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4. What did you like most about the Focus Conference? .

5. What did you like least about the Focus Conference?

6. Suggestions for improving the Focus Conference:

7. Topics that would be of interest to you for the next Focus Conference;

8. Do you prefer longer, shorter, or the same length conference?
9. Do you prefer more, less, or the same amount of free time?
10. Your primary interest in the display and graphics terminal industry is as a: Manufacturer
Service Vendor User Financial Analyst Other
{Pleasa Specity)

Name and Company (optional)
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SUPPORTS NETWORKED COMMUNICATIONS
INTEGRATED GRAPHICS

NO SPECIAL POWER/ENVIRONMENT REQUIREMENTS

Source: DATAQUEST
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WORKSTATIONS
PERSONAL WORKSTATIONS

/’”L/""

® LOCAL 8/16 BIT CENTRAL PROCESSING UNIT .
® NON-VIRTUAL MACHINE
¢ SINGLE PROCESSING .

Source: DATAQUEST
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WORKSTATIONS

FUNCTIONALITY
MULTI- TASKING

VIRTUAL OPERATING SYSTEM

GENERAL PURPOSE COMPUTING

LOCAL OPERATING SYSTEM

i
I
|

NO SPECIAL ENVIRONMENT

INTEGRATED GRAPHICS

I
I

. COMMUNICATIONS SUPPORT
STANDALONE PERSONAL HOST
DEPENDENT
WORKSTATION TYPE
Source: DATAQUEST
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. © 1984 Dataquest Incorporated-Reproduction Prochibited

Dataquest Incorparated, A Subsidiary of A.C. Nielsen Company / 1290 Ridder Park Drive { San Jose, CA 95131 {408) 971-9000 / Telex 171973



FOCUS ON
STANDALONE WORKSTATIONS .

Source: DATAQUEST
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STANDALONE WORKSTATIONS
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WORKSTATION
EVOLUTION

FIRST GENERATION
CORPORATE MAINFRAMES

=

SECOND GENERATION
DEDICATED MINICOMPUTERS

Y-

THIRD GENERATION
STANDALONE WORKSTATIONS

Y-

FOURTH GENERATION .
NETWORKED DISTRIBUTED PROCESSING

Source: DATAQUEST
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 FIRST GENERATION
CORPORATE MAINFRAMES

B R R T T P B D 0 o 5 i PP T el o Rt e 0 R S T L O o e O TR T i Y S 1

. ® SINGLE APPLICATION ORIENTATION
¢ NO INTEGRATION
¢ LIMITED COMMUNICATIONS
¢ UNPREDICTABLE PERFORMANCE
¢ INCOMPATIBLE SW/HW

Source: DATAQUEST
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DEDICATED MINICOMPUTERS

T T T e e P T T T I T e P e O o T 0 0 7 o e e e 3 B L e i e 1 e e T o 1 L Rt B 0 RGO R ¢

¢ MULTIPLE DATA BASES

¢ INCOMPATIBLE SW/HW

¢ LIMITED COMMUNICATIONS _

¢ NON-STANDARD INTERFACES

¢ FINITE INTEGRATION .
@

Source: DATAQUEST
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ERTA AR

 WORKSTATIONS

"AWARENESS - -CONCERNS™

¢ DIMINISHING PRODUCT LIFE CYCLES
¢ INCREASING PRODUCT DESIGN CYCLES
¢ LIMITED POOL OF ENGINEERING TALENT

Source: DATAQUEST
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IMPROVED ALLOCATION
OF
COMPUTER
PROCESSING
POWER

Source; DATAQUEST
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| STANDALONE WORKSTATIONS

¢ PREDICTABLE LEVELS OF PERFORMANCE
¢ IMPROVED PRICE/PERFORMANCE RATIOS
¢ INTEGRATED HW/SW

¢ UTILIZATION IN NORMAL ENVIRONMENTS
¢ INITIAL STANDARDIZATION
¢ AFFORDABLE GROWTH

Source: DATAQUEST
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TR PRI R T R

FOURTH GENERATION
NETWORKED DISTRIBUTED PROCESSING

—— R

¢ HGH PERFORMANCE STANDALONE CAPABLITY
¢ MAXIMUM RESOURCE SHARING

¢ FASTER RESPONSE TIME

¢ IMPROVED COMMUNICATION

¢ TIGHTLY COUPLED INTEGRATION

Source: DATAQUEST .
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HETEROGENEOUS SYSTEM COLLECTION

PERSONAL
WORFSTATION

LOW COST) \\
FILE SERUERS

MASS STORAGE
MEDIUM COST

kY

HIGH PERF CRIMANCE MIMICOMPUTER—SASED
WORKSTATICNS : TURNKEY SYSTEM OR

= ATTACHED PROCESSOR

(HICH COST

N\
GATEWAY /
I \\“\“N /‘f’// L

OTHER NETWORYS HIGH PERF
W.s
WITH ASIC e

MASS STORAGE

Source: DATAQUEST

®
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FOCUS ON WORKSTATION <
INTEGRATION I
N
INTEGRATED CIRCUITS 2
L
STORAGE ﬁ
E
COMMUNICAIIDNS W
0
- GRAPHICS E 4
S
SOFTWARE I
T
]
® N
N
S
o
® 1984 Dataquest Incorporated-Reproduction Prohibited

Datagues! Incorporated, A Subsidiary of A.C. Niglsen Company / 1280 Ridder Park Drive / San Jose, CA 35131/ {408) 971-9000 / Telex 171973



FOCUS ON WORKSTATIONS

INTEGRATED CIRCUITS

* MICROPROCESSORS

NZO=~=—p=—NANOE MZOrPOEZ>-Y

® ASICs
¢ MEMORY
- 20 =
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KSTATIONS
TWO APPROACHES OF
MICROPROCESSOR INTEGRATION

CAPTIVE

HP
DEC
ATT/WE

MERCHANT

MOTOROLA
NATIONAL
NCR
INTEL
Tl
NEC
2ILOG
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TR AN RN AR

MICROPROCESSORS - - T-ODAY

¢ INTEGRATION OF EXISTING TECHNOLOGIES
- MORE I/O FUNCTIONALITY

¢ ADDITION OF SYSTEMS FUNCTIONALITY
= PIPELINING
- VIRTUAL MEMORY SUPPORT
- MEMORY MANAGEMENT :
- CACHE MEMORY

¢ MIGRATION TO 32 BIT MPUs

Source: DATAQUEST
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MICROPROCESSOR FORECAST
32 BIT MPUs

CAGR = 7482
THOUSANDS OF UNITS

2,000
1,500
1,000
500
@ 1963 1984 1985 1986 1987 1988 1989
YEAR

Source: DATAQUEST
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MICROPROCESSOR ASP FORECAST
32 BIT MPUs

CAGR = -3162

DOLLARS

300

400

300

200
100

0

1982 1983 1984 1983 1986 1987 1988 1989

YEAR

Source: DATAQUEST
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MICROPROCESSOR REVENUE FORECAST

32 BIT MPUs
CAGR = 91.7%

MILLIONS OF DOLLARS

80
60
- 40
20
o
1983 1984 1989 1986 1987 1988 1989
YEAR

Source: DATAQUEST
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MICROPROCESSORS --TRENDS

b St A e i e e ]

e ingeaye - - L L, e ik

* UPWARD COMPATIBILITY WITH EXISTING NSTRUCTION SETS

® CHALLENGING THE PERFORMANCE OF MINICOMPUTERS

¢ HIGHER CLOCK SPEEDS
- 10 MHz TO 235 MHz NOW
- 50 MHz 3 TO 3 YEARS
- 100 MHz COMING

* DEVICES/DIE INCREASING
- 100K-400K NOW
- 700K BY 1886
- 1 MILLION DEVICES SOON

* UTILIZATION OF COPROCESSORS

Source: DATAQUEST
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FOCUS ON WORKSTATIONS

INTEGRATED CIRCUITS

APPLICATION SPECIFIC
INTEGRATED CIRCUITS

* CUSTOM

* GATE ARRAY

¢ STANDARD CELL

* PROGRAMMABLE ARRAY LOGIC

NZO=-p~INRVOE MZOrPOZ>AY
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¢ POWER NEXPENSIVE MCROPROCESSORS

¢ SELF-FULLFILLING PROPHECY

¢ ASIC--FOCUSED START-UP COMPANIES
PROVISION OF POWERFUL DESIGN TOOLS
ACCEPTANCE OF CMOS VLSI
SOPHISTICATION OF USERS

Source: DATAQUEST
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ESTIMATED WORLDWIDE ASIC CONSUMPTION

BLUONS OF DOLLARS

N W s o
3

v

19683 1964 18685 1966 1867 1909 18688

YEAR
. D PROGRAMMABLE LOGIC B STANDARD CELL
@ GATE ARRAYS & FULL CUSTOM
Source: DATAQUEST
- 29 -
. © 1984 Dataquest Incorporated-Reproduction Prohibited

Dataquest Incorporated, A Subsidiary of A.C, Nietsen Company / 1200 Ridder Park Drive / San Jose, CA 95131 / (408) 9719000 / Telex 171973



IMPLEMENTATION ALTERNATIVES

COST

FRODUCTS

STAHDARD DAYS WEEKS MONTHS YEARS .
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FOCUS ON WORKSTATIONS 3
A
N
INTEGRATED CIRCUITS 2
L
0
N
¢* MEMORY E
w
~ 0
R
K
S
- T
A
T
J
® 9
N
S
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1,024 X 1,024 RESOLUTION

NO. OF NO. OF MEMORY NUMBER OF CHIPS

COLORS BT PLANES CBYTES 16K 64K 2%6K M

1 1 120K 64 16 4 1

16 4 812K 256 64 16 4

256 8 1MB 812 120 32 8
4096 12 138 768 192 48 12
16M 24 4MB 1936 3064 96 24

Source: DATAQUEST
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FOCUS ON WORKSTATIONS 2
A
N
STORAGE 2
L
0
N
E
. w
' 0
R
K ..
- | s
T
A
T
0
N
N o
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STORAGE FORECAST
COST PER MB OF ON-LINE STORAGE

0 :
. 1978 1979 1980 19681 1962 1983 1984 1985 1966 1987 13968
YEAR

Source: DATAQUEST |
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MTRENDS IN.COMPUTER‘ STORAGE

¢ | OWER COST PER MB

¢ HIGHER AREAL DENSITIES

¢ SMALLER FORM FACTORS

¢ PERFORMANCE ENHANCEMENTS

¢ PERSONAL STORAGE

¢ EXPLOSION IN PRODUCT AVAILABILITY

Source: DATAQUEST
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FOCUS ON WORKSTATIONS ‘-7‘3
A
N
COMMUNICATIONS p
L
0
N
E
w
0
R
- K
S
T
A
) T
|
0
o s
S
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COMMUNICATIONS FORECAST
BLLIONS OF DOLLARS

PEX CAGR 81,

LAN CAGR 4?2 Y

1983 1984 1985 1966 1987 1988

DATA PBX CAGR 37X

YEAR
Source: DATAQUEST
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| “““COMMUNICATION-S“-M-ISSUESMWM

¢ PROPRIETARY VS. STANDARD NETWORKS
¢ HOW DOES UNIX FIT

¢ OPERATING SYSTEM NETWORKS

¢ PRICE/PERFORMANCE RATIOS

¢ ROLE OF PBXs AND DATA PBXs

Source; DATAQUEST .
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FOCUS ON WORKSTATIONS

GRAPHICS
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¢ STORAGE DEVICES/HOST DEPENDENCY
® RASTER/HOST DEPENDENCY

¢ RASTER WITH LOCAL GRAPHICS
PROCESSING

Source: DATAQUEST
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GRAPHICS ARCHITECTURES

R R R e R R R R

¢ UTILIZATION OF LOCAL VLSI

¢ HIGH SPEED MATRIX ENGINES

¢ ADVANCED SHADING AND RENDERING
CIRCUITRY

¢ LOCAL GEOMETRY PROCESSING
¢ HIGHER RESOLUTION DISPLAY TECHNOLOGIES
¢ EVER DECREASING COSTS

Source: DATAQUEST
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FOCUS ON WORKSTATIONS

SOFTWARE

NZO=~>=-INXTVOE MZOr>POZD>-~Y
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'SOFTWARE- - THE

¢ S/W AND O/S HARDWARE DEPENDENCY
¢ LIMITED PROGRAMMING TOOLS

¢ LONG DEVELOPMENT TIMES

¢ LIMITED PORTABLILITY/LIMITED LEVERAGE

Source: DATAQUEST
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¢ COMPUTER ADED SOFTWARE ENGINEERING

¢ UNIX AND "UNIX LIKE" O/S
¢ STANDARDIZATION

¢ MIGRATION OF SW INTO
FIRMWARE —— HARDWARE

Source: DATAQUEST
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WORKSTATIONS

SYNOPSIS

¢ DESIGN OF CLOSELY COUPLED SYSTEMS
{HIGHER LEVELS OF SYSTEMS INTEGRATION!

® EVOLUTION OF COMPLEX MULTI-PROCESSOR DESIGNS
¢ FUSION OF GRAPHICS AND IMAGING TECHNOLOGIES

® ACCEPTANCE OF STANDARDS
(DEVELOPMENT OF OPTIMAL SOLUTIONS FOR SPECIFIG
APPLICATIONS

® PUSHING PERFORMANCE TOWARDS HUMAN PERCEPTION

Source; DATAQUEST .
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ot LRI A AR A AR R A T L AN LT LR AL

'FUTURES

B S T T e T A S e S R R O R e D

e A SINGLE LEVEL, NETWORK-WIDE
DEMAND PAGED ADDRESS SPACE

e PROVISION OF A UNIFORM INTERFACE
BETWEEN ALL SYSTEMS AND RESOURCES

¢ CONFIGURATION ARCHITECTURE THAT
- SUPPORTS A WIDE RANGE OF )
PERFORMANCE LEVELS

¢ TECHNOLOGICAL INDEPENDENCE

Source: DATAQUEST
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COMPUTING
OWER

AFFORDABLE
COMPUTING &

POWER
/ USEFUL
AFFORDABLE

COMPUTING
POWER

®
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STANDALONE WORKSTATIONS
(. ReLVEN ue/)

1964 MARKETS DESIGN AUTOMATION

MECHANICAL APPLICATIONS 37X
ELECTRONIC APPLICATIONS 13%

652

DESIGN AEC APPLICATIONS 102
AUTOMATION MAPPING APPLICATIONS 32
OTHER APPLICATIONS 27
CAP
@ OTHER - GASE
®
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® CAD/CAM INDUSTRY SERVICE
DATABASE SEGMENTATION

SOFTWARE

HARDWARE

COMPUTER

TURNKEY YENDOR

COMPANY TYPE

‘- ' ’ Source: DATAQUEST

e
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CAD/CAM INDUSTRY SERVICE o
DATABASE SEGMENTATION

MAPPING
EDA

APPLICATIONS ' /

Source: DATAQUEST

AEC = ARCHITECTURAL, ENGINEERING
AND CONSTRUCTION

PC = PRINTED CIRCUIT BOARD
IC = INTEGRATED CIRCUIT
EDA = ELECTRONIC DESIGN AUTOMATION

) -4 = \
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o CAD/CAM INDUSTRY SERVICE

DATABASE SEGMENTATION
REST OF WORLD
JAPAN
EUROPE
ENTIRE WORLD
GEOGRAPHICAL i
‘- Source: DATAQUEST
L e
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'y

CAD/CAM INDUSTRY SERVICE
DATABASE SEGMENTATION

HOST DEPENDENT

STANDALONE

PRODUCT

Source: DATAQUEST

-6 ~
© 1984 Dataquest Incorporated~Reproducticon Prohibited

Dataquest Incorporated, A Subsidiary of A.C. Nielsan Company / 1290 Ridder Park Drive / San Jose, CA 95131/ (408) 571-8000 / Telex 171973

@

@



© 1984 Dataguest Incorporated-Reproduction Prohibited

Dataquest incorporated, A Subsidiary of A.C. Nielsan Company / 1290 Ridder Park Drive / San Joss, CA 95131/ (408) 971-9000 / Telex 171973



CAD/CAM TOTAL REVENUE

BILLIONS OF DOLLARS

15
CAGR = 40%
10 ]
5 -
° @
1983 1984  198% 1986 1987 1988

YEAR

Source: DATAQUEST
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AVERAGE WORKSTATION PRICE/PERFORMANCE

. INY; v

THOUSANDS OF DOLLARS NQ‘V \%‘V e ' \0\

i)

st

1o

Y FUTTT T

.0

1983 1384 1988 1338 198? 19¢

Y VEMR
BASE SYSTEM KEY INFLUENCES

* 0.5-1.0 MIPS * 256K RAMS
¢ MONOCHROMATIC * HIGHER PERFORMANCE CPUs
® 50MB DISK ® INGREASING GOMPETITION *
* 1MB MEMORY
® ETHERNET ¢
® UNIX

Source: DATAQUEST
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® VARIOUS DATA TYPES

¢ COMPUTE INTENSIVE FUNCTIONS
- MATRIX MANIPULATION
- FLOATING POINT CALCULATIONS
- LARGE VIRTUAL ADDRESS SPACE
REQUIREMENTS

¢ SOPHISTICATED GRAPHICS
- HIGH SPEED RASTER OPERATIONS
- COMPLEX GEOMETRY FORMS
- SHADING AND RENDERING

Source: DATAQUEST
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The Role of Geometry
. in the Workstation Marketplace

James H. Clark

Silicon Graphics, Inc.
Mountain View, Ca.

Introduction

The workstation era in computing has evoived from the ava'ilabilitv of 32-bit
microprocessor CPU's, “portable” operating systems, programming language
developments, deciining memory costs, low-cost graphics, and commuanications
natworking technology. More recent developments have enabled custom VLSI technoiog;
to inaxpensively increase graphics speads by factors of several hundred or more. In this
presentation, each of thesa developments will be discussed and applications that require
geometric manipulation in their graphics systems will be highlighted. In the prbcess, the
historical roots of Bit-mapped graphics will be presented and contrasted with those of

Geometric graphics. Particular emphasis will be placed on the applications that use each
. capabitity.

In the past ten years, the price/performance for a typical computer system has

Computing Costs vs. Human Costs: 1974-1984

decreasad from $1.5M/MIP in 1974 to about $40K/MIP in 1984, corresponding 1o roughly a
43% per year compounded decrease, as shown in Figurea 1. During the same period, the
burdened salary ot a typicali engineer. has risen from about SSék/vear to roughly
$75K/yaar. In the early 1980's, for the first time the computer user was more expensive

than the computer.

These trends indicated a need for both a professional personal computer and an
efficient interface to it. Graphics has become this modern interface because it is such an
essential part of engineering work. Thus the “workstation”, as it is discussed here, is
minimally defined as a combination of some form of raster graphics system with a

general-purpose computing environment in one physical package.
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The Modern Warkstation Environment
The modern professional workstation provides a general-purpose computer that may be
used alone or connectad in a network with a wide variety of computing and support
resources. A typical environment might consist of workstations, mainframe computers,
terminals, hard copy media, database systems, and so forth as shown in Figure 2. B8oth
high-speed computing and high-speed graphics are an integral part of this professional

computing environment,

What distinguishes one workstation environment from another? In addition 10 cost, some

pertinent issues are addressed by the following questions:

1. Applications Environment - |s the workstation general-purpose, allowing
applications software for many applications on one machine? What
applications are avsilable on the workstation? How fast does it process an
application?

2. Computing Environment - How are the workstations interconnacted or
networked? What are the Operating System, available Janguages and
applications development tools? In the workstation's environment, can one do
everything that is possible in a time-sharing system, such as share data
transparently and work at any physical workstation?

3. Graphics Environment - s the interface high-ievel, application (user-space)
oriented and conveniently coupled with the computing capability? Is there
support for 3D wire-frame and shaded pictures. How fast is it? Is it color or
BR&W, high-resoiution? Is there muiti-window support?

General-purpose Computing
The computing capability of today’'s workstation is enabled by numergus technological

developrments, including

1. Declining costs and increased speeds of microprocessor CPU’s, samiconductor
memory and secondary storage media.

2. Improved operating systems, compiler techniques, languages and applications
development tools.

3. Communications networking hardware and standard network software
protocols for communication.
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General-purpose Hardware Developments

. The 32~bit microprocessor availsble today has the computing speed of super-
minicomputers of less than ten years ago. These microprocessors provide the foundation
of most workstations’ general-purposa computing capability. VLS technology has moved
the CPU from sets of discrete parts to custom integrated circuitry. Concurrent with
microprocessor developments, Winchester disk technology is providing remarkable
secondary storage capacities, while improved and more dense semiconductor memories
continue to lead the revolution in computing systems. These trends are expected (o

continue to yield more and more powerful general-purpose systems for vary low cost.

UNIX: The Portable Operating System. ]

if UNIX has not already become the de facto standard operating system for workstations

and most minicomputers, it certainly appears to be on its way. it is the single most

widely wused operating system in universities -- thus virtually every tachnical

undergraduate in the country is familiar with it. Mgreover, there are more systems

programmers for UNIX than for any other operating systems because Computer Science

. students have baen able to access the source programs for UNIX -- UNIX was the first

. widaly available "open” gperating system. Developed in the early 1370°s at Bell Labs, UNIX

provides a rich and usabie environment for applications development. The major question

about UNIX in most people’s minds is which version —-- System V and successors

distributed by Bell Labs, or 42 BSD implemented by the University of California at
Berkeley.

The two systems have slightly different sets of utility programs, and each has features
not in the other. The fundamental differences between them as they are distributed, ana'

the effects on apgplications, are outlined below.

1. Demand Paging - With demand paging, physical memory may ba fess than
the logicai memory required by an application. Many engineering apglications
require a large virtual program and data space, and demand paging. In an
engineering environment, this is the biggest shortcoming of System V as it is
distributed by Bell.(Berketey UNIX was developed primarily because of this
shortcoming.)

2. File Structure - At Berkeley, it was feit that a different file system

organization would provide faster file system performan than Bell UNIX. The

. mechanism used to speed it up is more effective only when the disk is 75%
- 5 =
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utilized. When less than 29% of the disk is free, experience has shown that
the system is not as fast as the standard UNIX file system. .

3. Network Protocols - System V has no standard support for network
communications and interprocess communications. 4.2 BSD incorporates a
communications protocol defined for the ARPANET by the Department of
Daefense. (The deveiopment of 4.2B8SD was funded by the DOD.] These
modules are easily ported to any UNIX version, so it is of no particular
advantage to any system,

The main point about any operating system feature is its effect on the application or its
devetopment. Demand Paging is essential t¢ any engineering workstation and should be
totally transparent to the application. The value of the reoraginzed file system is often
debated, at least as impiemented. Networking is essential today as well -- th;

shortcomings of 4.2BSD .networking are treated in the next section.

The ideal engineering UNIX system is one that incorporates demand paging and utilities
of both System V and 4.2 BSD with expanded networking features to enable a distributed
system. Bell Labs will continue to support, develop and standardize UNIX, whereas UC
Berkeley is not in the UNIX business. Thus an integration of the useful 4.2 features into
Beil~distributed UNIX will probably dominate the UNIX workstation market eventualty -- it .

leaves the applications development and support environment least affected.

Ethernet: The Open Network Architecture,
Any distributed workstation environment must support a means for sharing data and

resources on a network Two basic technologies are in predominate:

1. Token Ring - This communications technology requires that all resources on
the network be in a closad loop, Each node is allowed to send information to
another in the ring after a token passes it -— thus, meassages are synchronizad
and require the active participation of all nodes on the network. The network
must be disabied to install or remove a node, and it is therefore more
susceptibie to failures of any node.

2. Ethernet - The Ethernet is not a closed loop. An Ethernet module
communicating with another first “listens” to the network to see if it is in use.
if not, it sends its file or message to the recipient. A "collision” occurs if two
different nodes simufltaneously sense that tha network is quiescent and begin
transmitting at the same time. The message is garbled, so each must "back-
off" and re-transmit its message after a randomly chosen interval, which
decreases the likelihood that they will again simultaneously transmit, .

-5 -
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Messages ares asynchronous. Nodes are passive unless they are using the
. Ethernet, so they may be removed and inserted at wiil.

The most significant difference between these two technologies is that the Ethernsat is
an "open” architecture that has been adopted as a standard by Xerox, Intel, Hewlett
Packard, Digital Equipment Corporation, Silicon Graphics, SUN Microsystems, and many
others. All commonly used token ring approaches are "closed.” No standard token ring
approach has beesn widely adopted -- each company that empioys it has its own closed

system.

Netwark Protocols.

Both Ethernet and token ring require a protocol, or “language”, for messag'ef
transmission. There are two published standards being used in most Ethernet installations,
XNS and IP/TCP.

XNS {Xerox Network Softwara) is a simple local area network communications protocol
defined at Xerox PARC, where the Ethernet was invented. It has the advantage of being
tailored for local communications, and thus has no excessive baggage associated with

. each message. IP/TCP was defined for the ARPANET and imposed on the Berkeley 4.2
developers by ARPA. IP/TCP has the disadvantage of having ail baggage necessary to
route messages to any point on the ARPANET, which is not a local area network. but is

nationwide.

Distributed System

An open network architecture requires facilities other than explicit file transfers between
nodes and remote logins to other nodes and foreign hosts. It should allow any system
user to refer to and use any file on the system implicitly, without explicit file copy. More
generally, it should allow a virtual “system caii” or shall command -- where the command
is actually executed should be transparent to the usar. This encompasses the distributed

file systam notion and more.

°
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Graphics: The Principal Computer Interface
Vision is the most used human sense, s¢ quite naturally graphics has become our most .
important form of computer interface. As with computer systems, however, graphics
systems vary in their suitability for certain applications. The goal of the engineering or
technical workstation should be to provide a graphics system suitable for technical

applications. The graphics system should be as close to the application as possible.

Two basic approaches to graphics are used in workstations, bit-mapped and geometric.
Bit~-mapped graphics was deveioped for page imaging applications and has operations
tailored for image manipulation of single bit images. It does not extend conveniantly to
color. Geometric graphics was developed as a tool to assist in the design and analysis o._[
engineering problems. Geometric operations are tailored for the manipulation and display
of geometric objects in the frame of reference of the designer. It assumes that the image

is a rendering, or artifact, of the geometric design process, not the object of it

Bit-mapped Graphics
Bit-mapped graphics was first developed at Xerox PARC in 1974 for the Xerox Alto. This
was the first professional workstation. Because of the nature of Xerox’s business, it was .
desighed primarily for page layout and imaging applications -- thus it used a bit-mapped
raster dispiay. The bit-mapped display is used in these applications because the image of
a page to be produced on a laser printer is constructed from a large two-dimensional

array of binary digits.

In the Alto, ocne microprogrammed processor did everything -- it was the graphics
processor, disk controller, ethernet controller and central processor all in ona. High-ievek
language compilers were written for the Aito, and most programmers used them, but

when something had to run very fast, custom microprograms were implemented for it.

A very important one of these custom microprograms was the “bit-blt”, which means Bit
Btock Transfer. It was developed because of the relatively large amount of time required
to draw, redraw and manipulate a page image on the Alto. With the bit-bit in microcode,
one could more quickly modify a bit-image. Because construction of the bit image was
relatively time consuming and generalized, bit-blt operations allow the image to be "un”-

aiterad with the “exclusive or”, and the image was infrequently regenerated,

-8 =
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The focus of bit-bit or bit—-mapped graphics systems is therefore in creating,

. manipuiating and storing a bit-image, as in page layout systams. They are specialized for
such applications and do not use specialized., higher-igvel processors 1o assist in
manipulations of geometric objects, such as most engineering applications require. Their

primary benefit is that they typically utilize a single processor for everything, thus

reducing their costs. The Apple Macintosh is the best reailization of a bit-mapped graphics

workstation,

Geometric Graphics Systems

Geometric graphics originated with Sketchpad, which is a graphics system implamented
on the TX-2 computer at MIT in 1964 by itvan Sutheriand. As an engineer and scientise
Sutheriand was interested in providing a- graphical interface that allowed interactive,
computer-assisted design of geometric engineering objects. In Sketchpad, objects were
designed and manipulated in terms of the application’s geometric coordinate systam, or
as we commonly say now, "user coordinates”, “user space”, or “world coordinates.” The
image created by a geometric graphics system is simply a rendering of the geometric
objects being designed and manipulated ~- it is not an important entity in isalation, since

. it can easily be regenerated from the geometric description.

Fundamental geometric notions in use today were defined in Sketchpad. Because the
geometric objects are described in one coordinate system (the user coordinates of the
application) while the renderings of these objects are described in another (the image or
screan coordinate system of the display), the notions of "windows” {user-space)},
"viewports” {screen—-space), and a means for “"mapping” fram one to the other ware
defined. Likewise, because a window on the user’s drawing space might inciude only par?'
of the whole drawing, “clipping” of information had to be performed before the mapping.
Finally, because the user's application space is geometric, objects might be arbitrarily
transtated, rotated or scaled ("transformed”} in the space and muitiple "instances” of
objects might be made before they are passed through the window, undergo clipping and
so forth. Although Sketchpad was primarily a 2D system, it defined these concepts in a

genaral way that was applicable to 3D design as well.

Design as envisioned by Sutherland was interactive and in real-time. Since the clipping

. and mapping functions defined in Sketchpad were very compute intensive, Sutherland

-9 =
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concentrated on hardware to perform the functions as fast as possible. The “clipping-
divider” designed by Bob Sproull with lvan Sutherland at Harvard University in 1968 was .
the first hardware implementation of a system to implement the concepts defined in
Sketchpad. This device used 551 semiconductor technoiogy and by itself require four 19
inch racks. in 19689, Sutherland joined the facuity at the University of Utah and with David

Evans founded E&S Computer Corporation.

Working as a student of Sutheriand’s in 1972, the author designed the first completely
three dimensional interactive surface design system. This system consisted of two
general-purpose computers {a PDP-10 and an LDS-2 processor), a matrix muiltiplier, a
clipper and perspective divider and an analog vector generator. The hardware wasg
designed for the project, and it used more.modern MSI technology. The systemn’s output
was directed to a dual-CRT head-mounted dispiay designed by Sutherland. It used as
input a mechanical. 3D "wand.”" The total system, excluding the PDP-10, required_ four
nineteen inch racks of equipment and if produced and sold would have been priced at
about $250.000. The gesometric computing part of the graphics system was valued at

about $70,000.

Starting in 1979, the author and coworkers at Stanford University began a research .
project with the goal of designing and implementing the first VLS| chip dedicated to these
geometric functions. This chip, called the Geometry Engine, is shown in Figure 3. Twelve
copies of the Geometry Engine chip arranged in processing pipeline shown in Figure

4 perforrn more than ten miilion floating point or integer operations per second.

The Geometry Engine is much more than a fast floating-point ALU. In addition te
incorporating all of the processing necessary to do each of the geometric operations
discussed praviously, the Geometry Engine also performs perspective division, and rather
than processing just vectors, it processes solid. color, and shaded objects. In addition, it
generates parametric cubic curves and rational bicubic surfaces, which are important in
the design of automobiles and aircraft. It is a customized floating-point array processor
for graphics. Because it is implemented in custom silicon, the Geometry Engine is easily

replicated and costs very little.

Floating-point chip sets currently available provide alternatives to the Geometry Engine,
but they do not have floating-point divide -~ they provide only the basic .

- 10 =
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Figure 3: Geometry Engine Floor Plan

Figure 4;: Geometry System

add/multiply/subtract math operations. Divides require other chips and support logic, and
each divide requires substantially longer than the multiply, since it is a table lookup
followed by at least three multiplies to obtain the requisite precision. Divides are
essential for both clipping and 3D perspective geometric graphics. Moreover, these math
chips alone incorporate none of the algorithms for processing graphical data or

. manipulating solid objects with shading. Thus, in order to accomplish the Geometry

.
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Engine’s set of functions, substantially more hardware would be required in conjunction

with these chip sets. The result is both more costly and slower. .

User-space of Screen-space

From the above historical account. we see that the primary difference between Bit-
mapped graphics and Geometric graphics is that Geometric graphics systems provide
primitive operations that are relative to the coordinate system of the geometric
application, while bit-mapped graphics systems focuse on primitive operations that are
relative to the screen coordinate system of the bit-image application. Typical geomaetric
graphics primitives are rotate, translate, scale, line, polygon, surface and so forth, all in
the coordinate system of the geometric application. Typical bit-mapped graphicg
primitives are bit-bit, rectangle copy and so forth, all retative to the coordinate system

of the raster hardware.

With the exception of the IRIS workstation by Silicon Graphics Inc., all workstations on
the market are bit-mapped graphics workstations, and most of them are also black and
white rather than color. This is because “bit-bit” and such operations are binary
operations, meaning they deal with operands that are rectanguiar arrays of pixels that are
a single bit each. Even those that are color treat the bit-planes that stack up to form a .
set of color planes in a bit-mapped manner. Those that incorporate Geometric graphics

do so in software, with differences in speed by factors of several hundred.

importance of Graphics Speed

Why is speed so important in a graphics system, be it geometric or bit-mapped? Some
applications, such as simulation, absolutely require it. Others simply may need it td-
improve productivity, since workstations are interactive systesm, which implies that the
user is waiting for a rasult to appear on the graphic display. If a graphics system cannot

respond interactively, the user must do the task differently.

Some arguments occasionaily support doing the job in a different way —— to use a more
“batch” oriented approach. Sometimes this is the case —— interactivity does not replace
thought. Batch-processing arguments were commonplace in the early days of
timesharing, but “interactive engineering” is “productive engineering” in most of my

axperience, and if the graphics system can be produced for the same cost but much more
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speed, the user is more productive. As Figure 1 points out, user time is now more
. valuable than computer time. With a slow graphics system user time is wasted, not

computer time.

Why Design Our Own VLS| Circuits?

Fast geometric graphics makes no sense without special~purpose hardware to do the
computations required. However, specialized hardware always adds extra cost. In the
gsneral-purpose computing area, microprocessors have ushered in the era of low-gost
computing. In the geometric graphics domain, the Geomatry Engine has ushered in a new
era of low-cost geometric graphics.

LY

More generally, however, the modern system designer must be able to design her/his
own integrated circuits, because technology has provided the ability to put very complex
subsystems on a single integrated circuit. Carver Mead has’used the. following
argument: “tn the limiting case, technology will allow us to put an entire system on a
single integrated circuit. We will therefore either design that system ourseives or buy it
from someone glse.” Although it is difficult to conceive of a complete systam on only one
IC, the argument provides an interesting perspective. The essential point is that as

. systams get larger it becomes increasingly difficuit for the semiconductor manufacturer
to second guess what the system designer would like for building blocks. Moreover, the

building blocks require small scale circuits to “glue” them together.

Gate arrays and standard cells only partially solve the problem. Gate arrays do not
currently allow very high densitias. Perhaps worse, they do not currently provide a means
for integrating RAM and ROM with logic. Standard celis, on the other hand, while allowing
higher densities, impose a certain architectural style of thinking on the designer, since
they are primarily used to replace the MSi buiiding blocks that designers have been using.

Each of thase technigues allows faster impiementation than full custom design, however.

Perhaps the biggest advantage of full-custom integrated circuits is in the architectural
freedom they provide. This freedom can be exploited to employ paraitelism in ways that
are rare or nonexistent in other integrated circuit technigues. The Geometry Engine is
one of the better known examplaes, but other highly paraltel architectures dedicated to
various special problems are certain to be in the future. Silicon Graphics Inc. wiil ensure

®
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that the workstation marketplace benefits from highly parallel architectures for graphics
and computing applications. System design now implies integrated circuit design The .

VLS| era is the era of the system designer.

Conclusions and Summary
From the foregoing remarks, the technical workstation should be a balanced
combination of general-purpose computing and either bit-mapped or geometric graphics,

depending upon the application.

