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IBM/FSD (2 pérsondays)

1.

Persons (users or not) contacted [(uppercase it they have a wlas
directorv] Groud W4
*TL AJAyeﬁLLF
Gray KINNIE, Dick KOPP (Architect), Marv KESSLER T o
anAat i
COURSE: *tébbxn

SUMUARY
1BM

Mondav, March 15 = DNLS Course = coverea in its entirety with Gray

Tuesdav, March 1o = We discussed topics from the third course that
seemed relevant to Gray’s work including proarams, Process
branches, a brief look at the Uutput Processor, and useroptions.

ASSISTANCE (other than formal course):

Tuesday afternoon we tried to share screens witn Marv and Karolvn
but had difficulty with 8.5. Looks like it was a timing problem
due to the fact tnat Karolyn was enabled,

APPLICATION

This aroup at IBM is evaluatinag NLS for its use as an aid to
structured programmina. Gray will be responsible for 1judaing the
guality of the code written primarily by Marv Kessler.

ISSUES

Gray had worked throuah the Primer anad the first 2 sample sessions
that accompany the second course because of trouble schedulinag
traininag for him, 1 had talked with him over the phone one day to
answer auestions he had after working throuah the items mentioned.
His comments during the first day of DNLS trainina included:

NLS may pe overly rich for proaramming applications

He learned somethinag like 5 times faster with a trainer than on
nis own

He expected a Jump (to) Statement command in DNLS = Jeanne has
had a similar experience when teaching DNLS.

He was araspinag thinags as they were covered but had foragotten what
wWas covered early in the day by atfternoon.

By noon the second dav Gray was saturated and ready to aquit
learninag = one and a half days were enough. 1 haa wanted to spend
some time on TNLS and on printing files at RADC but decided that
could either be done later if necessary or he could learn from
other IBM‘ers.

Gray likes to have "crib" sheets and had a one pager made up with
INLS stuff he had trouble remembering. He decided to 4o the same
with DNLS and I think he will take the online version of the DNLS
course and edit it to leave just those things he wants notes of.
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He talked about the fact that he and Marv had decided to write
proarams a little differently than we do at ARC. They will put
the END statement at the same level as the PROCEDURE statement

. instead of a level lower to be consistent with rules of structured
proaramming.

Marv noted that there had been a noticeable degradation of service
at Office~1 during the past 2 weeks. He was also interested in
startinag an index to the L10 Guide because he nhas trouble finding
things in it.

AT&T (3 persondavs)

1. Persons (users or not) contactea (uppercase if thev have a
directorv]

John HAYES, Ed PILLARD, Steve Herman, Tonv SALINGER., Bob Draper

2. COURSE:

wednesdav, March 17 = John and Steve and 1 worked through Sections
1 - 8 of the thira course,

Thursday. March 18 = John and Steve and 1 covered Section 9
(Proarams) from the third course, process branches and the content
analyzer (intro only). Durinag the atternoon (John had a class)
Steve and 1 discussed Section 10 (Useroptions) in the third course
as well as spaces for tabs and protection.

‘ Ed Pillard was in and out but mostly out both of those dayvs = 1
answered some guestions he had that were covered in the third
course material he missed.

Fridav, March 19 - 1 spent the day covering those parts of the
third course that Tony didn‘t already know about, He was very
pright and in some sections 1 gave an introduction and explained
now the documentation was structured and left him to read on his
own time (userproarams for example), Some Of what we covered was
material from the second course that was duplicated in the third
course which was good since he‘s never formally had the second
course. In addition to what’s in the third course we covered how
to write process branches, spaces for tabs and an introduction to
the capabilities in the content analvzer.

3. ASSISTANCE (otner than formal course):

Un Thursday morning John had a temporary secretarv in the office
to do some typina for him since they have no one to do bulk
tvoina. I sopent about a half hour with her durina the morning to
show her just enough to type stuff in that day for John.

Thursdav afternoon when John was in class and after 1°‘d finished
working with Steve, I spent about a half hour qivinag a demo to Bob
Draper. Bob is from a different aroup within AT&T and kept

. wandering in while 1 was trying to work with John and Steve, [
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put him in touch with Jim Bair because of his interest in human
factors but he seems to have broad interests. He isn’t part of
any of the applications active now and 1’m not sure if he is a
good person to make contact with from this other aroup within AT&T

- Jonn seemed to think he wasn’t particularly important now.

In the process of talking about process branches we wrote pranches
to move messages in from Tenex etc. both at Somerset and White

Plains.
APPLICATION

Both Tonv and Steve are involved in the Bluebook project. Tony is
the proiect leader and is interested in receivinag online status
repoorts from all aroup members. He nhas a larger interest in
facilitating communication of all types within the group and is
planning to use the system largely for that end. Steve has a
programming background and will initially be doing status reports
as well as possibly one of the chapters. for the Bluebook report
(his part would pe about 18 pages). He may also be a candidate
for L10 trainina.

John Haves is architect and has other interests besides Bluebook.

Wwhile 1 was there he was workina on a
that was a textual gescription otf the
listinas. A biag concern of his is to
His boss had never been avalilable for

large amount of information
items in several PERT

get his boss to use NLS.
training when a User

Services person was there and can never devote a whole dav to
something like traininag. 1 think 1”11 suaggest to John that ne set
up some one hour sessions with his boss ana myself or another
trainer to give him some training in small doses in just the areas
he’s interested in.

Another area John is interested in is gettina some people in their
Word Processinag Center trained to use NLS so they could tape
things they want input or give hardcopy to the WP people and get
tvepina support from them since they have no tvpina support
elsewhere. Two women who run (?) the Center attended one of
Priscilla’s sessions. The session was specifically geared to
neleina people get started on the status reports so was not
particularly applicaple to the WP women. They probably need a
demo at some future point to see the capabilities of the system.

ISSUES

Iney seem to be doing well for a new client partlyv because of
their enthusiasm and their willinaness to allocate time to
learnina NLS and workina at finaing applications.

John favored me with his conclusion that ARC was areat except for

marketina and documentation., They woula like to see a user’s
manual and more consistency between documents.

(1 personday)

luppercase if they have a

Persons (users or not) contacted
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directorvy)

2.

Chuck HALL, Tom CHRYST, Don MCENTEE
COURSE:

no formal course

ASSISTANCE (other than formal course):

The dav began with a short briefing by Chuck about DMA. There are
6 groups within this directorate that together produce maps for
the Air Force. Chuck is in Plans, Requirements, and Technology.
That aroup is responsible for handling the transition of software
from an R & D state into an operational environment. Tom is in
the Cartoaraphy Department where a lot of systems analysis 1s
done. Don is in the Research Department where people have
backarounds in math and proaramming. Other departments are the
Missile Department where they have an in-house text editor = so
therefore feel they have no application for NLS, and the
Aeronautical Information Department where the FLIPs are generated.
when Chuck was at ARC the FLIPs looked like they might be a type
of documentation that would be a good application for NLS. The
last department is the Printina and Distripbution Department that
prints and distributes maps etc. = no applications apparent here,

We then talked about what each person was interested in using NLS
for so I'd know what to spend the time talkinag about. We got
started in Useroptions and changed printoptions, feedback
indenting and the default viewspecs to make things look petter to
them. We discussed the archival schedule and how that effects the
wWay a person WOorks.

Eventually it became apparent that they did nhave a few things that
would possiblv pbe applications of NLS. Thev brouaht samples and
we typed in a memo without utilizing structure or any directives
outside the origin in order to make it as simple as possible (it
has a relatively simple format anyway). Directives in the origin
included those to print a 10 1/2" page, leave top margin etc, I
made notes which were a subset of the material from the first
course so Tom could take away a list of onlv those commands
necessary to do a memo or possibly documentation. 1 then got a
copy of the TDY memo format to bring here in oraer to set up a
template for them to use.

IThey said a xerographically reproduced copy would be acceptable
tor the final copy of such memos and TDY reports so 1 sugaested
they xeroaraphically reproduce the TI paper - we tried it and they
thought it would be acceptable.

I worked with Chuck & little to redo a process branch written for
nim by Bobbie Carrier when he was visiting RADC. It didn’t sort
messages brouaht in from Tenex. Chuck and 1 also looked through
the Lineprocessor Users Guide with attention to the section on
setting up the workstation and loqging in so when they get their
line sometime soon ne will be able to check out the eauipment.
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4, APPLICATIUN

Thev don’t really have one vet. They have done some communicating |
witn people they have contracts with at RADC. 1 worked with them J
a little and will try to get Chuck and Tom a procedure for typing |
TDY reports online. There is a possibility that Tom will use the

system for documenting programs and procedures he is responsible

for.

They are expectina ARC to do some sleuthing for applications at
some point in the future to come up with some reallv good things.

5. ISSUES

part of the problem has been that DMA originally used Autovon
lines to the RML TIP beaginning last fall. When the RML TIP was
moved to Gunter they no longer had access so therefore no way to
use OFFICE~l. They have recently obtained permission to call
Autovon to Gunter allowina them to use OFFICE~1 after 3-4 months
of non=use, Within the next 2 weeks they are to have a line to
the RADC TIP which will allow them to use the Display (still
unpacked) and TI.

The Autovon lines are very noisy and they had a lot problems with
CTRL=X’s coming across the lines and abortina commanas = l‘ve
since sent a message suaggestina they change their Useroptions to
ignore DEL.

.BLANK FURM

CLIENT (# personday)

1. Persons (users or not) contacted [(uppercase if they have a
directorvl

2. COURSE:
3. ASSISTANCE (other than formal course):
4, APPLICATION

5. ISSUES

BLANK CONTACT REPORT

CONTACT: ijournal~title
DATE: aate
BY: name=of~contactor

ATTENDEES: Full name of oraanization, address, phone number as
supbstatements

Name of attendee =~ Oraanization acronvm
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MEDIUM: PHUNE/LETTER/CUMPUTER/CONFERENCE/FACE-TO=FACE
WHERE: Place=of=contact
ACTION=ITEMS:

Actions taken, to be taken, etc., dated
DISTRIBUTION: ARC=-LOG UCE JCN RLL
REFERENCES:
DOCUMENTS: Hard copy given and received

GIVEN: Date and documents given

RECEIVED: Date and documents received

REMARKS:
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< JJOURNAL, 27955.NLS;1, >, 27=Apr=7b 14:39 XXX 3::: «HJOURNAL="KEV
27=APR=76 10311 27955"; Title: .,Hl="encryption subsystem available for
initial release"; Author(s): Kenneth E. (Ken) Victor/KEV; Distrioution:
/SRI=ARC( [ INFU=ONLY J ) LAC( [ INFO=ONLY J ) JEG( [ INFO=ONLY ] ) 7

‘Sub-Collections: SRI=ARC; Clerk: KEV; .I1GD=0; .SNF=HJRM; .RM=HJRM=7}
«PN==1; ,IBS=1; .PLES;

.PEL; .PN=PN=l1; .GCR;tnis document describes the 2 commands avallable
in the encryption subsystem ana a description of the encryption process
1 am releasing for initial shakedown a8 new encryption subsystem. The
subsystem lives at ISIC as ( xprograms, encrypt.suosys,) and (
Xxprograms, encrypt.cml,). The source code is also at 1ISIC as (
xprograms, encrypt.nls,). The subsystem consists of the following two
commands (1 beleive it to be bug free, but as with any new software, it
may take a few days to verify this; this initlal release is a8 subset of
the final implementation to be made availacle within the next 7-9
weeks):
Encrypt file
This command asks the user to (twice) specify a (non-echoed) Key.
The user specified key consists of from 1 to 100 characters (using
NLS PASSWORD selection algorithm). The user specitied key 1s then
converted to a 36 pit value which is used as the key for
encrypting the file (and its PC if one exists) loaded in the
current display winoow, (The final implementation may convert the
user specified key to a 72 vit value, but we haven't come to a
final decision on this yet,)
Tne created encrypted files will exist in the same directories as
the files of which they are an encrypticn., They will have the
same filename and version numbers as the source files, but will
‘ have the extension names of ENC (for the NLS file) and EPC (for
the PC if one existed).
The encrypted files will contain an encryption of the key used to
encrypt them, an encrypted page table, an encryption of the user
settable word from the FDB (the user settable word in the FDB of
the encrypted files will be 0), and if applicable and encryption |
of the filename for the encrypted PC,
In the final implementation, the source files will be marked for
deletion after they are encrypted.
Load encrypted file
This command accepts a filename and a key, The key is checked
against the key in the specified encrypted file,
(In the final implementation, a user will be given 5 attempts
to speclfy the correct key for one file, or 10 total incorrect
attempts per session, before being logged out with messages
sent to the last writer of each file for which an incorrect key
was specified,)
when a correct key is specifiead an NLS file will be created that
is a decipherment of the encrypted file, 1t will have the same
filename as the encrypted file and an extension of NLS and a
version number of one greater than the version number of the
encrypted file, 1f the encrypted file contained an encrypted user
settavle word, then a deciphered PC will be generated and loaded.
An attempt to load an encrypted tile via the normal NLS mechanisms of
Load file or Jump to 1link will generate the message that the specified
file is not an NLS file.

.Alqorithm




JAKE, 29=Apr=7o 0Ui:l5 < JJUOURNAL, 27955.NLS;1, > 2

The following is a loose discussion of the algorithm presentea for
anyone interested,
First some definitions.

A key refers to a 36 bit value,
We will use the term cipher to refer to a bit stream of ranadom
pits. The ciphers we use vary in lengtn between 36 bits (one
word) and 512%36 pbits (one page) long. A cipher is generated by
placing a 36 bit key in a feedback shift register (FSR). The FSR
is shifted 6 bits at a time. (1his shifting of the FSR is not a
straightforward logical shift, but includes feeding back some of
the bits in the FSR as the FSK is snifted,) 1nhree bits are then
selected from the FSR. One of these three bits is then used to
select which of the other 2 bits to use to generate one bit of
output for tne cipher,
(More details on the operation of the FSR and cipher generation
are available either from the source code itself, or from Dave
Hopper (ARC).)
(GETCSTREAM is the name of the proceaure used to generate
ciphers. GETCSTREAM generates the requested numpber of cipher
bits based on a passed key, and returns the final contents of
the FSR. This resulting value (of the FSR) is sometimes used
as a key for future cipher generation,)
We freguently have need for a random number in some specified
range. To get the required randcm number, & 36 bit cipher is
generated (based on varous Keys)., The resulitng cipher modulo tne
requested range anc aaddea to the base number in the range produces
the requested random number.
(RANDNUM is the procedure used to generate & random number in
the passed range based on a passed key, The procedures
INITRANDOM, DONERANDOM, and EXCLRANDOM are usea wnhen a group of
unigue random numbers are needead in a range (e.g. for
randomizing the pages of a file), INITRANDOM is called first,
being passed the range and initial key. It returns a data
structure, EXCLRANDOM is called each time a new unique ranaom
number in the reguestea range is needed, It is passed the
address of the data structure generated by INITRANDOM,
EXCLRANDOM uses the Key in the data structure to generate a
randum number (call it N) and then returns the NLh unused
number in the reguestec rance. 7The key in the data structure
is then updated to be the resulting value of the FSR for the
next use of EXCLRANDOM, DONEKANDOM 1s used to free up the
allocated data structure,)
We will use the terms encrypted adata, encryption, (or similar
terms) to refer to the bit pattern that results from the exclusive
or of source data with a cipher.
Noise pages reter to duplicate copies of pages in the source file
that are not used in the decryption of the file,

I think we are now ready to discuss how a file 1s encrypted, (The |
encryption is performed by procedure ENCFILE.) |

First the user specified string 1s converted to a key by the
following:
Ine key 1s initialized to 0,
For each character in the user string, the key 1is rotated left
5 pits and the user specified character is exclusive or‘ed with
the rotated Key.
The user specified Key is used to generate keys that are used for

) N e L - e BURATRAC 3 . ot 0w o A
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the rest of the encryption process. These Keys are words in the
cipher stream produced by using the user specified key. Call
these kKeys FK[il.
(In the tinal implementation, we may generate a 72 bit key
pased on the user string. This 72 bit key will be used to
generate 36 bit FK([(1].)
Une of these FK is used to cdetermine a random number in the range
0=NPLIMIT. Call this number GP as it represents to the numpber ot
noise pages that will be generated., NPLIMIT is currently set to
20,
I'wo of these FK are used to represent the value of the user
specified key that is kept in the resulting encrypted file,
One of these FK is used to generate unigue random numbers in the
range 0 to Te=1. TP is the number of pages that will exist in the
resulting encrypted file, It is the sum of SP (the number of
pages in the source file) plus GP plus one (for tne key page, 1i.e,
the page containing the user key representation, etc.). These
random numbers are used to scramble the order of the pages, i.e.
the pages in the resulting encrypted file are generated in the
following oraer:
First, tne key page is placed in a random page in the encrypted |
file,
Then, the noise pages, if any, are placed in random pages in
the encrypted file,
Next, the first existing page of the source file is placed in a ‘
random page in the encrypted tile,
Next, the second existing page of the source file is placed in
a random page in the encrypted file,
And so on, until all pages in the source file have been placed
in the encrypted tile.
Une of these FK is used to generate a number of Keys that are used
for the encrypting of each page. Call these keys PKI(i].
Each page to be encrypted uses a different set of PK(il. The
initial set of PK[1] are generated from one of the FK[i].
successive PK(i] are generated by the resulting value of the
FSR after the generation of a set of PKLil].,
Each page of the resulting encrypted file is produced as follows:
Key Page:
A unigue destination page number (called EPl), i.e. the
random page in the encrypted file, is selected.
A set of PK[i] are generated for this page,
A random source file page (based on a PK[iJ) is selected and
mappeéd in (into page SFBUFF).
A random index into the source page is selected (based on a
PRl1]).
starting at this random location (and wrapping around if
necessary), the user settable word from the FDB of the
source file, the 2 appropriate FK(i]l, a representation of &
page table for the source file, and if appropriate, a string
containing the name of the encrypted PC, are placead in the
source page.
A 512#%#36b bit cipher (based on a PK[i]) is generated and
placed into page CKPAG,
The source page is rotated a random nuinpber of words (basea
on a PK[il)) and exclusive or‘ed witn the cipher (into page
CKPAG) .
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The resulting page is then mapped out to the destination
encrypted rile,
Nolse Pages:
A unigue destination page number (called EPI), i.e, the
’ random page in the encrypted file, 1s selected.
A set of PK[i) are generatea for this page,
A random source file page (based on a PKIi]) 1s selected and
mapped in (into page SFBUFF).
A S12%36 bit cipher (based on a PK[i)) 1is generated and
placed into page CKPAG,
The source page is rotated a random numper of words (pased
on a PK[i)) and exclusive or‘ed witnh the cipher (into page
CKPAG) .
The resulting page is then mapped out to the destination
encrypted file,
Source Fille Pages:
A unigue destination page number (called EPL1), i.e. the
random page in the encrypted tile, 1s selected,
A set of PK(i) are generated for tnis page.
The appropriate source file page is mapped in (into page
SFBUFF).
A 512436 bit cipher (based on a PK(i)) is generatea and
placed into page CKPAG,
The source page is rotated a ranadom number of words (based
on a PKli]) and exclusive or‘ed with tne cipher (into page
CKPAG).
The resulting page is then mapped out to the destination
encrypted file,
And finally, the user settable word of the FDB of the encrypted
‘ file is set to 0,
The source file in encrypted first, and then the partial copy (if one
exists) is encrypted using tne final value of the FSR which is
returned by ENCFILE,
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will be at RADC next week and will be prepared to discuss
mentioned in this memo. 1f there are any comments or
please contact either Dick or harvey Lentman

ick watson
the suggestions
questions before then,
at ARC.
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.lntroduction

This document is submitted to the Rome Air Development Center
(RADC) by the Augmentation Research Center (ARC) of SKRI1; it
outlines some possible developments to and research on some
aspects of NLS and programming technology which might be carriea
out beginning in fiscal vear 1977. 1t must be stressed that this
is not a formal proposal, but is rather a discussion of technical
issues as we currently view tnem, Interaction with the RADC staff
will, we nope, lead to a refinement of the discussion and,
tinally, a formal proposal of work of mutual interest and benefit.
As this is pasically a thinkpiece submitted to elicit comments,
cost and researcn estimates are only approximate. After turther
discussion with RADC, we nope to submit & formal proposal to
execute those items of greatest interest; this formal proposal
will nave more detailed work and cost breakdowns.

The sudggestions cover b wajor areas of interest:
Wideninag Availabjility of NLS: NLS on Uther Computer Systems
Graphics Supsystem Maintenance and Extensions
Software Engineering lools Development
Unline Software Debugaing Facilities: Researcn and Development
Project and Configuration Management Tools
Data Management Systems and NLS
We feel especially strongly that putting NLS on a minicomputer
configuration will offer large advantages; our reasons dare
outlined in detail below. Even if a full funding for this task 1s
not possible at this time, we teel the initial design study

discussed in the following section would prove valuable,

It should pe stressed that ARC is willing to consider other
suggestions for research acout wnich RADC feels strongly.

Widening Availability of NLS: NLS on Other Computer Systems

Introduction

With small effort, NLS will be converted this summer to the DEC
2040, the first in DEC’s new System 20 family of computers,

The DEC supported operating system for this line, TOPS 20, is
derived from TENEX. We estimate that NLS in this contliguration
will be about 1.5 times faster than the current Uffice-l
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machine., Tne cost of a 2040 configuration capaple of

simultaneously supporting about 25 NLS users will be about

$450K, This available machine with manufacturer supported

hardware and operating system able to support NLS thus may

serve as a pbaseline against which we may compare otner

alternative methods of providing NLS service, 2al

We see three principal motivations for RADC's consideration ot
otner configurations for use with NLS: 2a2

1) To obtain NLS on an in house machine to reduce the cost
of its increasing internal NLS usage, 2aza

2) To provide a computer environment to aid 1n the

technology transfer of NLS technology tor Air Force and Dob
applications such as documentation, communicetion, and

software development of vital concern to RADC’s charter. 2azb

3) To support ARC’s ongoing researcn and development of NLS
and to insure the most cost effective use of evolving
tecnnology in that development. 2alc

Inere are two paths we may take in moving NLS from the PDP=10

or System 20 environment to other hosts: movement to other

large scale timesharing systems such as MULTICS or transfer to

a minicomputer environment. 1In the following, we discuss why

we feel it would pe advantageous at the present time to begin

the development of NLS on as minicomputer based system to

achieve the maximum medium to long range cost savings and to

provide the most effective user environment, z2a3

Moving NLS to an environment such as MULTICS is difficult to

justify solely for RADC internal use because the development

cost of such a move is close to the purchase price of a System

20, However, if there are significant technology transfer
possibilities, then this move may be fully justified and should

be pursued, For example, if the MULTICS environment is going

to play an important role in wwMCCS software development and
maintenance or in other important Air Force application

domains, thnen RADC miaht make a significant contripbution by

assisting in the move of WLS directly into that environment, 2a4d

In the NSw environment it may still be possible for developers
of Honeywell 6000 application systems to make use of NLS on
DEC nardware for the Alr Force applications without moving it
directlv to MULTICS. 1This is clearly one of the goals Of NSW
and, it security consiaerations woulo allow such a possibility,
we should pursue this approach witn RADC. The cost of
geveloping tools to etfectively work in this mode mignt be
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substantially less than the cost of moving NLS directly to
MULTICS.

in the following sections, we discuss in greater detail, first,
the work reguirea to move NLS to MULTICS and other large scale
timesharing systems and, second, the work necessary to move NLS
to a minicomputer environmént and the current importance of
such a move.

NLS on MULTICS or Uther Large Timesharing Systems

NLS is cleanly split, in the NLS=9 version, into Frontend and
Backend components. Tne Frontend handles all user interface
functions and terminal control, It parses user commandas and
calls information processing routines in tne Backena for
execution. Currently the Frontend runs on PDP=-10 and PDP=-11
computers. It reguires full duplex character-at-a-time
interaction with tne user to provide tne tull teatures of the
NLS human/machine interface. 1he Frontend and Backena do not
have to run on tne same machine and there are economic
arguments why it may be preferable to nave the Frontena on a
minicomputer if the Backend is on a large timesharing system.

Though the MULTICS operating system supports tile system and
other features necessary to implement the NLS Backend, its
line-at-a=-time half duplex terminal intertace is not suijtavple
for the NLS Frontend, Use of NLS with MULTICS would therefore
pe through a Frontend machine such as the POP 11 with an NLS
packenda resident on MULTICS.

We estimate the agevelopment cost of moving the NLS Backend to
MULTICS to pe about 5-b person years of efrfort costing about
$400K, including computer support. In addition, there would be
the cost of a PDP-11 Frontend Computer. Depending on the exact
configuration selected, this Frontend machine would cost in the
neighborhood of $70K = §120K,

It is difricult to estimate the relative performace of NLS
running in the MULTICS environment versus running in the PDP 10
environment at this time, although we would expect NLS to run
faster on MULTICS because of its larger memory and faster CPU.
The tasks reguired to move NLS to MULTICS are the following:

1) Produce a PDP-10 to MULTICS cross compiler for the L10
language in which NLS is currently written.

