlbt 
to'UoL"',,,, of. ~n1 dati f)vr • 
,1 ...... lm aiJOln~&tI 
IU,,,,, IatKh ... U)lJ(n." .' 
d ..... Ink tun> cunt.ininIC pol!*" 

-\ "ructun-d dab tran.Irr 
11!'III~ indUtb 
• -\ WldMd IonnIlbttr ... 

........... nxnnd· .-~ ... 

.... Ihor~_ 
• I control ~ ICIII" --.. ~" l~t~ 

lion &nd lCl'minaWn cI, II'" 
aion bPh....-rn ~-u ~ 

• ll.ll.l-ftcM.net nlUl<P.craI 

"~t~ 
"end do .. b """""'"'~ 

ih. lor lour 1T.blJrb 
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• To store it for subsequent 
rc trieval. 

• To print it on the local pl-inter. 
• 'Jb submit it as a remote job. 
• To use it as data input orou tpul . 

AnOlher aspect of data transfer is 
data manipulation. Users often need 
to c r'Cate, delete, copy, rename. and 
olhel\\ise manage !"'Cmote files . Mosi 
data-transfc r protocols tend to con· ~ 
centralc on this aspect of the prob
lem because it isn'l as difficult as 
conversion. 

RemOle data-manipulation con
trol functions incl ude: 
• Communication of data

man ipulation requests via mes
sagcs. including coding/ 
decoding intOlfrom messages, 
and sending/I'eceiving those 

• 
• 
• 
• 

mcssages. 
Communication of status via 
messagcs. 
Communicat ion of data objects 
via messagcs. 
En-orcontrol and exceplion han
dling, including ab0l1S. 
Global now conlrol ohhe data ob
jects genel'3ted by each data 
manipulation. 

Session-control functions 
include: 
• Initiation and tennina tion of 

p rocesses. 
• Start/s top of process steps. 
• loumalizingofupdates. 
• Commilment ofupdatcs and 

backup and reco\'e,y. 
• Resolution of concUlTtmcy 

connicts. 
1111'ce levels ofin tcrprocess com

munication can be idenlified : job lev
el, calill'CtUI1l, and message-based . 

Althe job level, intc'l)l'(x:ess com
munication is SupPol1ed only plior 
10 or following a job s lep . Remote
tcnninal emulation is an example of a 
job-level approach to intc'l)rocess 
communication. 

111e procedure·call mechanism 
allows intc rpf"ocCSS communication 
at any time, but poses certain prob
lems thatl"c f1 ect uncertain delays. 
outages, and aborts, and can result in 
exceptionally lo ng processing d e lays 
for the calling process. 

~Iessage-based interprocesscom
munication allows a p rocess to re
quesl some sclvice and check later 10 
see if the desir-ed l'Csults ha\'C been re
turned 
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A number of different nn."hile<-'
tures can support intcrpl'OC'('.:.s data 
communication wilhin a rompull'r 
network : 
• A centralized nn:-h lll"Ctu,"t' 1"('1I1' .. 

on a central database man~l'
ment system to suppl) dnla 10 

each user proces.!> 
• A distributed homogl'nroul> 41'" 

chiteclUl'C uses the &rufll' .. ('t of 
da la-manageml'nt M'" ic~ illl "It'-
mentcd thl'Ougholillhe 
ne twork 

• A data-translation lIppf'Ollth IIl ~ 
volvcs the reslru<.'tunl'l( of dala 
as it is exchangl-d t)(:tW\'('1I 
processes 

• An integ.-aled appro.u-h IIlH)I\l' 
the use of s tandard int('rfilt"t·~ 
and a comlllon dala lanp.I~(, to 
conjunction \\llh ('t\iSlin~ d"'llJ 
managemenl syl>tt'ms 

An elaboralt' c\ample' of til«' (i,lId' 
trans la tion approach is t'mhodlt'o III 
a dala-presenlation Pl'ot()('ollM'luf( 
proposed by the ' ''llOnal UUI1'DU 01 
Standards. A coml)<1I110n fill'·Ir.tn!oh'r 
p rotocol pl'O\id1'3lol-data tl'an~rt'l 

The:\ 8S data-I>l'eM'ntlll i(lIIl>roIO
col p l'O\ides the m(''(:hl\lll:.m IhlUltjlth 
which applicalton pnx.·t· -" e\ . 
ch ange In fOI'"al ion bt't\\1. ... ·11 11(tIt'rUrft~ 
n cous syslem.!. TIle> ~mi1ntK ~ uf Ih,' 
infonflation is pl"('!>l'J'\"{'(1 a!thoUl'h 
thc syntax may dilT('r. To an'omph"h 
this. the protocol negollatt·" a ,'clm
mon transfc.- synta.\ fl'Ol1I "'ueh Ih" 
pal1 ici pa t i ng pre!>ellla t iOn-c'ont rul 
laycrs translatc the d"t .... 

In this negoliation Ih(' data. 
synla~ parameters )<'r\,' to 1Il(lw.Ut, 
the syntax Of lhosC' dal .... ('It'lnt'llt,, !'IUI)
ported by the pl'Otocol U-,"I Ollt •. 
elel11ent cOns t.-aint panU1lt'lt.", lIull. 
~a te the constraint!> till' PlUltk'ol U .... r 
Imposed on Ihl' clula IJ-'Hl!'lfomLlIM"'" 
such. a,s mmimum signlfira,wc' <Inc! . 
prec~s~on for single- and duuhlu_ 
p recis io n floating point numhe" 
CharnctCHllcoding ron"tI"ftUlt!t mdl' 
ca te the selS of cham(,I(', ('cxt that 
are acceptable. in orc.lt'ro( p".~ I' 
ence, and. iflhe file e~i!>I3IOf:aJ.h lhe 
chara~l ercode It eml>JO\./> . 

61 File-type constnllni~ Im"catC' Ihr 
.e st~C'tUI'(' and a('~ m(,thud ('"mn. 

blJl~IIOnS that are lI['('eplabl(> and 

~~:~lo~::I~;mplC>:\'t'd in the lu('41 
. . 1l'" comp Ion (""Un 

stramt indicates Ih(' protocuJ.u • 
preference fo,. use of ro ~ • 
the data to be mpl"'CSlolun of 

transfen-ed I"'ma 
and SCCOnda,y kev-IO('.allOn r\ 

ters indicate the lOca tiO f pat'anlf'
and SCCOndaJ'\ kc\."s in n 0 pnmA~ 
quential6Jes • • Indl'\«"d ..... 

...... I !~~~~~":-:~:'":~~~ ________ ~ ______ ~~~ __________________________________________ ~S"~"~.~"~."~'~'~ .. ~ 
Thf' n('Rullahoo "'1lJ(~ - _lIIhWfrDm ttr oad u.al,,· ~·.'IhCln In l'ld c.h'ion 10 thl\ now plU-

whl'" all ofl}wo data can brP"tlftlld ""' ..... " ortrun the old ('\m'Il'l(' 1\I "PI>Iic.'alion rhis implcmen-
U1 ,"'I at:'Cl,,>lablt> s;vtUL\ 10 tht..,.,. ~ ~ utJrlf!: an ,,.. ' aUnn ('an 1)(, Kl'f'a ll., ubbre"iated, 

vironment and COIWCI1Cd, eithcrbe
fom 01' after transfer. into an accept
able fOl'fll . 

col lUo('r, wtv-n nolV"oflheo.... .....wa f1 "VUkJ the'll Inet' I"" on" lunt"tion Is 10 Illitinlain 
Imp<»f'<1 data c."Olbh~lnt art\1(~ _.lhIIdata In .... funn f tho duph('al~ 1n\,('lltOI'\' da\<, in ''C- This approach is velY similal' to 

the previous one, Thc difTer'lJllcc is 
Ihat no maintenance of the inventory 
data is done in the new environment 
between file transfel'S . This is rc..1.siblc 
only iflhe procuremcntapplication 
does not ,-e<luireaccess to thcla lcst in
\'cntOly data . AnalysiS of these requir'C
ments and or the "mious data vol
umes is needed forsclec tion of all ap
proach involving file tl'ansfcl'S, . 
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Selecting sot:t':'~.lre i., feally:l game of 
SlrulCgy postlloning the nght ~roduct 
at the right time for the most effective 
results 

AI \'(nilcsmilhs, lid., our full line of 
software products is de5igo<."(! to do jUst 
Ihal and m?tc Our time-tested compLI. 
ers are 3V3I12ble for five archlle('lures 
complete with ~I lr:msl:I1Of'S :.u'ld ' 
cross-suppan for a wide n.nltc of em;
ronmems From the MC68000, 10 the 
IBM PC, 10 the DEC Professional,our 
compIlers and cross compLlcJ"'i CUI soft 
.... ';1re de\-ek>pmcm lime and reduce 
depe~ on operaung systems and 
Insuuctlon setS 

Idris.our exdusl\'c oper:lting sr",em 
is powerful, snull :lind extremel}: pona_' 
ble_ Wrlllcn almost enllrely In C,u run. .. 
.". here Other OJ)er:&ling s)'Mems can', e"\'eIl 
iiI-on an MC68000 Wllh no memory 

Whitesmiths Ltd. 
L , ' Om,\ are raft men ,-.. -~ ... .-... --- --" __ , .. _ ... ... '0 . ... _ "' ........ :::::-..;::.;;._ .. _ .. - -- -
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Structured Languages 
Such as Modula-2 Boost 
Progrannner Output 

dc\t'lupt'1 nO\\ (}nt~~ .1 language \\'ith inlpl'ovcd syn tax a nd a modu lar 
Wrorhtlwt It,.t':,\ pl'O";I'allllllt'I"b from the Iinlitations of standard Pascal. 

b) u., KlIOIm...,., 
and Uk turd f.lt-.\t"~. 

\bllllon "ftm 

tn.II ' llII'{·tI pl'O* 

fIJ Itun~nlt l"nl(\l~(,!f lourh ali l}aS("al 
h.,\,. hU\\11 thf'ln"<tluf' in 11 numbt'I' 
ul dppllt.tllOnA hul ~ far h,,\'(' pl'O\'('n 
10 hu I,u Inun oplllnum ,\s P.'U1 of an 
"!furt 10 unpro\1' upon 1'.I!K',ll and IJf'O

\"klf" p"lf(numll£,~ wllh a loollhal 
mo''''1 Illt'il I'H.k r ..... i('r, l~a~al '5 de\'~I 
"I't" 'lkl,UI"\\1I1h , hn .. dM(.'lopNI 
,,"dulll ,Z I () illu""'I£' til{' hendil5 of 
tlll ... lhlrd 'f(\'rwrnlion 511'UClw'('d lan
"U~tI, Ihl" 1)11 Idt' ( 'OlllmMIf \loc:lu!;a-
2 '11 111'('1 ,lHon \\ Ilh Ihal of Olhel' lan
IC'J~I'" 1.11ul pl'Il'\id('1f SOUl{' t'."mmp\('s 
Cli I:, l)f( 'dl \lodulll 'Z ('od(' &Nluen('t's 

1_\ ('" .. hru'f look :11l>ofiwal'(' dc
\t 'luplII('nt 11'\ t'r till' pa,.1 30 Y(OlU'S ,,'
\t'al .. lh .. ,1 pn~ralmning lanf-,'Ual«(' 111'0-

~J1 hlUl l1Ut kt'pl up wilh hardwlll'(' 
.,h ;1I1( ' (~ \lthnugh I"C)KTRA' lind 
(CJI~()1 \\t'''' ud('(lulllt> for tilt' 1950!> 
1m "\dmplt" th(',\ dl'l' OUIIlUKlt,£llo
dd\ , ''''1'1\ IhoUKh "I,ll widely wwd for 
n."" \"II,!tl!tdt",,'lopmt'nl 

Ii, Iht' '\ 1M\ 01 OUf' ('am puler sci· 
"nll'" 10K Ill\'" tht' infantil{' dLSOr
(if-r I~ n()\\> 20:, (.:" .... old b hOI>£'Il'Ss-
1\ lI,ad('Cluat{' fur 1\ hal(,\'('r roml)UICr 
a pph,".,.uem \ ·ou h.",'(' in nund today 
It Ia oe,,' t(to dum") 100 I'r."'." and 
tOll 1"I""Il!'>L\flIO u'o(' '' hu11wr he 
u \ I hi' 1I!'>{' of conal. cnpplt>s Ihe 
nl~nd I'~ If· .. t("hin~ .. hould Ihe,'('fof'{', 
Iiof' N.~.-U"d('d a!'> a ('liminal offen .. e · 

Ih('M'lY'llIa~ rollle from 
I .d~('("\\ Oll"''''fd -\\ho 110 C'C'('dLtNI 
\\-11h lIlue-h of Ill(' ('uri.\' thought on 
Inlc llIrt'{l pl''Ogranulllng -I-ht'yap

I)f".u III hL5 IJaI)f'r 110\'" 00 \\'e T('II 

Truths '11131 Might 1IU11?" trepdllted 
in SICPLAN Notices, May 1982) nnd, 
while ext reme , have fou nd much 
agreement. 

The continued usc ofl'OnTHAN 
and COUOL s tems plimm;ly f!'Om 
sheer inCl1ia .An en lil''C gencl'ation of 
prob'"J"ammCl'S was l-aised on Ihem 
and is reluctant to (Jm1 with them dc
spite Ihe e .xistence of available 
:altel'lla t ives . 

STRUCI'11REO LANGU,\GES 

'111C increase in programmer produc
tivity that is possible with a methodi
c.al. Siructurcd approach has been re
alized for some time, at least in aea· 
d(>mic circles, And despite the nasty 
comments COBOL has I'eCCived , it 
\'Ilas aClually the first compu te l' lan
guage that had some semblance of 
SIl'UCtUl'C. Its pT"OC'edurcs :allowed a 
program 10 be consllUcted in a non 
linear fashion , with separate seclion! 
of code handling sepamto func tions. 
' 1110 firsl block s tn.ICIUiUd language, 
ALGOL (ALGOrilhmic Language), WlLS 

developed in Europe in 1960. II inlro
duced mosl oftheconccpts used in to
day's Sl l'llctulud languages, 
inducting: 
• L.oca.I identifiers, which allowed 

functional isolation ofpol1ions 
of a program 

• Recursion, 
• Call-t>y-name I'Cferences_ 

PASCAL 

In 1969, ~ik1aus \\'irth (pronounced 
"Vecrt") dC\'Cloped Pascal for Imach
ing structured programming con
cepts. lmplemented in 1970 and 1971, 
it has gained I\;clespread populmily 
and has been adopted with pm1icular 
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fClvor in the mini- and microcomput
er communities. Texas Instn.Jments 
Corp., among other companies, uses 
Pascal in the majority of its new sys
tem development . 

TIle rationale behind structured 
languages is that a pl'Ogrammercan im
p�ement precise, maintainable code 
in a shor1er time and with less effort 
than with nonstl'llctured languages. 
Pascal was the first full realization of 
this philosophy. Once a pl'Ob'rilmmer 
gains some experience with Pascal, 
he finds it natural to exercise the 
good pl'Ogramming practices that re
quire conscious efTol1 with other lan
guages-to the extent that they can 
be used at all. 

Pascal does have significant 
shor1comings, though, including: 
• AlT1ly dimensions must be expli

citly dcclamd. ' l1lUS, it isn 't pos
sible to write a genet'a! array
handling l'Outinc.IThis problem 
should be addressed in the ISO 
standalu of the language, 
howc"cr.! 

• Identifiel' scope is contl'Olled im
plic itly by the program's struc
ture. nlis factor can lead to diffi
culties. 

Jo'or example, consider a proce
dure in an industrial situation that 
uses sevural other intenlal proce
dures to check the temperatures of 
reagents comprehensively. If a ren
gen! overheats, the procedure 
sounds an alann and rctUnlS a value 
indicating which 1'C<'l8ent overheated: 

PROCEDURE CheckRcagents: 

(variables, constants) 

PROCEDURE CheckBeagentA: 

(code) 

PROCEDURE CheckReagent8; 

(code) 

PROCEDURE CheckReagentC: 

(et cetera) 

Procedures Check.ReagentA, 
CheckReagent8, and CheckRcagentC 
are imisible 10 any codeoCalling proce
dure CheckReagents Suppose in a 
later\'crsion of the program it be
comes necessalY to ched, some I but 
not alii of the reagents at times other 
than when the pre\ious procedure 
checked them TIle code haS alreadv 
been written but because it resides' 
in the old main procedure, it can't be 
accessed without im'Ohing the re
maindcrofthe old procedure. 

CUlT1mtly, the only solution is to 
code in the necess.'uy procedure re
dundantly. orremovc the innerproce
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dures needed and mal..c them global . 
The first solution is ineffiCient. Dnd 
the second compromiS<'S the pro
gram's structure. TI1Nc is cun-en tl.\ 
no elegant way around such a dilem
ma in Pascal 

MODULA-Z 

One a1lemati\'c is \lodula -Z 1111:
language is an extl"'flsion of \lodula a 
systems language originally de.!tiplt"d 
for multiprogramming WOl .... and im
plemented in 1975 Modula-Zlx'f(an 
in 197; as PaJ1 ofa P'"OI"'(:I al thf> 
Ins titut fur Infonnalik of~. I II Lundl 
to design an integrated computC'1 "\S' 

tem including both hMdwaro and 
softwar'f'. 

In his book. P1-ogramming ill 
Modula-z" ISpling(,f'-\('ri~. I!)8Z -, 
Wirth explains '\lodula-2 t'mt'~t'(l 
f!"Om careful design d('libc.'r1ltIOIU." a 
language Ihal indude~ "II ru.pt'Cla tlf 
Pascal and e.Atcnd", Ih('m \\!l1l till' 1m 

portanl module ronN'pt and thctM, of 
multiprogr-amrninf( . 

l\lodula c.Atl"'nsions indud~ 
• The \Iodul(' {"()n('ept 
• Control of scope 
• Low·I('\'e1 faciilti('!> 
• Proct-sses 

MODCU.s SCOPfo. CO., 1 R()I ... " 0 
SEPARATE CO \lPII.AI 10' 

Any program in \l oduI3-Z I ... ",nt! 
ule. \lodules rna.\" ('ontnUlllron'. 
dures and nlll("tions "1> w('II,H. c'On 
stants, valiables. and t.\1)(·11 Ohlt',: t 
and idenlifiel'S In lIlodul(lX Illn btl 

used in module Y iftht>\' DIY' n,.ldt. 
known to or 1\IPORrtlllllto \ 

111is Modula-Z fpalUI" &UPI)t)f'h 
separate compilation a \l't'\ u"dul At. 
t~bU1e that allows often-uM-t1 rOll' 

I~nes to be kepi in obJ('('t fonn and 
lmk~ at run tillle \lan\ Pa.w:aJ and 
FOR1 RA' implt:'mt:'ntation .. otT •. ranlll_ 
dependent compilation rauiltv ufh'n 
called separate compilaliofl But tht! 
Modula-z compiler has al"{' .. to Ih". 
objects ~nd idenhfi('r.\o in th(' <o(.JlAOIh'" 
IJ compiled modul('~ and 1>f'1iorrrua 
t.Y~ checling of ~<'Parat{'l\ C'omplk-cl 
~blects. whcl"('as In t~'PI('ai Poilka! 
fORTRA' indt'pendellt camptlatKln 
schemes. the routlnt'S al"(' ,I 1 _~ 
be . f'C an,. tu 

external to Ih(' maIn p~' d 
th . d ~ , . .,"",ram An 

elr eUllIl10ns Ion • M)u~'-<"Od 
call1e\'cl- aren't supp,""" th 
checking \\1 ~'Jlf' 

· \lodula 's I\IIl()RT and L\POltJ 
keywords are the k~ to IhlJ> fUIlI'lIon 

And also pl'O\ide explicit rontnJI O\!f 

scope for e~plft m Pb(".lhw 
might have . 

l~mDt-mo. 
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References to ChcckReagenlB in this 
case must be qualified by preceding 
them\\ith 

CheckReagenls:CheckBeagents . 
CheckReagentH; 

The IMPORT statement can also 
unqualif)t qualified identifier'S. for 
example, 

FROM CheckReagf'nls I~IPORT 
CheckReagentH; 

allows CheckReagentH to be refer'
enced without the preceding modu le 
name: 

Check Reagenltl; 

Modula uses modules very heav
ily in its implementation . No svstem 
I!() facility is specified in the fannal 
definition of the tanh'unge, but some 
standard procedur'es arc assumed to 
be available in the standard module 
InOul. Se\"cl'3l such slandard mod
ules are defined , including modules 
for LO, math operations, processes, 
and gmphics. 

In "Programming in Modula-z," 
Wirth says, 'The principle motivation 
behind the partitioning ofa program 
into modules is .. Ihe eSlablishment 
of a hierarchy of abstmctions. Each 
module constitutes an abstmclion if 
we regard it fl'Om the ·outside .' We 
cven wish to go one stC'p fW1her: We 
wish not on ly 10 ignore the details of 
its innards, but to hide Ihem " 

The hiding ofa module's inner 
funclions has Iwo important benefits. 
First, the progranunerdoesn 'l ha\'e 10 
kno"" about the workings, and he 
need not be conceml,'d about possi· 
ble side effects . Second, the module 
can be changed or irnpl'Ovcd withoul 
the need to recolllpile the pl'Ograms 
that use it. 

Modula thus prmidcs fora func
tional decaupling of modules This 
prmision requires that the definition 
portion of a module be separate from 
the implemenlation pal1 VCSD 
II-system progl'3mmers who have writ-
1('11 "units," \\ith tll(>ir "interface" and 
impiemenlalion sections, will be fa· 
milim' with the concept. 

A modulc's d('finition 1>OI1ion is 
defined as follows: 

OEFI~ITION \IOOULE Demo; 

( eAport list ) 

(Conslants. typcs \'ariablcs) 

(Procedure declarations) 

ENOQcmo: 

This definition pol1ion contains 
all the infonnation that will bt> a\'aiJ
able to caJling programs or modules, 
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~~~;,;~~~==~~~~~~~~~~~~.~,; ... ~~~~~~~~~~~~~~==::~~~~~;;:;;;~~::~~~~~~~~:::::::::::::::::::::s;"~m;,;";,~, ;,,~,;,""~J1 
including aLi ('xpo'1£'d idenlifif'r-. pl"()~ dUl'(' h{'adin/<;~ for t'umpr - ., ~t bne '\1, , n nc u n-2 the same Slat('lw'," 
cedures al'C listed with Iheir full n PI-: it ".h1nfl; for \\uuld ht· .. . 
headin~ J 

TIle module 's implemf'nTatlon Proc"t - PR(X HK 11f, II «('find Ilion) rllE;\ 
p0l1ion lwilh thl:' I\lPLE\lt,:\1 \110:\ "1f.C •• R • ~ I\t InIt "" (!1131('01('11I) 
~IODULE headt'rl will contain thf" ilt" Prnt'2 - f"ftOn IX ttL,·.,. ( 

I ~ .=;0:1>0" '-'~-Ion ~t(III'nll:'n t ) tualdefinilionsnnd('()(l('orthl:'lllod · "Tf.(;fRC\RIJI\\1 __ JIlI .......... t· 
ule's OI){'l'3tion Separatt'l.v romp,l('d Or, In Iht' ('as(' 01 hlllt"l,un D'......... ~(·H-) 
modules Me separated inlO definItion pf"O("('{!urrs I '1) 
and implementat ion 5t'clion') 'QrCUC! marvwr b't \IIhil'h 

IYPI ....-: Ql'!I('Ut., ....... m I 

LOW-I .. E\,f~L r-\CI LlTIt-:.s 

Moclula ·Z al .. o prrniclf's 10\\-1('\('1 f:tnl · 
ities thai I)(>nlllt UM'N to 1'.\11" ~ Thf" 
\I OOula·Z binJctun' and 1.\'1)("
checking opt'rations TIl(>s(' f"nllllM 
pl'O\'e useful \ ... Ium Ifs n~~;u"\ to 
manipulatt' data- such as ,""rhlll(, 
control addf'('sscs or dala fmm ,'"4 
other systt'rn or proglum- Ihat ,·.In· 
nOI be I1Hlllp('d into a \l odula .. 1,,1f' 
tU I'{"_ '111e 10\\' .. I("wl facilttlt' .. a":'n I 
p..'lrt oflh(' fonnaJ lafllCU~(' df'filll' 
lion, but al'l' prrn'ided in tht' "Ml1d.ud 
module Sy~n \I included \'\Ith lh" 
language _ l 'S(' of tht'st, farlltlll''' \\ III 
gf'nerally rrnd(', .. pl"'Oftltlm n0I1I)(1I1 ' 
able, how('\-er 

Onc SU('h f"eilit\ , .. thi' ahlhl'\ In 
ustllype identifi('l~ it .. t'1)(' tl',U",lt'r 
funclions ror in .. t,m('t'·thf" follm\ul,fC 
examplC' ust's Ill(' t.\"JX' I\TFGtR II) 
comfOrt a charaCICn'Driahl(' II) hiM' 
INTEGER -

\ AR 

T('st 1\-1 tGtR 

Q CIlAR 

PROCt-:Dl' RI-.. Ch('apOrc:I I( ' 
CHA R, l,"n~GI R 

nEGI' 

"t: rt n, I'\TI .ClR;( ·' 

1':\0 Cht'apOrd 

1111' \\"ORD and ,,\UOHI ....... h ,lr'!\ 
an: Pn'dpfin('d aC""COrding If) th,: 111.1-
chllle they an' implt'm('nlt'd Oil 11,. 
Mandard funclton SI7:f can hf" usrcl 
10 det('nllint' the .,iz(' of \a..,ahl( ... 
lYJX' AOORE!;~ i<;; dt'fin<'d a ... a pfllntf'1 
10 \\ ORO and ('an l)(' u",""1 101M rl 
'. - '.. • urn) 

po"lter al.,thnWtic 111(' L'. "-~. f 1" \ 0 -~ nU"'\-I IlIle-" 
Ion R ''l'tu~n'''lh(' m('IllQl", ,'d ' 

drestot's of \-anahlt'., \ 'ariahl('~ (',m 

0","', '''''dddl''Clal't'd to I't'sid(' OIl fiwd nrlll' 
," I'{''-St's 

PROCEDl Rt-. TYP~ -
~Iodula also allows II, .... 
~.. .~. C'l'f"ahon 01 
p·~ ....... UI'{' "ahablt's 'I\~ 

,. . ,~ """I,ICn' 
mellls an' made Wi", d 

Ulllm.\ PI1l(' 

f~ _ PRO( tnt R.l RF.\L ftr..-·~"'" 'PIlmprt· 
Rt

o
\[.. an muIUpnlC.'n· 

\11\ I'nK'l'Clul1' orlunnQ,l)'P' 
1ll4\ I". J~nt'(11Il tJu. 1lWVWt" \Zi. 
ilhlt c!,·d..arrd \\llh thtl!~,.. 
Ih('n 1.1"'-" prurrcluf1" flolmru. 
pro\ ullo,( Ih~III'W'I~"b 
n.1111" ItU"\ tak .. m"le ~ thto~ 
lIun mach' fur IIMI uri.ablt I)p' \ 
\ .-wi. hit' ul "1)4' 11'n)(" .... ,.~ 
nMIIrII"~t, on thit \ aiOf' of "'1WlIllI
d.'nlallunc __ hun auf h at liril' tltb 
TtW .. t.lt'·mt'"' 

l "r". \ r • am 
\ ,· .. u to H'nM \&f'" \ wouldmmbl 
''tIUf\Alrnllu .. ('~Il l" ," , 

CO'\( l "RI '" "IH'K(X L"'" 

"Oclui4r ·2 • CfNM'Um'nt pn:tpD" 
IIlII\{!: c· .. , .. l .. hl ...... ,,-limdrdlO __ 
" c'Ollplrd I'n~ 1'U .... 1 ttl 
Inlf'ra( I 1'1'1.aliwty in.tn-qumtty_' 
\\l'U .. -nnrd polot in lht>~ 
IlH' t.and.."t tTJOduIfo rROCT. 
'tnJ\ic-ics thr 10Uo\\'in" 

UH"nIO\ \UlIXU 

I""ton"&"'" 
t \PUR J III \lII1UJ 

"'1(" \ l ',.art I"rtJct 

'. \ II \\ -\11 A",-.;mt'-

" I". 
'IC,"\ \I. 

""'C)( tlK tU ~ 
II IWX n C. \ \ \I 

• ... t.ln . f"'D"'I"" P • 
\\nrt.ap.A(·r of n "' ... 
,.t\O( f rn 1U. ... , \ 'Ii 
"'1(.' \1 
'(~ IlfOC"t'M ",-aitn'!ir". f 
~. 

rRtl( t IX fU \\ \fr.\ UI 
'IC.' 

'"\ \ AU far IiIOIne oehtr ~ 
lowod.' 

M\O( f Dl Rf ",,-afIrd-J 
"'IG' \JJ ft(XJtL\."\ 

,~ ~ g..wd II)'. ('".u lu 
Pn P .. a ll"xnluR' aiIr.. Ihro kurt. 

.... n..tlllUPoI n" ct1OM'11 
.... rournhoToI ~ 

of inlrnut ,-.alb 

_thai 
.;, p";;'" al • u.n. ~cJ4.· 

l~f'dlo"" 
~ !lwt.d lib.., 

taidn IhIt an- !dubaI'o ,'''' " ......... 

~Z"' ..... WW"lI 
an!' 111M'" In Ihr nT!' 

• ........ ~"';;;IO~uJnt.u. tok,,· 
.. I"'" "'"U .... 1 flO"' 

anod .. alnKalcom· 
uhfwoaU":\ 

oIlun<1lom 

lht~ ~cwd'" no lorWT 
-·~~bJ.Kr\ 
""-II Pa.c.l. .. illM" 

• 

"" l\f! 

In 1).,~.tI pl't){"l'clul'(' nnd runctions 
0111" JM.I,llfl ('lIl1tit's with sf'parat(> 
II 141,ltllll'" 

PUCK I ,Ill Rt. llemoC< 
1'11(.1 R 'alll(, Slnng l 

I' '\( 110'\ 1)1.,1v\\ail 
nOUlI " 

In "uCIIlI,1 ! Ilwl"\! are pl",X'("(luI,('s 
~uullul1( ' tltll'~ profl'dul'f'S 

I'no( 1m Itl l}t'1l10IX 
"II (~I It \alllt' Sitingl, 

I'n()( lI)t HI lJi:.k,\\aiI O 
UOOII " 
1111' Inlh d,lIt'I'('IlCf' betw('('n 

l·oU<C· ... J .mel \luclul.t·Z III til(' dl'c1ara
hUll30 fll hlll('heul t>n.H·.'dul,(,s IS 
\1netul .. ·;:-. d i';lIllu'lll of u 1-"1)(' in 
ttl(' h('.a,IIIIH '01(' that both rt·gulal· 
, .... ,. (·flt,.,·" ,,,\tllunt'lion pl"'X'l'du l'l's 
\~llh IIU p.u.unt'lt'rs ('any pnl't"nl/w, 
~ I IIlltIICtIl p''I)("t'dul'cs l'Cturn Ilwit' 
,al, ... \\ Ilh Ih,' nl . 11.' ''-:0.. slatclllPnl Ix'
I 4UM'llht· ...... I/oCnI1Wnt of a \alut' 10 
Ih,' P""('c!Urt' n.tlllf' t'onflic t!'> ~.""tat'· 
Iwalh "tlh pl'tx1.'thu't' \ariahh'!'> • 

I )11\ ttl Bnrtl-.c! .. Of U .'>On" aN' ""IWll't'r 
,tl ( on UA' .'1.'1""11." lit' holcLs tl liA til 
hr%Kl jnHI! -,'mill! CoIlS(' (lnd "tiS , ... ..,.,. .,n ,,1\ j'(J" ,II, p/lSc .. / ,,,IIIc t· 1978 

.Ilf/ \I(kJu/iJ ::. 'WIt"(' .980. 

nktu .. , .. :1 (,letneOj ,s tI .so(tnarc ('/lg' 
," "".ft \Q/I,,,,n,Su,('ms_/klrll.'.tJBA 
in ,,,,,n/Hltl''' "'Ol'nN" from tilt: l '/I"_ of 
( ,1/,f,H"Tl'.' ,').11' Olt'SO, and U<JS a 
nN';n"t.,. e,f till' l 'C'iD I';u("sl ProJN:' 

WAS 
THERE 

A 
GOOF? 

.\n ' thp/'{ ' StHlW i ssw 's 

of Com plltl ' r ' l 'P('hlll )I ~ 

oK" Hp\k", that you 
t'itlwl ' didll 't g:et , or 
It ' Il1 to fl'iPlld s tllld 

h it\l~ 1lt'\PI' got tl'll 
ha cK'.J 

\\ "p 1I1ulprsialld thaI 

\"IHI \\"allt tht'lll all. So 
vOlt'll I)!' I'Plit 'n'd to 
It'a' '1l thai a lilllilt~d 
I HI/lli WI' of fonlH ' r is ~ 

s tU'S ill'(' still ;:\\ 'ailahh,. 
Hul al tlH' pri('( ~ of oil 1.\ 
S I:; I'it('h t Iw.\ " \\ 'Oll ' t 

last fo r IOIlg: . This tillH' , 
dOIl ' t 11'1 tlwn,llI' a 
goof. Sto(,K lip Oil ern 
IlO\\" . 

St"Hi LI S your dWI'K for 

lilt' quantity .\'1 III \\alll 

at :"'1:; l 'a l' l1 , to COIII 
pllh' ,· Tt'1'hIlO)OJ{\ Ht· -
\ it,\\" , ~ )2-1 \\'(' s t\\ood 
Bini ., Suih' ti."i ll , Los 
,\IlW'!t 's, C \ ~JII()2 · L ()I' 

('all us \\illl \ULlI' \i s a 

\Ias h ' /"l 'anl \lIu ' ri" i ll l 

1'. "\ IJI,( 'sS I'h .:l l't_W 11l1l1l ~ 
\)(" .. 121 3 1 20S- I :U .• , 
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Network Diagnostic and 
Control Play Vital Role 
In Large-Scale Networks 

CDD\pulll'fcti~c:i plinf'~ (:an bco applied to traditional data-communication manage
Il'Chmque, 10. tn("r£'a,cd I'cliabilily Ihn:llIgh improved diagnostics and control. 