For the computing part, demand paged UNIX is the preferred operating system, and it
should provide both System V and 4.2 BDS utilities. For compatibility with the widesg
variety of other systems, Ethernet provides a more open network architecture than a
token passing scheme, and both IP/TCP and XNS communications pratocois are desirable.
The communications file sharing environment should be as transparent as possible,
allowing the "virtuai system cail” if possible. The ability to login to "foreign” hosts as an

intelligent graphics or text terminal and transfer files are also important.

For the graphics part, pure page imaging applications are perhaps better served with
Bit-mapped graphics systems., Most technical and engineering applications are bsetter .
served with Geometric graphics systems. The geometric graphics system, being much
higher level, reguires extansive software to make the graphics easily used by the
application -- drawing surfaces, curves and color, geometric objects in 3D user space
should be as simple as drawing a line in screen space or modifying a pixel. Since
technical work requires documentation, the system should provide means to produce it
allowing a mixture of text and graphics. The graphics system shouid also provide &

multiple window environment that allows the user to multiplex between saveral tasks.

Speed in both computing and graphics are important, but slow graphical display tends
to make the system non-interactive in engineering design and analysis. With a slow
graphics system user time is waisted, not computer time. Silicon Graphics Inc. is
dedicated to seeing that hoth the computing and graphics speed needed by enginaering

applications are treated on an equal footing.
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Archltecture of a Sclentific Computing Environment

Abstract

Sclenttle computing in this country needs a combination of technologies
to accomplish research and development goals In the next few years.
This article proposes an architecture fuar the sclentific computing
environment using microprocessor-based persona workstations
accessing back-end computing resources. Systems bullt by muitipie
vendors will be connected using local network technology and standard
network protocols. This paper describes the architecturs of this new
envirenment and the role UNIX will play in Its emergence and growth.

Iintroduction

To provide a quality sclentific computing environment wa need to characterize the
computing needs of sclentists and engineers. We need maximaiy productive computing
environments to ofisst the shortage of trained englneering and sclentiflc personnel. We
need productive engineering snvironments to compensate for the decreasad llfatimes of
products. We need an architecture which allows us to Incerporate new technology
easily and with minimal impact on users of the system.

and. in a laboratory environment, the ability to collect and analyze experimantal data.
Inexpensive microprocassor-based warkstations with bitmap displays, levaraging the
low cost of memaries and virtual memory microprocessors such as the Motorola 62010
and 68020, provide cost-effective Interactive response. Local area netwarks can tls
such workstations to back—end machines: largs suparminlcomputers, mainframes and
supercomputers, Peripherals such as disks, tapes, communications interfaces and
printars can lkewise be shared by accessing them over \he local area network, Data
collected in a laboratory by a suitable embadded microprocessor can be moved to a
personal workstation for graphlcal Inspection, stored In a network-accessible data base,
and processed on back end machines.

. Prefessionals need a responsive interactive system, the abliity te run [arge computations

No single vendor can preduce the component technologles lo make this system
cost—effectively. It Is not possible for a single arganization to stimultaneousty track
advances In languages, user interfaces, data bases, graphics, specialized
high-performance symbolic and numeric architectures and expart systems, let alone the
many application areas for these component technologies. Mult-vendor systems will be
required and must depend on standards to Interconnect the components,

Architectural principles for the new environment

We now list seven architacturat principles we sea as key to the construction of a new
muitl-vendor open system environment. YWe seek a conservattva synthesis of proven
Ideas so that we can have a high degree of confidence In the vability of the system
wrchitecture, Al the principlas and approaches proposed here have besn proven in
systemns which are In use today: we have avolded ldeas whose long-term value s
unproven.

®
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Architectura of a Sclentlflc Computing Environment

1. Take a network service approach .

We can Kentiy two major approaches to connecting a network of personal machines.
The first, which we cail the network operating system or closed system approach, Is
typified by the Apollo DOMAIN systemn [DOMAIN] or the Locus system defined at UCLA
[Locus]. These systemns represunt an attempt to extend the monglithic operating
systems which wers present on mainframes and superminicomputers to the local
network environment. They tend to be Infloexlble. with a strong advantage to
components of the system provided by the primary vendor over *‘foreign’’ peripherals,

The other approach s a loosely—coupled and open systemn design which. glves network
services primacy over the network operating system. An important system which first
tock this approach was tha Pllot systemn [Pilot]. This modet of a network system has also
been incorparated In the Berkelay varsicn of UNLX known as 4.2B5D, which dertved the
flavor of much of Its networking subsystem from the Pilot design. These systemns allow an
open—anded set of network services to be defined. independent of the system calls of
the operating system. Extensions to the system faciities occur in applications programs,
not In extensions to the system. Thus the functionality of the system can be grown, the
system can be developed and enhanced without touching the underlying operating
system. This makes the code more portable and avolds disturbing the system with
continual system Interface changes: cruclal goals which we stated earller.

The 4.2BSD system contains sufficient facilities In the system Interface that an open
network system can be built without changing the system calls, QOpen systems derived
from 4.2E5D and based on the network service approach are being constructed at Sun
Microsystems and other vendors. 4.2BSD provides a portable and siandard
open~systems base for the new sclentific computing environment.

2. Share resources while minimizing competition .

Qur measyre of system performance sees quallty In both predictable low—latency
response and In high throughput. These are often contradictory goals. Dedlcating
peripherals glves low—atency response and high throughput, but Is not cost—elfactiva. In
centralizing services we place predictabllity and responsiveness of the servers, and
thereby the quallly of the system, at risk. A central {lle server or compute server wiil be
practical onlv if R does not become overloaded and thereby defeat predictable
workstation response.

Sharing access to devices on a local network Is essentlal to cost-effectiva computing.
Disk drives, tape drives, printers and other peripherais are subjact to economies of
scale. Centralizing file servers provides a significant cost and malntanance advantags
over systems where each user has only a local disk. For example, the larger capacity
disk drives are both cheaper per megabyte of storage and also faster than the small,
Inexpensive disk drives which cne can afford to provide with each workstation. Even if
the costs were the same, considerations for shared data access and the difficulty of
determnining the amount of disk storage required by each ussr make #t diflcult to
effectively provide each user with local disk storage.

Architectures for flle server nodes to maximize throughput are an area of curTent study.
Effectve use of cache memories at server nodes should eventually result In
server-hased systems with performance equalling or surpassing that of systems which
provide smaller and slower peripherals to each user., Nodes providing compute service
can be scheduled In a job-shop or batch mode fashion, rather than timeshared, to
Increase predictablity, and minimize competilon, at the expense of some flexibliity.

3. Provide a uniform base level of services

The simplest farm of connections bstween machines I3 to aflow fMe transfer, remote
legin and remote command execution. Providing these services to all machines n an .

-2&
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Architecture of a Sclentiic Computing Environment

basis of the success of networks such as the ARPANET. Having this unlform leve! of
services is far more Important than any of the services described below and should
always be provided for all possible machines.

. emdronment with unlformn syntax should be a first priority. This level of service is the

Smail, single task personal computers such ag the IBM/PC or the Macintosh will have
cllent telnet and FIP Implementations so that they can access any flle on the network,
back themselves up to any other machine, and act as terminals to larger hosts. Larger
hosts can exchange filas In a symmstric manner, and a terminal attached to any of the
larger hosts can serve to fog In to any other hast.

The DARPA standard TCP/IP/UDP (stream and datagramn) transmission protocols, FTP
(fle transfer) and Telnet (remote login) protocols provide a widely-accepted and
implemented standard for this base level connection. Ethemet provides a
high-bandwidth ard inexpensive, vendor-independent hardware Interconnect.

4, Use standard operating system interfaces

in the microprocessor market there are several Important operating systems. in the
8-bit world we have Apple/DOS and CP/M, in the 168-bit world MS/DOS, and In the 32-blt
world UNIX and the new Maclintosh operating system. Each of these defines an
applications program Interface for which large numbers of applications exist. Providing
users accoss to one or more of these system Interfaces can bring along a large number
of applications at low cost.

UNIX is the most important operating sy:tem standard, because it runs on a wide range
of machines. UNIX meets two needs: the need for a standard applications Interface, and
the need for a systems building block for constructing a open network system. The last
version of UNIX to come from the research group which originated UNIDX, Version 7,
defines the basic applications Interface for all widely used versions of UNIX. Applications
programming features added in System V are not nearly as essentlal as the Version 7

. faclitlas., We belleve that the slightly extended Verslion 7 Interface, as codifled In the
vendor-independent /usrigroup standard, Is the best basis for an applications program
standard. Further evolution of the system faclitias from this base (with the exception of
networking facilities) Is, In general, unnecessary and undesirable.

4.2850D Is the only version of UNIX which defines a standard and stable yet extensible
intertace to networking facilities. Experience to date with the systam suggasts no majer
obstacles which need to be rectifled. it will ba several years befora an altemative
standard Interface for a networked UNIX system can bs developed. This suggests that
adoption of the 4.2BSD network Interface by the industry would be a posiiive step. Since
an Implementation of the intertace is readlly and freely avallable, it has already been
adopted by a number of vendcrs.

S. Implement processes, monitors and remote procedurs call

Wao belleve that the extension of current systems to provide multiple processes per
address space and menitors for synchrontzation should be the highest priority area of
extension to 4.2B5D UNIX, because complicated Interactive programs and network
services are most naturally expressed using concurrency. Process/monitor technology
as Implemented in [Mesa] and [Modula-2] has been proven to work qulte well to meet
these needs. Operating systems such as UNIX do not provide support for these
language faciliiles today, These faclilties will be nesded to be provided to support more
modem languages. Including ADA. The faclltiss can be added as library routines for use
with cider languages such as C, Extensions to C and UNIX to achieve this have been
designed and implemented at Sun; we Intended to publish them after further review,
Implementation, and use [Nugget].

We prefer to use these tightly coupled processes together with remote procedure calls

[RPC) to bulid our distributed systems. This provides a clear distinction between local
. and remote programs. K also allows substantial hardware simplifications: with coupled
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memory pages, avolding based pointers, and allowing simplifled hardwara architectures
as we can use data caches which do not need reference to transiated addresses in the
critical timing paths,

processes sharing complete address spaces, they avoid the need to share individual .

6. Have a uniform file system interface

Most operating systems now provide hlerarchical file systems simillar to the one provided
In the original UNIX [UNIX]. Providing a network service which makes all flles in the
network environment avallable transparenily Is an enormmous advantage. Operating
systam independence in the protocol Is very desirable because, for example, we would
like to be able to access the file system both from IBM PC's, Macintosh'es. and more
powerful workstatlons such as the Sun, and use the protocol to access files storad on
other systems such as VAX/VMS and IBM malnframes (that Is, under YM/CMS)., A
neiworked fle sysiem based on these principles Is being ¢onstructed at Sun
Microsystems.

A dangerous trap to be avokled here Is Indefinite extension of the protocol for the
network flle system. We believe that the level of functionality of the 4.285D UNIX file
system is adequate for the basic network file system, and that additional functionality
such as that described In |Gltord) can be added transparently by different impiementors
of network flle systems, without af{ecting the cllent code.

7. Access data base services using rpc protocols

We suggest providing data base access through applications-level network services,
rather than as part of the operating system faclitles. This allows a range of
implamentations of data base services based on applications needs, and can yleid
modular and well-speciflsd systems. The distrbuted version of MIcrolINGRES, as
currently avallable in a network of Sun Workstations, Is an example of this style. .

Both high—performance and high-avallabllity systems can be constructed atop an
efficlent remote-procedure—call mechanism in a distributed environment, This
architectural approach also allows construction of highly avallable or reliable data storage
systams [Gliford] [ISIS].

Conclusions

The most Important goal in creating a sclentllilc computing environment Is ensuring
predictable resporise time. in a professional environmernt you often need access to
maore cycles than your workstation can supply, and these cycles can be cost-sHectively
supplied by back-end compute servers. A loossly coupled system permits a
cost-effective mix of workstatlons and server machines to be used.

To bulid components for the naxt generation sclentific computing systam we must start
by taking a network service approach. The most sultable base operating system to use
Is 4,.2B35D. as its networking facililes can be used to write network applications and
protocols without changing the programming Interface of the system, Back-end
computational and server nodes can be placed on the network and scheduled to provide
predictable response time. 4.2BSD comes with remote login and flle transfer services
which can be extended to other machines in the network because the standard TCP/IP
protocols on which they are based are avallable for a wide varlety of machinas.

The 4.28SD system provides a2 standard applications interface, dertived from UNIX
Version 7, which mests the needs of most applications. You can ook to the emerging
vendor-independent /usrigroup standard for a definltion of the common set of lactities to
be provided. There is little to be galned by additional evolution of the programming
interface beyond the faclliies of 4.2BSD: most further evolulion can take place using
application-lavel protocols. .
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. To support high—performance network services, we will need to extend the C language
and program execution environment with support for lightweight processes and monitors

for synchronlzation. Remote procadure call can be used to connect processas on

possibly diffsrent machines, and is a natural extensicn of current programming styles.

The UNIX flie system abstractlon, as deflned In Verslon 7 UNIX, and mada less
UNIX-specific in 4.2BSD, [s a suitable basis for a network flle systemn facility. We can
avold the temptation to make continual changes to tha flls system abstraction by dealing
with data base services such as locking, transactions and fine—grained protection using
applications~evel protocols based on remote procedure call rather than bullding such
functionality into the baslc network flls system.

A cost-effective and flexibie system can bs constructed, using the principles
summarized above, without Inventing new hardware or software technology, using
4.2BSD UNIX as a base. Forthcoming advances in microcomputer technology, cost

reductions iIn memories, and high-performance supercomputers can then be easly
integrated into our working environments.
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THE UTILIZATION OF ARTIFICIAL INTELLIGENCE
IN DEVELOPING USER INTERFACES
AND NEXT GENERATION WORKSTATIONS



sSuonjejsyiop <

m..ouzn_Eou_EE ey

sowedjulepy

Py o
~AHRAEIYRE
tr s rMBALRTD
- =g
- AT
A% BEF

- a By
L

NOLLNMTOAT YALNANOD .=,

Dataguest incorporated, A Subsidiary of A.C. Niglsan Company / 1280 Ridder Park Drive / San Jose, CA 95131 / {408) 971-9000 / Telex 171972



£261L1 X312 L | Q0O6-1{6 (R0F) / LELSE WO 'O501 UES [ 0AIIQ YIBd J6PPIH 0621 / Aurdios uas|aiN Oy J0 Aepisqng v ‘pajerodioou| jsanbereq

EVOLUTION OF
PROCESSING

« Mechanical calculators
w Numerical processing

« Symbolic processing
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ASPECTS OF

“:ii ARTIFICIAL INTELLIGENCE
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Problem solving

Logical reasoning
Language understanding
Programming

Learning

Expertise

Robotics and vision

Systems and languages
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iiZii'  PROBLEM SOLVING

¢ Search techniques
v+ Exhaustive searches
< Heuristic searches

. Backgammon, chess
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LOGICAL REASONING

¢ Theorem proofs
« Data reduction

«s Database query
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L LANGUAGE
UNDERSTANDING

& Natural language interfaces

@ Speech understanding

& Language translation
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A

g SYSTEMS
>  AND LANGUAGES

@ Tools and ideas
- Time-sharing
- List processing
- Interactive debugging

v Specialized programming languages
- Lisp
= Prolog
- Planner
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“ias ARTIFICIAL INTELLIGENCE
SYSTEMS TODAY

w INTERNIST/CADUCEUS - University of Pittsburgh
& PROSPECTOR - SRl International

o DIPMETER ADVISOR - Schlumberger

@ DRILLING ADVISOR - Teknowledge/Elf-Aquitaine
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‘Wi INTERNIST/CADUCEUS

® 80% of all internal medicine

©® 500 diseases

-PT_

© 3500 manifestations of diseases

¢ Preparing to undergo clinical trials
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m . PERQ WORKSTATION FAMILY
PERQ Al (LN-3500)

Il"’

¢ Common Lisp language

¢ Supermini performance

¢ Low cost - less than $40,000
e Based on ACCENT

¢ Operates with LINQ
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LN=-3500 CONFIGURATION

e 16K Writable Control Store
¢ 2 Mbyte memory
o 43 Mbyte 5 1/4" disk

.-.L'[-—

e Landscape display

o Ethernet interface
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iiiii: ACCENT OPERATING SYSTEM
e LISP ENVIRONMENT
¢ Full common Lisp implementation

¢ Compiler and interpreter

¢ Screen editor based on EMACS
and extensible in LISP
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gl ACCENT OPERATING SYSTEM
o QNIX ENVIRONMENT

¢ Complete UNIX System V environment,
licensad from AT&T

¢ Provides System V system calls
e Over 150 utilities

o Use of the network is transparent

¢ Standard UNIX shell
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Wi ACCENT OPERATING SYSTEM
NATIVE ACCENT ENVIRONMENT
¢ Client-server paradigm
e Consistent user interface
¢ Screen oriented editor

e Over 100 utilities

¢ Integrated on'lline HELP facility
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s ACCENT OPERATING SYSTEM
NATIVE ACCENT ENVIRONMENT
o Client-server paradigm
¢ Consistent user interface
¢ Screen oriented editor

e Over 100 utilities

¢ Integrated on-line HELP facility
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Wi CAD APPLICATIONS

T 1 A4

OF ARTIFICIAL INTELLIGENCE

NATUKAL LANGUAGE INTLEREACED

& Help systems

'EZ-

@ Database queries

& Operating system interfaces
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Wiy CAD APPLICATIONS
OF ARTIFICIAL INTELLIGENCE

LA AW LS
w Expert system
@ Productivity aid

@ Quality improvement
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Wi’  CAD APPLICATIONS

OF ARTIFICIAL INTELLIGENCE
INTEGRATED DATALASE NA {AGERENT

@ Application oriented

—gz—

» Constraint management

« Application based data links,
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WS CAD APPLICATIONS

[ 1]

OF ARTIFICIAL INTELLIGENCE
CONTINCGENCY MANAGLEMENT

o Consistency checking
© Application specific

w Automatic reconciliation
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GES CAD APPLICATIONS
OF ARTIFICIAL INTELLIGENCE

ON-LINE HANDBEOOKS
® Engineering handbook data
¢ Application relative
¢ Context oriented

» Ease of use
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Wi  CAD APPLICATIONS
OF ARTIFICIAL INTELLIGENCE

GOVERNMENTAL CODE CHECKING
@ Design verification
& Design recommendations
& Multiple regulations

» Safety considerations
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Witz  CAD APPLICATIONS

Bae

OF ARTIFICIAL INTELLIGENCE

CONSTRANT LANGLAEGES

© Engineering aid

©» Equation solving
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& 1982 ----- 10K - 100K LIPS

o 1992 ----- 100M - 1000M LIPS
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CAD - Al IN THE FUTURE
FUTURE CAD SCENARIO

Design by specification

Progressive clarification of requirements
User design of aesthetics

Machine generated implementations
Automatic constraint reconciliation

Extremely high interactivity
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AND NEXT BENEFATION WORKSTATIONS
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COMPUTER EVOLUT ION

* MAINERARES
% MIMICOMPUTERS

* WORKSTATIGNS

The driving force in Artificisl Intellisence has been thne availability of

sufficient computing power to allow the implementation of interestinmnz

spplicatione at 3 viable cost., Artificial Intelliqence applicatiore inherently .
require vast amounts of computational capability and daty storaqe. The .

evolution from mainframes to minicomputers to workstations has trouaht the cost

of computing per user intc a ranqe where econoric application of artifrcisi
intelliagence techrnigues is feasitle.
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EVOLUTION DF FROCESSING

* MECHANICAL CALCULATOES
* WUMEKICAL FRGUESSING

% SYMEOLIC FEOCESSTING

The very first computers were nothing wore than mechanical caleulators. as
the first computers evolved they were i the main directed toward regrlacing
. the mechanical calculator. Therefore. computers were firet proarammad so
that the internal statec represented numbers. Numericsl processing hac
beern the basis of most business and scientific processina to date.
However. there 15 no fundamental reason why the internsl statee of a3 compurie
need regresent only numbers---the internal states of a computer cculd just 3=
eacily be representative of any symbols that we desire. It 28 this extencicr
of the cowputer to tne more gqeneralized form of svmbolic processing wnich is
the fundaaental difference betweer traditional computing and arvificial
inteiligence.
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ASFECTS JF ARTIFICIAL INTELLIGEWCE

-

FROBLE® BOLV Ini:

k LOGICAL EKEABUNING

k LANGUALE UNDERETANTING

% PROGRAMMING

& EXPERTISE

& EOROTICS AND VISIONM

k SYSTEMZ ANI' LAMGUAREES
In this talk I will mot even try te tackle the problem of eractly what
artificizi inteliigence 1s, since that is the subiect of considerable detste
and itz test left to those who comcerm themselves with such things. It 1s
ofter £3id that if it werke, it isn’t artificial imtelligqence anymore.
Ches: programs and spellina checkers were once the subiect of much Al
sliention---today they are so commonplace that thev are net aenerallv
considered tc be Al.
Instead I will address the areas in which work is beirng done by Al

resesarchere to give arn overview of the breadth of wnat 4l ie¢ and to aive
some fpooad for thousgnt 35 +o how it might be applied to the CAl prociem.
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FEOBLER S5DLVING

& SEARIH TECHNIOUES
k EXHAUSTIVE SEARCHES
x MEURISTIC SEARTHES
# BACKGANKON, CHESS

The area that agst peaple 2zspriate with Al ie the aeneralized arer pf

. proxien solvany, particularly ae it relatez te aames. In thie clace of
protlem vou 3re me~erally eviluating 3 vast nunter of potential soiutisns
tc 3 problemr tc find the besl one, Traditional proarams approach tric
problem by attempting tc evalgyate every poesitle potential salution---
tne sc-callel exhaustive search techrique. While this techniqus iz fine
for simpie profrlems. 1% falls apart wnen addressing problems like a best
cness move, whete there are literally billione of potential soiutior: ic
evaiuztie each time.

Io resoive this probles, Al introduces the idea of 3 heuristic search. A
heuristic search is done on the bacie of some rules of thumbk to narrow down
drastically tne numbter of potential solutions which must be evaluated., Thiz is
1n fact exactly what a human being does when he conc:iders » chess move. Ky
rarrowing dawr the rumber of solutions that myst be evaluated, the proaram may
nct make the best possible wmove, but depending on the heuristics (rule¢ of
thumt) emploved, it can wmake a good, in fact usually a very good, mave.

The process of interviewins experts in 2 aiven field to determing 3 sood

set of heuristics for a3 siven problem is referred to 2c knowledge enaireeringz.

. +
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LOGICAL KREARSONING

*x THEOREM PROOES
* DATA REDUCTION
x DaTARASZ QUERY

Ine next area of interest to Al researchers is the areaz of loaical ressionins.

These programs deal wiih @ set of data (or facte) and attempt to deduce fronx

the facts, loaical conclusions. One aspect of tihis is the procf of variowusz
mathematical proofe, aiven the facte associated with mathematice. Arnother .
agre practical application i¢ in the reduction ef larqe amounts of data qrven

fact: about the losical relationehips betweern the data. 1n an ever more

practical sense, loqical ressoning is applicable ito the dav-tc-day croblenm

¢l datatase queries,

-
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LANGUAGE UNDERSTANDING

k NATUKAL LANGUAGE INTEKFALES
k SPEECH UNDERSTANDING

* LAMGUAGE TEAMSLATION

One area wrich has received much publicity lately is the wiale area of lamauaae
undercetanding. The natural laraquzae interfare is the moct widelv krouwr

. application of languace understanding., although speech understandira and
languaqe translation employ the same prirciples., An Enslish natural laneuaac
interface is in fact a lanauaqe trancslator from Enclish to 3 machine command
languaae, One of the first applications ef natural lanausae interfaces wie to
the problem of database query to assist manaaers in accessing the often complex
daztz structures contained in many common business application:.

-7 -
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PROGRAMM ING

& AUTOMATIC PEDGRANMING
% LEARNING PROGRANE .

ARutomatic proaramning is the dream cof mary, bul to Al researchers it ic¢ 2
solvable problem beina invesiiaated at wmanv research laboratories across tr-e
courniry., Svstems exist todav which ask relative simple guestions about 2
proaram specification 3nd gener3te optimized, error-free code for a narrow

range of expertise. The ®3in advantase of these systems come in the ares

of program ms2intenance, where small charnqez to tne specification can be made .

to fix the elusive buy, and a5 new set of error-free code can ke Jutomaticallv
agnerated.

Anciner related 3res is proaramz which beccm2 smarter as they ruri. Theze
proaraes chanae theoselve:s over time in recponse to the user and its
gcplication., For erample, 3 program may learn that yvou oftern ais-tvpe a
particular command in the same way, and 2diust its syntax to cempensztie for
YOur errors.

-3 =
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LEARNING

& EXAMPLE
% PERTOQRKMANCE
& INSTRWLTICN

This leads to the ares of learnina systems in generzl. Unfortunately, this
h2z: been one of the teast productive areas of A} research. Basizally. learring
svstems learn by example, bv actuzlly performing 3 task ard observina tne

. result, or by the user instructing the proaran 3¢ to how te perform s
particular task.
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EXFERTISE

# EXPERT SYSTEMS

k KNOWLEDGE DATARASES .
Clearly the most touted arez of artificizl intellicence ic the arez of erpert
systems., In simple terms anm expert sveter uses rules (heuristics?) in
conjunction with a dats se in order to resch conclusions about 3 particulss
problem. The rules are generally derived by knouiedae enaineers workina witn
ectablished experte in a3 perticular ares to develop a set of heuristice that
possess such of the reasonina power of tne expert himself. While the systems .
gener3lly cannot be any better than the expert himself, itg akility to procest
larqer amounis of data with much higher consistency often produces results that
are, practically speatina, bevord the capabilityv of the experi vpor wnich i{ 1t
tased,

- 10 -
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ROBITICS AND VISION

& IkDUSSTIAL EOEOTS
# OBJECT RECOGNITION
& SUFVEILLAMLE

In terms of practical applicstien=z. rototics represzent the larqest market =2
date for applied AT eveterz, While the robeot markel in the US hae beer
relatively siow to deve.cp, the Japanece have been far more aqressive. 4g 2

. resvlt many coupanies in ine US hzve active proarame in place o close the
robot aap.

Tied inte robotics are vision applicatiens beth far reote and for vigion
aenerzily. Wuch of the early research in vieien hae centered on otaect
recoanition and comepariscr for robets 3ngd for inspection systems. In
surveillance systers cnansez i~ cawers image: are processed to determine
tne precise nature of the cnhange.

e
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SYSTEMS AND! LANGUAGES

k TOOLS AND IDEARS

- TIME-SHARING
- LIST FROCESEING
- INTERACTIVE DEBUGRGING

% SFECIALIZEL FROGRAAMING LANGUAGES

- LISF
~ FROLOG .
- PLANNER

One arez that Al people poirt with pride it their contritution to tre
developmeni of tools and idess. Tige-sharing, list processing, 3r:
interactive debuwaaing are ali concepts originaliy conceived by qrowps of
Al researchers. Tnere nas also been considerable work on specialized
proaramming languiges which more appropriztely addrese the needs of the

A1 proarammer, and which are besinninga to g9ain acceptance outside tne
inmediate Al community.

-
—_—
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AKTIEICIAL INTELLIGENCE SYSTEMS TODAY

& INTERMIST/CADUCEUS - Universiiv of Pittsburah
% PEOSPECTOk - Skl International
# DIPKETEF ADVISOF - Sclumberaer
* DRILLING ADVISOR ~ Teknowledqe/Elf-éAgquitaine
. Cfiern we refer to Al 3¢ if it were somethine im the future. Actualliy it here

today, and in daily use in 3 number of very practical applications, Some of
the mest nmoteworthy are indicated on this slade,

- 13 -
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INTERKRIST/CADUCELS

& BOX OF ALL INTERNAL MELICINE
% 500 DISEASES
# 3500 MANIEESTATIONS OF DISEACES

A PEEPAKING TU UNDEKGO FOkMAL CLINICAL TKIALS

The Internist system was developed 3t the University of Pittsburan 3s an expers
system in the areas of internsl medicine. It already hae incorporated BOL of .
the svailable krowledse about interral medicine. It knows about 500 disewses

and 3500 manifestations of these diseases. It iz preparing to underao fornz!
clinical trials. The future ie mow. This system routinely performs analyses

as well ae most internicte, and better than doctors from other specialities,

- 1A -
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0THER EXFERT SYSTEHS

% PEOSPECTIOE - GEOLOGICAL EXPERT SYSTEM
* DIFMETEkK ADVISOR - OIL WELL LOG AWNALYSICS
k DRILLING ADVISOP - DEILLING PROBLEM DIAGMCESIG

The Frospector system developed 3t SRI is an experti in geoioqy and mineraloav.
It has found mirneral deposits valued in the hundreds of millions of dollars.
In one case it found a deposit under a mining company waste site.

The bipmeter advisor developed by Schlumeraer does pil well lpa analysi:.
Schlumberger each year issues credits of about $40H due to errors made in
well leoa analvsis. The avtomation of this tedious process save Schluamberser
ceveral million dollars each vear,

The DIrillina Advisor, developed &y Teknouledae for the EFrench coil comganv,

Elf A‘quitine analyzes drilling probleme and provides recommended Courses

of action., Considering that the operating cost of an oil rig typically costs
over $100,000 per day, and the abtandonment of an o0il well due to problems
typically costs several million dollars, it is easv to see why Elf A'quitire
expects the syster to retursn jits full development cost on ite farst successful
application.

The point here is that expert systems with iwpressive returns on invesiment
are already in wse. If you are wondering when you should besin to investigqate
this techrology, the time is now.

A representative of Eif A‘quitine once commented, *{(qet qupte from °*Fiftn
Generation about aold nuagets)

15 -
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FER2/LINQ SYSTEM DESCRIFTION

{ INSEFT OVERVIEW OF PERG/ACCENT MULTIFLE ENVIRONMENT SYSTEM AT THIC
FGINT,

- 35 -
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CAl AFPLICATIONS OF ARTIFICIAL INTELLIGENCE

—— A A A e A

NATURAL LANGUAGE INTEREACES

* HELF SYCSTER

o

* DATAEASE QUERIES
. +# OPEFATING SYSTEM INTERFACES

Mow I would live te discuse some passible application areas for Al in
CAD systems of variouc types.

CAl svstems by their verv nature are geometric, not textual. Users aererallw
point at thinas as opposed to typing teut. As » resuylt, natural languaae
interfaces are not as applicable to CAD systems as thev are to some of the
more traditionsl applicstions. They are extremely useful, however, in the
implementation of help svstems, and 3s a toel for doing gueries con databises.
They are alsc valuablle when applied to the operating svstea interface, since
many users of asplication proarams are not eenerally familiar with the synta-
of operating svster commsnds. & natural lanauase interface frees the user
from havina to remember whetner the first or second file in an append commang
of the operating system is the appendee or appendor.

- -

- i -

Dataquest incorporated, A Subsidiary of A.C. Nieisen Company / 1280 Ridder Park Drive / San Jose, CA 95131 / (408) 971-9000 / Telex 171973



SFECIFICATION WRITING

* EXFERT SYSTEK
& PRODUCTIVITY AID
& QUALITY IWMFROVEMENT ) .

The entire area of specification writins is the focus of some interest amang
CAl' companiiec., M3ny users are a3s concerned sbout the specif:cations az thew
are about the ultimate implementations. The profitability ir ma3ny indusiries,
such 3¢ 2rchitecture and conciruction, are ac detervined 3z much t. the
specificatien, proposal smd pricing as thev are by the actual implementaticr,

This area lends itself well to the concept of expert systems, OSpecifications
can be more thorough and consistent, and better sdvantage can be made of past
experience by incorporating it into the knowledae tase.

-
- -

—_——
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CAll AFFLICATIONS OF ARTIFICIAL INTELLIGENCE

W B e e e e e e B e N B NS BN BN B me e e e e o e e e ey el e

INTEGRATET DATARASE MANAGEMENT

* AFPPLICATION ORIENTED
k CONSTRAINT MANAGEMENT
. * APPLICATIONS EBASED DATE LINKE

Ine conirel of 3 database in 3 CAD system is in manv wavs far mare
sophisticated than traditional databates, For one thina, the data tends to
be interlinked in far more complicated ways. For example. 3an enginesr
charaing one small part in 3 system may effect anv numbter of other oarte

ir gbecure wivs., It could 3affect the tensile strenaith cf 3 bridge beam,

or the systeme performance on 3 particular ECC or UL test, or it coule
aftect circuit loading so that other parts would have to be chanaed.

Databases in engineering applications have literslly hundrede of constrairtc
between variogus iteme in the database. These application-based data limks 311
pust be sddressed each time any part in the tysiem ic chanaed. The complesaty
of this task is enormous, 3z many of us well know.

- 10 -
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CAD AFFLICATIONS OF ARTIFICIAL INTELLIGENCE

CONTINGENCY MANAGERENT

* COMSISTENCY CHECKING
¥ AFPLICATION SPECIEIC

k AUTOHATIC PECONCILIATION .

This erntire area of contingency manaaement ic orne of 4he most lucrative are:s
to which to apply Al techniques. For example, when the deciqan of a pipe sveienm
ir 2 building is completed, an A} proaram could check all the pipe arnd joint
sizes and types to insure th2t they are consittent with each other an with the
specification of the liquid or 9as flow in the pipe. If inconsisiencies were
rnoted, they could be identified to the desianer who tould then request the
.program to avtomatically resolve the differences, adjusting pipe and jeint
sizet and strengths to be consistemnt with the overall specifications.

Timinge in logic cireuits could be handled in 3 similar manner.

- 30 -
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ON~LINE HANI'EOOHS

* ENGINEERInG HARDEOCE TATA
k APPLICATION RELATIVE

. & CONTEXT QFIEMTED
k EASE OF USE

One of Al's contribution to the word procececiny world wac the coeliirn

checker, In such the s3me vein the opportunity exists to brine ine

enqineeriny handbooks on line to the desiarer in the sare way thit the
dictionary was brougnt on-line to tne writer. By making this reference
saterial relative to the application and responsive to the context inm which Lne
designer is working will provide an easy to use 3id that could speed up tne
desigrn process for many of the more tedipus checks whaich pust be routinels

made by desiqners.

e

- L =
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CAD AFFLICATIONS OF ARTIFICIAL INTELLIGENCE

GUVEENHMENTAL COGDE CHECKING

* DESIGN VERIFICATION

% DESIGN RECOMMENDATIONS

& MULTIFLE REGULATIDNS .
k SAFETY CONSIDERATIONS

One ¢f the mere interestine and lucrative areas for the applicatior of expert
syctemes 15 in the zre3 government3l codes and requlations. The incredible
rnunter of aovernmental requlations which apply to even the sisplest piece of
hardware stagaers the imagqination. In this era of aultinational trade,
virtually every engineer must daily desl with not only the federal, state, anc
citv regqulations, but also the requlations of England, Germanv, Japaf.... Add
on to this, the whole subject of safety and product liability.... It is¢
d1fficult to imagine that the present situation can continue without some
erpert assistance.

-~
T sk
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CAD APPLICATIONS OF ARTIFICIAL INTELLIGENCE

— L . A SR D T e L L W A

CONSTRAINT LANGUAGES

& ENGIMIZZRING ATL
k EQUATION SOLVING
Orie of the more specizlizced ares: of 4] is the concept of constraint lsnauzae:,
. Censtraint lanquaqes allew 3 uweer to supply any of the variables to 2 set of

equations and solve the missing varjatles. This relatively simpie aid areatlv
simplifies the use of equations in many traditional enaineering applications.