2) Desian an Uperating System intertface for NLS to make

28125
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. NLS as independent as possible of a specific operating
system. 2b4az

By following this approach, we get the added penefit
0of peing able to easily move NLS to other backena

computers in the future with much less cost, Zbdala
3) Reoraanize NLS to interface to the Uperating System
Intertace, Zb4a3
4) Learn the MULTICS Uperating System and implement the
MULTICS slde of tne Uperating System Interface. 2bdad
5) Make the ageneral cleanup of NLS code that would be
reguired as a result of such a reorganization. 2p4asd
6) Set up maintenance procedures for multiple host
versions of NLS. 2b4ao
7) Provide appropriate system documentation. Zb4a’

8) The issue of how to provide user program capability 1if
the L10 compiler is on a PDP=-10 woula have to be
addressed, It may be possible to provice a linking to
the NLS environment from some other lanquage already
. existing on MULTICS. OUtherwise, a version of the L10
compiler may have to be createc to operate on MULTICS, 2b4as

Movement of NLS to MULTICS would reguire about 18 months
calendar time minimum, We think <44 months 1s probably more
realistic. 2bdb

NLS on a Minicomputer Contiguration 2c

We pbelieve that the most cost effective way to provide NLS

service to users in the medium to long randge is to provide each

user with a work station including not only a display,

keyboard, pointing device, etc., but also processing power and

file storage to support the pasic functions of NLS. We feel

this is true for the tollowing reasons: 2cl

1) The cost of large scale integrated circuits for logic and

memory is decreasing rapialy. It is conservatively

estimated that the cost per pbit or gate for such memory or

logic will decrease in cost py a factor of 100 in the next

ten vears, 2cla

2) Communication costs, while likely to aqaecrease, will not
decrease at anywhere near the same rate. 7To take advantage
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of the low logic and memory costs will therefore reguire
computing capapility local to the user.

The reasons for this lag in the decrease of
communications cost are due in part to the large capital
investment in existing facllitles and in the regulatory
environment of communications.

Communication costs will pe one of the prime factors
causina local computing to pull ahead of central remote
large shared processors as the most cost effective
configuration. Other factors are discussed below,

Note, nowever, that there will still pbe tools and
services that the user will want to access at remote
sites, but his most commonly used tools should be local
to his work station.

3) Significant improvements in responsiveness, user
interface services, and information portraval will become
possible with display technology developments, These
capabilities can be tapped only with the high bandwidth
available through local computing.

To take advantage of bit mapped video aispiay technology,
for example, will in itself reguire considerable local
memory and processor capability. The adalitional cost to
provide processinag power for NLS functions is
incrementally small.

4) Wnile the decreasing logic and memory costs will also
apply to large scale processors, we feel market pressures
and economies of manufacturing scale will be most pronounced
at the minicomputer end of the computer spectrum, Further
use of central large scale timesharing systems will involve
the communication delays and costs mentioned above.
Moreover, the operating system complexity and overhead 1is
greatly reduced for a one man per CPU system..

5) Witnh his own CPU, new and valuable services can operate
in tne pbackground when the user is not interacting with tne
system.

6) Large scale processors require special environmental care
such as air conditioning, hianh (and possipily packup) power
and a staff of operators. These services are not be
requirea with a minicomputer pased system in the user’s
office.

28125

2clb

2clpl

2C1lb2

2cib3

2clc

2cicl

2cld

2cle

2clt




HGL RWW KEV RLB2 DSM 21-MAY=76 15:45 28125
Initial Suggestions for General Support Projects for RADC in FY 1977

7) A distributed minicomputer based system will be more
reliaple. 2claq

Besides the potential to significantly improve the coSt

eftectiveness of NLS service for use in RADC and elsewhere in

the Air Force, the existence of standalone (or networks of

standalone) NLS systems can be appblied in new Air fForce field
applications not presentlv easily accommodated with an NLS

system based on a large central machine. It also means that

NLS c¢can be applied in applications in smaller start up cost

increments and that expansion can be more easily handled on a

one workstation at a time basis. 2c2

We envision the following model: Each user woula have a
workstation with a powerful CPU (of the PDP 11/34 class), at
least 64K of memory, 5=10 million bytes of bulk store, a high
performance bit mapped mixed text and graphics video display
and appropriate input devices, Thls system would be connected
to the ARPANET for access to datapases and tools not local to
his work station and for interperson communication. The
connection point might be another minicomputer with a large
disk store or the capability to perform other functions for a
local group of users such as RADC, Note that the exact details
of how to most effectively provide the amount of file storage
reaquired and the network connection would need detailed stuay
and design. However, this description gives a flavor of the
possibilities. 2c3

I'ne appropriate tirst steps for which we seek funds are to

configure a PDP=11 system in a manner similar to that outlined

above, to move the NLS BASE sybsystem to it, and to make the

necessary changes in the PDP=10 version of NLS to perform file

and other tunction sharing tor those capabilities infreqguently

used or for which a larger central machine, by its nature, 1s

the most appropriate location. TIhe PDP=11 is a type of

minicomputer system which we feel will pe commonly available at
greatly reduced costs in the next five years; we would probably

use the UNLX operatina system for the PDLP~11. 2c4

We estimate that about S$50K worth of hardware would be

purchased for a prototype workstation., About 4-5 person vears

(about $275K to $350K) over 18 months worth of development

would be required to bring up the first prototype. The rapidly
decreasing hardware cost should allow this workstation to be
operationally available for $5K to $10K in the medium term

period of 3=5 years. The following is a rough work breakdown: 2¢cS5

1) Decide on the correct language environment for such a
system. We would need eitner to extend the current L10 to
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PDP=11 compiler to support the full L10 language orto
produce an interpreter, 7The latter approach has much to
offer for such a system,

2) Cnoose and learn a new operating system, 1The UNIX
operating system is a likely candidate.

3) Measure and analyze the use and structure of the NLS code
to see now it should be organized in the minicomputer
address space enviroment.

4) Design and implement an operating system interface.

5) Decide whether a version of NLS for both the minicomputer
and large timesharing system environments is feasible or
whether two different diverging versions would be reguiread.

©) Provide appropriate system documentation.
7) Make the code modifications or rewrites reqguired,

we feel that starting toward such a minicomputer NLS system {is
very imoortant. Even if funds to make the full first steps to
an operational use of the BASE subsystem are not available, the
smaller step of measuring and analyzing the use and structure
of the NLS code and performing preliminary design studies 1is
useful and should be pursued. Such a program of analysis could
pe started with e6-12 person months of support.

Unce the BASE Subsystem is operational, further developments
would involve evaluation and planning aimed at providing this
type of system to RADC and other NLS users, We must also then
decide which other NLS subsystems to move into the minicomputer
environment,

Graphics Subsystem Maintenance and kxtensions

Grapnics System Maintenance

I'he grapnics system associated with NLS is very large ang
complex. Its performance to date has been, we think,
remarkable poth in the guickness with which tne system was
developed and the stabjility and general usefulness ot the
package.

The newness and flux of the system requires pboth intermittent
maintenance and ongoing tuning botn internally and in the user
interface.
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‘ An expanding body of users discovers minor bugs in any system,
The cost of repairing these troubles is not inconsequential.
Some errors of the scope of those which nave been discovered
are to be expected: they are intrinsic to systems of this
complexity., what is remarkable 1s that there are so few! 3a3

More important than these errors and bugs are nes features

#hich are motivated by new users. User requirements vary

widely as do user idiosyncrasies. Minor system modifications

and improvements are an important part of the evolution of a

system like Graphics. 3a4

Currently there are no explicit support fundgs for this type of
maintenance and improvement. Without such support the Graphics

system maintenance and improvement will continue to be slow and
sporadic., We heartily recommend that 4 man-montns over a 12

month period be allocated to the job of supporting and

improving the Graphics subsystem. 3as

Data Presentation 3p
The current graphics system forms a basis for the construction

of several types of auxiliary "graphics" systems. Wwe believe
that the most important is data presentation: the production ot

graphic illustration and charts from raw data, 3bl
. Persons involved in the documentation or criticism of material
frequently preprocess numeric ana tabular data into tables,
Illustrations and various charts. This processing is
relatively difficult and involves the following steps: 3b2
1) Assembly of relevant data 3b2a

NLS is a powerful tool in the assembly and scanning ot
online data. However, this task 1s diverse and time
consuming. 3bzal

2) Selection of the Form of presentation 3b2b
The user selects a standard method such as graphs,
barcharts, piecharts, or other methods appropriate to the
job and style of the problem, 3bZpbl
3) Processing of Data 3b2c
Methods involve statistical analysis, estimation,

approximation, and extrapolation, Computation packages
exist for many types Of analysis, 3b2cl
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‘ 4) sScaling of data
5) Drawing of standard portions of the plots
Tnese include axes, scales and grids. 3b2el
©) Drawinag of curves and creation of symbols 3p2f
7) Captioning and lapeling ot the plots 3bZg
Ine data presentation package would make the creation of
graphics and charts more automatic by: 3b3
1) Assisting in the capture and grouping of aata 3b3a
Interface to existing analysis packages in FORTRAN and
other languages is possible, 3b3al
2) Automating the scaling of data 3b3b

3) Providing direct commands for the creation of axes, etc, 3b3c

4) Providing direct commands for the plotting of lines and
such symbols as bars on barcharts and sections of pie in

piecharts. 3b3d

. Application of the data presentation package will enable users
to: 3b4
1) Plot more often ana at lower cost, 3p4da

2) Plot more uniformly with improvements in the overall
guality of illustrated material. 3b4b '

Data presentation provides a useful and needed adaition the the
existing Graphics subsystem, The development, design,

implementation, testing anad documentation would require 8,0
man=months. 3b5

Software Enaineering Tools Development 4

Response to IBM Evaluation and Sugaestions and Development of
Online Structured Programming Environment 4a

Ihe current IBM=FSD contract with RADC 1s concerned with the
evaluation of the NLS environment’s suitapility for top down
structured programming techniques. AKC has a parallel contract
with RADC to assist the 1IBM group and to proviade them with
instruction in our technigues to insure a tair evaluation based




HGL RWW KEV RLB2 DSM 21-MAY=T76 15:45 28125
Initial Suggestions for General Support Projects for RADC in FY 1977

. on as much knowleage as possible. WwWe expect that among the
results of these contracts will pe a group of suggestions
leading to improvements in the power of NLS to pbetter support
top down structured proQramming. 4al

Additionally, through our vears of experience with NLS ana top
down structured proaramming technigues, ARC has accumulated a
numper of its own ideas for modifying the NLS programming

environment. 4a2

Examples include additions to our implementation languages

and the creation of an NLS PSL (Programming Support Library)
supbsvstem. 4a2a
For this contract, we would recommend that 12 man months be
allocated to two major tasks in this area: 4a3

(1) Integrate ARC’s ideas with the results of the above
contracts and create an ordered list of additions and
modifications to the NLS proagramming tools to better support
top down structured programming. This list would include an
estimate of the resources needed to implement each of the

suggestions. 4aia

(2) Implement a number of the most valuable suggestions. 4aip

‘Jnline Software Debugging Facilities: Research and Development 5

Introduction S5a

As part of its ongoing cdevelopment of a Software engineering
Augmentation System providing interactive online tools for
software development tully intearated into the NLS environment,
ARC nas for several vears been concerned with the development
of sophisticated devbugaing techniques. EXxtensions to the
standard Dynamic Debugging 1echnique (DDT) programs available
on our operating systems lead to NDDT, & system with a user
interface consistant with NLS standards and fully aware of the
ARC proaramming language and runtime environments., Extensions
and developments have recently resulted in a8 multi-process,
multi=-machine debugaer for use in the NSw. This debugger has
peen modularized for ease ot integration into operating systeéems
otner than TENEX and lanquages other than L10 with the
gevelopment of new languaqge and operating system modules, Wwe
propose research and development work under this contract which
would extend the state of the art of depbugging technigues: the
extension of the NSW debugger to the PL/1 or JOVIAL lanquages
on MULTICS and research into the debudgger of the future. 5al
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Debugging PL/1 or JUVIAL on MULTICS in an NSW Environment

ARC nas developed a pilot online interactive debugger to
operate in an NSw environment. 1t is organized into a numbper
of modules: a general purpose Debugger Dispatcher (DD) module;
a Language Module (LM) that contains all the semantic and
syntactic knowledge of the language in which a program is
written:; and an Uperating System Module (OSM) that contains all
the knowledge of the operating system and machine upon which a
program to be debuggeda is running.

Wwe are completing LMs and USMs to debug NSW programs of the
following types: L10 programs running on a TENEX or an ELF Tool
Bearing Host (1BH), and BCPL programs running on a TENEX TBH.

The model will work to provide an interactive deougging tool
for other environments in tne NSW. As a gemonstration of this
fact and as an attempt to have other programmers working in
this preferable mode, we propose to provide the debugging tool
to programmers at RADC who write PL/1 or JOVIAL programs to be
run on MULTICS.

To extend the debugger to be able to debug programs in a
language other than L10 running on a MULTICS TbH in an NSW
environment requires a LM for that language, a MULTICS OSM, ana
a package to live on MULTICS to communicate with the MULTICS
OSM. we expect that providing these modules woula take
approximately 9 man months as follows:

3=5 man weeks to learn about MULTICS PL/1, JOVIAL or other
language

9=13 man weeks to write a PL/1, JOVIAL or other languaae LM

9«12 man weeks to learn about MULTICS and write the MULTICS
communication package

7=10 man weeks to write the MULTICS USM

Aavanced Unline Interactive Debugaging Tool Research

wnhat should the debugger of the future look like? Though
studies indicate tnat more time spent in the adesign phase of a
project leads to less time devoted to debugging, we feel
ennanced debugging capabjilities will be desirable in all types
of programming projects: 1implementation errors will still
oCCuUr.

The complexity of programs will increase witn new machine
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architectures and the advent ot truly aistribted,
multi=-machine ana multi=process systems,

There are several approcaches to the depugging proolem. Some of
these are sketched below:

1. Non=interactive depugger development.

while non=-interactive tools are, we feel, inferior to an
integrated online environment, they will still be neeaed
in certain contigurations. 7Tools could be created for
use in these situations. For example, more flexiole
trace faclilities, more meanigfully formatted dumps, and
post=dump or post=-trace analyzers may be valuable,

2. Interactive debuaging.

A comparison of an integrated programming environment
(with the debugger tled directly to the langquages and
editors used as in many L1SP systems) with more general
purpose modular debuggers is one of several issues which
may be explored,

3. Grapnical deouggers.

Such systems could display and permit manipulation of
grapnical representations of program contexts ana data
structures,

4. Source level debuggers.,

Another important set of questions deals with the cost
effectiveness of the varying technigues,

we propose that 3 man months be allocated to study possiole
approaches to the design of the advanced debugger leading to a
report summarizing existing debugaing techniques and the
tecnniques likely to appear in the next few years.

In addition, we propose that b man months be allocated to the
implementation of some of the features that 100k most
promising. These features would be implemented, on an
experimental research basis, using the debugger framework we
nhave developed at ARC for the NSw.

For example, one of the features to be implemented might be
a source language debugging tacility for one specific
lanquage,

11
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’xo*lect and Configuration Management Too0ls

NLS as an Aid to Management and Coordination of kKesearch and
Development Proijects ba

NLS nhas proven itself to be a valuable tool in several areas:
as an aid in nhigh guality document production; as the center
for the recoraed dialog of & collaborating, geographically

distributed group; as a data collection and aissemination
center for information about the ARPANET; as the base for
various database management applications; and as the keystone

for a set of advanced tools for sotftware production,

development, debugging and documentation. bal

NLS nas also proven useful in several aspects of internal ARC
management: proposal creation, progress report creation and
dissemination, document production (for the creation of
proposals, final reports, and other project documentation), and
the use of various calculating tocls tor accounting are some
examples. Integration with the NLS Graphics subsystem and with
various data management programs, either those within NLS or
those available externally, could lead to flexiple and dynamicC
report generation tor management of both inaividual projects
and contract offices responsible for the coordination of many
contractors or subcontractors. A configuration management

. package could be created for this coordination. PERT
technigues could pe introduced as well, baz

As research and development projects increase in cost and

complexity, efficient ana timely management technigues become

more critical. More and more projects are collaborative in

nature: automated tools for the coordination of development

work of several subcontractors by contract officers become

essentiail. bal

1t would pe presumptuous for us to suggest detailed desiugns for

such tools without knowing how the end users (managers in

project offices, for example) currently view their roles and

tasks., Conversely, it would be aifficult to obtain

sophisticated, educated ideas for such developments from these

users if thev are not aware of what is currently available in

the NLS (and netwoIk) environment., ba4d

we therefore propose the following tasks for the current
contract period which would total 1 man year of eftfort: oab

Augment a project ofticer (or group of officers)., He woula
be instructed in the uses of the current version of NLS for
nis work. Technigues for entry of necessary information
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would oe "packaged" and presented in an inteqrated manner.

Ihe introduction of NLS into this environment would be

handled in a more controlled manner than is usual with the
introduction into the office of a typical utility client,

we would interact closely with the selected project

manager(s) to discover wnat tools they feel woula be most

useful in an online environment. We would study now they

currently do their work with an eye to possible aaditions to

NLS. 6aba

Survey currently availacle (automated and non=-automated)
project management tools. We would consider their addition
to the NLS Workshop environment either dgirectly or by
interface and prepare a design for such an introduction in a

possible extension ot the contract, 6a5b
Implement an interface to a basic package of management

tools from currently existant NLS features. 6asc

Data Management Systems and NLS 7

NLS and Data Management 1a

NLS is a very effective tool for a wiae variety of
applications: for example, its power in report creation is
clear. It also provides a rich environment for the creation of
tools for specialized applications. 1This generality, however,
has served to limit its effectiveness as the base for data
management systems operating over large, hiahly structured data
pases, While a number of aata management applications have
been developed in the NLS workshop and have been successfully
used, these applications have been constrained to medium sized
data bases. The generalized NLS tile structure so useful in
other applications does not provide optimal data management
support such as multiple access methods and multiple orderings
on a given set of records, In acdition, the generalized tile
structure cannot match the efficiency obtainable by tailoring

the file structure to a given application. 7al

Examples of recent data management applications in NLS
include the following: Jala
QUERY I1I 7alal

An interactive system capapble of guerying a data base

of naval ships and ports. Extensive search and

updating capabliies included, Developea for a

demonstration of NLS data management capabilities for

the Naval Electronics Laboratory, 7alala

13
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‘ FMS and DES 7ala2

A tool for maintaining a data base of information

concerning the status of ongoing projects. Retrieval

and report generation facilities are included,

pDeveloped jointly by SRiI=-ARC and RADC as a project

management subsystem. lalala

GMARK and CIMROUS lala3

I'wo NLS subsystems developed at SR1 for coordinating
government and commercial marketing activities. These
subsystems provide application tailored data

collection, data modification, query, ana report

generation capabilitites. lalalda

There are many systems specialized to data base management

(DBMS’s). Tnese systems are designed to effectively manage '
large structured data bases. In general these systems offer

some or all of the following facilities: 7az2

A high level language for defining the data base records,
their logical structure and access requirements, Taza

A high level language for defining the physical file

. structures for the data base, Taz2b
A query language for interrogating a data base. Jaic
A report generation language, laza

An interface to one or more programming langauges which make
the data base accessiole to applications programs. Jazle

Some of these DBMS’s run on existing ARPANET hosts, and a few

of these run on machines which will in the near future operate

within the framework of the National Software works (NSW)

project. The user interfaces of most of these systems are
syntactically unique and often aificult to master. Report

generation and formatting capabjilities are often inadeguate,

These inadequacies are contrasted with NLS's strengths in these

areas. 7a3

There are many possible desiagns for providing users with tne
combined capabilities of NLS and a DBMS, Some of the design
variaples are: Ta4

1) The requirements of the particular data management
application, or class of applications.
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2) The characteristics of the particular DBMS. ladp

3) The degree of intergation of the DBMS host computer

system into the ARPANET/NSwW environment, Tadc

We propose that SRI-ARC pertform a detailed study otf alternative
designs for the integration of a data management application,
or set of applications, specified by RADC. This study will be
a 3 man-month effort and will produce a report detailing tne
design alternatives, assoclated costs, and our design
recommendations. Implementation, contingent upon RADC’s
acceptance ot the proposed design and costs, coulad pe
accomplished through extensions to the contract covering the
design study.

15
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.Inis is a revisea version of the earlier document (28125,) based on
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@ 1xoouction

Ihis document is addressed to the Rome Air Development Center
(KADC) bv the Auamentation Research Center (ARC) of SRI; {t
outlines some possible extensions to and research on aspects of
NLS ana programming technoloay which might be carried out
beginninag in calenaar vear 1977. 1This is not a formal proposal,
but is rather a discussion of technical issues as we currently
view them, Interaction with the ERADC staff will, we hope, lead to
a reftinement of the discussion and to & formal proposal for work
of mutual interest and benefit. As this is basically a thinkpiece
submitted to elicit comments, cost and research estimates are only
approximate, After further discussion with RADC, we hope to
submit a formal proposal to execute those items of greatest
interest: this formal proposal will have more detailed work and
COSt pbreakdowns.

The suagestions cover 4 major areas of interest:
Software Engineering Tools Development
Unline Sottware Debugaing Facilitles: Research and Development
Graphics Subsystem Maintenance and Extensions

' Wiagenina Availability of NLS: NLS on Other Computer Systems

It should be stressed that ARC 1s willing to consider other
suggestions for research in which RADC is interested.

SUFTWARE ENGINEERING TOOLS DEVELUPMENT

Response to IEM Evaluation and Sugaestions and Development of
Online Structured Programming Environment

The current 1IBM=FSD contract with RADC is concernea with the
evaluation of the NLS environment’s suitability for top down
structured programming technigues. ARC has a parallel contract
with RADC to assist the IBM group and to provide them with
instruction in our technigues to insure a fair evaluation based
on as much knowledge as possible. Wwe expect that among the
results of these contracts will be a group of suggestions to
extend NLS’s usefulness in structured program development,

,f';RC has developed many tools and techniques, fully integrated
into NLS, for aiding aroups of programmers developing larage,
complex, interrelated systems. These tools include language
writing systems and the structured lanquages written in them,
interactive debugging tools, code cataloging and library

°®
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. systems, the use of proaramming development teams, the
development and use of system-wide coding and documenting
standards, and tools for supporting communication between
collaborating workers on & preoaramming team., Of course, the
online environment availacle to all NLS users with its powerful
editor, heirarchically structred files, and user proqramming
facilities is especially valuable to programmers,

For this contract, we would recommend that 14 man months be
allocated to two major tasks in this area:

1. Review the IBM Structured Programming Series prepared
for RADC and the IBM=FSD evaluation of NLS’s proaramming
environment, Prepare an ordered list of desirable additions
and modifications to the NLS family of tools to better
support top down structured programming. This list would
include an estimate of the resources needed to implement
each of the suggestions.

2. Implement a numper of the most valuable suggestions
jointly selected by RADC and ARC as time permits.

ONLINE SOFTWAKE DEBUGGING FACILITIES: RESEARCH AND DEVELOPMENT

Introduction

\
ARC has been creating a set of interactive online tools for
software development for many vears, This Software Engineering
Augmentation System is fully integrated into the NLS
environment, As part of this effort, ARC has investigated,
implemented, and used sophisticatea debuaging techniques.
Extensions to the standard Dynamic Debugging Technique (DDT)
programs availaple on our operating systems lead to NDDT, a
system with a user interface consistant with NLS standards ang
fully aware of the ARC programming language and runtime
environments. Extensions and developments have recently
resulted in a multi-process, multi=-machine debugger for use in
the NSW. This debugger has been modularized so that it may be
easily integrated into operatinag systems other than TENEX and
languaces other than the ARC lanquage L10 by developing new
lanquage and operating system modules.

Research and development work under this contract would extend
the state of the art of debugging technigques in two areas:

Investigation of the use of the ARC debuager in a JOVIAL
production environment, This would involve the extension of
the debugager to a subset of the JOVIAL lanquage on a TENEX
machine as a demonstration of the feasibility of the use ot

284472
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the ARC debugger model for Air Force production work. We
would also prepare a design for the introduction of a JOVIAL
debugger into an Air Force software production environment
running on a GECOS machine connected to the ARPA network.

Research into the nature of the debugging process,
examination of debugging tools currently available in both
research and production environments, and consideration of
the debugaer of the future.

The tasks proposed in these two areas are discussea in the
followinag sections.

Demonstration JOUVIAL Interactive Debugger and JUVIAL Network
vebugger Design

ARC has developed & pilot online interactive debugger to
operate in an NSw environment. It is organized into a number
of modules: a general purpose Debugger Dispatcher (DU) module;
a Lanquage Module (LM) that contains the semantic and syntactic
Kknowledge of the lanquage in which a program is written; and an
Uperating System Module (USM) that contains knowledge of the
operating system and machine upon which a program to be
debuqged is running.

we are completing LMs and OSMs to debug NSW programs of the
following types: L10 programs running on a TENEX or an ELF Tool
Bearing Host (1IBH), and BCPL prodrams running on a TENEX TBH.

. Ihe debugger itself, while capable of debugaing programs
runninag on a variety of machlines, is itself designed to run on
a TENEX, either as a standalone TENEX supsystem or within the
NSW environment.

Ihe existing NLS/NSW interactive debugger framework can handle
other languages and operating systems through the creation of
the appropriate language and operating system modules and
communication environment.

ARC has made use of its debugger in its research and
development work., As a demonstration of the system and in
order Lo make the power of our debugger more widely available
in a real world code production environment, we propose to
provide a demonstration version of the debugging tool for
JOVIAL programs to be run on a8 TENEX machine. AS &
demonstration, an LM for the JOVIAL subset which currentliy runs
on a PDPI10 will pe created.

The JOVIAL compiler running on a TOPS-10 will be brought
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. ' into TENEX for this demonstration. The demonstration
debuager will operate with JOVIAL programs on TENEX 3b4a

We will also prepare a aesign study of the possible
implementation of the JOVIAL debugger tor a JOVIAL compiler
operating on GECOS in the ARPANET. 3p5

There are several important issues to be considered in such
A desian. These issues include the following: 3p5a

1. Creation of an Operating System Mogule for GECOS and
the interface of the system to a non=DEC computer., The
! syvstem could be distributed with the core depugger
functions running on the PDP10 and tne obiject programs
running on the GECOS machine, or a version of the system
| could be developed to run completely under GECOS. 3bS5al

2. Debuquing mode for batch programs. 7The optimal
} facilities for debugging programs which &are developed to
! run in a batch environment must be provided. 1t is
i currently unclear how this may be best accomplishea while
still maintaining the power of the system for the
debudgging of interactive programs. Wwhile GECOS provides
some interactive capabilities, we assume many of the

\ programs under development are to be run in batch mode. 3bSaz
:
. | We expect that the preparation of the demonstration JOVIAL
debugger and the desian for network integration will take a
total of approximately 10 man months as follows: 3bo
Demonstration project: 6 man months 3boa
:
! 1=-3 man months to learn about JOVIAL 3bbal
3=-5 man months to write a LM to support (a reasonable
subset of) JUVIAL 3pbaz
Network JOVIAL debugger desian: 4 man months 3bbb
Study of the Debugging Process and Present and Future Debugaing .4“7;”ﬁ\
Tools \ 3¢/
\;?/

What should the depbugaer of the future look like? Though

studies indicate that more time spent in the design phase of a

project leads to less time devoted to debugging, enhanced

debugaing capabilities will be desirable in all types of

programming projects: implementation errors will still occur. 3ci

The complexity of programs will increase with new machine




HGL KEV ¢9=JdUL=76 12:00

Suggestions for General Support Projects for RADC in 1977

architectures and the advent of truly distribted,
multi=-machine and multi-process systems.