~ l\Qelllld It fU" .. , -" 
1I11l0st data

'''ummunic'3110Ilfol IWI\\'()I'ks today, one 
nHnuln (If downtlOlf' ,~an 1;:lllidly dc
fo.al tht, 1)('IIt'III ", or Ihe ix'S1 netwm~ 
cli !,tn ,lilt! ('(llI ll.)Ilwnl And the fall 
un' (ll.n.\ f'it-lIlt'n t rna.' th~I'Upt Sf'n.'

k In Ilw ('Illll't" !It't\\'On.. II ntl.ly re
.ul! In ""'('lW\l\l' m('an hlnl' 10 repair. 
dCl'\'111unt', lind t"TOr r.alt'~an.v onc 
uf \\hkh mlfth t 1,1'(1\11 ciltaslrophic. 

Illna, \\Iwn U .. t'l", plnn data
("onlI1IUnl'· ... tluns lU'h,'(U'ks of all) 
nUlltllllucir l,xI .. \ th{'.' ('llIphasizc l1('t 
\\'1lft.. ch.'4otnu!\II(' and 11I.tlu'~t'menl 
\ t,'m Ih,ll ,.1,,10.,n nOI onl.\ ((l1la

('Ol1lnlUnl,·,tllmHI dill~noslk!'o , hul 
Abc, ... r C-U1ll1l11111lc.t!lUIIS managt" 
I1ttl1l and c'ulltrol Ill1plt'lIIcnlt'd cn
Im'l\ rrom 11 n'ntr<llltitt·. tll('s(' u tili -
I .... p('nnll OIM'I<l IOI'!l to IIcan, iclcnti
hand ",'unll.1\I11It, rallul'Cs, ancl un
u,"uAi t't)ndltlun!t In a m'twol'k as wf'lI 
D tu t.'" .·unn to ,,· .. tOI'(' l>{'lyice 
and ,-uc",1 U14l1 (' "'paw ru 11(' t Ions, 
541' h., h'm!t o.ftor m .. I1011(c .... a n infor
nul"'" O\"r'\ol«"\\ (If Ih('lr 1l('!\\-QrM 
alMJ aut ... tht'llllll ('Op'llg \\,Ith Ih(' 
.nany p.uhlf"m" la~-!'t('al(' nctworb 

Gin I'.,....·n t 

systems monitor nClwOI'K pClfOi" 
mance in II s imilar mannel' for faults, 
but also ev.t1uate nchvorks fOi' spe
cific undesirable condi tions, Most 
qU:lIltitative systems loday incolVO
l'1ItO ce.1a in netwol'k-rcstol'1ll 
functions , 

One of the eadicst and simplest 
qualilative devices, a micl'Op''Occs
SOI"based tes l set, is still used in lim
ited applications. It functioned pri
maJily as a diagnostic aid to be 
patched in as required to diagnose 
line faults , However, this device re
qllil'e(l human inte,,'Cntion to imple
menl tests, In some cases, it became 
either impr.actical or too expensive 
fol' testing of specific remote loca
tions. and it didn 't pennit thc opom· 
tOl'lo perl'o.,n pl'CI.'Cntive mainto
nance or run tests on onc pol1ion of 
the nelwork while looking fOl' pl'Ob
lems in anolhOl-, 

This l'CstJiction led to the devel
opmenl of secondmy-channel diag
noslic fu n ctions Ih:.t didn 't intClfcrc 
with main-channel data- a weh
nlquc that became popu lal'anera fun
damental br-eaktlu'Ough was madc in 
high-speed, naITOw-b:md data com
munica tio ns, 

-111C nUlTOw-band techniquc con
centl"'dtcd high-speed, main-chl.lnnel 
data transmission within a vely nUl" 
row 1800 Ilzl portion orthe availablc 
b.-mdwid lh 1300 Hz 10 3300 Hzl and 
centered il at 1700 Hz. As a result , 
channels beyond the 800-11 20 spread 
could be used for asynchl'Onous func
tions such as diagnostics, 

'nlC low-speed secondalY chan
nel, refe.Ted to in this discussion as 
T-7. t ransmits data al 75 bps and per
mits an operator al a cen lral site 10 
lIlonitorselecled remote modcml 
tcnninal interl'aces manually,An
olherbasic reason ror the 'f:7 ala l111s 
is 10 pick up equipmen t quirks Ih:1I 
could lead toraults, a t which time cen-
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tral site can aler1 repair crews at the 
fit'Sl sign of an erratic function. Often 
they can reroute the circuitry ua 
piece of equipment goes down so 
that while repairs to it are being 
made, the actual failure is transpar
entto the computer and data·teml· 
inal eqUipment. 

l1lis design, incorporated into 
t".'O larger, microprocessor-based di· 
agnostic contr'Oliers. still serves wide-
Iy in small- and medium·sizcd net· 
\\'Orks. The controllers enable an op· 
erator to scan entire net\-\,or .... s auto· 
matically for faults and degraded line 
conditions. In many cases, they en· 
able the oper-ator to alm1 service orga· 
nizations even bcfor'e faults and intel'
n.lptions occur. 

If the contl'Oliers detect a pl'Ob
lem, they sound an alalm message 
and rcpor11he nature and location of 
the problem and Ihe C<luipment 0/' 

line involved . Using Ihis data, an oper
alorcan enact a variety of aulomatic, 
nonintel11Jptivc. and inlenupli\'c 
tesls 10 confiml a fault and obtain fur
ther infonnation on its nature. 

Such tests olTer a number of ad· 
\'antagcs They are automatic and rou
tin~thus less time·consuming than 
the manual tests orthe lest sets de· 
scribed earlier-and they don't re
quire highly trained operators to in
terllret the results, which are dis
played in clear English They forego 
the operator's need to change lest 
equipment . and they enable tests to 
be conducted without the involve. 
ment of personnel at the affected 
sites, ''''cy also eliminate the human 
faci or in delcml in ingwhel her part iCli' 
lar test l'CsuitS al'c serious enough to 
\Va/Tan I action. 

Diagnostic controller'S aJso ha\'e 
the ability to operate with up to 4064 
modems. The addresses ar'C an-anged 
into 16 lines with Z54 addresses per 
line. Optional digilaJ-mixing modules 
can expand the number of lines and 
pemlit a more flexible distribution of 
the addresses !Fig 1'- The controller 
can also operate through tandem or 
multiplexed lines \\ilh lhe use of digi
ta1-mixing modules, thereby extend
ingcontrolthrough allle\'els of a 
nc"",'Ork 

Using automatic procedures. the 
diagnostic controUercan spot line or 
equipment problems before or after 
\\'Orking hours and on weekends. 
They also proVide warnings of im
pending line orequipmcnt failures 
during net\\'Ork operation In the 
e\,ent a problem does occur. they per-
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PI, I One dta.Y-lk: colllrollr-r C'&f1 hand&.- up 10 IllInC's U. II IIfw r .... ~ ........ 
10 156 modem. tor. lotal'}'IIlrm ('apanl\· uI """"' ~ 

mit automated tesl routine1t tu "1m
plify troubleshooting. 

Since the controllerpolilli its (·han· 
nels and perfonns its M'qut-n("('!'1 ant" 
al a time. rapid n('\work e\"po1nsion of. 
ten presents compliC"ation!l A 11('1' 
work haling 60 lines. (oreulIlpll'. 
might expand to 160 Iine8 or mono, 
which would require much fastt'f'di. 
agnostics than th(' conlrolll'r·5 poll . 
ingcharaCleriSlics could prm Klc> ()b. 
viously, much fasl('rdlagnoati(-rt Iln..\ 

needed to main lain propoMional Of)' 

erational and cost efficien(")(' 
A second mkrop~l>~r-b4M.'d 

controUer. which perfOmlS all tht' 
functions of the first but contains t',. 
panded capabilities. meets thit; nN'd 
It can parallel poll all channrl!l <It the 
same time and poll more t~l){'5 of 
modems !such as loop 11l0drm5 ' as 
well as control remote transfer 
switches so that f"t>mote'&it(' bad,u!, 
dmices can be plaC'l'd on-line ewn be
fore a system Component gON. dO\,,, 

Synchronous microprocrS5Qf'
based modems used with Ihl \('("'()nd 
controller COntain a microp\"'O('(' .. iOf" 

based T-7 t~t card This featuro 
includes a lransmillrr rt"CCin~r that 
pfO\ides a separate 7S .... bps ~ndan 
channel O\"Crwhich the ""mote . 
modems and the diagnostiC oont""
IeI' communicate. It also aJlow .. tilt
addres!:tCd modem to dE'COde &-bIt 
lest-command words Iran!)mll1{'(1 b\ 
the diagnostic conlrolll'r to pcrfOml 
the tests requesled and to rrame 
fomlat and trn.nsmit the re ults III 
8·bit words back to thl" cOnlroll('r 10 
delect unusuaJ modem condition:. 
and automatically transmit appro!)ri
ate alann messil.8cs to th(' rontrull(>T 

m8tl(·alh· lran"'lnltaJll'lUprUtf'm 
m( ~''a 10 ttw C"Olitrull« 

~or Id('ntlfkaltun IlUIlJOIeledl 
mod"m IAI(M'n. unktur eIrc1rarW 
.. dd~ to 1,'1 th,· ('UfliroUn-dctcr
Illilln th,.IUl:.\tton 0( a modrm and 
d, .. llflt(\la.h illrom aU othrrrnodlml 
mol \ 1MT1 The modem addrna. 
t.~ lulonnahun brio.- M'f'It bid 10 
tht· (-onltul~., frum C't"'nlraJ cw mil*' 
mUlI~n~ \\tudl hrll" proddf'tp
(·Itk ul.lnnn.uaon Ull f4ull) lInn..
('Clulpmrnt 

\1M), the rontrolJao • .t* 10,," 

("t'n" r"f'nwa1ann ~tJmub-
1l(''Olbh '",n1 r'l'ntra.l·.U. and tIIIIC*" 
Altll nWc:I('ms .... '·n \\"h&&e tt'$b nil 
!'I"'OfP'MIIIo I1lr 1·1 rin'Ult~ inNd'l 
modrm ton-.M1ouAhp<MWIOIbII 
\\ hC'll('\t'r It 10000ac· at de: ~,ft'iI 
r..lll 'Itt1llnfonn the uJ»trNm 
mod,'m \\hkhrrporulhrW!# 1O 
Ihto C'Onlrolh'r ala ~tnJ tb. 

Illt'I·;n.nal'lOtmdanaIIrGI' 
• fTl()(11'm MA'ams-lhal Is. ~atraDt 
mil", an und InIbIe rontinol.D C*f1I' 
in " poUffi ",,'1\\ ~ • 
Ilwo .... '·01 01. t~&Iarm.*1i
~ IlcC'OntrvUf"1'canbr~ 
mandl'd ~ theDf)f'fUtfXto~ 
the t n"'.amin.: ITlilJdetn and prrmI 
nonll.u r'M'I\\or"i, peraUonuntii~:?" 
J~iJTo<J lllf' fr .. tUf'l' p"" ~ 
t'-. impoc1anl Ul mulUdropcftub 
\\h(''''' t~r.anl.nod.cd-'" 
IlJ"t'ram.lIt 

In addllJOll (0 It ~ 
mOllllonr"lf{ runc-ltOClS lhr' conrro/lff 
pt·rfonru. nu~oI~ 
UV' 1'Ol1l11M!!' autom.:tlte.alh TC!ft~ 
be ('ondul tt'd promplt) ,U.t ,,;d:II:d 
r~, of«"'q\lIpmt'Ol (lnt"1UCb1fll 
b the' rnd·to-end lMoI in "t\idl, ('IIJ' 

comtech allows the OEM 
10 employ broadband 
lechlllques for Inlercon
~ect ng many types of 
~ardware. uSIng our 
t.l5700 modem ThIS on
CLdeS 8 rypes of termo
r computers. mlcro
",OCessors. computer 
gap/1Ic s:atoos. process 
au:omatlOl' dCYlces. remote graphIc 

Co 

ComleCI1IS a recognozed leader In the 
ieI:lof high SPCCd Int rac10ve data Irans
'f'."$S!OI1 USIng coaxoal cable modems. 

Transmission rates of 3.5 
MBPS are possible with 
Ihe M570B. For more infor
malion concerning the 
application areas of your 
particular hardware and 
our versatile broadband 
modem, write or call Com
lech Data Corporalion, 
350 North Hayden Road, 

Scoltsdale, Arizona 85257, call 
(602) 949-1155 or TWX 910-960-0085. 

COMTECH 
Data Corporation 

Comtech Offers 
Broadband 
Ca po bil ities 

at OEM Prices. 
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mand from the con lrollcractivales 
pattern generators in bot h an ad
dressed central site and a remote 
site. The modems simultaneously 
transmit and receive this data, e.l.ch 
comparing the received pall em with 
the one stored in its mcmmy. taking 
an Clmr'counl, and relaying the re
sults back to the controller'every 4 s 
for display on a SCI'f..'CIl. 

These tests cover modem illler'
faces and the connecting lines be
tween the modems. A high etTOl' 
count indicates a fault in one modem 
transmitter and a pair of transmit 
lines, or in a receiver and the receive 
lines. Other lests com then be con
ducted to detenninc exactly which 
component contained the fault. 

SELF TEST 

Anolhcrfunclion of the conll'OlIcr' is 
10 enable an operator to put modems 
into a self-lest mode 10 dctcnnine the 
integrity of centraJ- and remOlc
modem lransmitlers and recei\'crs, 
\\11cn a modem receives Ihe self-leSI 
command, il sends ilsclf a tesl pal
tcm ,111e conflb'uralion loops Ihe 
tmnsmitterand receivcr together ex
elusive of phone lines. "'rom the test 
patlem, the modem takes ,m en"Or 
COUn! and automatically lransmits 
the resulls back to the conlroller. If 
Ihc CITOr counts for both modems ap
pear nonnal, a line lest foIlO\\'S. 

nle line-loop tcst penonncd by 
Ihe controller provides Ihc opemior 
with specific clror counts for a line 
pair O\'era given period of time.llle 
tesl can also be pelfonnc.od in con
junclion wilh data scopes to provide 
a dot pallem fon1sual inspcclion of 
lines for such conditions as phase 
hits, and to detennine elTOrcounts 
for Ihe dala-tenninal C<luipmenl 
{DTEI loop palh belwecn the remote 
modem's receiver and transmillCI' 

In the C\'ent of line problems, the 
coni roller also pennits oper.llors 10 
5\\1tch an affcclcd remote modem 
from dedicated to dial operation by 
means of aUlomatic line adapters. 
The modern and OTE can then oper
ateo\,crthedjal-up line while Ihe ded
icated line is being reslored.At thai 
painl. dial calls terminate at the cen
tral site b ... wayoflhe controller, and 
nonnal oPeration resumes o\'er dedi
cated lines. A multiline adapter tics 
Ihe dial backup system into Ihe 
netwOl"k 

350 

~IINICO~IPlJTER SYSTE_\IS 
DIAGNOSTIC COl\'TROu..ERS 

I nfonna tion-pl""OC'[>ssing ad\ anct"S 
e\'enluallv ("aJled for reconfl8Uratiol1 
oflhe mom advanced microproC"CS
sol'-based dillgnoslic conlrollcr ror 
Ihe same l'Cason the earliel' model 
had to be rcconfigured-nelwork ('\.
pansion . \\11ilc the mom amanc{'(1 
microproces50l'"bast>d controller <.up
pOl15 up 10 16 channels. minirom
putel'"bascd systems support from 16 
10 Z56 and pcm1il muillpl(> fUOl'liona 
to be pcrfonned by up 10 rour 
operalol'S. 

EssentlaJly a minirompul(>1'" 
based diagnostic S}'"Slem runclion, ~ 
it lester, :r coni rollt'r. 1\ database Ulan . 
agel', a file orguni;/.er. and a rt(1)()rt ,«('n. 
eratoI'. As a teSI('r. II monitors UllIts 
for the assurance of oommunirahon,. 
reports failures. and illiliatC'S a full 
complement of rem Ole tcsls .As a ('Un· 
troller, It conlrols and monilonl '1)4" 
cial C<"luipnll'nt su("h a5 rnod('m~ and 
S\ ... ilching dC\ices. ,"\5 a dntaha:,t .. man· 
agel'. il keeps records on Sill'S. UllIls 
and channels, and ma.\ maullain 
modifY, and dlspluv Ihose f"("('()n.t.. m 
which caS(> 1 he dalabase could be ('om , 
pan~d with th(' netwon. l\ulol1lallc· • .Il. 
lyl.A5 a file organiu>r. II "ceps a .!o'fCllif 
icanl-event file Ihallff'Ords ttw on:uf'o 
rence of test and olher 5,1>ICI11 l"\'t'nl<o; 
As a report gen(>ralor. IT ea.n gf'Il('fl\lc 
hal'd-copy rcpol1S on t'·\t.'ry malar 
database ilem including lil(> .. if(Tlifi
cant-event file. 

In many nwdium-slz.c n('lwoli..s 
today, lllul1iplc rontrollf"1"S &C"t' \t'" 

effccli\'cly Ilowc\1:'r.l/w qucMion tilt' 
user of a rnedium- to IUI'ge-5('al(' Il('t. 
won. must ask is how longsudll'"Cm' 
trollers will suffice in \ic.">\\ oHUlu", 
net\\"On. expansions and th(' manolftt '

ment utilities a\"ailablp in mini(.om , 
puter-based 5),51(>nl5 

Slill anolherqucslion mu:.t lx, 
asked by the manufaclurer lAn lht" 
problems created b;\·l"\'Cr-lm:rea .. IIVC 
net\\"OI .... expansions be O\'('r·t"Om(' 
best by merely expanding Ihe ('apnhd. 
ilies ofa micl"Opl'OCCssor conirollt'l 
or by designing a compuler S\1>I('111 in 
ilselfthal will handle all the Conlrol, 
ler functions Pl'C\ious/y discu .. 'i('(! 
keep the T-7 realure. and add more 
~mprehensiV(' diagnOSTics. report. 
mg. recordmg. and managemcnl e .... 
pabilities? 

An inlere:.ling cost Price rarlDr 
makes lhe second OOUI"M" prefl'rnblt.; 
T~ d.esrgn and manufacture Ihe n('\\ 
mllllcomputer-baSt"'d diagnoslic S.\<o;-

-t(>ln would m.al..r thl' Jlnl't'dtht -
\\'on.-man~f'nM"nt ~ -"Ia,p 
scalf' nel\\"tJIU Im\ in If'I"mI eX tht 
('Oftt pM' modt-m-kM-er In brt. 
• mort' complK·.tIM ~ 
llaM'd ('Qnlroll('Of" thlll "'"flUId ""Pt 
ronlinuallC'"eniral lind rrmote 
mlKl,tkataonl> 

\lor1''Owr .ltlfJtl'C'OmI' .... \aa. 
lroUf"f ('\'('ntuall.\ \\uukJ h.n,. prt-

5(>nl('(1 adc.hhunal"'IK'naI\~~ 
("".ahOl1l1ln mc ... .,cru'\\~nm..tl<\.11t
('lluM'dw 1-7 mK'ropruc'euorGprQ
hon c.-o'lIAUU c"on1t-\I ~ 
Ihat lao Ih,. C'oOlroliM bll~dIII 
from T·7 ..... JUlll'Mod mcxlrm1mmoa 
of fOUl' bal"e c:vnt .. ,,, ~II 
th(' ,'rolO-&m 10R"'t1 an thr ~ 
C"l.,.sor (" ard 

for ('"\aJII1,lt- Ih,· M!Cond biI ii, 
d.tla 111:'4IImn-lumll1f(from.l.:_ 
nUl.\ lx· InlM'J>n-II,1 u ~onrd 
(utlr 11\1'41111"" (It,--.rMlrrqc an 
\\ tWlh"r Iht' nKJektm II'f\ k'I d
purt (K IlnUU·1ollQ.nt CftlU"IIar,," 
I1lblr t"llftflfC\lf1ItMlflS Ihh pnt*:i 
\\ould d.-.u+. llnM' an uti dmdIq. 
In \\ hll.;h ,1oOillt ·lu·I)()IIll Unn rIdaa 
(n.)1lI mulhpOUlllu ... , ... ,,-hm1ll1 
olhrr I, 1M" of UteKkrn (ir't"Uit hcJ:L 
11110 <J.O.·n'l1ll)lW11 I" t'\lllinl" 
('\Itl .. "111(' 1·-; tunfhun Irum IIICIdmI 
In lIt'h 1I~I.ne ( mllCht no! tw-1IIIt
p"-It'tl (·l.lm'C"ll\ h\ Ih .. ton1JUIIrr 
\\hl(h In'.1Ih aU nKMirtns in_lint 
\\ ITh Ih,. N.fTW' IouM~1 ('DnkI,1 

RalhM than rllaIlP IhI'..sond 
~m In thr moclf"ffil \dUdI_ 
numl,.'r IIllllC! thnu...v.hinllrp 
..,.4l.Ic r14'I\\1..... II,.. RllrlkornpUleI' 
1lllM'C"1 dW,I{nOt.he: ~ 11'111 c.-. incbk' 
a doll.h..\'\e \\ Ith illiunnalmnon dw'" 
,·.al ton of .n\ PI,'!l ntcocJtn\.1U f)o-pr 
\\ IWlh .... II IloU .. 1.,( '-up modr ~ 
lIllfI.l""4JII modem II ~ 
\\llh and lW)'unh 

lht""'ktn, Ih~ 1-: lr .. fUrPClflbf 

"'14111.'d -and ..... /COOl! rr3JOft. -I)' 
i alh wn Inmac~ 
nle){iClI" and in I'" monotf(nlltl 
tht-I\\t1 ~II(" rnnlrdlmdit
("'\1 "'(I "wi Ita 101"'1\ C'IJCl1pItIIIt 
\\ 11h mlllk""OmltOh...bu.d ~ 
IIn~ \ n("\\ 1:" \n'!okJO fur modrm-' i:I 
mll1l("()lnpUI~,.\. lt1No4rn 
\anou t-llhar)(TJnt''Obror~ 
And Ina, ("nlf.'lll fulllllOfUbuC
abo t'Ol1IptlLhJc \\llh Ihr lft'iOUI 
\-er..iun 

TIllf, UfJ\\.ud-('()r!\fIIAINdybdCf 
.a..lL:I'\\ a OM\\ undr-n.-trln(I: ..... 
f'\.pa'l&lun 10 be> chanfCrd 10 .... 
l"'lnl>tn • .,..IJoUCOd \<o;tem ",ithcdl'f"" 

plolf""CflK'nl of .all thr modr.ms UZJItII 
AllalOfit p.trame1f"B. aeriIl-n"'-"-tf'" 
pOMm,; l)ft'ifk~.xt 

Meet the data communications experts. 
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Gandalf 
modems 

",.,-.. axpotienced 
TtMy'rt rt'Uablt. 
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Gandalf modems are optimized for 
maximum communications link up
time and reliabUIty. Check below for 
the Gandalf modems to fit your data 
comm requirements. Modems for the 
short haul. the long haul and the in
between. Modems for copper wtre, 

phone company circuits, UHF/VHF, and 
satellite links. Coax and flberoptic 
modems are also available, When it 
comes to modems, call GANDALF ... 
o Stand-alone or space-saVing 

rackmounted units. 
o Meet EIA RS232C and CCITT 

V 24N 28 requirements. 
o Excellent user ratings_ 
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other features associated wilh the 
minicompu ter-based systems' 
modems wcre immediately 
necessary, 

All factors conSidered, the mini
computer-based systems were con
ceived as vcry flexible computers in 
themselves, They ha\'C their own 
CPUs, disks, liD, temlinals, and asso
ciated equipment IFIg ZI. Howm'tlr. 
the system controller takes care of di
agnostic and management controls 
only. It communicates with all re
mote dC\icc&-modems, SWitches, 
and tenninals, 

j\'iicroproccssof'odlivcn backbone 
and remOiC modems have program
ming capabilities for such tasks as se
rial-numbers, tl'ansmission, repol1ing 
faults that have occulTCd within or 
around the modem, the nature of the 
fault , and in some cases analogpal"am
eters or line·Jevel pcrl'ormance. 

From such capabilities in gen
eral, a USCI' could also obtain l"Opons 
utilizing appropriate files from the 
system. For example. he could locate 
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........ ., 

invcntOlY, a d ccidedly ad van tageous 
feature in s\'stcms containing tho u 
sands ofl'e~lOtch locat ed t('rmina l.s 
controllers, m ocle ms, cables, m ult i
phuers. and other d evices Tllt' UM'r 
could also maint ain info rma llon on 
such items as 5er\ice ve ndo" hour;.; 
of operation , and contracl tenos 

Diagnostic syste ms d o n 'l lnte,.. 
ac t directly \\;Ih all component8 In a 
typical data-communlcation~ nN
won.., lnstead the,y m o nitor and ron
trol key checkpoin ts. wh ich al'l" de
fined in the database as II tet, n N ' 
work-interlace p f'OC('SSOMf 'J PJI; I, 
channels. and units 
• Sit es are the googaphic lex.,.

tions ofa de\ice or group or d(>
vices, such as m od(>IllS 
switches, ancll\ IPs 

• The Nil' is a seml-indeiX'nd ('nl 
intelligent p rocessing noelt' th.u 
links the host and dO\"' l htr('.1rn 
units 

• The channe l is th(> communlt't!· 
tions line through which d l~
nos tic d a ta tra\'('I!\ bclwN:>O Iht· 

} 

} 
16::11 ~j } 

....... I __ "all~ 
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Alspa 

ANNOUNCING THE ruGH SPEED, WW COST NElWORJ( 

The ZERO is desiJned to brina hiah pt:rfonnance LOCAL 
AREA NETWORKING to users a, budlet prices. 

The ZERO and ZERO-NET are unique. Any ZERO st&t~n 
can be a Network Master or Network Remote. penniltln" for 
the first lime, a low cost Qon nop network. 

The ZERO-NET features a High level Data Link Controlln 
(mcssa.gc synchronous) at 400K bps carried o\'cr a simple twisted 
pair cable. To achieve maximum speed and reliability we use col
lision deteccion/noidance circuitry and automatic eRe etror 
detection I retransmission. 

Each ZERO compuler in the net can have Aoppy Disk and lor 
Winchester Drives. The ZERO ilSelf is a Z80 based Micro
computer with 64K Ram, 2K to 16K of EPROM, 2 Scrial pons, 
2 parallel ports, floppy disk coniroUer, Z80CTC counter-limer 
and Z80DMA direct memory access. 

The ZERO hardware design was optimized for TURBODOS., 
(CP/M··, MP/ M·· compatible) includina such cnhancnncnu 
lIS console Ifl*ahead (buffering), 1.416 Mbytes per 8 inch 
double-sided noppy, multi-processin& (backaround proceulna) 
5uch as print spoolinl, ~c. 

KEY PARAMETERS 

- LocaJ Aru Networks up to 256 nodes per NET, 'o\ith 
any mu of MllSItr and Remote 5tat;ons. Each station may 
suppa" up to 16 io&ical drives, local or r~mot~. 

- Local Ar~a Nd'o\oru may be linked throujh pteways. 
- Ptr Node - 0 to 2 Ooppies and 0 to 4 hard disb with appro--

priate Orivtr Modules. 
- Per Node - parallel and/or serial printer. 
- Each user can control print routing and/or SPOOlin&. 
- Each node may reference a file system and/or printer on any 

other node. 
- Each node may ha~e an Autostan 1.o&-on with security acceu 

protection. 
- Each node may have a FIFO type Electronic Mailbox, 

· TUR80DOS is a trademark of Software 2000, Inc. 
" CP/M and MP/ M are trademarks or Diaital Rcscarch. Inc. 

• Each DOCk: mA)' openIe .. kb 
MP M comp.uttk tikJ record 
lnttrlOd,., or _llh specbl 
11.JRBOOOS rda.udon ruJa, 
- MU1mumruomlbCDdcdbuM 

knath or ",000 l 1-1 . 
- Full CP/M and MP, '1 c::om~ 
patibi..hty. 
• The nIRBOOO> __ I 
S)'~tnn can SUPf"Oft up 
per 1o&)caJ dme_ 

The ZERO-'''I prodlK't ,amU,. _ tIw n.RO. UIc u:ao n. 
the 'J'.,.D RJ\ L and the "T \C'hIduI &II dIr 0', -. 
required 10 confiflU"C: an c:adn-.~~ 1ft.n-t1labk fI;r .... 
ate deh~'a-y, The LERO pr~. mki<'ClO"'puItf..-orkiJII 
OlTTPERFORMS lftaDy ~ ... EikI4IPIICf .,... 
JubltantWly 10_« C'OU "'hOt lk (11"" ..... '0" .... pfJIIII 
II, ALSPA hAs done II' 

... ~ .• 
[&.\ Alspa Computer.ln~ 
300 Harvey Wesc 8oul~ard, Santa Cru.;. CA~" 

(408) 429-{,()00 T d« 17 6I'9 

---..... ~"'~----------------11 .... 1 Summor 1983 

Switched Data Systems 
Compete with Bus-Based 
Automated Office Links 

~b.lIl(t ,\lui !'t\\ IleI'lIng tpchnologies have r-e8checl a developlnent level that 
In(umwu antll\ :'tl!'t Ih(' choice depends mOJ'e on the application than on cost. 

-

a, l"lT) "hll('1llw,"" 
tInoanlnc 

faced with the prospect of establish
ing a local-area netwod( fOi' his com
pany might have mig.-ated automat i
cnlly to the system that seemed the 
most familiaf'--a baseband communi
c.ttion system. After all, b'lseband sys
tems are digital, the DP man is a digi
tal expert , and he appears to have a 
digital problem. Also, baseband sys
tems are generally bUS-OIicnted, .11 to
pologywilh which a person in the dig
illil wu.-ld is quito comf0l1able. 

1 100\.'CVCr, when you look at CU I"" 
rent events and future predictions in 
the office-network rnarket,yourdeci
sion may be different, as may his. -111e 
new factor to be considered is the 
growing imp0l1ance of switched in
fom1ation systems as networks. Such 
networks have gained cred ibijity flUIll 
a numberofvendorenl lies into this 
segment of the market . fUM 's agree
ment with Mitel to exchange ltJ'c hnol
ogy, and its l'eccnt pm1iill purchase of 
Holm Corp ., e ndorsed the di~ital. 
I)AHX as a pl'incipal commUllIcat lon 
method fOl' futul'e office networks . 
Digit.aJ Equipment CO'll., one of 
Ethernet 's Cl'eators , has a pl'Ogram to 
use I)ABXs to interconnect it s own all
in-one integrated office-au tom'llion 
system. Also, Data Genm-aJ ~OIV' h:ls 
a program thatillay lead to It ~ eqUip
ment being interconnected Via a com
putero.contl'Olled s\.vitc~ed system for 
business communIcations. 

While there's no way to predict 
I ow these programs \vill e\'Olve, the 
f~cI that they exist at all is an ImJ>01"" 
tant sign that no major decisions 
bout local-networ'k installation • • should be made without senous con· 

sideration of s\vitching systems. 
Although the basis ofPA8~ tech 

nolob,"V existed fOl' many years, It re
ceil'Cd a major impetus for de"elop
ment fl'omthe Sup''eme COUl1 's 1968 
C3I1erfone decision , wh ich allo\\le~ 
customer'.owned (.'quipmelltto be Ill -
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terconnected to the public telephone 
network. This prompted many manu
facturers to enter the PABX markel. 

TIlE OPTIONS-BROADBAND 

Broadband, frequently called cable 
from its use of coaxial cable as a trans
mission medium, employs fre
quency-division multiplexing (FDMI 
to divide a single physical channel 
into a number of frequency channels. 
Those channels can be assigned dif
ferent bandv .... idths, \\tlich gives 
broadband one of its greatest poten
tia1 bene6ts-the ability to transmit 
different fonns of inform ali on (data, 
video, and eventually voice) on a sin
gle system. 

111e flexibility of band assign
ment and multiplexing of subchan
nels uhimately will make it possible 
for different types of devices
operating at different speeds, with 
various electrical channels, and in 
many modes-to function on the 
broadband network. But while these 
devices already may be operating on 
the broadband network atthc same 
time, they haveyci to be tn.dy inte
gratcd because the equipment is still 
funclioning on different physical net
works within the s ingle cablc. There
fore, communication among the pal'
ticipating end points (branch junc
tions) of a network must still be accom
modated.And that requires a com
plex system of costly logic, com'el'
sian, and switching capabilities. 

The principal drawbacks of 
broadband LANa at present at'll cost, 
complexity, and the inabilily oflo
day's systems to accommodate voice 
transmission . 

Because broadband signals are 
limited to travel in one direction, 
2-wayexchange requires a single cable 
to be either divided or looped to cre
ate a dua1-cable system 

Di\ided-cabJc systems require a 
central retransmission facilitv 
(CRF}-a costly front-end Im:Cstment 
(S3000 to S4000 average) and must be 
cen irallyposilioned to main lain opti
mum lransmission and elTOr rales. 
This Positioning requirement affects 
the configuration flexibility of the 
lAl'l, and the addition of new connec
lions to the system may require ex
pensive and inconvenienl reposition
ing of the CRF. Dua1-cable S)'Slems re
quire no CRY, but their cable costs are 
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higher, and so are the costs of 
taps into the double cable for 
connections, 

Broadband signal transmiSsion 
is analog and its communicahoru
interface unit can be a variety of radio
frequency (RFJ modems for low-to
medium speed no- to 25-~1Hzl poml
to-point conneclion on the lJ\1\ 111-

expensive fIXed-frequency modems 
can be ubed 'i11C 55- to 75-~llIz band. 
howC\'er, is made up of 128 SWllched 
channels and therefore requirei ulrf 
able-frequency Ifrequency-a,gdt", 
modems n,e Inilial cost ofsuch 
modems, plus the cost and availabil· 
ity ofs\\ilching conlroUers for them 
will continue to limit broadband at· 
ceptance. 