- 23 -
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CADl AFFLICATIONS OF ARTIEICIAL INTELLIGENC

A n e ke e e e e e e -

1}

INTERACTIVE APFLICATION DEVELOPMENT

% OBJECT OKRIENTIELD PROGRAMMING
k PROGRAMMING LEVELOPHENT ENVIKONMENTS

Crne of the major contributions of the Al community over the vears has teern .
their contributions to the idea of interactive proaranring. The developrent
environments now in daily use by knowledoe engineers provide an interactive
develcpment environment sererally considered to be superior to any of the

iraditional development environmernts. In the past tnese techniques were

coneidered too larae and cumbersoee to be of practical interest, bul 3¢ tne

compute power per user has gone continually upward with the popuiaritvy of
workstatiens, the Lisp development environment is receiving increazino

attention and justifiably so.

w 34 -
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CAD AFFLICATION EXAMFLE

— e - -

FORMDRAW DRAFTING SYSTE#

* EXPERT SYSTEM

* DESCKRIPTIVE GEOHMETRY

. & ARCHITECTURE

% PROCESS AND INSTEUMENTATION DESIGN

hr: exaeple of expert system technigques 3applied to the user imterface of =2
computer aided deaign package is offered by the Formdraw packaage marveted

ty Formtek of Pittsburgh. Data entry ic provided ir the traditional manrner
bv whiat appears on the surface to be 2 siople 2D-drafting svstem. In fact,
the system is an expert system on descriptive qeowetry. That is te say that
it understands the various principles of descriptive geowetry. For example,
it understands what an intersection is, and if vou tell it to make two linec
intersect, it will do so. If vou tell it to make to parallel lines intersect
it will advise vou that parallel lines cannot intersect.

In additien. Formdraw c3n alsc be an expert system on architecture in their
architecture systea. So that it understande the concept of "malls®, and
understands the unique qualities of the intersection of walls, It alsg
ynderstands that *windows® g0 in walls, It also understands that walle do
not intersect at windows, so if vou asked the system to “intersect' two
walle, angd the intersection occurred at 3 window, the svetem would advise
vay that walls do not norsally intersect at a window. If you attespted to
delete a wall, it would know that those thinas in the walls, such as
windcus, must also be deleted.

- 2%
g}
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CaD - Al IN THE FUTURE

JAFANESE FIFTH GENERATION

* 1982 ===-= )0 -~ 100K LIPS
* 1992 eeee- 100 - 10008 LIPS

I could not give a talk on Al without mentioning the Japanece Eifth Gereration. .
The Japanese have announced 3 plan, referred to as the 'Fifth Generation', to

develop computer systeams by 1992 capable of from 100 million to 1 billion LIPS
t{Lozical Inferences Per Second). This represents an increase of 10,000 times,

four orders of maanitude, from the present techrnoloay of lese thar 100K LIFE.
Isaqire, if you will, 23 systee capable cf 10,000 times the reasoning power of

our present systems., This means that = problen which takes three hours to

solve today could be done in one secordd in 1992 or a years worth of computing

could be accomplished in one half a day,

The Japanese feel that if they could develop this technology ahead of the rest
of the world, they could establish superiority, rot only in thic field, twut ir
wany other fields which have as their basis engineering solutions to problemsz,
They believe that these KIFS (Knowledse Information Processings Systeas) would
provide them with superior design and manufacturing capability which would
manifest itself in superior, Jower cost. and higher quality products.

- 25 =
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. | CAD - A1 IN THE FUTURE

FUTUKE CAD SCENARIO

k DESIGN BY SPECIFICATION

A PROGRESSIVE CLARIFICATION OF REGUIREMENTS
& USEF DESIGM OF AESTHETICS

% MACHINE GENERATED IMFLEMENTATIONS

% AUTOMATIC CONSTRAINI RECONCILIATION

& EXTREMELY HIGH INTERACTIVITY

Consider if you will what desigr may be like with the availability of this
incredible computing capability.

Desior would be more of » process of refining s specification, then the working

out of 3 detailed impleserntation. Instead of working on details, a desianer
. would respond to a series of inquiries about the requirements of a desian.

For exasple, the designer of a hospital would answer questions as to the

nuaber of beds, climate, would there be a maternity ward, etc.

The user would specify factors of aesthetics, such as the nymber of {locrg ~--
which would be automatically laid out by the systen. The systee might respond
and tell you thst the saximum nunber of floore allowed by the adjacency
requireaents and the underlying gqround conditions was four.

If the user specified 3 more efficient window desigrn, the systea would
sutomatically adjust the size of the heating and air conditioning plant.

In circuit design, ¥ similar process would tate place. The CAE systee would
ask whit kind of circuit you wanted to design... 3 controller perhaps;

Bhat kind of device? A disk. and on and on, until the controller was fullv
specified. Then the designer would decide, with the 3id of the systes,

vwhether the controller should be a printed circuit board, a gqate srray, or

8 custop VLSI chip. The decision sade, the systes would implement the detaile:
design.

Is this far fetched? Well I broke ay teeth on 3 *?77°, It seess entirely
realistic to me.

.o
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ESTIMATED U.S. REVENUE
FOR VOICE/DATA WORKSTATIONS
(IF-SOLD, END-USER)
(MILLIONS OF DOLLARS) ‘
CAGR 81,628
1904-1986
80.7%
628 | 8Xar 117.52
sios 215277
% 370
» 6 102.7 297 égéracsi;?gous
1963 1984 1998 .
SaECE [wTaoi®r s

|
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ESTIMATED U.S, SHIPMENTS
OF VOICE/DATA WORKSTATIONS

{THOUSANDS OF UNITS)

CAGR
1984-1988  1.070
83.42
PC
385 | CAGR 196.27
axq | SYNCHRONOUS
945 CAGR 181.87
300 180 )
6 932 | ASYNCHRONOUS
, ] 83.9 CAGR 41.02
. 19983 1964 ) 19968

SOURCE (ATROUEST

®
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VOICE/DATA WORKSTATION
T L S < T SO S e O
1988 AVERAGE SELLNG PRICE

ASYNCHRONOUS s 895
SYNCHRONOUS $1425
PERSONAL COMPUTER $2,150

-

®
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VOICE/DATA WORKSTATION MARKET TRENDS

¢ EARLY TERMINAL PRODUCTS WILL LEAD TO PRODUCT FAMILIES

¢ PERSONAL COMPUTER WILL HAVE 36 PERCENT OF
UNIT SHIPMENTS BY 1966
¢ INTEGRATED TELEPHONES WITH SOFTWARE SUPPORT FOR
CALENDAR AND TIME MANAGEMENT WILL BE OPTION FOR
EVERY TERMINAL AND PERSONAL COMPUTER PRODUCT BY 1988

¢ NEW MARKET ENTRANTS AND TERMINAL VENDORS WiLL
COMPETE FOR POSITION AS INDEPENDENT SUPPLIERS OF
VOICE/DATA WORKSTATIONS

¢ SHAKEOUT WILL OCCUR AS VENDbRS SEEK CORRECT BLEND
OF PRODUCT DESIGN. PRICE, AND DISTRIBUTION STRATEGIES

¢ * PROPRIETARY DESIGNS FROM PBX MANUFACTURERS WILL
COMPETE WITH NONPROPRIETARY DESIGNS FROM
WORKSTATION AND COMPUTER MANUFACTURERS

LT N

®
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ESTIMATED U.S, SHIPMENTS
OF VOICE/DATA WORKSTATIONS

{(THOUSANDS OF UNITS)

RANK COMPANY . 1983 MARKET SHARE
t NORTHERN TELE 13.0 $50.02
2 TYMSHARE 99 3302
3 GTE : 24 8.07
4 MTEL : 15 ) 8.0% -
S DAVOX . t0 337
OTHERS 2 T
TOTAL 30.0 10002 . .

SOURCE CnTAmA:T

®
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ESTMMATED U.S. REVENUE
FOR VOICE/DATA WORKSTATIONS
(IF-SOLD, END-USER)
RANK  COMPANY 1983 (SM)  MARKET SHARE
1 NORTHERN TELECOM 8195 arrx
2 TYMSHARE 69 2102
3 MITEL 60 - 1471
4 GTE 36 Y-}
s DAVOX 23 562
OTHERS ‘ 8 147
. TOTAL $40.9 100.0%

SOURCE DATALETT

®
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D)

CABLE-BASED LOCAL AREA NETWORKS

APPLICATION AREAS VENDORS
COMPUTER TO COMPUTER NETWORK SYSTEMS
TERMINAL TO COMPUTER BRDGE COMMUNICATIONS.
INTERLAN, SYTEK.
UNGERMANN-BASS
PERSONAL COMPUTER ICOM, CORVUS. NESTAR
RESOURCE SHARNG

OFFICE WORKSTATION NETWORKS DATAPOINT, WANG. XEROX
FACTORY NETWORKS CONCORD DATA SYSTEMS
SPECIAL NETWORKS (EG. CAD) APOLLO

-8 -
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MARKETING CHANNELS
FOR LOCAL AREA NETWORKS

LAN VENDOR -

SYSTEM NTEGRATOR
{ADDS HW AND/OR SW VALUE]

END-USER
‘ =
@ pora
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ESTIMATED U.S. MARKET
FOR LOCAL AREA NETWORKS
{MLLIONS OF DOLLARS)

CAGR $1031

1964-19889
4651
$224 ,/
: " 8144
1983 1984 1968 @

SOURCE LATAUELT
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ESTIMATED LOCAL AREA NETWORK AVERAGE
-- RS5-232-C CONNECTION COST
(HARDWARE EQUIPMENT ONLY, US. DOLLARS)

8525
8445 CAGR
1994- 1988
1482
$235
® 1983 1984 1988

SOURCE DATAWEST

b
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LOCAL AREA NETWORK MARKET TRENDS

® STEADY PROGRESS ON STANDARDS FEEDING STRONG GROWTH
¢ [EEE 802.3 AND IEEE 802.3 WILL BE DOMINANT OFFICE
NETWORK STANDARDS
¢ BROADBAND NETWORKS WILL BE USED IN FACTORIES AND
AS BACKBONE INFORMATION HIGHWAYS IN LARGE BUILDINGS
¢ PERSONAL COMPUTER MANUFACTURERS MOVING QUICKLY TO
INTEGRATE RESOURCE SHARING NETWORKS INTO
PRODUCT LINES
¢ VLS! CHIP DELAYS SLOW REALIZATION OF MARKET POTENTIAL
¢ DATA BANDWIDTH FOR COMPUTER-COMPUTER FILE TRANSFER.

IMAGE PROCESSING. AND GROUP IV FACSIMILE WILL
PROVIDE WINDOW OF OPPORTUNITY

¢ MAKE-VERSUS-BUY IS A BOARDROOM DECISION FOR OEMS. .
SYSTEM INTEGRATORS. AND COMPUTER MANUFACTURERS

- 12 -
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ESTIMATED U.S. REVENUE
FOR LOCAL AREA NETWORKS

(HARDWARE EQUIPMENT ONLY)

RANK  COMPANY 1983 (SM)  MARKET SHARE
1 NETWORK SYSTEMS $37.0 2577
2  UNGERMANN-BASS 175 1227
3 SYTEK 169 Nz
4  DATAPONT 151 Y1087
5 3COM : 9.3 657
6 CORVUS ., 8s 621
7 INTERLAN 67 477
OTHERS 326 2257
® TOTAL $1440 100.02

SOSCE CATACELT

"

L
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DATA PBX DEFINITIONS

¢ A DIGITAL PEX THAT ALLOWS TERMINALS TO SWITCH
AND CONTEND FOR COMPUTER RESOURCES

. ¢ SWITCHNG ENABLES TERMINAL USER TO ACCESS
DIFFERENT APPLICATIONS PROGRAMS ON
DIFFERENT COMPUTERS

® CONTENTION ALLOWS MORE TERMINALS TO
ATTEMPT TO ACCESS FEWER COMPUTER PORTS

¢ DATA SWITCHING/CONTENTION ONLY: NO VOICE
SWITCHNG AS WITH VOICE/DATA PBX

- 14 - o
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ESTIMATED U.S. REVENUE
FOR DATA PBX MARKET
(IF-SOLD, END-USER)

. (MILLIONS OF DOLLARS

. 8422
_ ' CAGR -
1964~ 1968
37.2%
$119
877
® 1983 1984 1988

SOUMCE DATAGUEST

® - 15 -
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ESTIMATED U.S. SYSTEM SHIPMENTS
FOR DATA PBX MARKET

4930
CAGR
1984-1988 /
3317
1575
1025
1983 1984 1988 @

SOURLE {mTaDUEET
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ESTIMATED U.S. LINE SHIPMENTS
FOR DATA PBX MARKET

{THOUSANDS OF LINES)

2300
CAGR
1984-1988
3321
) 730 /
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"

DATA PBX TRENDS

® DISTRIBUTED ARCHITECTURES TO NSTALL NODES
WHERE TERMINALS ARE LOCATED

* T1 (1544 MBPS) LINKS BETWEEN NODES
FOR HGH-SPEED TRANSMISSION

¢ USE OF VOICE/DATA MULTPLEXERS FOR
SMULTANEQUS VOICE AND DATA TRANSMISSION OVER
EXISTING N-PLANT TELEPHONE WIRING “

® PRICE-COMPETITIVE ALTERNATIVE FOR
LOCAL AREA NETWORKING

¢ MARKET GROWTH OVER THE PERIOD
RESULTING FROM INCREASING MINICOMP.TER AND
ASYNCHRONOUS TERMINAL POPULATIONS

N
=3
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ESTIMATED U.S. REVENUE
FOR THE DATA PBX MARKET
{IF-SOLD, END-USER)

RANK COMPANY 19683 (SM) MARKET SHARE
1 MCOM 833.0 4297
2 DEVELCON ‘ 15.0 195%
3 GANDALF . 140 . 182%
4 INFOTRON 66 ) 867
8  CODEX {(MOTOROLA) 40 822
6 M/A COM LINKABIT . 30 397

ALL OTHERS 14 1.1
. TOTAL $77.0 100.0%

SOURCE [ TAMEET

- oy

L |
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VOICE/DATA PBX MARKET

ESSENTIALLY NONBLOCKING:

® 100 PERCENT OF AVAILAELE DATA PORTS AT 19.2 KBPS
ASYNCHRONOUS

¢ 100 PERCENT OF AVAILABLE DATA PORTS AT 36 KBPS
SYNCHRONOUS

¢ 10 CCS VOICE TRAFFIC TO EACH VOICE STATION
¢ 30 CCS VOICE TRAFFIC FOR EACH ANALOG TRUNK

®
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PRIVATE BRANCH EXCHANGES

- ¢ VIRTUALLY ALL OF THE PBX SYSTEMS INTRODUCED
IN THE LAST 18 MONTHS ARE ESSENTIALLY NONBLOCKING

¢ DATAQUEST PREDICTS THAT BY 1888, 85 PERCENT OF ALL
PBX SYSTEMS SOLD IN THE UNITED STATES WILL BE DIGITAL,
INTEGRATED VOICE AND DATA SYSTEMS OF ESSENTIALLY
NONBLOCKING ARCHITECTURE (BASED ON DOLLAR VOLUME)

T

®
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A NEW PBX MARKET SEGMENT

AT T e O O B L CE

THE ULTRALOW-COST PBX
® ANALOG VOICE ONLY
¢ FIXED SIZE--NOT EXPANDABLE ABOVE 40 LINES
¢ SUPPORTS 2%500-TYPE TELEPHONE SETS ONLY
® SIMPLE FEATURES--NO BELLS AND WHISTLES

e [F-SOLD, END-USER VALUE OF 8210 PER LINE (19084)
CAGR: 1984-1988 = 131.61
19684: $SM
1966: 8143M : .

®
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ESTIMATED U.S. REVENUE FOR THE PBX MARKET

(IF-SOLD, END-USER)
(MLLIONS OF DOLLARS)
CAGR
1964-19gs 34,084
7.8%
$3.009 .
»400 LINES
52.820 2248 | cAGR 10.11
1,530 :
1,366
100-400 LINES
840 935 | cagr 2.3%
837 - 716 | €190 LINES
634 CAGR 3.1%
617 3 145 | ULTRALOW-COST
. CAGR 13182
1983 1984 1988
SOLWCE DaTaMEDT

ey
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ESTIMATED U.S. SYSTEM SHIPMENTS
FOR THE PBX MARKET
(THOUSANDS OF SYSTEMS)

020 ,400 LINES

CAGR —3E ] CAGR .61
1904 d78e /.__5_-.9_ 100-400 LINES
: / CAGR .4%
23.4 | <100 LINES
CAGR 5.51
o712 297
8 /DI:“ | .ULTRALOW-COST -
5.8 : - 488 | CAGR 122.47
16.9
19.6
3 0
1983 1984 1988 ®

SOURCL DaTmOLESTY
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ESTIMATED U.S. LINE SHIPMENTS
FOR THE PBX MARKET
{ THOUSANDS OF LINES)
CAGR
1984-1989 439
9.31
3.816 »400 LINES
' 2,294
567 CAGR 7.0%
1,748 |:
13852 100-400 LINES
1180 |:caGr 1.02
1,108
1094 1,164 | QAQH 5SS
939 ULTRALOW-COST
a1 »7 831 | CAGR 142.62
_‘ 1983 1984 _, 1988

SOURCE DmTapEzY
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ESTIMATED U.S. PBX PRICE PER LINE

SEGMENT

> 400 LINES
100-400 LINES
<100 LINES
ULTRALOW-COST

TOTAL MARKET

(¥F-SOLD, END-USER)
(DOLLARS PER LINE}

1963 1964 1969
8060 8675 8960
8763 8760 8830
$670 8673 86135

N/A 8210 8175
$791 s786 8747

- 26 -

CAGR
1964-19686

2917
227
231
=432

———

-13%
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PBX INDUSTRY TRENDS

¢ INTENSE PRICE COMPETITION TO GAIN/KEEP MARKET SHARE

¢ AT&T DIVESTITURE WILL AMPLIFY NEED TO FOCUS ON
DISTRIBUTION

¢ ABILITY TO MANAGE SOFTWARE DEVELOPMENT WILL BE KEY
TO FUTURE SUCCESS

® DATA TERMINAL CONNECTIONS WILL BECOME MORE
COST-EFFECTIVE WITH AVAILABILITY OF COMPUTER-PBX
INTERFACES : '

¢ PBX MANUFACTURERS WILL EMPHASIZE INTEGRATED. DESKTOP
WORKSTATIONS TO MOVE INTO OFFICE AUTOMATION MARKET

¢ COGMPUTER-COMPUTER COMMUNICATION AND IMAGE
. PROCESSING WILL LEAD TO NEW PBX ARCHITECTURES
THAT MOVE INFORMATION IN PACKET FORM

o
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*
PRIVATE BRANCH EXCHANGES

® TO EXPLOIT DIGITAL SWITCHING, EACH PBX MANUFACTURER HAS
INTRODUCED A DESKTOP RS-232 SERIAL DATA COMMUNICATIONS
ADAPTOR -

— NORTHERN TELECOM ADD-ON DATA MODULE
— ROLM DATA TERMINAL INTERFACE
— INTECOM DATA OPTION BOARD

® VARIOUS MODELS OF THESE ADAPTORS CONNECT TO
ASYNCHRONOUS DEVICES AT SPEEDS UP TO 19,200 BITS PER
SECOND AND SYNCHRONOUS DEVICES AT SPEEDS UP TO 64,000
BITS PER SECOND

® PRICES ARE TYPICALLY $300 FOR ASYNCHRONOUS ADAPTORS .
AND $800 FOR SYNCHRONOUS ADAFTORS

®
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PRIVATE BRANCH EXCHANGES

® PEX VENDORS NOW VIEW THEIR NEXT OPPORTUNITY IS TO
CAPTURE THE DESKTOP OF THE OFFICE WORKER

— TELEPHONE

- SPEAKERPHONE

— NAME/ADDRESS/TELEPHONE NUMBER FILE
— PERSONAL CALENDAR

— REMINDER SLIPS

-~ CLOCK

— DISPLAY TERMINAL

2
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PRIVATE BRANCH EXCHANGES

e SOME PBX MANUFACTURERS WILL DEVELOP THEIR OWN DISPLAY
TELEPHONE TERMINALS

— ROLM CYPRESS
— NORTHERN TELECOM DISPLAYPHONE

® SOME PBX MANUFACTURERS WILL SELECT AN OEM PRODUCT
— ZAISAN ES.1

- 30 - .
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PRIVATE BRANCH EXCHANGES

® THE NEXT FRONTIER IS EFFICIENT CONNECTION OF MULTIPLE
TERMINALS VIA THE PBEX TO A HOST COMPUTER

o TODAY, EACH POHRT ON A HOST DATA PROCESSING OR OFFICE
AUTOMATION COMPUTER MUST HAVE A CORRESPONDING LINE
AND ADAPTOR ON THE PEX )

@ GATEWAYS TO IBM HOSTS HAVE BEEN INTRODUCED BY ROLM
AND NORTHERN TELECOM

®
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PRIVATE BRANCH EXCHANGES

TERMINAL @
TERMINAL g e

HOST
COMPUTER

- 32 -
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PRIVA'i'E BRANCH EXCHANGES

- ¢ TWO METHODS OF CONNECTING MULTIPLE TERMINALS TO HOSTS
V1A PBXs HAVE BEEN PROPOSED

® COMPUTER-PEX-INTERFACE (CPI)

— 1544 MILLION BITS PER SECOND
- 24 FULL DUPLEX CONNECTIONS
— EACH CONNECTION 0-56000 BPS
— CONTROL IS EMBEDDED IN EACH CONNECTION

— PROMOTED BY DIGITAL EQUIPMENT CORPORATION AND BY
NORTHERN TELECOM

Lt

_
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PRIVATE BRANCH EXCHANGES

e DIGITAL MULTIPLEX INTERFACE (DMI)

— ANNOUNCED NOVEMBER 2nd

— 1544 MILLION BITS PER SECOND

- UP TO 1585 FULL DUPLEX CONNECTIONS

— EACH CONNECTION USES ONLY BANDWIDTH REQUIRED

- CONTROL IS ALLOCATED TO ONE 64,000 BIT PER SECOND
CONNECTION

"— PROMOTED BY AT&T, HEWLETFPACKARD, AND BY WANG

®
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THE BATTLE FOR THE WIRING CLOSET

1983
DATA LINES SHIPPED
{ THOUSANDS)
DATA PBX 400,000
LOCAL AREA NETWORK 723500
VOICE/DATA PBX 35,700
TOTAL 5008.200
. ‘ Source: DATAQUEST
®
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" THE VITAL LINK IS COMMUNICATIONS

¢ NTEGRATED VOICE AND DATA WORKSTATIONS
¢ CABLE BASED LOCAL AREA NETWORKS

¢ DATA PBXs

¢ VOICE AND DATA PBXs

®
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DataquesT CONFERENCE

Aucust 13-14, 1984

"WORKSTATIONS”

THE EVOLUTION OF AN INDUSTRY

NETWORK CONFIGURATIONS

Peter J. SHAW, PRESIDENT
SYTE INFORMATION TECHNOLOGY INCORPORATED

San Dieco, CALIFORNIA

-
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CONFIGURING A NETWORK

e .

Consider
¢ Computational Power
® Utility - Application
¢ Cost
® Flexibility
¢ Expansion

syte - August 1984
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Workstation: A Definition

® Single User
® Single Processor
@ Single Function
® 1 - 4 Megabytes, RAM
¢ Mid and High Resolution Graphics
® 50 Megabyte Disk Space/User

August 1984
@
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ENGINEERING/SCIENTIFIC NETWORK

et

A Definition:

e A COMBINATION Of Computing Peripheral,
And Communications Elements

¢ Working Together

® To Serve Multiple Application
Requirements

sytle August 1984
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NETWORK FUNCTIONALITY

Flexible, Expandable:
¢ Multiple Levels of Computing
® Multiple Operating System Support
¢ Wide Range Of Multi-Vendor Peripherals
® A Standard, Accessible Network Medium
¢ Communication Between Networks

3

® August 1984
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CONFIGURATION ALTERNATIVES

A SINGLE SOLUTION
SATISFIES NO ONE

August 1984
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A Series of
Single User Workstations
May Not Be Enough

August 1984
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WORKSTATION

Benefits:

® Predictable Response
® High Degree of Interaction

- Good User/Machine Interface
® psychology of Ownership

syte August 1984
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SUPERMINICOMPUTER

When:

® A Very Large Job
- The Job Is Too Big

® A Very Small Job
- The Jobs Are Too Small

ee | ® August 1984 o
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NETWORKS

3

Elements Of A Network:

® Workstations

® Multi-User, Powerful, Computers
- With Graphics
~ Without Graphics
- Variable Performance

® Special Purpose Accelerators

e Clusters |

® Mass Storage and Peripherals

¢ Communications

o August 1984 )
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VS.

Networked Computers

W

CONCEPT
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ELEMENTS OF AN ADVANCED NETWORK

1984 - 1985

® Software Dependent

® Resource Sharing

® 10 - 15 MBits/Sec

® Workstation and Supermini

| August 1984
®






A NETWORK CONFIGURATION, OR WHAT TYPE OF EQUIPMENT IS
CONNECTED TO A NETWORK, WILL VARY AS WIDELY AS THE APPLICATIONS
ATTEMPTED AND THE BUDGET CONSTRAINS. TO TRY TO DEFINE THE
OPTIMUM NETWORK NITHOUT‘UND;RSTANDING THE PARTICULAR ENVIRONMENT
(PHYSICAL, TECHNICAL, SOCIAL OR PSYCHOLOGICAL, AND FINANCIAL)
1S AN EXERCISE DOOMED TO FAILURE. THE NETWORK MUST REFLECT
THE INDIVIDUAL GOALS AND CONSTRAINTS OF THE ORGANIZATION IT
ATTEMPTS TO SERVE. AND AS THAT ORGANIZATION AND ITS NEEDS
CHANGE, SO MUST THE NETWORK. ' .

BuT, RATHER THAN DEFINE THE NETWORK NOW, LET'S FIRST
TALK ABOUT SOMETHING MUCH MORE BASIC, SOMETHING ['D LIKE TO
CALL AN “ELEMENT”; AND, SINCE WE ARE NOW TALKING ABOUT COMPUTERS,

LET'S CREATE A "CoMPUTING ELEMENT",

PEOPLE BUY COMPUTERS AND SOFTWARE AND GRAPHICS AND, YES,

NETWORKS TOO, FOR ONE SIMPLE REASON: THEY HAVE A PROBLEM

TO SOLVE OR INFORMATION TO OBTAIN OR A PRODUCT THEY WOULD

LIKE TO CREATE. THEY HAVE A COMPUTING APPLICATION.

- 16 -
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IN ORDER TO REACH A SOLUTION CORRECTLY AND EFFICIENTLY,
ALL APPLICATIONS REQUIRE AT LEAST ONE STRONG COMPUTING ELEMENT,
AND BY COMBINING THIS COMPUTING ELEMENT WITH OTHER ELEMENTS,
BE THEY COMPUTING, OR GRAPHICS, OR SOFTWARE, OR NETWORK, WE
CAN CREATE THE “ENVIRONMENT” IN WHICH THE USER CAN SATISFY
HIS REQUIREMENTS. | THINK THAT THIS IS WHERE MANY SYSTEM
DESIGNERS TAKE THE WRONG TURN. THEY LOOK AT THE FOREST, BUT
SOMEHOW MISS THE TREES. THE ROOTS ARE NEGLECTED, THE TRUNK
IS NOT SECURE, BUT QUICKLY THEY ADD THE BRANCHES, CONCENTRATING
FIRST NOT ON THE COMPUTING ELEMENT, BUT RATHEE ON GRAPHICS
RESOLUTION AND ;UHBER OF COLORS; NETWORK MEDIUM INSTEAD OF
FUNCTIONALITY AND EXPANDABILITY; THE GENERIC NAME OF THE DEVICE
(WORKSTATION, FOR EXAMPLE) RATHER THAN WHAT 1S REQUIRED OF
THE DEVICE; AND ISOLATED SPECIFICATIONS RATHER THAN SYSTEM

THROUGHPUT

- 17 =-

Dataquest Incorporated, A Subsidiary of A.C. Nislaen Company / 1280 Ridder Park Drive / San Jose, CA 85131 / (408) §71-9000 / Telex 171973



IT ALL STARTS WITH THE BASICS, THE COMPUTING ELEMENT.
DEVELOP OR ACQUIRE A POWERFUL, FLEXIBLE, EXPANDABLE COMPUTING
ELEMENT CAPABLE OF COMMUNICATION WITH THE USER AND/OR THE
NETWORK OR THE GLOBAL ENYIRONMENT AND USE IT AS THE BASIC
ELEMENT OF THE NETWORK. BUILD THE FOUNDATION, GROW THE ROOTS.
IT MATTERS NOT WHAT STYLE THE HOUSE 1S OR WHAT NAME THE TREE
GOES BY, BECAUSE WITHOUT THE UNDERLYING STRUCTURE, THE HOUSE
WILL FALL, THE TREE WILL NOT GROW, AND THE NETWORK WILL NOT
BE EFFECTIVE. .

ONCE THE COMPUTING ELEMENTS HAVE BEEN DEFINED, THEY MUST
BE COMBINED WITH ADDITIONAL HARDWARE AND SOFTWARE TO CREATE
A NETWORK, DIFFERENT ELEMENTS WORKING AND COMMUNICATING TOGETHER
TO SOLVE COMPUTING APPLICATIONS.

Now, HAVING LAID THE GROUNDWORK, I WILL CONCENTRATE ON
DEFINING AND TYING DIFFERENT ELEMENTS OF A NETWORK TOGETHER,
AND, FOR THE PURPOSE OF THIS éess:ou, CONCENTRATE ON ELEMENTS

IMPORTART IN ENGINEERING AND SCIENTIFIC COMPUTING APPLICATIONS.,
- 18 -
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THE VARIOUS ELEMENTS OF A NETWORK NEED TO BE AS DIVERSE
AS THE TYPES OF APPLICATIONS RUN BY USERS ON THE NETWORK. IF
WE WERE TO EXAMINE A TYPICAL ENGINEERING OR R & D DEPARTMENT
OF A TYPICAL CORPORATION, WE WOULD SEE THE DEMAND FOR A WIDE
RANGE OF DEVICES ON A NETWORK.
COMPUTING RESOURCES ON A NETWORK CAN RANGE FROM A SIMPLE
VDT CONNECTED VIA LOW SPEED RS 232 COMMUNICATIONS TO A TIME~SHARING
MICRO TO A SUPER-MINI DEDICATED TO A SINGLE USER., ORAPHICS
MAY OR MAY NOT BE REQUIRED. AND EVEN WHEN GRAPHICS 1S NEEDED,
THE NUMBER OF COLORS, RESOLUTION, AND FUNCTIONABILITY MAY
VARY SIGNIFICANTLY.
IN CONFIGURING A NETWORK THAT WILL MEET THE NEEDS OF -
A PARTICULAR ORGANIZATION, A CAREFUL STUDY MUST BE COMPLETED
TO DETERMINE THE TYPE OF WORK TO BE DONE, THE DIFFERENT AVAILABLE

HARDWARE AND SOFTWARE TO DO THE WORK, AND THE AMOUNT OF MONEY

. AVAILABLE TO IMPLEMENT THE SYSTEM.

ksl

-
-
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IN DESIGNING A NETWORK, CARE MUST BE TAKEN SO THAT FUTURE
NEEDS CAN EASILY BE ACCOMMODATED. THIS MEANS NOT ONLY ADDITIONAL
LIKE DEVICES, BUT ALSO NEW COMPUTATIONAL ELEMENTS THAT WILL
TAKE ADVANTAGE OF NEW TECHNOLOGIES AND NEW APPLICATIONS, AND
WHICH WILL MEET THE FINANCIAL ABILITIES OF THE USERS IN THE
ORGANIZATION,
A NETWORK MUST BE FUNCTIONAL, FLEXIBLE, AND ECOMONICAL.
A TYPICAL GRAPH OF THE TYPE OF MACHINES THAT MAY BE REQUIRED .

BY NETWORK USERS MIGHT LOOK LIKE THIS:

- 20 - .
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For TODAY'S PURPOSES, LET US CONCENTRATE ON WORKSTATIONS
AND éUPERMlNlS AND THEIR ROLE ON A NETWORK.

FIRST, LET'S DEFINE WHAT WE MEAN BY WORKSTATION AND,
FURTHERMORE, LET’S TAILOR OUR DEFINITION TO ENGINEERING AND
SCIENTIFIC ENVIRONMENTS, THE WORD WORKSTATION TAKES ON A
WHOLE NEW DEFINITION IN THE OFFICE ENVIRONMENT. THE DEFINITION

[ WouLD LIKE TO USE IS:

ENGINEERING/SCIENTIFIC WORKSTATION .
DEFINITION:
® SINGLE~USER
o SINGLE CENTRAL PROCESSOR
@ SINGLE FuNncCTION
o 1 - 4 MecaBYTE MEmoORY, MINIMUM
¢ MID oR HiGH RESOLUTION GRAPHICS

50 MecaBYTE Disk Space/User

- a2 o
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SECOND, LET’S DEFINE WHAT WE MEAN BY A NETWORK; AND AGAIN
LET’S LIMIT OUR DEFINITION TO A NETWORK USED IN AN ENGINEERING

AND SCIENTIFJC ENVIRONMENT:

ENGINEERING/SCIENTIFIC NETWORK
DEFINITION:
o A COMBINATION oF vARIOUS COMPUTING, PERIPHERAL,
AND COMMUNICATIONS ELEMENTS.
® WORKING TOGETHER.

~ o To SeErvE MULTIPLE APPLICATIONS REQUIREMENTS,

PLEASE NOTE TWO KEY WORDS IN THE PREvVious sLIDE: COMBINATION
AND MULTIPLE.
LET ME BRING THESE TO YOUR ATTENTION.AGAIN, A USEFUL

NETWORK MUST (UMBINE wIDE RANGING LEVELS OF COMPUTATION, POWER,

AND FUNCTJONALITY WITH PERIPHERALS AND COMMUNICATIONS IN ORDER

THAT IT FULFILLS THE REQUIREMENTS OF MULTIPLE APPLICATIONS

. ON THE NETWORK.

- 23 -
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IN ORDER TO ACCOMMODATE MULTIPLE APPLICATIONS, THE NETWORK
SHOULD HAVE AVAILABLE: .
@ COMBINATIONS OF ELEMENTS WITH DIFFERENT LEVELS OF
COMPUTING PERFORMANCE AND FUNCTIONALITY;
® DIFFERENT OPERATING SYSTEMS TO ACCOMMODATE A WIDE
VARIETY OF APPLICATIONS SOFTWARE AND TO ALLOW Eklsrrﬂe
USERS TO PRESERVE THEIR SOFTWARE INVESTMENT AND STILL
TAKE ADVANTAGE OF NEW OPERATING ENVIRONMENTS;
@ COMMUNICATIONS BETWEEN DIFFERENT USER ENVIRONMENTS,
® STANDARD HARDWARE AND SOFTWARE INTERFACES, ACCESSIBLE
@
BY INDEPENDENT EQUIPMENT VENDORS (E.G., ETHERNET,
TCP/1P);

® PERIPHERALS FROM A WIDE VARIETY OF VENDORS TO SATISFY

SPECIFIC USER NEEDS;

To SUM IT UP, A SINGLE NETWORK SOLUTION THAT PROVIDES
FEW ALTERNATIVES TO THE USERS IS GENERALLY A COMPROMISE THAT
SATISFIES NO ONE OR A SPECIFIC CONFIGURATION THAT WORKS WELL
FOR A PARTICULAR CLASS OF USERS, BUT LACKS EITHER THE PERFORMANCE

OR ECOMONIC JUSTIFICATION FOR A WIDE RANGE OF APPLICATIONS, .

- 24 .
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Now THAT WE HAVE DEFINED WORKSTATIONS AND NETWORKS AS

THEY PERTAIN TO ENGINEERING AND SCIENTIFIC ENVIRONMENTS, LET'S

LOOK AT THE ADVANTAGES OF WORKSTATIONS. THEJ-LET'S LOOK AT

THE SUPERMINI AND POINT OUT THE DIFFERENCE BETWEEN IT AND

A WORKSTATION, AND PERHAPS AGREE ON WHEN A SUPERMINI ON A

NETWORK MIGHT ACTUALLY BE MORE APPROPRIATE FOR A PARTICULAR

CLASS OF APPLICATIONS THAN A WORKSTATION. AFTER THAT, I WILL
. SUGGEST THAT THE ULTIMATE ENVIRONMENT MAY BE THE COMBINATION

OF WORKSTATION ELEMENTS AND SUEERMINI ELEMENTS IN ONE INTEGRATED

NEfNORK. A NETWORK OF COHPUTING ELEMENTS MUST SERVE THE APPLICATION

REQUIREMENTS AND FINANCIAL CONSTRAINTS OF ALL THE USERS.