There

these

l.

4.

are several approaches to the debugging problem. Some of
are sketched below:

Non=interactive debudger development,

wnile non-interactive tools are, we feel, inferior to an
integrated online environment, they will still be needed
in certain configurations. Tools could be created for
use in these situations. For example, more flexible
trace facilities, more meaninafully formatted dumps, and
post=dump or post=trace analyzers may be valuable for
findina bugs and also for code analysis and optimization.

Interactive debuaging.

A comparison of an integratea prodramming environment
(with the debugger tied directly to the languages and
editors used as in many LISP systems) with more general
purpose modular debuggers 1s one of several issues which
may be explored.

Graphical debuaqgers.

Such systems could display and permit manipulation of
araphical representations of program contexts ana data
structures.,

Source level debuggers.,

Another important set ot aquestions deals with the cost
effectiveness of the varying techniaues.

We propose that 6 man months be allocated for a 2 part study:

ihe first part would be an examination of the nature of
software debuqgging and a survey of existing debuaging
technigues useo at a number of different sites and
institutions (including several Air Force installations).

The second part would be a survey of the research work
currently being performea in the area of debugqing which
will atfect future debugging systems, A summary of the
debuaging techniques likey to be available in the near
future on a production basis will be included.

In addition, we propose that 6 man months be allocated to the
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implementation of some of the features that look most
promisina. These features would ve implementea, on an
experimental research basis, using the debugger framework we
nave developed at ARC for the NSWw.

GRAPHICS SUBSYSTEM MAINTENANCE AND EXTENSIONS

Graphics System Maintenance

The graphics system associated with NLS has been useful and
reliable in several initial applications. As a complex, new,
and chanaing system, Graphics has required intermittent
maintenance and ongoing tuning of its core software functions
and user interface.

An expanding body of users discovers minor buas in any system.
The cost of repairing these troubles is not inconseauential.
Some errors of the scope of those which have been discovered
are to be expected: they are intrinsic to systems of this
complexitv.

More important than these errors and bugs are new features
which are motivated by new users, User reguirements vary
widely as do user idiosyncrasies. Minor system modifications
and improvements are an important part of the evolution of a
system like Graphics.

.
We propose support fundind for 4 man=months over a 12 month
period be allocated for maintenance and improvement of the
Graphics subsystem.

Data Presentation

The current graphics system forms the basis for constructing

several auxiliary systems. 1The most important of these is data

presentation: the production of graphic illustrations and
charts from raw data.

Persons involved in the documentation or criticism of material
fregquently preprocess numeric and tabular agata into taples,
illustrations and various charts. This processing is
relatively difficult and involves the following steps:

1) Assembly of relevant data

2) Selection of the presentation form

The user selects a standard method such as qraphs,
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parcharts, piecharts, or other methods appropriate to the
job and style of the prokblem,

3) Processing of Data
Methods involve statistical analysis, estimation,
approximation, and extrapolation., Computation packages
exist for many types of analysis.

4) Scalina of adata

5) Drawina of standard portions of the plots

6) Drawing of curves and creation of symbols

7) Captioning and labeling of the plots

The data presentation package would make the creation of
graphics and charts more automatic by:

1) Assisting in the capture and grouping of data

Interface to existing analysis packages in FORTRAN and
other languages is possible.

2) Automating the scaling of data

3) Providing direct commands for the creation of axes, etc.
4) Providinag direct commands for the plotting of lines and
such symbols as bars on barcharts ana sections of pie in

piecharts.

Application of the data presentation package will enable users
to:

1) Plot more often and at lower cost,

2) Plot more uniformly with improvements in the overall
quality of illustrated material.

Data presentation provides a useful and needed addition to the
existing Graphics subsystem. The development, design,
implementation, testing and documentation would reguire 8.0
man=months.

WIDENING AVAILABILITY OF NLS: NLS ON OTHER COMPUTER SYSTEMS

Introduction
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With l1ittle effort, NLS will be converted this summer to the
DEC 2040, the first in DEC’s new System 20 family of computers.
The DEC supported operating system for this line, TOPS 20, is
derived from TENEX. We estimate that NLS in this configuration
will be about 1.5 times faster than the current Office~l
machine. The cost ot a 2040 configuration capable of
simultaneously supporting about 25 NLS users will be about
$450K. This available machine, with manufacturer supported
hardware and operating system able to support NLS, thus may
serve as a baseline against which we may Compare other
alternative methods of providina NLS service,

We see three principal motivations for RADC’s consideration of
other configurations for use with NLS:

1) To obtain NLS on an in house machine to reduce the cost
of its increasing internal NLS usage,

Z2) To provide a computer environment to aid in the
technology transfer of NLS technology for Air Force and Dob
applications such as documentation, communication, and
software development of vital concern to RADC’s charter,

3) To support ARC’s ongoing research and development of NLS
and to insure the most cost effective use of evolving
technology in that development.

ITwo alternatives for moving NLS from the PDUP~-10 or System 20
environment to other hosts are: movement to other large scale
timesharing systems such as MULTICS or transfer to a
minicomputer environment, 1The following daiscusses the
advantages of developina a version ot NLS on & minicomputer
based system. 1This development provides the maximum
medium=to-lonag range cost savinags and offers the most effective
user environment.

Moving NLS to an environment such as MULTICS is difficult to
justify solely for RADC internal use because the development
cost of such a move is close to the purchase price of a System
20,

In the NSW environment it may still be possible for
developers of Honeywell 6000 application systems Lo make
use of NLS on DEC hardware for the Air Force applications
without moving it directly to MULTICS. Thls is clearly one
of the goals of NSW and, 1If security considerations would
allow such a possibility, we should pursue this approach
with RADC. The cost of developing tools to effectively work
in this mode might be substantially less than the cost of
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movina NLS directly to MULTICS. (A design study or trial
implementation linking the MULTICS and DEC/NLS environments
in the NSW could be included in this project if desired by
RADC.)

In the following sections, we discuss in greater detail, first,
the work reqQuired to move NLS to MULTICS and other large scale
timesharing systems and, second, the work necessary to move NLS
to a minicomputer environment and the current importance of
laying the grounawork for such a move,

NLS on MULTICS or Other Large Timesharing Systems

NLS is cleanly split, in the NLS=9 version, into Frontend and
Backend components. 1The Frontend handles all user interface
functions and terminal control. It parses user commands and
calls information processing routines in the Backend for
execution. Currently the Frontend runs on PDP-10 and PDP=-11
computers. It reguires full duplex character-at=-a-time
interaction with the user to provide the full features of the
NLS human/machine intertace, The Frontend and Backend do not
have to run on the same machine and there are economic
arguments for running the Frontend on a minicomputer if the
Backend is on a large timesharing system.

Though the MULTICS operating system supports file system and
other features necessary to implement the NLS Backend, its
line~at=a=time half duplex terminal interface is not suitable
for the NLS Frontend. Use of NLS with MULTICS would therefore
be through a Frontend machine such as the PDP 11 with an RNLS
backend resident on MULTICS.

We estimate the development cost of moving the NLS Backend to
MULTICS to be about 5«6 person vears of effort costing about
$400K, including computer support. In addition, there would be
the cost of a PDP=-11 Frontend Computer. Depending on the exact
configuration selected, this Frontend machine would cost in the
neighbornood of S70K = s120K.

The hiagh cost of moving the NLS Backend to MULTICS in
comparison with the cost of implementing an NLS Minicomputer
configuration (see below) or purchasing a DEC 2040 based NLS
suggest that this is not a cost-effective approach at this
time.

NLS on a Minicomputer Confiaguration

The most cost effective way to provide NLS service to users in
the medium to long range is to provide each user with a work
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’ station including not only a display, keyboard, pointing
device, etc., but also processing power and file storage to
support the basic functions of NLS. Arguments supporting this
contention follow:

1) The cost of large scale integrated circuits for logic and
memory is decreasing rapidly. It is conservatively
estimated that tne cost per bit or gate for such memory or
logic will decrease in cost by a factor of 100 in the next
ten vears.

Z2) Communication costs, while likely to decrease, will not
decrease at anywhere near the same rate, To take advantage
of the low logic and memory costs will therefore reaquire
computing capability local to the user,

The reasons for this lag in the decrease of
communications cost are due in part to the large capital
investment in existing facilities and in the regulatory
environment of communications.

Communication costs will be one of the prime factors
causing local computing to pull anead of large central,
remote, shared processors as the most cost effective
configuration. Other factors are discussed below,

. Note, however, that there will still be tools and
services that the user will want to access at remote
sites, but his most commonly used tools should be local
to his work station.

3) Significant improvements in responsiveness, user
interface services, and information portraval will become
possible with display technology developments. These
capabilities can be tapped only with the high bandwidth
availaple through local computing.

To take advantaae of bit mapped video display technoioaqy,
for example, will in itself reguire considerable local
memory and processor capabllity, Tne additional cost to
provide processinag power for NLS functions is
incrementally small.

4) while the decreasing logic and memory costs will also
apply to large scale processors, we feel market pressures
and economies of manufacturing scale will be most pronounced
at the minicomputer end of the computer spectrum, Further
use of central large scale timesharing systems will involve
the communication delays and costs mentionea above,
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Moreover, the operating system complexity and overhead is
greatlv reduced for a one man per CPU system. ;

5) with nis own CPU, new and valuable services can operate
in the background when the user is not interacting with the
system.

6) Large scale processors reguire special environmental care
such as air conditioning, hiagh (and possibily backup) power
and a staff of operators. 7These services are not reauired
with a minicomputer based system in the user‘’s office,

Besides the potential for improving the cost effectiveness ot
NLS service for use in RADC and elsewhere in the Air Force, the
existence of standalone (or networks of standalone) NLS systems
can be applied in new Air Force field applications not
presently easily accommodated with an NLS system based on a
large central machine. Also, such a configuration will permit
NLS applicatons with smaller initial cost increments,

Ine NLS minicomputer configuration could follow this model:
Each user would have a workstation with a powerful CPU (of the
PDP 11/34 class), at least 64K of memory, 5-10 million bytes of
bulk store, a high performance cit mapped mixed text and
graphics video display and appropriate input devices. This
system would be connected to the ARPANET for access to
databases and tools not local to his work station and for
interverson communication. The connection point might be
another minicomputer with a larae disk store or the capability
to perform other functions for a local group of users such as
RADC. Note that the exact details of how to most effectively
provide the amount of file storage required and the network
connection would need detailed study and desian. However, this
description gives a flavor of the possibilities.

we estimate that, were such & system to be implemented today,
about S$50K worth of hardware would be required for a
workstation. However, the rapidly decreasing cost of hardware
should allow tnis workstation to be operationally available for
$5K to $10K in the medium term period of 3=-5 years,

For this contract we propose one man vear of effort to study
and measure the current NLS code and produce a preliminary
design for a prototype NLS minicomputer based system which
provides the essential editing capabilities of the current BASE
subsystem. The followina subtasks would be included:

1) Measure and analyze the use and structure of the NLS code
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to see how it should be organized in tne minicomputer
address space environment,

2) Decide whether a version of NLS for both the minicomputer
and large timesharinag system environments is feasible or
whether two different diverging versions would be reguired.

3) Decide on the correct language environment for such a
system. Should current L10 to PDP=11 compiler be extended
to support the full L10 language or should we produce an
interpreter?

4) Choose and learn a new operating system. The UNIX
operating system is a likely candidate,

We estimate that, given such a study, the first prototype could
pe implemented in 3=-4 additional person years.

SUMMARY OF PROPUSED WORK

The following summarizes the tasks outlined above. The times and
costs are rough estimates and would be analyzed in greater detail
in our formal proposal. Cost estimates include computer support
and SRI overhead chargues., 7The total estimated time for the
proposed work is 60 person months for an estimated cost of about
$400,000.

SOFTWARE ENGINEERING TOOLS DEVELUPMENT == 14 person months
total

1. Review the 1BM Structured Programming document and the
1BM=FSD evaluation of NLS. Prepare a document outlining
possible additions to NLS to aid in structured prodramming.
== 4 person months

2. Iimplement a number of the most valuable suggestions
jointly selected by RADC and ARC as time permits, == 10
person months

ONLINE SOFTWARE DEBUGGING FACILITIES: RESEARCH AND DEVELOPMENT
== 22 person months total

1. NLS Demonstration Debugger for JOVIAL and Design for
Network JOVIAL Debuager. == 10 person months

a. Demonstration debugger. == 6 person months

b. Network debugger desian. == 4 person months

11
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2% Debugainag study and survey. == 12 person months

a. Survey and examination of depbugging systems. ==
person months

b. Feature implementation ==- b person months

GRAPHICS SUBSYSIEM MAINTENANCE AND EXTENSIONS == 12 person
months total

1. Graphics system maintenance and improvement. == 4 person

montns

2. Data Presentation package. == 8 person montns.

WIDENING AVAILABILITY OF NLS: NLS ON OTHER COMPUTER SYSTEMS ==

12 person months total

1. NLS on a minicomputer: desiagn study, == 12 person months

12
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INTRUDUCTLION

The purpose of the Stand Alone Front End (SAFE) is to provide the L1V
programmer (or, with modifications., programmers of other lanauages)
with a powerful, low-overhead user intertace that resides in the same
fork as the execution (backend) procedures. The rest of this
document is concerned witn the L10 version of SAFE; i.e. all
references to procedure calls, returns, etc. are assumed to obey L10
call/return/etc. conventions.

FUNCIION of SAFE

According to the associated arammar, the execution procedures will pe
provided with arquments and called. They may do arbitrary processing
and must return a result indicatina success or failure. OUther
results may be returnead as well.

SAFE also provides procedures callable by the backena Lo show
information or error strinas to the user, obtain intformation from
nim, etc.

SAFE INTERFACE to BACKEND

Type of Intertace
SAFE interfaces to the Backend through procedure calls, Tnhese
calls are dispatched through one of two mechanisms: SAFE
dispatching or Backend dispatchina. The choice of mechanism 1s up
to the Backend writer. (see "MAKING a STAND ALONE TOOL")
SAFE Dispatchina
Tne simpler of the two mechanisms is SAFE dispatching. Witn it,
Backend procedures are called directly with the arguments as
specified in the aorammar and one additional argument. This
additional araument is the address of an L10 list that may be used
to return results to the Frontend.
Example:
CML function call in grammar:
fun( cmlvarl, cmlvar2)
Correspondina L10 procedure call made bv SAFE to Backend:
fun( varl, var2, resultlist REF);

where var and var2 are copies of the cmlvarl and cmlvar2 and
resultlist is empoty.

packend Dispatchinag
A packend may need to perform some function each time one of its

procedures iIs called from SAFE, eg. do argqument conversion or
address resolution. SAFE provides for this by allowing the
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packend to do its own procedure calling.

Ihe backend must supply a dispatcher for this purpose. The
dispatcher will be called by SAFE whenever the grammar specifies

‘ that a backend procedure call should be made, 1t‘’s arquments will
be the address of a strina containing the name of the procedure to
be called, the address of a list of arguments for the procedure,
and the address of a list in which to place results. The
dispatcher is expected to call the procedure before returning to
SAFE.

Example:
CML function call in grammar:
fun( varl, var2)
Corresponding L10 procedure call made by SAFE to Backena:
dispatcher( s"fun", sarglist, sresultlist);

where arglist contains the values of varl and var2 and
resultlist is empty.

Success/Failure Indication and Returning Results

SAFE expects the Backend procedure it calls to return as its
primarv result TRUE if the call was successful or FALSE if it was
not. 7This is the case regardless of whether SAFE calls the

‘ specific Backend procedure or it calls a backend dispatcher, that
is, regardless of whether SAFE dispatchinag or Backend dispatching
is peina used.

If the Backend call was successful, then results (up to B8) put
into resultlist by the Backend will be assianed to the
correspondinag CML builtin variables KESULT1 through RESULT8., If
resultlist is empty, then RESULT1 through RESUL18 are set to NULL.

1f the Backend call was not successful, SAFE expects to find in
resultlist an error number and user~-readable strinag as the first
and second elements respectively. 1These will be shown to the user
by SAFE and then the command will be aborted.

Calling porocedures in SAFE

SAFE provides numerous procedures, including display procedures,
which are callable from the backend. There are two mechanisms for
calling these procedures., (see "MAKING a STAND ALONE TOOL" for
information on how the Backend obtains the addresses of the
relevant SAFE procedures)

The simplest mechanism, which is analogous to SAFE dispatching, 15 :
to make a direct procedure call on the SAFE. Two procedures are '
accessible in this manner:

‘ fshow( :
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string REF %strinag to show user%,
boolean %TRUE means confirmation reguireds%)
Returns one result
TRUE if successtul call
ftshowerror(
string REF, %error strinak
boolean) %TRUE means confirmation reauired%
Returns one result
TRUE if successful call
The more powerful mechanism allows apitrary results to be returned
by the SAFE procedure. This method requires that the Backend put
all the necessary arquments into one L10 list and provide another
L10 list for anv results that may be generated. 7The SAFE
proceadure is called as follows:
fproccall(
string REF %proc name$,
list REF, %addr of L10 list of args or 0 if no aras%
list REF) %aadr of L10 list to get results%
Returns one result
TRUE if successful call / FALSE otherwise
(the result 1ist will contain the results if any)
Examples:
o tell the user that SAFE is a wonderful thing:
fsnow( S"SAFE is a wonderful thina", FALSE):
To tell the user that the Backend has given up:
tsnowerror( $"Backend nas given up", TRUE);
The second ara TRUE indicates that the user must type
CONFIRM before continuina. 7Tnhis is appropriate only for
critical messaaes.

To call the SAFE routine that clears a window:

fproccall( s"clear=-window", sarglist, Sresultliist):
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where aralist is an L10 list containing the araguments for
the clear window procedure, ie. a window identifier, and
resultlist is an empty L10 list.
Provision for Termination
SAFE provides a builtin parsefunction called feterminate. Wwhen a
grammar calls this parsefunction, SAFE will process the CML
TERMINATION rule for the arammar and then do a HALTF.
Type Conversion
Before passina arauments to an execution function, SAFE converts
the CML variable values to appropriate L10 values. 1In addaition,
L10 results returned by execution functions are converselv
converted. The following table indicates the correspondence
petween CML values and L10.
CML L10
strina address of the strinag
inteager value of the integer
true TRUE
talse FALSE
list address of the L10 list
null value ot zero
command word string if integer token is 0, else
list( integer token, string)
point address of L10 list
address adaress of L10 1list

MAKING a STAND ALONE TOOL (SAT)

Making a Backend

packend Proaramming Conventions

The Backend must contain a procedure which will pbe referred to
in this document as bestart. In the process of combining SAFE
and the Backend, this routine will be called by SAFE with the
addresses of the externally callable SAFE routines:

pestart( sforoccall, Sfshow, Sfshowerror)

Bestart must return the address of the backend’s procedure
selector array. The tormat of the procedure selector array is:
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The first element is a count.

The remainder of the array is a series of count pairs. Each

. pair consists of the address of a lowercase string
containinag the name of a procedure as used in the arammar
and the address of the procedure itself.

Example: DECLARE procsel = (3, s"xsearch", S$xsearch,
$"xsort", sxsort, s"xinsert", Sxinsert):;

1F the backend writer chooses to do Backend dispatching, the
array must nave a count of one (1) and a sinale pair made up
of the address of the strina "dispatcher" and the aaddress of
the dispatcher.

Example: DECLARE procsel = (1, s"dispatcher",
Sxdispatch):

Utherwise, SAFE will do its own dispatching using the
Backend provided dispatch table.

Making the Backend Save File

SAFE provides a version of TENLDR, SAFELDR, that has the L10
runtime environment preloaded and the address at which the ]
packend mav start loaaing (170000B). The backend proarammer |
runs this version of SAFELDR and starts loading at or above
(numerically areater) 1700008B. The Backend proarammer should

' then set the entry vector location to the address of bestart
and then save whatever portion of the address space between
1700008 and 6000008, inclusive, that she wishes on a file named
BE.SAV. (Note that this procedure, i.e. using SAFELDR as
opposed to TENLDR, allows the Backend and SAFE to use the same
instance of the L10 runtime environment.)

Combinina SAFE ana the Backend

To combine SAFE and the BE.SAV file previously mace using SAFELDR,
SAFE must be executed. When SAFE is executed (by typing SAFE.SAV
to the EXEC), it will first initialize the L10 environment and
itself; then it will load the appropriate grammar (BE,CGR in the
connected directory), any parsefunction data (BE.PFD in the
connected directory)., and any parsefunction code (BE.PFC in the
connected directory). All three ot these will pe loaded below
SAFE=-END, le. inside of SAFE.

Next, SAFE will GET BE.SAV (from the connected directory into its
own address space) and do an L10 procedure call to the entry
vector location, i.e. to pestart. Bestart will called by SAFE and
is expected to follow the conventions described above,

Upon return from pestart, SAFE will 0o what ever processing it

desires, then set its entry vector location and do a HALTF, The

backend programmer shoula then save the entire address space on
. whatever file is desired. The entry vector will be set so that
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’ when the file is started, execution will beain with SAFE ‘

processina the CML INITIALIZATION rule for the tool.
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PREFACE
Inis is one in a series of weekly status reports, requested
informally by NELC, describing the status of the Query3 project being
funded under RADC Contract No. F30602-76=C=0230. These reports are
provided in addition to the monthly status reports to RADC requirea
by the contract,
WEEKLY ACCOMPLISHMENTS
1. Completed coding, off-line checkout, and compilation of the
Query3 Data Management System (DMS). Welghing in at 5K words, DMS is
approximately 1/3 of the entire Query3 system,
2. Continued to overhaul other modules, and began off-line checkout
of the Field Definition module., The overhauled system should be all
checkout out off-line and ready for on=line debugging in about & week
and a half.
3, lmplemented the display (DNLS) versions of the SHOW and FIND
commands (which are only implemented for TNLS in Query2).
4, As reguirea by #3 above, coded an NLS sequence generator to run
tnrough the members of an arbitrary Query3 "set", This also lays
the groundwork for possible later implementation of a host of useful
commands, for example, a Query Output-Quickprint=-like command,
5. Cleaned up the implementation of the NEAREST and WITHIN options
. of SHOW and FIND. 3
6, As fallout from %5, implemented maximum and minimum criteria
which mav be applied in the FIND command to numeric fields.
7. Ilmplemented a mechanism for allowing the user to disambiguate
petween two or more platforms with the same name whenever that
situation arises 1in Query.
8. Met with Dave Maynard and Earl Sacerdoti to discuss the
Datacomputer database and possible strategies for interfacinag Query3
to 1t.
9, Made a simple modification to Queryz (displaving "COURSE" instead
of "BEARING") at the reguest of John Schill.
TIME CHARGES
Sep o6 = Sep 10 #Wwhite 28 hours
Sep 13 = Sep 17 Wwhite 39 hours
Maynard 2 hours
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Milesctone Input

0 respond to the request for new milestone gates my proceaure is to
find the completion cates of the ltems that the milestones 1 am
responsioble for aepend on and to Use tne latest or those as my start
date.

19 Initial NLS Installation
the following items must pe completea betore thlis tasks starts:
1 completed
3 completed
16 30 Sep 7o
56 / 30 uct 76 fﬁf
X3 no date glven

therefore the aates are:

to my knowledge item 16 nhas not been completea and item 56 may
pe late so the start dates predicted nere may ve optimistic,

start gate: 1 nov 76 or at the completion of item X3 whichever

. is later

complete date: 1 jan 77 or 1 montnh atter completion of item x3
whichever 1s later

remarks: depends on 1, 3, lo, 56, X3,
-
30 Initial Fk Specfication bocument
tne following items must ce completed before this Lasks starts:
none
tnerefore tnhe dates are:
start date; 15 Jul 7o
complete aate: UONE <3 Oct 76
remarks: aepends on none,

38 Initial 11 frE

the tollowing items must be completed pbefore tnls tasks starts:

28153

Za
cal
caz
ca3d
234
zad

Zb

Zb1

202

ZD3

b4

3a
3al
3o
3ol
3pe

3b3

4a




the followling items

Milestone Input

i completed
3 completed

X3 no aadate gilven

therefore the aates are:

note item X3 has not been completed yel,

start gcate: 15 Jun 76

D)1 «
complete date: 15 hov 76 or 1 month after
item X3 whichever 1s later

remarks: daepends on 1, 3, XJ3.

40 Final 11 fFbe

1 completea
3 completeag
105 35 Eeb .17
13,115 Feb 11
12 15 Fep 71
14 no date glven
i6 15 Oct Jo
2V 1 May 11
36 completed
31 15 Oct Jo
38 15 Nov 7o
39 15 Dec Jo
56 30 Uct Jo

X3 no gate given

JbF 14-UCi=Jo 0Bile

the completion oOf

must be completea before Lthis Tasks starts:

28753

4al

4as

4a3

4D

4ol

4D <

403

404

28

bal

S5a2

Sa3i

Sa4

Sad

2a0

S5al/

24y

24y

%all

Sall

sald

S5aili

Sald
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Milestone lnput

. therefore the dgales are:

start date: | May 77 or completion of items 14 anc X3 whicnever
1s later

complete aate: 1 Jul 77 or 2 months atter the completion ot
items 14 and X3 whichever 1s later

remarks: depends on 1, 3, 10, 11, 12, 14, 16, 20, 36, 37, 38,
39, 56, Xx3.