Anolhcrpl'Oblem is that Siandard
ization offl''e<luency allocation Isn'l 
widespread among broadband S,\~ 
terns. Fore\:ample. some s),st('m!> UMl 

the IEJ::.E-rescn'ed, lelevision band!l 
fordala Ihus limiting telt"\i3lOn tmtl:o. 
mission on those nl'tworU. Som(' 
groups oh'Cndors are AS~ IltJ::. 10 
standardize 3Cf"eSS lechniquNt but 
no decision is HkC'lv to be made In Iht. 
near future. Also. \~'hi lC' broadband 
has the potcnllal for voice trallsmlb
sion through a dedicatt'd chrulll('1 
cUlTCnt Icchnolof{\' dlX'sn't mal..(' Ihiff 
capability available 10 the lIS("r 

A11101d Ihen the CUrTenl ItnlJla· 
lions of broadband S\'!item are 1oUm
cient to denv them st.MOUS ron:.ldt,,... 
ation by toc.iuy's nelwon. buyt·r"fI; 

THE QPTIQ:\S-RASEIlA.\ 0 

Unlike broadband, where th(' phy:.i
cal channel Is di\ided inlO mam' rrr
qucnC)' channels, baseband LA\:5 
transmit unmodulatt.'d Signals 011 a 
single channel The transmlbSlon me
dium is usuaJly coaxial cable. ,nih 
data rates in the ran~e of 10 \fbp:. 
Since baseband syslems \\'Pre- dr
signed ford:lIa transmission, Ihe .!Iig_ 
nals and lechnoIOK\' ar'(' digilal 

Topologit's us~l in baseband .Y~_ 
terns are mo!>t fJ"C(lll('ntly ring and' 
bus types Wigs 1 and 21. TIlesc pro
vide distributed rontrol rather than 

I -' 1 ~ 
Lp,,,, II p· ..... 1 Lp''''J 

-... 

'" 2 "but""", III I ......... Ibn!". 
.....ma-- of I'II;Jd8t. thII do nat ~-. 
~onltw ... 

Ih« (,'f'ntrah..wd oontrol of the tarkio 
pollllt\ ul'O('(i III maJl) p\lt F,« III 
nllK nf'l'\vn.., nod{'$1Ut' f'Onl1IIDId 
b,\ poinl-to-polOt lint and NdI 
nod(' a("('(>pta or n'tr.,urmtlmtt
'\ootfC('~ on lhto Ilf'l\\un. \\ Ith buult!
,\-urio.a on IhC' otllt'r nand roils .. 
CCUllu"(ltoU to a &~ ph:\1icaIdl» 
n('1 h~ (·ahll.' tapa or t-nnnectcn 

' odoa mu&1 hi' able til ... "",,,, 
tht,U' O\m m~. hul don I taM ., 
n'tranWl1Il ml~ U1II'hdrd" 
CJlht" ncxk~ l'hrnofuno f1Olko ..... 
dC)('!on 'I 41ft" '1 lilt' I,atw OC lhe toCII 

r--of 

... 

.":I"~u.~Iw""'
nodM ...... II llIinfL'P P*JI: 

bu~ Bu~ nrt\\uri.s ~ the mcz,.t 

lolr bafoo('band ''lI'I,\urU "1m t 
b(oln,g. pupuLu-e\Mtlple. 

BA!M-b&nd JI,\ t~ traruadl-" 
~('S b\ JM(·l.I-t' \\ ltc-tun~ In.tIki! 
\\holr~~di\1drdkUo. 
~teumt oId.lta "pacl.dd"" 
matton 0(. <;.pecific ~h ('MIatII 

the- addrt-. at 1110 uhlmalt' dtImI' 
I ton Th pac-i..M it pLacftl on Iht 
pC' dlannri and b ultlJ1l,ittVlt-
('C'PII!'d I,.. I~ C'nfnIit1 node ---I.r 

Duf'·tolh."I~a--
Uratlon ~nd J1t"t\\ ~ 
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access techniques that allow more 
than one message at a time to be 
passc.>d by the system without colli
s ion .'1m hYO major types of access 
are polling and con tent ion Pollingde
temlines the ordel' in which nodes 
can access the netwO/ ..... while avoid
ing the possibility of collision The 
most popular polling method is to
ken passing, uscd on ring systems. 
With this method, a bit panem is cir
culated and messages can be 
dlUpped into il. 

,11e most familiar Iype of access, 
however, is the contention tech
niquc--CSl\IAICD !caniCl"sense. mul
tiple-access collision-detection), 
which is used on Ethcnlct systems 
and has bcen ]lmposcd as an IEEE 
standard. CSI\IA1CD lets 1IIl\' node ac
cess the chmlllci upon sensing that 
it's fl'Ce ; thus no wailing fo/"a token is 
/'UC]uil'cd If. due 10 signal-
pl'Opagation delay on the channel, 
two nodes hllve sensed 11 free channel 
and transmitted simultaneously. the 
collision is deteCled during transmis
sion In such CilSC.'S, both transmis
sions stop and are retried at eilher a 
fheel or random interval 

Tilt; OI7rtO;o..;S-
S\\TJ CIII'G S\'STE\IS 

All of the switching systems in usc in 
wori; cm;ronmcnts, flUm \'Cr)' eilrly 

P/\llX s\'stt'ms to the all-digital nct
works heins: dcvcloped today, lise 
somp \:ldation on a slal'topology. 
lIathel' than tlV to embrace all val;a
tions, lhis m1i~le will outline a model 
for COlltClllpO .. :lIY switching syslems. 
The I\lO tlO from Ericsson has ix.>en 
used:lS an example because it is both 
stalc-of-thc-m1 in design, and has an 
installed base , II is, tlwrcfo/'U, both a 
Ill'\" SVSlcm and a real one_ 

-I~he 1\10110 Is a digital voice-and
d.lta s\\ilching system capable of sup
pol1ingo\'cr ZO.OOO connections, Data 
is intPh'l'ated wilh voice O\'Cr a single 
pail'of\\ir'es, Data and \'oicccan be 
routed S<'parately. t\ highlv modular 
dCSib'11 jX'nnits ('asy gcogrnphical dis
JX'rsion ofllt"twon. units. The system 
employs two aclive units. a line
int('na{'C module IU\I ) and a group 
switch IGSI. 

'ill(> 1.1\1 is a nonblocking. micro
proct'ssoN'ontrollcd unillhal can be 
('({uiplX'd \\ith any combination of 
linp cirt'uits, trunk cil'cuits, and lenni-
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FI" .. III. tlOC't'l1lra1iU'(llIlk"m"f'()N'._·I~1 .... 11< hlJlf, .).11I'm ~ _u .... w .. 
"consiellAiiotu 

nal de"iccs\n autonomou!l S\\ltd" 
ing sy!>telll it can flUl("tll)n indt'I>eIl' 
dently or as an IIltef{ralt'(11)u11 or a 
lal"ger s .... 'Stem, and ('an handlr a:. 
manvas zoo de\lce~ 

;\\"0 U\ls can bfo ('Onn(,('ll'ti dl
rectl\' via 3Z-channrll"{ \1 lin(',a. lafl{' 
CI' s):stcms emplo} Ill{' groUI) 
M\itch-.a modularly ("',>and3blt' 
nonblocking digital 5Wlld11hat 
transmits PC\! \'Oi('(', data. and con· 
trel signals among UllIts 111C~ G!'t IS. 
passi\,e d("\-ice ronll'OlINll1;> Ih .... con· 
nected U~Is_ 

'n,e netwol"k topology n'!>ultll\fC 
from Ihis modul:U·:'.H.I(>11l ('an IX' 
characterized as a ronl>t('lIatiOI}-.A 
systemofstanJ HI(.l ltoffrn.:tl1('bt'n 
afits ofs\\itch tP('hllol~ and th(' 1"'("

liability usually a:.SOC"iatN:1 \" Ilh bu,,"
orientc.-d tOI>olog,v \\.11('11 di.'>tan('('sl)('. 
Iween the U\I and GS (·.\{·('('(I 400 III 
the Z-\Ibps transmission sr!ootrrn use 
a lransmission lllediull1111at mal 1)(> 
nonnalt\\istt'd_prul' \\In:' , filX'N~PII(, 
cable, or mi('rowa\'t"s.\ltE'mall\"eI\. 
Z-\lbps t .... nsmi~ion mol,. Jx>('On: 
\'ertec:1 for COIl\~ntional I'~'t- \fbpl!' T I 
lines ",h£'n public lines til"(' rf'(IUIn-.:1 

-\11 system facilitl(,~ ('an he' a{'", 
ccssed b;\' use of s tandard tel('phol1(> 
receivers ordigilaJ telephollC1o that 
can a1so sen"e as ronnt'C'hon polnl 
for dala tcnmnals 

\fany oflhe neWeSI ~wllchIllK
system deSigns inducJf> amanct"d 
funClions for system SUp<'IY1Slon, 
a1ann St'ndinK faull loration, and 
traffic recordins; 

Jill \()l(t.QltSIlO' 

Ill(> nt"\.'t'l fur\,Jict-c-om~1I 
th,.lt)(·.aI\\..,....Ml\lfOnmt'nt db 
c'.lltt'lt"t"ommumc",uufu ~ 
\uterl l" pmh;ahl.' lht' air¥trpNlell 
fAC UK 111 tilt' 'loctlOfl of \0 1ldvd II
fonnlltJon '" 1l"flU fur ""twot..ir1" 
,,",mit ofth(' nulO~ ~ .. IU," __ 
bAndlli\!'otrm~M~ . ~ 
muhl-ac'Ct It .. ·hniqu8canl .... 
the It'llf('h~ Iraru.mWllwuandkq, 
<1(,,,,, 01 \11~ rommun ICJIl.~· 
I(>rnl)t~ 10 .'"'COIIUt1O(Latf' \okelXl 

ba .. ~·hand!'o\ tl'tl" C"f'I'"Att" wvaIis: 
d('lnilnd. for t,.ndwidth In ~ 
!c·ml". \\IIt"hrd!'>\ tMlll ...... 
Iv otc"UJmmc)cialf' I'm t lbt. 
rallon And bil"""band Coln I t&if'I 
lr.m1>nllt \U~ 

111N'(·ron- if" h ..... ...nct \ 
.. wlt"c.-It-d II nll .... 1 .".. U1 MkhlP'l 
or In c-omhlllahon \'llh .. \OItW
OpllOllU"d 1lI'f\mri. l'hrIHinciplldr
ndll'fC fM10( for ~ n~ 
\\111 01 rou~ hi> Ihr (1Motot IItpIf1W 
".\ lM1l!! "or an Ml\VOClnWll. 
lOR "'Ptll"'tc'".4tl"d \"Ire
COmmunic·.tkWl .... hu1'f> as ~ Ii 
dal. lral\!'om.:uion. lht-l:il»t ohdtG
r.atoo data nt·t\,'Ufi. IN\ \\d1 btll' 
prar1 k·aJ \\ i'M"n ttw diI:~t..d _iJdX'd 
11'\ 1('01 C.IIn handk> hoch ~ 
riwnt:t \\lth blUe or no comproma;t 
In ~I f'11\vonmMll 

"",malln""put." horJM'dCrl' 
irWf"noc", \\ltha freqUft1ldaU' .,., 

lr.aruml. ion I1'qUlfftI'W'fll tDI\ 
a 10\\'-C'OIi1 baaebuld lA' lCthrP' 
(.'UfTrnt 1C!\"'lo(\oKT~ 
tion lItadrqualf'andnoortdfor 
gt'O\\1h I., anhnpatrd In loch QIO 
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a baseband systel11ll1ay be more COsl
effective bt.'CalISC of its relatively 

ccom~~P~"'~":"'~~h~"~OI~ogy~"~~~i~"~ ________________________ ~ ____ ~ __ ~~~ ______ -:~~~::~~~~~:-~ __ - --.. 
The initial co:>t oflwi:.IPd-I>air I"){,~ bt uk- Ih,,:!O,()OQ to I, pro. -

low inslallation cost in small 
configurations. 

TRANSMISSION SPEED 

Baseband nclworils using coa,tial ca
ble are designed specifically for data 
transmission The capacity of the ca
ble is used to transmit one baseband 
signal al a high data rate, generally in 
the range of 10 Mbps. ('Illis is in con
lrast 10 broadband, which divides the 
capacity of the CO<IX into many 
10we .... le"el "1V channels or low-speed 
data channels.l 

S\\ilchcd :;yslcms arc based pli
mmilyon twislcc!-pairwil'c wi th a 
data-transm ission speed 0[5610 64 
Kbps. Conditioned twisted-pair wires 
can be d l;\,cn al ... lles lip to 2. 1\Ibps. 

l1lcl'efOI'C, if a usc.' requires fre
quent transmissionsovcl'64 Kbps. as 
is somcliJllCS neccssmy fOl'communi
cation between Iwoormore large COIll· 
puters, sollle technique other than a 
standard twistcd-paif'based. netwon.. 
will be required. The principaJ option 
\\ililikely be a dedicated baSE'band ca· 
ble thai may be used either in a net 
wort.. conlext or independently. 

Actually, such considerations are 
fairly infrt.'qucnl. More than ~ of 
data communications in the local 
workplace occurs at data rates ofless 
than 56 Kbps. 111e most frequent 
,dtes are in fa clless than 4.8 Kbps. 
1111'rcfore, speed considerations 
al'O not plimalY In most networking 
decisions 

CAULJl\'G 

A frequen l argument O\'Crwhether to 
choose baseband or broadband mod
ulation is cenlercd on the presence 
of existing twisled-pairwiring lused 
in telephone systcmsi in \ir1ually all 
work cnvironments. While ifs true 
that some exislll1g\\iring can some
times be used in new building instaJ
lations, iI's nOI a majorfactor.A 
dala--communications system em
pl~ing twisted pair\\iJI usually re
quire new wiring if only because eA
iSting \\iring plans fora building may 
not eAiSI Therefore, the sa\ing on in· 
staJled \\iring is nOI as great as iI's 
sometimes represented to be. 
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wiling, however, is lowf'1" than for an,\ 'ilblt' uw·n. \\ho ('~ hr f.LIPfJUfI'lf 
other medium. Its inslallalion ('0:.11> a d"";ltAl !o\\ltdll'd aY'uom n,·, 
are also low sinC't" ('Ol1l1nonl,\ U\ ;111- If thl' u.-r antK"lpat.~''''''-1II 
able tools and less tt~hnlcal I"bm (J\,'r lOUt) uw-n tM' n'lml kd.~ 
can be used 6l101lll'h' bDt-hlnd 1M"f\mf~ 

The benefits of ("t)3A1U1 cabl(' an' .,fltl.1lh Im1'Gr1,ult .lhr~ 
well kIlO\\1l n1(' \\ ieb'I.' u"I'(1 mr· rat.un u' ItW f't"(.jUW'ed n'1Otmt DOl 
dium olTel'8 large band\\ldth and Iht, onl.\ a'll .... tunr 01 &nt.IaDar""' .... 
ability to SUPPOl1 high data rat('A \\Ith Iht' (\lltin' n~· CO\I~cI_ 
)owefTOrl'iltes and immunlt\ to ("It'('" h.uul fWl\\ori..,.l""'ond.~ .... 
lrical interference Cable IS (""01I)IO,\(od uf.4 htuldul,f; b WI"\ ~ btu .. 
in telephone networks to mulllplt·, 1l4 .... 1 (ur an "\JII('1»I\"~~ 
many calls onto one ('abl{' and I tx-!Iot Ilun f.\II'fUJUO '" Ihr~tlftIt 
k1l0\~" for It~ uS{' in (AI' 11l1!> puhl", ~I"~.'b d hmllrdb) pubk~ 
\\ideSI)/'Cad U3e maJ.C'!I cabl(' muciN'" phun'"l't"fnIbhlM. forrftln\ ~ 
ate in co::,t !though 1lI01'(' ('\llI'n"r\t' nil tlU nUll, hr a M'JiouaIlml6tt 
than l\\isled pall" and ('.I!>II\ ,\\.111· un hIIUn'p'I'\\lh '"'IL'hedIoal.,. 
able, The il1!>tallallOIl 11'C'h11lCjllt .,,,. !t'l1h 0( t1lMJ~ ltlf' trftophonr, '-
substantially mon: l'omplt'\ Ih.1I1 \ lr1u.dl,\ unhnllhod Rrubful\ hem-
Iwisted l)air'5-I'l'<luinlllC "''''' ron rlfcurahun 1.,I\" ... ·n ftounJandbuM-
troller, splitt(,l" ('OUI>I(,I'8, and I'('~ lOP 
pealers--but tl1(" Il't'hnolot{\ lit \\t'll Ill!' NoM" "11h ~ ntMbI 
eslablished 'k)(H!a (".an br "",,"-1 b aboalaflr 

m .. ely to prQ\ide ultrnhil(h h.Uld\\!thh ('01I'plt·\ anel .. inOr\~Dtbtca fiberoptks , tht' 1fl('1:ilulI1l1lutil l1"a(',fljlnd tl"11nbwlClCUW'(1JCDn I~~~::l~:=~~~=~~ 
perfonnance in ttl(' (utlln', l-um'nlh 1.&1 c: ,ble tu "itk-h lhr\ ~attd& ~ tJlW'fnr't 
Jacks a way 10 lap till' Int'(lllIllI ('Ih . Ill" .,&'11'21'"'" ut~ alb.. pot:Idurt rll~l 
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Often the ke"y issue III tl1(' l1I,1n,,-t>(. 
seleclion of a l1etwork \\ 1111)(" h.Uc."c.1 
on the system s!1'..e and Nudw..r.lhun 
at th~ tune of installation ~lIIld It)(' 
user 8 growth r('(IUIfl"I11{'nl, 

TIle ba~nd bu~ lopol"f\.\ I~ Ul. 
herently lII111ted in It nUmt",!, of 
users A typical S~.!>I{'111 , uch u 
EI~emel can extend iuS! undl'! f\\U 

miles \\lthm a building, dur 10 I f . . .~ Imlt .. , 
Ions I," Signal prn~aholl \\ Ithin 

that distance, I"Cpeaten. O1U"lllIO 
placed al dlslances of .lpprn"IITlolh'" 
1000 ft to ~01phf)-' the .If(naJ -

Taps IIlto the bus fOI mdl\ldu.J 
~odes can be made onl\' at 1X"f"IIt<-ct 
mtel,als, aJIO\\>'I"8 a m,unllum uf 
1000 users TI' . be . 111. IS a sumr"WIlI num. 
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1110 human ('It'nwnt h It :.ubtlo but 
U"" unp01'1.ull laetor in l1Ian\ n('l
\\U,i. (I('(·, .. lon .. ht'lIlJ( nUldt,t'Oct.\y 
\lhof 411 nt"twt)rlo"s aN' d{,"'l(IIt'd to 111-
t'~_lhl·l.nKtll(·tl\,lt.\ (lnd contrihu
hun ulll4"Oplt. 11110day'" Omt,(" IlI't
\"'1"'1> hnuld ht. u'-'lhl(' hv \ 1I1uallv 
a"\Unl'lIl Iht·IOI.:11 (·I\\lI.onnl('nl • 

nlMl""t"1 1'111(1111'1'1"" dt'lil',,1 and :.t'(~. 
n-tolI1411H.'r'!\onlwl ~ah'" :.Iall "net sci
t'nU .. t __ In ,I( hlt'\I' 1l1.l\IIlIUlIIUS,·' 
\\Ith I11l1limum tl;tililng, 1111' ~ysH'm 
""u.tl,.. t Olhldf'n'cI ir-wlldl\', and III 
Ihl!~ n-fopt,(·t It,,\' cll"in's ("nil MII1lllSS 
Ihn It'I('phnlU' 

\\111It' ( K I h"nllillllls, pdnl{,I'8, 
4nd utlU'1 l'CU1lptllf"'"Wil'IlIPd dl'vil't·s 
""'.\ ht· 1'\1'1' hit ft"I'III'o.\ 10 nppl<IIl' n~ 
"mit' HI IUcl,l.' .. l'ouphistlr;.lIt'd dlf(ilul 
IrlC"l-,hum' h'lIIds4't~, Ihl' lISl'. llIay not 
thin" ". Ihl' JlhUlw I .. d tOlally fllmil 
w,ruhJI t .\n\ 111'1\" ..... IlCllllatll'r 
hcj\\ \Ul Ih.". t"lo,'n p.u1ialh "ITt'.!>!>i
h'-' t1\- phunt, , .. IIJlt 1(1)(' bt'en (11'0 a 
"onUM 1),111 ulllw WOI'" "11\ If'onment 
anlll,nl <1 an t,,,,II(' ")l>I('1I1 fOl' uS{' 
onh I" "'l)lllpUII'" ,>('it'nll!>ls Th£'I't'
tun' th" IIH,tillldtltm 01 ,1 to\\'ItdU'd 
"e't\\ul'" ",!ful", 111 a 1l111l1111Um of db
nJl'liCin III tl1l' \\1" .... ('n\ 1I'(lI1 lllt' lll 

( (,.., 1"':\ 

SUIlIIlIor 19/!.3 

T he intention or th is m1icle is to 
if!a,,!} the manager with more ques
tions tha n answers, Before the huyCl' 
can hegin lin analysis of vendors, h ow
e\'CI', he must do a thorough examina
tion of his own company and applica
tion , \\11111 arc the ftx\uil'ements of 
his business in temlS ofnulI1bcrillld 
kinds of USCl-S, volume of data and 
voice tmme, lypeS of SCI,<iceS nt..'Cded, 
etc,? lIe must examine the physical 
ronfif,'Uration of the officers) 01' 

plant- how many build ings, floors , 
ele,? And, most impol1ant . he must 
look at where the business is going 
and how ils needs will gmw, If the 
manuger can't reasollilb ly project I'C
quil'tllllcnts for alle;!sl twoyem-s, he's 
nOI yet p l'Cp<II'Ud to select a network. 

Oncc this in-house analysis has 
heen completed , the list ofcons iclcl'" 
11.1 ions and issues given ciln be used 
to ('valuate prospective suppl illl'S, 
TIll' manage!' may seek 1.1 5il1810 
sourt.'1.' (01" .111 ncl\\'Ork requiremen ts 
ai' pl'Cfel" to separ-.lle voice and daw 
systems between manufactul'CI"S. 
- 1'>0 matler how challenging Ihe 

user's system demands may be, he'll 
find 1983 an e.~cellentyeal·lo make a 
decision Both baseboard .lIld switch
ing-system lechnologies ~\'iI,1 COIl

tlnue to co-exist, often wllhlnthe 
same office cmironmcnt, and rutlll'!' 
developments \\ill extend-nol obso· 
It'lo--cul1"Cnl capabilities. 

-l1lC el"::1 oflocal-m-ea nelwOIi..ing 
has al1ived. The buyel' has only to 
find the s"stel11 and supplier Iha l wi,lI 
callY hin; into the fU lul'e , . 

!Ml f'n' S to lz.cnberg i.s product /IIllII ' 

tlpprjar ,\11)'/10 find SlIpporting 
Svs/cms til AfI;u;ondtl-EI"ics.sofl IlIc.llc 
';ofcls tl/jr~I::E from City Col/cJ!,c ofNcl! 
lark .111d 1lI1 MMfrom Rcns.scfllcr 
'~ol."/t..dmic Ins/illl/e, 



COmpI.ner Technology Re\iew 

Considerafions In Selecfion 
of a Local-Area Nefwork 

The majorconsideralions in seleclion of a local-area nel· 
won. for tOOav's office em;mnmcnt are: 
• Will Ihe ~onsidered network accommodale the re

quired Iypes of communications in a single S,\:-oI{,111 
orwiIJ cosily duplication of systems and s{'"i('{'~ bt" 
required' 

• Can the system pm\ide the bandwidth roquirro for 
the type of communications 10 be perfonnt"d' 

• Is the sYstem affordable? 
• What are the syslem's cabling requirements? Can 

any presenl \\iring be used, or must totally 11(>\\ 

cabling be in~lalled '} 

• Can the sYstem accommodate the number ofu!,('I'S 
anticipated in hath the present and fUllln,'" 

• Is the s),stem reliable, and does il minimize till' ('f, 
feet of major' failure? 

• Is rcconflgur-ation oflhe sy~tem efficient and afTON:!' 
able? Does it pl'ovide nc,\ibility for· gm\\1h and 
cosl-efTecliw maintenance and operation? 

• Whal degree of compatiblit)' with othersystel1l!, 
can be maintained? 

• What arc the operatorfactors? Can users be ('a:-oil.\ 
trained' Hill they find the sy~tem easy to U~("J 
\\11at le"el ofarccptancc will the system find 
among usel'S? 

,\ 'eh\'ork Vocabulary 

\mpli'lidc Modula.ion, -nle amplitude of the cal' 
liel' Mgnal is alwrec:1 \\ilh time 10 ronfonn to the mes
sage 
signal 

Anolog, \\'OI\'elike slb'nals Icyclesl proportiollate 10 
all onginal fonn of communication The numbcrof~ig_ 
nals to ()("CUI' in one s('Cond is called frequent)' 'mea. 
slll't'd in hertz !. 

Ba.scbnnd Signal. An analog s ignal sen l at il~ ori
ginal fI'C(luenC)-

Hus ~clwork. A single line shared by a nUillbt'r of 
node:; 

Capucily fUand" idth l. The range of analog Signals 
that can be can'ied by a physical medium 8and\\idth 
also de!>Cribes Ihe difference between the highest and 
10weSl fl'l."<!uencies of a signal 

Carrier Signal. \ continuous signal transmillcd 
U\'f'ra medIUm onlo which an original frequ{'nL:'- Signal 
can be modulated to be sent at a different frequencv 

Cenlr,llizcd Con.rol. Access 10 the network a'nd 
channel allocation is controlled by one node. 

Cenlralb,cd Polling. A method of access to the net
work chann<'i wherein a master node queries each node 
inlum 

Coaxial Cab le.A central canier \\<ire sUrTOunded 
h\ fine coppel'-\\irc mesh and or an e,'\lruded aluminum 
!>iCC\e, OIlers large band\\idth and supports high 
data ralC5. 
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CS\L\.CO. Car';I'1' ",('11M', muillple an:f'U\\-1tha:JDi. 

"ion (lI·tl"<·lion \ d1ann('J-"cn~:>:.I(", .. hnique that alklWl 
am noell' 10 "('nd J. m('$Mftt' \\ hCIl II M'niellht> rhannd 
i~ (n.'t" If h\O node ... tran ... mll.lt Iht" 5aJTlf' lime 'J>O$I.IlIv 
dut' 10 ~I""'nal (1I'la,\ thft ('('Suiting colli iun is dt'h,(·teti 
durin~ tran. .. mis.. .. IUll, .lnd th('lran~miuj()n it aban
donf'd ",fll'r a bnef \\ail fur a fi,('(j or random inlen1l" 
n'll'\ i., madt, 

. Uigilal. DI,n't"tt' I~nal~ bit~1 rt'Jl~t two poaa. 
bit' ~tall':. 10 ' Or 01 f 

OI!t.rlblll .. "tJ "'onlrol. \l0I~ than 01)(> IKJde for.a!l 
can f"~tdhlbh c"tJlmf'('fjun .:Ind acn ~ 1114:- th.nnd IrQ. 
p~·nch·nll,\ 'H"COI'tIIll,rr: 10 aC""pl(.-<1 rul(" 

Ol,,'rlbu ... -d I'olllnlf. \l-q ~ COntmlto tht' Mtwai 
i~ IO-C"llt"<1 \\Ithllll',u ·h Ilocll ~ '1'ol..("n "_"-51"(, Slot
,.'d nln~~ 

f lixor Oplh-!t. \t·~ hLKh pt'rfonn,1nno transmission 
medium l'lht,,,, moddt, ul pla!>llc 01 "I.I~~ t'an) ~.rietI 
~iK1MI!'> that lin.' tl'an~laINI into lijothl pul~", 

Irt. .... ut'IIQ .... Uh 1 .. lon 'Iulilpl .... ln.(, 01\ ides the 
3\ ail.lhlf- h;mc!\\ I~lth (II .. \ing/(o ph~"'lc-al dwulM lruo 
~l1lall,'1' ~t'p01ml(' fI'1"'luf'n" rhann,·I!i \naJ()(onf.t. 

l"retlu,·n ... -, "oclut.,lon. Illt' h1't,Ut·I'k":\'o( Aeam.
~i/l(nall," .:I1t1'n'C:llu nlllionn 10 thr ~.~ 

Lln&., (:ulllIuunlc:Jtlons p<lth 1x-1"'l'ef1twonode 
\luhlplt',I",,_ I h" II1t,thoci "h,.nof:~ .Iinf:k' chAn 

Iwl 1:-0 dl\ltI'"i:llIlltl rnulhc·tlllnnt'b fOt Il'1UlaoLtssionoh 
numl,.'I'c,londt·Jlt'nd nt aJgrtab 

\fulfl,)(Jlnl Ullf'. '" cin'lill tJl4n'd by mcttlhlnND 
nudl' 

'(KI ... \n "nd ,)OInt of am nctt\\tXi. branch. or. 
IUnt lion 01 t\\O or mon, hl.tnc In 

"oint-Io-Polr" I ,Inr_ \ drcuillhal ('OnnC!ICb '-0 
IlfKlr 

flln( ".,,, ur"". 1'oln.'lo'polnt IUl" nodeabm 
ullhIV"t'n I' ,,"{,I .. 

HOUft'. Ih'lho,ll.\ oranucl IOllOlU~"'&fI 
O1dl"'I'nl nud. 

Siollf'{l Hln~""_ 'uncunk'llk)nacct'UC'Ultrol -\ 
nllmh.", III t mllll' of li\I"(1 aiz.r drculatt' on the- rin& MI' 
\\·IlI .... t·,u·h c-ontallllll" hll 101 .cldl1'3Se3 t'1)('1trolparl) 
and dala 'IKII'., I"~' ,., d,'14 Inl,) unuX'd firldi 

~I'''('('-UI, 1""lon \tulllpl('.:ln". CtNtlOl1oJA ~ 
dl.mlll'll'.' tho """upu.,; Cli ~. ph\~ channrb 

~Iar '("" or"'",. '('I\,OI! hodo an- jobX'd At a 
",It I)(UI1I fI't"1:IU"ntl~ IICrrlln a"ilchtod InfonnalkJn 
'\ h'rn~ 
. Tlm("-Ilh 1"lon \tultlplrxln(, \J~ NCh node" 

a n('I\\tH\ a m.1l1 time Intrnalln \,hidt 10 tranMnif It
fomldtion l)~IIa1 

Tokl'n p." .. ln(_ 'onconienUon ecCl"No rontrol. 
bit l)altem on'\ll.tf"d on th .. nct\\m 1:10 pwt:btd ~. 
110(1,' for f'ulu n.11! ac 10 the dwmel 

1\, 1!oINl-P.lr" If"('. (~ COJlPl'I'''Vr "'_ 
to ""uld Intt'tfl'f"rlk'e in multipau ~ 1br _I U 
1~'U.I\'e and most \\ide'" IJ:Sl'd f1W'dnun for.ace and 
data tranamwMX\ -

l nron"lrahwd lOpolo(). \ ~ui IMfta1edlt 
hapc ollhe ('Onnerchons .. dk1alrd b\' the 

applicallon • 

YOURWCAL 
COMMUNICATION 
NETWORK 
HAS TO WORK 
24 HOURS A DAY. 

SHOULDN'T IT HAVE 
A BACKUP OPTION? 

level With the IDX-3000. you can have as 
much redundancy as you need-even OUI 
10 the dlSlflbuted muillplexers 

For the office of now 
SImple Installahon. dlStlibuted archllecture. 
and p4'8CtlCat lault-toleranl deSign keep 
costs down Expandabrlrty to more than 
3000 lines means the system can grow With 
your needs The IDX-3000 Isn't one 01 those 
products ollhc luture II's here new COM 
proven, In use. and backed by MfA~ , 
one 01 the nahol'fs largest communlcatoo 
companies 

II you have Of need more than 200 termi
nals, contact us INa'1l gIVe you the lull slory 
And we can back It up 

THE NO-RISK NETWORK 

MI A-COM LlNKAIIT, INC. 

Attn Ruth Stoltet 
3033 Science Park Road 
San DIegO. CA 92121 
Toll Free (BOO) 626-6640 
(619) 457·2340 

.11C~~·irII; 

II 



"What good is 9600 
baud if your statmux 
slows you down?" 

Speed can be addictive, that's a fact. Once u"'''' gel accUo.lOllll'<l to ""11. 
back they just don't want 10 hear thaI )UlJr I ines are overloadt.>d or )UUI' mux Ju. .. 
can't keep pace. 'They want their data and they want it now, 

To help )00 avoid these baud rate bottlenecks, Telt""" " happy to '"tmdlk~' 
our new M·86Q Statistical Multiplexer. 

You want speed? It's a thoroughbred at up to 78,600 bps, '" l"" can take full 
advantage of 56K bps DDS circuits, You need f1exlbihty? It',. chamdo.'OIt thaI 
offers six different data link interfaces-two with lnlegral modems. 

Efficiency? It's an unparalleled performer thaI deh",,,, mulllpicxlIlR efflCk'll
cies of 800% and more. Friendliness? This is )UlJr mux-full), progr1ll1Vll3ble flllll 
the local or remote end with an interactive menu system that 31~ PRl'"Kles act"t'_ ... to 
diagnostics and statist ics. You'll never deal with DIP s",llche:. all3Ul, The ~I.~ IS 
compatible with our own DCS-2 Data Carrier system and ' "ice.wade I""",. but n 
""rks equally well over microwave, coaxial cable and fiber-<lpl1C hookllP' 

lVant more? How about local or remote echoplex, full field e,,,..,,,m, eRe 
error detection 3!Id AR~ retranS'"!li~sion. speed converslOO-plu the same 
dependable sernce we ve been &IVUlg the teleoommunicatlons mdustr\' lor m<re 
~ffi~. , 

It's a combination that's really hard 10 beat, 10 a mux for peopJe who'd 
rather be working ~ wallmg. CaJll-800-m'3800 Ext, 2301 or "'nte T~ 
Corp., PO Box 657, Kirkland, IVA 98033.1n Canada call (416) 475-0837 or \\nte 
183 Amber Street, Markham, Ontario L3R 3BR, 

lCeL~CNe' 

........ -- Summer 1983 ---
Intelligent Hardware 
Meets the Demand for 
Network Performance 

f!o!raI1","lail,h' lit-Jut ('lUi pl"UC('~!',OI~ and 1l1odular s ta t ist ical illuit iplexers offer 

II!:ml:i\,,,, lUI t·., .... ,. ('O!'tt o (·tlt'(:I1\ C upgl'ade~ of COllllllunicalions sy. s.te.n.'.s •.•••••• 

b\ , .. ,,- kurt' 
..nd \hu"",'u I .. (.ro 

t.quqmw1lt (.otl' 

otia,'s inwlligen l 
,"ullunUIIUdIIUII!' PI'O("l'~M)I'ti I I(:I'SI 

","tl fIIuh'I)lt'WN ulll'r u ,.trlcty of op
Uun" tu t"nh.mu' t"\sllUg rl£'lwOIb 
.utel n'.dlu' "' fd,,1 n'\unt 011 hWt'~I 
"..-nl It ,,,,,',111 h.mdlt' the cOIll~ulCr 
),'" t f>11I~ nt"t·dt'<.l fOI" l'onUll~II\ ICa
~MII"'I h""'t"',,, tl'\.18 and public 

""I "lldu"li Iwl\\Olb H-'I~!\s l 
~::J '~'I\"-"'Il (:1'1 3 and olhcnlct- "IJs 

'hl!t'("lurt'S 1\01 unl,\ can Ie 
"Ul .... oil" I .11 I y 

Ih • ~'(lul·n"-lIlg alll II1I~nn _ 
,-"IOU''\* I. > I ' \.M'tWl'CIl net -
CIt ddt .. tl,IIl"I1lI)o" on h • fl' • • 
\\Ufi.. \loillll'X.25Pl'utol:ul t ,.:.yo (' 
",II"nM\ l' u,,"I- I)I'UK' .1I11111o.1blhIY S,O,~, 

\.25 fl' Itlirt'S cm ""-
th .. , U~i:I::~·.:t~:~'I , .. tlt:ui ll1ultlplexcl'S 
1U'"Uil .). ,. 'o"t.cIlCC"II\CCOIl1-
.. I .... twlp ,,,'0\ I( l t . ndcs 

dl","lt umJ "Yl'itclll upg • HUIIHI • . 