AND IT 1S VERY PROBABLE THAT THE PROPER CONFIGURATION IS NOT

WORKSTATIONS ONLY, BUT A COMPATIBLE MIXTURE OF DIFFERENT LEVELS

OF COMPUTING ELEMENTS.
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THE INTEGRATED WORKSTATION HAS SOME CLEAR ADVANTAGES,
AND | BELIEVE THAT IT WILL BECOME THE DOMINANT COMPUTING ELEMENT
IN THEIFUTURE. LET’S EXAMINE THE REASONS:
1) WORKSTATIONS, BETTER THAN MINIS, PROVIDE THE USER
wiTH A PREDICTABLE RESPONSE. THE RESOURCES ARE DEDICATED
AND WITHIN A SPECIFIC CLASS OF APPLICATIONS, THE
MACHINE ACTS IN A CONSISTENT MANNER.
2) WORKSTATIONS PROVIDE THE USER WITH A HIGH DEGREE
OF INTERACTION. THEY ARE GENERALLY EASY AND COMFORTABLE .
TO USE. THEIR BIT-MAPPED DISPLAYS AND, TYPICALLY,
THEIR WINDOW-MANAGED, MOUSE-ORIENTED INTERFACE, CREATE
AN EFFICIENT, PRODUCTIVE, AND “FRI;NDLY" OR FRIENDLIER
ENVIRONMENT,
3) THE WORKSTATION BECOMES THE PRIVATE PROPERTY OF THE
USER, PSYCHOLOGICALLY, THE PROGRAMMER, DEVELOPER,
OR IMPLEMENTOR OWNES THE MACHINE. FEELING GOOD,

IMPORTANT, AND IN CONTROL ALL MAKE THE WORKSTATION

POPULAR WITH THE USER. .

- 26 -
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AT TWO OPPOSITE ENDS OF THE SPECTRUM, HOWEVER, THE WORKSTATION
. BECOMES LESS THAN THE IDEAL SOLUTION: THE JoOB MAY.BE TOO
BIG, OR THE JOB MAY BE TOO SMALL.
LARGE COMPUTE-INTENSIVE, MULTI-TASKING APPLICATIONS VERY
. OFTEN REQUIRE COMPUTING RESOURCES OR SPECIAL PURPOSE ACCELERATORS
| THAT ARE NOT AVAILABLE WITH A TYPICAL WORKSTATION. THE POWER
OF A SUPERMIN], INDEPENDENT OF COST, MAY BE REQUIRED JUST
TO GET THE JOB DONE.
ALTERNATELY, SOME APPLICATIONS MAY REQUIRE VERY SMALL
AMOUNTS OF COHPUTE& RESOURCE AND, ALTHOUGH A TYPICAL WORKSTATION
. COULD EASILY HANDLE THE JOB, THE EXPENSE OF DEDICATING THE
ENTIRE MACHINE TO A SINGLE~USER IS HIGHER THAN THE APPLICATION
CAN JGSTIFY OR MORE THAN AN ALTERNATE SOLUTION MAY COST.
A SUPERMINI SUPPORTING MULTIPLE USERS MAY PROVIDE THE PERFORMANCE
LEVELS DEFINED FOR SPECIFIC APPLICATIONS WHILE SHARING THE
COST OF A MACHINE ACROSS A NUMBER OF USERS, THE RESULT: A
COST/USER LOWER THAN THE COST OF A DEDICATED MACHINE WHILE
THE USER RECEIVES ADEQUATE OR APPROPRIATE RESPONSE IN A MULTI-USER
_ ENVIRONMENT.
®
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ADD TO THIS A NETWORKING ELEMENT, PERHAPS SIMILAR TO
THAT USED BY WORKSTATIONS AND WE HAVE CREATED WHAT [ CALL .
A NETWORK SUPERMINICOMPUTER., LET’S EXAMINE ITS FEATURES.
FIRST, IT 1S BUILT AROUND A BASIC COMPUTING ELEMENT,
PERHAPS EVEN THE SAME ONE THAT FORMS THE FOUNDATION OF OUR
WORKSTATION, NEXT, AND MOST IMPORTANTLY, IT CAN PROVIDE MULTIPLE
LEVELS OF PROCESSING POWER USING THE COMPUTING ELEMENT AS
BASE LEVEL 1 AND COMPATIBLE MACHINES 3-5 TIMES MORE POWERFUL
THAN THE SINGLE ELEMENT MACHINE,
ALsSO, ANY LEVEL OF COMPUTING PERFORMANCE CAN BE DEDICATED
TO ONE USER OR SPREAD AMONG MANY USERS, DEPENDING UPON APPLICATION .
REQUIREMENTS AND USER DEMANDS. GRAPHICS IS CERTAINLY A REQUIRED
OPTION, BUT ITS FEATURES AND BENEFITS SHOULD BE AVAILABLE
TO MULTIPLE USERS. ALSO,.DEPENDING UPON THE APPLICATION OR
MIX oE APPLICATIONS, USERS SHOULD BE ABLE TO SELECT FROM A -
VARIETY OF GRAPHIC DEVICES COLOR OR MONOCHROME, TIGHTLY COUPLED
OR TERMINAL DEVICES, 2D AND 3D, INEXPENSIVE TO FULL FEATURE,
COMPUTE AND DISPLAY INTENSIVE APPLICATIONS LIKE SOLID MODELING
ANALYSIS AND RENDER}NG SHOULD HAVE SPECIAL PURPOSE DEVICES

AVAILABLE TO EFFICIENTLY CALCULATE AND DISPLAY DATA,

- 23 -
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. ON THE OTHER HAND, MANY APPLICATIONS CALL FOR A SIMPLE
ALPHA-NUMERIC TERMINAL AS THE [/0 DEVICE OR PERHAPS A CLUSTER
OF TERMINALS 1S THE APPROPRIATE SOLUTION, NO NEED TO INCREASE
] SYSTEM COSTS -~ LOW-COST TERMINALS MUST BE AVAILABLE,
MULTI-USER MACHINES OR NETWORKS WITH MANY USERS IMPLY
DIFFERENT APPLICATIONS, THUS, A TRUE MULTIUSER ENVIRONMENT
SHOULD HAVE AVAILABLE A LARGE SET OF TOOLS FOR DEVELOPMENT
AND EXECUTION, MULTIPLE CONCURRENT OPERATING SYSTEMS, EASILY.
AVAILABLE TO EACH USER, WOULD BE IDEAL. DIFFERENT OPERATING
SYSTEMS SHOULD COMPLEMENT EACH OTHER WITH RESPECT TO THE TYPE
OF APPLICATIONS THAT THEY ARE MOST IDEALLY SuITED. UNIX,
FOR INSTANCE, FOR SOFTWARE DEVELOPMEﬁT; SMALLTALK FOR GRAPHICS
AND SIMULATION, PICK PERHAPS, FOR DATABASE.
AND LET’S NOT FORGET COMMUNICATIONS., THE ABILITY TO
FREELY COMMUNICATE WITH OTHER ELEMENTS ON THE NETWORK, AS
WELL AS OTHER NETWORKS OR ENVIRONMENTS, IS IMPORTANT IF WE
ARE TO RETAIN FLEXIBILITY AND COMPANY-WIDE ACCESS, SUBJECT

. TO SECURITY CHECKS, TO ALL INFORMATION.

- 20 -
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As WITH MOST THINGS IN THIS WORLD, THERE 1S NOT ONE PERFECT .
SOLUTION. BuT A NETWORK THAT SUPPORTS DIFFERENT ELEMENTS
THAT MEET THE NEEDS OF A DIVERSE NUMBER OF USERS AND APPLICATIONS
IS SURELY SUPERIOR TO A NETWORK THAT SUPPORTS ONLY ONE SPECIFIC
CLASS OF MACHINES.

FURTHERMORE, | MAINTAIN THAT A NETWORK THAT NOT ONLY
SUPPORTS BUT INTEGRATES DIFFERENT CLASSES OF WORKSTATIONS
AND MULTIPLE-USER SUPERMINIS IS MORE PROBABLE TO MEET THE
REQUIREMENTS OF THE ENGINEERING AND SCIENTIFIC DEPARTMENTS
THAT WE SERVE. THE ABILITY TO CONTINUE TO LOWER THE COST
PER USER, NOT ONLY BY REDUCING THE PRICE PER ELEMENT, BUT
ALSO BY BEING ABLE TO SHARE CERTAIN ELEMENTS, WHEN APPROPRIATE,
MAKES THE DAY A LOT CLOSER WHEN THE ENGINEERING AND SCIENTIFIC
NETWORK 1S INTEGRATED, OR EXPANDED, WITH THE COMPUTING REQUIREMENTS

OF OTHER DEPARTMENTS., BUT THAT’'S THE TOPIC OF ANOTHER TALK.

- 30 -
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Now, LET'S GO ONE STEP FURTHER AND SEE WHAT HAPPENS WHEN
WE ATTEMPT TO INTEGRATE DIFFERENT COMPUTING ELEMENTS INTO
ONE NETWORK ENVIRONMENT.

MoST NETWORKS, TODAY, PROVIﬁE A MORE EFFICIENT, HIGHER
SPEED MECHANISM TO TRANSFER INFORMATION FROM ONE NETWORK ELEMENT
TO ANOTHER THAN THE TYPICAL SERIAL COMMUNICATIONS AVAILABLE
WITH MOST COMPUTERS. THIS IS WHAT [ cALL A NETWORK OF COMPUTERS.

THe NEXT STEP 1s A COMPUTING NETWORK, OR THE CREATION
OF A COMPUTER ACROSS THE NETWORK, A NETWORK ENVIRONMENT,

IN THIS CASE, A USER SEES NOT ONLY THE MACHINE THAT HE HAPPENS
TO BE SITTING IN FRONT OF, BUT, RATHER, ALL OF THE COMPUTING
RESOURCES ON THE NETWORK APPEAR TO BE AVAILABLE TO ANY ONE

OF MANY SINGLE USERS.

- 21 -

Dataquest Incomorated, A Subsidiary of A.C. Nielsen Company / 1290 Ridder Park Drive / San Jose, CA 95131 / (408) 971-9000 / Telex 171073

v



TODAY'S NETWORKS ARE FAST ENOUGH TO ALLOW FOR THE CREATION .
OF SUCH A COMPUTING ENVIRONMENT. YET VERY FEW COMPANIES HAVE
DEVELOPED THE SOPHISTICATED SOFTWARE REQUIRED TO CREATE THIS
ENVIRONMENT, THE DAY 1S NOT FAR OFF, HOWEVER, WHEN THIS TYPE
OF SOFTWARE WILL BE READILY AVAILABLE. TRUE NETWORKING SOFTWARE,
WHEN COMBINED WITH ADVANCED, POWERFUL, FLEXIBLE COMPUTING
ELEMENTS, WILL PROPEL US INTO A NEW ERA OF COMPUTING: THE
COMPUTING NETWORK.
AT CURRENT NETWORK SPEEDS, EVEN A COMPUTING NETWORK MAY .
NOT BE FAST ENOUGH TO CLOSELY cOUPLE MULTIPLE (PU’S AND PROVIDE
A LARGE NUMBER OF USERS WITH THE LEVEL OF PERFORMANCE, AT
A NEW LOW LEVEL OF COST, IN A MULTIUSER ENVIRONMENT, THAT
HAS BEEN AVAILABLE FROM LARGE DEC, DATA GENERAL, GOULD, OR
OTHER SUCH MACHINES, AND UNTIL 50-100 MBIT PER SECOND NETWORKS
ARE RELIABLE AND AFFORDABLE, THE EFFICIENCIES AND PERFORMANCE
OF A MULTI-PROCESSOR MACHINE MAY BE DIFFICULT TO DUPLICATE

OVER A NETWORK.

- 32 -
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THE DAY WILL COME, HOWEVER, WHEN THE COMBINATION OF SUPER
FAST, EFFICIENT, SOFTWARE INTENSIVE, COST EFFEFTIVE NETWORKS
WITH MODERN WORKSTATION AND SUPERMIN] COHPUTIHG ELEMENTS ARE
JOINED TO FORM A SUPERMINI ACROSS THE NETWORK. A COMPUTING
RESOURCE OF AWESOME PROPORTIONS WILL BE THE RESULT.,

THUS, DEPENDING UPON THE APPLICATION, EVEN A NETWORKED
SOLUTION WILL REQUIRE AT LEAST TWO LEVELS OF COMPUTER TO MEET
THE NEEDS OF A DIVERSE NUMBER OF USERS AND APPLICATIONS. A
SOFTWARE-DEPENDENT, RESOURCE-SHARING NETWORK OF WORKSTATIONS
AND SUPERMINIS, SINGLE AND MULTIUSER, EASILY CONFIGURED TO
MEET THE REQUIREMENTS OF A PARTICULAR ENVIRONMENT SHOULD BE
THE ARCHITECTURAL COMMON DENOMINATOR FROM WHICH TO DEVELOP

THE SPECIFIC SOLUTION FOR AN INDIVIDUAL INSTALLATION,

- 33 -
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LﬁT's GO BACK TO BASICS. START WITH A POWERFUL, FLEXIBLE
CompuTING ELEMENT. USE T TO CREATE CONFIGURATIONS THAT MEET
THE REQUIREMENTS OF THE WIDE VARIETY OF APPLICATIONS TO BE
RUN. CONNECT THE ELEMENTS AND CREATE NOT A NETWORK OF COMPUTERS,
BUT RATHER A COMPUTING NETWORK,

" BUILD A STRONG FOUNDATION. REMEMBER, COMPUTERS AND NETWORKS

SHOULD BE THE SLAVES. THEY ARE THERE TO SERVE THEIR MASTERS,
®
THE USERS. START BY DEFINING THE PROBLEM AND THEN PROVIDE
THE NETWORK ELEMENTS THAT WILL MOST EFFECTIVELY SOLVE PROBLEMS,
NOT CREATE NEW ONES.

IT's ELEMENTARY!

THANK YOU FOR YOUR ATTENTION. | WOULD BE HAPPY TO ANSWER

ANY QUESTIONS.
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BUILDING THE STARTUP TEAM

"People Make the Difference”

Mosaic Technologies, Inc.
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O To Plan
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@ Desire to Win.

THE KEY INGREDIENTS
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FLEXIBLE SYSTEM ARCHITECTURE WORKSTATIONS

DENNIS M. PECK

SABER TECHNOLOGY CORPORATION
SAN JOSE, CALIFORNIA
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FLEXIBLE SYSTEM ARCHITECTURE

I. INTRODUCTION
I. WHAT
. WHY
A. END USER
B. SYSTEM SUPPLIER
C. MANUFACTURER
IV. HOW
A. APPLICATION PROCESSOR
® B. GRAPHICS SYSTEM
C. MONITOR
D. IMAGE PROCESSOR
E. SOFTWARE
F. NETWORK
V. SUMMARY

@
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I. COMPANY INTRODUCTION

A. FOUNDED 1982 TO BECOME A SUBSTANTIAL COMPANY BY
SUCCESSFULLY DEVELOPING AND MARKETING A FAMILY OF
NEXT GENERATION WORKSTATIONS.

B. RELEASED INITIAL PRODUCT AT NCGA IN MAY.
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Dataquest Incorporated, A Subsidiary of A.C. Nialsen Company / 1290 Ridder Park Drive / San Jose, CA 95131/ (408} 871-8000 / Telex 171973



£26141 X121 / 0006126 (BOP) / 1E456 YO ‘9O URS J 8ALQ /B 19PPIY 0621 / Auedwog uesielN 0"V 40 ARIPISqNS v ‘paleiodiodu] 1senbereq

SABER TRIBUS ARCHITECTURE

HARDWARE
]
APPLICATION BUS IMAGE 8US
— C i [ \ — AT
—_ 1
32032 j Loy [
GRAPHIC IMAGE " }
A f vty PROCESSOR PROCESSOR s
i/ LA
Ui
&r\&e/
—— —T
— : GRAPHICS BUS GRAPHIC
..J DISPLAY
W KEYBOARD
ETHERNET
{10 MBS)
oT

APPLICATIONS PROCESSOR
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SABER SOFTWARE

. USER

APPLICATION SOFTWARE
SHELL

UNIX UNIX
TOOLS KER&NEL
GKS OR
_ SIGGRAPH

CORE

WINDOW MANAGER

VIRTUAL DEVICE INTERFACE

DEVICE DRIVERS

HARDWARE







IL.WHAT IS A FLEXIBLE SYSTEM ARCHITECTURE

A. A SYSTEM THAT MEETS A WIDE RANGE OF
APPLICATION NEEDS

1. CAD ARCHITECTURAL
2. CAD MECHCANICAL
3. CAD ELECTRICAL

4. CAE
A. PCB LAYOUT
B. I.C. DESIGN
C. LOGIC/CIRCUIT SIMULATION

B. A SYSTEM THAT CAN GROW IN PLACE

1. MIGRATION PATH ENGINEERING .

A. ADD PERIPHERALS, FEATURES, ACCELERATORS
AS THE NEED ARISES

C. A SYSTEM THAT WILL HAVE A LONG USEFUL LIFE

@
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. WHY EMPLOY A FLEXIBLE SYSTEM ARCHITECTURE

A. END USER

1. SAME SYSTEM INTERFACE ACROSS APPLICATIONS

A. LOWER TRAINING COSTS '
B. ECONOMY OF SCALE IN MAINTENANCE

2. COMPATIBLE SYSTEM TO MEET FUTURE NEEDS
3. LEVERAGED PURCHASES

4. LOWER COST OF OWNERSHIP
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B. SYSTEM RESELLER

1. COMPATIBLE HARDWARE /SOFTWARE PLATFORM
FOR MULTIPLE APPLICATIONS

A. ONE SOFTWARE PORT TO A FAMILY
OF PRODUCTS

2. ECONOMIES OF SCALE
3. LOWER SUPPORT COST
4. MORE RESPONSIVE SUPPORT ORGANIZATION

5. LONGER PRODUCT LIFE CYCLE

.86. IMPROVED MARGINS

°
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C. SYSTEM MANUFACTURER

1. MEETS WIDE RANGE OF MARKET REQUIREMENTS
2. EXPERIENCE CURVE ECONOMIES
3. IMPROVED OVERHEAD MANAGEMENT
A. TEST ENGINEERING
B. MANUFACTURING ENGINEERING
C. QUALITY CONTROL
4. IMPROVED SUPPORT COST MANAGEMENT

5. ENHANCED PRODUCT LIFE CYCLE AND MARGINS
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HOW

THE IMPLEMENTATION OF A FLEXIBLE SYSTEM ARCHITECTURE

- 10 -
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LIFECYCLE PLANNING

1 YEARS 5
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® HIGH PERFORMANCE OP CODE/DATA BUS DESIGNED ¢ SCALABLE HARWARE FONT PROCESSING
TO SUPPORT APPLICATION ACCELERATORS:

e DIRECT ACCESS TO MASS STORAGE
- MATRIX TRANSFORMATION

- ARRAY PROCESSING
- HIGH SPEED FILL

- TILE GENERATORS

- MESH GENERATORS




A. EXPANDABLE

1. MAIN MEMORY 1-16 MB
2. ADDITIONAL DISC AND TAPE
3. COMMUNICATION - LANS, COAX, RS 232, SNA

4. FLEXIBLE 1/0 - TABLETS, PLOTTER, MICE

. - 13 -
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B. LONG LIFE CYCLE
1; 256 K MEMORY CHIPS
2. IMPROVED PERFORMANCE

A. DUAL PROCESSOR - INCREASED PERFORMANCE 1.8
B. CACHE
C. UNIX ACCELERATORS

- 14 -
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D. CHIP EVOLUTION

1,32132 - 12 (1985) INCREASED PERFORMANCE .2

2. 32232 - 12 (1985) INCREASED PERFORMANCE .5
3. 32332 ~ 15 (1986) INCREASED PERFORMANCE 2.3

4. 32C432 - 15 (1987) INCREASED PERFORMANCE 4.7
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® HIGH PERFORMANCE OP CODE/DATA BUS DESIGNED
TO SUPPORT APPLICATION ACCELERATORS:

40
MB

- MATRIX TRANSFORMATION

L

ARRAY PROCESSING
HIGH SPEED FILL
TILE GENERATOQRS
MESH GENERATORS

» SCALABLE HARWARE FONT PROCESSING
® DIRECT ACCESS TO MASS STORAGE



A. EXPANDABLE
1. PLUG IN ACCELERATORS

2. FIVE SLOT CHASIS

3. MATRIX TRANSFORMATIONS . 120 K MATRIX TRANSFORMATIONS
PER SECOND

4. POLYGON LINE FILL
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IMAGE PROCESSOR

APPLICATION BUS

4 ]
ETHERNET
{10 MBS])

IMAGE BUS
I m| [ 1 — —
APPGLT(?:%ION GRAPHIC IMAGE
PROCESSOR PROCESSOR PROCESSOR
L 7
GRAPH!CS BUS GHAlec
DISPLAY

2 MEGAPIXEL IMAGE PLANES

2 TO 24 PIXELS

40
MB

bT

HIGH SPEED MEMORY ALLOWS MEMORY UPDATE
SIMULTANEOQUSLY WITH SCREEN UPDATE

MEMORY CONFIGURED AS CONTINUQUS OR
LAYERED IN BLOCKS DOUBLE BUFFERING

* 180MHz DAC WITH BBIT RESOLUTION

¢ HIGH SPEED VIDEO LOCOKUP TABLES FOR
COLOR CONTROL

® FULL LOGICAL OPERATION SUPPORT



B. EXTENDED LIFE CYCLE

" 1. ADDITIONAL ACCELERATORS
A. TILE GENERATORS
B. MESH GENERATORS
C. SIMULATION FUNCTIONS

. 2. LOWER COST
A. CUSTOM VLSI
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A. IMAGE PROCESSOR EXPANDABILITY

1. 2 TO 24 M BYTE IMAGE PLANES
2. EXPANSION CHASSIS
3. HIGH SPEED DAC’S

4. 180 MHZ
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B. EXPANDED LIFE CYCLE
A. HIGHER DENSITY MEMORY CHIPS
B. LSI/VLS] IMAGE CONTROL UNIT
C. IMPROVED BANDWIDTH
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DISPLAY OBJECTIVES
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GRAPHIC IMAGE 1o !
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GRAPHICS BUS GRAPHIO
DISPLAY

KEYBOARD
40
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40 DT
MB

FLICKER FREE ([NON INTERLACED)

ULTRA HIGH RESOLUTION {2M PIXELS}

BRIGHT {FOR OFFICE USE}

MINIMAL FOOTPRINT

DIN SPEC DESIGN



"A. DISPLAY FLEXIBILITY
1. MONOCHROME
2. COLOR
3. BANDWIDTH
" 4. RESOLUTION
. " 5. EROGONOMICS
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B. .LIFECYCLE PLANNING
1. RESOLUTION REVOLUTION
2. IMAGE DYNAMICS
3. HIGHER BANDWIDTH
4. COST REDUCTION .
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SOFTWARE

. UNIX (4.2)

. ETHERNET DISTRIBUTED MASS STORAGE
ENHANCEMENTS

. SIGGRAPH CORE (2D & 3D) PRIMITIVES
. GKS PRIMITIVES (2D) (3D)
. ... “C", PASCAL, FORTRAN 77
" . PROGRAMMERS WORK BENCH

. WINDOW MANAGER
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A. SOFTWARE EXPANDIBILITY
1. ADHERANCE TO STANDARDS

A. 4.2 BSD

B. SIGGRAPH CORE
C. GKS CORE

D. VDI

2. OPTOMIZE FOR PERFORMANCE

A. OS AND LANGUAGES
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B. LIFECYCLE PLANNING.
1. UNIX STANDARDS
2. WINDOWS
3. FILE
4. NETWORKING
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A. NETWORKING EXPANDIBILITY

1. RS 232
2. LANS
. 3. HIGH SPEED LINKS
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B. LIFE CYCLE PLANNING
INTEGRATED SYSTEMS
2. GATEWAY
.3..SERVER ORIENTED NETWORK '
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SUMMARY
. FLEXIBLE ARCHITECTURE OFFER ECONOMIES TO:

- END USER
- SYSTEM HOUSE
= OEM SUPPLIER

- LONGER LIFE CYCLE
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. WHEN EVALUATING WORK STATION FROM
A FLEXIBLE SYSTEM ARCRITECTURE

- PROCESSOR
- GRAPHICS
- IMAGE PROCESSOR
- MONITOR
" - BASIC SOFTWARE AND TOOLS
- NETWORKING
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PERFORMANCE ENHANCEMENT
VIA
APPLICATION-SPECIFIC HARDWARE
Arthur J. Collmeyer, WEITEK

Background

Advances in integrated circuit technology, coupled with advances in communication/
networking technology have altered significantly the economics of computing., The
microprocessor-based workstation has replaced the time-sharing terminal, giving
the user the opportunity to interact with a dedficated computing resource, which in
turn communicates efficiently with other computers in a networked environment.
Apart from its potential for truly interactive computing, distributed computing is
today an economically viable and often compelling alternative to centralized
computing.

To maintain economic viability across a broad range of applications, distributed
computing incorporates the concept of servers, which are shared resources,

. accessible by users via the network. Examples are file servers, peripheral
servers (e.g., plotters, printers, etc.) and compute servers, Compute servers
enable convenient access to more powerful computing facilities, for background
processing or computationally-intensive tasks. .

Problem: Computationally-Intensive Applications

The number of applications which stand to benefit from user interaction with a
{dedicated) computer is great indeed. Many of these involve computationally-
intensive tasks, tasks which place extreme demands on the computing resource.

Such applications (e.g., CAE, CAD) depend on effective integration of servers into
workstation networks., Moreover, in these applications, the capability of the
server tends to limit the proliferation of workstations; as servers grow in power,
the number of workstations capable of being supported increases.

Computationally-intensive tasks can be divided into two classes: numeric and
non-numeric., Where arithmetic operations (multiply, divide, square root, etc.)
predominate or real (floating point) numbers are involved, the task is described
as numeric., Where sorting, searching, decision making (pointer arithmetic,
compares, etc.) predominate, the task is described as non-numeric. Examples of
computationally-intensive tasks - with their descriptors - are:

Circuit Simulation (numeric)

Logic Simulation (non-numeric)
Placement/Routing (nhon-numeric)
Design Rule Checking (non-numeric)
Solid Modeling (numeric)
Structural Analysis {numeric)

v vV Vv YwvY

v Vv
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Solution: Application Specific Hardware .

To cope with the demands of computationally-intensive tasks, a number of options
are available to system designers. The search for efficient (sometimes called
"clever®) algorithms is the most popular and can yield dramatic results. Novel
hardware, optimized for the task, is another popular remedy. The combination of
the two can be particularly effective. Indeed, it can be so effective as to
enable the construction of extremely compact, practically useful hardware assists.
Such compact hardware assists, which derive their power from the workstation and
their input/output signals from its backplane, are known as accelerators. While
they may or may not be dedicated to their workstation hosts, they rarely serve
more than one user at a time.

Where the task, the algorithm, or the technology preclude a compact hardware
assist, the economics of scale favor the construction of a high-performance,
application-specific system capable of serving multiple users simultaneously,
Such systems are referred to as application-specific servers.

Cost Effectiveness

To measure the cost effectiveness of application-specific hardware, one requires a
unit of throughput. 1In a particular non-numeric application; namely, logic
simulation, this unit is the event per second. Precise as it sounds, this unit
requires considerable qualification, especially if one intends to make benchmark
comparisons., Undaunted, I have attempted to extract from the literature of
several vendors, the salient parameters of their logic simulation-specific .
hardware. Dividing the throughput by the cost of the equipment, servers would
appear to be 100 to 1000 times as cost effective as workstations - or, for that
matter, as the popular supermini. A recently developed accelerator, burdened with
the cost of a workstation host is 100 times as cost effective, and quite adequate
to support a single user-designer, Both products have been implemented without
the benefit of custom LSI. Clearly, the potential &f application-specific
hardware in non-numeric applications is dramatic.

In numeric applications, such as circuit simulation, the cost effectiveness can
often be approximated by the cost per MFLOP (million floating point operations per
second), It is claimed that a popular array processor can execute SPICE five
times faster than the popular supermini with floating point accelerator. Inasmuch
as these two machines differ in their MFLOP rating by a factor of 40, One must be
careful in correlating throughput with MFLOP's. Still, it is a valid indicator,

MFLOP's have long been precious. Until recently, the cheapest MFLOP in the world
cost $20,000 ready-to-serve. Today, high-performance VLSI devices are coming into
the market with the potential to drastically alter the economics in numeric
applications. With these devices, accelerators of 10 MFLOP's and servers of 1000
MFLOP's can be constructed to assist applications such as circuit simulation, at a
fraction of the cost of today's computing resources. Arithmetic bottlenecks will
continue to be more costly to remove than non-numeric bottlenecks (after all, a
MFLOP is the mdst costly MIP), but complexity of the respective solutions is
converging rapidly.

-9 -
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. Outlook

In surveying the prospects for application-specific hardware, one must examine the
driving forces, technological and commercial, It goes without saying that the
increasing availability of highly-integrated, high-performance digital circuitry
is a major driving force, with the potential to dominate. Today, however, the
prime technological enabler §s the application insight developed and honed by the
turnkey system companies. Driven by the immense market opportunity, competition
among these companies is fierce. To grow their businesses, these suppliers must
(1) justify their systems against the broadest possible ensemble of application-
related tasks, and (2) position themselves to capture as much of the customer's
3 budget for computing as possible.

Against this background, the haze begins to melt. Clearly, there are many
unresolved computational bottlenecks. With increasing availability of VLSI to
resolve these bottlenecks, and the increasingly stiff penalties assessed against
those who fail to respond to the needs of the marketplace, it is likely that
application-specific hardware will proliferate. (Who will resist? Certainly not
the mainframe makers,) Moreover, VLSI and competition will force marketplace
pricing. Finally, the accelerator - favored by existing {workstation) companies -
will present formidable competition to the server,

Summary

The technological evolution which has made it possible to distribute computing to

. the point of need will continue to undermine the role of the general-purpose
computational server, as it enables powerful 32-bit microprocessors to broaden the
application of workstations, and powerful application-specific hardware to augment
the capabilities of workstations in the computationally-intensive applications.
Application-specific hardware, in particular, cuts two ways. First, by offering
substantially greater economy than general-purpose computers, application-specific
hardware is bound to erode the mainframe share of the engineering computing
budget. Second, by covering effectively for the limitations of workstations in
computationally-intensive applications, application-specific hardware will
facilitate the growth of distributed computing.
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CONFERENCE PROGRAM

THURSDAY, MAY 10

7:30 am to B:45 am.
Conference Registration

8:45 a.m.

Weltcome and
Conference Introduction

James Newcomb, Director

CADVCAM Industry Service

Daisquem Incorporated
9:00 a.m,

EDA Industry Overview
Beth Tucker, Indusiry Research Manager
CAD/CAM Induatry Service
Dataquest Incorporated
9:45 a.m.

What’'s All The Excitement About—
How Can An Industry Grow So Fast?

Thomas Bruggere, President
Mantor Graphics '

10:30 a.m.
Coftee Break

t0:45 a.m.

Application-Specific Hardware
Jared Anderson, President

Valid Logic Symems, Inc.,
11:30 am.

EDA Design Center Strategies
Del Mank, Vice President, Marketing and Sales

Calitomis Devieen, Inc.
12:15 p.m. to 1:15 p.m.
Lunch

1:30 p.m.
Microprocessor Revolution Leads to
the ASIC Evolution
Kennath McKende, Associme Director ><
Semiconducior industry Service
Daiaquest Incorporated

2:15 p.m.

Coffee Break

2:30 p.m.
Users’ Points of View—
Panel Discussion

+ Expeclations
* Needs

+ Futures

+ Applicalions

4:30 p.m. to 6:00 p.m.
Cocktails and Hors d'Oeuvres

FRIDAY, MAY 11

8:15 am.

Silicon Compilers are a
1984 Technology

Phil Kaufman, President
Silicon Compiters, Inc.
9:00 a.m.

EDA is for PCB CAD foo
Bruee Holland, President

Cadnetlx, Inc.
9:45 a.m.
Coffee Break

10:00 a.m,
Evaluating Business Plans,
Going Pul Ii_z

Grant Hobdrich
Genersl Partner
Mayfleid Fund

10:45 a.m.

EDA: Support is the Big lssue

Thomas Binder, Vice President
Marketing and Sales ’
Silvar-Lisco

11:30 a.m.

Coping with a Changing Industry
and Changing Technologies
Harvey Jonea, Sgnior Vice President

Dalsy Sysiems Corporation
12:15 p.m.

Conference Wrap-Up
Beih Tucker, Induetry A¢gearch Manager
CADYCAM Industry Service
Dalsquest Incorporsied
12:30 p.m. to 1:30 p.m.

Buffet Lunch



CONFERENCE INFORMATION
' HOTEL ACCOMMODATIONS

Conference attendees are responsible for making their own hotel reservations.
For your convenience, the Sunnyvale Hilton Inn is holding a block of rooms
for those attending the conference. To make reservations, call the Hilton directly
ac (408) 738-4888 and mention that you are attending the DATAQUEST

Focus Conference.

TRANSPORTATION

The Sunnyvale Hilton lnn is focated 6 miles north of San Jose Airport and

30 miles south of San Francisco International Airport. A free shutile service is
available from San Jose Airport to the hotel. A direct telephone line to the hotel
is avajlable at the airport to arrange for transportation. Taxi and limousine
services are also available at the airports.
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DATAQUEST CALLS IT EDA

THE NEED

Electronic design automation (EDA) is the CAD/CAM industry’s youngest,
most explosive, most dynamic segment. EDA products and systems address a
broad spectrum of phases within the entire electronic product design cycle.
DATAQUEST calls this segment EDA because it encompases more than just
computer-aided enginecering (CAE), or applications related only to electrical
engineers. In addition to logic or circuit design and simulation, EDA may
also include;

¢ Full-custom layout

¢ Semicustom layout

¢ Printed circuit board layout

¢ Documentation

» Test pattern analysis

CAE products also address the needs of mechanical, civil, and architectural
engineers. We believe that the EDA segment is significant enough to warrant its
own name—ELECTRONIC DESIGN AUTOMATION.

THE FOCUS CONFERENCE

The Technology Renaissance Conference is being sponsored by the DATAQUEST
CAD/CAM Industry Service in direct response to the growth of a major market
segment of the CAD/CAM industry—Electronic Design Automation (EDA).

The conference will explore the issues that affect EDA from the vendor’s, user's,
and investor's points of view. Focus Conference highlights are:

EDA industry dynamics

EDA market size and forecasts

Key vendors’ roles

Users’ applications and expectations
Hardware and software issues
Product life cycles

Design cycles

Futures

WHO SHOULD ATTEND

Everyone should attend the Technology Renaissance Focus Conference who needs
to know and understand the EDA industry and how it is changing the way
eleetronic products are designed. This includes:

* Management

¢ Engineers and Product Developers
CAD System Managers

CAD/CAM Marketing Professionals
Workstation Marketing Professionals
Computer Marketing Professionals
Yenture Capitalists

Investment Portfolio Managers
Strategic Planners
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DATAQUEST

DATAQUEST provides strategic and tactical information on high-technology
industries. DATAQUEST’s authoritative timely data and analyses are offered in a
four-part format:

« Industry-specific data bases

+ Frequent, concise newsletters on industry developments

¢ Direct access to our research staff of industry experts

* The opportunity to meet with industry peers and experis at annual conferences

In addition, DATAQUEST offers:

* Custom consulting for clients who require specialized information
* Financial Services Programs

Founded in 1971 with one research group, DATAQUEST has grown to 14 high-
technology services and looks forward to continuing expansion. More than 1,500
U.S. and international clients rely on DATAQUEST for critical information on
high-technology industries. Major service areas include computers, computer
storage, copying and duplicating, display terminals, electronic printers, graphics
terminals, office automation, robotics and manufacturing automation, semi-
conductors, telecommunications, and CAD/CAM.