48 1lUS Implementation on the 11
the following items must be completéd pefore tnis Casks starts:
none
therefore the dates are:
start cate: 1 Jun /o
complete date: completea

Iremarks: dependas on none,

.1 Final NLS Installation

the following items must be completed betore this Lasks
1 completea
completed
10 15 Feo 177
12 15 Feo 717
14 date given
160 15 Uct
56 30 oct 76
therefore tne dates are:

start date: 1o fep 77 or completion of item 14 whichever 1s
later
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Milestone Input

‘. complete date: 16 apr 77 or 2 months atter the completion of
item 14 whichever is later

remarks: depends on 1, 3, 10, 12, 14, 1o, So.
X2 Final Fe Spectication Document

the following 1tems must be completed pefore thls tasks starts:
10 15 Feo 717
11 15 Fep 17
PAY] 1 May 177

therefore the dates are:
start date: ) May 77
complete date: 1 Jun 77
remarks: depenas on 10, 11, <V,

X3 Foreman Support of Split Tool birect Connections

48153

1<

103

Ba
gal
saZ
gal

8D

8ol
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«GCr=l; ussu-wurckxneg,s;§ M FUR A CUMPUTER NEIWURK MARKETPLACE

anu;ggs, Charles lrpy*, Anarew Poggilo,

Richard Watson#*#,.GCR; .HlSw=Un; .h<iSwsun;
ABSTRACT

In this paper we descrive tne neea for a gonsistent user interface
across tools in a network environment and the design of a rFrontend tO
meet this need. 1Ihe goal ot the Frontena is to provide a responsive,
uniform, terminal=independent user interface that will also reauce
communication costs, permit low=cost modification, and accommodate
various classes Of tools.

INTRUDUCTLON .Grab=o;

lhe development of large private and public computer communications
neLtworks 1s creatinyg 4 new environment with new requirements. This
environment wiil be cnaracterized by a "network marketplace," where a
user may choose from a wide range of computer tools ana services from
wholesalers, retailers, and brokers (1, 2, 3, 4)J. 1Ihis network
marketplace poses an exciting challenge to the technical community:
How can we provide users with & consistent, responsive interface to
all tools and services available through the network to achieve 1its
full resource sparing potential? HOW a0 we create a technology
framework that allows the smooth introauction of new LoOls ana
services, and promotes change, experimentation, and
cross=communication petween existing tools and services?

The ARPANET has shown tne potential and limitations of a
heterogeneous network environment (5, €J. From a terminal connectead
to an ARPANcY computer the user can access Lools and services
produceda by many organizations on a wide variety of vendor hardaware,
He can, tor example, move files from a le=bit computer to a 3o=-bit
computer, carry on electronic mail dialog with a geograpnically
distributed community (the mempers Of whicn use many different
computers as "home base"), and utilize a diverse collection of
interactive ana batch tools oI data bases.

However, to take full advantage of current ARPANET tools anc services
the user must overcomeé many obstacles, He must sel up accounts on
each system used and receive separate pills. He must learn the
ldiosyncrasies of the command or control language and the file naming
conventions of each operating system and tool usead, It is like
speaking German to one tool, French to another, ana Russlan Lo a
third==ne must be truly multilingual. Ubtaining documentation or
assistance is often difficult. Moving tne output from one tool or
service to another typically requires many steps. .F="Augmentation
Researcn Center (SRI).Split;page ,GPN;";

Much technological aevelopment will be necessary to provide the
smootn interfaces (computer to computer, tool to tool, user to tools
andg services) reguired by a mature network environment, For example,
an efficlent aistriputed NetwoIK Uperating System (NUS) properly
integrated into venaols' hardware ana operating systems must evolve
L7J. The many levels of protocols within the ARPANEI proviae a base
for this evolution (8, 9, 10J; issues in NUS development are being
explorea through paper studies, protolype advancea protocol
environments, and whole prototype systems (11, 12, 13, 14].

Tne most ambitlious of the whole prototype systems 1s the ARPA-ALr
Force sponsored National Software WOorks (NSw) (3, 15, 16]. NSW
designers recognized that tne target haraware and operating system
for software unaer development would not have all the necessary or
pest tools to aid many phases of software aevelopment, Theilr
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response was a4 network marketplace environment that allows controlled
access to a full range of tools with e user environment more coherent
than tnat presently available in the ARPANET.

The WSW system has four components:,.,PxlrirstSnow=utLf;

‘ = A Works Manager component that provides resource access
control, a common file system distriouted among many host tile
systems and utilizing a conslstent file naming convention, and
other services [1/].

- A Foreman component, executing on each tool-pearing host (i.e.,

a computer proviging tools for tne network), that supplies

communication and a controlled interface ot the local host

operating system and tools to Cthe NSw L18],

~ The Interprocess Communication Component (19]).

= A Frontend component that provides terminal access to the

ARPANET, a set of services creating a conerent NSw user intertace i

to the tools and services of the Works Manager, anda an environment l

to decrease the cost ot new tool creation..PxlFirstShow=>1;
Ihis paper describes the Frontend system develioped at Stantord
Research Institute, 1he Frontena provides a pbroaa spectrum of
services on a computer local to the user (Figure 1), (Many other
kinds of frontends are possible, such as a "minimum" frontend (20).)
Although it was developea for initial use in the WhSw environment, the
fFrontend can pe uséd in other similar environments Or as the user
interface for any program independent 0of a network environment., For
this reason, the Frontend will be discussed without further reference
Lo the Now.
Many of the design 1ssues ana solutions chosen are ot enough
technological interest to warrant separate papers, we have limited
this paper to a general discussion of the Frontend design and its

. motivation, leaving much to the reader’s intuition and lmagination.

A more technical presentation is provided in references 21, <2, and
Z3.
USER INTERFACE SYSTEM FOR A DISTRIBUIED ENVIRUNMENT .Grap=6;}

ihe Frontend will evolve to become Lhe user’s "intelligent frontend
workplace," providing commonliy usea tools, user intertace assistance
Lo network based tools and services, and packgrouna intelligent
"agents" to perform other tasks (22, 23, ¢4)J. It 1s a distributea
system comprising several components and auxiliary tools (Figure 2).
Some 0f these execute 1n a computer local to the user, others on
network hosts. As hardware technology costs decrease, the best place
to Irun a particular component may change, witn & trend toward more
user support functions implementea local to the user, Furthermore,
fregquently usead Lools such as tnose for eadlting and mail handling
will oe implemented locally.
Ihe Frontend 1s designed to meet user intertace, ettliciency, and
system requirements., Ine major goals are listed nere, followed by a
discussion of how the Frontend meets eacn requirement,
«PXIFirstShow=utit;

- Provide a responsive, consistent user intertface,

= Reduce communication costs and tool=pearing nost overheaad,

- Provide terminal-=independent user ana tool interface,

= Allow low=cost user interface moaification and experimentation,

= Accommodate various classes of tools,
1) Provide the user with a responsive, consistent command language,
feedback environment, and user services across a collection ot

. independently developed tools. .PXxIFirstsShow=>1;

B W e
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Ine Frontend provides the user with a consistent interaction witn
all tools. He learns one way Lo speciiy commands, Specity
parameters for commands, bdacCK up and edit auring speclfjcation,
and obtain nelp. Plompting and command feedback are presented
‘ uniformly across all tools. Uf course, the particular commands,
syntax, and vocapulary vary with the tooli, but tne general
man/macnine dialog framework is consistent, Simplifying the
user’s tool environment in thls way not only increases nhis
facility and productivity, bult also encourages him to try new
tools and services.
Important to an efficient user interface 1s guick response during
command specification. When using interactive network-oasea
tools, delays may occur at many points for many reasons, some
innerent in network pertormance, others in tne tool-bearing host
operating systems, I[o improve response, the rrontend siaesteps
somne of these delays by moving most of the user interaction onto a
low=cost minicomputer or microcomputer closely assoclated with the
user’s terminal, (lhls solution lIs made especlally attractive by
tne recent rapid advances in pertormance/cost of minicomputers and
microcomputers.)
An 1mproved user interface coes not stop here, however, Uther
goals include asynchronous operations and the support of a number
of services across tools, 1The Frontena provides an asyncnionuos
operation capability that allows tne user, in some instances, to
specify succeeding commands while a previously specifiea command
1s peing executed, Thus the user can continue working during the
execution of a lengthy commandga,
The Frontend also makes possible several Kinds of cross=tool
(including cross=host) and multiple-tool services. 1This powerful
. capability allows Che user to execute commands in many ditferent
tools as if ne were only using one tool. Several Kinds of
interaction are possible:
Multiple-tool and cross~tool execution, The Frontend allows
the user to be concurrently executing or interacting with more
than one tool, Ihe alsplay user may divide his scCreen into
separate display windows for each tool and specify commana
arguments for a toocl in cne window from information in a second
tool window,
A user programming facillity, Users can easily create new high
level commands, called Command Segquences, from several commands
in oneé or more tools, Decause these commands are indepéenaoent
of any particular tool, a user can invoke them at any time from
any tool, or from within another Command Seguence, Command
Sequences allow arguments to be specified or collectea auring
execution and permit conditional control based on the results
of previous commands, The Frontena systeém also proviaes
facilities to aid in hign level speclification ana aeougging of
Command Sequences,
"Meta tool" creation, Uccasionaliy a user may need more tnan
one (ool to accomplisn nis task. As the name implies, a meta
tool has a single user Iinterface but can cause execution to
occur within several hosts where aifferent tool tunctions
€xX15C.
ferminal 1linking. In the simplest kKind of linking, one
Frontena contacls anotner, setting up a Lwo way link that
. allows users to talk (type) to one another. The next step we
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nope to take will be to provide display linking, & more
interesting ana powerful capability. This will allow two users
at display terminals to share a screen wnhile simultaneously
carrying on a conversation by telephone or conventional
. linking., lerminal linking works across hosts for users witn
ditferent brands of terminals, without cooperation trom any
tools., .PxlFirstSnow=0rt;
2) Reduce communication costs and tool=-rearing nost operating system
overhead for interactive tools., .PxlFirstsnow=>1;
It is assumed that a4 well numan-engineered intertace should not pe
sacrificed in the effort to reduce communicatlion costs, Packet
networks charge tor communications, not by distance or speed ot
the line, but by numbers of packets transmitted., Currently, most
commercially available timesharing systems use line-at-a-time
communications to improve communication efficlency (eacn packet
consists of a whole line rather than a single character), but
these systems cannot provide an adeguate user interface,
fhe Frontena solves this problem by allowing character-at=-a-time
interaction with the user but interpreting input locally on a
small processor in or near the terminai. Thus, in most cases, all
the interaction with the user necessary to complete a command 1S !
performea locally and is tnen transmitted at one time in a single R
packet to the tool host, (Packet sizes are around 500-2000 bilts
or 60 to 250 characters per packet.) 1his commang=at-a=-time
operation avoias the expensive overhead assocliated with aaqaressing
and error detection and correction for €acn packet, and the pel
packet charging algorithms. 1t also reduces the Ccost ot a process
startup or wakeup within the host operating system, Since this
process must be activated only when a command 1s executed, rdathel
. than at each character or line transmission., .exlrirstSnow=0tf;
3) Provide a termipal~independent interiace to LoOls,.
«PXLIFirstShow=>1;
Wwith the Frontend, the tool puildger and installer do not nave to
pe explicitly aware of the user‘’s terminal vendor brand,
Information about how to handle different terminal Lypes is oullt
into the Frontenda., 1Iwo virtual terminal types are initially
supported, a one daimensional typewriter type (full or halt
duplex), and a two almensional alsplay Lype, supporting screen
pointing, multiple windows, and relateg services, {ools Intendea
for typewriter terminal users may be used via aisplay with command
parameters supplied by pointing rather than typing, Meeting tnis
goal not only reduces tool pbuilding and installation costs put
also allows easy tracking of rapialy advancing terminal technology
(23, 25, 206), .PxlrirstShow=U0ff;
4) Provide a means for tool bulldgers, installers, man/machine
engineers, or psychoiogists to easily change or experiment with the
user interface to the Ltool, .PXlrirstShow=>i;
Because user incerface design principies are not rirmly based on
controlled experimental data, user interface proolems frequently
become apparent only atter extensive console experience with the
target user community. Thus it 1s important that the user
interface specitication be easily changeable and that it pe as
distinct from the rest of the tool as possivie to allow low Cost
experimental setup.
Ihe Frontend proviaes this capability cy allowing the user
interface to be specified in a high=-level lianguage specially

e .
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3)

designed for this purpose, callea the Command Meta Language (CHL). A
These specitications are compiled into & data structure cailed a
Grammar that drives a Command Language Interpreter (CLl). 1ne
interface designer has only to make simple edaits in the CML
specification ana recompile it to get a new interface-=-a matter of
minutes or hours. Different interfaces to the same functions may
be tried, and user interfaces can be easlly tallored to reflect -
cultural differences or jargon pecuilar to different user
communities., [hese changes may atfect not only Che words tnat are
used in the interactions, but the nature of the interaction, the
concepts involved, and the Kinas ot parameters specifiea by the
user.
lo turther aid interface experimentation, the krontend will
eventually provide a central point to gather user interaction
statistics., Command freguencies, error types ana fregqguencies,
numbers of accesses to nhelp facilities, ana command specification
and system responsiveness timing are a few ot the measurements
possible in the fFrontend,
Ihe statistics package will have two components, A measurement
package in the Frontend will collect data on command usage by
user, user errors, and tool responsiveness, 1ne result will pe a
dacta file for each user session. An analysis tool will summarlize
the data in a variety of ways, as specifiea by the analysis tool
user (e.y., tables ana graphs ot averages, distriputions of
various measurements), The analysis tool wlll also proviae an
interface to user programs SO that users, managers, and/or tool
bullders can write their own analysis programs., .PxIFirstShow=0ff;
Accommodate various classes of tools. .PXIFIrstShow=>1;
we envision essentlally tnree classes ot tools to Le made
avallable witnin a given network marketplace,
Nonintegrated tools. Such tools were designed for use outside
the technology framework of the marketplace, 1hey are mace
available to users with essentially no change to the tool, but
at the cost of a different interface scheme and perhaps poor
performance,
partially integrated tools. 7These tools were developed outsiae
the tecnnology framewoIr Of the marketplace and will pe
included with some modest changes eitner to the tool or its
user interface specification. 1ools in this class have the
advantage over nonintegrated toois in that they will achieve
better performance ana/or proviae user interfaces (ipat are more
consistent with the otner marketplace CLools.
Fully integrated tools. Ihis class includes tools either
specially pullt or retrotitted to take full aavantage ot the
given tecnnology framework ot the network marketplace, its
Network Uperating System facilities, fFrontena user intertace
services, and so forth,
.PBS; o make it actractive to tool builders or installers to move
toward integrateda Tools ano create a coherent user environment,
all three tool classes must be accommodated., The Frontena meets
this goal by offering a set cf services that make it easy, with
few or no changes to the tool, either to partially integrate a
tool, or to bulld an integrated tool and take full advantage of
the user interftace services of the Frontend,

in summary, the Fronteno serves as a central coordination point and
is with the user at all times. The Frontena knows who the user is
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and will adjust certain user interaction characteristics to suit each
user py consulting a speciai data base, called tne User Profile, The
user can specity which keys perform which commanc language controil
functions and how much command feedbaCk and command prompting he 1is
to see, e can define and start up Command Sequences, operations
using one or more different commanas. The user can actually have
several tools working for him at once, thougn ne will interact with
only one at a time, and né can use single Grammars that ilnvoke the
services of many tools. Statistlics on his commana usage ana nis
errors can be compliled,

THE STRUCIURE OF I{HE USER INTERFACE SIiSTEM .Grab=o;

1o meet our goals we declided that the pest approach to the Frontend
is a caretul modular design and intertace specification to create the
desired user environment, hanale extended capapllities ana
distriputed functions, and provide for future extensions. Ihe major
components of the user interface system are shown in Figure 2. 1lhey
may be separated into three classes: .PxlrirstShow=Uft;
- Moaules. Ihe programs with which the user interacts during
command specification and which communicate with Che tool: Lhe
yirtual Terminal Control (VIC), the Command Language Interpreter
(CLl), and the Process Communication Intertace (PCl).
- Data Bases. lhe data pases and data structures associated with
the user intertace machinery: the Grammar, User Proflle and Help
data bases, User Statistics, CML source programs, ana Commana
Seguences.
= Auxiliary Tools, 1Tne auxiliary programs and tools that allow
the user or tool bullder/installer to create, examine, or
manipulate the above data cases: the CML Compiler, User Profile
tocol, Help tool, Statistics Analysis Programs, and Command
Sequence Processor. .PxIFirstShow=>1;
Another set of programs associated with the Frontend is not aiscussed
in this paper [27). These programs control the local peripneral
devices such as printers, tape drives, and card equipment tnat allow
intormation to enter or leave the marketplace,
The user interface system 1s a distributed system, Lt is assumed
that the VIC, CLI, and PCIl will execute on a processor liocal to the
user, althoudh they can be accessed on a processor remote from the
user if a local capability does not exist, Grammar ana User Protile
data bases may be stored remote from the user and shipped to his
Frontend processor when needed, It is important to run these
processes local to the user--eventually as part of his terminal==to
acnieve the responsiveness ana economies descripbed earlier,
Presently the auxiliary programs and tools Iun on a host remote from
the user’s local processor, Eventuaily we expect some Of these, such
as the Help tool, tec be implementea local to the user.
Because one of our paramount goals is a flexible user intertface that
can be shaped to the needs of both the user and his tools, it was
apparent that the user interface machinery should be ariven by data
structures. Iwo main data structures were requireg=-=-one to represent
the user interface syntax ot the tool, including feedback, and Lne
second to represent the individual user’s choices for various
interface services, such as the amount of feedabdck and prompting ne
desires., We call the former data structure a Grammar and the latter
a User Profile, The same User Proftile is referenced throughout a
user’s session; the Grammar changes each time he uses a different

tool.
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We nave provided a special tool that enables the user LO change nis
User Profile. This points out another design qaecision: theé user
interface system actually requires the existence of speclial auxlilliary
tools. 1[he User Profile can pe changed permanentiy or temporarily by
the tool or by other processes, thus allowing the tool to overrige
User Profile settings or tne User Profile to be tied in at a later
point witn various kinds ot adaptive processes,
Help is another auxiliary tool ilmportant to tne user interface, BY
typing the HELP Key, the user can get informatlon about the use and
effects ot a command or about the tool in general (28)1. when tne
Help tool is invoked command state information 1s passed to the tool,
enavling it to take tne user te an lnitial point that aescripoes the
command and field ne was specifying, The Help data base 1s derived
trom the grammar syntax and text provided by the tool implementers;
it describes in English the intenged use of the tool and its
commanas.
A fundamental design question was now to create the Grammar aqaata
structure for a user intertace to a given tool that woula:
JPXIFLIrsctSnow=0ftt;

- Represent user interfaces for a wide variety of tools.

‘= Make it very easy Lo specify and modity the user interface.

- Make the interface easily usable for many people, including

nonprogrammers, .PxXiFirstShow=>1;
we decided to design a special high-level language for user intertace
specification, called the Command Meta Language (CHML) £21, 233., &
CML proygram defining a user interface for a tool 1is compilea oy the
CML compiler to proauce tne Grammar, which is interpreted by the CLl.
The CML and CLl provide complementary services: the CML supplles the
command language specification, embodied in tne Grammar; the CLI
determines the interaction discipline, whicnh is uniform across tools.
A variety ot CLIs can be designed with dlfferent user lnterrace
services.
As a logical extension of the CHL decision, tools nave been Split
into two parts==-one part to be modeled in the Frontend to hanale the
user interface, and the other, callea the Backend, possessing the
information processing facilities in the (possibly remote) nost.
Some user interface services are essentially tool anda context
independent, while others depend on the past context of actions ana
are represented in tool-dependent gata structures, Oor depena on
intormation currently in a display window. These tool-depenaent
services are supported by the Frontend facilitlies that allow
collaboration between the Frontena and Backend during command
specification. 1he Backend can also send data structures to the
Frontend that alter the current Grammar based on context,
Anotner important design problem was how to handle the three classes
of tools described earlier, nonintegrated, partially integrated, and
fully integrated tools,
Nonintegrated tools could be nandled by simply making the Frontend
transparent, i.e., not providing any services to the user to make hls
interface more consistent. 7lools can, in fact, pe so installea, but
a more effective Frontend can easily be provided. Most existing
tools nave command languages comprisea of fields terminated by some
set of characters. li the Frontend buffers characters that are input
petore a terminating character, some local editing capapllily can pe
provided pbefore transmission occurs. 7Tnis is hanalead at tool
installation time, without tool modification, by specificatlon of &
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simple Grammar indicating the transmit character set,

For partially~integratec tools the Frontena allows communication with
the tool either as a character string or as a procedure-like call on
Frontend pasic primitives, To take advantage of some Frontend
services (such as tne Help features, consistent intracommand eaiting
cnaracters, and the User Protfile), the tool installer can easlly
write a user interface description for his tool in CmL., This user
interface can be eilther the same as or quite dirferent from that
which previously existed, but in any case the tool itself will not
require any modification.

Depending on the size and complexity of tne tool’s user intertace,
this task might take a few minutes or a few nours. Ine resuilt or the
successful parse of a command 1s & string or strings in the old
command langudage, Strings returning from the tool as error messages
are parsed and either convertead or passed on to the user., I the
tool was originally designed to support one=-dimensional typewriter
terminals and the installer would like Co take aavantage ot
two=dimensional displays with pointing devices for argument
specitication, multiple winogows, and random text and picture
positioning, minimal adaditional code at tne Frontend can be written
to do so witnout tool modification,

Fully integrated tools utilize all of the frontend services. 10
implement a fully integrated tool, the tool bullder creates a set of
primitives for the information-processing tunctions of the tool, a
communication interface for the network marketplace communication
protocol, a dgescription in CML of the desired user intertace, and an
optional Help data pase., He does not have (o concern nimselr witn
terminal control, writing an interpreter, proviaing Help, or
providing User Profile services. I1f the tool pbullger wants to modify
the user interface nhe does not have to rewrite tne code; insteaa ne
just makes a few edits in his CML source file and recompiles the
Grammar., Different user intertaces can be created ftor study or for
use by different individuals or groups witn special needs, we have
found very significant improvements in tool=-building productivity
working with tnis approach, Simple user intertaces can be produced
in minutes ratner than hours, sophisticated intertaces with large
command sets in nhours rather than weeks,

CONCLUSIUN .Grap=o6;

A user interface system has been described that provides the kina of
consistent, responsive user environment necessary for the maturation
of a network marketplace, Currently executing on both the DEC PLP=1V
under lenex, System 20 under Tops 20, and the PDP-11, the system is
used in diverse applications such as providing distripbuted tool
access on a large computer network and creating powerful local tools
when pnysically combined with tool bpackenas, Its modular
implementation makes it relatively easy to transport to otner
systems, The system has demonstratea substantial lmprovements in the
productivity ot both users and tool builagers,

Ine user interface system opens up many possibilities, The ease with
which the user interface can be cnanged and user statistics gatherea
makes the system an excellent vehicle for numan factors research,
Automatic adaptation of both the Grammar and Useér Profile data
structures according to the user’s proficiency witn a tool 1is
possible, The system also provides an environment for applying
advanced technology, such as computer voice recognition, to change
the pnysical nature ot the man/machine interface.
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See also the text files on 1SID in airectory <DUCUMENIATIUN> with
names TENEX-TOPSZ2U.plat=DIFFERENCES.,
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lhe following are some differences between the PDP-10 TENEX anad
TOPS=20 operating systems and executives as outlineg at a meeting
neld at ARC last week (second week of December 1976). Note that sonme
of the restrictions currently in effect will be liftea as
modifications to TOPS~¢40 are maade. 1lhere are also tiles on ISlD in
airectory <DOCUMENTATION> whicnhn have the names
TENEX=10P520,D1aC-DIFFERENCES, where "blat" 1s variously EXeC, FILE,
JSiS, etc, Be sure to consult those files as well,

1, There is no "terminal type lineprocessor" mode, Instead, one
should say "tset" Lo get the appropriate terminal characteristics.
1f vou type “ter line" by mistake, you will be placed in
half-duplex mode and will get into trouble in DNLS. To get out of
that trouble, type "ter rfull" to get into full auplex mode agailn.

2. You must (for now) type elther DNLS or TNLS to get the
appropriate version ot the system,

3. Journal delivery will continue on 1SIC and UFFICE-1. NoO
delivery will take place on IS1D for now, though you may send
items througn SENDMALL on that system.

4, NO archive system 15 currently available on 1ISlID. However, a
version of 8515 will come up soon,

. 5, NO JSYS trap mecnanisms are currently avallaple, Code has
been written tor this feature, but has not been debugged,

6. 1t you go to an inferior exec (as in the NLS "Goto TENEX"
command), you do not QUIT to get back (as in TENEX), bul rather
PUP., Additionally, interior execs may be invoked at the execC
level by giving the PUSH command (rather than the I1ENEX "EXEC"
command) .

l. Vvarious terminal characteristic=-specitying commands 1n [ENEX
must be preceded by the [ER command: for example, TER RAISE, not
RALSE; TER FULL, not FULL, etc.,

8., 1The length of a scroll "page" is set via the 1ER PAGE nn
command rather than via ther TER SCU nn mm command as in TENEX, A
useful feature is the fact that while an item 1is scrolling,
control=S may be used to stop the scroll. In all cases, to resume
scroliing, one must type control=(y rather thanm any character as in
TENEX, Control=S may be used Lo prevent printing at any point; it
may be cancelled with a control=Q,

9, Information commands MUST be confirmed with a8 CR in 10pS~20,
In some cases, [ENEX would accept other conditions (e.g., typing
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of ESC character for name completion) as & confirmation. Wwhile,
completion will still be carried out with tne ESC, an aaditional
contirmation via CR 1s needed.