-1'\ HI.lC I'M ... 1 I _:'\\IIUILU 

".I\\ott ... ~ 

\-' l:M:' hnl-cd through a 
(.a.n"ult'~ '~I,~'the Intenlalional'l c lc'If'" h~ Ielephone ConsultatIVe 
",.ph j) . CUI'll n:.'Col1unendt..'<l 
(·nnlllHtlt.O{· It I1li1. protocol is a set of 
'\ L'i prnt(){"Ol ures till' con'CCt :,e-
nd Ih.,t ('11" . 'tvoftranltmitted 

rUP and 1I1H.',p1 _ 
(I"Wrltl. ~ .... <' !ouch as Telenet 
.1. x.2S nclw'Onu. d 
uoat4 '. d Dalapac in CanOl II 

blllll" l' ~ a~ rrom counlly to coun
\M'\ III dNa _. "cr1lficatlon ofx.zs 

. ,h 1'("<luII... ... ... 
If:\-. roil at hnk to the nclWOI-". 
UltN'ioil('I' th , fa(.;tureNJ ('1.Istom-

,. n )utcr manu 
..... 01 1 ad • .aues that en-n " wftwJ,,'C P 0 

ani"" 1I 1"'_ 10 Implcmcnl . I "'OIUPU • .hle t 11'1 , I Any com ' 
'." network protoco '1' tllf' X~tt X.lS capabllty 

pUtt'1 upt'rdtlnK \\ I I 

may be linked dil'tlc tly to tI.I'PSN and 
communicate with othCl' llIlked 
X2S-(;ompatible computcr:s tF.ig 1). 
Public 0 1' plivate l.'ommu.IlICa tlons 
links llIay be telephone hnes, satel
lites, on-ground micl'Ow<I\'e links, 01' 

any combination of these. 
In .tddition to X.lS l'I>SNs, thCl'e 

al'C othel' network architectures-;- . 
such as Digital Equipmen t COI-P,S Dig
ital Netwol'itArchitcctul'c I D~A) and 
1811.1 's Sy~tems NetworkArchltectUl'e 
IS~A~that have been implement~ 

I , 11 opel"atmg for the manufactul'er s 0\\ 
_ . Yhich define M'StentS and haluware, " 

:,~ )CCific message pl'Otocols fo~ data . 
I .' n between nodes III their tl~dnSlnl:.sIO 

networl..s. al 
New hardware and software -
, 'c p ,'vate net -low computers III on I 

WOlit to coillmunicate with COIllI?ut-
. • "olhel· private network, mlher CI'!o III 

via dk(."ct connection between net
WOIit~ or by linking the networks 
tlll'Ough a PPSN . 

X.lS COl\IMUN1CATION 

A communications pl'Ocessor is a 
f • nd device that pertonlls com
ronte ' I ' sin 

" I ' 'OilS functio ns wli till a -'llunll:a ' t 
e computer systmn 01' 111 a ~ompu -

gl , . II'hat these functions are c l· net\\'ol... . . 
de nds on the configUl"atlon ~r pro-
~ requirements of the particular 

t~elll or network. X2S defines three 
rYS Is of protocol : Physical, Link. and 
:a:ket. '11e lntemat ional Standards 

. I' ,on IlSOl Open systems In -orgamza . 
terconnect (0511 model d escnbes 
5e\'en com munications levels for net
work architecture, 

,l1e Physica1 Lm'el tLeveI 11 de· , 
fi bolh the mechanical and electn
lOes I l cal functional and pl'ocedura c lamc 

l 'les of the physical interl"ace be-
tens . I ' . nent nvcenlhe Data Tcnlllna t;qUlpl , 
tO'1 E. an intelligent system recclvlIlg 
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Computer '\."Chnolosr Hevklw 

01' transm itt ing data) and the Data 
Commu nicat ions EquipmentlDCE, 
an intelligen t system that selves as 
Ihe UTE's access point 10 a PPSN). In 
Fig 1, the DTE is the CPU at the inter
faCing node and the DCE is the 
packet-mode facility at the local
network exchange. 

The Frame Level (Level 2 ) defines 
the link-access procedure for erTOl'
free data exchange over the physica1 
link between a DTE and DCE !Fig 21. 
in this format , a header preced es the 
data fie ld to specifY the channel be
ing used and the sequcncing of the 
packcts being sent. Each packet is 
framed with the infOlmation needed 
fQt'clT'OI"frcc transmiss ion : 
• Plag', All f,"llles start and end 

with a flag to indicate Ihe begin 
ning and end ofa framc. 

• Addres8. This Indicates 
whethcI' the frames are created 
bylhe user (DTE) orbythe PPSN 
IDCE). 

• Control. Conlrol functions en
sure that data packets are sent, 
received, and re·assembled in 
the correct sequence, They a1so 
acknowledge receipt of data or 
request retransmiss ion, and con
nect and disconnect the link. 

• Fra me-chccklngseque nce. A 
check is pelfomloo on all the 
bits (olher than flagsl to ensure 
elT'Ol'-free transmission. 
The amount of data contained in 

a packet varies among nCl\vorksi a 
maximum of 10M bits is typical . 

"" 
~" """""" "- """"'-"""'" ""'""'" I ... --"""'" 

~=-' 
~" -' _ .... 

...-
I 

"""""" ... 
"""""""" -""""'" ...-

"" 
"" I Compulen connecled Ihrough an x..z.s 
Med nol be I'rom Ille 58-me manufacturerbe
c:auMl thelrc:ommuniellioru an! pred~Uled by 
lheir u.s capability 
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PI,2 It. packet .. d c.oftnf!ld by lC.1S ('uOAaa.h '" ....... w and .I~ "-d .... ....-tY. ___ 
tion 10 en6ure errot'-fn.oe lranwn_," 

The Packet Levcl'l.("\·d J' ddin«' 
packet-fonnat and -control PIUt't>· 

dures forexchan8e ofpackct' aCTOP 

a net\vork Control pa("kl'l!l prt't"'t'dt1 
data packets acro~ the nl'lwun. to 
sel up the vir1ual circU It . Aft':r All doll. 
packets in a message ha\'l- bt't"n IM"nt 
control packets arc agllm lran"rnlttlod 
to conclude Ihc cil"('"uil 

TIle X2S communlcallons funC'
lions reside in the fouruppt'r 1011.\ I" 

oflhe ISO network protCX'Oland an'! 

executed by Ihe CPli allhft 1)",. 
node. ll1cse functions aJ"(' unph 
mented quile diffCl"{'ntiv In (·u .. torn 
and proprielary net"\\olb ~fh\4'" 
may be l'C'\mltcn in-h ouM' 1)\ lilt" nt., 
work owner', computermanl,f.Ktur.-r 
or PPSN dC\"elopcnr CommUnl{'a ll(ln 
is transparent to a l>plic.atlon pro~ 
grams runni"8 in a neh\on. "he*, AJ .. 

chitectul"e has l:x>en fulh ddinrd and 
implemented in softwai-e a, all prult). 
colle\-'cls by the compu!t'r manuf ... 
lure,., but a U8erwho \\"t hia own 
software must tak(' full """ponll hllrh 
for proper implemenlatkln 

1l'ITEl.J..JGE!\'TCO\I\Il'IUno, 
PROCESSoRS 

The ~lOS! COmmon PI"'Ot"t·~ for c-on, . 
mUlllcatlons interfaces a- no J I;" . .... nmI4 .. _ 
"'eent Sl~e- Or mullilint> .\TI tuu. 
nous dl!\-'1ces that perf....--. . "t • _ 1 . ...·.11 on,," , lilt 
....., • ..:!: 1 functions and 0 .......... ' • 
m I · ,..~. - t at ~'\I. 

urn meSJ}ecds of I9..2Kb\. U 
local Cpu has . 1f'$ Ih~ 

. . n.xce II proC"l In" C' •• 
pilClty available 10 perform '~lA'!WI 
and 3 funclJons. Such SYIlt'hn:HluUS % 

Intrrt.ar ~ noc onIylDOlTlhII 
q\UIII~ hut the leal custh-desip 

In fM'\\ and ,aandtd 
II~ "It....-c.ac.. An' ~ 
\"lthllltrlU,;t-n\~ 

(."N.aotJn I( PI • :J th.tt ... ". 
(.I'\\nl6-bll~1lN. 

R'\I 
Inlll.cv alC '''\W\ WI Ihr 

tl-Il",'lA, imctionllhry eMS 
II ... Itn ... ",~".I "tudttbrral 
(·r.tt and 1I1C'1amoun101' 
RU\llW 1\\\1 \t 1K.""doo~11i 
"\.2.5 rom ... tl:Jibt\ prri;:InDLMI 
and: IUI'Il11ON-~ ,hualld' 
\ Iln"lI IDDlieb "Yn han61t'r1f 
I1M1M'1MnM" 1l ""'1)paIJ'" 
01/0 .... 11 •• 1 ... ~"up ... 
h.hauci ... h.hwd In LunJpr' .c 
11H)RO ath1lnt'l'd modrb Mdrf 
102lG .. h.ud or 1'\ UlII- u.at 
" udJ 

a...-.t an .... .-""" 
............. dand.xp.." 
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Compuler TtlChnoloS} He\ iew 

mOlbility, the user can select various 
amoun ts of HOI\ I or RA.\ I. Fore.xam-
pic, Digital 's !aISI I-P pClfOt1nS Un'C1 
1 and Z tasks fOt· one synchronous 
line and has 4K won:l~ of data and in
s truction HAI\I. Higherperformance 
daices may hm'e 3ZK words ofRO)'1 
to store X25 Un'Clz and 3 programs, 
and substantially more RA). I for 
high-speed line buffering, 

Finns Iha t base their networKS 
on X.25 PllSNs genemlly prefer to pur
chase Le\'cl2. Lc\'C1 3 software with 
the ICP hm<dwat"C, as part of a specific 
PllSN-orientcd package, Since the 
X25 networK link must be certified, 
this option is s imple. fa st. and more 
cost-cffeclive . On thc other hand. pri
valely owned and operated networKS 
may have communications protocols 
Ihat. for the opel'a tol"s 0 \\11 leasons. 
have unique non-X25 featUl'CS,in 
those cases, c uslom Lewl 3 software 
must be writtcn intcmally or con-
t .. acled fol' by the network operator. 
The extensive USCI' programmability 
in the newcr ICPs pl'O\ides this op 
tion.Addjtional software modific.",
lions can easily be made as needs 
change after implementation, 

O\'llrall networK efficiencv isn't af
fccted by X.25 softwal'll being "e)(e
cuted in Ihe CPU orlCP but the e>.ecu
tion of communication processing 
within the CPU was tes \'aluable CPU 
time and requil'Cs costly line hook
ups, 111C se"icing of a 9.6-Kbaud syn
chronous link through a b.",sic Le\'lll 1 
communica tions i11(cl'facc can con
sume up to 10" of available CPU 
time, although this time c.1.n be!'C
duced to Z, if the se";ce is linked 
Ihrough a u.'\'C1 Z I C I~ Because most 
ICPs aI'C diJ"cc t-mcmoly-access de
vices, Ihey reduce CPU overhead by 
access ing Ihe host 's main lllelllOly 
\\;thoul CPU in ten 'Cntlon eAcept at 
the beginning and end ohhe message. 

Selective upgrading oflCPs as 
new models become available may 
well be the mOSI economical wav to in
crease data-processing ]lO\\'CI' \~ithin 
a network, Bcfore adding a ]lO\\'Crful 
computer, you should consider the 
ICP. After all, return on the im'llst
ment can be detennined besl in 
terms ohhe additional CPU time cy
ele made available for application pro
grams, Besides lowering the cost of 
new processing capacity. (CPs re
quire less space in the computer 
room and, \\;th the newer models. 
less space inside the mainframe, too. 
\lany ICPs are single-board modules 
that inser1 into the CPU's backplane 
slots 

.. 

- .... 
-I 

Significant changes ha\'{' oc
culTed in communications bl'n\'('('11 
computcrs and II() lemlinals '\IOnl' 
time. lenninnls were gl'OulX'<1 in I~lt 
cJustel'S and lIldl\idualh' hard\\ u\"(1 
10 a computer in tht'IkU;'f.' room '1111a 

is slill common pl'aC"tic(' \\h('",,'('I' 

on-site c1usler'S nI'e nee'ded f· if( ·I'} 
In the PUSI It>nscc:llines \\'t!1"(' 

used to link 1'Clllott' tcnl1iJl"I~ 10 tht' 
CPU. BUI leased lines are ('''I>en!>I\'"{> 
An oflen-Cited nll(' of thumb ",u~esl. 
a m~nthly lease charge of $1 pel" 1I111t" 
per Ime. Thus, hnklJlgcighl tenninal 
10 a remote CPU involvcs buyu'f{ 16 
modems and paYing operalifl8 
charg~s for eight hnes DiaJ-up hncr. 
used III place of leased lines S8'\'eS 
money if the tenninaJ is IranStluthn.g 
01' recehing appl'O;t(lInateh I('S~ than 
Z hrs a day. -

A ,further COSt S8\in,gs can be 
made if you multiplCA tra.fll>mWlon 
belw~n computers and twool'more 
te~U1a1s o\'el' a Single leased line 
tF'8 ~bl. This is accomplished by an
slaUang one of two types ofmulii
plex~rs-either time-di\'lSion multi
ple.'(Jng (m~1 or frequency-di\i 
~uhipleting I FO\I Timc dh lSiO~~:'" 
'ld~s each lenninaJ \\ith 11.5 OI,\n fohcc 
of lime o n the shared IUle: fl"'t"qu{'n~ 

- -
-

--
dl\ll>lon plV\idt'& f";:)t h tmnuloll it! 
own lk(' of lhe-Itnt,'$ fratU"lI" 
b.and f"orf'wmplt' , IOtmninib 
would he .... 'P1NlJOO-l"'ud IIQrtlom 
of;t JOOO·haud hnt" 

lk"C'4UM~ of IJlhc:of'('ntt\ low I.au' 

uhh7.allon In both ~ll" 0. transnu~· 
luon, ""uall, .111 11("\\ IlIUhltenninli 
rutlltllunkatk1~ u\. .. tallahonto U$t 11Jo 
tlsliC"aJ mUlhpll"M~ '!'Iunn \ 
tnp" OUI tllt' idlt" 11mt"*1 that & lint 

b At·Il\,,·') tran!Jt1Tu~d'lt .. .u Ihr 
IlInl ~lc>"« .. d"'la"&\"ibbIr'
and al hill hilt' ,,""I.'ll tuthrr thin II' 
l>rQpontun.tIt.· fnk·tlOfl 

fi« S .. h,,\\ .two rna",," ~ 
III the I~I and rf"mOtf" ~I "nil 
that can WPIlO,1. dltJolrtuhidtodit
pla~ tM'mlfl.lb On thto ho&t ... dJt 
~1 "nll"\ incIudb a huDt-Inmicro
~C'Ofl.I'lC'("I~ to .. pOP-II ,. 
\ .\., \la. l 'nahu.:. On thr I"I!!!IDOCf s.iJe 
the ST.A f\IC\ .. l.tnl.rd 10 .. awrt' II 
eif.;ht ..... \nchronou.lf'm'linaIa 

Thf' cotnpoe.ltf" ml .. ·I""" 
ra I~ (ottuJl-dupk', "-nchronOUJ('lIIIt' 
n1Unlc.ah~ an!' !Ii\\1ich .. ~. 
up to 192 Kbaud \ta.'OmUffl dati 
lran!>.fft' hetwwn thr and.t\1duI! 

.'n("hronou,.tM'J'l\in.tbandtht~ 
mole ~ I Anll" .La 96 t..bIod l :JIlII%III' 

~paramrtt"nI fllf'Nl h h'nlli
ulm.nnd- ,1(IIrd munh .... uf lllt~ 
JEfcbar*'lr'f bu4rr In.,t 
_1n1hr~~I\I tl"\ rath"f 
.. .,dr hottC rt 

Wost \f\t1 u in UM' 11.1..\, han · 
"hID" 10 1-., h.u\nrb, .althc"~h 
l:'_~(tr1.1c1.o3 .. , - ,,,,,n· 
ldbtl ,,1111 WJ(P lIuml .. ", 
IIwmlND n. maUl l1"AMJfl '-
..... rathr,.th,all('c .. t ...... 
~~ .... J2-c I",uW'l 
srUVl'\ .hd~l\ koMf':'I"'u , 
IMtbIn"'u Ik IIolflIlt'I tk-\ tc. ..... 
...,aldw fll"'" dr\ .1,.. mndu-
... .., .... ~t. n ... ,'-'#1 tu 
tWJdrttw numbrr 01. haunrl" , ... ,,1 

' ..... "iltnlt IUI\""", tn ""Ium 
"'1III1I)~manut.u lUI,.., 1-'''''\4111 
fir Dif:ItaII 1"'1 ...nr. I'"" tel. 
... m.-bnr charulf'I ... ·'IM'UlluO 
nN &R' limplv """"'11'1:' tn AI, .111 
... brl,un. oIob 

\bI I f \I,n \ .lk! 
]ftIridr«TClf'oCORtroi Anli fM'1\o\,ri. I .. 
Itb (J][ cnur £he.-L n~ b. in'"" 
.illtr n::mmunicatil)fb IJttJtIXul 
IIIIIII-,-twooot. Inmvnluinn 
FrrnllZll* \ %S. hil-<rimlrd I"ulu
att.d_ lf¥,tIlr'\rll.btoti Unl.. 
c.aI HlJU fJlV\idn "'fTlra" .. 
_ .... ~dal.ia"'" 

CIMd ~ common Ilif'lIQkT! la 
... iaIwd llnes". h;uut 
"cilA u.t.l and UIo Ihl' 

aNM:OfIIru1 tunrl.,.", 
.. kJ Iolrntr h~1C!I'" _ ........... ...,.... 
c ...... Ilf 

on hu&n &1 .. lu , 
dlalf'tttatu., rllannrI lt.tIratm'lrn 
nlUUmdiuna .".. Ulill"fulln ~"'nli ' 
'" ill pn:tbIern;. (J\1'"RU ~ • 
.. ..,ct..nnrt.....,."If'd ,,,lbIM . 
n~b)'hr~m nWl ' 
--.. pa._ u d control.nd 
... ~&I taM' IJOI'b 

1hr ~annm 
__ .wi dwv1rI kJopIacL I t s 
II trnUW In a "Str1n Ilvuustl. 
~ """" ..... port .n oomn 
-=::::~,~ _hat pwt can t .. 
ti Iolhrrnnol"ST \( tl 
"otIRn .1DI\r ....... u. 'CINi ritlwr" 
' ...... ID •• fltdrr TAo-n' 
.. ,on. .".,... at I,""'H 

ptibm loopb.d, trsb 
:... a.wn c:hannr1a lmm ,'1 100 

o.p.,q,lf!..,1ine ImO!th 
~;:,!1~"""""1n 
~ .-kh SfAT),t 1-'" aI -
til- ~ lit p,nd. on thr IJIIIrt ..... 

aaaddlard \'1tbm..c mus dr--
Ita \erminaJ ciualr-r 

-

...... , ..... 
"""""'" 

Summer 10IlJ 

t ....... U..a;IIa! It UHmu\ .II,Il&IiIa! Illulhlllr.\('f' '.\"lIlem ronrJgUralion call im:lude a mlcl'Oj)!'OCN-
_t ....... J tM' I 't"'I"t '\ and a nonlOie S'-\T\llrx Ih l\I I:.IIn handte up 10 elghl .~ynf"hronou~ 
II'fntIt .. t 

11101.' ht.loc·utrd liS far 1.\", 3JOO fl fl'Om 
til(> ( 1'1 , 

" on' 11.~ltlt S I ,\ 1 \Il:>'b contain 
~ntt'gl al modl'llIs .md nt,' usee! muln-
1\ In luug-hlllli C'omulun lc'alions. "flU' 
m"lIl oiId\ an lag(\ of Inlt.'Kt'il1 nloclt 'llIs 
lI' n'(tun'd hl\/'{I\\'<lI1.' ('ost although 
I)nf (. ( ",ttl \,IIY widel.\' (Fig 4cl The 
harth\ll'" C'Oltt ror nlultlpl!'Aed lint'S 
III i,ftl'llfk;uul.\ low,,! thun for It gr'Oup 
uf dt'tlk.ltl'd I('aM-d lUll'S Fidd ('xpcd
"Ot"(' hao. 5hown lhat the Inveslmcnt 
l't"'luln~d to t'om'{'rt (')[\sllilK dedi
t·~h>(lltm·. to multlplt'xcd lines can 
ht1 n'tuml'd til It,,,,,,, thun a year 
thn)UKh "'"tluc·llon in monthl,) line 
t'CJ!!lllt "Iont' 

~ I" t ' Il rx" C·.lIl ht' pUI'C'haltro c i
Iht'l .a hUllt 1/1 ~\~It'1ll dt'\iccs 01' fr('(>
l"rullt\,( c·..rhllwtiOf \\1\(.'!l thll 

!Ill 'I "l 'x. L .. bUilt in, II ".' ", tt'lll onh l'e

(Iuln' a .. ttV(lr Ilo.U1.IItI~(·r1c'd in tht' 
( rt. ' ",thUll'l on the hu",1 ",id£' und 
,\\0 anUlllt'r hOiU'ds 1lI0llntl'd in till' I"\"
Inotn H't1l1ltloll 

J 1 ... ·,·· "t.lIldtnK ~ I \ I \lllXS 111't' 

muro nl'~lhlt .. don I oh~ol('1£' hlll1.l· 
wltn' .111,· .. ,1\ in 01X'r.llioll. and m'l!u't 
~"C hlhJ'l'C11U I' pal1Wu luI' hust blls 
tnl( lUll' Illt') ,·.mlK' "ddc'd 10 an ":\""1m" lH'n\l'l .... \\"11 huttt furt hel" {,OSI 
1I1t'I ' 111"1\ in~t.IIl .. HICJtl~ rt:'<IUII'l' a COIll

mUllie .. llun .. 1I111'r{<l('(' ('<11'(1 in tht' , 
t~t (I'l I hb fUllt"tloll is itltt>gJ'al III 
'\ It'fI1~I\I''l "''~ 

-\HUrI U)' \LbIH\WX I L,\ITtU..s 

• 

• 

• 

sion to computCI'"lo-computcl' 
COllullunic,ll ions on uny num
bel' ofthe a\'ailable ch.annels. 
The computers musl utilize tim 
transmission Pl'Olocol the 
STATl\lUXs SUppOt1. 
Ch unn el switc hing'. A USCI' at 
one channel oflhe I'emotc 
STATMUX can sp(, .. ci~v at the tet" 
minal kevboar<d thattt'ilnsmis
sion fro";l the hos t be switched 
temporarily to at1othel'channcl 
-,11is feature is usefu l when a filc 
maintained at the host CPU is to 
be gener.llt.'d on a h igh -speed 
plintel'on anothe"channel 
Ch anncl conl e ntion . A ne t
work is Iikel\' to im'Oh'll commu
nic.1. tions ~t\\'eetl nodes that 
have diffcnml nllmbCl~ or USCI' 

channels In Ihe e\'cnt of conten
tion-when 16 users .. t one 
node am cxchanging d 'lta with 
eight W.CI~ at a second tla<le. fol' 
cAample-thc S" i\T1o.I UX 1'1'0-
vid es fO I" the t1ec{'ssmy waits 
SIl1!c d cUIl \'c rs ion , The 
STATl\1UX automaticallv hundles 
speed differenccs bCI,,;een tho 
host CPU and the tenninal chan
ne ls. Forexmnplc, withoutllnyin
tCt'3ct ion from uscrs, l'Cmote ter
minals c.1.tl receive data at 12 
Kbaud thaI has been h.m sfcln .. -c1 
at 96 Kbaud from a CPU 10 .. 
host . 

O~" e Korf is a product mam'8('r for 
Digital EClulpmenl Corp:s Speci;,/ 
Svslems Group. I Ie f'Cccl\'{'ci a Bue/rc'
/~r's degf'Ce in qU8f1tilali\'C Int:lIlCxls 
from tile Collcgc of 5.11111 '1'IIOIIlm;, AfN. 

Mau reen LaG ro IS a markel/11Ft fIllIlI · 
,"'gcr for Digll<li Equrpt11('nf Corp ill 
,fie data commun;c;UIOIlS tlf'(!;) Silt, 
came<! a ns in engilleerlrlg physics 
from the Un;\ ', of7oledo wlelilll MSt:;E 
from Lowell Uni\·. 
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Thai means you save time and moner. 
No doyou 

Summer 1983 

Electronic Spreadsheets 
Move From the PC Arena 
to Minis and Mainframes 

II"'n .I""tron;!' 'I""'a,bh('(' t programs gain access to company databases, the 
Ipphr3tlon~ and ('o~, ~a\;ng!) are Iinlited only by the user's imagination. 

by 11""'11 \.mk·n\ood 
Datatn-ntllnc: 

111("(' Ill(' inlroduc
IIU" 01 \ 1'I,Cilk in I!J79 . ('l{'('lronic 
1)I,',ul'llwt'll\ hu\'(' lM'{'n a nUljordm'" Ill" (mu'lX'hind lilt' el;plo!'I\'C gr'O\\1h 

ul IH.'I-.<ma.1 hUMIlt'.,S ('()l1lpul('rs 
~lu,~.)("'h('t'I~ h,1\'(' gi\'\'n nonl('('hni· 
c· .. l 1,..'(lpl(' III(' alJllily 10 conll'Ol com
I"'I"I~ In!'l>Clh (' Iheir JX','SOnaIIJP prob
I!'m~ llWM' l'f'Of(riUn., ha\'t' now 
lIIo\l'd onlo Ihe hu~(·r&.vst(,llls lhal 
h.lndll' an 0I~anl.l.llt,on·5t'nlire DPop' 
rnlljl,"s.\llhoul(h implclIll'nlalion 
on 11I1If",hat'l'(1 t>y.,ll'fIIS dO('~n ' l pro-
\ ,ell' 1111' n:·.,pon"i\'('n('~s or a dl'1:li
r,uII"CI.,y.,h'm a nUmh{'I'orb('llt'fiI8 
a,.,' ""I,u'd I h(' ahilih 10 an·t's .. com
,lOIn) (lal.lIl.,'1('s savIng" on 8Orh .... are, 
ho1n:I\\.;&I1'. and mulntC'nan(""(' ('osts; 
multi'UM" .tct'C'.,"1 10 tho same .sprcad
",he"'1 and the ronsi.!.If'!U'Y or opera
HUll Ihdl n',.ull~ bt'('auSt' all allplica
lIun~ ,'jUllw nlll on a binH)(' li.~'Slem 

Ahne»t I"'('f)-on(' \\"ho ha!'l8n.\1hin~ 10 
do \\llh ('OmpuI('~ has hpa!'!:1 of 
1.,,,'athh~'II('(·hnolo~ , hul C\"l'n 

.nlun~ IhOfo(' \\"ho ('an n8m(' ItOm(' of 
'he OIeI"" familianl'I"'l,oll!o. 5u("h as 
\ "uUC81c" and ~Up(·,<:ak r('\\" are ramil-
1,1" ('nuuJ(h \\llh (')('<"Ironl(' spread· 

" •. d ... IO appn><',alf' lil(',r \,(,!'SaHlil) 
and Ih(' hrt'adth or their appl,cal,ons. 

t-.IC,("lf'OnlC' 1iI)l'('adsh('('IS are de
allCn("Ci 10 r;"l('il,tate tht' C'ompulc~z.a
I.on 0(. ba .. ic a('('ountmg runctlon: 
Ilw uM' of I>ap£'r\\ith ,rows and col: 
umn .. to II('ml7.(, ('nl,tl08 and a5SOCI-

ated numerical dala. Most financial 
people and managers who prepme 
budgets, rOl'CC:ISIS, 8m0l1izai ion 
schedules, and price lisls frcqucnlly 
use .spreadsheets. In essence, un elcc-
1''Ollic sprcadsheel rcplnces paper, 
pendl , eraser, and calculato/'. A 
1.'1)ical sp,'Cacish('('1 mighl be a price 
listlFig II. 

A typical clccll'Onic spreadshcct 
is made up or63 columns by 254 
rows, although the s i7..c va,;es from 
package 10 package. ' 111C column 
width is usually variable rrom 310 n 
characlcl'S.A typical CRT lemlinalls 
only 80 chamctel'S wide by 24 \'el1ical 
rows, so il obviously cannot view Ihe 
('nlire spreadshcci at once. For a 001-
umn width or9 chamcters, with 4 
rows allocaled for control infol1na· 
lion , a typic.11 CRT would be able 10 
display an S-column by ZO-row \vin
dow into the spreadsht.'el (Fig zl-

'n,e window on the CRT screen 
c.an be scrolled to view differcnt sec
lions of the spreadsheet. In addition, 
the CRT can be split into I"wo O/'1Il01'C 
wi.ndows, each of which can be 
moved separately. I"orexample, IWO 
windows may each show 20 !'Ows by 
" columns, 01' 10 rows by 8 columns. 
Again, the widlh orlhe columns is 
variable, so the number or columns 
the CRT can show at one lime de
pends 011 the width orthe columns. 

TIle inlersection of a row and 
column is called a cell, a box, oran 
enlry posilion. Ihhe 63 columns are 
labeled A Ihrough SK, and the rows 
arc IlhroughZ54, thcnAI would be 
Ihe first cell in the upper len come,., 
A2 the nexl cell down, 81 the neKi 
cell across, BZ the next down, and so 
on BK254 would be the last cell in 
the lower right comer !Fig 31. 
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IMS Computer pr~uct~ not only fulfill the requirements 
of sta~d al.one ~pphcatlons, they are designed to be cost 
effecllve. mtelhgent nodes in a total network environ· 
ment! Each. product fulfills a particular requirement of the 
network with a conservative functional overlap of the 
system above and below it in the Family Tree. 
The IMS fami ly is growing rapidly-keeping pace wilh 
technology and the ever increasing needs of industry. 

!>Ht ,of al. the 500015 can U:M as the host processor of a multi'user, 
multiproctUlng system. Up to foo r VO proceuon may be resident in the 
SOOOlS. each wi th ilJ own Microproce5lOf. RAM memory and local VO 
Channell. With this IItxibility you can configure the highest performaJ1(e 
Iowul cosl multi ·procusing system available. ' 

G IMS "ULTIMA" Terminal 
The "ULTIMA" CRTTenninai is the finest sland-a1one tenninai available. 
It hu a sepll'lte microprottlSOf for tach of its major functions : Local 
InteUigenct, Screen Handling. and Keyboard Control. It can be customiztd 
10 emulate any of the ODClYentional CRT" with added capability 10 perform 
functions the others don'l even talk about 
The conlOUred ke)'board has a touch the best typist wiD really appreciate. We 
know that cllfrmnces in ktyboanb may affect typing speed by u mud! u 
SO". Thisdlfferenct aklne can pay for the "ULTIMA" Terminal in a mailer 
of month .. 
• KeyboI.rd . eIectricaDy non~tacting for long li fe and reliability . 
• Monitor - Hi,h relOlution pen phosphor. eliminating eye fatigue 

auociated WIth kJwer quality monitors. 
• Ch&racters • 7xll characters in a !bIZ field. 
• Character SdJ - English. french. Gennan and Spanish. 

G Portable Cartridge Tape Back Up Unit 
The new IMS Stand Alone Tape Subsystem may be added to any IMS system. 
This high reliability drive uses the industry standard 3M cartridge and 
features start/stop ~i1ity. This permits storage or retrieval of files on an 
indrvldual bull. 
Maximum capacity of each cartridge is 17.5 megabytes. The Stand Alone 
endolure indl.l6es the drive and power supply with the controller requiring 
a Angie &lot in the 5100 bus mother board. 

SOITWARE: 
A wide variety of fully tested. industry standard single: and multi'UKr 
operatint l)'IIems along with the finest appt;cations pac:b&u available. All 
are functionally proven for completeness. awnpatibility and perfonTlll1Ce 10 

comp6emenl !he 11115 l)'Stem. 

W ARRAJ'{I'Y: 
Our 2-year warranty on aD products manufacte~ by 11115 is a dead gn.UWl)' 
that ~ produce nagged.. tOf! quality profusional equipment engineered for 

reliability 
In addition. II penpheraJ products supplied by 11115 with IMS equipment are 
coYtred W'lth a 90 day warranty. 

We Build Compule.rs As If Your Buslne .. Depended On Them. 