CADICAM INDUSTRY SERVICE

The CAD/CAM Industry Service, founded in 1981, has a staff of industry pro-
fessionals devoted to full-time research and analysis of the CAD/CAM industry.
The research staff analyzes and reports on all major activities occuring withiu
the CAD/CAM indusiry, including:

e Workstation technology and applications

* Graphics

» Dedicated hardware

Electronic design automation

Integrated circuit CAD/CAM

Printed circuit board CAD/CAM

Mechanical CAD/CAM

Architecture, engineering, and construction CAD
Applications software

Personal computer-based CAD/CAM systems



CONFERENCE INFORMATION

LOCATION '

The Sunnyvale Hilton Inn, located in the heart of California’s Silicon Valley, is
the site of the CAD/CAM Focus Conference, Electronic Product Design: The
Technology Renaissance. The conference will be held in the Chardonnay Room.

Address:  Sunnyvale Hilton Inn
1250 Lakeside Drive
Sunnyvale, California 94086

Telephone: {408) 738-4888

CONFERENCE FEE

The fee for the Electronic Product Design Focus Conference is:
+ Each attendee who is a client of any DATAQUEST

INAUSETY SOIVICE . .o et it it it e e $325
¢ Each attendee who is not a client of any DATAQUEST
s [T T s ot A U $£395

The conference fee includes a conference binder with copies of the material
presented at the conference, and lunches, Conference fees must be paid in
advance, Checks, money orders, purchase order numbers, American Express,
Mastercard, or Visa will be accepted.

REGISTRATION

To register, mail the reservation form on the tear-off card, or telephone
Ms. Pam Shook at (408) 971-9000, extension 316, or Telex 171973,
Space is limited, so be sure to register early.

CONFERENCE SCHEDULE

Conference registration will lake place starting at 7:30 a.m. on Thursday,
May 10. Thursday’s program will begin at 8:45 am. and will conclude with a
DATAQUEST-hosted cocktail party from 4:30 to 6:00 p.m. On May 11, the
program will start at 8:1% a.m. and conclude after a buffet luncheon.

CANCELLATION POLICY

All cancellations received by DATAQUEST after April 26, 1984, are subject to a
$100 service charge unless the registrant sends a replacement. Registrants who do
not cancel and who do not attend the conference will automatically be assessed a
5100 service charge. Notice of cancellation should be made to Ms, Pam Shook,
(408) 971-9000, extension 316, or Telex 171973.
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CONFERENCE INFORMATION
HOTEL ACCOMMODATIONS

Conference attendees are responsible for making their own hotel reservations.
For your convenience, the Sunnyvale Hilton inn is holding a block of rooms
for those atiending the conference. To make reservations, call the Hilton direcily
at {408) 738-4888 and mention that you are atrending the DATAQUEST

Focus Conference.

TRANSPORTATION

The Sunnyvale Hilton Inn is located 6 miles north of San Jose Airport and

30 miles south of San Francisco International Airport. A free shuttle service is
available from San Jose Airport to the hotel. A direct telephone line to the hotel
is available at the airport to arrange for transportation. Taxi and limousine
services are also available at the airports.



DATAQUEST CALLS IT EDA

THE NEED

Electronic design automation {EDA) is the CAD/CAM industry’s youngest,
most explosive, most dynamic segment. EDA products and systems address a
broad spectrum of phases within the entire electronic preduct design cycle.
DATAQUEST calls this segment EDA because it encompases more than just
computer-aided engineering (CAE), or applications related only to electrical
engineers. In addition to logic or circuit design and simulation, EDA may
also include:

¢ Full-custom layout

¢ Semicustom layout

* Printed circuit board layout

¢ Documentation

* Test pattern analysis

CAE products also address the needs of mechanical, civil, and architectural
engineers. We believe that the EDA segment is significant enough to warrant its
own name—ELECTRONIC DESIGN AUTOMATION.

THE FOCUS CONFERENCE

The Technology Renaissance Conference is being sponsored by the DATAQUEST
CAD/CAM Industry Service in direct response to the growth of a major market
segment of the CAD/CAM industry—Electironic Design Automation (EDA).

The conference will ¢xplore the issues that attect EDA from the vendor’s, user’s,
and investor’s points of view. Focus Conference highlights are:

EDA industry dynamics

EDA market size and forecasts

Key vendors’ roles

Users’ applications and expectations

Hardware and software issues

Produat life cycles

Design cycles

Futures

WHO SHOULD ATTEND

Everyone should attend the Technology Renaissance Focus Conference who needs
to know and understand the EDA industry and how it is changing the way
¢lectronic products are designed. This includes:

Management

Engineers and Product Developers
CAD System Managers

CAD/CAM Marketing Professionals
Workstation Marketing Professionals
Computer Marketing Professionals
Yenture Capitalists

Investment Portfolio Managers
Strategic Planners
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CONFERENCE INFORMATION

LOCATION

The Sunnyvale Hilton Inn, located in the heart of California’s Silicon Valley, is
the site of the CAD/CAM Focus Conference, Electronic Product Design: The
Technology Renaissance. The conference will be held in the Chardonnay Room.

Address:  Sunnyvale Hilton Inn
1250 Lakeside Drive
Sunnyvale, California 94086

Telephone: (408) 738-4888

CONFERENCE FEE

The fee for the Electronic Product Design Focus Conference is:
¢ Each attendee who is a client of any DATAQUEST

industry service .. ... e $325
¢ Each attendee who is not a client of any DATAQUEST
INdUSETY SEIVICE . .. ot i e e e $395

The conference fee includes a conference binder with copies of the material
presented at the conference, and lunches. Conference fees must be paid in
advance, Checks, money orders, purchase order numbers, American Express,
Mastercard, or Visa will be accepted.

REGISTRATION

To register, mail the reservation form on the tear-off card, or telephone
Ms. Pam Shook at {408) 971-9000, extension 316, or Telex 171973,
Space is limited, so be sure to register early.

CONFERENCE SCHEDULE

Conference registration will take place starting at 7:30 a.m. on Thursday,
May 10. Thursday’s program will begin at 8:45 a.m. and will conclude with a
DATAQUEST-hosted cocktail party from 4:30 to 6:00 p.m. On May 11, the
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7. Topics that would be of interest to you for the next Focus Conference:

8 Doyouprefer [ longer, 0O shorter, or [ the same length confarence?
9 Doyouprefler [0 more, ([ less, or {0 the same amount of free time? .

10. Your primary interest in the CAD/CAM Industry is as a;: [ Manufacturer
O Service Vendor [ User [ Financial Analyst [ Other

MName and Company (optionai)

Dataquest Incorporated, A Subsidiary of A.C, Nielsen Company / 1290 Ridder Park Drive / San Jose, CA 95131/ (408) 971-9000 / Telex 171973






Nelson Bye

Frank Calabretta
Steve Chadima
Wade Chanz
Wei-tau Chiang
Art Collmeyer
Laura Conigliaro
Mike Connell

Jim Cooper

Don Corson

John Crist

Dave Crockett

P. Csao

Tennyson Csan
Ang Danna

Sam Daram

tgo De Riu

John DiGirolamo
Bob Draeger
Franceis Durif
Bob Duyn

Mary Jane Elmore
Doug Falirbeirn
Danial Fan

Buck Paltman

Data General Corp.
Holt, Inc.

Regis McKenna

E.R.S5.0.

Intel Corp._

Weltek

Prudential Bache

LSI Logic Corp.
Tektronix
Hewlett-Packard
Tektronix

DATAQUEST, Incorporated
E.R.S.0.

E.R.S8.0.

Arthur Young & Company
Calma Company

611vetti System Development Div.
GenRad, Inc.

Tektronix

GenRad, Inc.

VLSI Techology, Inc.
Institutional Investment Partners
VL3I Technology, Inc.
Hewlett-Packard

Cadnetix, Inc.

Dataquest Incorporated, A Subsidiary of A.C. Nielsen Company / 1290 Ridder Park Drive / San Jose, CA 95131 / (408) 971-9000 / Telex 171973



Ralph Finley
Suzanne Finocchio
Kamran Firooz
David Planingam
Prank Florence
Rick Fluegel

Jim Fogle

Curt Prancils
Brian Gardiner
Jim Gay

Majid Ghafghaichi
John Gilbert

Tom Gnuse

Chris Goldstein
Stan Graham
Roberto Grasso

W. RobertGreer
Horst Gschwendtner
Dave Gullickson
Guy Haas

Kevin Hall

James Harrison
Gib Hattery

Ron Hayman

DATAQUEST Incorporated

Bank of America -

Hewlett-Packard Manufacturing Test Div.

Test Systems Strategies, Inc.
DATAQUEST Incorporated
Matrix Partners

Teradyne, Inc.

Advanced Micro Devices, Inc.
Calma Company

Perg Systems Corp.

Data General Corp.

Cigna Investment Management
Prime Capital Management
Applicon .-

Modern Electrosystems, Inc.
Ing. C. Olivetti & C,, SPA
Automated Systems Inc.
Robert Bosch GMBH

Versatec

Computervision Corp.

Calma Company

Adler & Company

CAE Systems, Inc.

Motorola, Inc.

Dataquest Incorporated, A Subsidiary of A.G. Nielsen Company / 1200 Ridder Park Drive / San Jose, CA 95131/ (408} 971-9000 / Telex 171973



Grant Heidrich Mayfield Fund

Henry S. Hofmann Hewlett-Packard Techneolegy Center
William G. Holt Holt iInc.

Jeff Hotchkiss Taradyne, Inc.

Mike W, Hu Telavideo

Paul Ruber Megatek Corp.

Rugsel Huber Computervision Corp.

Claudia Buntington Capital Research

J. E. Iwerson Bell Labs

John Jackson . DATAQUEST, Incoporated

Debra Jacob DATAQUEST, Incoporated

Kent Jaeger California Devices, Inc.

Jan Janse Siemens Research Labs .
Bob J. Jenkins Motorola, Inc.

Richard Jennings via Systen;s, Inc.

Alan Jepsen Bank of America

Harvey Jones Daisy Systems Corp.

Robert Joseph Phllips Test & Measuring Instruments
Bill Raiser Apollo Computer

Thanasis Kalekos Versatec

Ran Kasargod- IDs

Phillip A. Kaufman Slicon Compilers, Inc.

Dave Kaverman Hewlett—-Packard

Norman F, Kelly Altos Computer Systems

Blll Knox CAE Systems Inc.

Dataquest Incorporated, A Subsidiary of A.C. Nielsen Company / 1290 Ridder Park Drive ! San Jose, CA 95131/ (468) 871-9000/ Telex 171973



Mike Knudsen
Michael Kretsch
Rob Kuhling
Gerard Langler
Wendy Ledamun
Frank Lee

Kelly Leininger
Carcl Lemlein

Robert Leurz

Van Lewing

Rhonda Y. Lindsey

Shiminz Lins
BEd Locke

Jim Long

Bob Lorentzen
Peter Lowell
Prancis T. Lynch
R. Van Maas
Mark Maltese
Bob Martin

Edle Mata
Roland Mattison
Samuel ¥, McKay
Ren McRenzie

Danlel C, McNiell

C;lComp

Exlsi

Calma Company

Mentor Graphlcs Corp.
DATRQUEST, Incoporated
Monolithic Memories
DATAQUEST, Incoporated
Teradyne, Inc.

Eastman Kodak Company
Calma Campany

CADAM Inc.

E.R.S.0,

United Technologies MOSTER
Fujitsu H;croelectronics
Zymos

Modern Electrosystems, Inc.
Valid Logic Systems
Philips

Varsatec

Tektronix

Pujitsu Microelectronics
VIA Systems, Inc.
Ventech Partners
DATAQUEST Incorporated

Gould, Inc.

Dataquest Incorporated, A Subsidiary of A.C. Nielsen Company / 1290 Ridder Park Drive / San Jose, CA 95131 { {408) 971-8000 / Telex 171973



Robert Mclellan
David H. Miller
Linda Miller
Richard Mirabella
Philip Mcnego
Bob Moore

Eric Mudama
Carolyn Mullery
Barrie Murray-Upton
Karl Nakamura
John Nam

Richard Nedbal
Jim Newcomb

Dave Niehaus

Jack Nilsson

Barl Horth

John O'Brien
Elizabeth Obershaw
Dewitt Ong

Alan Oppeinheimer
Han Park

Dennis Patton
Nikeola Pavicic
Evelyn Peairs

Jeff Pepper

Bell Northern Research
Applicon

InterWest Partners
Phoenix Data Systems
Paragon Technology Corp.
Hewlett-Packard

Genkad, Inc.

Calma Company
Racal-Redac Limited
Grid Systems

Modern Blectrosystems, Inc,
Personal Cad Systems
DATAQUEST, Incorporated
Calma Company
Hewlett-Packard

Circuit Tools, Inc.
Teradyne, Inc.
Hewlett-Packard

Intel Corp.

Apollo Computer

Qume Corp.

Ridge Camputers

Modern Electrosystems, Inc.
Calma Company

Perq Systems

Dataquest Incorporated, A Subsidiary of A.C. Nielsen Gompany / 1290 Ridder Park Drive / San Jose, CA 95131/ (408) 571-9000 / Telex 171873



Richard Perry
Rich Peters
Jewel Peyton
Ronald J. piziali
Katy Plumb

Jay Popper

Roy Prasad

Andy Prophet
Jamshed Qamar

F. Ramsay

Raren Regnante
Douglas Ritchie
Carlo Ronca

Frank Sammann
Mary Ellen Saxby
Katherine Schapiro
Cesare Segre

C. Seih

John Sheehan
Steve Shively

Pam Shook

Chester Silvestri
Mike Sisavic

G. Skorup

Joseph Sliwkowski

L8I Logie¢ Corp.

CalComp

DATAQUEST, Incoporated

Arthur Young & Campany

Pirst Interstate Bank of California
Standard Microsystems Corp.
Personal Cad Systems

DATAQUEST, Incoporated

OK1 Semiconductors

Perranti Electronics

Mosaic Technology

National Semiconductor

Olivetti System Development Div.
DATAQUEST Incorporated
DATAQUEST, Incoporated

Harris Bretall

Ing. C. Olivetti and C., SPA
E.R.5.0.

Intel Corp.

International Microcircuits, Inc.
DATAQUEST, Incoporated

Megatest

Metheus Corp.

South African Micorelectronics Systems

Telesis Systems Corp.

Dataquest Incorporated, A Subsidiary of A.C. Nielsen Company / 1290 Ridder Park Drive / San Jose, CA 95131 / {408} 971-9000 / Telex 171973



William Smit
Jack Spigarelli
Rich Stamm

J. Stevenson
Gary Stump
Leglie Swanson
Tom Teeters
Carol Tegnell
Robert 8. Tepper
Ben Thomas

Mel Thompson
Rick Timmons
Paul R. Topping
Beth Tucker
Steve Vaughn
Dave Vogte

Kris Vorm

Pred Wagner
Martin Walker
Irving Weiman
Michael Weisberg
Patrick Welch
Jerry Werner

Gary Westbrook

Dataquest Incorpaorated, A Subsidiary of A.C. Nielsan Company / 129} Ridder Park Drive f San Jose, CA 85131 /(408) 971-9000 / Telex 171873

Univeraity of Pretoria
Cericor, Inc.

Data General Corp.
Philips

Tektronix
Computervision Corp.

Calma Company

Scientlfic Calculations, Inc.

AT & T Bell Laboratorles
Calma Company
DATRQUEST, Incoporated

Wyle Labs

McDonnell Dougals Automation (MchAuto)

DATAQUEST, Incorporated
IEM

Teradyne, Inc.

Calma Company

IBM

Analog Design Technology
R&D Punding Corp. Pru-Bache
Prudential Bache
Hewlett-Packard

VLSI Deslgn Magazine

Calma Company



David Wharton GenRad, Inc.
Alan Winslow Tektronix
Larry Yamada Calma Company

Dataguest (ncorporated, A Subaiqla.ry of A.C. Nielsen Company / 1280 Ridder Park Drive { San Jose, CA 95131/ (408) 971-93000 / Telex 171673









Gil Burns Teradyne, Inc.

Donald Butler General Instrument Corp.

Nelson Bye Data General Corp.

Frank Calabretta Holt, Inc.

Xaviar Candia Calma Campany

Wade Chang E.R.8.0.

Tennyson Chen E.R.S.0.

Wei~tau Chiang Intel Corp.

Art Collmeyer Weitek

Laura Conlgliaro Prudential Bache

Mike Connell LSI Logle Corp.

Jim Cooper Tektronix .
Jan A. Cornish Versatec

Don Corson Hewlett-Packard

John Crist Tektronix

Ang Danna Arthur Young & Company

Sam Daram h Calma Campany

Ugo De Riu Olivetti Systems

Chuck Decker Electro Technology Industrles, Inc.
Bob Draeger Tektronix )
Francols Durif GenRad, Inc.

Dennls Elkins NCA Corp.

Mary Jane Elmore Institutional Investment Partners
William Escuderc - Televideo

®

Dataquest Incorporated, A Subsidiary of A.C. Nielsen Company / 1290 Ridder Park Drive / San Jose, CA 95131 / (408} 971-9000 / Telex 171973



Daniel Pan
George Paraco
Buck Feltman
Ralph Finley
Suzanne Pinocchio
Kamran Plrooz
David Planingam
Prank Florence
Rick Flugel
Pogle, Jim
Curt Prancis
Dan Garms

Jim Gay

Tam Gnuse

Chris Goldstein
Stan Graham
Roberto Grasso
Robert W. Greer
Horst Gachwendtner
Dave Gullickson
Guy Haas

Revin Hall
Bruce Hanson

James Harrlison

Hewlett-Packard

"Blectronic Trend Publications

Cadnetix, Inc.

DATAQUEST Incorporated
Bank of America
Hewlett-Packard Corp.

Test Systems Strategles, Inc.
DATAQUEST Incorporated
Matrix Partners

Teradyne, Inc.

Advanced Micro Devices, Inc.
CAD/CAM Spectalists, Inc.
Perqg Systems Corp.

Prime Capital Management
Applicon

Modern Electrosystems, Inc.
Ing. C. Olivetti & C., SPA
Automated Systems Inc.
Robert Bosch GMBH

Versatec

Computervision Corp.

Calma Company

Gould Electronics

Adler & Company

Dataquest Incorporated, A Subsidiary of A.C. Nielsen Company { 1200 Ridder Park Drive { San Jose, CA 95131 / (408) 971-98000 / Telex 171973

N



Gib Hattery CAE Systems, Inc.

Ron Hayman ' Motorola, Inc.

Grant Heldrich Mayfield Pund

Henry S. Hofmann Hewiett-Packard

Sheila A. Holland Hitachi America Limited

William G, Holt Holt Inc.

Stefano Horpurgo Olivetti and C; SPA

Jeff Hotchkiss Teradyne, Inc.

Mike W. Hu Televideo

Paul Huber Megatek Corp.

Claudia Huntingtoﬁ Capital Research -
J. E. Iwerson Bell Labs .
John Jackson DATAQUEST, Incoporated

Debra Jacob DATAQUEST, Incoporated

KEent Jaeger California Devices, Inc.

K. Charles Janac Stanford University

Jan Janse ) Philips Research Labs

Richard Jennings VIA Systems, Inc.

Alan Jepsen Bank of America

Harvey Jones Daisy Systems Corp.

Robert Joseph Philips Test & Measurlng Instrument
Bill Raliser Apollo Computer

Thanasls Kalekos Versatec

®

Dataquest Incorporated, A Subsidiary of A.C. Nielsen Company / 1290 Ridder Park Drive / San Jose, CA 95131 / (408) 971-8000 / Telex 171973



Ram Kasargod
Phillip A. Kaufman
Dave Kaverman
Norman F. Kelly
Bill Rnox

Mike Enudsen
Michael Kretach
Gerard Langler
Lucio Lanza
Wendy Ledamun
Greg Ledenbach

Frank Les

’ Relly Leininger

Carol Lemlein
Van Lewing
Shyiuing Lin
Rhonda Y. Lindsey
Robert Lurz
Prancis T. Lynch
R. Van Maas
Lesli; Marshall
Bob Martin

Edie Mata

Roland Mattison

L

Ips

Slicon Compilers, Inc.
Hewlett-Packard

Altos Computer Systems
CAE Systems Inc.
CalComp

BExlsi

Mentor Graphics Corp.
Daisy Systems Corp.
DATAQUEST, Incoporated
Hational Semiconductor
Monclithic Memories
DATRQUEST, Incoporated
Teradyne, Inc.

Calma Company

B.R.5.0.

CADAM Inc.

Bastman Kodak Company
Valid Logic Systema
Philips

Calma Company

Tektronix

Pujitsu Microelectronics

VIA Systems, Inc.

-5 =

Dataquest ncorporated, A Subsidiary of A.C. Nielsen Company / 1290 Ridder Park Drive { San Jose, CA 85131/ (408} 971-9000 / Telex 171973



Michael W. McDonald
‘Ken Mckenzle

Daniel C. McNiell
Robert McLellan
Charles Miller
David H. Miller
Linda Miller
Richard Mirabella
Philip Monego

Bob Moore

Eric Mudama
Carolyn Mullery
Barrie Murray~-Upton
Karl Nakamura

John Nam

Jim Newcomb

Dave Niehaus

Jack Nilsson

Earl North

John O'Brien
Elizabeth Obershaw
Dewitt Ong

Alan Oppeinheimer .

Han Park

CAD/CAM Specialists, Inc.
DATAQUEST Incorporated
Gould, Inc.

Bell Northern Research
Analog Design Technology
Applicon

InterWest Partners
Phoenix Data Systems
Paragon Technology Corp.
Hewlett-Packard

GenRad, Inc.

Calﬁa Conmpany
Ragal-Redac Limited

Grid Systems

Modern Electrosystems, Inc.
. DATAQUEST, Incorporated
Calma Company
Hewlett-Packard

Circuit Tools, Inc.
Teralyne, Inc.
Bewlett-Packard

Infel Corp.

Apollo Computer

Qume Corp.

-6 -

Dataquest Incorporated, A Subsidiary of A.C. Nielsen Company / 1290 Ridder Park Drive f San Jose, CA 95131/ (408) 871-9000 / Telex 171973



Evelyn Peairs : Calma Company
Jeff Pepper Perq Bystems
Michele Perrota Daisy Systems Corp.
Richard Perry LSI Logic Corp.
Ross Peters ' Murray Electronics PLC
Jewel Peyton DATAQUEST, Inceporated
Cathy Pierson Oak Management :
Roland J, Piziali Arthur Young & Company
Jay Popper - * Standard Microsystems Corp.
Roy Prasad Personal Cad Systens
Jamshed Qamar OKI Semiconductors
. F. Ramsay Fer:apti Electronics )
Karen Regnante Mosale Technology
Robert Resslhuber Computervision Corp.
Carlo Ronca - Olivetti System Development Div.
Mary Ellen Saxby DATAQUEST, Incoporated
Kathr ine Schapiro Harris Bretall - -
John Seaton - ' Gould Electronics
Palul P. Seckendorf Silvar-Lisco '
C. Seih E.R.8.0.
Ariel Sella Softel~-Advanced Technology
John Sheehan . Intel Corp.
Steve Shively International Microcircuits, Inc.
Pamela Shook DATAQUEST, Incoporated

®

Dataquest Incorporated, A Subsidiary of A.C. Nieisen Company / 1200 Ridder Park Drive / San Jose, CA 85131/ (408) 871-3000/ Telex 171973



Scott Shull Intel Corp.

Cheoter Silvestri Megatest

Mike Sisavic Metheus Corp.

G. Skorup South African Microelectronics Sys.
Joseph Slivwkowski Teleslis Systems Corp.
William Smit University of Pretoria

Jack Spigarelli Cericor, Inc.

Rosann Stach NCA Corp.

Rich Stamm Data General Corp.

J. Stevenson Philips

Mrogan W. Stuart NCA

Gary Stump Tektronix .
Leslie Swanson Computervision Corp.

Carol Tegnell Scientific Calculations, Inc.
Robert 8. Tepper . A T & T Bell Laboratories
Ben Thanas ) Calma Company

Mel Thompson . DATAQUEST, Incoporated

Rick Timmons Wyle Labs

Paul R, Topping McDonnell Douglas Automation
Walter Trevaskis . . AT G&T

Y. C. Tsai ' E.R,8.0.

Graham S, Tubbs . Intel Corp.

Beth Tucker DATAQUEST, Incorporated

@

Dataguest Incorporated, A Subsidiary of A.C. Nielsen Company { 1260 Ridder Park Drive / San Jose, CA 85131 / {408} 971-8000 / Tetex 171973



Ruth Tucker
Bill Onger
SBteve Vaughn
Dave Vogte
Kris Vorm
Pred Wagner
Irving Weiman
Michael Welsbergy
Patrick Welch
Jerry Werner
Gary Westbrook
Alan Winslow
Larry Yamada

Bryan Yates

_ Versatec

Mayfield Fund

IEM

Teradyne,; Inc.

Calma Company

IBM

R&D Funding Corp. Pru-Bache
Prudential Bache
Hewlett-Packard
VLSI Design Magazine
Calma Company
Tektronix

Calma Company

Calma Company

Dataquest Incorporated, A Subsidiary of A.C. Nielsen Company / 1290 Ridder Park Drive / San Jose, CA 95131/ (408) 971-8000 / Telex 171973









Bill Knox CAE Systems Inc.

Gib Hattery

Bill Barret Caddrx

Buck Feltman Cadnetix, Inc.

Mike Krmudsen CalComp

Rich Petars

Rent Jaeger California Devices, Inc.
Phil Arana Calma Company

Raj Badhwar

Sam Daram

Brian Gardiper

Kevin Hall

Rob Kuhling .
van Lewing

Carolyn Mullery .

Dave Niehaus

Evelyn Peairs

Tom Teeters

Ben Thamas

Eris vorm

Gary Westbrook

Larcy Yamada
Claudia Huntington Capital Research
David L. Bailey Cer icor, Inc.

Jack Spigarelli

-

Dataquest Incorporated, A Subsidiary of A.C. Nislsen Company / 1200 Ridder Park Drive / San Jose, CA 95131/ (408} 871-9000 / Telex 171973



John Gllbert Cigna Investment Management
Barl Rorth Circuit Tools, Inc.
Guy Haas Computervision Corp.

Russel Rubar
Leslie Swanson
Andy Barnea DATAQUEST Incorporated
Sharlene Burden
Ralph Finley
Frank Florence
Ken McEenzia
Frank Sammann
Dave Burdick
"I' John Jackson
Debra Jacob
Wendy Ledamun
Relly Lefninger
Jewel Peyton
Andy Prophet
Mary Ellen Saxby
Pam Shook
Mel Thompson
Dave Crockett
Jim Newcomb

Beth Tucker

Dataquest Incorporated, A Subsidiary of A.C. Nie!sen Company / 1200 Ridder Park Drive / San Jose, CA 85131/ (408) 971-9000 / Telex 171973



Harvey Jones Daisy Systems Corp.
Charles Bures Data General Corp.
Helson Bye

Majid Ghafghaichi

Rich Stamm

Lloyd Anderson . Dataproducts
Wade Chanz E.R.8.0.

P. Csao

Tennyson Csen

Shiminz Lins

C. Seih
Robert Leurz Bastman Kodak Company
Michael Kretsch Exlsi .
P. Ramsay Perranti Electronics
Raty Plumb Pirst Interstate Bank of
"California
Jim Long Pujitsu Microelectronics
Edie Mata
Hal Barbaur GenRad

Bob Anderson
John DiGirolamo
Prancois Durif
Eric Mudama

David Wharton

Dataquest Incorporated, A Subsidiary of A.C. Nielsen Company / 1290 Ridder Park Drive / San Jose, CA 95131/ (408) 871-9000 / Telex 171973



bBonald Butler General Instrument Corp.
Daniel C, McNiell Gould, Inc.

Karl Nakamura GRID Systems

Joseph Augustino HEB=-Softron

Katherine Schapiro Barris Bretall

Alan Bagley Hewlett-Packard

Bill Bowman

Don Corson
Daniel Pan
Dave Kaverman
Bob Moore

Jack Nilsson

. Elizabeth Obershaw

Patr ick Welch
Pirooz Ramran

Henry S. Hoffman

William G. Holt Bolt Inc.
Prank Calabretta Belt, Inc.
Steve Vaughn IBM
Fred Wagner

DS

Ram Rasargod

Ing. C. Olivetti & C., SPA
Roberto Grasso
Cesare Segre

Mary Jane Elmore Institutional Investment
Partners

Dataquest Incorporated, A Subsidiary of A.C. Niglsen Company / 1290 Ridder Park Drive / San Jose, CA 95131/ (408) 971-8000 / Telex 171973



Wei-tau Chiang Intel Cozp.
Dewitt Ong .

John Sheéhan

Linda Miller - InterWegt Partners

Steve Shively Internatiocnal Microclrcuits,
Inc.

Mike Connell LSI Logle Corp.

Richard Perry

Rick Fluegel Matrix Partners
Grant Heldrich Mayfield Fund
Paul R. Topping ‘ McDonnell Dougals Automation
(McRuto)
Paul Huber Megatek Corp.
Chester Silvestri Megatest .
Gerard Langler Mentor Graphics Corp.
Mike Sisavic "Hetheus Corp.
Stan Graham Modern Electrosystems, Inc.

Peter Lowell
John Ham

Nikola Pavicic

Frank Lee Monolithic Memoriesa
Raren Regnante Moasaic Technology
Ron Hayman Motorela, Inc.

Rob J. Jenkins
Douglas Ritchie National Samiconductor

Jamshed Qamar ORI Semiconductors

Dataquest incorporated, A Subsidiary of A.C. Nielsen Company / 1280 Ridder Park Drive / San Jose, CA 95131 / (408) §71-9000 / Telex 171873



tgo De Riu

Carlo Renca
Philip Monego
Jeff Pepper
Jim Gay
‘Richard Nedbal
Roy Prasad

R. Van Maas
J. Stevenson

Robert Joseph

Richard Mirabella

Tom Gnuse

Laura Conigliaro
Michael Weisberg
Han Park

Irving Weiman
Barrie Murray-Upton
Steve Chadima
Dennis Patton
Horst Gachwendtner
Darko Brodarac
Carol Tegnell

Jan Janse

Dataquest incorporated, A Subsidiary of A.C. Nietsen Company / 1280 Ridder Park Drive ! San Jose, CA 9513t / (408) 871-9000 / Telex 171973

Olivetti System Development
Div.

Paragon Technology Corp.

Perqg Systems

Parsonal Cad Systems

Philips

Philips Test & Measuring
Instruments

Phoenix Data Systems

Prime Capital Management

'Prudential Bache

Qume Corp.

R&D Punding Corp. Pru-Bache
Racal-Redac Limited

Regis McKenna

Ridge Computers

Robert Bosch GMBH

Scientific Calculationa, Inc.

Siemens Resesarch Labs



Tom Binder . Silvar-Lisco

Phillip A. Raufman S8ilicon Compilers, Inc.

G. Skorup South African
Micorelectronics Systems

Jay Popper Standard Microsystems Corp.

Jim Cooper Taktronix

John Crist

Bob Draeger

Bob Martin

Gary Stump

Alan Winslow

Joseph Sliwkowskl Telesis Systems Corp.

Mike W. Hu Televideo .
Gil Burns Teradyne, Ingc.

Jim Fogle

Jeff Hotchkiss
Carol Lemlein

John O'Brien

Dave Vogte

David Flaningam Test Systems Strategies, Inc.
Ed Locke United Technologies MOSTEK
William Smit OUniversity of Pretoria
Richard Jennings VIA Systems, Inc.

Roland Mattison

Jerry Warner VLSI Design Magazine

Dataquest Incorporated, A Subsidiary of A.C. Nielsen Company / 1290 Ridder Park Drive / San Jose, CA 95131 / (408) 97 -9000 / Telex 171873



Doug Failrbeirn VLSI Technology, Inc.
Bob Duyn

Francia T. Lynch Valid Logic Bystems
Jared Anderson

Samuel P, McKay Ventech Partners
Dave Gullickacn . Versatec

Thanasis Kalekos

Mark Maltese

Art Collmeyer Weltek
Rick Timmons Wyle Labs
Bob Lorentzen Tymos

Dataquest incorporated, A Subsidiary of A.C. Nielsen Company / 1280 Ridder Park Drive / San Joss, CA 95121/ (408) 971-3000 / Telex 171973









DATAQUEST’S
CAD/CAM INDUSTRY SERVICE
WELCOMES YOU
TO THE
1984
EDA FOCUS CONFERENCE

sk

-l

© 1984 Dataquest Incorporated May 8 ed.-Reproduction Prohibited

Dataquest Incorporated, A Subsidiary of A.C. Nislsen Company / 1290 Ridder Park Drive / San Jose, CA 95131 / (408) 971-9000 / Telex 171973






. DATAQUEST BUSINESS GROWTH

1,900 _
] /
4

1,700 - /

- o+
1,500+ »
- r

1,300 /

N

. 178 1980 1081 1982 1983

Dataquest

® -

© 1984 Dataquest Incorporated May 8 ed.-Reproduction Prohibited

Dataquest Incorporated, A Subsidiary of A.C. Nielsen Company+-4+280 Ridder Park Drive ! San Jose, CA 95121 / (408) 971-9000 / Telex 171373



DATAQUEST TECHNOLGGY CLIENTS
(By Type of Business) .

MANUFACTURERS
67%

SUPPLIERS
19%

B .

© 1984 Dataquest Incorporated May 8 ed.-Reproduction Prohibited

Dataquest Incorporated, A Subsidiary of A.C. Nielgen Company / 1200 Ridder Park Drive / San Jose, CA 95131 /(408) 971-9000 / Telex 171973



DATAQUEST TECHNOLOGY CLIENTS
(By Geographlc Area)

NORTH AMERICA
80%

BALANCE
— OF WORLD
2%

-F -
. © 1984 Dataquest Incorporated May 8 ed.-Reproduction Prohibited

Dataquest Incorporated, A Subsidiary of A.C. Nielsen Company / 1250 Ridder Park Drive / San Jose, CA 95131 / (408) 971-9000 / Telex 171073



TECHNOLOGY SERVICES
SUBSCRIBER GROWTH .

800
L 1 1 S _—
79 '80 81 82 83
N & Dataguest
@
© 1984 Dataquest Incorporated May 8 ed.-Reproduction Prohibited

Dataguest Incorporated, A Subsidiary of A.C. Nielsen Cornpany / 1290 Ridder Park Drive / San Jose, CA 95131 / {408} 871-9000 / Telex 171973



CAD/CAM INDUSTRY SERVICE

APPLICATION SEGMENTATION _~~  MAPPING

e EDA
- e PC
AEC - /
/ /

{ MECHANICAL /

L 1.

© 1984 Dataquest Incorporated May 8 ed.-Reproduction Prohibited

Dataquest Incorporated, A Subsidiary of A.C. Nielsen Company / 1290 Ridder Park Drive / San Jose, CA 95131 / (408) 971-9000 / Telex 171973



CAD/CAM INDUSTRY SERVICE

COMPANY/PRODUCT '
SEGMENTATION / SOFTWARE /

GRAPHICS

ﬂ
/ COMPUTEFI/‘Q(“\
2
< o°
TURNKEY S
wO A\
o
o
o

@

© 1984 Dataguest Incorporated May B ed.-Reproduction Prohibited

Dataquest Incorporated, A Subsidiary of A.C. Nielsen Company / 1290 Ridder Park Drive f San Jose, CA 95131 { (408) 971-900Q / Telex 171973









it~ St R T

R N e R S e i s e o

R e o R o e L T
B T R e B L L M

byt AL b

¢ INDUSTRY OVERVIEW
® EVOLUTION OF AN INDUSTRY
¢ SEMICONDUCTOR REVOLUTION
. @ VENDORS AND USERS
¢ FUTURES. TRENDS BECOME REALITIES

. =15~

© 1984 Dataquest Incorporated May 8§ ed.-Reproduction Prohibited

Dataquest Incorporated, A Subsidlar)g of A.C. Nielsen Company / 1280 Ridder Park Drive / San Jose, CA 95131 / (408) 971-9000 / Tatex 171973



CAD/CAM
REVENUE BY APPLICATION

Billions of Dollars
6

1
.
i
2
5

L 1983 1988

0
MECH AEC IC
CAGR 371 3912 312 .
1983-1988
Source: DATAQUEST
=16=
@ 1984 Dataquest Incorporated May 8 ed.-Reproduction Prohibited .