10. TInere is no WHERE 1S command, Rather, one should use the S¥§
command witn the desired name as a paramter, E.g., SYS LEHTMAN
rather than WHERE 1S LEHIMAN,

11. DELEIE deletes all versions of @ tile and RENAME renames all
versions of a file unless a speciiic version numpber is given. One
may use delver to get rid of all pbut the most recent version(s).

12, Filenames may have the following characters in them:
alphanumerics, "s", "=", The version number is separated by a "."
Control=v may be used Lo get special characters into a filename,
but that controli=v also pecomes part of the name.

13, In fllenames, "#+" may represent a partial field., 1hus
"ap*fg" will cause recognition of "abcdefg", "abcfg", etc, "%
may be used to specify a single character., 1Ihus "ao%" will get
"apc" and "abd" pbut not "abca". You cannot tind out names which
do not exist oy playing with recognition mode, YOou may use more
than one of these characters in a fiela, e.g., "#abtcagx".

14, Passwords may not be changed by the user, pPasswords are not
encrypted,

15. There are no ephemerons, 1lhus, for example, "control-C
NEISTAT" will lose your core image, You shold co a PUSH to get a
new EixeC berfore giving such a command if you wish to contipnue
processing cthe previous joo,

16, Rupout, DEL, 177B are us€d as backspace characters ratner
than control=H, the ASCll backspace character, or control-jA, the
TENEX packspace character (at the eXeC level), Many subsystems
are written to recognize all three as bacCckspcCe characters,

1/. Control=X does not work consistently at the EXEC. Control=C
wWOorks well: 1t is not deferrea as in TeENEX, To aelete a commana
at the EXEC, type control=-C,

18. 1UPS=20 save files have the extension "EXE" rather than
"SAV". Files orought over from TENEX may still have the extension
"SAV.

19, Users have access Lo "SYSIEM" ana "DISK" airectories, A
single character string may be usea toc search through several
directories tor files. DSK: ana SYS: have well defined meanings
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for the search and may be defined as follows: "DSK: 3= Xxxxxx"
and "SYIS: 1= XXXxxxx"., 1IThe defaults are DSK: for DSK: and
<SUBSYS>,<SYISIEM>,<IA~SUBSIS> toI SiIS:. Ken ViICLol nhas Iedetfinea
DSK: to be "DSK:,D5K:#*.SAV,<VICIUR>,<VICIOR>#,5AV"., (Thls WOIKS
since "EXE" has a higher search priority than "SAv",) He
redefines "SyYS:" to be "DSK:,Si8:".

20. Runfiles may be run atuomatically on every login (to avoid
the necessity ot typing a set of commands such as ISET and
redefinitions Of DSK: and SYS:. 1his is set up by having a file
with tne name "login.cma" in your login directory.

21. EOLs are not supported in 10pPS~20. OUutputting an EOL (37B)
to a terminal will actually send the EOL character (which will be
echoed as a contol=packarrow (""-"); it will not be translatea Lo
a CR-LF seguence, Un input, CK 1s not translated to an EOL;
ratner typing a CR actually sends & CR=LF, FRuntiles, etc, must
have Cr=LF in them and not EUL,

22. Disk limits are strictly enforced on ISID, You cannot write
1f you exceed your disk limits! 7Tnere are two limits for each
user: a permanent limit which may not pe exceedgea tor storage and
a working limit which may not be exceeded within a session, When
you log out, automatlic expunges are done on your airectory.

23. A user may set an attribute on the number of versions
(generations) ot a rile wnicn will ve left around py using the Stl
FILE GENERATION=RETENTIUN=COUNT command, Filles with the ";T" do
not automatically disappear, (No one seems to Know whalt good they
are on 10PS=420,)

24, If tne system crashes, a file may be bad 1f pages are not

written out, 1Ihis 1s just like the old TENEX days. Tnhe lcad on
the system is crummy since there are only two disk pacCks and no
arum! A load average of 5 seems to imply pag response Lo users.

25. TIhe equivalent of TeENEX SAVE is TOES=-20 CSAVE., The
equivalent of TENEX SSAVE 1s 10PS=-20 SAVE.

6, GIJFN sometimes works difterently.

27, ISET must be specitied pefore trying to get into TNLS, It
sets you up as an NVI (awong other things.)

28, Tne PRUTECTIUN command is SET FlLE PRUIECTIUN on T0PS=-20,

29, The new TELNEIL for TOUPS-20 is not complete.
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30, Multiple "GEI" in FIP works both ways. lac

31, ISIb does incremental and full dumps. A full dump is

performed once a week, between tull cumps, incrementel aumps are

done. After each full dump, the preceding weeks incremental dump

tapes are thrown away. At the start of a new month, &ll the tapes

from the preceding month, except tne last full agump, are thrown

away. lad

32. To "link" to another user give the 1UPS~20 "TALK" command,

ratner than thne TENEX "LINK" commana, Typing LINK to the eXecC

will run the linking loader for you (not a very pleasant

experience). lae
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new liorary suosys and new refence manual

ans is the reference manual for use of the librarian subsystem.

nis document obsoletes <28484,> . It contains some typographical
corrections as well as describing new features in the librarian
subsystem (which exists as <arcsubsys>library.subsys and
<arcsubsys>library.cml at isic ana isid). the new features allow
access to various dates associatea with various flles, theSe new
date primitives should make the librarian more useful for sSupsystems
which have some files dependent on the status of other files, the
new features are: the *date’ NDACTIUN; the DATEREF FLAGS; and the
following pbuitin (BF) FLAGs: ‘libdate’, ‘sourcecate’, ‘relaate’,

*inxdate’, *ludate’, ‘lpdate’, ‘lxdate’, ‘lcdate’, ‘lidate’, ana

‘lnaate’,
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. SEMANTICS % 1

Any lower case items enclosea in quotes ("lowercase") must appeal
exactly as shown; however, the item could appear 1n either upper,
lower, or mixed case, Any upper case items enclosed in quotes

("UPPERRCASE") must appear exactly as shown. 1a
LIBRARY=BRANCH = 1p
LF=-STATEMENT s$( SUB=BRANCH ) lpl

a4 LIBRARY=-BRANCH branch consists of an LF=STATEMENI
statement with 0 or more SUB-BRANCH branches underneath it. lpla
LF=STATEMENT = ic
$( PRE=CUMMANDS ) "LF:" SYSGUIDE=LINK $( POST=COMMANDS ) 1cl

a LF-STATEMENT statement consists of optional PRE=COMMANDS
followed by the literal text "LF:", followed by a link to
the sysguide file for the system, followea by any optional
POST=CUMMANDS, the PRE-CUMMANDS will be processed, then tne
library will pbe processed, and finally any FOST=-CUMMANDS

will be processed, icla
. Before processing any SUB-BRANCH the current value of the
DACTIUNs (and the "sysguide" NDACTION) are savea; these

values may pe modified by the SUB=-BRANCHes; however, when
the SUB=-BRANCH processing is completea (with the
exception of a CBE~STATEMENT SUb=BRANCH), the orignal
values will be restored. for the purpose of the previous
sentence, current value means the value after processing

any PRE-CUMMANDS, iclal
(the "repeat" NDACTION is set to false prior to

processing every SUB=BRANCH). 1clala
SUB=BRANCH = 1d

SF=BRANCH / CE=STATEMENT / RF=STATEMENT
z?-SIATEMLNI lal
SF=BRANCH = le
SF=STATEMENT SF=PLEX lel

a SF=-BRANCH consists of a branch having & SFE=-STATEMENT as
the top statement, with a SF-PLEX plex under it. the
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‘ SF=PLEX will pe generated by tne lipbrarian 1f it doesn’t
exist,

SF=STATEMENT =
$( PRE~CUMMANDS ) "SF:" SUURCE=FILE-LINK $( PUST=-CUMMANDS )

a SF=-SIATEMEN]T statement consists ot optional PRE=COMMANDS
followed by the literal text "SF:", followed by a link to a
source code file or a documentation flle, etc,, followed by
any optional PUST-COMMANDS. the PRE~CUMMANLS will be
processed, then the branch will pe processed, (i.e. tne
source file will be updated, and/or printed, and/or
compiled, etc, according to the values of the ACTIONs
specified by tne PRE~COMMANDs and the values set up by the
LF=STATEMENT PRE~-CUMMANDS) and finally any POST-CUMMANDS
will be processed.

SF=PLEX =

PRH=STATEMENT UPH=STATEMENT PNH=STATEMENT INX=STATEMENT
INC-STATEMENT CON=STATEMENT CMP-STATEMENT

the SF-PLEX 1s a plex underneatn the SF-STATEMENT consisting
of tne above named statements., this plex 1is used to

. maintain last processed dates, pointers to files, etc, this
plex will pe created by the librarian if it doesn’: exlst.
4s each SF-bRANCH 1s processed, each statement in Che
SF=PLEX 1s copied underneath itself if the assoclated action
is performed, e.,g., if the source file is updated, Che
UPH=-STATEMENT will be copled under tne UPH=STATMENT, ana tne
the appropiate statement is eaited to indicate who ana when
the action was performed.

PRH=STATEMENT =
this is the processing history statement for the source file;
each time the librarian processes this source file, the
LFE-STATEMENT for the source flle will be copied to underneatn
this PRH=-STATEMENT.

UPH=STATEMENT =
this is the update history statement for the source file; each
time the librarian upaates this source tile, the UPH=STATEMENI
for the source file will pe copliea to underneath this
UPH=STATEMENT.,

PNH=STATEMENT =
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this is the print nistory statement for the source file; each
time the librarian prints this source file, the PNH=-STATEMENIT
for the source file will be copied to unaerneath Cthis
PNH=STATEMENT,

INX=STATEMENT =

this statement contains a link to the index tile for this
source file and it is also the index history statement for the
source file; each time tnhe librarian indexes this source file,
the INX=-STATEMENT for the source tile will be copiled to
underneath this INX=STATEMENT.

INC=STATEMENT =

this statement contains the count of tne INCLUDES found in the
source file and it is the include count history statement for
the source file; each time the librarian counts tne INCLUDEs in
this source file, the INC-STATEMENT for the source file will be
copied to underneath this INC=STATEMENT ana the count in the
INC-STATEMENT will be updatea to reflect the most recent
counting. the include count in this statement is used to
getermine whether the source file should be include compiled oI

normal compiled.

‘ CON=-STATEMENT =

this statement contains the count of the conaitional
compilation flags tound in the source file and it 1s the
conditional count history statement for the source file; each
time the librarian counts tne conditionals in this source tile,
the CON=STATEMENT for the source file will be copied to
underneath this CUN=STATEMENI and the count in the
CUN=-STATEMENT will be updated to reflect the most recent
counting.

CMP=STATEMENT =

this statement contains a link to the brancn at which
compilation of the source file is to begin, followea by a link
to tne compiler to be used, followed by a link to tne rel file
to be generated. it is also is the compile history statement
for the source file; each time tnhe librarian compiles this
source file, the CMP=STATEMENT for the source file will be
copied to underneath this CMP=STATEMENT., :

-~

CB=STATEMENT =

"CB:" s( COMMAND )

28905

1K

1K1

11

im

iml

in

inl
10

1ol



KEV 28=DEC=76 08:07

new liobrary subsys and new refence manual

. the COMMANDS specified in a CB-STATEMENT remain in effect
for any SUB-BRANCHees which follow thils branch, 1.e, Lthey
are similar to specifying PRE=-COMMANDS in the LF=STATEMENT.

RE=STATEMENT =

$( PRE=-CUOMMANDS ) "RF:" SAVE=FILE=LINK INPUT=FILE<LINK s(
POST-COMMANDS )

a4 RF-STATEMEN]T statement consists of optional PRE=COUMMANDS
followea by the literal text "RkF:", followed by a link to a
save file to be executed, followed by a link to a file to be
used as a primary input file for the executulion of tne save
file, followed by any optional PUST-CUMMANDS. the
PRE~-COMMANDS will be processed, then the pbranch will pe
processed, (i.e. the save file will be executed) and finally
any PUST-COMMANDS will be processed,

NP=STATEMENT =

$( PRE=CUOMMANDS ) "NP:" SAVE-FILE=LINK INPUT=FILE-LINK $(
PUST=-COMMANDS )

the only difference bpetween an NP=-STATEMENT and an
RF=STATEMENT is that for an NP=STAIEMENT the succesfull
execution of an WP save tile is determined by the contents
of register one atfter completion of the inferior fork. (it
the NP file aborts, e,g, lllegal instruction trap, then the
save file will have been considered to not run
successfully.) for a RF save file successful executjion 1s
determined soley by whether or not the inferior aborts or
not.

SYSGUIDE=LINK = a 1link to the sysguide flle tor the system
SUURCE=FILE=LINK =

a link to a source code file, or a documentation file, etc. for
the system

SAVE-FILE~LINK = a link to a save file to execute
INPUT=FILE=LINK =

a link to a file to be used as the primary input file while
executing a SAVE=-FILE-LINK ftile

PRE=CUMMANDS = CUMMAND

28965

lola

ip

ipl

lpla

1g

1qgl

1gla
ir

ls

1sl
1t

1u

1ul

lv



KEV 28=DEC=76 08307

new library subsys ana new refence manual

PUST=CUMMANDS = CUMMAND
CUMMAND =
PCMD / TCML
COMMANDs are either permanent Oor temporary.
eCMb =
"<<" CMDBUDXY ">>"

permanent CUMMANDs are enclosed in double angle brackets and
are not deleted by the librarian.

IChp =
"§#&#" CMDBODY "g&"

temporary CUMMANDs are enclosed in double poundsigns and are
processed once by the librarian and then celeted,

CMDBUDY =
QUALCLAUSE ACTION
the QUALCLAUSE is evaluated according to a 3-value ( true,
false, maybe) logic system and then the ACTIUN may or may
not be performed depending and the value of QUALCLAUSE.
QUALCLAUSE =
QUALIFIER $( CEMENT QUALIFER )
a QUALCLAUSE consists ot a QUALIFIER optionally tollowed by
one or more CEMENT = QUALIFIER pairs. there is no hjerarcny
of the CEMENT and the QUALCLAUSE is evaluatea in a strictly
left to rignt order, each QUALIFIER 1s evaluatea (to true,
false, or maybe) and then CEMENTed to the next QUALIFIEK
according to the intervening CEMENT (accorading to a 3-value
logic system)., the value of the QUALCLAUSE is the value
when all QUALIFIERs have been CEMENTea together,
QUALIFLER =
NEVER /

this QUALIFIER has the value false,
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. DEFAULT / lab2
this QUALLFIER has the value maybe, lab2a
ALWAYS / lab3i
this QUALIFIER has the value true, lab3a
IFF FLAG / lav4
this QUALIFLER has the value true if FLAG 1s talse;
otherwise it has the value false, lap4a
TFM FLAG / 1abs
this QUALIFIER has tnhe value true if FLAG 1s mayoe;
otherwise it nas the value false, lapSa
IFT FLAG / labo
this QUALIFIER has the value true 1f FLAG is true; otherwise
it has the value false, laboa
IFNF FLAG / lab?
. this QUALIFIER has the value true if FLAG is true or maybe;
otherwise it has the value false, labia
IFNM FLAG / laps
this QUALIFIER has the value true 1f FLAG is true or false;
otherwise it has the value false, lap8a
ITFNT FLAG / 1ap9
this QUALIFIER has the value true if FLAG 1s false or maybe;
otherwise it has the value false, lap9a
IFE FLAG (FLAG / number) / 1abl0

this QUALIFIER is true if the numerical value of the first
FLAG is the same as the numerilical value of the second FLAG
Or number; otherwise it has the value false, labloa

IFNE FLAG (FLAG / number) / lapll
this QUALIFIER is true if the numerical value of the tirst

FLAG 1s not the same as the numerical value of the second
FLAG or number; otherwise It has the value talse, laplla
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. 1FG FLAG (FLAG / number) /
this QUALIFIER is true if the numerical value of the first
FLAG is greater than the numerical value of the second FLAG
or number; otherwise it has the value false,
ITFNG FLAG (FLAG 7 number) /
this QUALIFIER is true if the numerical value of the first
FLAG is not greater than the numerical value of the secona
FLAG or numper; otherwise it has the value talse,
IFL FLAG (FLAG / number) /
this QUALIFIER is true if the numerical value of the first
FLAG is less than the numerical value ot the second FLAG or
number; otherwise it has the value false,
IFNL FLAG (FLAG / number)
this QUALIFIER is true if the numerical value of the first
FLAG 1s not less than the numerical value of the second FLAG
or number; otnerwise it has the value false,
CEMENT =
. AND / UR / AUR

CEMENT ands, ors, or exclusive ors the QUALIFIERs on both
sides according to the 3=-value logic system discussSed below,

ACI1UN =

DACTLON / NDACTI1ON / FACTION

an ACTION is pertormea depending on the type of ACTION it 1is
and the resulting value of QUALCLAUSE. for an FACTION, the
value of QUALCLAUSE 1is stored in the specifiea FLAG; an
NDACTIUN is performed if QUALCLAUSE has a vaiue of true or
maybe, otherwise it is not pertformea; a UDACTION 1s performed
if QUALCLAUSE has the value true, not performea 1if
QUALCLAUSE nas the value false, and 1f QUALCLAUSE has the
value maybe the the DACTIOUN will cause two dates (e,g. the
date of the source code and the aate of the rel file) to be
comparea and if the first date is more recent than the
second date, the DACTION will be pertormed., (see DACTION
below for which aates are compared),

DACTIUN =
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tor the following DACTIONs, if QUALCLAUSE has the value
maybe then the date of tne source file i1s compared with the
date of appropriate other aates, the aate of the source
file (source date) is the write date for the source file if
the file does not have a PC, or the maximum positive number
if the flle has a PC. S

"everytning" /

"everything" 1s a shorthand way for specitying all the rest
of the DACTIUN actions and the "sysguide" NDACTION.

"update" ["new"/'"compact"/"old"] /

dates compareds: source date : maximum positive number

152!

the absence of a modifier ("mew"/"old"/"compact") is
equivalent to a modifier ot "old",

porint™ /
dates compared: source date : PRINT=DAIE
if the file is printed, it will be printea using a special
content analyzer pattern., FRINI-DATE is tne date in the
PNH=STATEMENT statement tor the source flle,

"index" /

dates compareds: source aate : INDEX-DAlE

INDEX=DATE is the write date for the index flile assoclated
with the source file,

"include" /
aates compared: source date : INCLUDE=DAIE

INCLUDE=DAIE is the date in the INC=-STATEMENT statement for
the source file.

"conditional" /

dates comparea: source gate : CUNDITIUNAL=DATE
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CONDITIONAL=DATE is the date in the CON=-STATEMENT statement
for the source file,

"compile"
dates compared: source date : CUMPILE~-DATE
COMPILE~-DATE 1s the write date for the rel file.

NDACTIUN =

"sysguidge" /
for all files for which an index file exists or is generated
and for which the QUALCLAUSE for "sysguide" is true or
maybe, the index file is copied into the sysguide fjle.

"detach" /

the librarian will detach the job if this NDACIION is
performed, this NDACTION 1s only checked in the
LF=STATEMENT

"apbort" /

library processing will be aported if this NDACTION is
performed,

"output" ("to"J) TENEX=-FILE=NAME /

if this NDACIION is performea, then any outpul generated by
the librarian will be written on the specified file; note
that tenex format is used to specify the file and not link
syntax; the TENEX=-FILE-NAME should be terminated byone oI
more invisibles.

"runfile" /
if this NDACTION is performea (i.e, 1ts associated
QUALCLAUSE has tne value true or maybe), then inferjor forks

(as specified by RF=STATEMENTs or NP=-STATEMENTS) will be
executed.

"ignore" /

if this NDACITION is performed, then tne branch in which it
occurs will be ignored,

"status" FLAG /
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1f this NDACTIUN is performed, then the logical value of the
named flag will be written on the output tile,

"decimal" FLAG /

if this NDACITION is performed, then the decimal value of the
named flag will be written con the output file,

"octal" FLAG /

if this NDACTION is performed, then the octal value of the
named flag will be written on the output file,

"date" FLAG /

if this NDACTIUN 1s pertormed, then the value of the namea
flag will be written on the output file as a time and date.

"comment" CUMMENT /

if this NDACTION is performed, then the CUOMMENT text will be
written on the output file,

"logout" /

if tnis NDACTICON is performed, then the job will be loggea
out after the LIBRARIAN finishes processing. 1This NDACTION
is only checked in the LF=STATEMENT.

"wait" ("ror" (HH:JMM / "until" (HH:]MW) 7/

if this NDACIION 1s pertormed, the LIBRARIAN will wait
either for the specitied number of (optional hours and)
minutes, or until the specified (optional hour and) minute,
to start processing, 1f a "walt until" 1s specified, then
HH 1f specified is basea on a 24~hour clock; if HH is not
specified then it is assumed to pbe 00, i.,e, midnight, 1Inis
NDACTION is only checked as a PRE-CUMMAND in the
LF=STATEMENT,

UFOP FLAG /

if this NDACTIOUN is performed, then the appropriate UFUP 1s
performea on the specified flag.

BFOP FLAG FLAG /

i1f this NDACTION is pertormea, then the appropriate BrOP 1s
performed on tne specifiea flags.
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"repeat"

1f this NDACTION 1s pertormed,

then the pbranch in which the

CUMMAND occurs will pbe repeated.

FACTLION =

FLAG

the value of QUALCLAUSE 1s stored

into the speciflied FLAG.

UFOP =

FSETF /
this unary flag operatorl will set the logical value of the
named flag to false.

FSETM /
this unary flag operator will set the logical value of the
named f£lag to maybe,

FSETT /

. this unary flag operator will set the logical value of the

named flag to true,

FNOT
this unary flag operator will set the logical value of the
named flag to its logical not.

BFUP =

FOR 7/
this binary flag operator will set the logical value of the
first named flag to the logical or of the first and second
named flags,

FAND /
this binary flag operator will set the logical value of the
first named f£lag to the logical and of the first and second
named flags,

FAOR /

10
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. this binary flag operator will set the logical value of the
first named f£lag to the logical exclusive or of the first
and second named flags.,

FGET /

this binary flag operator will set the numerical value of
the first namea flag to the numerjical of the second named
flag, the second named flag is allowea to e an (optionailly
signed) number as opposed to a FLAG,

FADD /

this pinary flag operator will set the numerical value of
the first named flag to the numerjical sum of the first and
second named flags. the secona named flag is allowed to be
an (optionally signed) number as opposed to a FLAG,

FSUB

this binary flag operator will set the numerical value of
the first named flag to the numerical difference of the
first named f£lag minus the second named flag., the second
named flag 1is allowed to be an (optionally signed) pnumber as
opposed te a FLAG,

UF / BE / DATEREF

there are 3 types of flags: user settable flags (UFs);
builtin flags (BFs); and date references (DAIEREFS),

UF = "uf" followed immediately by a number from 1 to 40, e,g. Uufl

user settable flags are initialized to false. they can be
set anad tested with the appropriate commanas. they are not
reset at the start of each new SB=BRANCH.

DATEREF =

Note that in the following 3 FLAGS, a TENEX file name is
used and not link syntax; also note tnat the specifjed TENEX
file name MUS] be terminateg by one or more invisibles.

Note also that if the specified file refers to an NLS file,

11
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BE

NU checks will be made to see if the file has a partjal
copy, and that the time and date of the named file will be
used, NOT the time and date of the partial copy (1f one
exists).

"writedate" TENEX=FILE=NAME /

I'nis DATEREF has the value of the time and date that the
specified file was last written,

"readdate" TENEX-FILE-NAME /
Inis DATEREF nas the value of the time and date that the
specified file was last read; if the file has not been read,
it will have the value zero (0),

"createdate" TENEX=FILE-NAME

I'nis DATEREF has the value of the time and date that the
specified file was createa,

BFs are of various types: some are reset to either an
initial or computed value prior to the processing Of every
SUB=BRANCH; some are reset to either an initial or computed
value at the start of processing of certain types Of
SUB=-BRANCHs; some are set during the processing ot
SUB=BRANCHes; and some areé running counters.