For compIeIt InlotTMtion and .,a(1Q1lOIII 
ptua lhe location of)'OU' nearby IMS 
Inltmadonal4eaJer. cd or wnte todaY' 
(702) !IID·7611 INTERNATIONAL 

%800 Lockhee4 W.y. c.r- Diy. l'iewah 89701 • Tet6 ' 10·SIS-IOS I 
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.",..11 Nlnf'ontM:Qlln the DataCalcfonnat dil;playsboth Inpul data and fl8ul"McalcuJatec! by 
lheprosram 

growth ra te of 1% per month . '!be con
tent s of cell 08 is 1.0 1 X 07 tlhe con
tents of cell 07 m ultiplied by 1.01 1. 
making february sales 1'R1 greater 
I ha n Jan uary saJes _ The Replicate com
mand was used to copy the contents 
oreel! 0810 cells D9 through 018, 
and the cell reference 1071 was aU IO
matically changed by the computer 
to renee! the ntnylocation of the data 
In olherwords, .01 X D7 copied from 
cell 08 into cell D9 becomes .01 x 08 

SimiiariJy,celi E8 con tains .6 x 08 
10 indicate that the cost of goods sold 
is 60'1. of the sales amou nt F8 con. 
tains 08 - EBlsales minus cost of 
sales) to give the gross profi t Cell Gs 
is a fIXed exp e nse of 5500, and cell 118 
comains F8 - C8, wh ich gives the be
fore-tax pl'Ofit. Once row 8 is created, 
o ne command can l'Cplicale the e n
ti re row Urom column 0 to column HI 
in to l'O\'vs 9 tlwough 18, thus creating 
the rest of the forecas t formont hs 
March through December Fig 6 
shows the actual contents of the cells 
for the spreadsheet in Fig 5. 

Replicate, which is sometimes 
called Copy or Reproduce, is a vel)' 
powerful command Other com· 
mands aJlow users to Insert, Delete. 
or Move rows and columns, \vith af
fected cell references aUIOmatically 
adjusted to confonn to thcir new loca
tions. ln addit ion, cells maybe ediled 
as in a word processor, and the re
sults ofca1culations can be displayed 
in many d ifferent formats--including 
floa ting point, dollars, and integcrs, 
Spreadsheets can aJso be saved on 

37. 

disk forlatcr usc and printed out in a 
fommt that is of boardroom quaht.v 

SPREADSIIEETS 0:\ Pes 
VS_LARGER SYSTE..\IS 

Electronic spreadshccts originatoo 
on the personal computcrand, at 
first glance, seem best suited to thl 
typeofsystcm 

Spreadsheets are highly mlerae. 
tive programs, similar to word
processing software, and a drdicatt'd 
PC system will I)J"O\ide m.ulrnum re. 
sponsn;eness Spread~heets on 1)(> ..... 
sanal computers typically have su("h 
fea tures as \'C11ical scroUi'V(, \\hi('h al
lows user'S to mo\,(> sidow'Wb on a 
spreadsheet without Ihe C;lIi"-' 
screen having to be rewritten. and 
memOly-mappod \ideo, whkh cn. 
abies a screen to be refreshed almost 
instamaneouslv whenevcr the \\in
dow mo\'es or data changl's 

Larger systems typlClllly utlllU 
tenninals that are less \-ersatile f'C\\ 

if any. \vill do \'ertical scrollillfC and 
they commonly run at baud rates lew 

• • - -- ... .... "' .... "' .... ... .... ... ' , .. ~, ..... "n,,, ... , 
,."., .... 
' .... ..., , .... .,.. ..... .... .... , ... 

than 9600, such as 480(1, UOQ, OI'I!\!II 

1200, Also. t imesharifl8 can CIlUM! de
lays th at are not cxperie~ on dedi
ca ted PC systems There are, how
e\'Cr, 5a'eral Significant am,,". 
provided by large sy:.lem impl~ 
l ions that compensate forthe IoMrj 
Ihe better responSi\'en~ of. dedi
cated 5\'lJtem These Include 
• D~al u§age. Tenninaluatdinlo 

a data,p~I"8~:.ttm can be 
used for standard DP applica' 
tions Wi well as to sohl! ~ptNd. 
shet'l problems. and u.u.JJ) the 
sYlJtem printercan be UIed Inld
djtion. there is. one'hn~CC* 
for the spreawhet't solh\m. 
and It can run on C\1!f)' terminal 
attached to the s\'lJlem There
suit is a 5avingson sofh"AIl!hin:J. 
ware. and maintenanCC!c\· 

• 

• 

• 

pens<" 
Con.s i.!ilenC) o f use.l',," do 
not h4\\-'tO hecome r ... milwrwitb 
IwO ddferent 5) tern:. to do 
.sprrlldsht"eIS b \\1."0 aaother. 
pllc.hOns Abo , $pt'llcbJwub
large s)lJtrms art' t)pk~' m 
bv 8Ofl\\"Mt' erwneen who ~ft. 
mLli.a.r\\ith Ill£' de fanOSI&n' 
dartts for Ih06'-' \\~1l'1I1l, aurh. 
thru!'oCo!the 'p,Jd ..,." toillltJ. 
ale .aftware comllWlCh on DiP' 
tal', 5\1ttl'mS In .dd,hon!hr. 
mg arlet retn(,\l~ot 5Pf?ad· 
sht'(>1S u. h&ndJ~ b\ tht- ho.t~.,. 
I('m \\iUch is w.uaUvf..h.·r .... 
a.nd cenainl) ebl~ -than the 
ju~u'8 of OOpPIe& 
Col1.§Olldal ion a nd litancbrd 
'l"mpltl le5.\ fill&ncl..l ~ 
lor all)' managet'l may\\&Ot todf. 
\'{'Iop Siandard outlines fur 
"preacbht..'et reports to be prf" 
pared b\ dtfferent df"partroeuls 
On. m~lti-uSCr!'i\'&Iem tht"" 
mat can be prepired and U\ed 
In an accounl wneretht\ .... 
departments ('an uae thrir0l'1'I 
tenmnats to an:eM It and pro
\ide thl' requtred (bt .. Then w
I~tf\,(, informahon , lOCh_lit
taJ~ . ('-.tn be exlnK·ted from the in-

• • -. .- .., .... .. .. .. .,., 
::: .. -.. --. .. -One'1 .. _ .. ..... '" 

_. ..... .. ... . . ... .. .... . .... " .. -..... .. -Dr'e" .. M.' .... .. -

-
p_: _0..-

fr --;:::::::::.... ~t J ~----, 
"""" ........ 

J;lfICl MHrUI (:(Wf'" THl ... 
""'-

,.....,l>f:,.., TOr~ 

~, ~t..II"'" ~ o.u... 1IO.oc... ,au , .. arc_. ""t"ftlAt dol" •• I\lmplf'l: .Ind tnt"rac1I\-e 

~r"""""Klron.ulj· nOI ruml)utl'rCItpt'11S 11,C method 
mto IhI- main n·11IOf"'I Ill'" lb.~ to aCC'(>ss data III extel"ul data-

k-uKvr"&IKlnlOn'-' man· b.\M.-!'j mu~1 foUm\ this l'xample 10 he 
nt control II"UI\ usable bv nontechnical people. 

• !,n \ to ('On'PlltI\ d"h,· In "d,hllon, il ',s illllXU11Ult 10 I'CSlrict a 
... lnI...g-auQn oIl\l'fT'-4I,1 I',,'adblwet's uhillty 10 uc('css dala in 

Into a total 1)1) 11\ tt"fl)I.. Iht' compiUl.\ datflbast~s , so Ihat only 
u IJXJft' ~ tn'l'l.lI1,II'''''''' "ulholi.ll'd 1X'11IOIHll'lllluj' do so. And 

.armmplWW'II"\hr" '1"l~d· Ilnulh rl)I' U "pl't'udsh(,t,t to 1,(,lIeh Ihe 
thrru An' on 11M" nl' J!o\ .. tf'm II' 1""Ri'~t "mlll'nf'c lind gllin popu lmity 
.tldw1 ,dth prnonaJ ('unll)UI .monlC b."IoI{('I1IS int('gratol'S, it muSI 
.,1haI tift ... cunullu"IelIHlua br n(,,,jllin l'nough 10 bt\ inl('11aced to 

• \"rh",' uf ~oft\\"al't' products 
c:t:pIIbII) \, I-Ih Dat-tC,JIc wh('1l it sprcad· 

"1Ikpakd ~ I .. clQir. 

IIIir it '0 .. li:mln~It'"to 
prWMliIIIl"ftb) and 1,""",Ift •• 
\51D~lnformat.on \1.." 
... ba~ hWJh; 8I('(WM to inlonna, 
IIOr!byrW'l'd'" fl1lOr1a Ih,", tk-sJpl 
nllaIId lor "YIn,*,-
1I"~oI.wd#'\'N' felnto ."pruj«tIIOftS ant t ...... 1 on 
.... ..malhet-tlnonth'. 
.. ........... and .. 'ftMl Illt~ 1rtrUJan.. In Ihr ICrn.-ral · 
1qIr ......... \\ Ih an Inh •• IIf"l1 
.-.dstJtt'\ UP trm II .. Inlnnn.s· "fir! Cln-.c1nS from thr.ern 
ftadpr and plAf-rc1 

.. t. ""'*"""" 
~ 1hrdalanioUl' 

lI, liIMnb ...... untmilliOfh\;lm 
- inbmah'" In .tllt'lln· 
-... all '" ...w-
-"P2tI tMI t.o ........ lrd """ 

""'. """ "'. ~..... needrc1or 1tUI)-t.-~ 
... -.cIr.1t!r to *'S'f' a 
-..q pion \\ " .. Infonn,o. 
.. 1tIdily ...... II .... at an ,... 
.... _ .. 1imUrd on/;) b> 
.. _ ..... ;btI-
~~ho\ .,.,. 
~ t.rau-r IhI"\' an' nsy 

~ ... IDd_'" -"" who .... 

hl','1 u",'r\\-tnt" to (· ... t .. act dala from 
." 1"\II'nMI d.lhtba~(> , the fOlmal de· 
lIt'nl:H'ti ~n I ~ 11~ ('ntl'red into a (-ell. 
\\ lwn thl' ('fltl) 13 ('Olllplct('d Ihe pro· 
"Hun \\111 I'ull Ih(> mdlcatro dala 
from Ihl' dalaha!.t' alld ('nler II a~ a 
\.1IU(·lh,ll (',111 111<'11 be a('('('3~cd by 
nlhl'l ("(,1111 III till' \jl,'t"I(hhect 

1)O)Ia Mo('unty ,~ llIalllt<lilWd 
Ihn.nlA,h th(1 Ol)(';<ttin~ S),'Slt'm's S('('lI

nn ml"dlitnl"'l11 and tllI'ough tlb{' o~ 
...0 ,.nrodl,<1 p"'''''\\'()1'(1 \\llhln the dlc· 
lIul1,.,", l 't-t'lli ('ltIl bt· 1"(';,laic-tcd fl'Ol11 
",lUll";" ac"("('~ 10 tht'l soft\~'art-I~ls 
Ihllt ilt'l' uM,<lto l)lllid rllctlona"es, 
and th(-' d41a tn f'~tt'nlal files (',111 only 
bt, "-,ulnOI \\,,111'11 

-I lit' dkl fOllluy oppl'Onch j>l'o-
I, n('"bilet\' f(w thtJ intcl1aC'ing of 

'" {- 1(' '0 3\it,it·tv of data fill\lypes , 1)1011.' .... " 
-h ., ,ho"'(' u..,h18 thl' \hlll · .Ut ... . . 

( OTf1J>ult'r llu!\inclJs Applf(.:atlons. 
\t( 8A ~nd{"\.tnK me'thod, Otgltal sIn· 

d('''' ~'1'IU('nIi41 .\("c('s!olllg ~Ieth~ 
'I~\t I. ort'\('n I>lrail(lll ;,cquenllal 
til HII' dlo1l'8('If'naIICIt arc de-
~ '~.-d III the (lie lion",)" as \\ell as tn· 
'onn,.I,un suc'h ru. the prim::uy and 

.. "Ond,l~ },',:\&, 10(:oItlon or the 
rur fwld la~nllt .mel til(> (·nC'Odl'd 
1:».UJo\\urd 

Summer 1933 

Electronic spreadsheets huva 
bl'Oughl abou t a r'evoiutionmy change 
to the wodd of data processing, As 1\ 

result , many app lications Ihal previ
ously required a pl'Ogl<tmmcc'clIl1 
now be handled by managers them
seh'es, • 

Ore nl \'nndcM"ood, presiden' of 
Dmalrend IflC., II<lS pre\'iously pro· 
duct marketillg nUlnager for Plcssey 
Peripheral Systems. lie lias I I 81\ if! 
political scicllccfrom C:llifornia Stnte 
Univ., Fullerton. 

DON'T 
SAY 
IT. 

WRITE 
IT. 

Ifvou 'vego t someth ing 
iI~p0l1an t to say abou t the 
technology in your field of 
in terest , write it down-in 
.1 feature aJ1icie for Com
puter Technology Heview, 
Speak you r m ind in the 
one publication vvhere 
\-vorking technology 
speaks its mind. 

Callus at (213) 208·1335 to 
discuss your ideas and ob· 
tain your au thor's guide, 
or write: 
Compute r Technology 
ile view, 924 Westwood 
Blvd., Suite 650, Los 
Ange les, CA 90024. 

379 



lIow 

The PO 78, keystroke 
for keystroke 3270 __ -
keyboard 

compatible terminal. 
PCI's ASCll CRT solution 
eliminates operator 
retraining 
2. Personal connections. 

Uirge main· 
fiame 

applica· 
bend to 

the power of the mi(ros 

3. Other 
ASCII 

DEC,Lear 
Siegler, 
leIeVideo, 
Hazeltine, 
ADDS, etc, 
etc, etc, etc 
ASCll CRTs 
become 3270 terminals. 
ASCll printers, Qume, 
Epson, Okidata, etc, etc, etc 
become 3287 printers. 

4. it together. One, by rr'\ pllone (moderns), 
two by coax (PC! 

CoaxFACE"'), or 
three tly twisted pail: The connec
lion is made. 

5. The engine makes 
it work. PCI's 1076, 

r-----

eed we say more? }I!I: 
1nc'I~:) ;· quajit). reliahili~ 

SDLC 1K.'t • 

f1CXibthl) ' \\ith 
PC110-6 

( Inddt:nLIIh: 
you abo ~'t."t. 

t:norrnOll .. L"CO
nomi 1x"OCfit:) Oall 

or \\ Ti(e (od;r, Protoml 
Computt'1\. 

..... 

Inc. 61'iO 
Carxtg;! 
A\·L"Illte. 
. Ut(C 100. 
\\00tlLu1d 
Hill; C.\ 
91>,6-.~-.l 

(8()() 

12:\ ~9O-l , 
Califurni:l 
(213) 
-t().~i(Xl 

, 7. Here's how to get 
networking flexibility. 
("cnj me ~ ..v.:.-nv: 

... _-_ .. -.. --- _ .. -_......... -
, 

)"ftotIlQ...... , 
J 'not I'(l ..... an 

oJ n.- PO I'lnt_ C-..-r 
CAllf'(]~... ......"' ..... 

'-

=--=--
.... 

-o. __ U'l._ -.. _ .. V"' .. ~ 

~_._.---__ ...... uo -_._ .. _-
.-..U'I_ ..... -too .. __ 

_ ......... l0iii 

~I---_ ...... 
.. '._--"'-~ ..... -the engine for 3270 

SNA/SDLC compatibility. 
, R'I /'ROToco/ ::::;,,,,,=;' _" O/lif" r f. r " - L61~( ____ . Ii. 

. ",. .. ------- ~ .......... 4~. ""~ .c..---- ---------- .-
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SNA Is Key to IBM 
Strategy for Office Use 
Of Personal Computers 

Forpt't""nJI COInputt't-" to he an integral par·t or the au tomated office, software based 
CI1~~~It·I1l!o. :\('1\\ Ol'k \1'Chilf"Clul'e will be needed to link thenl to corporate mainframes, 

'" (~t" 11.. ...... 11 , 

0I:Daunk-~1OI\S !'IolI,.IIIU.lS I'K" 

·~:::::~········~lhCSC syslems is in Ihe CO'l)OI'ale 

yt>h'nHI 

'1'1\\(11'\ \rc'hiIN'IUI'l' IS'.\) 111\I 's 
0.\1.1 ,'oItUllunic'al ions al'chit(','llII't', 
unn' ("P~l()l1ul't'd Ih(' hib'lU"sS ofll1\":; 
"pp""u-h In dala conllllunical ion!'; as 
\\\,11 a .. II) dtlhl PJ'()u':.sing in g(,l1('ral 
\tdlnl hC)"H)a~1 ~,\ UC('l'!OS prod
u(l!I udl"s \(1 \,1\\1 nnddula
It.l~' doll a C"C)mlUlInic"llion~ applica" 
honlt Ii"',' ( IC~ \:-, n'(,uin,' hugl' 
amnunlll (Jr 111('11101) dnd {',Il'nl"! 

ICU-.t}o:I' I mill-t'ne! p,un'sltOr soft
\\4n' "uc'h as Iht· :\t·lwOl .... Conlrol 1'1'0-

"nun '( p , and t'\I'n disltibult'cI op
t'raHn" ,,\Sll'IllS loudl II~ DPI'X. which 
'"11''' in Ilw Hl()().-.arn gt'ncl1.Illy char" 
ill 1('I1I'I"{1 I'" 1811(f' nlld ('umhen.omc. 

II ,,{,pms MI angt', Ihl'I'l'fol'c, Ilml 
Ih,' 1)t·'~)II<I.I C'CIITlpUlt'r If{'ems d('s ~ 
IIIlt,<lw lunll a lIIalor ('OlllpIJlI('nl III 
11$\' a ,u·lwUl .... lng 1oI"'l li 'g\ I hi!l1ll1i
c:!(o \ .. ,11 ("4111I1l1' wh('r(' Iht' p('r~onai 
C'Ulltputt'r fih in tlll'!')' \ lU't'na \\ 1.I~l 
,Mr1II 'u I4 ' {.mpha. .. I!i on th(' ("a,)ablh~ 
llf ul In\l ~ 1"t'r!'>Ollnl ContpulC'rlPCI 
"hld1 ",,111)(' thf' liUl('I"y"h'm fOl" 
,,1111'1 IH'raunal ,·ollll)ult'l· nlanuraclur
,",... 10 ,.hlJlol.J1 \\I1('n Ih<":\ allt'mpllo 
offt'r~' \·("omp.1lllulllyon Iht'lfO\\ll 

a\ u·,n~ 
In adcilllcm to lookJllg al c.urTCnl 

.. , \ I'~II)dhllltf('J, Ihl .. .lu11('Il' ",,11 lake. 
• d~' lUll'" at Ih(' addillonal capablll
"'lllo'll .. "' ""fluln·d If th(' pt"'ltOna) 

t • 10 ad,I{'\'(' It1l fuJI pOlen' 
nN"pUIf" I 

t .. , L.:\\ n('!wor'k ('omponent 
t~" ,~. 

\\ luh.llw ,)('rWnal COl1lpUIl'f 
, I .. ."nall\ ho1\(> b(,(,n thoughl of "u... I..... - . t ,,1(' 00' 

...; h..,nl{" 11.I0IpUI{·r. II to >ecO . 

\ ioUathat tht' lfIamlllarkclplace for 

world. L.11-ge nu mbcrs of pCl"Sonal com
PU\CI'S ai'll being sold 10 individuals 
fO I" home and small business use, but 
an estima ted 30% of all pCI"Sonal com
puter'S m'C being sold to hu-gc compa· 
nics for usc as a management produc
tivily 1001. 

-As Ihe pricing battles cont inue to 
shape up o\'cI'lhe low-end home ma .... 
kct, it's fairlv obvious that thc pc .... 
sona) compulcl'\,endOl"S dcslined fOl" 
succcss are those Ihal make Ihe PC 
into an effecli\'c COl'p0l"Ule tool. Thai 
means they must go beyond slliclly 
local pl'OCCssing capability, as excm
plified by word proccssors and 
spreadshcci managers, and provide 
access to the powel'offimls' centra)
sile mainframe compulC,'S, And given 
the dominmlcc of 111M in this main" 
frame mal'ketplace, .,ddilional power 
means SNA compatibility fOl' personal 
computeJ"S. 

Pf~RSONAL COM PlIfERS 
VS . DUMB TERM INALS 

licfol'C gelling in to a discussion of the 
SI\A capabilities of exist ing PC prod
UCIS 01" requircmenls fOl" fulu l'C pl'Od' 
ucts, it will be useful 10 differentiate 
between Ihe communicating pC!" 
sonal computer and the type of 
dumb tennina! il will be rcplacil18 in 
some applications. 

The obvious difference belween 
personal compulel"S and dumb lenni· 
nals is local intclligence. With a pe"" 
sona! computer, a use,' has Ihe ability 
10 process data locally, ralher th'\I1 
merely look at it, which is all he can 
do wilh a dumb lemlinai connected 
10 a host application InquilY Icnni· 
nals depend on host-based applica
lions to process data, and the only 
flc"ibilily Ihe ICmlinal user has in 
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Fig 2 Non· IBM \'endors offerpac:b,ges to . lIow 
up to three ~ to be oonnecled to. controller 
In one I'C The PC containing the controller 
!.loan! appearl to the hO!il ll$ II cluster control
ler aupponlng four dIsplay stil l iom 

rate 3274 cluster controller with a sin
gle display station auached . AnomIa] 
3274 cluster controller supports the 
conneclion of up to 32 display sta
tions andlor printers, and a 3276 sup
p0l1S the connection of up to eight 
display stations andlorprinters. 

'11is shortcoming can have a ma
jor impact on a user attempting 10 
utilize PCs in 3270 emulation mode 
when he's configuring an SNA net
work. FO/' example, if used in dialup 
mode, each PC would require its own 
indhidual dala link and its own pol1 
on the 37XX front-end processor. A 
reru 3270, on the other hand, could 
support up to 32 users on a single 
diruup link IFig 11. 

If leased lines were utilized in· 
stead of dialup, it would be possible 
to muitidl'llP multiple PCs on a single 
data link aU ached to a s ingle 37XX 
po11 . 1I0wever, it seems likely that 
dialup access \vjll be appropriate in 
many cases, given the nature of the 
PC user. Again, 3270 emulation pack
ases from olher vendors do aUow PCs 
to be clustered on a s ingle link. The 
AccesSlSNA package mentioned 
above, for example, allows up 10 three 
additional PCs to be connected to Ihe 
synchronous communications con· 
troller board in one PC. 

In this configuration, the PC con
taining the synchronous communica
tions board appears to the hosl as a 
cluster controller supporting four dis
play stations, and to the three PCs 
oonncded 10 it as a protocol con
verter, converting their asynchronous 
dala streams to SNA 3270 data 
streams IFig 21. This type ofconragura
tion greatly enhances the conHgur
abilitv as we ll as the pricetperfoml
ancc ·oflhe PC and the 3270. 

384 

At this point, it's worth speculat-
ing on 1B~l's n~asons for keeping the 
le\'el ofSNA support on the PC rela-
lively low. Even with the existing IC\'C:I 
of3270 support , the PC is beginning 
to put price p,'Cssure on the 3270 if-
sel( Forexample, in small conHgura-
tions tfour displays, fore:uun»le) it's 
cun'Cnlly cheaper to utilil.C four 
s tandalone l'Cs running IBM's 3270 
emulation package (which costs ap-
pl'Oximate ly 51000 fo r the hard\\'ll re.-
software combination l lhan it is 10 
utilize a 3276 with fo ur display s ta· 
lions (see Table). If a PC!3270 package 
that allows c!uslcl;ng is uhhLA'd , the 
ll"ice com I P arison becomes l"\'Cn 
more favorable. 

111M has an extreme ly large in 
staJled base of32708; eSlimates ap
proach 1.8 millio n d isplay s tallOn&! 
plintCl"S . The Hl'fll is quit t' p rob ably 
not ready 10 see Ihat base affected in 
any major w"y. even by it O\\-"Jl 

producl. 
One way 16~' is a tt empt ing to 

protecl its 3270 ins tall ed baSl' \\1li.le 
satisfying user d esires for the add i
tional capabilities o f the PC is by Int ro· 
ducing a pel'sonal -computeraitach 
menl option fo r the 3278 displa,\ s la
lion, which rulows the user to operale 
in two modes--one tha i ultliW5 Ih" 
3278 display as a m on llor for the PC 
and on e lhat uses the 3278/lS. dl _ 
play s tation connected to a ma in
frame-resident a ppl icat ion program 
via a 3274 controUer, 

,lilt -~"1Ile l.u~"" 

'''Wl.1If I .IM'UIU I "N'I..I." 4..u:r. 
H. 
.'" 

, ..• ... .u" 
•• 

The user is able to &wilch from 
one mode 10 ano ther without affecl 
ing the hosl o r PC a pplication '''15 
package also in clu des 5ampl(' pro
grams that enable usen. to transfer 
screens of data from th e h05t. 
connected 3278 10 the PC and \ire 
versa. In additio n . as II moni tor for 
Ihe PC the 3278 offers su ch fea tures 
as. lSlevels ofinte ns il:Y 'when u~ed 
wuh the PC colol'-grnph k-ll adapt('r

'
, 

user-deflned character sets, charac
ter allributcs , and bus iness graphiCS 

The 3278 is an eXlremelv expen
sive mo nito r fo r a PC. IB\I 's 3270 Per
sonal Compute r a ttach ment Ophon 1.$ 

c1earty intended for users who aJ
ready h ave 32785_ TIle Opllon allO\\ 
them t?buy ~ \\-i thoul mOn tlors 
and utilIze the lr emtin. 3".' 

~ _.~ In-
slead, gaining a PC.rJZ70 tn terface in 
the process 

One other type OrS\A3~io. 
ode nted product that is CUrTtn~ 
ava iJable II\.\tA from Technic'~ -Sls Corp .' ('nablH thcePC toem.·11 
3278 by being connected d~ 10. 
cou cable that·, ronnec1ed tOI3r.'~ 
In Ihis W 4_' Ihe user-can M'tall!r-
nate acce.s to hObt-basat applia. 
lio n. or local PC-based olpplil:<1lOu 

IIJ\I alltO otrel'§ an awptet'thlt 
allows Jl(;" 10 tx- conna>led 10 thl' 
5520 Adnu n ilt lrau\,e SYItIt'm,. maier 
1B.\t t'nt rant In tht> olUce·aulOCYIDl 
mllrlr.etp I4t"'f' nlb DplKX'1ich the 
u~r 8CCNa tht> 5520 .,ltJ ttwud'I It 
ho6t -h.bN1 apphc;attorb ~ emuIiI-
mg a 5250 I('munal Ih"temunal tNI 
lbuallv C'C)nnf,·lo; 10 tht' S120l ",'hilt 
aJ tt'malcly (unC"tlonUlgb I und
alone pr(: 

\\1tAt !'I HtQlI HF-..ol 

I-rom" C"'ClmmunkatKItU "landpaiIr. 
for fx·t'1I(ln.ti (:'nmputtn 10 mat\ft. 
Imna,;t'lllt'nt l(Job ItV' 'Ypel of_ 
tu~ that .,.,. n>qlUI't'd int .. cin: rl· 
pandl'C.1 C"'Cmn."l· t t\ tty and Appld
tion. that prQ\ldf'(' ....... andmon 
nt' , ibl(O .("('(- 10 mAin~ 
da lal:N1M~ 

\5 fa, All 'PI)tll" .. tlOt"l~~c:on 
t"'f'mt.'<i II\(> fllM'Mol ka ~ t«i1Io( 

Ih(> bt'JJ:lnnlll~ of tht· ~,. at appID 
I.ona dt-sc"-nlM'd .l)(J\'f' for tYmJ* 
\ uolUnI..'mIU \ ~:orv ~ Pt usm 
.~'('{. to ttwo Il&t. t\t!IIoun"eI dab· 
bbt· 11l~ bt onf",,(the ~ fd' 

rlQmw d"lah.w· In ttwwcdd Burd 
on a ('a"JuiIe of .\.aUblr ct.t .. tbtUlilf 
can bit. for 8 IWIt'.~ 01 inIormItDl 
for toumpl(': f'(Onunlk ~ 

of th ... aUlumoblle I.ndll .. t~ ~u thl' 
t.a..l 10 't'oIn that \\ill bue"liroaI 
Ih('l nlAmfrarllf"-d.at..lbue III theprt" 
1On.al (:'OfllputtT 

\ \ hat m.l1l..f'5 th.., JNC ..-
U.lJl\. uwftli ... tl~1 the ct.t" b put 
l11to· \ u;ICalc' PrT.1bhft1 trmpUtr 
ronn.at \\ tlc"n ~t .... M'IlI to the PC 
1'hfon thto mer not on~ h.u.:tM" 
.,~ d.at.alJu,to: Ihrdat.LtIft"' 
M'n l("lI Ill .. ",1\ lhat thl' Pl'~nn 
perfonn f'\If'I~r. kw;al ~ 
mAn ipWalKJll 01 Ihf' dal.l toSUlI '* 
p&I1t('\Jw nrms 

l'hto \ LI m" PI(: ~-
Olhrr l'(A>UC'd ..,."....,.-.
pal'~" utdius ... nc:fuonOUtr:tlfk 
mun~tKan.nol"'·-\ 1bis~ 
ia nut nrart .. .a ac:curareasdlf'" 
lin ... ·." I prCllutaL. utjlizrd~ .. \~ 
311d ~l\ ~ 1OrD"~'P' 
l'O"(X" l·h«l..u\J: til lr buill: i12O P : 
plK'.aI.lJru torm.urr Itw~ 

Don't m; 8 America's If J c omputer 
trode how. ~Vhether y ou ' r e on old pro 
or new-to- morke t I O. COMD EX ;s 
lor pro/es io"018 who wont to turn 
;d~a into profit_ 

I, lOy to "IMP up In lhe ever-
"0 ""p 'O\.I')t 'odoV- gone lomorrow 

bod. '-"r (X)MO(:II" /4Inetnco • ,I' compul8l" ShoW It·, 
h~tc:rCO"'l'OOftt ISOIwnowon' !O ,toy up tlonl 

AncS COMOrVJol U • .....-'her. youll mok. conlacts. 
~ rewlinOs ana loam ways 10 tmpf0Y8 the profit· 

tSJI;!~ c.t to.I t:u;no$I W'I '914 
~yOu"f!nOrno~'Ieod.ngmonufoctUtersOnd 

....... DI 011 UC>-(Jnd comtng SforS More than 
QXJec\b1g$,,:DlJ bQcJhI 

-..yeu'I find I!"IO t OIoduC:', and 58MCet thOt 
tfO.. NoQ!... ...... .,. .,... t~ 01." Qtt~ they ... -~I\eCOMO£.l 0 toOt\ION or • .....net. VOU'u 

'IIOPOC.~IheOt I bIAineN,tro'eg* Whete In18l"' 
rao~-QfOII* ... t ltO.A'rv wJ)efh keep '(OU obreasl 
(1'\ .... 1r*'IO ~ c:on"C)Ufef , lOlling to rnorketll'lg 

Old ~t 'hOds. 

I'rofil fi·on, 
~\n'rl"i(·a's lit 
( Olnpulrl" ShOtt 

November 2S·Decemb 
lAS VEGAS. NEVI 

• 0$ VeQO$ convenhon Cenlor · 
_. t lion Holel • SohOta • env'_ 
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the data transmitted ovel'the commu
n icatio ns links, 

Asynchl'Onolis communicatio ns 
is often used to access d ia lup data
bases because of the wide number of 
asynchronous tenninals Iha t exist in 
the USC I' marketplace. [~ I os t personal 
com plll ers as we ll as dumbASCllter
m inrus offerasvnchronous communi
ca lions", Ilowe\'er. most mainframe 
siles that maintain these large data
bases are migrating toward SNA corn
munications,As SNA COllullunica
lions capability becomes more p reva
Icn l on personal compu lers, it will be 
ad\,an lageous-to both the pro\idcr 
o f the database sC"1ce and Ihe 
user-to access the da ta \1.1 SNA 
commun ient ions. 

Ano ther example o f the 1)'f>C of 
soft wa1'C p<.lcknge Ihat is making Ihc 
PC a much more valuable manage
ment tool is anOlher off c ling from 
VisiCorp--VislAnswcr, 111is PI'DduCI 
(whic h is no t yet relcascdl was pro
duced as a join t \'Cn lure wilh Infer'" 
maties. a com pa ny Ihat has long been 
pf'O\iding mainframe software 
packages. 

Wilh VislAnswer, Ihe personal 
compu ter \\111 have Ihe abil ity to 
build high-level queries againsl IBM 
mainframe dalabases (primarily I ~ I S 
databases!. Given a basic knowledge 
of the structure of the data records in 
Ihe database, the uscrwill be able to 
select the specific data he requires 
and ha\'e it transmilled to the per
sonal com pu tcr. 