Dataguest Incorporated, A Subsidiary of A.C. Nieisen Company / 1290 Ridder Park Drive f San Jose, CA 95131/ {408) 971-3000 { Telex 171973












. INTRODUCTION

DATAQUEST is sponsoring this Pocus Conference on Electronic Design
Automation (EDA) because it is the youngest, most dynamic segment within
the CAD/CAM industry today. A five-year compound annual growth rate of
65 percent also makes EDA the fasteat-growing CAD application segment.
The DATAQUEST conference will focus on defining the EDA market segment,
the companies included in the segment, market size and forecasts, and
significant trends.

What is Elsctronic Design Automation? EDA is an integrated set of
design tools for electrical engineers dezsigning electronic circuits and
products. The key difference between EDA and other electronic CAD tools
is the integration, or linkage, of the different phases within any design
cycle, versus a discrete and isolated computer-aided design solution.

The application of EDA systems incorporates more than computer-aided
engineering for electrical engineers. EDA has evolved to include not
only automation of logic design and analysis, but automation of physical
layout, engineering administration, and testing, to some degree.
DATAQUEST belleves that the accomplishments of EDA vendors, and the
product differentiation that they offer are significant enough to warrant
distinction from computer-aided engineering applications for mechanical
or other engineering disciplines. Thus,

. DATAQUEST CALLS IT EDA

THE EDA PERSPECTIVE

To put EDA in ita proper perspective, we believe that a brief
historical overview of DATAQUEST's CAD/CAM applications segments would be
valuable. UOpon its formation in 1981, the CAD/CAM Industry Service
segmented the market into four applications: mechanical; architecture,
engineering, and construction; mapping: and electronics. Responding to
the market's and our clients' needs, we then refined the definition of
the electronics segment to differentiate computer-aided design for
integrated circuita and printed circuit boards.

In the publication of our 1983 estimates and forecasts, we further
refined the electronics segment to include CAD systems used in electronic
design automation. Thus, the CAD/CAM market is segmented based upon the
following applications:

] Mechanical

® Architecture, Engineering, and Construction

® Mapping
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» Blectronlc Design Automation .
[ Integrated Circuit

- Printed Circuit Board

ELECTRONIC CAD DEFINITIONS

To avoid confusion, we will define what we mean by IC and PC CAD, and
EDA. The frame of reference in which these terms are defined is a
simplistic overview of the phases in the electronic product design cycle
listed below:

) Specification

e Design and Analysils

L Physical Layout

- Full Custom IC

T Gate Array

Standard Cell
- Printed Circuit Board .
® Deaign Verification

* Analysia

[ ] Test
L Manufacturing
IC CAD/CAM

IC CAD/CAM systems are used by layout designers to create the
physical gecmetries o¢f an integrated ¢ircuit. The layout designer
typically works with hard copy forms of schematics created by an
electrical engineer, and graphically translates the schematics into
patterns to be recodgnized by a pattern generation machine for mask or
direct-write geometries. As of 1984, most of the IC CAD/CAM sysatems
available offer discrete functionality; i.e., they usually address only
drafting and the analysis related to design or electrical rules
verification. IC CAD systems typically do not address other phases of
the design cycle.
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Companles included in DATAQUEST's IC CAD/CAM data base are:
- Applicon

-9 Calma Company

® Computervision

@ Scientific Calculations

* Via Systems

With a few exceptions, most IC CAD systems are host-dependent 1l6-bit
computers, running in a centralized environment. Prior to the acceptance
of gemicustom circuits, IC CAD systems were used to design the geometries
of full custom ICs. With the commercialization of semicustom ICs, these
CAD systems may also be used to create the geometries of individual
astandard cells and the manufactured layers of gate arrays.

PCB CAD/CAM

CAD/CAM systems that are used to design printed circuit boards are
going through an evolution, such that DATRQUEST now recognizes two
. distinct types of systems. Although the boundaries may not always be
clearly separate, PCB CAD systema are differentiated on the basis of
functionality, end-user, and type of hardware.

The Eirst type is systems used for artwork-only creation, with little
to no electrical intelligence assoclated with the data base. Systems
within this category are used by drafting personnel in engineering
services departments to create the geometries used for photoplotters,
silk screens, numerical controls, drill paths, and documentation. The
actual traces may be created interactively (i.e., manually) or
automatically, as with packaging and placement functicons. Some systems
in this category have the ability to create schematics that are used for
net list generation as input to an automatic router, back annotation, and
documentation. Digitizers are often an integral part of these systems.
The environment in which this type of system operates is usually a
centralized CAD shop, with host-dependent computers and statlons.

The second type of PCB CAD system is more comprehensive in nature.
It is typically a 16— or 32-bit standalone system, with communication
capabilities for use in a networked environment. In addition to
engineering services' drafting personnel, it can alsc be wused by
electrical englneers to create PC board logic designs. The data base is
often structured so that net lists can be generated as input to other
gimulation and analysis programa, in addition to placement and routing
programs. These PCB vendors may directly sell analysis programs, or they
may have joint marketing agreements with software companies.
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Companies in DATAQUEST's PCB CAD/CAM data base include; .

. Applicon ® IBM

. Cadnetix [ ] Paragon Technology

® Calay ® Prime Computer

. Calma Company ] Racal=-Redac¢

® Computervision [ ] Scientific Calculations
. Digital Equipment L Telesis Systems

® EAS L Vectron Graphics

) Gerber Sclentific . Versatec

The phases in the design c¢ycle that are addressed by PCB CAD/CAM
vendors include the physical layout of printed circuit boards, design
rule verification, and to some degree, design and analysis, post-layout
analysis, and test.

Electroni¢ Design Automation

EDA systems are used by electrical engineers and engineering staffs .

to create and design electronic products, including integrated circuits,
printed clircuit boards, and actual systems. EDA systems emphasize an
integrated and comprehensive design tool solution, addressing all phases
of the design cycle. The systems themselves are typically standalene, or
if not standalone, they are relatively less expensive than traditional
host-dependent CAD systems. They typically employ 16/32-bit
microprocessor technology, and operate in a decentralized, networked
environment.

When DATAQUEST first created a separate applications segment Efor EDA
systems, they were used mostly for logle or circuit design, and for
analysis programs such as circuit and logic simulation, timing
verification, and fault gimulation. Today, howaever, EDA systems address
a broad range cof applications, 1including physical layout of printed
circult boards and full custom ICs, and placement and routing programs
for gate arrays and standard cells. And the market continues to expand
its scope. Por example, an integral part of an EDA system may also
include dedicated hardware engines used to speed the proceas of
simulating complex circuitry. Hardware logic analyzers integrated with
design data bases are also used and sold by EDA vendors.
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Not only do EDA systems directly address electrical engineers' needs
for design toola, but they also include functionality for word
processing, technical publications, project management, and electronle
mail.,

Companies in DATAQUEST's EDA data base currently include the

following:
) CAE Systems - Mentor Graphics
® Cadtec ® Metheus
» Calma Company ® Silvar-Lisco
» Daisy Systems e Valid Logic

[ ] Intergraph

DATAQUEST belleves that the list of vendors participating in the EDA
gegment will continue to grow. We believe that other major turnkey
companies and computer companies will enter this market during the next
several years, and that the market will become somewhat fragmented.

. EDA MARKET SIZE

The electronic design automation segment grew 328 percent in 1983,
The worldwide revenues of 390 million were highly concentrated in four of
the ten companies currently selling EDA systems. Dataguest esgtimates
that the EDA segment will increase approximately 136 percent during 1984,
reaching $211 million in worldwide revenues.

Market Forecast

DATAQUEST estimates that the EDA market segment will grow at an
average compound annual growth rate (CAGR) of 65 percent during the next
five years, and that the market will be mere than $1 billlion in 1988,
Workstation shipments are expected to grow by 67 percent per year,
increasing from 1,329 units in 1983 to approximately 17,112 units in
1988, The table below represents our yearly estimates:

EDA MARKET ESTIMATES AND FORECASTS
{Millions of Dollars)

1983 1984 19835 1986 1987 1988
Revenue 90 211 357 532 772 1,092
. Workstations 1,325 3,223 5,421 8,002 11,774 17,112
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a

The EDA segment has gained a tremendous amount of momentum,
considering its relatively early stage of development., We believe that
this momentum will carry through 1988 due to:

® Demand

] Expanded product lines

) Incorporation of new hardware technologies
L] New entrants
L Application niches =

Quarterly revenue of the three market leadera continues to increase
at ocutstanding rates. There has been much publicity about the successful
accomplishments of EDA companies, which is in keeping with their general
high—-awareness marketing strategies, The table below represents the sum
of quarterly results of Daisy Systems, Mentor Graphies, and Valid Logic:

EDA QUARTERLY SALES
(Millions of Dollars)

1981 1982 1983 1984
Quarter 1 0 1.17 7.16 39.21
Quarter 2 0 2.08 12,33 N/A
Quarter 3 0 3.88 19.24 N/A
Quarter 4 0.21 3.81 31.869 M/A

H/A = Not Available
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. Market Share BEatimates

DATAQUEST currently follows ten companies in the EDA segment. Four
of them comprise 88 percent of the 1983 revenues, while the other six
companies comprise the remaining 12 percent. The table below represents
our market share estimates:

EDA 1983 MAREKET SEARE ESTIMATES
(Millions of Dollars})

Revenue Market Share
Daisy Systems $28.4 1%
Mentor Graphics 26.0 29%
Silvar-Lisco 9.0 10%
valid Logic 16.1 18%
Other™ 19.5 12%

*Other includes: Cadtec, CAE, Calma,
Control Data, Intergraph, and Metheus

'. Electronic CAD/CAM Estimates

DATAQUEST estimates that the entire electronic CAD/CAM segment ls
growing at an average CAGR of 47 percent. EDA is growing the fastest, at
a 65 percent CAGR, followed by printed circuit CAD/CAM with a 45 percent
CAGR and integrated circuit CAD/CAM with a 31 percent CAGR.

DATAQUEST believes that another segmentation of the electronic CAD
market is meaningful due to the ¢lose relationships and slight overlaps
between the IC, PC, and EDA segments. The second market segmentation is
based upon the electronic product design cycle discussed earlier in this
paper. We have estimated the size and growth of the electronic CAD/CAM
market-based system usage within the following design phases:

® Legic design and analysis

® Full custom IC layout

[ ) Gate array layout

1 Standard cell layocut

. Printed circuit board layout

The table below shows our estimates for workstation shipments, either
standalone or host-dependent, that will be used in the previously
described design cycle.
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ELECTRONIC CAD SYSTEM USAGE "I'
(Workstation Units)

1983 1938 CAGR
Logic Design and Analysis 1,240 14,253 638
Full Custom 778 3,782 37%
Gate Array g0 2,915 105%
Standard Cell 54 2,976 123%
Printed Circuit 2,072 14,321 47%

These numbers represent the sum of total workstations in the IC, PCBH,
and EDA CAD/CAM gsegments: however, they were calculated based on design
cycle phases, not on the type of company selling the workstation. For
example, an EDA system can be used to do logic design, full custom
layout, or printed circuit board layout. Conversely, a PC CAD system may
be used for logic design and analysis in addition to printed clrcuit
board layout.

We believe that the above design cycle segmentation, in conjunction
with our standard applications segmentation, provides an accurate overall
picture as to which company is selling a system, and what the system is

being used for. .

Systems used for printed clrcuit board layout is the largest segment
in 1983 because vendors in the PC CAD/CAM segments have been established
longer. We believe that these systems wlll decrease as a percentage of
total system shipments because of increased usage in other design phases.

We expect that systems used for design automation, or logic design
and analysis, gate array, and standard cell placement and routing will
increase as a percentage of total shipments through 1988. &all three have
large CAGRs, which is due in part from the small base at which they are
starting. Additionally, their growth is spurred by the acceptance of
semicustom clrcuits and design methodolegies.

In summary, we believe that the systems usage for companies currently
in the IC, PC, and EDA segments will become increasingly difficult, as

gsome start to expand thelir current product strategies and address design
phases outside of their traditional markets.
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DRIVING FACTORS

Circuit Complexity

Much has been "said about the increasing complexity of integrated
clircuita. It is not feasible to create a VISI circuit today without the
aid of some type of computer—assisted design, analysis, or engineering
program., It ia not the intention of this DATAQUEST Pocus Conference to
discuss the growing complexity of circuits, but to draw a parallel to the
need for engilneering design tools to meet the needs of today's design
engineers in working with these circuita.

Phrases like "productivity”™ and ®speed to market" are associated with
the EDA market. Produgtivity and speed to market, as it turns out, are
EDA products' biggest beneflits.

The goal is to reduce the time required to design a product, while
maintaining or improving circuit functicnality and complexity. The end
result is a higher return on investment and a faster payback period for
the company designing, manufacturing, or marketing a circuit, when
compared with the product life cycle. Productivity and speed to markat
apply not only to semiconductor manufacturers, but to system or computer
manufacturers.

. Semicustom Circuits

With the increasing acceptance of gate array ICs and standard cell
design methodologies, the time it takes to design and market a product is
shortened even more than when compared to using an EDA system for full
custam ICs. Not only is the design cycle shortened, hut engineers who
have not been trained to design specifically on silicon can now create
gemicustom circuits. The end result is a circuit that isg customized to a
particular application, has better functionality, and possibly has
reduced product cogt through the use of fewer printed circuit boards in a
given system.

In his speech later today, Ken McEKenzie, Associate Director of
DATAQUEST's Semiconductor Industry Service, will further explore the
relationship and synergy between semicustom chips and electronic design
automation systems.

We believe that one of the goals of an EDA vendor with semicustom
design capability is to put the task of creating integrated circuits into
the hands of engineers designing entire systems, who are accustomed to
using TTL parts. The total available market would then increase from
approximately 3,000 silicon design engineers to approximately 450,000
total design engineers.
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Hardware Technology .

To effectively penetrate a market of approximately 450,000 worldwide
electrical engineers, two actions must be taken simultaneocusly: decrease
system costs and maintaln an equal or better level of system
functionality.

The typical system hardware of an EDA vendor today consists of the
following:

) 16/32-bit microprocessor

o 1- to 4-MPE memory

® 60— to 160-MB Winchester-type disk drive

® 1-ME flexible disk drive

® High-performance graphics terminal, preferably color
® Applications software

Peripherals such as plotters, printers, communications, file servers,
or tape drives, are available in addition to the above, depending on user
requirements. The average selling price of the system hardware described
above ls approximately $60,000. The cost of the hardware continues to
decrease over time as performance continues to increase. .

DATAQUEST belleves that to penetrate the market to the point where
the majority of engineers have some type of interactive design tool on
their desks, hardware prices must decrease more sSteeply than the
predicted 15 percent per year for OEM cost, and 7.5 percent per vear for
end-user price. This is discussed further under the Trends section.

IRENDS

Due to the embryonic state of the EDA segment, practically everything
that occurs within it is a significant trend. Major events such as
product announcements, mergers and acquisgitions, bankruptcies,
third=-party software agreements, public offerings, and new entrants,
occur on a regular and frequent basis. The following trends are those
that DATAQUEST believes have the most impact on the present EDA market.
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. Marketing/Sales

To say that the EDA segment is highly competitive is a gross
underatatement, but it 1s true. DATAQUEST expects the EDA segment to
maintain this high level of competition during the next several years,
for the following reasona:

) "Buy market share

L New entrants

] Many vendors (in relation to market life cycle)
- Lean and mean

[ ] Functionality race

) Market educational requirements

LJ Market needs and demands

The markat leaders have set the Ilndustry pace. New entrants must be
willing and able to meet this pace. Maintaining intense sales and
marketing positiong, however, can be a financial drain on a company, or
even a barrier to entry.

. The following figures represent the sums of Daisy Systems', Mentor
Graphics', Silvar~-Lisco's, and Valid Logic's fiscal expenses as a
percentage of revenue for each of their respective fiscal years.

BXPENSES AS A PERCENTAGE OF REVENUE
{Millions of Dollars)

1982 1983
Revenue 10.6 63.7
Marketing, General
and Administrative 66% 40%
Research and Development 43% 16%

Expenses are expected te be high during the first several years of
oparation {notice 1982 was not profitable). BHowever, DATAQUEST bellieves
that the EDA segment will continue to reflect higher than average
marketing and sales expenses as a percentage of revenue. We do not
believe that competitlion will become lesas Intense than it is today. The
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companies analyzed in the above figure, besides being the only public, .
nonsubsidiary EDA companies, are also the 1983 market leaders. We

believe that they will continue to fight for their present positions as

new companies enter the market.

Punctionalit

Closely related to the market competitiveness is product
functionality, as evidenced by the major product announcements of almost
all EDA vendors during the past seven months.

Product introductions are not haphazard, although some might be
reactionary. Perhaps it 1is pure coincidence that thres companies
introduced a hardware simulation engine within five months of one
another. Perhaps it was because they were all at relatively similar
stages of organizational development and maturity. WHonetheless, it seems
safe to conclude that what one company starts, others will follow.

In addition to the applications offered on current EDA systems,
DATAQUEST believes that the following system functions will be added to
EDA vendors' product portfolios:

o Enhanced behavorial~level simulators

® Enhanced modeling tools .
[ ] Emphasis on structured logic design

(] Operating system software development tools

® Application system software development tools

) Automatic test equipment interfaces

[} Automated testing software

® Integration of analog circuit design

(] Integration of PCB routers and system functionality

* Silicon compilers

] Integration with mechanical CAD data bases

® Interfaces to CAM/CIM, if not the actual software products
) Standard data base interfaces

® Artificial intelligence
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EDA vendors contlnue to strive toward a "complete" product. Wlth
1983 Rs&D expenses approximately 16 percent of revenue, not only are
vendors making enhancements {and bug fixes) to existing products, but the
leaders continue to reach for state-of-the—art. Golng back to the system
penefite of increased productivity and speed to market, DATAQUEST
believes that development efforts will continue to focus on automating
the entire elactronic product design cycle. '

INTERFACES

In order to accomplish complete design automation, EDA wvendors must
contend with two forces. Pirst, they must work with their target
market's existing design tools. Although low=-cost, lInteractive graphics
systema have not been used very long for deslgn automatlon, users do have
a considerable investment in elther in-house developed tools or tools
purchased from software companies. To ease the acceptance of EDA
systema, vendors must provide capabilities that interface with their
users' existing tools.

The second force, and one that works against EDA vendorg, is time.
Given EDA's relatively early stage of development, it is wvirtually
impossible to develop all software at once. Hence, there is additional
need to provide interfaces to exlsting design alds and to other CAD/CAM
. systems. DATAQUEST does not believe that this is a negative factor,
since it is ultimately most beneficial to the user and to the wvendor that
can support the widest capabllities.

Finally, interfaces in terms of libraries and data base structure are
critical to the widespread acceptance of semicustom circuits. It is in
the best interest of both EDA vendors and silicon foundries or
semiconductor manufacturers to determine and agree upon standard
interfaces. This way, EDA vendors would not lose s5ales because of the
lack of a particular foundry's library. The foundry would benefit £from
increased distribution channels through each of the EDA vendors' sales
forces and Installed baazes.

Application-Specific Hardware

The underlying goal to increase productivity affects many aspects of
EDA. Interactive software tools are available on low-cost workstations
to ald the design engineer. Interfaces to batch-orlented software
analysils programs brldge the gap between the standalone user and the
host=-dependent user. Finally, hardware dedicated to and designed for
speclfic computer-bound tasks 1s available to work with EDA design data
basges.
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Simulation engines, for example, can compléte a simulation pass 1in
seconds, where it might have taken software methods hours to complete,
Dr. Jared Anderson, President of Valid Logic Systems, Inc., will address
the use of application-specific hardware in the EDA market segment.

The EDA segment is not alone 1in its use of application-specific
hardware. The CAD/CAM, computer, and graphics Industries are applying
more and more hardware dedicated to specific tasks. Examples of such
hardware may include: Pipeline processors; geometry engines; tiling
engines; array processors; and co-processors, in addition to simulation
engines.

DATAQUEST believes that this is a significant trend occurring within

the entire CAD/CAM industry, and that it will be especlally evident
within the EDA segment.

PERSONAL ENGINEERING WORKSTATIONS

There is no question as to acceptance of electronic design automation
systems as the solution to engineering design tasks. However, vendors
and users agree that the average selling price of workstations must
decrease in order to penetrate the electrical engineering community.

In addition to traditional host-dependent systems and standalone
workstations, personal computers {(PCs) are emerging aa an important type .
of hardware In the entire CAD/CAM marketplace. DATAQUEST belleves that

PCs will play an increasing role in electronic CAD applications.

Based on current performance levels, PCs are best suited for
applications that are less compute~intense, such as schematics drafting
and physical layout. There are, however, several vendors that presently
sell PC-bagsed CAD syatems that include forms of analysis and simulation.
DATAQUEST believes that the very low=-end market will be segmented based
on performance and end use. We believe that low=-end PCs will be used
mainly for drafting purposes in large companies that use networking
capabilities to communicate with the design automation process, or by
amall companies with Jless need for higher performance, higher cost,
comprehengive systems.

We also believe that the low-end PC market will serve engineers and
their requirements for analysis and simulation, as well as for schematic
creation. To do this, however, willl require different hardware
technology than what ia currently available from standalone workstation
and personal computer manufacturers. The price of a standalone
workstation must decrease to the $10,000 to $20,000 range, and the
performance of the perscnal computer must lncrease to be competitive with
that of a standalone workstation.
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DATAQUEST recognizes thisa new hardware segment as personal
engineering workstations (PEWS). We believe that PEWS will include
medium- to high-performance graphics capabilities, local area networking
capabilities, 32- or 16/32-bit microprocessors, application—-specific
integrated circuits (ASICs), and low to medium storage capabllities.
PEWS wlll be confligured to attain high levels of productivity, with the
inherent abllity to share resources. DATAQUEST believes that wvolume
shipments of PEWS will begin in late 1984 or early 198S5.

It is through PEWS, and their networking with personal computers,
standalone workstations, and host-independent computers, that the mass of
the engineering market will be penetrated.

NICHE APPLICATIONS

The EDA segment is dgrowing at a phenomenal rate. Product
introductions occur regqularly and frequently. Different companies are
entering the market. Product and company diffarentiation 1s becoming
increasingly more difficult to recognize. DATAQUEST believes that the
EDA segment is large enocugh to support many vendora, as the other CAD/CAM
gpplication gsegments currently do. However, we believe that product
differentiation will begin to occur, as new entrants address niche

applications.

. The current EDA vendors and the companies expected to enter the
market in the near future have similar product portfolios. Though they
differ in corporate and marketing strategies, and actual product
functicnality, DATAQUEST believes that there is presently little true
product differentliation between the major vendors.

We believe that the market will evolve to include companies
addressing apecific application or target market niches, that may include
the following:

¥ Printed circuit board design automation: We believe that
companies selling high performance standalone systems with
schematics entry capability and an intelligent data base will
expand their product offerings to include more design automation
software.

X Analog c¢lrcuit design: Although analog circuit design is not
the critical bottleneck in a design cycle, we believe that
companies will begin to offer standalone and/for integrated
systems with capability to Incorperate analog and digital
¢lrcuit design.
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® Silicon compilers: We believe that silicon compilers are the .
next generation of design automation, and that they will become
cammercially used and accepted. Vendors may incorporate
compilers into thelir c¢urrent product lines, or new companles
will emerge with compilers as their main products.

L Semiconductor distributors: With the availability of standalone
workstations and semicustom circuits, distributors will emerge
as an important distribution channel for both types of products.

] Software—-only companies: The ability to accomplish a design
task through application software is the true added value to any
CAD/CAM system. We believe that more companies will emerge with
software-only products as design tasks become increasingly
complex. We also believe that more and more third-party
software activity, mergers, and acquisitions will cccur.

CONCLUSIONS

The electronic design automation segment of the CAD/CAM industry is
complex, and undergoing constant change. DATAQUEST believes that it will
play an ever=increasing role In the electronic CAD/CAM application
segments and In the design of electronic products. We belleve that
gsuccessful vendors recognize the importance of truly integrating all
phases of the design cycle with common data bases, interfaces, and .
systems. Engineers creating products in 1988 will enjoy the conveniences
and productivity increases that EDA systems will provide them. It is
these engineers that will make the EDA segment climb to more than
$1 blllion 1In 1988. It is these engineers that will create
state—of-the—-art electronic c¢ircuits, systems, and products through the
use of electronic design automation tools.
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o LAYOUT DESIGNER
® PHYSICAL GEOMETRES

¢ CENTRALIZED CAD SHOPS

¢ FULL CUSTOM CRCUT

¢ TYPICALLY HOST~DEPENDENT
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¢ MARKETING/SALES

¢ FUNCTIONALITY

¢ INTERFACES

¢ APPLICATION=-SPECIFIC HARDWARE
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What's All The Excitement About
or
How Can An Industry Grow So Fast

Gerard H. Langeler
MENTOR GRAPHICS CORPORATION
8500 S.W. Creekside Place
Beaverton, Oregon 87005-718%81
(503) 626~7000

The market for Computer Aided Engineering products
.;‘ didn’'t exist in 1981, yet many industry observers predict a
- market size of over $1 billion by 1987! How can an industry
grow so fast?

To answer this question we need to look at what is
fueling the growth, and just as importantly the limits to
growth. By focusing our attention on the limits to growth,

we can determine whether all this euphoria is realistic or
. whether this market is just a high technology flash in the
pan.

The limits to growth for any industry or company are a

direct function of both internal and external elements.
s Internal limits center on such things as cash position,
manufacturing capacity, market coverage, management ability-
and something the Boston Consulting Group calls the "Maximum
Sustainable Growth Rate®™ which ig approximated by return on
net assets minus the interest rate on debt times the debt to
equity ratio. External limits are focused on such issues as
degree of pent-up demand, economic cycles, capital avail-
ability and most importantly the return on net assets a
customer can expect from newly acquired CAE systems.

It turns out that in the short term (e.g., next one to
two years) the limits to growth for the CAE industry are
largely internal, not external! While the significant CAE
players are public companies with excellent cash positions,
and all have such large capitalizations that return on
asgets is not yet a meaningful number, the other internal
limits are very much in play.
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Dramatically lengthening semiconductor lead times put
an artificial constraint on manufacturing capacity in the
short term. The leading CAE companies have relatively small
sales and support organizations {though growing fast) so
market coverage limits industry growth at present. Finally,
some CAE companies have the management experience and depth
to handle over $100 million in sales, growing at over 100%
per year. Some will struggle under such pressure. '

In contrast, there are few external limits to growth in
the short term. There is a large amount of pent up demand,
stemming from years of "shoemaker's children" phenomena
among electronic engineers. We are in the middle of a
strong upturn in the business cyc¢le, led by capital spend-
ing.

Over the long term, the more enduring factors of return
on investment come into play. Given the very high software
content to the vlaue added portion of the business, internal
return on net assets is likely to be gqguite high. Coupled
with the traditional aversion to debt by successful high
technology firms, the maximum sustaninable growth rate for
leading CAE firms is likely to remain quite high. .

The real limit to long term growth in this industry
will be found in the return on investment customers ex-
perience when they purchase a CAE system. Most customers
focus on measuring productivity gains to determine the value
of their investment. While productivity gains are very
important in terms of a shorter time to market serving to
lower costs and improve market share, there is a larger
mostly unrecognized factor - price flexibility.

If you give me a choice of getting to market three
months early, or getting there on time with product in-
novation able to support a 5% or 10% higher price, I will
normally choose the second option. CAE systems which not
only promote productivity but also provide tools for in-
novation allow for such gains.

This kind of thinking can lead to sophisticated an-
alysis which can prove beyond a shadow of a doubt that CAE
is a good investment, often yielding 50% to 100% annual
return on investment. However, even this may pale in com-
parison to the real return on CAE-survival. It is the
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impression of many people (not just vendors) that failure to
adopt CAE tools will spell economical doom for any firm
competing in the fast moving electronics industry. With
that attitude the growth potential for leading CAE firms is
indeed spectacular.

So, how fast can the industry really grow? Our best
estimates are 200%-300% in 1984, 40%-70% per year in the
1985-1990 time frame and at least 25% to 35% per year during
the 199%0°'s,

Along the way, you are going to see some interesting
changes. First of all, during 1984 and 1985 some of the
walking wounded will stop walking. Some will just go away,
others will merge or get acquired. For the long term
leaders, look to Mentor Graphics, Daisy, one of the in-
strument companies (probably Hewlett-Packard) and one of the
CAD/CAM companies (probably Computervision}.

Rapid growth and rapid change, it makes for a most
exciting business.

/tp
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WHAT'S ALL THE EXCITEMENT ABOUT?
' or
HOW CAN AN INDUSTRY GROW SO FAST?

Gerard H. Langeler
Mentor Graphics Corp.



" LIMITS TO INDUSTRY GROWTH
A. Internal
B. External
o
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INTERNAL (COMPANY) LIMITS TO GROWTH

1. Short term
~ a. Cash
b. Manufacturing capacity
e Market coverage

2. Long term

a. Maximum sustainable growth rate
(RONA - INTEREST ON DEBT)
b. Management ability
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EXTERNAL (MARKET) LIMITS TO GROWTH

1. Short term
a. Degree of pent up demand
b. Economic cycle

2. Long term
a. RONA (eg. productivity gains & innovation gains)
b.Capital availability
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THE MENTOR GRAPHICS GOAL-

“Enable its customers to compete better by improving
productivity and innovation in electronics design.”
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CONCEPTUAL DESIGN

The difference between englneermg

and schematic drawing.
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ANALYSIS TOOLS: WHAT ENGINEERS
REALLY CARE ABOUT
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PHYSICAL LAYOUT TOOLS

Taking theory to reality.
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TEST AND MEASUREMENT TOOLS:

VERIFYING THE END PRODUCT
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PROJECT MANAGEMENT TOOLS

Covering the 60% of the day
engineers spend outside “design engineering”.
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CUSTOMER RETURN ON NET ASSETS
(Payback On CAE Systems)

1. Cost savings are nice
2. Time to market reductions are nicer

3. Price flexibility is the largest
potential return
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WHAT TO WATCH FOR

1. Some dead bodies
2. Some acquisitions/consolidations

3. Continued exciting growth
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WHO WILL LEAD CAE?
Two from One from
current leaders ___columnA
Mentor Graphics  Hewlett-Packard
Daisy Systems Tektronix
GenRad

One from
column B

Computervision
Calma
Racal-Redac
Intergraph
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¢ INTRODUCTION TO CDI
® DESIGN AUTOMATION CAPABILITIES
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® DESIGN CENTERS
_® INTERFACE ALTERNATIVES
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CALIFORNIA DEVICES INC.

PRODUCT
CDI}

P_

HCS

DLM
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CDI PRODUCTS

FEATURES

HIGH VOLTAGE
RADIATION TOLERANCE
100-800 GATES
22-721/0'S

-~ 3 MHz CLOCK

LS TTL COMPATIBLE
300~-1780 GATES
40-92 |/0'S

20 MHz CLOCK

6 TTL LOAD DRIVE
SMALL SILICON DIE
SIZE

225-10, 260 GATES
30-156 1/0'S

52 MHz CLOCK

TECHNOLOGY

6.3 4 METAL GATE CMOS
SINGLE LEVEL METAL

44 SILICON GATE CMOS
SINGLE LEVEL METAL

34 SILICON GATE CMOS -
DUAL LEVEL METAL
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CALIFORNIA DEVICES INC-
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DESIGN AUTOMATION

® HISTORICAL PERSPECTIVE

- MAJORITY OF CAPABILITIES DEVELOPED FOR
INTERNAL USE (IBM, BELL LABS, TI) .
- REQUIRED EXTENSIVE COMPUTING CAPABILITIES

- RECENT UNIVERSITY AND GOVERNMENTAL ACTIVITIES
HAVE SPAWNED MORE EFFICIENT
COMMERCIAL CAPABILITIES

-g-

MAINFRAME === 32 BIT MINIS [—=-|WORKSTATIONS

L
| TIME

{
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CALIFORNIA DEVICES INC.

Sy [amod;oow 1senbejeg

- DESIGN AUTOMATION OBJECTIVES

e PROVIDE TOOL ACCESS AND CAPABILITY TO
- ENSURE LOGIC FUNCTIONALITY, ELECTRICAL
INTEGRITY, AND TESTABILITY

¢ STRUCTURE DESIGN SYSTEM TO ALLOW
WIDE VARIETY OF DESIGN INPUTS AT VARIOUS

POINTS IN THE DESIGN PHASE

® VALIDATE AND VERIFY EACH ELEMENT
OF DATA REGARDLESS OF ENTRY FORMAT

"OR POINT
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ADVANTAGES OF COMMERCIAL
-~ SOFTWARE TOOLS

' ® RAPID ESTABLISHMENT OF FULL CAPABILITIES
® INCREASED SUPPORT AND CONTINUED DEVELOPMENT

e TECHNOLOGY INDEPENDENT
® PORTABILITY FOR IN-HOUSE CUSTOMER USE
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—CDI CALIFORNIA DEVICES INC.

DESIGN AUTOMATION CAPABILITIES

® DESIGN ANALYSIS AND DEVELOPMENT:

- DAISY LOGICIAN WORKSTATIONS
- GENRAD'S HILO SIMULATION SYSTEMS
(PRIME 750 VAX 11/780)

® AUTOMATED PLACE AND ROUTE:

- DAISY GATEMASTER WORKSTATIONS
- SCIENTIFIC CALCULATIONS SCIMEDS
SYSTEM (VAX 11/780)
® AUTOMATED VERIFICATION:

- PHOENIX DATA SYSTEMS' MASKAP PROGRAM
- APPLICON DRC PROGRAM

-8 -
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| CALIFORNIA DEVICES INC.

)

SEMICUSTOM DESIGN CENTERS

5

¢ HISTORICAL PERSPECTIVE

- ESTABLISHMENT OF REGIONAL DESIGN CENTERS BY
MAJOR S.C. MANUFACTURES

- UTILIZED INTERNALLY DEVELOPED D.A. SYSTEMS
WITH LARGE HARDWARE REQUIREMENTS

- ONLY VIABLE OPTION AT THAT POINT IN TIME

- DUE TO RESOURCE AND CAPITAL INVESTMENTS,
TREND TO OPERATE AS PROFIT AND LOSS CENTERS

CL8121 ¥0|8L / 0§06-1.26 (80K} / LELSE VO 'O50F WBS [ 8AIQ YIBG JRPPIH 0621 / AuBdwoD UBS|IN 'OV 10 AeIpIsans v 'pfizicdiooy lsanbejeq
-5 =



rP@rI0diosu| jsenbejeq

v

LD cALIFORNIA DEVICES INC.