"libdate" /
when reset: start of execution of the librarian
reset value:

the time and date the librarian was last executed, 1.,e.,
the time and date from the LF=-STATEMENT.

when set: never
set value: none
"sourcedatce" /

when reset: start of processing of SF-bRANCHes
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reset value: lam3b

the time and aate the file named by the SOURCE=-FILE=LINK
in the SF-STATEMENT was last written; if the file has a
patial copy, the value of this flag will be the time and
date of the partial copy, i.e., the current time and date
since the librarian will have opend the partial copy by

the time it sets this flag. lam3pl

when set: never lam3c
set value: none lam3a
"reldate" / lam4
when reset: start of processing of SF-BRANCHes lam4a
reset value: lam4b

the time and date the file named as the output file in
the CMP=STAIEMENT was last written (i.e., the write date
of the rel file namea in the third link in the

CMP=STATEMENT) . lam4pl
when set: never lam4c
set value: none lam4d

"inxdate" / lamb
when reset: start of processing of SF-BRANCHes lamb5a
reset value: lamb5b

the time and date the file named as the ilndex file 1n the
INX=-STATEMENT was last written; if for some reason the
librarian can’t load the index file, this falg will have
the value 0; if the file has a partial copy, this flag
will have the value 35M, 1.e, the maximum positive

number, lamb5bl

wnen set: never landc
set value: none lam5d
"ludate" / lamé
when reset: start of processing of SF-BRANChHes lamoa

13
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reset value:
the time and date the librarian last updatea the file
named in the SF=STATEMENT, i.e., the time and dgate from
the UPH=-STATEMENT,
when set: never
set value: none
"lpdate" /
when reset: start ot processing of SF-BRANCHes
reset value:
the time ana date the liprarian last printea the file
named in the SF-STATEMENT, i1.e., tne time and agate from
the PNH=-STATEMENT.
when set: never
set value: none
"lxdate" /
when reset: start of processing of Sk=BRANCHes
reset value:
the time and date the librarian last indexed the file
named in the SF=STATEMENT, 1.e., the time and date trom
the INX=STATEMENT,
when set: never
set value: none
“lcdate" /
when reset: start of processing of Sk=BRANCHes
reset value:
the time ana date the liprarian last complled the file
named in the SF=-STATEMENT, i.e., the time and date from

the CMP=STATEMENT.,

wnen set: never

14
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set value: none lam9a
"lidate" / lamlv
when reset: start of processing of SF-BRANCHes lamlOa
reset value: 1amiOb

the time and date the librarian last counted the INCLUDE
statements the file named in the SF-STATEMENT, i.,e., the

time and date from the INC-STATEMENT, 1amiObl

when set: never lamlioc
set value: none lamlOa
"lndate" / iamll
when reset: start of processing of SF=BRANCHes lamlla
reset value: lamlilb

the time and date the librarian last counted the
conditional compile statements the file named in the
SF=STATEMENT, l1,e., the time and date from the

CON=STATEMENT. lamlipl
when set: never lamlic
set value: none lamlld

"filncmp" / laml2
when reset: start of processing of SF-BKANCHes lamlza
reset value: true lamliZp

when set: after the SF-BRANCH flle is compiled or not

compiled lamldc
set value: true if the SF=BRANCH file is not compiled lamlza
"filcmp" / laml3
when reset: start of processing of SF=BRANChes laml3a
reset value: false laml3b
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' when set: after the SF-bBRANCH file is compilea or not
compiled

set value: true if the SF=-BRANCH file is compiled
"oldfile" /
when reset: start of processing of Sk-BRANChHes

reset value: true if rel file more recent than soulce flle;
else false

when set: never
set value: none
"newfile" /
when reset: start of processing of Sk=-BRANChHes

reset value: true if source file more recent than rel ftile;
else false

when set: never
. set value: none
"cmpok" /
when reset: start of processing of SF=BRANCHes
reset value: true

when set: after the SF=-BRANCH file is compliled or not
compiled

set value: true if file compiled without errors; else false
"cmperr" /

when reset: start of processing of Sr=bRANChes

reset value: false

when set: after the SF-BRANCH file is complled or not
compilea

set value: true if file compiled with errors; else false

16
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lamlic
laml3d
lamli4

lamlga

lamld4b
laml4c
laml4d

laml5

lamldSa

lamldSb
laml5¢c
lamlda

lamlo
lamloa

lamleb

lamloec
lamlod

laml?
lamlia

lami7b

lamlic

lamlia
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‘ "noerrors" / lamig
when reset: start of library processing lamlBa
reset value: true lamlsp
when set: after any file is compiles with errors lamléc
set value: false lamlsgd

"totalerrors" / laml9
when reset: start of library processing iaml9a
reset value: 0 laml9po
when set: after any file 1s compiles with errors laml9c
set value: "totalerrors" + 1 laml9d

"filepc" 7/ lamzo
when reset: start of processing of SF-BRANCHes lam20a
reset value: lam200

. true if source file has a PC to which tne librarjian has

access; else false lam20bi
when sel: never lam20c
Set value: none lamz20d

"nopc" / lam21l
when reset: start of processing of SF-BRANChHes lamZla
reset value: logical not of "filepc" lam2lb
when sel: never lam21lc
set value: none lamzla

"infrun" / 1am22

when reset: start of RF=STATEMENT or NP=STATEMENT processing lam22a

reset value: false lame2b
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‘ when set: after an inferilior fork is run lamzsc
set value: true lamz24d
"infnrun" / lam23

when reset: start of RF=STATEMENT or NP=SIATEMENT processing lamz3a

reset value: true lam23b
when set: after an interior fork is run lam23c
set value: false lam23d
"infok" / lams4

|
when reset: start of KRF=-STAIEMENT or NP-STATEMENT processing lamida
reset value: true lamZ4p

when set: after an inferior fork 1s run lamz4c

set value: lamida

for an RF=-STATEMENT, set to true if the inferior
‘ terminates normally, other talse; for an NP=STATEMENT set

to the contents of register one if the inferior
terminates normally, otherwise set to false, lamz4al

"infnok" / 1am25

when reset: start of RF=STATEMENT or NP=STAIEMENT processing lam2da

true laméob

reset value:

when set: after an inferior fork is run lam25c¢

set value: logical not of "infok" lamzs5d

"numcompiles" / lamse

when reset: start of library processing lamsoa

0 lamZob

reset value:

when set: after any tile 1s compilea lamsoce

set value: "numcompiles" + 1 lam2od
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. "numokcompliles" / lam27
when reset: start of library processing l1améia
reset value: 0 lam2ip
when set: after any file is compiled without any errors lam2ic
set value: "numokcompiles" + 1 lamz7a

"numicompiles" / lam28
when reset: start of library processing lamZsa
reset value: 0 lamZgb
when set: after any file is "INCLUDE" compiled lamzsc
set value: "numicompiles" + 1 laméga

"numrcompiles" / l1am29
when reset: start of liorary processing lam29a
reset value: 0 lam29p

. when set: after any file is "REGULAR" compiled lam29c
set value: "numrcompiles" + 1 lam29d

"numprints" / 1am30
when reset: start of library processing lam30a
reset value: 0 lam30p
when set: after any source file is printed lam30c
set value: "numprints" + 1 1am30d

"numupdates" / lam3i
when reset: start of library processing lam3la
reset value: 0 lam31b
when set: after any source file is upaated lam3lc

set value: "numupdates" + 1 lam3ld
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. "numindexes" / 1am32
when reset: start of library processing lam3za
reset value: 0 lam3Zp
when set: after any source file 1s indexed lamizc
set value: "numindexes" + 1 lam3Za

"numsysguides" / lam33
when reset: start of library processing lam33a
reset value: 0 lam33b
when set: after any source file index is copled to the
system sysguide lam33c
set value: "numsysguiaes" + 1 lam33a

"numincliudes" / lam34
when reset: start of library processing lam3d4a

‘ reset value: 0 lam34p
when set: after any source file is include countea lamidc
set value: "numincludes" + 1 lam34d

"numconditionals" / 1am3s
when reset: start of library processing 1am35a
reset value: 0 lam35p
when set: after any source file is conditional counted lam35¢c
set value: "numconditionals" + 1 lam35d

"numinferiors" / lam3o
when reset; start of library processing lam3ba
reset value: 0 lam3bb
when set: after any inferior is run lam3oc

20
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. set value: "numinferiors" + 1
"numokinferiors"
when reset: start of library processing

reset value: 0

when set: after any inferior is run with a completion of

true or maybe
set value: "numokinferiors" + 1

FOR = "for"

FAND = "fana"
FXOR = "fxor"
FGET = "fget"

FADD = "fada"
FSUB = "fsub"
‘ FSETF = "fsetf"
FSEIM = "fsetm"
FSETT = "fsett"
FNOT = “"fnot"

HH = a number; (for "wait until" must be in range of
including 23)

MM = a number; (for "wait until" must be in range ot
including 59)

AND = ", a"

OR = ",o"

XUR = " x"
NEVER = "never"

DEFAULT = "default"

28965

lam3od
lam37
lam37a

lam37b

lam3ic
lam37d
lan
lao
lap
lag
lar
las
lat
lau
lav

law

lax

lay
laz
ibe
lba
lob

lbc
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ALWAYS = "always"
IFE = SCEEY

TFM = "ttm"

IFT = "cec"

TIFNF = "tfnt"
IFNM = "tfnm"
IFNT = "tfnt"

IFE = "tte"”

TFNE = “tfne"
IFG = "tfg"
IFNG = "tfng"
TFL = "t£l"

IENL = "tfnl"

Discussion of 3=-value logic system

true is any flag with a numerical value greater than 0;

mayoe is any flag with @ numerical value equal to 0;

false 1s any flag with

a numerical value

the following are the truth taples

UR

FALSE

MAYBE

MAYBE TRUE
maybe true

maybe true

true

true

useas

less than 0,

KEV 28=-DEC=706 08:07
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lba
ibe
1pt
ibg
loh
1ol
ip]
1bk
ibl
lom
lbn
1bo
lbp

1bg

2a
2D
¢
20
Zdl
¢dla
Zalp

Z4ilc
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& FALSE MAYBE  TRUE zaza
FALSE false false false 24d2b
MAIBE false maybe maype 2d4c¢

TRUE false maybe true 2ded

AUR Za3
FALSE MAYBE TRUE 2a3a

FALSE false maybe true 2a3b
MAYBE maybe maybe maybe 2d3c
TRUE true maybe false Zd3a

NOT 204
FALSE MAYBE TRUE 2d4a

true maybe false 2d4p

23
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lkn Interactive workstation for Knowledge WOIKers.

AN
INTERACTIVE WORKSTATION
FOR
KNUWLEDGE WORKERS 1
Robert Louis Belleville
. Stanford Research lnstitute
Menlo Park, Calitornia 94025 2
Apstract 3
Design considerations for the development of a low cost, nigh per=
formance, interactive, mixed text and graphics workstationp are aqe-
scribead in this paper. The use of video technology Is discussed, 3a
3b
1. INTRODUCTION 4
The engineer requires access to a variety of compuler systems to ef=-
fectively function in an on=line environment. Among these are: 4a
1) Access to numerous data bases and analytical tools, 4al
2) Communication with co=woIKer and management, 4as

3) Ability to manipulate textual and graphical entities such as: 4al

a) specifications and requirements, 4aia
. b) design notes, 4a3b
C) cost and scheduling data, 4aic

d) documentation, 4aia
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ihe computer terminal is becoming the engineer’s gateway to a large
number of systems to assist him in his "knowledge work." A single,
nigh performance terminal is needed to allow the engineer uniform
access to these tools.

Specitications for such a terminal incluge:

10

1) 1The ability to display a full typewritten page of text inclua=-
ing special symbols. A pica typewritter can put 66 lines of &S5
characters on a 8,5 by 11.0 inch page. 1lypical margins reauce
this figure to 54 lines of 72 characters,

2) The ability to create ana display drawings.

3) Interactive devices for typing and pointing.

4) Contormance with the office environment, Ihis inclydes ade=
guate workspace, user comfort, anda quiet,

produce a full page of text with mixed graphics at moderated cost,

. requires the use of raster=scan or video displays.

‘.1

2. VIDEU DISPLAYS
ADVANTAGES UF VIDEO
Raster=scan displays have several advantages,

First, video displays are low cost. Complex parts such as the CKT
itself, which would be prohibitively expensive to produce in small
guantities, are cheap and plentiful because of the impact of
broadcast tv, Moreover, the technology is well worked out, stan-
daras have been agopted, and many manufacturers compete in an open
market., Wnile the home tv has relatively low picture guality,
broadcast studios and the closed circuit tv market have produced a
demand for very high guality tv equipment at reasonable cost.

Second, the video waveform 1s attractive for several Ieasons:
1) The image is coded In a standardizea way.

2) This code provides for the creation of an image from a
single stream of data on a single wire., NoO complex jnterface
is required between the scurce of the video signal and the tv
monitor. Part of the intelligence needed to describe the
picture 1s contained in the monitor itself.

All the information to construct the picture is contained 1in
the low energy video channel. Random or calligraphic
displays distribute the information intoc 2 high energy posi=-
tion channels and a low energy intensity channel, Video on
the other hand uses two positioning cnannels whicnh operate

4p

4c

4cl
4c2

4c3

4c4

4a

Sa

Sal

Saz

S5a3

Saia

5aib
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at fixed frequencies so that the driving circuitry can bpe
optimized to minimize the complexity and power reguirements.
5aipl
3) 1Inhe code provides for the creation of not only line
drawings but also pictures containing grey levels or color. 1In
its simplest form, computer generated video need only contain a
pinary level = on or off; but if necessary, the computer video
generator can produce grey levels and color, Saic

4) Although there is no logical intormation in the yideo

signal, the waveform is rich in spatial information, 7This in=-
formation can pe used to mix video waveforms from Several

sources 1nto a single video output, and to provide split screen

and overlay characteristics, Saia

5) The bandwidth of theé source and the monitor wil]l control
the density of information aisplayea to the user, The informa=
tion will pbe displayea without flicker or drift. Sale

lhird, video technology is based on memory. NO matter which of

the several video production tecnniques are used, the designer

must f£inad relatively large quantities of memory. Videp is

thriving today because memory cost is dropping dramatically,

memory speed is increasing, memory density is increasing, and the
power consumption is dropping. In short, the vital element needed

for video production is becoming the simplest and cheapest part ot

the system, Sad

Fourth, related technologies are aavancing, 5a5

1) 1The creation of the data structures needea to convert

pictures described as computer based data structures (both

lines and surfaces) is relatively well understood. The process

of scan conversion reguires consicerable processor speed, but

nere again, the speed of processors is increasing while the

price drops. 5aba

2) Electrostatic printer/plotters are pboth fast and reliable,

And the price is quite reasonable, The technology needed Lo

drive the electrostatic printer is lgentical to that needed for

the production of video. 5a5b

3) The use and storage of pictures, tnhat is photograpnhs, 1is
increasing and the technology for the encoding of these images
relates closely to the problems of video proauction, Moreover,
the analog storage of pictorial images on viaeo tape ana
microfilm is possible ana 1ts use will grow. 1The video monitor
included in the workstation can be used directly to view Lhese
images because the input waveform 1s the same for both sources,
Optical Cnaracter kecognition (UCR) 1s just beginning to
capture ana create markets and technology for the ipput of all
sorts of printed matter, pictures and arawings, 1The data
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structers produced by these scanners 1s compatible with video
production. S5asdc

Computer generated video nas many advantages, 1n facl, no

technology available today provides the flexipility and effective=-
ness of video, In the sections below, we shall look in detail

into the problem ana processes of video, Sao

ORGANIZATION OF THE VIDEU WAVEFURM Sb

In order to create the video waveform, the picture is convertea

into a series of horizontal strips, starting at the top and

continuing to the bottom of the screen, These strips, called
norizontal scan lines, are made by measuring the whiteness of the
picture at each point from left to right., Since the strip is de=
termined by scanning sequentially from left to rignt, the

norizontal displacement (x dimension) is representea by the time

from the peginning of the scan line, 1In the same way, the verti=-

cal dimension is determinea by the time from the peginning of the
first scan line. 5pl

Ihe complete picture could be represented by tne norizontal scan

lines taken one rignt after the other; however, it is npot. The

picture is scanned in two passes called rielads. 1he even numberead
scan lines (0, 2, 4, 6, ...) are placed in the tirst fjeld; and

the odd numbered scan lines (1,3,5,7, ...) are placed in tne

second, Togetner the tirst and second field are called a trame.

Ine fields are said to be "interlacea 2:1," Sb2

Since each field must be completed in 1/60 of a second, and two

tields comprise a frame, the complete picture 1is repaintea 30

times a second. 1This is comfortably above the threshold fol
persistence of vision so that the viewer does not percejve any
tlicker., Sp3

kEach norizontal scan line is separated from the next by a pulse

called tne horizontal sync. The viaeo signal starts just above 0
volts with black, continues with successively lighter spades of

grey, and ends with white at the nighest level., WNear the

horizontal sync pulse, the signal level drops below black (called
blacker than black) to a level which insures that no image 1s pro-
duced, The process of suppressing the video signal is called
planking. The actual horizontal pulse 1s located slightly oft

center of the horizontal blanking pulse and is negative going. 5p4

ihe norizontal sync pulse resynchronizes the norizontal oscillator

in the tv monitor so that each of the scan lines starts at the

same point on the monitor screen., In addition to resynchronizing

the horizontal oscillator, the horizontal blanking perjod allows

the beam to retrace back to the left side of the screen before it
launches off for the next scan line of the fleld, 5b5

Ihe horizontal oscillator is used to deflect tnhe CRI beam
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norizontally from left to right in a consistent linear way and

then snap the beam back to the left during the norizontal blanking
period. The vertical oscillator performs the same function for

the vertical axis but at a much slower rate., 1he viaeo waveform
provides a sync pulse similar to the horizontal one to

resynchronize the vertical oscillator of the tv monitor, Retracing

the beam from the bottom right of the screen to the top left takes
about 1.25 milliseconds., Horizontal scan lines which would

ordinarily fall into this time period are lost. S5b6

Interlace is accomplished by delaying the start of the second
field. This phase change is accomplished by continuing the
norizontal sync pulses during the vertical sync period, These
pulses are called serrations. Near the mlddle of the vertical
period the horizontal sync pulse train is shiftea by one half of a
norizontal time period, The vertical oscillator has lemained
constant, but the videc information is delayed by one half period,
Ihe vertical oscillator causes the beam Lo move aown the face of
the CRT by two scan lines for each horizontal perioa. AS a re=
sult, the beam of the tv monitor will be lower on the crt by
exactly one scan line, For this fiela the scan lines will be pe-
tween those of the preceding fiela. 0On completion of the second
field the delay is removed and the process is repeated, Sp7

DIGITAL GENERATION OF THE VIDEO WAVEFURM 5¢C
lnere are several methods available for the digital geperation of
the viaeo waveform; however, the two simplest are moSt applicable
to this terminal, 5c1
2.3.1 Bit Map Sce
As its name implies the screen is representea by a matrix of

single blts which can pe set on or off to repressent lines,
areas, and characters, For a full page display this matrix

needs to be at least 040 bits wide by 1024 pits nigh, 5c2a
There are two limitations to this method,. S5c2b
1) A large amount of memory 1s required, S5cZol

2) 1Ihe numper of CPU cycles needed to create the image in
the bit map is consiaerabple, 5c2p2

IThe tirst limitation is not too great because the Cost of
memory is dropping. Even in small quantities the memory cost
of a bit map of page size 1is less than $3000. Scec

The secona limitation 1s more troublesome, Since a primary use

of the terminal is in the manipulation of text, a seconda

generation method will be used which 1s more economjcal in 1its

use of CPU resources. 5¢c2d
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’ 2.,3.2 Fixed Celi 5¢3

In this method the screen is divided into a matrix of character
cells, For full page tne organization might be 80 cells wilde
by 64 cells high. Scia

kEach cell is built from a number of bits in a matrix, 1These

cells may be of any size and a cell 8 pits wide by 16 bits nigh

is convenient, 1The screen image is stored in two memories =

the refresh memory and the cell or font memory. 5¢3b

In order to create the display, a code is fetched from tne

refresh memory and used as a key to fetch a cell from the ftont
memory, 1Ihis approach is natural for text work and jis employed

in most commercial video displays., Character detinjtions are
stored in a fixed "read only" memory; nowever, 1f the user

needs to detine his own special symbols, then a "read/write"

memory can be used, 5c3c

3.0 ORGANIZATIUN OF THE WORKSTATIUN o

. A prototype workstation 1is shown in figure 1. Both the Uy monitor
and the interactive input equipment can be seen., The electronics 1s
packaged so that it can be stored in the worktaple pedestal. oa

Figure 2 shows the organization of the terminal electronics. A
microprocessor controls the input gear and the video generators. ob

Inhe video display has two sections, a character generator ana a

graphics generator, The character generator displays over 5,000
characters in 64 lines of 80 characters each. 1This 1s nearly tnree

times tne number available on present "video terminals", Each

character cell is defined by a matrix of dots 8 wice by 16 highi 512

of these character cells can be stored in a read/srite "font" memory.
Inese definitions can be modified by the terminal processor at any

time. The text to pe displayed is stored in an 8K refresp memory.

(Only 5120 of these characters are visible at one time,) oC

| The graphics generator consists of an array of dots 40 wide by 1024
high. Each bit can be set or cleared by the terminal processor to
produce figures of any description. od

Both the charactel generator and the graphics generator run
synchronously, so that mixed text and graphics can be displayed. 1he

| graphics memory has 96K bytes whlch can be useéd LO store text when

| graphics is not being used. 1This is about 30 typewritten pages. oe

|
. Preliminary cost estimates show that the device would cost between
$4,000 ana $6,000 without grapnics, or §$7,000 to $10,000 with the
grapnics capacity. Ihe system 1s designed so thal graphics can be
added at any time in the field. of

Figures 3 and 4 show two pages of text on the alsplay The value of
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full page 1is especially evident in figure 4, 1In this picture a com=
plete computer subroutine is in view at once, The programmer can see
the wnhole logic at one time without scrolling or paging. 69

4,0 INTERACTIVE INPUT EQUIPMENT 1

1wo special devices are included in the workstation in addjtion to a
Keyboard, la

Un the left in figure 1 is the five~fingerea keyset, Compjinations of

5 Keys are struck to type characters with one nand. 0Un the right is

a positioning device called a mouse. Two wheels in the mouse encoae

the direction and distance as the mouse is rolled on the table with

the right hand., 1Tnis position information is used to posjtion the

cursor for both text and graphics manipulation, IThree buttons on the

mouse are used to indicate command completion and to set the case of

the Keyset codes. By using the mouse and kKeyset the user can

indicate position ana type any character, 1o |

lne mouse and keyset are not difficult to learn to use, A novice
need not use the Keyset at first. 7Together the mouse ana keyset are
. efticient, comfortaple, interactive tools for long sessions of
eaiting and manipulation. e

5,0 SUMMARY AND CONCLUSION 8

capability can be produced with a selling price of less than §10,000,
inis low cost is possible through the use of emerging video
technology. Moverover, the terminal meets general requirements for a

|
|
I
we estimate that the complete terminal witn both text and graphics {
practical computer workstation., I
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Absolute Reguirements

The system system supports text entry using & Datamedia keyboara which
is & standard typewriter kKeyboard,

The system supports the viewing of text being entered in the form in
which it 1s viewed by the system, kmbedded formatting colmands Known
as directives are easily recognlizaple by the user., Ihey are aiways
surrounded by aelimiters that are unlque and may be selecteed by the
user, For example, ,1gL=0n; .Ybs; .lgu=Uff; 1s & directive witn Lhe
delimiters ".," and ";".

Kequired spaces petween such logilcal unlts as Mr, ana Jones can be
supported so that lines ena at loglcal breakpoints. a Single
character can be inserted petween Mr. and Jones soO that at the time of
printing, 1t will be translated into a space and the Two words will
not be on separate lines. woradas with hyphens with not be broken so
that ‘them system ensures that lines end atl logilcal break points,

Upper and lower case characters are suppcrted, All the characters of
the ASCIl character sel are suppoOrted,.

Lrrors detected immediately after input are easily correctedg. Both
single characters and words may be deleted immediately atter input by
typing either the Back Space Word Key or the back Space key, when the
back Space wora key 1s usea, the system backs up through the worda to
the last non=printing character,

1he system supports the printing or documents up Lo 13 inChes wiace o
racilitate the printing of speclal forms.

Cnaracter, word and phrase unaerlining will be supported.

Horizontal tapulation iIs supported for indentation and pade
formatting.

Automatic pagination and page numbering of at least four djgits 1s
presently supportea,

fhe user can adjust the spacing of a draft to pe eltner single spaced
or douole spaced, Ftor the final copy, the user can adjust the spacing
to be anythling sne chooses, Margin settings and tab settipngs can also
be aa)ustea for the tinal Copy.

By use of directives (Grab, Widow, and Ptit) page breaks within
sections of text can ove prevented,

By the use of the subsystem XTAbLE, an operator nas the abjlity to
decimally align numeric columns, right justity and left Justity
columns as desirea.

with tne use of airectives (PES, ¥FBS, PEL, PbL) the user can torce as
new page at any point.

Directives can be insertea so that page and line layout Ot a document
are the same regaraless of the outpul device used,

There is a nyphenatlon dictionary that will automatically nyphenate
wWOrds when aeslred, Ihis aictionary can be adaed Lo by the user.,

The system supports tne Courier 72 typeiface and a plitch of 10

. characters per inch.
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Fredetinea formats already exist and can ve edasily modifieg to
accomoadate classes of documents with other specific formats,
The system has the commands, Insert, Lelete, Keplace, Move and Copy
for woras, lext, Statements, planches, danda GIOUpsS. Ihis provides the
. apility to ada, delete, replace, move and copy woras, phridses and
sections ot text,
Global scans and substitutions can be performed on all or part of a
manual to find all occurrences of a character, wora or pnrase.
pParagraphs or sections are automatically numbered and remnymberea Lo
SixXty four levels,
Text (either entire documents ol selectea segments) thal exjists 1in
other documents beinyg maintanead by the system Ccan €easily be ;
incorporatea into the document being worked on, both the text belng
worked on and the text being coplea can be viewed simultaneously by
the user,
Storing and retreiving text can be easily pertormea by the pperalor,
1t an attempt is made Lo name & new document with a name ajresady oelng
used, the system reports this to the user, Names of agocuments can be
orginated or changed easlly at the keyopoard,
Space allocation for gocument storage is handlea by the 1Ups20
operating system,
All text that has been chaged since a particuldar prior versjon can pe
flaggea with any character the user chooses to place in eltner margin.
The user can also nave the chaged statements marked with tpe name ot
the person that made the change, or with the aate or time of the last
change. A cumulative count of all the changes can be aultomstically
Kept, Ihe user can also chose Lo print only tnose parts tphat had
changes made to them,
Ine user can specity that only parts of a cocument pe printed.
The system has the capaibility of archiving and retreiving gocuments,
. geleting documents., 1he space that 1s released by Lhese pProCeaures 1s
reusuanle,
Searches can be made by the user for both onlin€é aocuments and those
that nave peen stored otiline, IThose that were transfered to oftline
storage can be easily reloaaded onto tne system,
For eacn online document, the system proviaes tne name that tne user
nas cnosen to give it, the owner, the entry date, and online storage
location., 1ln addition retention duration can e sel py CLhe system
administrator, and a particular document can be marked Lo remain
online permanently. Uffline storage storage of a aocument js readily
available. All of this information can easily ve placea in a report
which can pbe sorted on any one of the items.
Audit and Control Funtional Reqgulirenents= hApsolute
lhe system does dally incremntal dumps which will ala 1n Che recovery
it a document 1s erroneously updated or prematurely erased, or if the
Icording medium is gamaged or destroyeaq.
Tne systems allows a user Lo protect his confidentlisl aoCuments DY
setting protection to prohipit unauthorized reading, updating or
deletiny of tne ctext,
Pertormance Keguirements=Absolute
Ihe system today can easily nandle the 1981 volume projectjon ot <00V
initial system and 1500 keyboardea pages (<o lines Lo & page) Quring a
14 hour day,
The system can easily provide a compination 5 million characters ot
on=-line storage and lu0 million characters of archival storage.
' Ihe system can simultaneously support at least 12 online terminals.
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lhe mecnanism for software restoral exists the the 1TUPS4VU operating
system,

Ihe system avallablity from 7:30 A.M. to Midnight on workipng days will
depend on the CMB operators running the TUPSZ0 operating system on the
LEC machines,

Interftace Reguirements~Apsolute

1he system can provide the ability to convert the lbBM Mag Card 1l
cards into a format suitable fol maintenance on the system,

Financial Control Functional Requirements

It i5 understood there are no known Financial Control functjonal
requirments,

Special Reguirements

ine system is presently being used by typlists/secretaries,

We presently have a well developea training program, coverjing all
aspects of document entry, editing, storage, retrieval, print
scheduling, optional teatures and eftficiency, In addition continual
training and adaitional materials can be supplliea,

The system does not provide for continuous data entry even if all
other components ot the system are down.