Wh ile th is application is a lso be
ing implc men ted by lise OfaS}11chro
IlOlIS comm unica lions, it is ID.acllv 
the i}1>C ofprodllct that will free the 
personal-computc l' user from depen
dence o n the applicalion pl'Ogram
m ingstaffin large 01-ganiz.1I io ns. Pack
ages lil..e th is can gh>e thc uscrrumost 
unlimited access to the specific infor
mation he needs out of lhe large data
balOes nom\ally maintained by most 
large companies, 

This type of product is designed 
for use \\;t h in pli\':ltecomIJanies (un
like V'tSiLink, wh ich provides access to 
a public dalabasel. Migration to S.\'A 
capability is even more clitienl be
cause most large compan ies are mi
grating their communications net
works 10 SNA. It's estimated that 90'1. 
of IBM's Fort une 1000 customers will 
be usi"8 S:\A as their nel\\'Orking stan
dard by 1985. Under SNA. support for 
asvnchronous tenninals is awkward 
to'sav the least requ inng the use of 
p rotOcol con\'erters or spccial soft
ware Ilhe \ etwork. Tcrminal Option I 

ru nning in t he 3i"X.'< fronl-end 
processor 

11\e evolut ion ofthl'S{' 
database-access P'OOl1ctS Will follO\\ 
the C\'Olution of nminf.-am(' 
database-manag(,ment products. 
w hich are attempting to give U<;'('r.o; 

easier-access to dalabaSt's thai of1('n 
are <Iuite cumbcn>arnc to aC"Ct"os p\t'n 
from mainframe-residenl 
applications 

VisiAnswcr rna} eM'mph(\ Ih(" di
rection from which 111(" ncw I)c./maln · 
frame products corn(' Trndltionall.\ 
vendors ofdistlibuted ".\·blt·ms Il'hl('f· 
Iy m in icompUICr\,\'ndol'lll have 
avoided the p1"oduction .lind mark€'l 
ing of rnainfJ-ame-baS("d &af1wure. 
Such 'cndon. have rt'.&lricll'(llh('lr 
d istribu lcd products 10 Ul lelfal'lI\fC til 
thc h ighclOt ll'"\ocl possibh· wllh mam , 
fra m C- I'(.'sident sub!>yst('ms sU('h Ill> 

CICS'\'S. I\ IS,\':' , and J .. ..5 11('lr
processing monitors thllli an.' utLll7Rd 
in most IH\lmainf •• lIllC 

en\ironmentsl 
While Ihese "('ndoN n1<."I, hlllll' 

avoided dealing with mamfram(' Mlft· 
ware for good f"'Casons ')..('('l1lnR to 
theirO"11 area of ("}>CMib(' • tluc:h .on, 
ware is going to 1)(' ('nllcal in ord{'r to 
gh'C the f"'Crnote-pl'I"Mlnal-roml)Ult'r 
user flexible aCCCM> to mamframl' 
data Joint ,,,ntul"'(':f!, lX'lw('('n Jl('r
sonal-cornputer soft\\·at\. \'('ndl,"" 
and mainframe softwa~ wndon. 
sccm 10 be a reasonabl(' approach to 
pf'O\iding a total pcmalllrl-arnf'".I}.b('d 
package that \\ill plU'\ide 111(,('1'.$110 In ' 
fonnalion and the ab,III.\· to malllpU
late it in any way 1'{'(luir-('t1 

EN IIA!\CI:;D CO:\FIGl'RAIJ ILn, 

"nle second area III whl('h Ill(' 1X'r
sonal computer \\ill hkl'ly M.t)h~ iI 
that ofconHgurabilily \\ Ilhin Ihl' ~\.\ 
nelwolk As diSC"u!oSt'd t"arh('r. ("\Im'OI 
products Simply elllulatt" ~\" rlu •• 
ter-conlroller nOOt's and art' rt" 
slricted 10 a dirccll'onn('('leon to a 
host through a front-<'nd 137XX 
processor 

This ~1>C of ('onnec."t"if\. u. ('"Om
man in S:\A and i!\ ("act I.' t11(" \\a, 
mest ~enmna) products 132;0. 3;10' 
are slill conrlgUred III ('UITt'n! !)\~ 
neh\'ON TI1Cironl.\ aC'«'. ib 10 Ihf:o 
host not 10 each oth('r- 110\\",,\.1' as 
S:\A 1ll00"eS inlo more lrul\ d I 1 
uled I'· . ~n)-

app lcatlon en\lt'Onmrnll> h~ 
o~cc automation a Mrul~ demand is 
~mg fell for pcel"to-pc('rronnl'C1"'
I~ ~~\'f~cn tenninals a:. \\I.n as con
nectl\1ly 10 Ih .... hOM tmamfram('1 

-.. 
1"~ ~1J'f' or c:ot\I'"IfOctJ\\t;) tv. -

b(>(on IOtroduc.'ftt o\'f1"the pill ~ 
ofvears in prodUC:b J.i1.to theSS21.,. 
Imnbtrat"'t"S.\~tt"'m W6i70~ 
tlOn Ol~tnbulor a L&wr prWttr.r1lld 
Ih{'8100dl:otrihutt'd~~ 
trm Thet!o('~) 1t'IlbU!Ior"''',-. 
IWUof'd <'Ommllnic.at~ forctaa.. 
an·h,,"&.! and r('1ne\.u and "'J*r' 
IO"X"4'r commumcatauna ..... 
IronIC documt,nt du.tnbutbaiQr, 
tnmk.· mall I"M'llDtr prifllil1llftddt
pla\ , rl(' , 

18\1 ~lml_ 
o( ~\" pc'('f'tl)·, ...... (Ypnnnl!'rllill 
1M'1", .. 'n "'mnlt'~'" Mftlllllll 
IO("'l',"lnun'nIlIOfl"~wn"" 
clMolCN j 5..';20 10 $.':0 alou 10 1\1 
110\\"",\',. ......... lo-pt"tIf~ 

luma r"ll4bLlII.\ undc-r- .. \" It~ 
("\"OI\11lfC to AlIO\\ IhM ~pt"'(mo 
Il(~: tl\ll\ ho'l\\rrrI dai.NmiIIr.,_ 

111\1 hoU ~iJ\ il'1trvcba!. 
11("\\ uh!M'"tuf""c .. plbW&blt
j"m'(lln a~ ~ llml ~vrU. 
\chann'(II'rqcram·h"P!qp"J:mr. 
rnunk.hul~ "1'1"(. TluI 
hall I"",,, allltOWlC'W'ld lor pmd:.xb 
""-,, Itw '!oc.arun.ulrr I~"'" 
n41 Iht, OU.,)Lt.'~nlt'f" andlhr 
!'oo.\" hom dlSSlrrULv '.)"1UmLU f.! 
&i"M) .J1m\ for duotnbut.J 
IkJO Ian..-....in.( In "hirh. 
hun n ..... he 14I1«t monrsdaf_ 
If'rr", and conhnued orClLCllt*Ild. 
.. "u .. M"I"18 of C""OI1I1ICICt!d 
a' It"ll~ 

18\1 ~ IndlC"."od thaldll' 
bLllh IlfU'o"ic.kodforlnU 1J~p" 
in« tn hr ltv- .. t.a.nd&nt b .. ,\ 
mun .. ·.t.l.ln products. "idlY 
U("II\ ""Iwt\\ttn a \ft\ bf'I:*Ir1I"f 
011..1. 61~m""IIblr~(ilIteI 
tJw. kX'.aI·PfUC:'t"MIn«C rI 
~t"1IoOnaI ("0"',)01," U1tSt'I'I_ 

NJiI'm 10 ~ IlAlurab lor lhitkWI4 
~ \A nap.hlllt\ 

(;i\m thr cornbinItkJnd 
,.,u.jl, r.u.n. """"" iJII,-", 
P""'1"" \\ U .. , hotot· .. \." 
and. If'riea uf hof,l pc-ba:ttd ~ 
hon aoth\&It' r«i.. Ihr 
computrT M"f"IIU datinrd 11)". 
pt.n. as an lmporWlI tool p 
.,. I produm'll) • 

SYSGEN 
ANNOUNCES 
TAPE BACKUP 

FOR THE IBM PC: 
WITH OR 

Wll·HOUT HARD DISK. 
S ysgen 11·10 Fast 
streaming cassette backup 
with 10 Mbyte5 of d isk: 
$299S.· 

Sysgen 11-20 Fast 
streaming casselle backup 
with 20 Mbytes of disk: 
$379S. 

Sysgen Image'" Fast 
streaming backup for IOr-.rs 
XT: $995. (Right. N ine 
hundred ninety·five dollars!) 

Sysgen IS dellvermg 
complete Iow-cost Wlnchestel 
systems w,th hlgh,speed tape 
cassette backup 

low cost means that 
everyone can afford to keep 
their valuab!e data safe and 
movable. 

Hlgh'speed means ~ 
can back up an entire Sysgen 
II 20 Mbyte hard dIsk system 
In four minutes max 

Our hard disk systems 
operate under PC-DOS'" or 
CP/M-86~" 

Under PC·DOS, they look 
like disk dnves C: through l: 

Under CP/M·86, you get 
fourteen new "dIsk dillies:' 

And If you own an IBM Xl. 
whICh mcludes a hard dIsk. 
you can get safe, fast backup 
With our new Image streammg 
tape cassette backup system 
for only $995. 

look to Sysgen for fast. 
InexpenSive backup With or 
Without hard disk 

For complete informatIOn . 
see the smartest computer 
store In your neck of the woods. 
Sysgen, Inc. 47853 Warm 
Spflngs Road. Fremont, CA 
94539800-538-8157 ext970; 
In Calif. 800-672·3470 ellt 970 

SYSGEN 
I ... CORPORA1ED· 
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Nuclear Fusion Reactor 
Uses Highly Integrated 
Monitoring and Control 

Contraili'd nucipur fu sion ""qui""s a system des igneel '0" com p ie ' , ~ II X expel'lmen tatlon 
that ran Ix> I'l'configtll'{'d or upg,'aded weekly as needs or new tech nology d icta te, 

Plince
Ion l lll1"'I'5i1Y'II I~ru.ma Physics Labo
I'1IIO~ (PPI J, compulN'S l1I'C being ap
phNi III whal ma_\' pro\l(' 10 be one or 
lilt' moM IInpol18nl rest'alTh and de

feasibility-where cnough cncl'gy is 
obtained r!"Om rusion so Ih.1I thc 1''e:lC
lion could be made sclf
sustaining-is scht. .. duled to be 
achicved in 1986. In this h istOlic test, 
the 1'1;-m will produce 30 MWor 
pulscd fusion powel', paving the way 
fa/' ac tual enginooring les l reaclOl'S, 

""""XI PIMma 1'hyaIn 1.aIM"'1Uory wlopnlt'1l1 praJ('("I~ t'\'er 
undf'rtakt'll- unloc .... lng Ih(' knowl' 
l-<~(> of h()\y 10 rontral the Iluclt.'a"" 
fu~ion pmc('~s Ihar. responsible ror 
produn,'K lilt' ('n('''K' orl lw sun and 
ollwf Manr; 10 a('(luirf' Ihis wehnol
Of(\' m"y In('anlll(' dl'finiti\'c solullon 
ullhf' ('I1N'I()' ni3ia and Ihe a\'ailabil
If} ollll('\hau"tlhie ('ncrg\ on c.1l1 h 
fur a~ 10111{ a." ('1\"III.wtlon ('xis IS 

In scope and complexity, Ihe re
aclor and Ihe computcr system are 
comparable to the systcms uscd by 
NAM to send mcn to the moon, And 
like the conqucsi or space, the can
(Iuest or controlled nuclear rusion 
would be equally impossible without 
the aid or computcrs _ 

~hll('cllu pilI) U "I'ttiru l role in re
altr.lnli\: Ih('!i(' hop('~ is a lal"Me lnultiplU
n ..... ilKJr ",\l;h'm w ith sharvd mCI1101y 
and h!8h 'l;I)('('(! data links, caUed 
('ICAI:1-\ rC(,lllral Insln,lmentatlon, 
Contlul and 0.1t3 '\ ('(Iuisi tion!. 
I1l1ft powf·rfuls,Ysh'mls used 10 con
trol and monitor III rea)' lim(' and 
00.110(' moot'S. Iht' extraordinarily 
("umpl('~ IIltri('af(', and ronnidable~
J)f'"nU"nlaJ ",dC1or, Among other 
IhIOft&. tht' Tokamak "'u~ioll lest Reac
tor J ,"'I R mu~t ('rf'alc.> tellll>f'r8tuI'CS 
f'l'lOf'e lhan ~u tlmt'S hlgh('r than 
thm>f'1O Ih(' ("'("ntt"rorthp sun 

In Ilui'! rar(' 10 opt'n tht' !'!OUrc(> of 
ffld1t ('nf'flt\' by fu"llll( the atoms or 
otnmpreM'nl hydrogt'n. th£' l 'nlled 
'Ialt app."af'/) to 1)(' III th£' lead wUh 
I]-w, $.315.000.000 IYrR neal1ngcom-
plrljon atlhf': I'PI. under runding 
f,."mlhe" U.., f)('pannWIlI or t.ncrgy. 

'01(' n .... t "lIr~"fulteSI It With the 
nt"W "",('lor \'\-"{·re made lasl Ope ZA , 
and Ih(' hl&tori(' If'bl of &eien tinc 

TI-I~ BASIC C01\ FIGUI\ATION 

CICADA was designed 10 pmfonn 1\\10 
different but related types ortask5: to 
control and monito/' the opel'alion or 
Ihe maclOI', and to analyzc Ihe resu lts 
o r the rusion lests Ihrough a diagnos
tic system that incorvomtes da la ac
quisition, reduction , pl'OCessing, dis, 
1>lay. and archival ll'ig II. The system 
also pro\idcs the fae ilily's liming and 
synchronization conll'Ols as well as 
the hard-\vired personnel-sarety and 
equipment-protection syslems 

TIle system must handle a total 
orzo,ooo different con lrol and moni
lori ng points for' the reactor and 
musl acquire up to zo million 16-bit 
words or data gencrated dllling a fu
sion pulse thai las ts one second 

In Iinewilh Ihe scopoor ma
chine-interface l)Oinls, Ihe number or 
user inlerfaccs is c.\ceptionaJ Not 
coull ting contimling program pl'ep8-
rnllon o n a dedicated computer \vith 
3Z poI1$, the systcm \vill be able 10 in
leraet \vith 32 Icmlinal operating sta
lions and 26 operational consoles. A 
planncd off-line-analysis computer 
wiIJ handle SO IClminaJs 

391 
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Pig I The confl&ur:illion ofthe CICArn 5."~u~m as it will look In the lallt'fpul uI t~ '" d,,,,Jt.\"f'd 
on IMOOIU(lIIl openulng system The blue computen an! c:enlral ,.,.,.tern ~ 1h.i,.-'C'C'\.If' 
application Pl'1l8J'1Iml and otherO\'et"a1i system IUk.$ TIle red CQlnpull'ft control and ""'flliOf 
Tokamak opennloru and an! interfOlCft! to the CA.\tAC dau'-sellf"nlllng '.' ,tern 

111C 26 console operating s ta
tions handle Ihe applications th at de
mand interactive real-lime cont rol 
and updating or lhe reaclor.ll1c 32 
tenninaJ operating Sialions are for 
data-diagnostic functions tha i de
mand the abili tv to inleraCI wit h ta
bles of sel poinis, sequence and 
dOl in-reduction pammctcrs and lim
its, as well as to issue commands 
d irectly. 

In addit ion to the 50 ofT-line ter
m inals, an c,'( lensivc syslCll1 of com
pUlcr-gcnCl'alcd d iagnostic sta tus dis
plays .mel Wa\dOl1l1 graphics is dis
tributed throughout the facili ty over a 
70-channel cmTiCr'-teievis ion ne l
\'\fOrk_ This has been dubbed the com 
fort display syslcm, after the name for 
a similararrangcmcnl ,'l I the Fermi 
National LaboratOly. 

,11e basic computer configura
tion is a licrof central-s)'Slem com
pulers, linked by shared memory and 
lied into a communicalions comput
er (called Oper..llionsl tha t acts as the 
central node of a star network. 
CICADA user'-application programs. 
written in FORTRA~ n, can run in 
any of the central-syslem computers 
and can access the resources of any 
other computer in the sy~tem, 

A secondmy lier of subsystem 
computers is linked directly 10 the op
erations computer and through it 
linked indirectly to shared memory, 

The subsystem computers pf'O\ld~ 
the current and real-Imw t."onlml rt'-
quiremcnt5 for the s~ ~t{'m throl4(h 
intcrl'aces to a Computt"r ,\utomau(' 
Measurement and Control 'CX\L·\(] 
syslem, which is tht' intt"I'IlallonaJ 
s tandard for COll1put('r II1tt'riaC"'illfC 

'Tllere arc important real-tllnl' dt'
mands on this systrm bt'fC:innlll~ 
with the requirement that ClCAIlo\ 
take a snapshot of all 20,000 t'onlml 
and monitoring point!> in the I"('actor 
and deposi l it in shared m('II1OI,\ 
o nce evelY 2 sand immL'tIialf'lv'IX"_ 
fore firing the reactol' 1:.\'('1" zoo m~ II 
central compuler c1edicalNt to 
graph ics for the entire S\"stt"m mU~1 
poll user demands. Ami C\'Cr. I11llll
second, a computer for Ihl' IXn\l.'r'
conversion system must f'Onlrollh(" 
power supply in a proccss-C'Onlrol 
mode. 

In add ilion. oth(>r "-"ai-time and 
Process-control tas are handll'Cll)\ 
32 microprocessors located II1th(" . 
CA.\tAC sy:.telll. Appro"-Imal(>h halr of 
the CICAG\ hardware bud~<'t·w as 
spent on the computerS\:.trm In
cluded in this are 14 Gould:' £. L 
min!computers usinK Ihe \tR·J2 op. 
e-:ating syMem and four 600- \tb\ t('l 
d iSks, five 300-~I b)te dl.S~, fjh~n 
8O:Mbyte dis~. SC\'Crai S2S0-bpl tap€' 
dm'eS, four sets of background penph. 
erals, a mu lt ipart shared mt'rnor. 
and Ihe nccessaf) net\\'orkinp; to 11(' 
th e system togelher 

These computers .... ill ~ be 
supplemented with Ihree more suo 
pennlnis. and b) the lime fuUopera. 
lion begin in 1986 there will be !tnt 
additional unilS 

CO!\'TttOLAXD OIAC\OS!!) 

Tht" reactor is eJo.SenhaJJy I douttnJI
shaped rn<\gllf'1.cCOlltaiofor t1tt:2 
called a Tokamal ,M't' 80\ Htnl 
pl.uma of h_\ drog('n atun~QObrCUft. 
tlunt'd long enough-up 10 one .. 

ond-.o that an ohmk' ("U1T'ffi1 AOd 
l)artlC"i('-bcam IIlJ~-ltoru. CM ralst Iht 
temfWr:llure orthe plAllIN lumorn! 
1.\ to fu!te thl" atoml 

l'he plasma diaplo.tk ~'1tem 

contAUl." an .mayofhlf(h~' tophab
(':uf'd mebuling dl?\"irt's 10 pm'idt 
Ihe ('ntlcAI mOllllonngoiltw- )tl]t'~ 

Ihe plasma and 115 dcl~~ thr 
plluma ohmic nUTf>nl, lhf-I~· 
turt'S atTllnf."(1 thr nwnhM-olfuIiM 
I"t"in-Ilom achi{"\'t'd And othrrcriD::II 
pa"Ull("tt" 

1l1l"M' ltl('a!IounnR cJIo\. ten ,.. 
from m~cn)\\.\.· rntMI'fUf)Wler..,1Ild 
dopplt'r("\pandt'r ofLu«lrthllU 
~~·!romf'It"D and n.-sid~ ... 
h ~'1"5 ~hllinolhn-\-anrd Itt ri It
~trunM"ll1alKNl manlton the! mtrol 
t two n'.KICK' it~1C Uld~ lis pcM!I' 

ful m~11C rM·kb and musI\~'" 
Inc.! "'".lMn 

BOth M't. of di"lCft an-lntt1' 
fan>d 10 thl' (1(.AJl.\ t"Omputcr""" 
t('m thruulVt CA.\l \C. 1'1\4' C,," \t 1£ I)'t' 
1(,1n ronlaIl15th..-\arird dolt .. · 
p-n('nulllg dl'\i('ft. .nd f'koctrir.al 
IOt('rla['(" lOr 1M ('ompulm llldil 
Irnl.('(II~' fJlM'l'OpllC ("lIttie &urn 1'-' rr
"'("tur("('lIabout900f\."~ lbr 
CA.\!;\('~., lem mua.1 rolifICll-' ~ 
U %0 mllilOn wortb of dolt .. ",b,11AA1O 
thf' plDIN d~llC'S" wl'll» tilt 
dala lot Ih(> 20 000 C'Ofltroi.and IIIOIIi" 
10nllf( polnt. 

Thf'f'e an" rnon' than 50 daIrteP 
~1l" of CA.\t \C moctuln tom 
J2-c:h;mOf!i traru.ir'lll dWtlJenand 
lC'alt"n 10 lrnhrd and U1ltolrubtddit 
tal mpul ... t..ac:h modu~ hokh up" 
16 dl~t..J-('Ontrol poil'lb.oobClP'" 
h .... or tntt'1"Cac.1nlolo,th a \wir1ycl 
data dnlCT~ 

11lou~",cJl~cNnntb 
An" dl,ftltlZ.C"d and putllllO ~ ." 
Iht" muduk ... wtudl eutmltly_ilfO 
100 - \lI\C(T;1t~ Nl-hol"hich 
holc:L. up 10 2S moduJ l:..\'ftlt~ 
!ht're will he 4.SOCA.\l\C Cf\I~hfj;I
"",6400modw.. 

lllrI int~ br1W('t'lt~-, Iht 
<:.A\l-\C.'modu~~ ~ ... 

-~hon fan.w-rru .. l)t'O\ idt'(1 b)
tltdr\vC'OOt,1.l1 ",_\-,.trm \\"hlf'h pro
.tlw""" to drfillf' tht':O 000 
~ and C'OIltrol potnt and 
..,reblrrl dc"\~ U!lllll« 
~~ l1lMordt~I("e. 

c.lwhfMcluaJ dlftl!a' OJ" analc>« 
catfPCAMItI-, lndudu1t( mk'f'US)I"Oc.'t·!\<· 
ICI\residml an C\\t\C &It \wll u 
,.cfcompollMll ,!<ouch d("\lC't~ 
_brMldrd modified or cit'INt'd 
IIdcanbrconfrulled aUlomaIM'.II, 
." • ., ~ d.,,;IIa1-('Ontml ....... 
~ h 1Iwdr\K"IH"OI'l!I'U.! "'\ 

.. aJtOin,.tiralh 1('." ... 11 d(,,\1t-t:. 
tktnedtlr IU'-Il..rnt tl.n.II'1 
bltlSUlpuatnr'ltn 10 ~11",,1 In(,In 

11'\ .brftlhn' ant.w\ .... hh fOf .!;
"byapplkillOO ,"'W"m. Ind fur 
prriodic~ tbemClOiI(J11n~JlI
trma!xJnaa\..n..1.tIr to an\ pnW40\ 
IIut OIII'IIJQI aulhonuhnn mutot ht· 
""P<l 

,,1UbIyltcm l.able ntlll.tm. till 
tIr~onlhfOkJC.t'on C"t,m
pDl!AIt.M'lpo6nll at.nn.nd In,) 11m-
h ... pmmt1 WC'Ofl\ k.n 10 

:::::unlb ... .at Iht' rnntml 
a!aaNIQrlrl8 potnl \1 Nth Z a 
... cIptAI and ~ pOint AN'! 
_ ipINI aJ.rm lnl' and 
~bmIb \ iabUon ,. III 

chanfCt' Iho absolute s tatus fl ags and 
f'nac t subsystem a(,tio n s Digil al 
IXlin ls. in ptu1iC'u lar, are a lso checked 
fora transition from n onn al s tutes or 
10 nonnAI s tales, and the resullS arc 
IOAANI on a lel,nln,'11 if a ppropliate. 

!lIe opt'I-aling physicists and en
f(int't'rs \\ho ool1 ll'Ol lhe o l>erations of 
Illl' ToK4ma).. do 80 Ihl'Ough Ihe con
-.oll·-.QIX'I'ating stations and the con
IOII:'-oper:tling software (Fig 31, 

\ Illong 01114'1' things. the 80ftwa/'e 
~ndud('s tho d{"'lcc-entIY utility tha i 
J)t'lll1lt~ th~ o lX'I'a lio n s ch !ef to add, 
nloc-!If\ 01· d{'lpf(' an.) ofl h e 'Ibka mak 
(-ontl'ul dt"it"t'''_ Hcsld('s p'Y.wlding 
Ihr M·"kl'S to upda le tho console d is
plnys and I"{'.ld ('onsolc dC\;crs,t he 
"ofh\ al't~ nlf>{) al lows a lIS('I· IO log-in 
nt II c'Unsolft and selcclthc dcsil'Cd ap
pllt· .. llon PIUKl1I lll lu ndcl-assignment 
of ronlrol by the opt'r:tlions ch icO, 

~mn' ull appliclltlon p l'Ogra ms ex
... ·ullnK undprt'onsole control l'esido 
U1 m('mo~' ,h('I"(' is immediate re
"OI1~t'IO·UM'1' demands This speed 

AIIl)\\~ ~Udl rl'atlll'('s as software 
In()b~ IhtH hm" I"('al-t lmo feedbaCK 
011 adJuMnlC-'lliS 

l-oar-h ronltOle OIK'rating s ta lion 
c:-unlaJll3t,"'O!Ii t2 x 512 colo~graphlcs 
dl"'pla\s th.it all.'! l'tmlwctcd to a 
IVa., "(· .. 1(' hArd~P) unit One dls-
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play is for color gr..lph ics and the 
o the r is d ed ica ted to the alpha
numeric/process-collirol chal'ac-
le i' m od es, wilh cUI'Sorcontl'ol via a 
tr..lckball, an allention button, a knob, 
and a keyboard . There are also foUl' 
vid eo mo nitors that car,y comfort dis
plays o r summary waveronn d a ta gen
eraled immediately after each pulse, 

The d ata-management system 
provides utililies and services to 
sched ule the ann ing of CAMAC data
acqu isition hUl'dwUl'C, to l'Cad dala ei
ther directly from logically sp ecified 
CAA1AC d C\rices or from o n-line 0 1' 

archiva l fil es, to writ e these fil cs, and 
10 wril e I'CSUltS and slat us data for in
ICl'system access, 

The diagnos tic da ta is available 
for' o n-line inle l'action by physic is ls 
through the 32 tenninal opcrating sta
lions. Physicists may a lso lise the tCI" 
minals to SCI up pal'a l11cter'S for' mea
s ureme nt of thc plasma during a 
pu lse, 

When d iagnostic da ta is 1'C

cluesled by an applica lion pl'Ogr-am, 
it's tran srerred to the program with a 
header contai ning the paramele l's 
necessaly 10 :maIY,i;e the d ata,Applica
lion programs run ning on these Sla
lions can also be execu led on Ihe 
group of appro xi mal ely 50 off-line tCI" 

Pe/haps no one IS bellel qualilled 10 have wllllen Ihls book 
Inan Hubel' Belmont He has served as consullanl 10 mOlt 
Inan 10 maiO' corporaiions and tlade assoclallons Including 
Ihe U SChamber 01 Commerce McGraw-HIli, Ihe ElectrOniC 
IndusllieS AssoclahOn Evelyn Wood Reading OynamlCs and 
the Smllhsonlan Inslltullon Yel he made Ihe deCISion 10 
become a consultant only aUer bemg hred hom an uecutlve 
poSIllon alillt age 0143 You II learn fllSI·hand how he did 11-
and flOw , ou can do It 100' 

HO'" to Btcome , Successful conS~:/:~"~":{I~,":~Y~OU~'~O~·~"r,iF~":j'd~';~S u!ol S20 lIa. deductible II you use ,tlOI btJslness and 
I ou re lully protected by thiS ul'ICDIIlhUDIIl i 
~tfP Ihe boOk lor thlee weeks II you Ie I 
IUiDn .... halevel Simply relurn 11 and 
1M: " .. ,11, fllul'ltl" no QueSllon:s~,;;,;;" 

How m~"Y IllntS have you lold 
'''al yOU re 1"101 gelling anyYl'''",';I~',~, C;~ii; 
I,me 10 th,nk seriOUSly abOul a 
,n yOU! Ultel7 DIJIl put it '" ,"d ma,llhe coupon nowl 

---------------·f. 1of'O' "'r,"",I(OIlItOfterO,lIrrlo'S20 Rustl 
I ""'f po~I"'tO Ho ... to Steo"" ,Suce,-uflJi Coni 
I ( ,,,,, ,t! rOUt 0.1 F~I(J 0)' Hubefl 8trm~~k 
I til t I h' elIOt "lIhl ttl return the ......... 

4c'!SI,1ICI '., I.' • "m,ltle lefund ,11",.11 Illy .... '1 Unll,"OY wll" It I '" 11~'H""e<' 

I N,I'nt' 

I AddresS 

-

I Stale z,p 
: CIIY The Consultant's L ibra ry 20005 

cT als F,Il"nl" 51 N W Wu"/OlIlon, 0 C 
I Dept , ___________ _ 

.l .... ~3:9:211111111111111111111111111111111111111111111 .................... ________________________ .......... ~;:::~~~~~::::::::::::::::::;::;;;;;;;;;~·~-~-~-~-~-i-ii-ii-.. -.. -II- .. 



Compu'er Te<:hnology Ro\;ew 

minals thai a1'C planned. 
-111e on-line tenninal opera ting 

s lat ions consis t of an Intelligent alpha
nll mclic tenn inal a CAMAC· 
intelfaced h igh-resolution graphics 
display, and three \ideo monilors driv· 
en by rastel'"graphics CAl\1AC 
modules-two for comfor1 displays 
and onc s ta tus monilor that p l'O\id es 
pal'e d isplays ofmonilor \'a1 ues and 
dl...'"\ice stat uses 

A numbcrof data structu res are 
generatcd und er the data manage· 
mcnt syl>lcm for use b} Ihe applica
tion P 'ugr"dIllS. These include: 
• The machine-s tale database, 

\\!lich contains high -Im-ocl mao 
chine pal'ameters for Tbkamak 
opera lio ns and which are ac~ 
cessed hy To kalllak's setting of 
lasks priOI" to each pulse, 

• The diagnostic·senings d ata· 
base, wh ich p rovides informa
tion needed 10 set up parame· 
ters in the measuring devices. 

• The e\'ent -system database, 
which p rovides a record of the 
e\'olution of tasks such as the 
anning ofTokrunal.. sy:.tems or 
generation o r sllmmary 
wa\ocfonns 

• The machine·pulse database. 
which pf'O\id es a store for spe
cific pl'Cp ulse and pu lse snap· 
shots, charaCte,;Slic scalar data, 
and summaI}'wa\'e fonns, 
Still another major piece in the 

sy:.tem is a p rogram·cont rol supef'\i~ 

sory program to coordinale the appli
cation programs operating in the cen~ 
IraJ,syslem com pulers 

Progmm cont rol is requi,oo {"\'('n 
though each colll pul('r is etlulPped 
with the MPX~32 operat ing system tx>~ 
cause the indr.;dual COplCS of \I PX .. 32 
operate only \\oithi n th(' oonfinea of 
their own CPUs and are 'fPloralll of 
o ne another's e:dstenct! 111us, a 
h igher-Ie\'el supen.i!o()r i.l. nct"dl~t in 
order to s tage 01X'rtllions lIl\'ol\lngl.·o~ 
operaeion between compUI('f'S 

Program oonll"ol COlllt/Sb of!W\ . 
era] somewhat indt'pend('nt PI('(."'('lt to 
ha ndJe intcl'COlllputer COOI){'I""3tllm 
thai involves Ihe oon~ol(' Op«l""alln~ 
s latio nS. temlinal OJ>CI""3l l1lf1: Matlons 
and the mo n itOI":> fOI' e\ (,Ill-dri\ t'n pm. 
grams and for sYbtenHitatus and t'l"" 
rorconditions 

COUNTUQ\VN TO FUi:J IO , 

TIle en.tire on-line CleAn., sy:.lem op
erates III an mtegrated fashion dUrirlf( 
an d immed ia tely after. 5-mln oounl. 
d own tha t cncoml>asses each pulae 
o f the reactor_l1tis coun ldown IS an 
m-'ent·driven S.\~ t(>m thai gO\"'("ms tht. 
operatio n ofthe Tokamak. the t:T('~ 
al~on of the p lasma and Its publOg 
\\1th ohmic heatu18 and neulral
beam injections 

E\,c llI--dri ... en la~ks include Ihe 
Start of cycle, the anllLng of ph\'>lcal 
s~t~~s, Ihe s tan of dasch arse: the .()o

qUlSllio n of d ata and thE' aCI ..... hon of 
o ther tasks tha t sel cychc status flags 
The p rogramm ed sequt"ncing of hard
~vare a nd software com ponen ts dur
~g~untdown IS achje\'e(I bv. com. 
bmabon of an encoded faciliiy doc!.. 
system an d the softv.-af'P p rogra 
trol syslem m con-

'"-.. 
Th e facility clock consists 0{ a 

l ~MHz biphase clock. \tanchestet' 
encoded " 1th ASCII characten The 
doc!.. signa! is dbtributKl alaI1@; the 
CAMAC h ighway 10 all crates."-hic:h 
conlain liming modules lhat recos. 
niz.e codes and . cth.'ate. counldcMn 
IImer This, in tu m . issue. a t~ 
pulse a t the p reprogrammKl timet 
thai can .ctlVale Imlebtie (tl:'flenlcn 
timed gales h rnil18 and 5eCJUenCIn« 
modules and lune(j-inten-a! 
counters 

The program control ,." ... tern pr0-
vides scheduu"3 of lasks Ul r&IDI 

10 fac Ulty clock e"'en IS and to soft· 
\\'are e\'enIS IUch •• l.npU I~tJ t,,1i
abLill) .alanncondltions f.aults orrum
plt' llo n of o lherbOfiware p~ 

111e oountdO\\Tl begms \\,Ih the 
s tart of ooum and 15 termimltoo 5 
min later wlth IheendoCcountth.t 
succeed, Ihe pulse Ounllll: thfo put.. 
diagnosllC datil is acquired afttt u. 
pu~. more e\-en l-dm't"f1I~~ 
. Ie dl~IIC dl.&pla\'s thai ih<M Ibt 
J'bull5 .ch~~ These ~ Irwunul
led throughout the tnlare r.ihty IMt 

Ihe 70 .... dwmellY comfOl1 dapLt\ 
f'orappro ,um.If'h'45mmAfttr 

the !il an of count (.1c:.AD.\ arW\'1b 
data comlf\lC from Itwo pre\1(,.lI·pubt 
and dec-Ides hoy, 10 lrurture the ~ 
reming pu~ l11e p.ramt'fl'!D tor 
lhilli pube.rt JlO5It'd to stw?d 
memor~" 

'\1 "15 m in 1010 thf' countdrMn 
Ihe ,tan 01 freeze ~fI)1Ui ~ .. 
IOIent(;tl'\'l" &eI1U\8 of p&raIllf'ler1 
From IhlS moment oolluJ1fCcan beld· 
IUbied m • .nuaU\ The dlrertlOOt pott. 
ed 10 tht"machIOesl.le In rJ\aredmeat' 
on. 3J"f! 00\\ .utomatlc.a.Uv\~ted 
alld If Ihf:\ meel .PPI"O'o..! the ~~ledI 
goe;. into the ~tart Mlqut'nce: 

Ounng tho. Siall' a.l1 paratTW'11!n 

Ih.1 have been predefirwod lor tilt 
pulse aft .ulorN.tlcaUy tel up and 
'." lema arr anned dunJ"'lf'. ~ 
of r'I.'ell151h.AI sel otflhe ~rJ 
1<bM In Mrh compuler 

,~ • pr1'pU1le dwd or UlIP" 
hoi of all control and morutlJ(lf\C 

polO15 ~ stored to Jha.rtd rntmOf:\lI 
the maduM' puae cb.1.abut an f\~ 
lhal set oil rt" ... ~ of cntallDOlll""" 
tors &nd. ch«!.. forrequirtd ttatt<> ~ 
ttilure would inhibll ~ and 
....,~ lh< _ ... supp!>oo."d 
other ... ten\!>. 