SEMICUSTOM DESIGN CENTERS

e WITH THE EVOLUTION OF D.A. CAPABILITIES (HARDWARE
& SOFTWARE), ESTABLISHMENT OF LARGE OF REGIONAL
DESIGN CENTERS NOT ESSENTIAL FOR SUCCESSFUL
COMPLETION OF SEMICUSTOM DESIGN
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‘CALIFORNIA DEVICES INC.
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CDI DESIGN CENTER STRATEGY

® PRESENT STATUS

- 3500 SQUARE FOOT TRAINING FACILITY = SAN JOSE
- MULTI WORKSTATION/MINICOMPUTER
TERMINAL ENVIRONMENT

- CAPACITY TO TRAIN 48-60 PEOPLE PER MONTH
- APPLICATION AND DESIGN ASSISTANCE AVAILABLE

® FUTURE PLANS
- EXTENDED REGIONAL SUPPORT THROUGH NATIONWIDE

DISTRIBUTION NETWORK

- SUPPORT INCLUDES APPLICATION ASSISTANCE, PRODUCT
SPECIALIST, TRAINING, DOCUMENTATION BANK, DESIGN

TOOLS AND ASSISTANCE

-n'['[-
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-——c CALIFORNIA DEVICES INC.

: - INTERFACE OPTIONS
LEASE WORKSTATION CDI MAIN FRAME
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CUSTOMER WORKS AT

CUSTOMER CONNECTS VIA
CDI| DESIGN CENTER

TELE-LINK WITH CDI MAIN
FRAME
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CALIFORNIA DEVICES INC.

DLM MACRO LIBRARIES

® MACRO LIBRARIES ARE AVAILABLE FOR THE
FOLLOWING DESIGN SYSTEMS:

- DAISY LOGICIAN AND GATEMASTER WORKSTATION

- MENTOR WORKSTATION
- VALID LOGIC WORKSTATION

. - GENRAD'S HILO SIMULATION SYSTEMS

- TEGAS SIMULATION SYSTEMS
- FUTURENET SCHEMATIC DESIGN SYSTEM

- ADDITIONAL COMMERCIAL AND SPECIFIC CORPORATE
DESIGN LIBRARIES UNDER DEVELOPMENT
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WHY PREVIOUS ASIC “GENER.ATIONS ”FAILED

¢ LACK OF ECONOMICAL USER DESIGN TOOLS
¢ USER/VENDOR LOGISTICS

¢ LIMITED SECOND-SOURCING

¢ PRIMITIVE HIGH-PIN-COUNT PACKAGING

|
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¢ EVOLUTION TO STRUCTURED ELEMENTS
¢ CMOS FOR. LOW POWER AND SPEED

¢ CHIP CARRIER AND PIN-GRID PACKAGING
¢ TREND TOWARD INDUSTRY STANDARDS

-d -
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MARKET OVERVIEW
WORLDWIDE INTEGRATED CIRCUITS

( Billions ot Dollars )
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Source: DATAQUEST
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MARKET OVERVIEW
WORLDWIDE IC AND MEMORY

( Billions of Dollars)

60
50
40
30
|

20 "a-
B =T

79 '80 ‘81 '82 '83 '84 '85 '86 87 88 89 .

Year
= IC MARKET «« MEMORY MARKET

Source: DATAQUEST
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MARKET OVERVIEW
WORLDWIDE IC AND MICRO

(Billions of Dollars)
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MARKET OVERVIEW
WORLDWIDE IC AND ASIC

(Billions of Dollars)
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Source: DATAQUEST
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MARKET OVERVIEW
WORLDWIDE MICRO AND ASIC

(Billions of Dollars)
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MARKET OVERVIEW

WORLDWIDE ASIC MARKET
1983 SHIPMENTS ($)

GATE ARRAY

FULL CUSTOM 21 3%
75.5%

STANDARD CELL

3.2%

Source: DATAQUEST
- 10 -
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MARKET OVERVIEW

WORLDWIDE ASIC MARKET
1989 SHIPMENTS ($)

GATE ARRAY

FULL CUSTOM 25.2%

57.2%
. STANDARD CELL

17.6%
Source: DATAQUEST
- 11 -
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S— MICROPROCESSORS -,,-,TODAY... N

8-BIT

¢ MATURE (1972)

¢ GIVING WAY TO 8/16-BIT
¢ CMOS FAMILIES DELAYED
¢ FUNCTIONAL INTEGRATION

- 16 =
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32-BIT

® LITTLE REAL ACTION

¢ SUPERSETS OF EXISTING 16-BIT MICROS
¢ VIRTUAL MEMORY SUPPORT

¢ CHIP CARRIER AND PIN-GRID PACKAGING

- 18 -
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HE FUTUR
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B T

¢ HIGH-SPEED (20 MHz)

¢ TOTAL CMOS: FAMILIES

¢ TRUE 32-BIT MPU

¢ ON-CHIP MEMORY MANAGEMENT

¢ PARALLEL, PIPELINED ARCHITECTURES
¢ APPLICATION=-SPECIFIC MPUS

®

© 1984 Dataquest Incorporated-Reproduction Prohibited

Dataquest Incorporated, A Subsidiary of A.C. Nigisen Company / 1290 Ridder Park Drive / San Jose, CA 95131/ (308) 971-0000 / Telex 171973



 DYNAMIC RAMS--TODAY =

64K BIT

¢ MANY SUPPLIERS
¢ US. GAINING MARKET SHARE

¢ PRICING FLAT TO UP

¢ SUPPLY/DEMAND BALANCE--YEAR END

256K BIT

¢ LITTLE NON-JAPANESE ACTION:

¢ HIGH PRICES ($30 ASP-1984)

¢ VOLUME IN 1985~1986 .

- 20 =
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¢ SHORTER PRODUCT LIFE CYCLES
¢ CMOS

¢ X4 AND X8 ORGANIZATIONS

¢ MINIMAL AREA PACKAGING (MAP)
¢ HIGH SPEEDS (50-100 NS)

®
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MICRO

o R

¢ CMOS FAMIIES

¢ HIGH-PIN-COUNT PACKAGING
¢ 16/32 BIT ARCHITECTURES
¢ ANALOG I/O

¢ ON-CHIP LAN

¢ APPLICATION~-SPECIFIC MCUS

- 22 -
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““WMICROPERIPHERALS- -_THE FUTURE o

¢ LONGER PRODUCT LIFE

¢ MPU INDEPENDENCE

¢ CONFIGURATION LANGUAGE

¢ RELATED FUNCTION INTEGRATION
¢ ON-CHIP FIFO AND PROCESSING

®
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¢ MULTIUSER

¢ SHARED RESOURCE

¢ STAR OR CLUSTERED COMMUNICATIONS

® TASKS VS. USERS-~-PERFORMANCE LIMITS
¢ COMPLEX MULTIUSER SOFTWARE

@
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~ CAD TOOLS- -THE FUT

e

¢ SINGLE DEDICATED USER
¢ LOOSE-COUPLED 16-BIT AND 32-BIT MPUS
¢ HIGH-SPEED LAN COMMUNICATIONS

¢ STANDALONE/MULTITASKING

¢ OPERATOR-SENSITIVE SOFTWARE (NLI, Al)

- 26 -
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EDA WORKSTATIONS THE”FUTURE

¢ WORKSTATIONS THE SIZE OF TODAY'S PCS
¢ INTERNAL iMB TO 4MB RAM

¢ TRANSPARENT VIRTUAL MEMORY

¢ VOICE I/0O

¢ LOCAL OPTICAL DISK

@
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¢ CAD TOOLS SMALLER THAN TODAY'S PCS
¢ INTERNAL 1MB TO 4MB RAM

¢ TRANSPARENT VIRTUAL MEMORY

® VOICE I/O

¢ LOCAL OPTICAL DISK

- 28 -
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ELECTRONIC DESIGN AUTOMATICON

I. APPLICATIONS
[1. WHY AUTOMATE

. [11. EXPECTATIONS

IV. FUuTurES

o
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I. APPLICATIONS
- CustoM INTEGRATED CIRCUITS
- LSI/VLSI ComPLEXITY
0 SYSTEM DESIGN
- 0 Logrc DesieN
0 Mask LAvouT .
0 VERIFICATION

0 PROTOTYPE DEVELOPMENT

Dataguest Incorporated, A Subsidiary of A.C. Nieisen Company / 1290 Ridder Park Drive / San Jose, CA 95131 / {408) 971~9000 / Telex 171973



I1. WHY AuToMATE
- COMPLEXITY
- Too CuMBERSOME

- ManNy BENEFITS

|
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- WE DETERMINED OUR OLD APPROACH WAS TOO CUMBERSOME.
0 WE wWOULD PLOT THE ENTIRE circulT AT 1016X.
0 WE CHECKED THE CIRCUIT BY HAND ON THE FLOOR.

0 We Took pays 10 PO DRC CHECKS ON OUR SMALL COMPUTER,

CHiP Stze (MIL) 230 x 280 280 x 280
® SCALE 1016X 254X

ResoLuTiON (UM) ] 4

DrawING S1zZE (FT.) 24 x 24 6 x5

# MYLARS 49 ]

PLOTS PER LAYERS 16 ]
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DESIGN VS. TECHNOLOGY DEVELOPMENT
CICLE TIMES

8
VEARS
2 = |
A
0 o [ i 3
1870 1975 1980 1985 1990

A. LEAD TIME FROM RELEASE OF DESIGN RULES TO PRODUCTION

B. DESIGN TIME FOR A LOGIC PRODUCT.
C. DESIGN TIME. FOR A MEMORY PRODUCT.
As one can see in figure 1, the time to develop a new

techneology is in the 1l-2 year time frame. However, the time to
design a new logic circuit is in the 4 year time frame.
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BENEFITS OF DESIGN AUTOMATION

0 SOONER TO MARKET
0 Lower Desten CosT
0 FEWER ERRORS
0 ProDUCTS BUILT ON CURRENT TECHNOLOGY
0 HIGHER ENGINEERING LEVERAGE
- HIGHER RETURN ON ENG'G INVESTMENT

- MORE PRODUCTS OUT OF EACH LOGIC/CKT ENGINEER
- FASTER CORPORATE GROWTH

Dataquest Incorporated, A Subsidiary of A.C. Niglsen Company / 1280 Ridder Park Drive f San Jose, CA 95131 / (408) 971-9000 / Telex 171973



[I11, ExPECTATIONS
- ESSENTIALS
- HiGHLY DESIREABLE

-~ OTHER FEATURES .

- 10 -
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ENGINEERING WORKSTATION HISTORY
5/82 ESTABLISHED SELECTION COMMITTEE
8/82 DEMONSTRATIONS
B> 9/82 FirsT CuT SPECIFICATION
10/82 - 2/83 TRIAL EVALUATIONS

5/83 SeconNp DETAILED SPECIFICATION
. Basep oN “CURRENT” CAPABILITIES

2/83 DEC1SION MATRIX
FAILED To QuaLiFy ANy ONE

8/83 REDUCED SPECIFICATION
9/83 DECISION MATRIX

10/83 INITIAL SYSTEM

- 11 =
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ENGINEERING WORK STATION
SELECTION CRITERIA

I._EssenTiaL FEATURES

1.
2
3.
i,

POWERFUL, FAST GRAPHICS EDITOR

PLOT CAPABILITY

INTERFACE TO NETLIST DRIVEN SOFTWARE
MASK LAYOUT CAPABILITY

DATA BASE CAPABLE OF STORING ALL INFORMATION KNOWN
ABOUT A DESIGN EXCEPT FOR LAYOUT DETAILS

CAPACITY SUFFICIENT To HANDLE 100 D-S1ZE DRAWINGS
HiGH sPeeD IBM INTERFACE

ABILITY TO SUPPORT A HIERARCHICAL DESIGN

9-TRACK TAPE AVAILABILITY

LOCAL APPLICATIONS AND MAINTENANCE SUPPORT

I1._HIGHLY DESIREABLE FEATURES

1.
2.
3.
4.
5.

6.

PORTABLE SOF TWARE

RELEASE CONTROL AND SECURITY SYSTEM

ABILITY TO SUPPLY MANY SYSTEMS PER YEAR

LOCAL GENERAL PURPOSE PROCESSING

INTERACTIVE LOGIC SIMULATION WITH BEHAVIORAL MODELS
ABILITY TO RUN UNIVERSITY SOFTWARE '

I11._OTHER DESIREABLE FEATURES

1.

LLOCAL NETWORKING

2. WORD PROCESSING
3. ELECTRONIC MAIL
4, TIMING VERIFICATION

Dataquest Incorporated, A Subsidiary of A.C, Nielsen Company ! 1290 Ridder Park Drive / San Jose, CA 85131 / (408) 971-9000 / Telex 171973
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ENGINEERING WORKSTATION HISTORY
5/82 ESTABLISHED SELECTION COMMITTEE
8/82 DEMONSTRATIONS
9/82 FirsT CuT SPECIFICATION
10/82 - 2/83 TRiAL EVALUATIONS

5/83 Seconp DETAILED SPECIFICATION
. Basep oN "CurreNT” CAPABILITIES

© B> 2/83 DECISION MATRIX
FAILED To QuaLIFY ANy ONE

8/83 REDUCED SPECIFICATION
9/83 DecISION MATRIX

10/83 IntTIAL SYSTEM

@ | -
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DECISiON MATRIX

SCHEMATIC EDITOR
NETLIST GENERATOR
LoGIC SIMULATOR
TIMING VERIFIER
PLA OPTIMIZER
Lavout EpIToOR

@
AuTo RouTER
NETWORK EXTRACTOR
Dest6N RuLES CHECKER
CoNTINUITY CHECKER

GENERAL PurPose CoMPuTinNG POWER

- 14 -
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ENGINEERING WORKSTATION HISTORY
5/82 ESTABLISHED SELECTION CoMMITTEE
8/82 DEMONSTRATIONS
9/82 Fi1rsT CuT SPECIFICATION
10/82 - 2/83 TriAL EvALUATIONS

5783 SEcoND DETAILED SPECIFICATION
. Basep oN "CURRENT” CAPABILITIES

2/83 DECISION MATRIX
FAILED TO QUALIFY ANY ONE

8/83 REDucén SPECIFICATION
> 9/83 Decision MATRIX

10/83 INITIAL SYSTEM

- 15 -
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ENGINEERING WORK STATION
SELECTION CRITERIA
l._EsseNTialL FEATURES
1. POWERFUL, FAST GRAPHICS EDITOR
2. PLOT CAPABILITY
3. INTERFACE TO NETLIST DRIVEN SOF TWARE
4, MASK LAYOUT CAPABILITY

5. DATA BASE CAPABLE OF STORING ALL INFORMATION KNOWN
ABOUT A DESIGN EXCEPT FOR LAYOUT DETAILS

6. CAPACITY SUFFICIENT TO HANDLE 100 D-S1ZE DRAWINGS
7. HicH SPeep IBM INTERFACE
8. ABILITY TO SUPPORT A HIERARCHICAL DESIGN

9, 9-TRACK TAPE AVAILABILITY .
10, LocAL APPLICATIONS AND MAINTENANCE SUPPORT

11,_HIGHLY DESIREABLE FEATURES

' 1. PORTABLE SOF TWARE
2, RELEASE CONTROL ANO SECURITY SYSTEM
3. ABILITY TO SUPPLY MANY SYSTEMS PER YEAR
4, LOCAL GENERAL PURPOSE PROCESSING
S+ INTERACTIVE LOGIC SIMULATION WITH BEHAVIORAL MODELS
6. ABILITY TO RUN UNIVERSITY SOFTWARE

I11,_OTHER DESIREABLE FEATURES
1. LOCAL NETWORKING
2. WORD PROCESSING
3. ELECTRONIC MAIL
4, TIMING VERIFICATION . .

- 18 =
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ENGINEERING WORK STATION
SELECTION CRITERIA
I._EsseNTIAL FEATURES
v 1, POWERFUL, FAST GRAPHICS EDITOR
v 2, PLOT CAPABILITY
?- 3. INTERFACE TO NETLIST DRIVEN SOFTWARE
- 4, MASK LAYOUT CAPABILITY

= 5, DATA BASE CAPABLE OF STORING ALL INFORMATION KNOWN
ABOUT A DESIGN EXCEPT FOR LAYOUT DETAILS

v/ 6. CAPACITY SUFFICIENT TO HANDLE 100 D-SIZE DRAWINGS
? 7. HigH SPEED IBM INTERFACE
v’ 8. ABILITY TO SUPPORT A HIERARCHICAL DESIGN
. v/ 9. 9-TRACK TAPE AVAILABILITY
v/10, LOCAL APPLICATIONS AND MAINTENANCE SUPPORT

1. _HIGHLY DESIREABLE FEATURES

SOME 1. PORTABLE SOF TWARE

SOME 2. RELEASE CONTROL AND SECURITY SYSTEM
v/ 3. ABILITY TO SUPPLY MANY SYSTEMS PER YEAR
v/ 4. LOCAL GENERAL PURPOSE PROCESSING
- 5, INTERACTIVE LOGIC SIMULATION WITH BEHAVIORAL MODELS
= 6. ABILITY TO RUN UNIVERSITY SOF TWARE

[T, OTHER DESIREABLE FEATURES
v/ 1. LOCAL NETWORKING
- 2. WORD PROCESSING
v/ 3, ELECTRONIC MAIL

. SOME 4. TIMING VERIFICATION
- 19 -
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ENGINEERING WORKSTATION FUTURES

0 HieH SPEED COMMUNICATIONS

0 HARDWARE SIMULATION

0 CIRCUIT EMULATION

0 PLACEMENT/ROUTING

0 DES1GN Data BASE MANAGEMENT

- SECURITY .

- PROJECT MANAGEMENT
- RELEASE CoNTROL

- 20 -
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ENGINEERING WORKSTATION SUCCESS

- Heavy VENDOR/CUSTOMER INTERFACE
- THIS IS AN ITERATIVE PROCESS
- 1T 1S VERY DIFFICULT

O TO CLEARLY SPECIFY NEEDS

0 TO BUILD WHAT YOU WANT VERSUS WHAT YOQU
. SPECIFY

- RESPONSIVENESS

- 21 -
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CAE for SEMICUSTOM INTEGRATED CIRCUITS

INTERNATICNAL MICROCIRCUITS [NCORPORATED

International Microcircuits Incorporated (IM!) has been
manufacturing semi-custom integrated circuits ( gate arrays) since
1974. Since then IMl has grown to inciude our own facilities for
manufacturing of CMOS integrated circuits. |Ml provides extensive
design engineering support to customers who are unfamitiar with
IC’s, logic verification of customer’s designs, and prototype
parts for customer evaluation before production begins. IMI has
complete in-house design automation tools, production wafer
:ab;i;::i:tion capabilities, assembly facilities, and a production
es oor.

IM! did around $12 million in sales in 1983, and growth for
1984 Jlooks very promising. IM| maintains over 100 employees, in
excess of 25,000 square feet housing all phases of manufacturing.
IM! has had over 300 customers to date comprising well over 750
unique, customer defined designs.

. Nearly all of IMl’s current business stems from gate array

products; however, standard cel! designs will soon be available,

and several standard parts have been designed ( such as
muitipiiers, 2901’s, etc ).

Late in 1982, IM| decided that CAE workstations had the
potential to be a major part of the logic designer’s future;

furthermore, that IM! should be prepared to interface cleaniy with
a large segment of the logic design community.

® |
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CAE for SEMICUSTOM INTEGRATED CIRCUITS

SEMICUSTOM 1C TRENDS

Growth of semi-custom {C markets is projected to continue
through 1991 at an annual rate of 32X (according to SIA & EDN).
The size and number of semi-custom IC vendors has grown
tremendously in recent vyears. Manufacturers will need to
continually improve the speed and effiency of their design process
to provide a relatively quick turn-around time to remain
competitive.

increasing design complexity will make the job of reducing
design times more and more difficult. The number of gates per IC
has been increasing consistently; this frend will continue.
Larger designs require more time for nearly every step in the
design process: logic specification, simulation, fault simulation,
layout, and test generation are all included. W¥e are constant!y
fooking for a faster, more efficient way to perform each of these

tasks.
The increasing performance of CMOS semi-custom I[C’s has
caused several additional burdens on computer aided design: delays .

introduced by metal lines must be carefully monitored to insure
correct circuit performance, transistor delays must be carefully
characterized and modelied, and fabrication techniques must evolve
to handle the shrinking geometries.

These trends clearly present the need to reduce the length
and number of design cycle iterations. Most logic designs today
are changed many times in their design lifetime; but the catch is
that changes appear throughout the design cycle which will waste
resources. More powerful design analysis tools must be used to
prevent erroneous designs iterations.

®
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CAE for SEMICUSTOM INTEGRATED CIRCUITS

WHY USE CAE WORKSTATIONS?

Why are semicustom [C manufacturers so eager to use CAE
workstations ? There are dozens of resons why they’re important
to us, but generally the reasons fall into one of three
categories: 1) Design Aids for the Customer, 2) Enhancement of the
Customer interface, and 3) Enhancement to internal design
methodologies.

As a design aid to the customer, CAE workstations are at home
in their intended environment. These tools have evovled to replace
breadboards for design and paper for documentation. These systems
are relatively low cost compared to the aiternatives of purchasing
batch-oriented computer equipment to perform simulations and other
verification needs.

Use of CAE systems will enhance a vendor’s interface with
customers. {f both vendor and customer design, verify , and store
their design data electronically, then the vendor can insure the

customer that the manufactured part will meet the specifications
. of the customer - even on large, complex designs. Also, the
customer can have easy access to large Macro Cell |libraries

containing primitive and high order logic functions to use in his
design. Information can be exchanged through a common media.

Semicustom vendors may enhance their design flows by using
CAE systems to drive automatic placement and routing programs. A
key aspect of IC layout is relating layout geometries to the logic
schematic. CAE workstations also provide a ability 1o
electronically capture and document their designs: the large
number of designs projected for the next 5 years will demand some
effective documentation techniques. B8ut overall, use of CAE
systems by semicuston !C makers is the ability to provide
relatively simple access to |C siticon technology to its
customers.

‘I'L -3 -
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CAE for SEMICUSTOM INTEGRATED CIRCUITS

CAE_TQOOL NEEDS

In a semicustom environment, throughput is an extremely
important issue; therefore, the single most important need from
CAE systems is more power at a lower cost. Although the CAE
system manufacturers currently boast awesome power at your
fingertips, the fact is that design verification needs will
continue to be greater than the CPU cycles available to the
designer in his own real-time environment. |IMl experience has
shown that simulation alone will take more than the power
available in any workstation; and let’s not forget the many other
functions such as timing verification, fault simulation, test
vector generation, etc. that must also be performed.

Faster machines will help reduce the time to complete a
typical design; and/or allow much larger designs to be performed.
But most critically, more powerful systems will allow the user to
perform more verfication steps which is key to making a design
work correctly the first time in silicon.

Another area of need is in phsyical layout tools for gate .

arrays. Efficient phsyical layout automation is a prime concern
for gate array manufacturers. Although some people are impressed
by today’s offerings in this area, IM| has found severe drawbacks
to current auto-routing techniques. Silicon costs money; it is
not the largest cost of all IC’s, but it is always significant.
Furthermore, remember that semicustom [C designs are going to
continue to grow in size. Current auto-routing uses much more
silicon than hand-mapped gate arrays.

As noted earlier, changes to a design happen frequent!y. When
this occurs, it would be optimum to make the change in one place
and have it propagate throughout the entire design cycie in a
timely fashion. Reality dictates that one change the necessary
steps and reduce the amount of the process it takes to get parts;
in other words, the designer will want to make the change on a
layout. Auto-routing results in a jumble of wires which defeats
fast fixes to most circuits.

A small but rapidly growing need is a graphical interface
between CAE systems. Perhaps this should accomplished by
establishing a standard intermediate format containing graphicai
information within a netlist; CAE wvendors would then have to
provide a means to input this information to their .

-4 -
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CAE for SEMICUSTOM INTEGRATED CIRCUITS

EXPECTATIONS OF CAE MARKET

The greatest expectation | have about the CAE industry is
that more economical workstations will become available. The use
of IC technology in workstations guarantees continued price
reduction, and demand from the market will continue to drive down
prices as weil.

We in the electronics industry have seen major improvements
in the performance of computer systems since the introduction of
semiconductor transistors. It is clear that this trend wililt
continue for many years to come. My expectation of CAE vendors is
to continue to provide more powerful hardware aa they themseives
grow.

Finally. | expect CAE vendors to provide more verification
tools and some sophisticated design aids. The market will demand
these as the use of CAE workstations spread and users become
familiar with what these systems can and can not do for them.

As a result of these expectations, most logic designers will .

perform their complete design function on the CAE workstation.
Currently, only a part of the design work can be performed on a
workstation; while conceptual design, performance specification,
and test generation are missing, and other features (such as
auto-routing. prototype testing, etc.) are very weak. These
expectations are necessary to fulfill the needs of logic design on
a CAE systenm.

o+
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CAE for SEMICUSTOM INTEGRATED CIRCUITS

EUTURE TRENDS

There are two future trends in the CAE industry which are
evident at this time: 1) the move to specialized hardware for
typ'iccally CPU intensive tasks, and 2) more powerful & less costly
systems.

Specialized hardware for logic simulation is already here,
evidenced by products like the Megalogician & Zycad Logic
Evaluator. Prototype test equipment has been recent!y introduced,
also. We will probably see fault simulation, analog simulation,
and test vector generation in hardware in the near future. The
advantages for this approach is that hardware is much faster than
software and can be integrated into a workstation environment.

The trend towards more powerful and less costly systems
should continue, In fact, an acceleration of this trend is
expected because of the effects of technology feeding technology.
That is, most workstation hardware is now being designed on

. workstations, thereby increasing the effiency of the design of the
next generation products. In my knowledge, this is the case for
Daisy., Valid, and Mentor-Apollo.

I -7
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IMI
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INTERNATIONAL
MICROCIRCUITS
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INTERNATIONAL MICROCIRCUITS
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INCORPORATED

INCORPORATED 1972

MANUFACTURING GATE ARRAYS
SINCE 1974

$12M SALES 1983

100 PEOPLE

25,000 SQUARE FEET

750+ INTEGRATIONS TO DATE

300+ CUSTOMERS
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SEMICUSTOM IC TRENDS
® INCREASING DEMAND FOR SEMICUSTOM CIRCUITS

" @ INCREASIGING DESIGN COMPLEXITY
. @ INCREASING PERFORMANCE OF IC'S

IMI



‘90

‘89
SOURCES: SIA AND EDN
| IMI

‘88

I
-
S
O
o
G
-
i
X 2
E -
° =
Q o
- .
O s
e g
»
= 2
O, '
= S o
TTR ®
» a

-5 -

Dataquest incorporated, A Subsidiary of A.C. Nielsen Company / 1200 Ridder Park Drive / San Jose, CA 95131 / {408) 971-9000 / Telex 171673



ELBLLL XBISL / 0006~ 126 (80P} / LELGE YO '95OF URS / 8MIQ WEd JAPPIH D6ZL / AURAWOD VBSIBIN *O'Y jO AIRIPISANS v ‘PatesodIoou 1senbeleg

INTERNATIONAL MICROCIRCUITS
ARRAY DENSITY TREND

GATE CELLS PER CHIP

10,000
1,000
100

10

'74 76 178 '80 '82 ‘84
YEAR | I






ELBLIL XBHBL [ DO0G-1L6 (80P} / LELGE YO ‘35O URS / 9A1IQ WJBd 19DDIH 0BZL / Aurdwo) uasieIN "O'Y jo ABIpISqnS ¢ 'peresodiooy] 1sanbejeq

SEMICUSTOM IC TRENDS

® TRENDS IMPLY NEED TO REDUCE THE
LENGTH AND NUMBER OF DESIGN CYCLE
ITERATIONS IN ORDER TO MEET
GROWING DEMAND



€161L1 8191 / 0006~ 146 (80Y) / LELSE YD '@SOr UBG / 3A1Q WEL J3PPIH 0621 / AUBDWOD UBS|BIN *O'Y JO A1BIPISGNg Y ‘Dajeodioou) sanbejeg

—6—

WHY USE CAE WORKSTATIONS?

‘@ DESIGN AIDS FOR CUSTOMERS

- LOGIC SPECIFICATION & DOCUMENTATION
- INTEGRATED LOGIC VERIFICATION TOOLS
- RELATIVE LOW COST VS ALTERNATIVES
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WHY USE CAE WORKSTATIONS?

. @ ENHANCEMENT OF CUSTOMER INTERFACE

- CORRECT TRANSFER OF LARGE DESIGNS
- ACCESS TO LARGE MACRO CELL LIBRARIES
- FEEDBACK INTO CUSTOMER'S DESIGN FLOW
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WHY USE CAE WORKSTATIONS?

e ENHANCEMENT OF IMI DESIGN FLOW

- INTERFACE TO PHYSICALIZATION
- SCHEMATIC-DRIVEN DOCUMENTATION

- PROVIDE CUSTOMERS SIMPLE
ACCESS TO IC TECHNOLOGY
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CAE TOOL NEEDS

® MORE POWER AT LOWER COSTS

- REDUCE DESIGN CYCLE
- LARGER DESIGN CAPACITY
- MORE DESIGN VERIFICATION
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CAE TOOL NEEDS

® EFFICIENT PHYSICAL LAYOUT AUTOMATION

- REDUCE SILICON COSTS
-~ LARGER DESIGNS ON SILICON
- EDIT CAPABILITY OF LAYOUT
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CAE TOOL NEEDS

® GRAPHICAL INTERFACE BETWEEN CAE SYSTEMS

- CAE INDUSTRY STANDARDS OR

- CAE SYSTEM DATABASE TRANSLATIONS

- SEMICUSTOM VENDOR INTERFACE SUPPORT
REQUIREMENTS
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CAE TOOL NEEDS

e CONCEPTUAL DESIGN TOOLS

- LOGIC SPECIFICATION
~ TEST VECTOR GENERATION

e TESTABILITY IS A DESIGN ISSUE
~ PROTOTYPE TESTING

IMI
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EXPECTATIONS OF CAE MARKET

¢ MORE ECONOMICAL WORKSTATIONS
¢ MORE POWERFUL WORKSTATIONS
e MORE DESIGN AIDS & VERIFICATION TOOLS

® RESULT: MOST LOGIC DESIGNS
PERFORMED ON WORKSTATIONS
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FUTURE TRENDS

@ SPECIALIZED HARDWARE

- LOGIC SIMULATION IS HERE

"= PROTOTYPE TESTING
RECENTLY INTRODUCED

- FAULT SIMULATION
- ANALOG SIMULATION
- TEST VECTOR GENERATION

IMI
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FUTURE TRENDS

® MORE POWERFUL & LESS COSTLY SYSTEMS

- IC PRICE-PERFORMANCE TRENDS
WILL CONTINUE

- TECHNOLOGY FEEDS TECHNOLOGY

- MENTOR - APOLLO

- DAISY

- VALID
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INTEGRATED SYSTEMS TECHNOLOGY:
VLSI DESIGN AUTOMATION FOR SYSTEMS ENGINEERS

INTRODUCTION

Since the advent of the transistor, semiconductor technology has
had a profound effect upon the design and construction of all
types of systems. The 1impact of semiconductor technology has
grown rapidly as the technology evolved from transistors to
integrated circuits and as the available integrated circuit
density has increased. With the evolution from SSI to MSI to LSI
to VLSI, the complexity of all types of systems has increased
dramatically while costs have declined and reliability has
improved. Today, it is a well accepted fact that competitive
systems products must make maximum use of Very Large Scale
Inteqration.

Despite the revolution 1in available silicon density, there has
been surprisingly 1little change in the past twenty years in the
way in which systems and integrated circuits are designed.
Systems designers still rely primarily upon standard products
developed by integrated «circuit suppliers. The integrated
circuits themselves are developed by a relatively small number of

. IC design craftsmen. Computer Aided Design (CAD) and Computer
Rided Engineering (CAE} have helped to address the problems of
designing ever more complex components. However, CAD and CAE have
focused primarily upon individually computerizing many of the
classical steps required to implement VLSI components. As a
result, despite all of the efforts.- that have gone into CAD
development for IC design, the best that has been accomplished
has. been to keep the already very long development times from
growing totally out of sight as complexity has increased.

The advent of the microprocessor caused a dramatic revolution in
the way in which systems were designed. No 1longer was it
necessary for the system implementor to design the entire product
from functionally small individual c¢omponents. Now the system
implementor <c¢ould design much of the functionality through
software and use powerful low cost microprocessors to implement
the heart of the system. The first users of microprocessors found
that they had a substantial advantage over their competitors. But
the microprocessor revolution 1is over. With mwmicroprocessors
appearing everywhere in virtually every system, their use has
become evolutionary rather than revolutionary.

Microprocessors also achieved one goal that is often overlooked.
They became the way that. integrated c¢ircuit suppliers could
define very complex components which could exploit the available
silicon density and still address a very broad market. This
characteristic 1is extremely important since, other than memory
. devices, microprocessors are in general the only very complex
Integrated Circuits with a large enough market to justify the
enormous development costs. Standard product manufacturers find
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Dataquest Incorporated, A Subsidiary of A.C. Nieisen Company / 1290 Ridder Park Drive / San José, CA 85131 / (40B) 971-9000 / Telex 171973



it very difficult to define a large number of products that have
sufficient functionality - to fully exploit the available silicon
density while still having a broad enough market to justify the
investment. This difficulty arises from the fact that today's
VLSI devices are not s¢o much individual components as they are
complete systems and subsystems. Unless many, many systems
designers build wvirtually the same system, it is very difficult
to sell large volumes of a complex integrated circuit.

With VLSI components becoming major parts of end systems, it is
no longer possible for the integrated circuit design engineer to
also have sufficient applications knowledge to define the
components needed. Thus, we have come to somewhat of an impasse
in the industry. The systems designers who have the applications
knowledge and have the need to integrate their systems into one
or more VLSI circuits do not have the IC design knowledge or the
tools to execute the design. At the same time the IC designers do
not have the systems applications knowledge or the volume markets
necessary to develop components that are actually major parts of
complex systems.

THE CUSTOM REVOLUTION

Custom and semi-custom technologies have lately received a great
deal of attention. The attention, from the systems developer,
arises from a recognition of the many benefits of using high .
density silicon in systems products. The attention, from the
integrated circuit suppliers, comes from a recognition of the
difficulty of defining many high density standard products and
the large potential market represented by custom and semi~custom
designs., Dataguest has estimated that by 1990 nearly half of all
integrated circuits shipped will be some form of Application
Specific Integrated <Circuit (ASIC) (Figure 1). The ASIC market
segment includes all forms of custom, semi-custom, and mask
programmable devices. The custom and semi-custom segments alone
will account for in excess of $10 Billion in 1990 shipments.
Thege forecasts, however, beg the question of just who will
design all of these custom and semi-custom ICs and what type of
design tools the designers will use. The forecasts of very rapid
growth in the ASIC market are certainly justified in terms of the
number of systems built per vear and the potential that exists
for penetrating this market. The forecasts can not be met,
however, unless systems engineers are able to do the designs and
unless tools exist to execute the designs rapidly and cost
effectively.

Existing approaches to user designed VLSI have focused upon ways

to eliminate the need to design polygons and transistors by using
predesigned cells such as are used in Gate Array and Standard

Cell systems. These approaches make significant sacrifices in

gilicon density in order to use predesigned (and often preplaced)

cells. Little has been done to make the task of designing complex .
systems more efficient.

T
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. What has actually happened with the use of Gate Arrays and
Standard Cell systems 1is to set the systems design engineer'’s
design methodology back ten years., Over the last ten years, the
systems engineer has been given ever more complex building blocks
from which he could construct very complex systems. He could use
Medium Scale Integrated circuits (MSI), Large Scale Integrated
circuits (LSI), and Very Large Scale Integrated circuits (VLSI)
and not have to decompose his design into literally hundreds of
thousands of gates or transistors. The effect of most Gate Array
and Standard Cell systems is to take away from the engineer his
MSI, LSI, and VLSI catalogs and give him back a catalog of Small
Scale 1Integrated «circuits (8SI} while asking him to design
systems substantially more complex than those designed ten years
ago.

For the custom revolution to be realized, a new design technology
is required. A technology that allows systems engineers to
rapidly and efficiently design integrated systems. One that
addresses the entire-design engineering process focusing upon
design methodology and a complete integrated set of tools that
not only implements efficient silicon realizations of the design
but that substantially shortens the design time. In today's
rapidly evolving markets, time to market is often the single most
critical edge that a manufacturer c¢an have. With the ever
increasing complexity of VLSI, time to market becomes a design-
time 1issue far more than a manufacturing-turn-around time issue.