By using a Diablo printer, the system has the ablilily Lo Produce
high=guality printed output,

inrough the operating system, 10PS20, tne system can assidn a print
priority to output documents anc faclilitate an express printing
facility.

ine system will maintain statistics detailing tne logon/logoft CimEs,
number of keystokes per user between any two points specitfjed by Lhe
user.,

Deslired ana Conditional Regquirements

Ihe system presently allows an author/operator to detine a8 phrase ana
assign 1t an abbreviation which would result 1n the entire phrase
peing output wen the document is printed, 1his can be done through
the use of directives or with tne Substitute commana,

The system can support the following characters: ongle brackents,
slash, square orackets, braces, slashes, and tilde., 1t capnot support
a pullet, the English pouna sign, the plus and minus as One character,
the division sign or the fraction one halt. The system 1S pased on
tne ASClLl cnaracter set,

Ihe system can support documents up to 15 inches wlge,

ihe systewm can assign a starting page numper to any page 1p a
document,

Ine system can asslign qualified page numbers that aliow tor the
insertion of pages into existing gocuments, maintaining page NumMbDEr
correctness,

With the use Oof directives, it 1s possible to inalcate that a specific
amount of blank space ve proviced at a particular point 1in a gocument,
The system can automatically generate a laple ot Contents, supplylng
up=to-date page number references foI section and subseclion headlngs.
Ine system can automatically generate predefined page headjnygs and
footings at the beginning of a document, tnhat will continue throughout
an entire document, At any peolint in the document, Lhe uSeér can make a
change to the heading that will effect all subsequent headings.

The system Can provide for overstrikes as an extra cost optjon. Inis
is an extension to the uncderlining capability.

Ine footnote capability can be providea as an extra cost option.

The index generation capability can be proviaed as an exlra Ccost
option. [he autnhor must ldentity each instance of the words to be
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indexed,

Ine system has the capability to sort various flelds in a gocument
according to several sort-keys. AS an extre cost option the particular
sorting mechanism that Cikb deslres can pe proviaed.

Tne system can presently support up=-to=-date inaoirect reterencing d&s
long as the reference is made to some preceding part ot the document,
witn tne use of the airective 1GText, the system provides tne abllity
to maintain optionally printea text within a dgocument, whep the
document 1s printed in f£inal copy, this optional text will not be
printea,

By using the Diaoplo printer, the user can insert various type wheels
for multiple type taces and sizes, ihe Diablo alsoc allows tor 10 or
12 pitcn type.

As an extra cost option tnhe system can support rignt justifjcation.
Ihe system 1s presently able to print output on a seguence of
preprinted forms witnout manual intervention,

As an extra cost option the system can support superscripts and
Subscripts.,

ine system 1s presently able to support a "DAIL" parameter which
supplies the current date on the output document when this paramenter
is encountered on ingput,

Using the command Process Commands, the system execules & preaetineag
series of commands which can includge Lhe 1lnsertion of some gdeifineag
text.

lhe system provides the user with the capabllity of printing only
those paragraphs that have been chanded since a certlan aate, or only
those paragraphs that have been changed by & specific author. 1Ine
user aiso has the option of printing out only some of Lhe psJdes 1n a
document,

ASs an extra cost option the ability to generate trace statjstics
regarding the use of system components can be provided. 1Tnis will
enable the user to detect if an inordinate amount of the system’s
resources is being spent on a particular acitivty.

The system presently archives those docunents wneich have npot be
accessed (eltner tor reading or for writing) tor a speciflea pe€rioa ot
time, and this time perioa may be variea by the system admjpnistrator,
lhe system provides the user with the following information about any
document: length, date ot last upgate, 1f the document 15 jin Ltne
process of being moadified at that time, the person who last updated,
and date of original creation,

Ihe system always Keeps two versions of a particular dgocument online
which allows the user to pback off to the prior version if an upaate
was applied by mistake. 1ihis back off 1s possible even 1i the new
version has been printed.

The system presently supports dial terminals which facilitates tne
sharing of terminals and the use of currently avallable terminals.
lhe system allows the user to increase the number of woras printea on
a page by adjusting the margins ana by reducing the space petween Lhe
printea lines,

lne Test Processing capablility proposed here 1is only one system so Che
proolem of multiple systems is not appicaple,

Ine system has & message sending Capabllily wnich allows a user to
correspond witn the operator as well as other users, 7There 1is also a
linking capapbility which allows users Co have a dlalogue wjith the
operator and other users, Wwhen the user types at & terminal, the
person linked to will immediately see Lhe same thing at recelving
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terminal. It is also possible to suppress this linking optjon during
printing operations,

Ihe system is not "line numbered" orientea, put each paradrapn ndas a
static number that 1s associated with 1t througnout the edjt

. operation,
CUSIS (one person month costs §10,000,)
Apsolute Reguirements
' #*+ (Character, word and phrase underlining must be supported.
Underlining can pe implemented in the output processor witn about
one person month eftort,
Audit ana Control kuntional Requirements=- Apsolute
pertormance Reguirements-Apsolute
Intertace Reguirements=-Absolute
Financial Control Functional KReguirements
opeclal Reguirements
#%+ [ne system mustL maintain statistics, by operator, detalling the
\/ logon/logoff times, number of keystokKes (per session, per document),
V' documents accessea and type of activity (initial entry or revision).
A mechanism to count and report the number of kKeystrokes Dbelween
any two points indicatea by the user can be implementeég with one
halt person month of ettort, Logon and logoff time are jisted by
the system on the operators console, and the time usead jin a
session 1s displayea to the user at logoft time,
Desired and Concitional Requirements
¥+ The system will have to be modifiea to allow for overstrikes,
{ Inis is the same moditication that must be aone for underlining.
(i) ‘EL- Ine provision of overstrikes will require an additionaj one halt
person montn of effort beyond the underline implementatjon.
__— %% 1Ine system 1s presently able to do a limitea amount of
manipulation with tootnotes, with some modification, adajtional
‘ tootnote capapilities can be added.
| iheincorporation of footnote capablility 1lnto Lhe output Processor
1s a one person month effort,
— —— %% 1ITne system must automatically generate an autnhor ideptified
keyword index, supplying up=-to=-date page number reterences for each
Keyword,
(é}\ }E;’ Ine provision of an indexing capability in the oulpul procCessor
A7, is a one half person month effort,
. ¥% Ine system has the capability to sort various tielas in a
document according Lo the sort-Key a8 user speclilfles.
(g) )E/_ Ine provision ot the particular sorting mecnanisms desjred by Cwb
will require one half person month of effort,
s ¥+ lhe system must be moditied in order to pe able to support rignht
Justification.,
o k Ine provision of full justitication will requlire one person month
of effort,
% wWith some modification, the system will pe able Lo suypport
superscripts and subscripts.
A &z Subscript ana supel script capabllity for tne alablo terminal only
ké} Z— can be providea with one half person month effort veyond the
‘fi—___,ﬂ_ overstrike implementation.
#%# [he abillity to generate statistics regarding the use of system
components is aesired, 1nis wlll enable tne user to aetect 1f an
inorainate amount of the system’s resources 1s being spent on a
)/ particular acitivty, such as local printing, index generation,
’ 1 command seguences causing multiple passes over the text ok a

(?3////@u§?c O€4' f
;// ’é + 4% = G wmes = 160 Kk
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NIC [Jake Feinler).pBS;

‘ General

Ihe ARPANET Network Intormation Center (NIC) is locateg at the SEI
Augmentation Research Center. It is funded under a DCa contract,
and staffed by Jake Feinler, Johanna Landsbergen, and Adrian
McGinnis. This year, we have added a new staff member, Ken
Harrenstien (KLH), formerly at MIT=-Al where he was actjve in
desianing the mail systems, OMAIL and COMSAT, He will be
assisting the NIC with its programming.

Ine NIC wears several hats with respect to ARC and KWAC, Wwe are
Utility customers and use NLS to produce the ARPANET Kesource
Handbook the ARPANET Directory, and the ARPANET Protocol Handabook.
We also use NLS to maintain the ldentfile and the NIC/Query data
pase online. We are members of ARC and contribute to the general
research etfort, and we provide NIC services to all of the Utility
customers who are also ARPANET users (which is most ot you).

Memlist

Ihe NIC attempts to make its programming general enough to be of

use to KWAC members. We have produced a subsystem called MEMLIST

which is capable of producing many Kinds of formatted directory

listings from the ldentfile. It can make 1listings by qroup or

groups of groups, can merge serveral groups and remove the

duplicates, and can sort by several parameters such as group 1id,
. individual’s last name, organization, mailbox, zip code, etc.

Listings can be output as NLS files, sequential files, COM files
(not finished yet), and labels., We still have some work to do on
this, but will be glad to show it to you and hope to eyventually
make it an NLS subsystem,

IDENTF ILE

we have done extensive ‘clean~up’ on the Identfile and encourage
all of you to check the entries for individuals at your facilities
ana let FEEDBACK know of changes.

CUMPUTER=PATHWAYS,PBS?

Ine NIC maintains the Ufficial ARPANET HostName Table, and serves
as coordinator for the Network Liaison Group. Recently we put
together a table for DCA callea
LUFFICE~1]l<netinfo>Computer~-Pathways which attempts to jdentify
nost compuers and the various other computers connecteg to each
host, Ihe taple also gives the operating system of each computer
when kKnown. Hard copies of the table are avallable or you may
copy the online file,

The table is not finalized, and we would appreciate feegdback on
whether the table is useful and the data correct, (Comments to
‘ FEINLERBUFF LCE=1)
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RESOURCE HANDBOOUK

Ine 1976 Resource Handobook is being printed now. Coples will be
sent to the Liaison for each host on the network, and jt will also
be deposited at NTIS. Wwe regret that we were unapble to print a
copy for each ARPANET user; however, there are a limited number of
extra copies., KWAC members with an interest in receiving a copy

snould contact FEINLEREOFFICE=1,

1he NIC looks forward to workind with many of you in the cofing year
to provide information describing services and resources availaole on

the ARPANET.
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‘ NSw Project Status Report

Introguction

This is the last monthly report on SkI®'s National Software Works
contract effort (Contract nNumber: F30002-75-C=0320). 1This report
brietly summarizZzes each months events, describes the work and status Ot
each ot the items 1n the contract statement of work (SOUW), ana lists

the reports required,
summary

July
WM=NLS file interaction design document was proauced (26222,).

August

NLS B.5 was macge avallable for experimental use at 1SiD.

A Copbol Uutput system was completed.

Ine tirst version of the Frontend in a character at a time, new tool,

tenex versions was tested.

September

ine version of the Frontend in a character at a time, old tpol, tenex

versions was tested,
uctober

Ihe report of the ident system was completed (26669,).

NOovember

Ihe major event of Novemb€r was our participation in the demonstration
of the parts of tne National Software Works completed to date, held at
Gunter AFS, Montagomery, Alabama, November 17-19, 1975.

was integrated with the Works Manager File
The stand alone version of the PDP-11 Frontend
The LSI~11 processor arrived

Ine NLS Base subsvstenm
system on 31=Uct=75,
was successfully tested 20-Nov=75.
24=Nov=T5,
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.Uecemoer

inis montn we participated in a meeting held at CUMPASS to discuss the
MSG=3 protocol on 15« & lo=-Dec=75.

Ine Programs subsystem integration into NLS 9.0 was completed.

lhe first proofs of mixed text and line drawings were recejved from
George Litnograph on l1Z=bec=75,

Janudary

Un 8=Jan-76 we tested the CL1-11 under the ELF operating svstem on the
PUP=11 for the first time (we had previously tested the CLI-11 in a
stand alone mode).

The Hyphenation feature in the Uutput Processor was installed in NLS
8,5 at 15iC.

lhe set of papers on the Distributed Programming System was completed
and maae avallaole,

repruary

Began to use a version of ELF that nhas the NCP and Telnel in distinct
. agaress spaces.

Hosted a visit from the System Design Laboratory (SDL) grouyp of the
Naval Electronics Laboratory Center (NELC) to discuss SRLI=arC’s NSW
work ana NLS in general.

Made the revisea Graphics subsystem availapble to NLS 8.5 users,
March

NLS B.5 was made the standard system at Office~1 and BBNB.
"Frontend Communication Conventions (27719,) were documented.

Ihe M5G=3 intertace to the CLl1 was implemented anc 1s ready to test
against BBN M5G=3 implementation. 1he PCPBB translation was
implemented.

Design of a Telnet=FE and a Input/0utput Station (10S) was bequn.

Conversion of user subsystems including the Calculator subsystem was
startea,
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Attended the ADR ELF software demonstration at Gunter AFS 25- &
20=reb=/6.

April

Ihe MSG~3 ana PCPBS interface to the CLI was successfully tested with
the works Manager and MSG-3 implementation on BBNB Tenex. Features
for tool controlled switching of grammars were implementea, This
permits a tool composed of subsystems (e€.9., NLS) to switch the
grammar as the user switches petween subsystems.

A gesian report on the Telnet=FE plan was distripbuted to Nsw
participants (see==27900,).

A design report on the 10S plan was distributed to NSw participants
(see==27899,).

ine intertace petween Graphics and Qutput to COM was completed., 1Two
features were aaded to the Graphics system to aid the preparation of
viewgraphs. OUne turns the margin lines oft and the other overwrites
the drasing a4t a slight otfset to produce darker images on the copy
printer.,

lhe Uutput Processor code was revised for the new L10 compjler. That
code was checkea out in the NLS 9.0 environment. That is, tne Output
. Processor runs in NLS 9.0, incluoina output to CUM,

Additional experimentation with the LSI=11 indicates that the
processor is too slow to allow the luxury of high level proagramming
languages, The line processor program was recoded in PALl1X.

ARC hosted a visit by the Systems Design Laboratory (SDL) team from
NELC on Z1= & 22-Apr=7b.
May

Ihe MSG=3 and PCPBB intertace to the CL1 was successfully tested with
the Foreman/kncapsulator and 0Old lools (TECO) and MSG-3 impiementation
on BBNB Tenex.

Ine effort to debug the display version of NLS 9 in conjuctijon with
the display features of the CLl1 was completed for the single window
(no grapnhics) version.

Error reporting standards were adopted (see-=28074,).
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lhe stand alone version of the debudger was made available to ARC
programmers.

Jim white and Jon Postel attended the perkeley workshop on pistributed
Data Management ana Computer NeLworks arranged by Lawrence gerkeley
Laporatorv. Jim made a presentation on the Distributed Proaramming
System, Jon made presentations on the CLI/CML user intertace and on
the Frontend/backend split environment,

Austin denderson of BbBN visted ARC to dliscuss the use of the CLI/CML
techniques in the design of a mail processing system,

June

Ihe Do All Depbugger (DAD) is now in use by ARC programmers with a
signiticant improvement in debugglina capablility and programmer
productivity.

Ine ARC Documentation group nas begun a review of NLS 9,0 to identity
inconsistencies between NLS 9.0 and NLS 8.5 and the documentation.

Ihe ELF MSG=3 i1mplementation was beaun.

Ine LSI=11 line process prototype design work has determined that the
LSi=11 is not adaquate tor the task, we are now investigating the
Intel BUBVU processor,

A review of tne NLS 9,0 code source files 1s under way to improve the
documentation.

A review ot the preliminary NSw Exec Command Language was made fOor
consistency with the capabilities of the CLI and CML. The result of
the review 1s (28210,).
A new PROM card was preparea and sent to Gunter for the PLpe-ll,

July

Ine NLS subsystems Modify, User Uptions, and Publish were converted to
NLS Y.

1ne conversion of tne Graphics subsystem to NLS 9 was begun.
Ihe "etxperimental Graphics User’s Guide" (34907,) was publijshed,

Ihe proposed procedure for Frontend=I1col communication via MSG airect
connections was documentea (28409,).
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. Ine integration of NLS and NSw sutfered a setback (28474,).

August
The 10 statlon was made avalilavle to NELC and Gunter,

A User Profile Users® Guide (28554,) ana vata Structure Specitication
(28553,) were completed.

we are proceeding as directed (see=-36513,) to implement a FE~11 BE=-10
version ot NLS 9, indepenadent of NSw but using the same pIotocols
where possible, with the intent of providing a aemonstration of the
10=11 split system at the earliest possible date, Wwe are also
proceedinag with developments on the PDP=11 to interface with the NSW
protocols as they become defined.

Septemper
"minimum Frontend Specification" (28672,) was published,

Testing of the PLP-11 Frontend witn the PUP~10 Backend proceeded to
the point that commands specified at PDP=-11 user intertace were
carried out on the PLP=10, and results were displaved to the user at

the PLP=11.

lhe 1/0 station compatible Receiver Spooler progqram in Tenex was maae
’ davailaple tor experimental use.

Uctoper

Subset of MSG on the PUP=-11 for Frontend=NLS Backend 11 communication,

Jur wOrK nas been seriously hampered by the reduction of our computer
resources.

November

FE=10 to 1ool communjcation using the latest conventions was tested.
parse functions tor filename tillout written,

viaeo terminal testeéd witnh o4 lines by 80 characters in teletype
simulation mode,

Qur work continues to be hampered by Poor computer support, Our work
is also delayed due to partially moving our computer support to ISiD,

a TOPS 20 system.
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‘Uecemnex

In this final month of the contract we brought many tasks to
completion and perparea the remaining documentation called for in the
contract, The documentation completed includes the followina:

An Introdiction to the Frontend (28743,)

A Guide to the Command Meta Languaqge and the Command Meta [anguage
(28744,)

Frontend System Documentation (27845,)

Frontend prodgram Documentation (28981,)

Debugger Program Documentation (28982,)

NLS Program Documentation (289Y83,)

Ihe design of a Network Hardcopy Facility (28987,) i
Frontend Performance Analysis (29025,)

System Configurations for Interactive Tools (29045,)
Command Sequence Processor Design Specification (29046,)

Statement of work

4.1 Ine contractor shall install and maintain the VM ELF Uperating

System on the PDP-11s at AFDSDC and RADC, The software shal]l include

the MSG-3 interprocess communication protocols developed by Computer

Associates (CUMPASS) under contract F30602-76-C-0094. The AFDSDC

software shall also include the software developed by Applied Data
.Reseaxcn (ADR) under contract r30602-75-C=0219,

Ine PDP=11 at AFDSDC nhas been using ELF operationally since 18=Aug=75.
we are devoting additional attention to the ELF operating system to
lmprove its reliabllity and to understana and incorporate software
provided oy Applied Data Research. Found and fixed a bug in the ELF
system #hich resulted in a sidgnificant improvement in system
reliapvility (21=Jdan~7c). Brought up a version ot ELF with NCP and
Telnet in separate adaress spaces (ll-Feb=76), Wwe are walting ftor
information apout the PDP-11 system at RADC, Wwe prepared a new PROM
bootstrap program card for the Gunter PDP=-11., This was necessary daue
Lo changes in the IMP-HosSt protocol by BBN (20=Jun=76). Wwe are now
using & subset of MSG-11l 1mplementation to communicate betyeen the
rrontena on the PDP-11 and processes on the PDP-10 (1=Nov=76).

Input/0utput Station (10S): ARC 1s designing a mechanism to support

the use of peripheral devices for the input and output of gata to and
trom the WSW. The 1US will be centered on a PDP=11 ELF system which

coula simultaneously support & lelnet=Fet or a CLI-FE,

A design report on the 1l0US plan was distributed to NSW participants
(see==27899,) 17=Apr=J6., The 1lUS C€oding began 28=May=76. The 108
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PDP=11 code was in the debuqging stage (20-June=76). The 10S 1is
nearly complete (see=-28465,) (29-Jul=76). A preliminary version of
the IUS was released to the SDL group at NELC on Aug. 4, 1976 and to
Gunter AFB on Aug. 20, 1976. 1he system 1s in daily use py NELC to
transfer tape and card tiles (2-Sept=76). WOrk 15 proceeding on
development of a lemporary Tenex Receiver Spooler tor thijs system,
and also on implementation documentation (z2=Sept=76)., Tenex
Receiver Spooler is available at Office=1 and SRI=AIC (7-pct=76).
Card reader bugs and network connection bugs were discovered and
corrected (l1=nNov=J]6). ULebugging continues (l=Jan=77).

4,2 Ine contractor shall install and maintain the Frontend (FE)
software on the 15IC PDP-10X at Information Sciences Institute, Marine
del Rey, CA and the PDP=11s at ArDSDC and RADC. 1The FE software
incluaes the CLl, CML ana L10, 1he CL1 shall run on both the PLDP=10X
and the PDP=11. The CML and L10 compilers shall run on the pDP=10X
witnhin the NLS environment.

lhe Tenex version of the CL1 (baseéd on MSG=1) was debugdged for new
tools (15=-Aug=75) and for old tools (1-Sep=75). A PDP=-11 version of
the CLL (single user, without network communication) has been debugged
on the PDP=11 under the ELF operating system (8-Jan=76) (see==27287,).
Ine PDP=-10 version ot the CL1 was changed to use the compacted form of
grammars (15=-Jan=76), the PDP=10 and PDP~11 versions of the CL1 are
now compatible, The CML compiler is working at ISIC as is the L10
compiler.,

Ine Frontend Communications Conventions were documented (See==27719,)
(10=-Mar=76). The CL1 was configured to use the MSG=3 protocol for
communication and is ready for testing as soon as the MSG-3
implementation becomes available, The PCPB8 translation was
implemented. The MSG-=3 and PCPBB8 interface was successfully tested
with the works Manager and MSG=3 implementation on BBNB Tenex
(23=Apr=J/o). Features for tool controlled switching of grammars were
implemented: this permits a tool composed of subsystems (e_.a., NLS) to
switcn the grammar as the user switches between subsystems
(30=Apr=7/6). 1The CLl1 was successfully tested with old tools and MSG=3
(¢8=May=76). Additional parse functions were implemented to provide
for the recognition of selection entities (e.g., branch, plex)
(21=May=76). Improvements were made to the CML Compiler (1g=May=76).
Error conventions were adopted for reporting errors arisinag in the
packend or other NSW components (see=-28074,) (28-May=76).

ine Ft Tool Suppliers Manual is in progress (28-May-76). Bedgan
implementation Of MSG=3 on the PDP=11 (15-Jun~76). The copversion to
use MS5G=3 direct connections for old tools (instead of Pseygo Telnet)
was started (15-Jun=76). Ihe ARC Documentation group is reviewing NLS
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9.0 for consistency with NLS 8.5 ano the documentation. Tnis review
has pointed out several bugs in tne NLS 9.0 grammar and several
inconsistencies in tne CLI (20-Jun=76b)., We also reviewead the
Preliminary NSw Exec Command Language memo tor compatibility and
consistency with the CLl1 and CML. 1The result of this review 1s
(28210,) (9=Jun=76), The communication mechanism to connect old tools
and the Frontend is in debuaging, this mechanism is aesigned to allow
the use of a grammar with an old tool (23=Jul=jo). A memo was
distrioutea on the scenario tor use of MSG direct connection for
FE=100l communication (see=-=28409,) (21=Jul=76). A small debugger was
created to aid in depbugging the PDP=-11 version of the CLI
(see==28450,) (30-Jul-7b).

A PDP=11 version of MSG3 is being designed ana implemented
(2-Sept=76). The MSG3=-local process intertace has been specified
(see==28612,) (2=Sept=76). ICP to the well=known MSG soCket has been
tested to 1SIC, but no MSG=MSG commands have been exchandeég
(2=Sept=76). Direct network connections have been establisned to an
NLS BE on the PDP=10 using ICP to an NLS Dispatcher (2-Sept-76), The
CLl=11 and MSG=11 interface is currently being tested on the PDLP-11
using ARC‘s PDP=11 DDI (2-Sept=-/6). The CLI-11 has successfully sent
ana received calls from an NLS BE using raw network connectjons
estaolisned by MSG=11 (5-0Uct=-76). Wwe are currently implementing
MSG=MSG commands to set up and synchronize paths and negotjate for MSG
direct connections (5-0ct=76).

Continued work on MSG=MSG commands for path synchronization, MSG
messages, and direct connection establishment (1-Nov=76). will soon
attempt cross-net debugging with an MSG3=-10 (1=-Nov=76), Currently
debugging the PDP=-10 Frontend usinag MSG=3 telnet connections for old
tools. Previously this was done in an ad hoc manner without MSG=3
(l=Nov=76). Bug fixes and improvements have been made on the
operating NSw system (l=Nov=76). Implemented latest NSW tool start up
and termination conventions on the PDP=-10 Frontend (13-Dec-76). Have
pegun to determine how to implement looping in the Frontengd
(l3=-vec~/o).

ihe following documentation on the Frontend is now being wrjitten: Cthe
first draft ot "An Introduction to the NSw Frontend" has been
completed, the tirst draft of "Guilde to the Command Meta Language
(CML) and Command Language Interface (CLI)" nas been completed, and
the tirst dratt of CML and CLI System Documentation is in progress
(13=-Dec~76).