Ifihe ch«!. paNfIl mUSler tIW 
" tem ~ anto nut 01 pubt T1w 
~"en1 s tatU u p the power MlppIiD 
(h.al energJU Ihfo ~'uC' firJ«h 
After the 5pect5ed C1.I~l> art .1-
la.aned 10 control the ~ ~ 

Summer 19113 - m;.)\" I:w. rnl:lfCnified l'~art-(i-dilc'h&l"lf'" t'\"nl i ",('Ilt'r

IIfd Thi~ f'\t'nl ("Ofllroh tht" pl"!lma~ 
~1.equrt1C'l:1t .lIlti thto Iwutr.l.l · 
~lonfHUl' !I 

A!lrr 1 ~ rnd 01 pluma I .. til 
dIred. ,tWflin4C do\\1' Ih(' 1)I.hrn.:a ~, .. 
... and 1I0pl'm« th .. M""tIUL\IIIUIl \Jf 
p&awa dolt .. but 1.u1ltlf1: lh .. n'C.lu( • 
lirGafdl1.land ttK" cn-dhun 01 dbnUI 
IIICIIQ\~ ttw.l cvnl4l1O SOO 10 ~()O 
.,dtfllCh I heM' p1Iph. ("unl.", 
~~t amu "Ilnlt,,, Ilh,: .. 

'l11e \\ ~I\'('fonn datu is :.tol"'Cd in 
s h al'('d 1ll{'1lI0 'V. \\hcl'(' it is availablc 
10 " II U~(' I" a pplicatio n p mgr<lms as 
h {'11 as th(' diagllob tic d ispla., pm
Kr.un mlln' ... ·olllmle ('ompul('r rhis 
1)!'OKnllll uhllJ:{'s p ,'("dl'firw d t(, l11 -

UPANSION j\ND EVOLUTION 

There are many specifications in pUI
ting together the hardwar'C and sof1 -
ware for this versatile and powerful 
system .. hnp0l1{UlI, of course , was the 
high throughput that Ihe superminis 
provide, \\'oli..ing in conjunction with 
u high-spCtld bus Ihat allows 26.67 
I\lbvtes's of in lema I data tl"1lnsfer. 

p l .. t ('~ o n whi(' h the wan' d a w is plot
h'tl t,-, Ill(' ('0I11fOI1 dbp lay bYl>tcm , 
\\h,d, tmn~ l n lls Ihe gl, 'ph ic,:,owrn 
d ,ann('I.!o mlI1lL'tlia tcl.v .,fll"· thc puihl' 

I hose perforrnancc chamctcribtics 

Tmunt (.on.rolhod I u ... lon 

Tolp(ftdll(' full\ Ihr roll'" of 1110 ( J{ . \11-\ «""t)fllputf" 
1tI~ Ihr lolanlo1l.. I uaiun '1 "lOt HI'.II·tUl 

tTl"1 \OUmust UJulrnt.Ulclllw I (111l""t'pl ullluc 'll';lf 1\1' 
andhPw ft wtlll...,aclltrwd Ull till' "'d(' I()1 I hi!t i!t 
hi Clp'r'Imrnl.al dt"\iro C-afl,ll.te til AI hll'"\ Ill", d 

-fteluaian dr-mons1rallOfl "n .. II'~I'\'u In tl\(1 
llllanchlon IJO"11' tirmolllttrnll It c4I1h'd nUt h.\ 
DftDrtmUundrr~ t Jd a l lIMo t 111\'\'nll\ III 

., Dn:o:"Iubrt of 1 u: 
n. bub Inr both Itud l :at h km .lIIell" 

lUI ~lIln the ' !DOs aflrrlhtl lht('u\I' 1"\ 
.... ....... tfvo maMm an elm um t (' ... n I,.· (""til' " 
'8tId IDIkM ~ U n I('in _ lall1MI ''(llIatlml 
& err'tdlen> rquab mus tim Ihl!! Ac lwm' 01 -" n.r c(nudNreoHX.\ can 1M'! a ' hiM1'CI"I ' 

!tw ~ ofhN\'\-.tormrn1 into IIIChl," (lfU~ 
arb\' lhr fusion of thi' ~t I rit!UU' ut8 intn 
two. ~ 8oth~~uultl ult lila 

... " ... andbtor kmlnl o r OftK\ hul'u leU' 
-..t b\. tulfw" 1 1m 01 f'lll'flt\' 

... .. ~'Nl"U1 1io COtlCf"u-d oIlalo.ln,l{ tlw h\ 
~ __ ItI.pIaama fourth ' a l.-0rlll<lUI·/ 

.ttw.a.ltlCMano IonU.rt.l b\ t~nlf'nll()U5 hr·.lt 
end Ihrmkl. doughnul hallfttm4,IUIC'IIt' (IIII' 

Hcn-thr\ coukl bf-conftnrd 1m", e nough tn 1111, .. _to Ioua Ictnp .... ralurt"'& y,hk" h woulcl I'n " 
fr'Drp IhnD 10 'JWlTtnt~ 1 he ir ~I lell !lIP; _and thPlJlindlnII:lon: h .. lhr nud"llu fuw. 

.~~~::~~ inaUt h . dt IgI l lSln~t'f"p 
t thr" alllle con14' ~ht'1"1' 

tIQAd aow U .. atHca. t , ~ for (uslun 
Tbr namtd 'JOUm.U, after Ihr! RuuiAn· 

I:~~ :=~m lor IOI'tJkbS mAPM'1il' ronl~ has 
II .......... fonIt of C"'fC ,blOCflt • • thl' l'Winet"ton 
I~-~'~b IAbaratoo) and" the _ principle 
,"Il00 _Iho I prom In 1....-1.-.. ....... ~ 

- ~TYI1l.1 Prirlc:Y1oo SJ thr tJrr.a!..-at'11 f'X~ 
I:::::,!!:~ thrvu#J .1la fusion of drlJt .. r1um 
I' .xl one neutron and tritium lWO proto ns 
... -..~ and .... QrUtJOn. lh('" .. Urr conl~fn. 