. The optimum solution 1is a systems-integration technology that
combines the shortest possible design time with the most cost-
effective silicon implementation.

INTEGRATED SYSTEMS TECHNOLOGY

Integrated Systems Technology encompasses the products, services,
and expertise that allows the systems engineer to take advantage
of the benefits of VLSI and rapidly and efficiently design end
systems products., With Integrated Systems Technology., the systems
engineer can fully exploit the reduced size, increased speed,
lower cost, lower power, and product unigqueness potential of
VLSI. No longer is it necessary to have a large team of IC design
craftsmen in order to implement efficient integrated circuits.
The systems engineer can develop systems on silicon without the
need to Dbe retrained as an integrated circuit designer and
without paying the cost and chip-size penaltles associated with
compromise technologies.

There are two key aspects of any design technology: design
efficiency and implementation efficiency. Design efficiency
refers to the time and manpower required to perform the design.
Implementation efficiency refers to the cost effectiveness of the
resulting design. Unless both types of efficlency are available,
the applicability of a design technology is severely limited,

. The basis for a real Integrated Systems Technology is silicon
compilation., S8Silicon compilation provides both an extremely
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productive’ design methodology and integrated circuit .
implementations that are essentially as dense as hand-crafted

designs. Design efficiency is achieved by addressing the entire

design cycle, from concept to tape-out, and providing a complete

set of tools that maximizes the design engineer's leverage.

Silicon implementation efficiency is achieved by actually
constructing the exact required functionality using a built-in

set of knowledge based rules.

- SILICON COMPILATION

Silicon compilation is far more than Computer-Aided-Design (CAD)
or Computer-Aided-Engineering (CAE) . It is true design
automation. This distinction is both qualitative and guantitative
and results in a very different focus in both developing and
using the silicon compilation system. <Classical CAD and CAE
approach the automation of design by looking at the way in which
design and implementation have been done in the past and looking
for opportunities to shorten each step. Silicon compilation, on
the other hand, looks to the design cycle and asks the guestion
"Where can the engineer's knowledge and expertise be best
exploited and where can the capabilities of the computer not only
ease the task but even eliminate major parts of the design
effort?"”

The difference between CAD/CAE and design automation is .
illustrated in Figure 2. The top line in the Figure portrays the
classical IC design cycle from definition to tape-out. Each step
of the process involves both design and verification or
simulation of the design work. In addition, of course, each step
must be verified to be sure that the work done matches the work
done in the prior step. CAD and CAE address primarily the
implementation steps after the higher level design work has,
already been completed. We even speak of "design entry" meaning
capturing of a design that is essentially accomplished without
the assistance of the system. The only real assistance that the
CAD/CAE system provides is to replace paper with a CRT screen,
maintain a database of the design, and perform basic error
checking. Thus, the definition phase is unaffected while each of
the subseguent steps is compressed slightly. In sharp contrast to
this approach, the design automation of silicon compilation not
only shortens the definition and architectural phase, it improves
the guality of the work and totally eliminates the later stages.
The result is complex designs executed in a few months by one or
two engineers, compared to similar designs done by tens of
engineers over a multi-year project.

Silicon compilation has many features and attributes of interest
to the systems design engineer. These are summarized in Figqure 3.
Silicon compilation is a complete design automation capability.
It covers the entire design cycle and eliminates the need for the
design engineer to perform the routine and labor-intensive .
implementation tasks. The design begins at the functional or
micro-architectural 1level where the engineer can think in terms
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of major functional blocks and the way in which they are
connected. From the block level design the compiler synthesizes
three different views of the design: layout geometry, functional
simulation models, and timing models. Thus, the design is
immediately ready to simulate and verify. In addition, the design
is foundry-independent. The silicon compiler vields an optimum
combination of both design efficiency and silicon efficiency.

DESIGN EPFICIENCY

Design efficiency in the silicon compilation methodology is
achieved by matching the tools to the way in which an engineer
really works. Engineering is a process of balancing often
conflicting design goals and successive refinement of a design.
An initial specification for a design 1is never absolutely
complete and seldom adequately reflects all of the metrics to be
used in making design tradeoffs. Real designs are accomplished by
selecting an implementation approach, partially implementing the
approach in order to evaluate the results, and then altering the
approach as needed to best match the project's goals and
constraints. Unfortunately, until now, the task of doing a
partial implementation in order to get real results to evaluate
was soO expensive that it has been impossible to evaluate several
alternative approaches and select the optimum one. Because of the

. ability of a silicon compiler to take an initial design
specification and immediately turn it into an implementation, it
is now possible to expleore multiple implementation alternatives.
This exploratory-design phase yields many benefits. A compiler
designed to accept minimal input information and interactively
return design parameters such as speed, power, and die size
allows the design engineer to use his creativity to explore many
alternatives in ways that were previously impossible. The result
is often a far superior design to any that could be achieved
before.

An additional benefit of the concept of exploratory design is
that it leads directly to a design methodology well suited to
iterative design. Real engineering is iterative. It is necessary
to incrementally refine definition and implementation while
simultaneously evaluating and verifying the implementation. A
silicon compiler developed with the philosophy of being the
design engineer's partner accepts a little input and provides
maximum feedback on the results of that input. It also treats the
layout geomettry, functional simulation, and timing analysis of
the design 1in progress as three views of the same design. This
approach enables and encourages exploratory design and iterative
design resulting in rapid convergence on an optimum
implementation.

BIERARCHICAL DESIGN

. Hierarchical design,' or structured design, is a design approach
developed to make it possible to manage very complex design
tasks, be they integrated circuits, software, or any other type
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of design. The key attribute of hierarchical design is the
breaking down of a design into a small number of relatively large
functions and then recursively breaking down each of these
functions to 1lowerest level until the design is completed.
Figure 4 illustrates a pyramid of design levels, beginning at the
top with 1large VLSI-level functions and descending through LSI.,
MSI, all the way to polygons. While CAD/CAE systems stress the
need to perform hierarchical design in order to manage the
immense complexity of VLSI design and provide tools to assist the
designer in this process, the pyramid must still be traversed
from top to bottom. This process of successive decomposition to
the levels of gates, transistors, or polygons, is very time
consuming and error prone. A silicon compiler, on the other hand,
provides the designer with maximum leverage by allowing the
design to focus at the highest possible levels and letting the
design-automation system perform the necessary decomposition.
This leverage 1is illustrated 1in Figure 5. By allowing the
designer to completely execute a design at the level of large
modules and blocks, without descending the hierarchy into a sea
of details, the silicon compiler provides dramatic leverage for
the designer. Without this leverage, no design system is adequate i
to the enormously complex task of designing a complex VLSI

system.

IMPLEMENTATION EFPPICIENCY .

Implementation, or silicon, efficiency is determined primarily by
the quality of circuit and interconnect wiring execution. A
silicon compiler has a substantial advantage in silicon
efficiency over other approaches to¢ custom or semi-custom
implementation. In either gate array or standard cell design
systems, small predesigned cells are interconnected to meet the
needs of the design. In these approaches, cells are quite small
and are designed without regard for how the «cells will be
combined to construct larger functions., The result is that a very
high percentage o¢f the <¢hip area ends up being used for
interconnect wiring., Wiring, however, is the most expensive chip
resource. The heavy use of inter-cell wiring in gate array and
standard cell systems results in very inefficient
implementations.

Another factor affecting gsilicon efficiency is the
appropriateness of the avallable cells for the particular design
being executed. A library-based system will always be limited by
the available library. Often a 'next larger' cell is used because
exactly the function needed is not available., A silicon compiler,
however, is not based upon a library of objects (cells). Rather,
it 1is based upon a knowledge base of rules for the construction
of large familles of functions. Thus, a compiler constructs
exactly the function required.

The compliler composes large functions that are exactly the .
functions required for the design. Thus, the amount of
interconnect wiring 1is minimized and the compller is able to
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achieve essentially the same densities as a hand-crafted design.
Actual density comparisons of production designs developed with a
silicon compiler show .that the total chip area per transistor and
the percentage of chip area devoted to interconnect are
comparable to the best hand-crafted designs. With the additional
capability of doing exploratory design with the compiler, typical
designs have the opportunity to be even denser than hand-crafted
designs.

In the past, custom or semicustom designs could be justified by
the' size and cost savings achieved in the overall system. These
designs did not themselves have to compete solely as stand-alone
circuits. They could not compete because of the density penalty
involved in the design technique. Seldom, if ever, did one see
merchant-market standard parts designed with the same design
tools wused for custom or semi-custom design. The picture changes
dramatically with a silicon compiler. The compller implements
integrated circuits of "merchant-market quality". The result is
that custom parts need no longer be much more expensive than
equivalent functionality standard parts. In addition, standard
parts can now be implemented with the time to market advantage of
the most effective custom design tools.

APPLICATIONS AREAS

. A gilicon compiler has a very broad area of application. The
unigque combination of design efficiency and silicon efficiency
makes a gilicon compiler appropriate across a wide range of
complexities and volume. Figure 7 illustrates application areas
as a function of both volume and complexity. At low volumes and
relatively low complexities gate arrays are an appropriate
implementation technigque. They are, however, quite limited in
density and complexity and are not as cost effective as compiled
or hand-crafted implementations. At slightly higher complexities
standard cell systems become more desirable than gate arrays. The
somewhat larger cells of a standard cell system and the greater
density compared to gate arrays makes them more attractive. At
the extremes of ultra high volumes and complexities hand-crafted
designs will always prevail. Across the broadest range of volumes
and complexities, however, a silicon compiler is optimum. Its
high densities make it preferable to gate arrays or standard
cells at moderate to high volumes. Its rapid design capabilities,
including exploratory design, make the silicon compiler the only
feasible tool for high complexity designs. While gate arrays will
persist as a viable technology for low complexity, low volume,
quick turnaround time, the growth of gate arrays into higher and
higher densities will be 1limited by the much more attractive
silicon compilation technology. Standard cell systems are apt to
be replaced entirely by the much more capable silicon compilation
technology.

. REAL DESIGNS
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No design technology <c¢an be proven effective without actually .
using it. Prototypes of Silicon Compilers Incorporated's compiler
have actually been used to develop several major VLSI components.
These components illustrate the power of Integrated Systems
Technology: dramatic reductions in development time and very high
density implementations. Pigure 6 shows the MicrovaX 1 (tm)
component developed by Silicon Compilers Incorporated for Digital
Equipment Corporation. This part brings the VAX (tm) computer out
of the c¢omputer room and onto a desk top. The entire VAX
processor, including virtual memory management, is contained on
just two Quad boards. Development took just seven months from
contract inception to working silicon. Transistor density is
comparable to that of the best commercial microprocessors on the
market. By simultaneously developing both the MicroVAX system and
the custom part, Digital Equipment Corporation was able to bring
the final product to market in approximately one year versus the
multi-year typical development cycles associated with other
custom or semi-custom approaches.

Other components developed by Silicon Compilers Incorporated
include the world's first commercial Ethernet (tm) controller and
a RasterOp graphics chip. The Ethernet controller is sold under
license from Silicon Compilers by SEEQ Technologies Inc. The
RasterOp chip allowed Sun Microsystems Inc¢. to reduce the size of
their advanced workstation product and bring the product to
market just ten months from the beginning of its definition. .

SUMMARY

Integrated Systems Technology, based upon silicon compilation,
allows the systems engineer to exploit the capabilities of Very
Large Scale Integrated circuits. Without retraining to become an
IC designer, the systems engineer can produce components with
densities that arefully competitive with commercial hand-crafted
designs. By addressing the entire design c¢ycle and, in
particular, focusing upon the definition and architecture phases,
the total time from concept to market is dramatically reduced,
Silicon compilation brings a totally new level of design
capability to systems developers - true Design Automation. The
impact will be a dramatic increase in the number of custom
designs and significant reductions in time to market. Standard
part suppliers will also benefit from the use of silicon
compilers. For the first time they will have available design
tools capable of rapidly designing merchant-market-quality parts.

VAX and MicroVAX trademark Digital Equipment Corporation
Ethernet trademark Xerox Corporation
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Silicon Compilation-Overview

o Complete Design Automation |
¢ High Level Micro Architecture Input

o Synthesis of All Required Views
- Layout Geometry
- Functional Simulation Models
- Timing Analysis Models

o Technology Independence

o Optimum Combination of
- Design Efficiency
- Silicon Efficiency
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e Silicon Density Allows
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The Missing Link

INTEGRATED SYSTEMS TECHNOLOGY

that allows systems engineers to rapidly
and efficiently design electronic end products
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Silicon Compilation

THE KEYSTONE OF INTEGRATED
SYSTEMS TECHNOLOGY

e Complete Design Methodology and Tools
¢ Matched to Real Engineering Process
e Encapsulates IC Design Knowledge

¢ Optimum Designs by Systems Engineérs

o - Silicon Compilers Inc. Kt

|
'




‘pejesadiosy) 1sanbeeg

ELBLLL X2121 1 0006-1.46 (80P) / 1£156 WO ‘@sOP Ues / aaLQ Wieq J9PPIY 0821 / Aveduio vesia oy 10 AreiDisang v

- 2T -

Silicon Compilation

IS NOT Computer-Aided Design
IS NOT Computer-Aided Engineering

- Silicon Compilers Inc. i




xaja - . '
CL6LLL XB18L [ 000B-LL6 (BOP) 1 LE1LSE VO SOM URG / BALI] Hied JApPIY OBTL / Auedwo) uasieIN '3y jo AIBIPISQNS v ‘peresodioouy 1senbereg

-E‘[-

Silicon Compilation

IS Design Automation

s ' - | Silicon Compilers Inc.n



-p'[-.

Silicon Compilation-Overview

» Complete Design Automation
* High Level Micro Architecture Input

» Synthesis of All Required Views

- Layout Geometry
- Functional Simulation Models

- Timing Analysis Models

» Technology independence

¢ Optimum Combination of
- Design Efficiency
- Silicon Efficiency
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¢ Hierarchically Structured
- Complexity Management

e Rapid Design Feedback
- Exploratory Design

. ® Interactive and Incremental
- lterative Design
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¢ Optimum Implementation |
« Minimum Interconnect Wiring

e Merchant Market Quality Implementation

s ” Silicon Compilers Inc. [



ELBLLL XBI5L / 0006-126 {80V} / 1£1G8 WD '98Of URG / SALQ YIRd JEPPIY 0621 / AurdwIO) LAsIBIN 'Y JO AIBIPISANS ¥ 'Paleiodioau) jsenbeieq

Silicon Efficiency Analysis

iAPX 80286™ MicroVAX™ 1

Die Area (sqg. mils) 119K 97K
# of Transistors 52K 37K

- # of Blocks 55 18
Area/Transistor (sq. mils) 2.3 2.6
% Area for Routing 38% 43%

¥ '

* Normalized to the same feature size. ROM not considered on 286.
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Silicon Compilation: Myths and Reality

e Myths
- Just a Research Topic
- Limited to Fixed Architectures
- Someday . ..
- Spec In - Chip Out
- The Panacea

» Realities
- Proven Capabilities
- Industrial Strength
- Available soon from
Silicon Compilers Incorporated
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INTEGRATED SYSTEMS TECHNOLOGY

Allowing systems designers
rapid and efficient development
of electronic end products.
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EDA for Printed Circuit Boards

Presented at Dataguest Focus Conference
May 10-11, 1984

Buck Feltman
Vice Preaident - Marketing
Cadnetix Corporation

Although the electronic design automation (EDA) market has
been in existence since the early 1970's, the market has entered
a new, high-growth phase. While the Dataquest definition of EDA
includes both integrated circuit (IC) and printed circuit board
(PCB) engineering applications, the primary application of EDA
eguipment is IC development. The market for EDA workstations and
has grown from nothing to $86 million in only three years. This
exceptional rate of growth has tended to overshadow the market
for workstations in printed circuit board applications, which
grew at a 100% annual rate over the same period to $80 millioen in
1983. Figure 1 shows the Dataguest projections as they have
segmented the market. Although the projections recognize
differences between PCB CAD and IC CAD, the segments are not
differentiated in the EDA application, often referred to as CAE.

A different segmentation of the market for electronic design
automation eguipment is shown in Figure 2, which alsc lists the
more critical tasks associated with each application. The lists
for printed circuit boards are very similar to the ones for
integrated circuits, but the differences in equivalent items are
not apparent. Por instance, fault simulation is vastly different
in the two situations as fault modes are entirely different.
Likewise, simulation and timing analysis, placement, routing, and
design rule checking have entirely different meanings for PC
boards and integrated circuits. There are many differences in
the two applications of EDA, and it is useful to examine each
application segment, as the organizational benefits of electronic
design automation must comprehend the entire design process.

Electronic Desiqn Automation for Printed Circuit Boards
Printed circuit board EDA tends to be perceived as a
drafting tocl and many view it as old technology. In reality,
the problems associated with printed circuit board design are
complex and are not solved adequately by the systems available

today.

The length of time required to complete a design from the
initial concept is one the most critical problems facing
electronic equipment manufacturers today. Complex systems may
require years to complete. Both simple and complex systems may
miss market windows if design and development takes longer than
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planned. It is difficult to isolate any specific task in the
design process as the cause of all or most of the problems,
rather, the design process should be examined for tasks which may
be automated or streamlined. One of the more common problems,
and one which spans the entire design process, is documentation.

The maintenance of accurate records is a major problem which
can be automated and, as a result, streamlines the design
process, Figure 3 depicts a generic design process and lists the
docunentation products of each step. The process usually starts
with a loosely described concept, which is modified as the design
progresses, causing design changes at all points in the
process. The specification and functional design are often not
well documented, and changes, regardless of the source, must be
recycled through all design documents, requiring endless re-
drawing. Automated drafting of new documents saves some initial
labor, but the real saving comes when changes are required. The
draftsman makes only the change and does not have to re-draw the
document. In many organizations, documents are not re-drawn
every time a change is made, rather, changes are accumulated for
a period, resulting in inconsistent records being used by
designers and others involved in design,

Automatic PCB design systems also can significantly impact
the time required for building breadboards and for developing PCB
artwork. The physical layout of a breadboard may be performed on
a CAD system for automatic wire-wrapping, eliminating a
cumbersome manual task. Physical layout of a simple PC board may
be reduced from the four to eight weeks required for manually
developing artwork using mylar and tape, to a week or less to
perform the same tagsk on a CAD system:which produces photoplot
artwork on film,

Design verification is another area where design cycle time
may be improved. This problem has two parts, the easier one
involving the consistency between the engineer's schematic and
the resulting layout. Automatic PCB design systems can compare
the schematic to the layout Eor consistency, but in most
operations, the layout draftsman also enters the schematic. The
solution is to provide the design engineer with an entry device
30 that he develops the schematic and keeps it up .to date. This
has not been practical in the past due to the cost and low
functionality of available equipment.

Several companies offer low-cost products based upon
personal computers, but none of them provide a complete
solution. The primary criticism relates to their limited
processing power, prohibiting reasonable implementations of
functions such ag simulation, timing analysis or PCB layout. It
is feasible to use personal computer-based systems for front-end
schematic entry devices, interfacing to other systems for the
complex functions, but this configuration creates a problem. The
need for back-annotation of changes made during the layout
process requires close coupling between the systems, which is an

-~ 3=
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. impracticality for competing vendors. The more efficient
approach is to offer a low-cost terminal integrated with the

full-function CAD system.

The more difficult task in design verification involves
engineering design and development. The task today is performed
by building breadhoards and using a logic analyzer to test the
circuit., It is certainly feasible to use computer simulation to
model the circuit and perform the same tests, and integrated
circuit design relies very heavily upon computers for design
verification, due to the high expense of fabricating
prototypes. Breadboarding has been the lower cost alternative
for printed circuit board design and, consequently, computer
simulation has not been widely accepted for this purpose. The
situation is changing, however, as new circuit technologies are
raising the cost of breadboarding for design verification.

Several trends in equipment design are changing the nature
of printed circuit board design and the required design tools.
Semicustom VLSI circuits, which are rapidly growing in use,
obviously must be incorporated into PC board systems, but have
relatively long design cycle times. The semicustom IC must be
designed concurrently with the PC board, otherwise, significant
delays may be incurred. The breadboarding approach to design and
test ensures that design will be dependent upon IC availability,
and will be delayed until functioning prototypes can be designed

. and fabricated. The use of computer simulation elimipates this
dependence and allows design and test of both the PCB and
semicustom IC to proceed concurrently.

The use of semicustom VLSI circuits also introduces some new
problems into the design task, causing the transition from EDA to
CAD to become fuzzy and the engineer's role to increase. Due to
the complexity of VLSI, large, high pin-count packages must
frequently be used. Pin-grid arrays, chip carriers and small-
outline IC's address this need but require the use of multilayer
PC boards and fine~line geometries for PC board signal traces.
This, in turn, introduces problems of cross-talk and interference
between signals, which regquires engineering interaction in the
layout process. The packages required for VLSI also tend to
dissipate large amounts of heat relative to their surface area,
causing thermal problems when several VLSI devices are used.
Again, engineering expertise is required to solve a layout-
related problem,

Many electronic systems also tend to use large board sizes
and/or dense component placement. Both raise the complexity of
PC board design to the extent that manual artwork development is
no longer practical. Automation of the layout process is
rfquired to perform the task within any reasonable period of
time.

|
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Printed Circuit Board Desaign Automation Solutions .
An obvious solution to the design documentation problem is
the integrated system, which provides the necessary capabilities
at each step in the process, from specification to
manufacturing. EBach technical discipline involved in the process
has unique requirements of hardware and software which must all
be tightly linked into a cohesive, comprehensive system. The
system designer needs block diagram drafting capability,
functional-level simulation and text processing. The circuit
designer requires the same capabilities in addition to logic
simulation, timing analysis and fault simulation. The PCB layout
draftsman needs automatic placement, automatic routing and design
rule checking. The manufacturing operation requires assembly
drawings, drill drawings, NC drill tapes, auto-insertion tapes,
photoplot tapes, bill of materials and automatic test Eiles.

In terms of hardware, the engineer's need may be satisfied
with a high-resolution, black & white CRT and the substantial
processing power required for simulations., Layout draftsmen need
a high-rescolution color display with significant processing power
for automatic operations. Both disciplines require relatively
large amounts of mass storage capability and, for efficient
communications, a local area network link to all workstations.
Peripheral devices are also required by all workstation users for
archiving purposes and hardcopy output. A local area network
should provide the capability for all users to share the same
peripherals, reducing the average system cost per user. .

An additional benefit of stand-alone workstations used with
networking relates to the cost of implementing a complete design
automation system. It is wise to convert a layout drafting
department gradually, to minimize inconvenience and risk. Full-
function workstations may be added at any time, requiring capital
investment only for the additional system. Host-dependent
systems, in contrast, require the significant investment in a
host computer before the firat workstation may be used.
Additional workstations do not add any processing power, and
consequently, degrade system performance as they are added to the
host. Further, when the host is inoperative, all workstations
become inoperative. Stand-alone systems have full capability
without the host so that additional workstations have no effect
upon performance, and the losa of one system, or even the network
communications link, has no effect upon other workstations.

The networking concept also raises an interesting
possibility for the processing power requirements of simulation
and automatic layout. Special processing engines may be
developed, which provide dedicated hardware, optimized for each
specific task, at a cost far lower than general purpeose
hardware. The network allows access to all users, again keeping
the average system cost low while providing extremely high
performance for every user.
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. The Cadnetix Approach
Cadnetix Corporation currently offers the CDX-5000 Automatic

CAD Workatation and the CDX-5001 Interactive CAD Workstation for
the physical design of printed circuit boards. Both systems
provide 32-bit performance with high-resolution graphics

display. The user interface is object-oriented and has seven
action keys with three keys on an optical mouse to provide 80% of
the required functions. Keystrokes are minimized and learning is
made easier by keeping all system operations consistent. The
CDX~-5000 provides automatic signal trace routing and both systems
generate complete manufacturing data.

Next week, the Ethernet local area network and a dedicated
file server will be announced, which provide communications and
file sharing between workstations, peripheral device sharing and
additional mass storage. This summer, an EDA workstation will be
introduced, providing a tightly-coupled schematic entry and
engineering analysis tool for printed circuit board design. This
new product will complement the present CAD products to provide a
complete front-to-back solution for printed circuit board design
and development.

Conclusion
While the functions and operating sequences required to
support EDA for integrated circuit applications are very similar
. to those for printed circuit board applications, there are
significant differences. Technical differences and the available
alternatives may be distilled to comparisons of functional
value., The value of schematic entry is high for both IC and PC
applications due to the benefits of automating documentation
management. Simulation and timing analysis have high value to IC
development, but only moderate value to PC development, due to
the relative cost of available alternatives. Likewisge, fault
simulation and test program development have high value in IC
design, but low value in PCB design.

In summary, EDA has a lower functional value for PCB design
and is therefore more price sensitive than EDA for IC design,
This requires low~cost engineering workstations to meet cost
requirements and tight coupling between EDA and CAD to maximize
system functionaliey. No vendor presently offers a system
addressing both the EDA and CAD problems for PC board
development, but Cadnetix intends to be the first with product
announcements scheduled for the next three months.
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What's All The Excitement About
or
How Can An Industry Grow So Fast

Gerard H. Langeler
MENTOR GRAPHICS CORPORATION
8500 S.W. Creekside Place
Beaverton, Oregon 97005-7191
(503) 626-7000

The market for Computer Aided Engineering products
didn't exist in 1981, yet many industry observers predict a
market size of over $1 billion by 1987! How can an industry
grow so fast?

To answer this question we need to look at what is
fueling the growth, and just as importantly the limits to
growth, By focusing our attention on the limits to growth,

we can determine whether all this euphoria is realistic¢ or
whether this market is just a high technology flash in the
pan.

The limits to growth for any industry or company are a
direct function of both internal and external elements.
Intetnal limits center on such things as cash position,
manufacturing capacity, market coverage, management ability -
and something the Boston Consulting Group calls the "Maximum
Sustainable Growth Rate" which is approximated by return on
net assets minus the interest rate on debt times the debt to
equity ratio., External limits are focused on such issues as
degree of pent-up demand, economic cycles, capital avail-
ability and most importantly the return on net assets a
customer can expect from newly acquired CAE systems.

It turns out that in the short term {(e.g., next one to
two years) the limits to growth for the CAE industry are
largely internal, not external! While the significant CAE
players are public companies with excellent cash positions,
and all have such large capitalizations that return on
assets is not yet a meaningful number, the other internal
limits are very much in play.
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Dramatically lengthening semiconductor lead times put
an artificial constraint on manufacturing capacity in the
short term. The leading CAE companies have relatively small
sales and support organizations {(though growing fast) so
market coverage limits industry growth at present. Finally,
some CAE companies have the management experience and depth
to handle over $100 million in sales, growing at over 100%
per year. Some will struggle under such pressure.

In contrast, there are few external limits to growth in
the short term. There is a large amount of pent up demand,
stemming from years of "shoemaker’'s children" phenomena
among electronic engineers. We are in the middle of a
strong upturn in the business cycle, led by capital spend-
ing.

Over the long term, the more enduring factors of return
on investment come into play. Given the very high software
content to the vlaue added portion of the business, internal
return on net assets is likely ko be guite high. Coupled
with the traditional aversion to debt by successful high
technology firms, the maximum sustaninable growth rate for
leading CAE firms is likely to remain quite high. .

The real limit to long term growth in this industry
will be found in the return on investment customers ex-
perience when they purchase a CAE system. Most customers
focus on measuring productivity gains to determine the value
of their investment. While productivity gains are very
important in terms of a shorter time to market serving to
lower costs and improve market share, there is a larger
mostly unrecognized factor ~ price flexibility.

If you give me a choice of getting to market three
months early, or getting there on time with product in-
novation able to support a 5% or 10% higher price, I will
normally choose the second option. CAE systems which not
only promote productivity but also provide tocls for in-
novation allow for such gains.

This kind of thinking can lead to sophisticated an-
alysis which can prove heyond a shadow of a doubt that CAE
is a good investment, often yielding 50% to 100% annual
return on investment. However, even this may pale in com-
parison to the real return on CAE-surviwval. It is the
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Over the long term, the more enduring factors of return
on investment come into play. Given the very high software
content to the vlaue added portion of the business, internal
return on net assets is likely to be quite high. Coupled
with the traditional aversion to debt by successful high
technology firms, the maximum sustaninable growth rate for
leading CAE firms is likely to remain quite high. .

The real limit to long term growth in this industry
will be found in the return on investment customers ex-
perience when they purchase a CAE system. Most customers
focus on measuring productivity gains te determine the value
of their investment. While productivity gains are very
important in terms of a shorter time to market serving to
lower costs and improve market share, there is a larger
mostly unrecognized factor - price flexibility.

If you give me a choice of getting to market three
menths early, or getting there on time with product in-
novation able to support a 5% or 10% higher price, I will
normally chocse the second opktion. CAE systems which not
onhly promote productivity but also provide tocls for in-
novation allow for such gains.
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is a good investment, often yielding 50% to 100% annual
return on investment. However, even this may pale in com-
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impression of many people {not just vendors) that failure to
adopt CAE tools will spell economical doom for any firm
competing in the faskt moving electronics industry. With
that attitude the growth potential for leading CAE firms is
indeed spectacular.

50, how fast can the industry really grow? Our best
estimates are 200%-300% in 1984, 40%-70% per year in the
©1985-1990 time frame and at least 25% to 35% per year during
the 1990's.

Along the way, you are going to see some interesting
changes., First of all, during 1984 and 1985 some of the
walking wounded will stop walking. Some will just go away,
others will merge or get acguired. For the long term
leaders, look to Mentor Graphics, Daisy, one of the in-
strument companies (probably Hewlett~Packard) and one of the
CAD/CAM companies (probably Computervision).

Rapid growth and rapid change, it makes for a most
exciting business.

/tp
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The EDA Industry
Unique Requirements Mandate Unique Support

. Thomas O. Binder
Vice President, Marketing and Sales

Silvar-Lisco
Menlo Park, California

I. Traditional Product Support

The products supplied to the electronic industry by Electronic
Design Automation (EDA)} vendors require similar product support as
technology based products which have been supplied to industrv for
decades. Their support begins with the delivery of quality
products, which are the result of both high quality design and

development and high quality product testing and preoduction.

The quality product must be properly installed and the suppoert
provided to insure a rapid and effective start-up and

implementation.

Training support is necessary to assist the user in rapidly
becoming productive in utilizing the EDA System and achieving the

maximum benefits,

In addition to the initial training support, continuing
application consulting-is necessary so the initial results can be
maintained and so that changing application requirement and
personnel turnover can be accommodated without loss of effective

product utilization.
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Occasionally the product will have some failures which must be
corrected rapidly so as to prevent any significant loss of product
utilization. Even worse, failures which are not corrected quickly
will result in loss of user confidence in the product and a
resulting tendency to reduce reliance on a tool which was

originally acgquired to improve productivity,.

But these are traditional requirements which describe the majority

of design and production tools. What about the EDA Industry and

its characteristics and requirements? Surely this industry has

unique regquirements which mandate that unique support capabilities

be developed and supplied with the EDA Systems in which you all .

have an interest.
II. EDA Industry: Unique Requirements

The EDA Industry and the users of EDA tools have many
characteristics which make them unique and, thus, cause them to
have unique requirements in the areas of product and customer
support. The electronics industry has created the need for an EDA
System that is truly "state-of~the-art" and this industry is
changing faster than any technology in the history of the world.
The users of an EDA System comprise a wide variety of
manufacturers ranging from relatively small, localized enterprises
to huge, multinational companies.
®
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And while electronic technology is changing rapidly, all other

aspects of the electronic industry are changing just as fast.

All of these facets of the EDA user community mandate that the
support provided by EDA vendors meet the resulting unique

requirements.
III. Unique Support
A. Multiple Hardware Environments

The application addressed by EDA System cover a wide variety of
tasks and a wide range in the magnitude of the tasks.
Consequently, the overall EDA application must be partitioned into

appropriate levels of computational capability.

In addition, you may want to change those functional assignments
based on the size of a specific design. For instance, a logic
simulation for a relatively small circuit, or cell, may be
adequately accomplished on an engineering workstation. However,

the same simulation for a larger circuit, say a large scale

‘integrated circuit, would more efficiently be done on a supermini,

and a VLSI circuit may well require a mainframe for efficient

logic level simulation.

-3~
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To accommodate this unique regquirement, suggért for your EDA
System must be available at each of these levels of computational
capability. This requires that the EDA tocols can be implemented
at each level, on a.variety of CPU types, and that full file
compatibility and consistent user interface is available at each

level.
B, Multiparty Relationships

Many users of an EDA System look to outside rescurce for the

production of the circuits which they design and layout. The EDA

System being used must be compatible with the fabrication

processes and standard building blocks used by these ocutside .

production resources, typically referred to as "foundries".

This compatibility is assured through a multiparty relationship
which is supported, and even developed, by the supplier of the EDA

System with the user and the foundary.

The continuing support of this relationship by the supplier of the
EDA System is necessary to maintain current compatibility with the
foundary as the building block designs are characterized, expanded
and modified and/or the fabrication processes are enhanced to take

advantage of the latest technology advances.
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. C. Multiple Design Methocdologies

Because of the multiplicity of design and implementaticn
methodologies, an EDA System must be able to support a wide range
of applications. Since different parts of an entire system will be
partitioned into different physical implementations and EDA System
must support a rfull range cf physical device designs.This can
include printed circuit bocards, gate arrays, standard cells,

standard integrated circuits, as well as others.
D. Changing Technology

Perhaps the most critical area of support is that necessary to
. accommodate thé rapidiy changing technology exhibited by the
electronic industry. A supplier of an EDA System must provide the
support necessary to allow the user to continually take advantage
of the technological c¢hanges being experienced in the electronics

industry.

As circuits in general become larger and more dense through
advances in manufacturing technology, the EDA System must grow to
allow design, verification, and automatic layout of the circuit,
And as the new technologies impose new functional demands on the
EDA System, ongoing enhancements must be provided through product

development support to meet these demands.
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For example, gate arrays are increasing in size from a few hundred
gates up to 10,000 gates and beyond. An aggressive product
support program which includes planned enhancements to satisfy

there requirements is a critical element in the support program.

Another example would be standard cell technology which has seen
the advent of irregular cells, two~layer metal processes, and
two-layer metal/one-layer polysilicon processes to improve circuit
performance and density. Support of the EDA System used for the
standard cell layout must include enhancements which accommodate
these technological advances and allow the EDA System to have a

long, productive life.
E., Multinational Relationships .

The electronic industry is international in scope and is getting
more so every day. Large systems companies have established
facilities worldwide and need to have consistency of EDA tools
throughout these widespread resources. Second-source agreements
between merchant integrated circuit vendors have taken on a true
multinational flavor with many combinations of U.S., Japanese, and

European suppliers in cooperative ventures.

And integrated circuit merchants themselves are addressing the
international markets by establishing design centers in other

countries,

Dataquest Incorporated, A Subsidiary of A.C. Nielsen Company { 1230 Ridder Park Drive / San Jose, CA 95131 /7 (408) 971-2000 / Telex 171973



The EDA System selected to implement these strategies must be
. implemented in these different geographic areas:; and consequently,
the EDA System must be supported in their different geographic

areas.

Support at the local level, whether it be for installation or
training or maintenance is mandatory to achieve the necessary

level of system utilization.

An example is a merchant integrated circuit supplier located in
California, with a design center in Europe and a design center in
the Far East., All three locations require local support for the

common EDA Systems used at each site.

. IV. Summary

The EDA Industry exhibits certain characteristics which result in

a unique set of support requirements., These include:

A. Multiple Hardware Environments
B. Multiparty Relationships

C. Multiple Design Methodologies
D. Changing Technology

E, Multinational Relationships

These unique requirements apply equally well to users of EDA

Systems in a wide variety of situations. And the underlying

industry characteristics which mandate these unigue support
. requirements will be with us for a long time.
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