I ...... , "th. rnet'JtV In thn form of d l .. tioll 
lOIDl'adwr~fuNon~C1ioN lh iA 

~~~."'~~'" rad/.adon but of. rnu("h ... hII--IIIr and In a much amallrr quanti(\' than In 
..... tbia pocess b brtnfI: a ul"ttlplcd Ilnol 

bt'(';,tlI~t· il is fal" ('asi(,,· to adlil'vc than otlH'r potenl ial fu· 
l'tlon n'iu'lions To attain a breake\'en numhcroffusioi1 '1.'
.U"I ions with /I d£'ut('riunHlitiulll plasma, it mllst hf' can
lined 101" I ~('Cond al a temp{'l"atul"e of 100 million de
f(I""s {-(·l!'.iu!'. anti al a density of3 x 10" atoms/em;! 
tuh()lIl ()lIp·miliionlh the density of I he atmosphCl'C at 
twa I{'\pl l. 

hI ucc·ompli."h this in the Tf-~I K , fonllidahlc physical 
,.\s1t'II\~ mU~1 b(' cOOl'dinllled and bmughl to be,lI' The 
1)1<I~ma musl 1)(' ~lu'('('~sfully confined under a powerful 
ton.ud;,1 llIi~Il('t it· fit'ld whose lincs of fOl,("(, al'f' parallcl 
to lilt' dOll,l(hnul-shaped container'l at a m:lh'lletic fol"Cl' 
e)1 up tu Sot "'Gau~s , mort· than 52 ,000 tim('~ ehe fOl'Ce of 
tlw NI1h 'lI majol;nl'liC: fif'ld 

-] hl'I" mu!'.1 abo be a ~eoondar}- poloidal polar· mag· 
,It'ti(' fit'leI who:o.{' lint'S 0 1' force inlel'S('Clthe tOl1.,S in \'Cr
I, aJ plllnt .. \PI a third ~et ofmagnNic equilibrium fields 
t n('('dt'd to fill(' lunc the position of the plasma wiehin 
Ih .. \.It"tlUm \l'!Io!;('1. which measures 25 .3 ft across and 
7'1 fl hY'h and w('~hs 80 tons 

-nw plil~ma h Il{'at('d in twO Mages. bcginning wilh 
Iwat R('lwraH'd hum ohmic l'esil>lance to:l CUI11.'nt of2.5 
\t ·, tl a\t'llIlg in tilt' plasma ilself and capable ofheHII~ 
II tu 20 million dt·j.1;I'('(>s Celsius Bul the plincipnl hoost 
W 1t·mp(·ratlll't·~ h(,t\\('en 50 million and 100 million d('-
1(I1"t's n·b/lis wit! ('()lnc from the injecllon ofncuII<lI· 
IMI11(')(' I~, .. rn~ into til{' plasma from fOUl' hlgh -('nm'~' 
pal1tt-I(' .. llf'am lines Ihaltransfcr theircncll{\' 10 tht' 
pla!'.l1lil Ihl'Oll.'l;h collisions.. .• ' 

Ill{' 1'!('('lr-;caJ S\'~tcm requII'Cd to boosl the p l.,l>l11a 
10 t!t,'1o(' /'itilJ.Uwnng it'IllIX'ralures muM itselfbe forlllida
hit' t~apahl(' IIf K(,IlC'I""<lting 8 pulse of950 \1\\ To meet 
11,..,01' l't'quin'mrntb , ('1('(""lncal enefl{\-' will be 11.·m~'Cd <II 
a low I",t(' of about 30 \1\\ from the 13 .800\ ('Icctncal· 
utility p,I('111 ,n til{' fonn of rolational cnergy lI1.two 
Idrw: n~' .. \\'h('('ls During a pulse, thc !'.tored rotational ('n
"'"It' \\ 'i11 he COO\l'11f'(1 by IWO lafl(e g('n('mtor 5('tl; IIlto 
the ,,>tluu,-,<I;1t" df· ... ·tliC""al energy. _ _ 

f-onllldabk l>"'~l<'ms are abo re<lulJ'ed lor the C!"C
allon ultlwlo!..a~,aJ.. \acuums. cyrogenics, .md the han-
dlm,l{ nl rath().I(·ti\"c tritium . 

Ill(' 111111.111 FTR ('\pClimenlal program tllI~ .. \ cal" 
Will IlJ(h tht, uhmi(" heating and compI""('.>;!>Ion of 181",1('
C"'1,'nl l 'I\(lJu~('n and d('utclium plasmas. ,('\.t y('a!". 
hlgh ' fXl\\:t.!"t'd Iwut"a)-beam healing e\pCIlI1lCIlIS \\ III be
' n "'Ilh dl'utt'lium pla!>Olas , 'J hese are {'o;Pl'('ICd to . 
~aCh dppn' .... IOlill(· d('ul('rium-lritium ('(lui\alt'lll fWHon 
hn'a!..-e\l'n ("fJf1(lIlions loward tit(' ('nd of I!J85 \f1[l In 

III '" t'('pc;)l<'d \\"Ith a d{'lllon~lr:lIlOn 1"J'.(,lhflp'1)(·f1l-5 \\I ... , .< I 
\~Ilh aclUil1 (kUll'rium .. tritillOl pld.>;nl.1..,.thal ;I("hl{'\( tlC 
hreaJ, .("\1'n 1("\1"1 01 f\l~ion 1)(.1\\('1' . 
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Fig 3 This oofuole olJoel'lltill8 '~~tem colordi5pta~' of tile Tobmak \..-uum pumpU'lft .)~t"". 
one oIhu~ of dispiaYllhat alia.. roc manual col\lrol of tile Tokan..u. bo,' UN! oIa nJnor alld 
t~bait . 

wen! needed because the s)'Slcm's 
reaJ-time and on-line funclions re
quire \'ety fast processor limes and be
cause of the large amount of data 
transfel,-ed into and OUI oflhe 
compulel's. 

As a coroUalY, \'Cly-high-speed 
imcrcompu ler data-lransfer links 
were also requil-ed along with the ca
pability to provide high-pcrfol'lnance 
networK-linking software. A high
petfomla ncc, multiported shaJ-ed
memOlY system was also needed, 
along wit h rcadUy c"pandable in
lemal melllOly. And, of couI'Se, vcrsa
tile 110 capability was a neccssily. 

BUI PClnaps Ihe main requit-e
ment was the abili ty 10 migrale easily 
10 new Icchnology to allow fOl' expan
sion through additional processors. 
In a system designed for complex sci
entific c).pclimcillation the need::. 
cl13nge dynamically \irtuallyC\ocry 
week-and even more dramatically 
O\'Cr a longer period -

In 19;6. fore~ample. it was antici
pated that CICArn would ha\'C to han
dle no more than 10,000 control and 
monitoring points Since that time. 
this requirement has doubled TIle 
syslem was originaJly planned for 12 
console operating stalions: now 
there are 20, and CICADA will C\'enlu
ally re<lu ire z6.A1so, lhe number of in
teracli\'C tenninals will almost triple 
in {woy-ears, from 12 to 32 
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The s ..... stem hn:. been f'C<"Onf",,
ured and expanded contmurul\ o\'l'r 
the last si.x~'CaN These dlallA~ w~re 
possible because oflhe al"~nl ofhlrf(h
Iy compalible computer families Ihal 
retain esscntiallJ Ihe same bus 10 
controllers, inlcrchaoseahle mell1OI"\ 
modules and other featul"el hu. . 
CICAfl.\ can nO\\ Ix> l'L'COnrtgUred \1/'

turuly daily as need~ dlClall,' 
The operational soflwal'C for the 

syslem has also mlgmled rrom til(> 
RThI system for Ihe lZ·7S to IWO IlIt" 
ccssivcly more sophisticated \"('raion!> 
of ~ IPX-3Z for the later COmputel'!\ 
The original olXlral iona] 5\"5lem 
would support onl~ "'l- \l~1e of mf"lll. 
OIY for any la5~ . ,\-'hilc Ihe lateM 
MPX-3Z supports up 10 16 \lb\1C~ of 
memory. including ul> to ... 'lin les or 
shared memOIv. . 

It became Omious W" l'at'h tll41 
the growing size ofCIC\u\ s rodt' re
qUired larger memo~ 10 mC(>1 Iht'S(> 
needs . 11 was natural 10 mO\'e to e\l""" 

denser memory module.5 !>\\ It("hm~ 
from core 10 \l0!). tril>IiOft; m("mon. in 
each of the central-system C'Omp~l~ 
from I ~o 3 ~1~1es And \\llh th(" n("t 
expansion of m('mo~ III the .,ub!>"" _ 
tem machlOes. memo" in each rom
puterwill ha\"e quadrupled from h. 
Mb~1e to I \ 1 ~1e Shared memon. 
has also been mCI"ea!.ed dras1tc.:alh, 
from ~ .. -M~1e to Z.5 \lb)1C.5_ and ~\111 
be gOing to J Mh\1es 

Equally imPol14n1 memo~ \\ob 

Increased without a change tn lhe 
I>hysical size of the s~'::.tl"rn-in £ict. 
somelimes redUCing spat"€' from 1\\1) 

cahlnets 10 one cabinct-ftimpl.\' ~ 
SWitching from COn' to ~~ 
\IOS modules as Ihese beoomt ,.,li, 
able A 1 - \1b\1t>modult>no"fit,~ 
Ihe spact' of. 32.-~1r an memor. 

BOOSTI'G CO\lI1\. 'TLR PO\\U 

11u' nN"d for more prot"l' 'jllf: iXM~ 
IS al<oo in("I,~a.)lr'I4C drama"t"'}.. 0rI,ij. 
nall~ , tht' on·hne ("onr~rat~w. 
oblalnNi \\ Ith onh Ih",,,, 
C'Ompull"ni-One (Tntra.! 
applll.'allon-pl'Of(l'3m ("'uf"llUter. a 
('Onsol(' rompult'r and Ont MIb., ... 
tern C'OlllllUlf>r to IIlIf'rfa("f '\llh 
C\\L\C uClC,\ll-\.on·ltnl!'nmb 
~\ Ihl" funcllon" \\l'n- pht oft 
dltl()n~ ;sdddlOIW rompuII'n '11"" 
olh('r di.'lplOItk- computf"'t.nd ..... 
ond nf'utra.l·~· .. m C'Ulnpul ~\I01r 
addN:I • .) In R opt>tatloru .. untoW 
lCt'.1r lJn'au!'ol' ollhr rTkXluLuih thnr 
(-an bt> .dck><1 qutdJ\ b:'t lm"" tlJ 

... h4,,-d rul-lllOr' and 10 Ihr opm
llOn"l ('Ompu!t'f' 

-\bo brinfC upgackod b ttw pnI" 
w;un·pN"paralkKIl"Odlpulrr: Mtuch 
cum.-nl(:\ put of II'M" on·bnedlia
allll.h "!I\ I('m \\Ith thellir" pnxtt' 
aur, IlI'UfQ am prt"'JlUlbon wID br 
Ilnlt ... 1 du'\'rtl\ 10 (-I(~-\J)\ on-line. 10 
tlal \\ht-n plUlQ'anu afT cit\: 
til("\. c.n tM:' pw.hrd d~ ~n 
til<' IIltl'rtJU" hnl.. 10 ( IL\(}\ 
m.whine. 

\\ Ilh Iht· t'Oflllnu~m~lOOd 
proc·t'.QO~ ('\("("Uhon prrr:h "" .. 
bt ·n\lrtu.aJJ~ qUintupled- tum'" 
\tl~ '"lIlhon II 1I'l.u-tioN prrtflt!' 
and \\ IIh Ihto tnt 32.;.s loS "Ill'" 
\\llh (two firM n~,;" \Jvl"ithdwp!O' 
&1)('('11\ t' UNHlf I.... ~ m tht S! j 

~1M. .... h &It' C''"fl« It'd 10 men" thlftdJu
hlt-,10 ti 6 \1Ip.. - _. 

II ~of~1 ulthr,,:ht'tluledop-
~Iune..nd .. Ut,..,IUrlZcom
p;ltnpn,,:klrd an .,awhllll) of O\,'r 
'" Thr 1.:·comIJult'f'('t)ll~Uratlon 
.,.wliclimlto pt"f'ftNm IllI fun("& 
liafttaflhrlIC\O\ l!YloIf'm 10 I"I"~ 
,wr.taIrd compulf"r"lIh •• ~. 
'11I!b ~ '0 \\111 h '\\'0 
JdII.'C abb te) I"'" <. \ \I \c hnl.. and 
~ ':x< lpu-r rotTlputrr dl"~ 

-JUl-SPLlO 1\ I. Rt O\lrtTI R 
Uu .... 

1lIJIKiaSllih 1"1'(·lr\Il\~ 
*4Jftd cbt .. bn .... t~.: t\\1 .. -n ,"Om
jdm torconll'UhTa I.&I~",IC In Ndl 
IIIhcr.CUJtorn 1011\ .... "' ''''1 ~~fI 
CIItd Iht 1Itlrf'f1 Hl1ll\.1ll'r r'lllnmu Illc· ... 
IIOnIII)\leIt1 K..} rUl1lollna. p"'ItlXnl 
b txXDpUterI .. t\mr\'''{j 0\ N hl.Kh ~ 
IFftddna ISO Un .... fll"·I.I"l,,,'" 
U~1n I( ~ •• rol11l~lIhlt'I-,"If'n · 

lIIftaf US,\·Sl ofl.ralll'" ",\ h-m 
P"''''''''fTaI-Umr 1111 ....... 1"" rom-
1II!IbtW'm ~ Ih .. ~n'KIII'" 
IIIbt CJCU}\ nm.vrt. 
1n1hil~IMXl It .. nudes 

......,oI.axnpulrt \1P\ alvl-,co,., 

.. ~..,..t II'oIJ mlert.lc: nd 
hIltON ft inlm.""OflI'Ift t,pet It) (1M. h 
CIIber~ It. IQ ~ ...... \n\ 

nodo ('an addl'Css on ly a d il,,'Ctly
("onn~l(>d relllote nod e. T he ICS soft 
"are for tilt' nt'lwOrK pro\;dcs c.'lpa
bil!'les fOI' lhl'Ce major func tions: 
• In thf.' area or rcm Ole Inle rtask 

c Ollll11l1nit.-lIlloll the software 
Imlke5 it possible 10 send It mes-
8ag(' 10 a task III a l'elllote mode 
and al'll\ate a lask there. 

• III remole fil e Rccesslng, the 
!Wbtem ,,110\\'5 an operator to 
lranf('ra fiI(' 10 n remote node, re
qucltt a filt' , or dt'leic a file 
1,(,l11olel) 

• In a rcrnOlc opera tor funCl lon , 
I(:S ('nllbl('~ transfer of dala from 
nl('1ll0~ to nWlllolY, II l1ocn tion 
01' de,lIIOt·"lion of a cornmunica
tlonllnk Ol'ou tPU t huffer, and nl-
10wlI Ihlk, lc.lt'ntlficatiol1 plll-a mc
It""" 10 1>u oblainud 
In t'''ltt'IWC lht· ICS software en

.lhlt·!'j l)ttmll('1 ,111'('(' 1 aCC('lIs from any 
CUlt' ('Ompult'r 10 the ("ontrols of the 
utlwr l'Clmpul(>1'8 

In ~1)ltt' or th(' raet thai Ihls is a 
nt-I\\()rlr.t-<I r,ylttf'lll. CICAD>\ achlcvcs 
A hy(h 1t"\('1 (,( integration among all 
II:>! I-UlllllOflt'llIS l'r,cr 81)pllcalion pro
ftl dill:>!. fur (-,al1lplt' . have coni rol led 
d'"«' 10 41llht' resot/lTcs oflhc 
,,,t("1n _ \\hC'lIlt'rd("\icc conlrol and 
Illun~loMI"'. dalA ItC(lui5ltlon and SiD/'-
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age, o r console and 10l'ln inal d isplaYII 
and graphics. 

All CICAm applicalion PI'O
gram s can run in any of the central
system computers and can access 
the reso urces of any subsystem com
p u ter. By caJling seJVice routines, the 
program s makc use of tho many re
sources p rovid ed. 

Nol leas l, aSSignments and con
trols are accomplished automatically 
by Ihe syslem and are ll'an sparenllo 
Ihe user. In this way, CICADA looks to 
Ihe user like a single tremendously 
pO\venul computer, . 

Ilobe r t Dllnle l8, He.,d of C/GAil'\! 
Computer Oiv. aI/lie Prince /on 
plasm a Pllysics i..a oomf01Y, 
Princeton, NJ, is all d eclr ica! en
g ineer who lUIS specialized in 
computer syslems for high-energy 
p hysics devices, including parlic/e 
accelera tors. 



How do you keep~ur 
Industrial Control System 
from turning into a 
House of Caids? 
Simply specify Intersil 
Systems' STD BUS line. 
There's no good reason why 
)'OU should e\"er have to 
specify more functions than 
you reaDy need. Or ha"'e 10 
.. 110rry about control system 
integr.llUon problems. 
Why? 
Our STD BUS products ~e 
care of all that for you. 
Intersil Systems SID BUS 
boards are designed to 
function as buikhng bb:ks for 
your nucrocomputer-based 
system. You SImply select 
the microprocessor. 
memory, 110. peripheral 
controller, communicauons 
controller and special 
function cards you need. 
Then Just plug them directly 
into the compact. bus
COOlpatible card cage, in 
exactly the configuration you 
need. Add your selection of 
standard software and you're 
do"". 
Jus t think abou t the 
des ign flexibili ty and 
expa nda bility that gives 
OEMs: 
• You mix and match nearly 

three dozen different 
cards. CUSlorni.mg)'OUr 
nucroprocessor-based 
system tOexact..ly match 
your appbcation 
requirements. 

• With Intersil Systems' 
STD BUS products. you 
specify euher a custom or 
standard CPU that'S Just 
right for you-8085, 
z..so ... enabbng you to 
take advantage of readily 
available applications 
software and higher level 
"""",g,,-

• STDBUSaIows 
concen~uon on control 
application problems, not 
integratJOn Pf"Ob'ems. lbat 
~you~And 
makes your pnces more 
oompet"" ... 

• Center-ground. mulu
Ia)W (4) board design, 
l~ 24 hour actJ\'e bum
in and the highest MTBF 
nne let )"01.1 design with 
prOlren quality products. 

• 1bere's~"en1 
developme:nt S)-stt'm 
3\~. off-~-Ihel{. 
that will enable you to 
develop, test and de.bu.g 
your system. And there', 
a destgner's lat to fuIfiU 
}'OUr protot)'JlUl.g needs. 

(!IM.,.1ott~) 

And more configurability 
means more capabi lities 
for systems users: 
lnt~s breadth of producu; 
and. fMutes aIows I"I1I11erl$e 
deSIgl'l Re:xibiIity for pr~ 
control appticabOns. For 
exaJnP'e: 

• A fuD range of custom and 
networking interbces. 

• A complete kne of 
mdustrialliO. 

• Easily upgradable modular 
configuration capabibties. 

°Proonm..-_ 
rates tor .ynch'l&yIdI. 
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Networked Interactive 
Workstations Bring CAD 
Power to Plant Design 

o.dJr.','<l "of\ware and l"Csponsive 3·0 works lations wilh vel)' large databases allow 
OJ)lechnologie, 10 be applied to the complexit ies ofpl'Ocess-plant design . 

b)' JamN ... (An.n, 
c_~ C "l' 

he problems In
\'ohNl Inlhc design oflarge indus
IrtaJld('IIiIiC's IUi\"{' rt"slst('d the appli
l'./IlIon 01 coml>Utf'Nddt>(1 design 
,(. \0' tf'C:hnology. Howe\'er. a cambi
natM)n of dedl('at<,d 8Of\wnr"C. hlgh 
I"1"lIOlutlOl1 3-dlmcnsional grnphlc8. 
and f'O\"..:-rful .IngJe-uSl"'rworbta
lion .... th.t ("an bfI netwon..cd now pro
\ld thf' bi.'Ill'fits of data processing 
to thu. (',,()Illplf')( d('lIilgn task . 

In thi romblnatioll, clustered 
\\uruh\tluru c-an transmit data di
r«th. bct\\('Cn 0110 another, and each 
"urutatlon ('omll1unic-atcs wlih the 
hO'tt ('Onll>Ult'r.'1w host maintains a 
N'l1tntJ databa5C thut descri!>cs the 
J·O objoct b('1118 dc.!oigned 

J:-Jldl wOtbtation takes on a de
aWl tuk unencumix're<1 by ("on
n'n,. about the amount of data 10 be 
tMndJf'<lloc-.a.lly or the cXIJanse of that 
cUI_ In reaJ ... \\"orid coordinates. And 
ea('h ,,-on...tatlon 18 capable ofaff-Iine 
dt IN" u based on a ropy of rele
\_nlporlKlnl of the ma.sler~lalabasc . "w wo tatlon's database IS aug
nM'flt4"d lJ\ df"$1gJl opt.'rahons pe~ 
fonnf'd ~aJl.\ At Ih(" end of an. off
lliw' d. If(Jl!of' Mon. II fti<' ('on taming 
.. .11 ~eA to thai database is sent 
bk k to lh ha.l to updale Its master 

d.I t aha.»«" , 
1'h~ .ppf'OIch can be applied to 

mator prola'lS thai caU for use of very 
1ar(I:" d_t.l)UCa many paris of which 
an! undergou" de61gn ttimultaneous
h. Fig I . There II effectwely no limit 
. the number of wONt allons that 
~ be rM"fworked 111C'u.e of the cell-

tral database, or the amou nt of data 
available fo r modification at a work-
station. 

f'ur1.he lmore, tasks i_PPfOpli ale 
to a large compUler, such as those 
calling fora heavy compul<l tional ca
pability or very large sto.-age, are per'
fOl1l1ed in the host, and tasks ap
propriate to interact ive worksta
tions-those calling for an 01>CI-atOI' 
to waH for a response--are pel'
fonned locally at the workstation. 
Each oper-dtor sees an immediate re
sponse to his commands, and time
consuming tasks are perfOimcd with
oul an opeJ-ator's p''esence. 

PROCESS PLAI\'T DESIGN 

Cadtl"ak began by tack..ling the most 
difficult CAD application it cou ld 
find-process-plant design . A single 
process p lant-chemical or petro
leum, fOl'examplo--can occupy sev
e l ... 1 squill'e miles. II can contain up to 
20,000 pipelines, each cont ain ing 30 
or40 distinct components in addi
tion to the numerous structural sup
POl1S, vessels, and electrical systems 
required. 

At Ihe same time, ifs often 
necessary 10 maintain a resolu tion or 
1 mm within the plant design in all 
three dimensions.Additionatly, some 
plants, such as nuclear powcrfaciH
ties, place a pl'emium on compact
ness and need to have all compo
nents 1>laccd in as dense a physical 
mlume as possible, 

Of course, there can be no inte'" 
ference between physical objects in 
the plant site, and allowance must be 
made for maintenance and opera
tional access, and for paths to get com
ponents in and out during both con
struction and mainte~anc~. A n~m
berofslandaros exist 10 th is englOee,.. 
iog task that govern the alignment of 
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components, Iheir connectivity, and 
the legality of componenls pUIIO
gether in combinalions. Adherence to 
these standards imposes additional 
constraints upon the design. 

Challenging as the design of 
such a plant is, it nonetheless must 
often be co.flpleted on vely limited 
time schedules because the diffe ..... 
ence of only a fe\v days in the startup 
of a plant can make a difference of 
millions of dollars to the plant IDvner. 
Consequently, eff0l1s are significantly 
overlapped-hundreds of designers 
may be working Simultaneously on a 
plant design. 

nlese conflicting considerations 
lead to impelfect designs that con
tain en'Ors often not discovered until 
the consli1.Jction stage, when the re
quired parts are not only unavailable, 
but may be halfway around the 
world f!'Om the source. These errors 
can lead to substantial added ex
pense-typically Z to 5% of a plant's 
total installed cost-and delay the 
commencement of plant operation 
for many of those million-dollar days, 
And since every plant Is unique, the 
design process must be started anew 
each time. 

Ol.! nIOOEO SOLUTIONS 

For decades, fimls specializing in the 
design of process plants have used 
plastic modeling for their design 
work-a physical scale model of the 
real plant, built to a scale on the 0 ..... 

derof ¥. in , to the foot. These models 
are costly, fmgile , a\vk\vard, and im
precise. 

Over the last decade, lumkey 
CAD systems have become the noml 
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for the design of many mf..'Chanicai 
components. WhiJe CAD technolog>. 
meets over 50% of the market in such 
design applications as inlegrated cir
cuits, it has penetrated less than 
5% of the market for proces!J-plant 
design, 

In turnkey systems. minicom
puter'S typica1ly sen.-e as the hub of 
5e\'eral tenninals. each depending on 
the mini for all or most of its compula~ 
lion and storage raciJilles 111i5 dp
proach was necessal) whe n thf'.!J.e 
systems \ VCI'e first designed becallse 
the cost oftcnninal-resident sto~e 
and computing wa:. prohlbitl\'- . built 
imposes difficulties thtll are bolher
some in some design functions "lid 
actually prohibiti\'C in plant desil(n 

A number or other problem 
with conventional CAD s\,slcms h,,\~ 
prevented pl'OCess-,>lant-dca.igJlel"'S 
from tak.Jng full advantage ur rnodt'm 
computer technology The prohlrms 
include: 
• Siorage Limitation"" Thl' data

base ror a mechanical part an 'n· 
tegrated circuil . ora map (""an 
generally be held \\llhm th('o 
readily available SIOI"a8C liollts or 
mosl mlnicomputen. In Ihr ..... p. 
plications . an mdj\ldual portion 
can on en be dcsignt'd qUite (""('C

tiv'Cly independent).,· of thr n-.I 
A mechanical,>art . forr'l1rnple , 
can be designt"d by Itselr t"\"\'n 'f 
it's pal' of a large nU~'(:hanjCAI \ 
tem whose otlwr componelll~ 
are temporarily ignored 
In a huge process platH. on dw 

other hand, the impac t o r one d(>. 
signer's actions can sC\'Creh afTl,(·t an .. 
other designer's opcmtloll ' 1)lpeltn~ 
extend the entire length of a plllnt 
and can be part of dozen of de-

.... 
ro' 
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l';l!;terdisplays, which dr'aw 
odd- and <"'o'en-numbel'cd scan 
hnes a1telTlatt'lv. with a l'Cfl'esh 
ani.' 30 limes per second. hUe ..... 
I!lced displays arc em.ier 10 
build and until \'t'IV recentlv 
W('ro the only way io SUPpo;1 
t'l(' hiS:h - l'I~sollltion 1000 x 
lOOO-I>LWI (,0101' displays needed 
to sho\\ tight detail 
IIOwt'\'t'r. the l'Cnl I'Cfn!sh mte or 

iln\ tnl{'rlaC'ed displuy is only 30 liz 
or 1f'1t'> \\hkh presents an unpleasant 
chol('C twl\\('('n Ill(' use or a long
pt'~l~tt'm'f' phosphor that smears 
\\'two It mOles. 01' ('y('-sll"iIining 
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"l1w ani.\-' llub8ttUltiall"oie that 
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CAD systems have p layed in planl en
gineCl;ng is in such Z-dimensionnl 
applications as annotations fa/" dm\\, .. 
ings and the preparation of piping 
and instrumentation diagrams. No 
convent ional CAD syslem has been 
applied in a large-scale way to 3-0 
plant design . 

'nIE PLANT DESIGN 
l\1ANAGEMENT SYSTEM 

A compmhensive software package, 
the Plant Design Management System 
(POMS), has been cl'C<l led fOt· ex
ecution on supel1l1 ini 01' mainfr,lIne 
computers. POMS has Ihe cclpacity to 
hold and maintain databases liS large 
and as rich as they need to be for 
C\'C1l the most complex ofplants. 

Included are fac ilit ies to detect in
telfenmces not only between har'd 
physicaJ objects but also with mainte
nance access-ways and othel'vol
umes ohhe planllhat need to be 
clear. It even includes the rules and 
standards or plant design, plimarily 
in the ama orpipewor-k-the mos t dif
ficult and taxing aspect. Since POMS 
can also completely validate a design 
prior to construction, a plant de
signed with this system is mom likely 
to be buill on lime and on budget. 

POMS does circumvent many of 
the pl'Oblems that conventional CAD 
system architeclUl'O has had in ad
dressing plant design. For example, 
its 3z-bit floating database petmits 
plants miles long to be held to I mill 
of resolution. It has a s ingle , 
multiple-user database Ihat ca n sup
pol1 tenllinals placed nearly any
where, providing access via telecom
munications. 

But despite the en0I1110US advan
tages POMS has over convent ional ap
proaches to computerized plant de
sign, it hasn't achieved the wide- , 
spread usage it desCives.~caus~ tl~ 
lIOiscomparati\-elyprimltlve--\1aStm
pie dumb-terminal keyboard en.tl)' 
(and, recently, digitizcr enlry). Pi~to
rial feedback was provided only III 
the form of storage tubes and their 
equivalents. 

Response was onen unbearably 
slow, and no use was made o,f color: 
sophisticated interactive deVices, PiC

ture dynamics, or any oft.he other 
modem computer-graphtcS tech
niques that conventional CAD sys
tems mastered long ago. Many polen
tial users simply refused.to tly tl~esys
tem at all. Others round Its pOSSible. 
benefits great enough to overcome Its 
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lack ofuse.-.friendliness, but wound 
up us ing the system just to verity 
designs. because they felt it was too 
s low and unfriendly for design 
crea tion . 

A CAD WORKSTATION 

Cadlrak's Design Station One IDS-II, 
an engineering workstation that can 
ser.'C as a node in a network of design 
s talions talking to PDMS, extracts lo
cal databases from the master data
base residen t within PD~1S and com
municates the m 10 local 8101'age 
within the workstation. 

That database, togclhcrwith hid
den-line views o f it prepal'Cd by 
POMS, arc stored on the local 
Winchcs lCI' disk of a OS- l when a d e
sign session begins. 11lereafter, these 
views are selectively brought onto the 
display, when! they are depicted in 
full color (Fig ZJ and can be panned. 
zoomed, and exchanged for other 
views. 

The workstation 's interacti\'e de· 
vices add or change 3·0 componen ts 
that represent pieces of pipe work in 
the local 3-0 database. At the end of a 
session, the woOOtation updates the 
POMS master with all additions and 
changes by telling PO:-. tS how to up
date its masle~not by sending a reo 
vised version of the original. OS-1 has 
the local s iorage and processing po\.v
er required to be a use .... friendly front
end to POMS and a s tandalone s ta
tion (or pipcwork design. 

The port ion of lha database ex
trac ted from POMS Is s till in 32-bit 
Hoaling point (onn to pelmit a full
scale nu merical model of the plant to 
be housed locally. And since the 
database and drawings are virtual
izcd, the only real limit on the 
amount ofin(ommtion that can be 
stored locally is the size of the 
local disk 

This workstation aJso addresses 
other weaknesses of current CAD te .... 
minals_A virtual-raslertechnique, for 
example, penn its immediate access 
to any part of the database al any 
scale The viewing window can 
be panned ovcr the full expanse of 
the database and zooming produces 
high-resolution closcups at any scale. 

In addition, a mark symbol is de
picted ovcr the nearest item to the 
cursor, and in a different color so that 
the designer can easily identify any 
item on which he might choose to op
erate. As the cursor slides overa view, 
the man.. symbol dances from item to 

item in real lime. And s ince this 
workstation is for single users, the de
signer no longer has to share process
ing power ,·"ith o thers, and the re
sponse time is predictable. 

This workstalion also contains 10-
eal software to assure Ihat only legal 
componenls are placed on a pipeline, 
that cverycomponenl on a line is 
aligned with the others, and that COIll 

ponents are connected precisely 
Mull iple-viewport capability prQ\ides 
plan and elevation viC\""S simultane
ously so that the designer can see his 
3-0 design changes as he makes 
them. 

With this system, a networi. of 
workstations can be pUI together, all 
accessing the same masterdalabasc 
to address complex design opera
tions . E\'elyone sees the most recent 
sla le of the design LocaI-af'ea net
working peml ils IWO nearby ,'\-'OOOla
lio ns 10 communicate dirf!('"ti\' ,,\-;th 
one anothcrwithOUI affcclh,g Ihe 
h ost, but workslalions can be localoo 
viI1ualJyan),\,ilcl'e 

FlJl1JRE APPUCATlQ\,S 

This workstation can be applied to 
any graphics application '\01 only 

does it h ave such capabilities as in
s tant access at high resolution to am· 
part o( an arbitrarily large dalab.ue it 
al low'S distnbuted processing tObe'J)
plied to CAD applicatIOns Many of 
these can benefit (rom a conflgUl'I
tion in which a substantial databut 
is held in a computer and many 
workstations can take coptei oftNI 
dalabase (orlocal .... 'Ofk and return 
only a file o( changes 10 the host 

In the future . otherdi.fficuJt appb
callons no doubl ",-ill be addreswd 
Major map-malong applications mI

jor electrical-system dt':5ignl, and ma· 
ior mechanical-syslt'm destgns can 
aU benefit by an approach thatlOf1s 
functions Into tho&e thallhould bt 
pcrfonnt'd by a big computer 
and thoS(' thai should be done by 
highly responsi\'t" IOtell~(>nt 
woootatlons • 

J8Jne8 P. Callan, d,rec1or oj'lfWVf, 
'nsfo,- Cadrrd: Corp .. IS ~ 
fo,-,ul mlll'kc'lY$('arm andplantu,.. 
IUld fo,- commuma flons and protnl} 
f/onal PI"OgI'"CIfllS for ~dlrak.. 
product. H~ h.Js,. M and lin \t-\ 
from the State (."n/\ of\t!M In 
Buffa/o-

BUSINESS OPPORTUNITY 
Exclusive franchise In America 's most profit· 
able and dynamic Industry Is being offered fOr 
the first time In your area . International com· 
pany will place qualified Individua l In " Turn 
Key" business, train people, provide inventory, 
finance your customers, and pay you thou, 
sands of dollars " up front" on orders where 
your customers pay only on future energy sav· 
ings. Existing customers of our franch isees 
reads like "Who's Who" of Fortune 500. 
If you qualify, you will be flown to Los Angeles 
for a tour of installations and personal Inter· 
view. Minimum Investment of $29,500 cash reo 
qUlred. Call president at 1-800-323 -6556 ext. 
R-137. ' 
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IFYOU'RE GOING 
TO MAKE IT 

DEC-COMPATIBLE, 
IT BETTER BE 

BETTER. 
Some people think using anything other than Digital 

disk systems with Digital crus is nothing but trouble. 
We think differently. 
We know there's no sense making something 

DEC"-rompatible unless you can make it better. 
Especially in the three critical areas ci compatibility, 
reliability, and service. 

That's why, while our floppy systems, Winchesters, 
and controllers start out being fully DEC-<ompatible, 
it's our advanced technology and design techniques 
that take them beyond mere compatibility. 

What's more, they're more reliable. ~ use Win
chesters, which are inherently reliable, the best floppy 
drives made, significantly fewer parts, and exter\5ive 
bum-in procedures to make sure. 

Even so, all this VoIOuld mean nothing without better 
service and support. That's why \ve offer DSD 
exclusives like on-board self-diagnostics. A hot line 
to our remote diagnostic technicians. And a twenty
four hour or l~s module swap that lust might change 
the way you think about the need for conventional 
service. Not to mention its cost. 

~ oIlso offer onr or thr most romprrhmsi\'t-)1't 
in~pensi\'e~te'ndro ser'\'~ oI~ts Ul the 
industry. 

Fin.dly, .U _ prodoos.,. priced economiuIIy, 
m.ak..ing thnn th.tt much 1l'IC.n smsibit to own. 
~ do .Ill this bKoIlJ5t W~ w.ant you to buy our dis!. 

S)1;tm\s wtth.tS much conIid~.IS you buy Dlgital's. 
And aher an • ..n)' .houIdn', yoW W" not only .... , 
thnn DEC"""p-'tible. WI' m.ak. thmI bott.r. 

For romplctelnfc.m.tbcn .bou, OIU floppy 0)-" 
WUlChnttrs or controUm. just ron~ us. 

Corpor.tte Ht'adquartns: llilLundy A\Ulut. 5.tn 
Joso. CA 951.31 u>lcm R~on 5.tI .. and s.r-;c,. 
~"oo, MA. (0I717tR.7oYJ. Cmtr.al R"S"'" Sal .. 
o.n .... n. (ZWI9S0·4>l11-1 _ Rogion S.aIo< 
San ... o"ra, CA , (-106) =.~k>3 
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Architecture Determines 
Cost and Reliability of 
Fault -Tolerant Design 

Different architectures are available to achieve fault -tolerant computing. 
Cost-effectiveness and reliabili ty are now available for commercial environments. 

by OennJ. McBvoy 
and Sandr. M et&. 
Tandem Computers Inc. 

auh tolerance. or 
the abili!)' or computers to recover 
automatically from railures and con
tinue processing. is becoming a criti
cal element in systems used in an on
line. ImeraclA'e mode There are ~ 
era! rauh-tolerant system archItec
tures and configurations available to
day. each optimized ror Ihe needs or 
ddl'crenl high-reUability maritets. 
This article will discuss 5e\'eraJ way. 
to achIeVe rauJtlolenmce in comput 
ing aystenu. and the relalf\"e merits or 
each 

A clus6ca.l system archilecture 
typic&Uy consists or a centralized pro
oe53Or', an ltD channel, and control
len to ~ such penpherals as 
terminals and disks Because a railure 
in anyone or these components can 
take the ent~ system olf·line. this 
configuration is acceptable only for 
applbtkms thai don I require contln
uous s)'Iitem aV&.LIabl.hly 

Applications that demand conlin · 
uous a\'&ilabllity typically require 
some kind ofraull ·lolerant compul
ing system Such a detign mU51 
strategically duphC1lte components 
in an efficient and cost--elfecl;ve man
ner TIle methods orduplicalion
and the l"eSultll18le\'eb offault lole~ 
anC&--\~dram.aticaJI.\fand are suit
able for a Wlde range or applica t Ions 

swrrCHED BACKLP 

;\ \'e'Y basIC approach to raull · 
tolerant computlll8 is 10 duplicate 

the central-processing unit. Fig 1 
show, a dual-pl"'OCeNOr system In 
\'Vhich one procCS5Of' IIctS a.J a backu p 
ror the other 1lle procesaon are con
nected Ihrough a switch. and either 
one can communicate with the other 
components to control the entire sys. 
tem. 

This standby confIgUration ia 
known as switched backup and pro
Yldes Ihe benefit oHauh tolerance in 
the case or a single proces.aor failure. 
Switched backup is one orthe most 
commonly used configuratloru for 
large. on·line mainframe applica
tions. 

Se\.-eraJ problems are assoclated 
with switched backup One Involves 
every company's biggest concern
doll an. Since the second processor ia 
a backup. It remains idle until the 
fint processor rails Ifthe backup hap
pens to be a SZ million mainframe. a 
fairly expensWe piece or hardware 
will be Idle until a rallure oocun In 
the on·line system. 

tlowever, to gain better retum 
on your Investment .you can use the 
backup system ror program dm"elop
ment "hile the on-li.ne system is still 
functional In that case. hOWfl\."er. 
when the on·line processor faill, the 
dm<elopment work on the backup pro
cessor must be hailed so that the 
backup system can be SWitched on· 
line. 

Another problem \Y1th a 
sWitched backup 15 that It provides 
raul! tolerance for only ontl 
situation-a sing1e processorrailure. 
An LO-channel failure between the 
bw switch and disk controUer for ex
ample. would quiCkly tum both SZ 
million mainframes CAstOrs up The 
but switch Itself is another single 
point orsystem failure 

13 
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Architecture Determines 
Cost and Reliability of 
Fault-Tolerant Design 

Different architectures are available to achieve fault-tolerant computing. 
Cost-effectiveness and reliability are now available for commercial environments. 

by Dennis Mclh,-oy 
and Sandra Mel%, 
Tltndem Computers Inc. 

8Ult tolerance. or 
the abilllyorcomputers to recover 
automatk:ally from raiJUf'eS and con
hnue pl"C)CeUJOg. as becoming a cnti
cat element in systems used In an o n 
line. I.nteractJ\'e mode There are sev
eral f.ulHo1erant system architec
tures and configuralions n"wable 10-
day, each optimized (or Ihe needs of 
different high-l'I!liruulily mao"ets 
This article will discu" 5e\'1!ral ways 
to achJe\" fauliiolerance in compul 
ut8 syslems. and the relative men!.1 of 
each 

A dusK:.aJ S)'stem archilecture 
!yplcally consi5ls of 8 centraHzed pro
ces5Of', an LO channel. and control
lers to manage such penpherals as 
tenninab and diJks Dueau5C a failure 
in anyone of these components CM1 

take the entire system off· line this 
confIgUration is a~pt4ble only for 
applications Ihal don 't require contino 
uous system a,,'aJlab.hly 

Applications that demand contin
uous availablllly typicallV require 
some kind offault -tolerant compu t
ing: system Such a design mu!t 
stnitegicaUy dupllClte component. 
in an efficient and C05t..effectivc man
ner The methods of duplicatio~ 
and the resulting le\l~1J of fault toler
anC8--\'aI)' dramatically and are 5Uil
able rora wIde nlnge of applic ations 

SWITCHED BACKUP 

A very basic approach to fault 
tolerant computlll& ls to duplicate 

the centrd.l-pl"OCHSlng unit Fig I 
shows a d ual-processor system in 
which one processor acta u a backup 
for the other 11le pl"QlCeS6Ors are con 
nected through a switch. and either 
one can communM:ate with the other 
components to control the entire sya
lem 

Thi5 $Iandby configuration Is 
known as switched backup and pro
\ides the benefit oHauJltolerance in 
the case of a single processor falJure. 
Switched backup is one of the most 
commonly used configurntions ror 
large, on· llne maJnframe appllca· 
lIOns 

Se\'eral prohlems are usoclated 
"1th SWItched barkup One involves 
e\ef)' company's biggest concem
dollars. Since the second proceuor is 
a backup. it remains idle unh.l the 
6rst processor (aU.s if the backup ha~ 
pens to be a SZ million mainframe, 4 
fairty eJlpensi\''e piece of hardw&.l'e 
will be idle until a failure occurs In 
the on ·line system. 

H()\\.'6\.'ei'.lo gain better retum 
on your investment. you can use the 
backup system for prowant d~-elop
ment whUe the on·line system I. stul 
functionw In thai case. howe\·-er. 
\\hen the on ·llne proceuor faLls . the 
da"l!lopment work on the backup pro
cessor must be hwted so that the 
backup s}'5tem can be ! " 1tched on
line , 

Another problem with a 
S",ltChed bad-up 15 that It pl"Q\ides 
(ault tolerance ror only one 
sltuation-a single processor fallure 
An LO-channel failure between the 
bUI switch and di5k controUer for ex
ample. would quiCkly fUm both $2 
mullon mainframes castors up The 
bus switch ilselr iJ another single 
POUlt of system rallure 

IJ 
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COftIPUbf\I_lWI1ched bKkup ... iUCh dupU. "* theCWlCnl ~ urul A _'lIch CQn. 

MCtffWV~tOtt..I~.thtrcancommu· 
Na" with m. Olhet" .,..1_ componen~ and 
oontroI the comput ... u • who&e. 

TR1PL£ \tODUlAR R£DUNIl4u'lCV 

A higher Ie\'el of fault tolerance Is 
achieved With a confi&lu'ation known 
as tnple modular redundancy Ulle 
.witched backup. triple modular re
dundancy Ls a hardware~nly ap
proach. but it goes a Slep further by 
p"",id.i.n.! three copies of C\-'ety piece 
of system hardware IFIg 21. 

The three processors are lock· 
stepped together and simultaneously 
run the AIIle instruchon Slream A 
pll~ce or hardware caBOO a \'oler re
cetves and compares the output from 
all three processors If one output 
doesn't rmtch the others. the \I01~ 
hardware accepts the output £rom 
the t\\.'O mat ching proces5Or1 and 
paS&eS il along to the appropriate 
interfaoe, 

11\&1 approach has been used 
sUcce55fUUy for many years in such 
&J1!at as space research and nuclear 
power plants. where computer fail· 
urela unacceptable . In the commer
cwemironment h()\\-'e\'er, triple mod
ular redundancy poses two major 
problcm& tripled cost and complex 
design A single c lock must run the en· 
tite system, and the clock must be im· 
plemented so that it can 't possibly 
rail This is a technically complex re
quirement 

16 

These limitations weren t a stum
bling block in appHcations like the 
U.s 'pace program. where literally 
bWJona of dollars were riding on the 
fact thai the computerv.'OuJd be avail
able 100.. of the time. 

CO~PARISON LOGIC 

A similar approach i5 to have rour pro
cessors Nnnirlg the same instruction 
stream 1f'18 31 The processor outputs 
are paired with each other and com
pared tr a mismatch occurs. the pair 
conilliningthe mismatch is shut 
down The syatem continues running 
With the remairung pair or proces-
10'" 

Although simllar to triple modu 
lar redundancy, luch comparison 
logic has the advantage or being easi
er to implement than \'Oter logic. and 
thererore is leu expensive to design 
and maintain Uowever, the fulanciaJ 
problems of redundant hardware aU 
running a sln.gle instruction stream 
and perfonnin8 identical operntions 
still remain. 

Also, comparison logic causes a 
good pl"OCUSOr to be taken 01T- line 
along with the problem unit , thus 
wasting a resource that could be 
wotidng Wlth the system And again. 
the clock is the weakest Unk in the 
system, a single point a' which the en
Ure .yslem could rail . 

A MULTICO.\tPUTER S\'STE~I 

A different approach 10 raulHolerant 
computing. in\.'OMng a unique . inte--

..... I 

-11 ...... 11-1 
I 

r-- ~ ....... I , 
0 , 1 ....... 1 I • 
~ 

~.....,I 

- ,-.... 2A hl&h« 1eo."eI dfautl lO~" 
~ wtth tnpM modular r-.dW'IdatKy 
~ pnI' .... thrftcoptel 0I~..,. p.eceol 
.} .. tem ~ __ The ~ proceuon ~ 
kIdt"I~'~andYOler.toteei\ ... 
and com~ the output frvm..n ltu. 

grated hardw&reilOftware architec
ture. Wid taken by Tandem Comput
ers. Tandem's NonStop system Waf 

designed specifically ror the on-line 
tra.nsaction-processing marketplace_ 
This arena requires a system architec
lure that ', not only rauJHolerant and 
easily expandable. but also maintains 
a price! pe.rfonnance ratio suilable 
ror commercial transaction· 
processing applications. 

This an;h.itectw-e combines hard
ware and software 10 that there'. no 
single POUlt oHailure !Fig 41. Com~ 
nents are duplicated but are not re
dundant Each processor runs its 
own instruction stream, so no back
up component •• it Idle until a Cailure 
occurs. 

Pault tolerance is achieved by 
keeptn8 each proceuor in conSiant 
communication with the others in 
the system via a dual high-speed in
terprocesaor system bus. if one pn> 
cessor rw, its \YOrltJood will auto
matically be absorbed by the remain· 
log proces&Ol"S. 

Each processor has its own 110 
channel and each 110 controller 1& 
dual ported Thus. irone processor 
ralls, another can stUi use that con
troller Since disks are physically du
plicated. with Identical data stored 
on each, e\'en a disk crash can 't bring 
down the system The duplicate rusks 
pay ror lhemsel\-es by ensuring com
plete system fault tolerance and 1m· 
pl"O\"Cd performance One disk pep. 
rorms seekl on the Inner pornon of 
Its surface wh.ile the other disk pe"" 
rorm. the same seeks on ita outer poro 
tion This providea a significant pe"" 
ronnance improvement in seek limes. 

The software architecture i5 
based on independent proc:esso~ 
and independent programs within 
them. all or which communicate 
through a message system that ls an 
integral part of the operattn8 system. 
This operating system seeJ all pro
grams and data tranders as commu
nication. distributed O\'er several pro
cesso .. 

Programs can acces.s any device 
anywhere in the system. a.-en those 
not physically connected to the pl"'t> 
cessor runni.n8the program_ Con
\'erse1y. each program is unaJJ'octed 
by the processor on which it runs 
The operating system teeS aU physi
cal resources as logical files Only the 
mes5age-routmg part of the operatll"l8 



because each processor module has 
its own memory, 110 channel. and 

1---------+--1& 

bus controUer To expand thia; sys
tem, addJtionaJ procesaor modules 
are sim ply added to the bus. TIle me.
sage system keep' track of all system 
resources, 50 the system 50ftware 
load is automatically allocated to the 
appropriate hardware. The system 
can then be fine tuned (or optimum 
perfonnance. • , 

• • , 
! • 

& • , 
• • , 
I • • 

Irs poNible to have a modularly 
e...:pandable multiprocesaor system 
where the proces50rs are linked 
through a .hared memory. A shared· 
memory arch.itec~ proYidea wt 
data acceu to aU the proceuonl and 
provtdes additional processing p0w
er. But the additional proces.!ing pow
erobtained doesn't increase linearly 

..., J An appoach atm.O.t.r 10 triple lrIOduiar redundancy Ie 10 ~ fow-~ ~ the 
MlIW W»ounion tu.ra, with ttwrOUtput pAired and ~ II. mliwnUch oc:c:un,lhe pUr 
~ the m.lNnalCh Ie thul dooo<o..., and m. ~ pa1rcontln~ 10 run the I)'alern 

for example, a second proceaaor 
doubles your investment and pro
vides only 1_7 to 1.8 time. the power 
o( a single CPU because of contention 
ror the shared memory and uaod· 
ated shared resources_ A th.itd unit 
provtdes approximately 2.4 rimes !.he 
povver (or three times the cost By the 
tune the fourth proceS50r is added. 
It's possible to reAch a s late of rum1n· 
ishin8 returns. 

system knows the geographic loa· 
doni of resources, 50 data can be nt
routed and l"e$Ources dynamically 
reallocated durin8. failunt. 

Software (auh tolerance Is lm· 
prOl:ed by cUstributin& the operating 
s),sltrn across aU the processors in 
the i)'llem If one proces&Or fLUls, its 
job will be picked up by those rert\4.l1l
in& In a system where three or four 
copies of the ha.rdware are lock-
51cpped IOgclher a severe software 
bug could crash aU the processors si
multaneously Past experience shows 
thaI software bugs te\'ere enough to 
crash. system are Iypk:ally rtlated ei
ther to timing or to the placement of 
data In memory- In alloionSlop sys
tem, how~'er. a software (allure will 
probably not crash more than one 
processor because the Umin8 circum
stances and uaci placement of data 
m memory are unique to each proces-
lOr 

On-tine tl'an.uction processing II 
characterized by the need for easy 
system expansion For example. if. 
banking application initially in\'OM!t 

.. 

control o( 50 automated teUer ma· 
chines and the appUcatJon 1I success· 
fut the bank will typic.1lly wish to e...:. 
pand the automated· teUer networit. 

The inlerpr"OCt'UOr bus system is 
the key to easy hardware expansion 

One way to get around the con· 
lentian problem is to locate a cache 
memory in front of each CPU. Each 

-I I I I ...... """'" -...- ..-. ...... ..-. ...... _ ...... -....... -- --...... ...... ...... --. 

~- ~- ~- ~-............ 
- ... .......... - r-- - r--""""'" 
~ ~ - ... -......... 
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-S rr ... ........ 
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"' 4 ln. mulrk:ompuler"tyllem wchll~_ component..,. dupUca!ed but no!: ndundant. 
tach proc:euor I\II\a It. own I.ruIl\lCUon .UMm and nona 01 the tNdcup ClOInpCIOeI\IS 1.11. kfJe 
WAllln8 b • r&1!~ 



CAlchfl.uJJ hu 10 ~ tC'h lnstNcuon50 
from mrmory thCMJ#1 10 thai 'o\tu.le 
t.h probl m may ~ muumiUd. the 
bmlt. oIthto .~ mMllol':'t will be 
rucMdl'\ nl~ , 

A muJucompul~r ~-a.rtI &rchJ
tflC'tu .. llmlnalH .ueh ':,)'lu!:m bonle
net ... tnf"rll<Jn, contentIOn beeliUN! 

the optratlll4C ~ , If'm Nn In t.ch 
~ and tht onl.\' commuruca
hon ~ n CPt} OC('tJn when a 
UMtf prtlf(J'am rf'qu(".lIl'O from an
othH prot'eMOr Thb c:ommunication 
it du~ 0\ r the." Il"m but, wtuch 
ruru al an ~Etalp. rlleo(26 
'fl~1 .nee Ihe pl"OCfluor mem
Jf) N~ .'5 Mbytu . , bus conlen

l*On dofo~n't C.Ut8 a problem 
lAft Ih(" .hlU"fld -memory ap

pro.rh muhlrompulerarchltecture 
I.J modularly expandable BUI be· 
ca~ Intef1)l"OC'etforcommunlcatlon 
0C"t'UIS In the ',)"&Iem bus, memory 
cocuenUon la eliminated along with 
ltwo poll"ntlaJ tlngt('-poinl falIure of a 
,hued memory Therefore , a dual
roct"~r .ystem yields. full tw'O pro-

401'1 worth of computing power, 
thrft unUsyield three procesSOI'l' 
,,'OM of power and ao fOr1h There's 
\v1uall.\ no performance perfor
manCt' degndation associated .... 'lh 
"""""dahillI)'. 

Anotht'r advanlase o( multicom
puU"r architecture is the nerworidng 
• clif'me inherenlln a single fYltem 
!'-:,.., ' Ih t' message system already 
).f f" track of the ph,)"$icallocation of 
all ~urces, a configuration can be 
expanded into a nerwort o(.ystems 
.... 'thoul any changes in existing soft
ware The message system keeps 
track of each system u easily as it 
.. eeps trad. of each processor, and 
th~ ust>rdoesn 't require any addition
al pruf(rammiJ"18 

lhl' netwol"kin8schemeaaocon
t.u.l& a d! In oUTed database capabil-
1"- data files can be di$tributed 
amona a netw'O", o( systems while 
thf> mesS&8e system automatically 
~ track of their locaoons The 
user doesn't need to know where a 
'Pttlfic plt"Ce of data reside!> to order 
to access II 

CIlOO:-'I ' G A fAUL'J.J'OLERM.'T 
q -" n.\1 

The chOice of a (aull · tolerant "'Stem 
.. houJd depend on the application 
Some require 10M, a"allability, but 

only during cnl lcallime periods, An 
automated beUin8 syslem al a race 
track for instance , musl be available 
on rice days bUI could be sen-iced at 
night In cOntrast a .ystem that moni· 
101'1 mecUcaJ equipm~nl in a hospital 
mUlt be available conlmuously, even 
duJi.n8 periods of maintenance and 
... paIr 

You can delennlne the degree of 
(ault lolerance required by analyzing 
the COlt of fallure for a given applica
tion Forexample. suppose a system 
advertised a guaranteed up·time of 
O\'er 99' . That may sound fairly reli· 
able, but l' downtime lranalatealnto 
approximately a third o( a day each 
month tfthe application involved Is 
con trol ofaulomated leller tenninals 
and the downtime occurs during a 
Friday lunch hour the 9~ uptime 
won 't soothe the angry customers 
The cost oHalIure In this c.ue reo 
quires 10M. I)'5tem avaIlabWty, 

Othercoruideratlons include the 
'lnUal.ystem coat ease and cost or ex
pansion and modification . and the 
vendoNuppUed syslem software 
Abo, If a database management sys
tem 15 needed for the application, 
you should choose a vendor "-ho can 
supply onl!! because It 's difficult to 
add fealUrellike networiung &fId data
base management to a f,u1Holerant 
system unless they're designed Into II 
at the .tart • 

Dennl8 L, Mc.Byo)' u rice president 
of software development at Thndem. 
Hejoined in 197<4 as a member of the 
original $Ojh<.1IT'C development team 
and project rTYIIII.8er for the de\'f!/op
ment ofthefum '.s NonStop operating 
~tem 

Sandr. Mett u. ttx;hrucal publIC re/a
tlOlU specWut.t ~~m She jOined 
rheftrm Ul298Z .jterloWH'klll8 as, 
.... nter for H~"f!lt -Pacluud and holds 
• as In .echnicaJ MTltUl&from 
Cimeg'f!-Mt!llon uon'. 

-
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TANDEM 
TANDEM COMPUTE ~~N1£1t 
TANDEM COMPUTER~f 
An Inl ~ At- o MAV 
A T 'eon N llOO 6 Tran c on Orient 

COMPUTERWOAlD 

Handles 1,300 Users in 46 States 

Library Net Puts Minis at Front 
and Back Ends 

COLUMBUS. Ohio - More th"n 
1 ,lOO libr.flH in 46 st.ltts h.vt cui tht 
cost of catlloglng m.lltri .. ls .nd 
sj)«dt<l tht plACement of ntw book. 
on tht.r sht'lvts by subtcribing 10 .. 

mlnlcomputer-b.sect communicatlon5 
network o~r.ltd hert by OCLC. ine. 

E.eh wHk. from .Ibout 2.000 rt'molt 
on.hnt Itrmin"I •. libr.lntf of illl typ" 
- colltSt'. public. sptCiolliud .and 
school - U'.llog mort' th.n 200.000 
book IIIlts In OCLCs d",. bast', which 
holds "Orne J.b million rKords III mol
Itn.lls lik" book .. m.ps. musIc scorts. 
~und !«arding, m.lnu'S(:flpIS .• udio
Vlsu,,1 m.lltn"ls. m.agulnH and Jour
noll Is 
USIn~ tht conltnts of this d.lI. b.aSf 

tht hltr.archinl network praduc" 
m.lchint'-rt.ld.blt c.l1.lloging t.p" .nd 
computrr-grntut~ Mcession lists It 
.Iso custom-prints .bout 1 7 million 
c.I.log cuds r.ch wrrl.. for the non
profit org.nlution's customrrs. 
Mcordmg to Don Kr.trs. m.n.grr of 
OCLC's systrm drpilrtmrnt 

Front .nd S~k Mints 

For front-end superVISion, the n.
lIonwlde net\oY()rk uses four TC~lo 
Nonstop mlnK'OmpUlers from T.ndrm 
Computer!>. Inc Together. these hont
rnd pr()(.t'\"Ors control incommg com
munic.llons from more Ih.n 05 lused 
multidrop lines Ke.t~ ~ald 

S.ck-end d.tl. tr.nder mr.nwhlle 
between OCLC's llG-byle dat. b.se 
.tnd four XrrOll Corp Sigm.9 .pplica
hons processors depends on 10 Tan
dem TC 10 minis. Kr.lts .dded 

All 14 front-rnd .nd back-end proc
es~rs In the OClC nelh'Ork Incorpo
utr 484K-byte m.m memories, .d
dress up 10 256 penpherals and IICCesS 
• oG-bytr T.ndem disk drive system 
msulled to dupli"te thr dill. ,bue lind 
thus ensure system integrlty_ 

Elich proct'Ssor .Iso u~ Guudi.n, 
T.mdems virtual operallng system th.t 
repmledly permit' p.,.lIel processing 
In ""pilrate crus .nd multiprogr.m
mlng In one CPU. 

"T.ndem was. 10gl,,1 choice for us, 
Keates e;lIid '" npl.lnlng why OClC 
picked its current configuration m
stud of f\v.1 syslrms_ -Tllndrm offen 
the only commerci.lly .vllilllbir unin
terruptlble computer syuem Its sys
tt'ms CIIn be configured with up to 16 
interlinked muillprocenors, .nd the 
comp.ny supplies. d.l. b.se record 
m.nager th.t glvH us ..::cess to filH 
• nd duplic.ttes the data b.se_ 

ProspKtive Applications 

Wht'n OClC completH .t pl.nned 
t'\p.,"~kln uf liS e)tiSlmg configur.
tlon. the firm Will be .ble to .utom.tt' 
.. t'v~,,1 hb",y dCIlVlhr<i '" addition to 
the onr ... Irudy on-lint' Some of these 
prospective .pplic.lIOns will Includr 
Intt'rlibruy lo.n m.tnagemenl, m.tte
ri.le; .cqulsillon. subltet .. euches. re
molr Cdldlog "cess .nd circul.tlon 
control 

PI.n!> .Ht' oll'iO under w.y to increa!oe 
the front-end suptrvio;or network to 
t'1~ht Tandf'm computer,; .nd to con
vert the network's CCITT X25 st.n· 
J.,d p4cket protocol to communicate 
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Wllh oahu libruy systems throughout 
the country. Ke.tes uld 

To t'nsurr continued d.t. ilCces5 dur· 
InK systems hilute. OClC hIS pro
Vided uch of its ptflpheuls With two 
p.,hs to tht' commumcallons network 
If one of the p.ths f.ils. the configu r.
tlon .utom.IKIlUy IIC1IV.IH the b.ck· 
up p.th. Ke.tes t'llpl.med 

Interproctssor .md d.ta transfers .tre 
controll~ indrptndently In the OClC 
netYlo'Otk A du.l commUOlC.llonl bUI 
tr.nsfrrs Jat. betWffn processors .t 
13M byte/~«, while. block multi
ple'l(t'r ch.nnt'l one tor e.ch CPU. 
over<;ees 4M byte/sec d." tr.nsFers 

Bec,use of the redundant dCCesS 
p.tlhs. OClC optr.tors nn remove. 
replace or add .tny ptflpher.l Without 
Intnruptlng network operations. the 
S-y5tems Jep.1rtment m.anllger ex· 
pllllnN 

To further ensure dolt. basr Inleguty • 
the network uses T.ndem s Enscube 
doll. N!oe rKord mllndgu.s put of thr 
Gu.trdlln oper.tmg syltem. Ke'IH 
.dded Eno;cribe reportedly provides • 
dolt. deflnittOn I.ngu.ge .nd • ClIche 
buffering schemr Iholt resrrves p.rt of 
the network s milln memory.,. CIIch, 
buffer 

V\r'ith the networks §(Iftw.trt', .ppli. 
utlons progr.mmers Colin wntr com
munK'.tlons progr.ms Without know
Ing which processor will evt'ntu.lly 
run thrm Programmers nn .Iso com
mUnicate with I/O devices or With 
other progr.ms wllhout knOWing the 
phY'iIC.1 dddresses of the drvK'es con· 
nKt~ to the network 
As. tesult. the T.ndem softwut' sim

pliflE"i ,h" u\u.lly ,"omple). ,.\k of 
wflilng muhlprogummlng .nd multi· 
processing .pplic.tlon 'oOflw.re. 
Kuttoi noted 