Ihe new Frontend nas been tested with the new kForeman and the new
WOIKS Manager; we have successfully run a Lool and terminated 1t
(20=dan=1717).
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. ADDITLONAL WURK ==

lelnet=FE: ARC is designing a modification to Telnet that will allow
a simple fFrontend to communicate directly with old tools as well as
the NSW works Manager.

A design report on the lelnet~-FE plan was aistributed to NSk
participants (see==27900,) (17=Apr=-ie6).

we are planning to prepare a specification document for tne krontend
that specifies interface between the Frontend, the rest of NSW, and
the functional capabilities necessary in a fFrontend, The Frontend
Specification document is 1n progress (30=Jul=7o). The gocument,
"Minimum Frontend Specification" (28672,), has been written and
published (7=Uct=l6).

4,3 Using the software items in 4.1 and 4.2 the contractor shall
provide the software necessary to support 20 simultaneous uUsers,
employing a mix of the tollowing classes of terminal:

4.3.1 dalf auplex line-at-a~time via 1TIP to PDP=10X only,
Has pbeen tested.
4,3,2 Full auplex character-at-a~-time,

works for opoth new (15=Aug=75) and old (1=Sep=75) tools on tenex., Ilhe
PDP=11 version has pbeen debugged in a single user version integrated
with the bELF operatina system for the PDP-11 (8-Jan=76).

4,3.3 lwo=dimensional CKT terminal using the line processor,

vulsplay code for single window (no line drawings) use is now debugged
for tne lenex version of the Frontend (28~May=76). Multiple windows
now WOrkK (20-Jun=76),., Wwork is in prodress on line darawing graphics
teatures, Line drawing features complete (7-0Oct=76). Code to provide
the same capabilities (multiple winoows, line drawings, etc.) 1s being
debugged for the PDP=11 Frontend (7-0Oct=76). DLisplay module has been
debugged to a certain extent, and is being integrated into the PLP-11
CLl and aevuguyed in that configuration (1=Nov=76).

4,3.4 VDeterea txecutlon (DEX) cassette tape recorders (cassette program
only on the pPLDP=10X),

Ihe cassette program has been revised. This program is ready to be
installed as an NSwW tool.
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4.4 The contractor shall develop, install and maintain software to the
allow the user to easily express executeable command sequencesS for NSW
Works Manager (wM) and tools. This ’macro’ capability shall incluage
conditional statements and the apility to prompt the user for input,

some initial desian has vbeen donhe (Z8-May=76). We revieweq the |
comments sent by Gil Meyers of the SDL project at NELC on gesirable |
macro capavbilities (20-Jun=/6). Adaitional design woIk has been
done==in the process of tinalizing the design, but nothing nas been
implemented as yet (2=-Sept=76). FRough draft of User Specifjications is
peing written (l=Nov=76). beaginninag work on the Command Sequence
System desian (l=Nov=7b6).

4.5 Using the software in items 4.1 thru 4.4 the contractor shall
install and maintain the tollowing NLS subsystems as tools within the
NSw environment:

4.5.1 Base,

fne combination of NLS 9.0 Base, the CLI-10, and communicatjon using
the MSG=1 protocol has worked since 1=Sep=75 on a single Tenex. The
Base sybsystem of NLS was integrated with the Works Manager File
System on 31-Uct=75 in spite of an ever changing target, rhe
evolution of the works Manager File System may cause this task to
pecome undone.

1nis task has become UNDUNE (see==27231,)!

Aaditional work on interfacing to the rest of NSW will be requirea
when MSG=3 or the Foreman becomes available., Wwork 1is also necessary
to incorporate some form of identification system for statement
signatures (see item 4,06).

ine display code has been debugged, except for the multi=-window ana
graphics features (28=May-76). Moaifications have been made to allow
use of the NLS 8 identfile with NLS 9 (28~-May=76). Some Checking has
been done to verity tne consistency of user features pbetween NLS 8 and
NLS 9 (28=May=76). Conventions were adopted for the reporting of
errors from the Backend to the Frontend (Z28-May=76). The AgC
Documentation group began a thorouah review of the NLS 9.0 command
language and command behavior for consistency with NLS 8.5 and with
the NLS documentation. 7Tnis review also revealed a number of minor
bugs (20=Jun=J/o). Muliti=window display functions are now operational
(40=Jun=ib).

The design of viewspec display implementation was completeq ana the
Frontend work #as done (2-Sept=/6). Code to communicate with the

10
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rrontend via direct message connect was put in, but it cannpot be
tested untlil Foreman is there to open the connection (Z=Sept=/6).
MS5G=3 protocol intertace to the NLS bBackend was implemented
(2=Sept=76). Continued fixing bugs in rest of NLS 9 Base (5=Uct=76).
Parse functions to allow filename fillout have been writtep
(l3=Dec=16).

4.5.2 Userprograms,

IThis task nas been initiated, 7The first userprogram to be worked on
1s the Modify Subsystem (28=May=76). The Modify subsystem is
partially debugged and work has bequn on the Publish subsystem
(20=~Jun=70). bBotn Modify and Publish have been completea (30~-Jul=76).
inese subsystems nave been debugged: Useroptions, Programs, and
Calculator (2-Sept=J76). These subsystems have peen converted but not
debugged: Format and AFM Format (2-Sept-76). Calculator, modify, and
Programs have been tested (l1-Uct=76). AFMFOrmat, Format, and Goto
Command nave been partially debugged (l-Uct=70).

A new deslygn for the Syntax Generator subsystem has been
conceptualized and is in the process of being implemented (1=Nov=76).
WorkKk on AFMFormat lable ot Contents command has been stopped until
Seguence problems have been resolved (l=-hNov=76). Began using an
experimental library subsystem to update NLS subsystems as well as NLS
pase (13=Dec=76)., (Note: this was done to synchronize changes in the
NLS grammar and parse functions with subsystem grammars ang parse
functions).

Ine Senamail system nas been prought up and is running (20-jan=77).
4.5.3 Help,

work is completed on the conversion of the nelp subsystem from NLS 8,5
to NLS 9.0 environment, In NSW, the Help subsystem becomes a separate
tool. Debuaging the display version of Help revealed probjiems in the
sequence generator that make it impossible to run, therefore have
pegun Lo rewrite the sequence generator as a co-routine (7-pct=76).
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.4.5.4 Graphics,

pased on user reaction to the experimental system, modifications to
the command language were made and a few new features were sdded,
including the ability to control the style of typetace for )abels and
the type of lines (e.a., dashed, dotted, solid) (1=Apr=-76). The
interface between Graphics and Uutput to CUM is complete (30-Apr=76).
Two features were added to the graphics system to aid in the
preparation of viewgraphs. OUne feature turns the margin lines off and
the other overwrites the drawing at a slight offset to proguce darker
images on the copy printer (30=-Apr=76). An improvement was made to
allow extended lines to include blank or invisible portions
(28=May=76). A user’s manual is in progress, The user mapuyal
"Experimental Graphics User‘’s Guide" (34907,) was publishegd
(30=-Jul=76). Tnhe conversion of the Graphics subsystem to nNiS 9 was
pegun (15-Jul=706).

Ihe coding of grapnhics display routines was begun (2-Sept=76). A good
portion of graphics routines has been debugged (5-0Uct=76). WoOIK 1s
peing done to make commands more efticient oy minimizing traffic
petween Frontend and Backend (l-Nov=76).

4.,5.5 Uutput Processor,

A hyphenation capapility was completed and installed in NLs 8,5
(29=Jan=76), with dictionary manipulation processes and documentation
remaining to be done, Users of NLS 8.5 may use the hyphenation
feature by including the directive .Hyphenate=On; in an NLs file. The
nyphenation procedure depends on a dictionary. 7This month we have
begun to prepare a complete dictionary. The graphics interface to
George Lithoarapnh (Singer 6000) is being debudged, the tirst proots ot
mixed text and line drawings were received (12-pec=75), Improvements
in the CUM graphics nave been made, including better contrpl over line
intensity. Improvements in the CUM text have been made, lincluding a
more accurate computation of character widths which tends to reduce
the white space left between words in fully justified text,

[he Output Processor code has been revised for the new L1V compiler.
That code has been checked out in the NLS 9.0 environment, That is,
the Uutput Processor runs in NLS 9.0, including output to COM
(3U=Apr=Jo).

12
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.4.5.0 Programs,

Ine programs subsystem (and the L10 compiler) is intergratea into NLS
9.0 (31=Dec=175).

4.5.7 User Uptions,

Ihe user options supbsystem iIs split into two parts in NSW., OUne part
functions to set user profile characteristics acted on by the
Frontend; this part becomes a separate tool. The other part manages
user options assocliated with NLS, and it will pe integrated with the
NLS 9.0. work has pbeen completed on determining which of the existing
tunctions to implement 1n each part of the new user options tools
(l=Nov=75). 1Ihe Frontend related user protile tool is completed
(l-vec=/5). Ihe Backend related user options subsystem is completed
(l=Jan=75). WoIK is now suspended pending the inplementation of NSW
interprocess communication system (MSG=3) and the features in the CLI1.
Unly a small amount ot adaditional work is necessary. Ihe Backend User
Uptions subsystem is completely converted to NLS 9 (30-Jul-76), 1he
final version of the document "Userprofile Data Structure
Specification" (28553,) and the draft of "Userprofile User‘’s Guide"
(28554,) were completed (19=Aug=76).

4.5.8 Caculator,

Ine conversion Of the calculator and other user subsystems to NLS 9,0
was started in April. (See 4.5.2)

4,5.9 and Interactive pebuager,

WOIK on the depugger was started 29-0Uct=-74, The stand alone version
of the interactive Frontend=-backend split multi-process depugger was
made available to ARC programmers this month, resulting in
substantually 1lmproved prodram testing progress (2l=-Mmay=76). The Do
All Debugaer (DAD) is now in use by all ARC programmers working on NLS
9,0, The availapility of this depugger has significantly improved
productivity (20-Jdun=jo), Dratt of the document "Design angd
Implementation of LDAD, a Multi-Process, Multi-Machine, Multj=-Language,
Interactive Debugger" was completed (<-Sept=76). Development of DAD
continues (Z=Sept=Jo).

Final version of "Uesign ana Implementation of DAD, a Multj-Process,
Multi=#Machine, Multi-pLanguage, Interactive Debugger" was completead and
submitted for consideration to the Hawaiian International Conference
on Systems Support (7-Uct=/6). Fixed bugs shown by use of pAD
(7=Uct=7/o), Started jinitial design work to use DAD for depugaing the
PUP=11 (/=0Oct=70).

"’ 13
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The Frontend of these tools shall run on the I1SIC FUP=10X ang PDP-11.
The Backend of the tools shall run on the 1SIC PDP=-10X.

4.6 lhe contractor shall proviae the NLS ldentification subsystem data
elements to Computer Associates, Wakefield, MA, along with jnterface
specifications necessary to allow the use of the wM ldentification
subsystem by the Sendmail tool. 1The contractor shall identify any
adaitional wM features necessary to allow the send mail too)l to operate
across multiple hosts,

The report was deliverea on 13=Uct=75 (see==260669,).

NUTE: No resbonse has been receivea from Computer Associates, Wwe
must nave information on the form and use Oof the NSW ldentjfication
system tor several tasks, for example: sendmnail and statement
signatures.

4,/ Ine contractor shall mocdlty the Qutput Processor subsystems as
necessary to provide the following documentation proguction
cdapabilities:

4.7/.1 Preparation of documents containing mixed text and line drawings.

ine line arawing program and features have been debugged, but have yel
to poe integrated into NLS 9.0 and NSw. These features are agvailable
Lo users of NLS 8.5 (30=Oct=75). 1Ihe Graphics subsystem has bpeen
integratea into NLS 9.0, and mixed text and graphics documents can be
produced usina NLS 9.0 (31-Dec=76).

4,7.2 Page=py=page formatting and proofing of the above on the
Textronix CRIT.

ine page proofing program and features have been debugged, put nhave
yet to be integrated into NLS 9.0 and NSw, These tfeatures are
available to users of NLS 8.5, The Proof subsystem has beéen
integrated into NLS 9.0, and mixed text and graphics documents can bpe
prooted using NLS 9.0 and the lektronix 4014 CRT (31-bec=76).

4,7.3 Uutput of the above on magnetic tape in a format compatible with
the Singer 6000 and Comp 80 Computer Output to Microfilm (Com) devices.

We have been able to produce text only documents using either of these
devices since l-=Aug=75. We nave produced mixed text and graphics
documents through George Lithograph (Singer ©000) (first on
12-Dec=75), but furtner debugging is necessary. Production of mixed
text and graphics documents via output CUM and processed by George
Lithograph is now a routine and regular procedure (3l-Mar=76). The
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output of virtual CuUM files via the OUutput Processor in NLs 9.0 has
been tested successtully (30-Jul=76). 1The Graphics and Proof
subsystems and tne Uutput Processor have been integrated into NLS 9.0,
and mixed text and graphics cocuments can be produced using NLS 9.0
(3l-Dec~76).

4.8 Ine contractor shall provice on site services at AFDSDC, Gunter AFS
AL Lo assist in applying the NLS tcols to AFDSDC documentatjon and
programming problems,

Wwe have a statt member who spends approximately one tourth time at
AFDSDC ana is otherwise in reqular contact with AFDSDC NSW uysers,

4.9 Ihe contractor shall design and fabricate an advanced development
model ot a work station to support creation and editing of 1ine
arawings and text on commercially available CRTs. 1he contractor shall
use the Digital Eguipment Corp. (DEC) LSI=11 family of modujes to
implement the desian.

1he pnhase one mouse and keyset interface 1s complete, The [Sl-11
processor has been repaired after having been out of service for one
month. Programs written in L1011 can now be compiled and loaded into
the LSI~11. The LSl-11 has now been programmed to act as a line
processor for INLS (1=Apr-7o). Additional experimentation with the
Lsl=11 indicates that the processor is too slow ana too expensive to
allow the luxury of nigh level programming languages. 7The line
processor prodram has been recoded in palllx (30-Apr=i6). o0Our
experience to adate has indicated that the LSI=11 is too Slow, thus we
are investigating the Intel 8080 (20-Jun=76).

Ine prototype 8080 based line processor has been built, basic support
software (assembler, cross=-net loader, debugger) has been implemented,
WOIK 15 under way on the line processor program and the current
program is about at the state where we discontinued work on tne LSi-11
version (30=Jul=76). work 1is continuing on the 8080 based ]ine
processor (2-Sept=jo). TIhe processor is being designed to pe
integratea into the video terminal (2=-Sept=76).

4.10 Reliapility == The contractor shall perform a reliability analysis
and prediction ot the system per MIL-HDBK=217B, dated Septemper 1974,
The results of this analysis shall be submitted to the Government as
part ot tne Interim Keport,

NUlE: It is our understanding that this applies only to the advanced

development model in item 4.9. (We would appreciate a copy of the
specitication.)
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4,11 All computer programs developed under this effort shal) pe
agellivered to tne Government,

ITne software 1s well under way, and the documentation for gelivery to
the Government has vegun (30-Jan=76). A review is in progress of the
NLS 9.0 code files to associate abstracts with procedures (20=-Jun=7e6).

4,12 Ine contractor snall investigate means of monitoring and improving
the performance of the FE., Software shall be provided to ajd in error
and crash recovery, to measure parameters associated with efficiency of
the Fe, and to collect statistics on FE use.

A brief report titlea "Front End Performance Analysis" (see-=29025,)
was preparea (Z2l=Jdan=1717).

4,13 Ine contractor shall investigate the capability, cost, and
response tradeoffs associated with a range of local NSW FE facilities,
Ihe study shall include configurations ranging from the current FE to a
cluster terminal configuration supported by a local processor(s) with
disc and file system, The configurations studied must support viaeo
terminals that can display multifont text intermixed with line drawings
and an assocliated raster printer. 1Ihe contractor shall desjgn and .
implement the video terminal using the experience and software |
aevelopea in 4.Y. 1The contractor shall design the raster printer.

. Configuration Stugy

Ine configuration study has peen initiated by investigatina the
possibility of implementing a "L10 Machine" in microcode. The impact
of such an L10 Machine on the range of possivle terminal
contigurations is significant, A comparison of execution times for
various machines in the PDP-11 tamily for the instruction mixes we
actually use 1is 1in progress (28=May=76).

[his study attempts to evaluate the potential for providina NSw tool
execution in or near the terminal, 1lssues such as the computer
facility topology and its costs, communication costs, user
productivity, system reliaojility, etc. are being studied (5-0Oct=76).
Inis brief study considers several alternative configuratijons for
placing more power closer to the user, 7Two such configurations have
evolved during tnis study; they will be described and compared in
somewnhat more detail (5-=uct-706).
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. Video Terminal

Design alternatives are being explored and costs evaulated, design
specitication has been started (28-May-76),., OSome parts have been
ordered (Z20=Jun=-/6). we are studying the terminal construycted by
Forest Basket at SLAC (20~Jun=7/b). A tentative design 1is
developing==an 8080 based "tull page" (72 char x o4 line) aisplay
(30=Jul=70). Ilhe preliminary design and breadboaraing of full=-pagea
8080 based display is well under way (2-Sept=76). 1TIhis Wwork
continues (5-0ct=-70).

Character generation portion of full=-page display has been completed
and 1s operational (13-Uec=76). It's capacity 1s 8V characters per
line, 64 lines per screen. All character definitions are stored in
writable memory so that a total of 512 difterent character
detinitions can be portrayed. Work continues on the implementation
ot bit map portion ot the display (13-Dec=-76). Additiona] work is
peing done to provide software for management of font sets
(13-vec=7b).

Kaster Printer

A survey of available equipment is in progress, The font system used
with the XGP has been studied (28-May=76).

Deleted [asks

(4.4) The contractor shall install and maintain version 2 of the
Proceaure Call Protocol (PCP) based on SEK1 Journal documénts
§24459=24402 dated l-Jan=75, (task moditied lo=Sep=75.)

Tnis task was modified to be to document the work completed through
July 1975, Inis documentation was completed 20-Jan=76.

DPS Programmer ‘s Guide (version 2.5) (26271,)

DPS Implementer’s Guide (version 2.5) (2048<,)

DPS version 2.5 Proceaure Directory (SYSGDJ (260283,)

DPS=10 Notes (26285,)

DPS3=10 version 2.5 source Coae (20267,)

A High=-Level Framework for Network-Based Resource Sharing (27197,)
Also distributea as RFC 707.

plements of a Distributed Programming System (27250,) Also
distriobuted as RFC /08.

17



NINA JBP lb-Mar=77 17:14 29183
SRI=ARC’S Montnly Report on NSw Status

. (4.5.2) Senadmail

Io pegin this task we examined our needs and knowledge Of the WOIKS
Manager and found some g9aps. In an attempt to fill those gaps, we
prepared a set of guestions (see=-27128,), The response to those
questions was disturvingly unhelpful (see==27231,). 0Our work on this
task remains suspended as agreed in discussions between Rwk and DLS
at RADC on 19=Jdan=-76. This task was deleted from the SUW i=-June=-7b,

Contractually Reguirea Reports

bue Done
Project Status Report 1=-Aug=75 24=Jul=75
See == (20183,)
ldentitication System 15=Aug=75 13-0ct=75
See == (26609,)
Project Status Report 1-Sep=75 4=Sep=175
See == (206375,)
Funds Status Report 1=0ct=75 4=Nov=75
rroject Status Keport 1=0ct=75 1=0ct=75
See == (260610,)
‘Project Status Report 1=nov=75 30-0ct=75
See == (20807,)
Project Status Report 1=Dec=175 25=Nov=15
See== (270317,)
DPS 2.5 1=Jan=76 20=Jan=76

See ==

UPS Programmers Guide (version 2.5]) (26271,)

LPS Implementers Guide (version 2.5) (26282,)

LUPS vVersion 2.5 Procedure Directory (SYSGDJ (26283,)

LPS=10 Notes (26285,)

DPS=10 version 2.5 Source Code (26267,)

A High-Level Framework for Network-Based Resource Sharing (27197,)
Also aistributed as RFC 707, Published in National Computer
Conterence Proceedings, 45:501=570, AF1PS, June 1976,
Elements of a Distriouted Programming System (27250,) Also
ailstributed as RFC 708,

Funds Status Report 1=Jan=70 S5=Feb=76
Project Status Report 1=-Jan=76 31=Dec=75
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. See == (27234.)
Project Status Report 1=Feb=70b 30=Jan=76
See == (274171,)
Project Status Report l=Mar=70 27=Feb~l06
See == (27009,)
Funds Status Report 1=Apr=Jo 7=May=76
Froject Status Report 1=Apr-70 1=Apr=ie
See == (27815,)
Project Status Report 1=May=76 30=Apr=io
See == (271993,)
Project Status Report 1=Jun=7¢6 3=Jun=76
See == (28190,)
FE Tool Suppliers 1=Jul~76 3=Feb=717
See == (28743,)
Funds Status Report 1=Jul=76 13~-Aug=-7o
Project Status Report 1=Jul=76 10=Jul=76
See == (28368,)
Project Status Report 1=Aug=~76 12=Aug=70
See == (28521,)
FProject Status Report 1=Sep=76 71=Sept=76
See == (28024.,)
Fundas Status Report 1=0ct=76 1=Nov=76
Project Status Report 1=Uct=T70 g=Uct=Jb
See == (28753,)
Project Status Report 1=Nov=76 2=Nov=76
see == (28807,)
Project Status Eeport 1-Dec~76 14-Dec=76
See == (28938,)

Computer Software and Program Documentation including Source Code
Listings with Comments and index of Procegures
rront End Program Documentation 31=Dec~76 S5=Jan=177
See == (28981,)

Deougger Program Documentation 31-bec~76 S=Jan=177
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. See == (28982,)

NLS Program Documentation
See == (28983,)

FeE System
See == (28744,) and (28745,)

LSi=11
lechnical Report
video Terminal Development (28989,)
High guality Printer Study (28987,)

Apstract of New Technology
(see==29102,)

FE Configuration Study
(see==29045,)

ke Performance Analysis
(see~==29025,)

Project Status Keport
NLS 9 Cue Card
(see=~29172,)

.Nbs 9 Command Summary
(see==29173,)

NLS 9 User Training Guiae
(see==291174,)

Aaaitional NSW Reports (not required)

WM=NLS File Interaction Design

NSW Protocol Tnouants == Interhost Communication
PCPBY compaction notes

Control cnaracters used in the current CLI
Fe=Bk Split Too wiae

The CUMMAND META LANGUAGE SYSTEM

NSw Frontend Process Communication Conventions
NSW Answers

Comparison of ELF ang RSX-=11 for FE use
Miscellaneous Frontend 1Tnings

1S1=FE: Notes to wilcznskl == FE problems areas
Frontend Communication Conventions

3l=Dec=76

31=Dec=70

31=Dec=T06

31-Dec=706

31-Dec=76

31-Dec=70

31-Dec~Jo
31-Dec~76

31=-Dec~7o

3l-Dec~Jb

Journal
26222
20491
26502
20891
27098
21266
21212
27373
275069
27619
21635
27719

S5=Jan=77

3-keb=77

1=dan=77

lo=Feb=717

28=Jdan=17

21=Jdan=717

l16=Mar=77
1=Apr=1717

1=Apr=1/1

1=Apr=77

Date
30=Jdul=75
17=Sep=175
18=-Sep=75

7=NKov=15
4=Dec=i5
e=Jan=706
1=Jan=/6b
20=Jdan=7b
10=Fep=76
18=Feb=7b
19~Feb=Jo
10=Mar=Jo
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SKRI=ARC’s Monthly Keport on NSk Status

Uocumentation Hequirements for Standalone CML/CLI 27739 15=Mar=76
FE deficlencies: answer to LLG's 27098 27743 lo=Mar=7o
Input Uutput Station 27899 17=Apr=76
lelnet=tE 27900 17=Apr=7Jo
Minimal FE Thoughts 28046 1=May=1716
yuestions on Cost Benefit of Some CL1 Features 28047 g=May=76
NSw Frontend Process Communication Conventions 28075 13=May=~Tlo
CLL teatures from users’ point of view, 28132 24=-May=T6
Cul lmplementation Memo 28184 3=Jdun=76
Frontend Meeting at RADC on June 3 1976 28187 3=Jun=Jo6
Review of NSw Exec Commana Lanquage 28210 9=Jdun=76
te=Tool Communication S5cenario 28409 21=Jun=76
MSG Direct Connections for FE-BE Communication 28374 14=-Jul=To
NSW Frontend Packages and procedures 26151 17=Jul=Jo
Scenario for Tool Initialization and lermination 28409 zl=Jul=J6
Experimental Graphics User’s Manual 34907 30=Jul=70
Stand Alone Frontend Programmer ‘s Guide 26451 3=Aug=~Jo
Now Jlool=Frontend Communication 28462 S=Aug=76
Problems in Interfacing NLS to NSW 28474 o=Aug=76
Record of Communications about Interfacing 28472 b=Aug=jo
More on NSw Frontena = Tool Communication 28519 12-Aug=~Jo
Specification for FEUPENCONN and FECLUSECONN 28528 12-Aug=7b
Userprofile Data Structure Specitication 28553 19=Aug=Jo
Userprotile User’s Guide 28554 19=-Aug=76
Minimum Frontena Specification 280672 1=0ct=76
Command Sequence Processor Design Specifications 29046 28=Jdan=11
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< DJOURNAL, 29192.NLS;1, >, 23-MAR=77 15:10 XXX 3777 +HJOURNAL="BEV
22=MAR=77 12319 29192"; T1itle: ,Hi="lranscription of ldeas from
rainstorming Session"; Author(s): Beverly Boli/BEV; Distribution:
SR1=ARC( [ INFO=ONLY ) ) ; Sub-Collections: SKI-ARC; Clerk: BEV;
«IGD=0; .SNF=HJRM; .RM=HJRM=7; .PN=~1; ,YBS=1; ,PES; Origin; < BOLI,
IDEAS=FILE.NLS:S, >, 22=MAK=77 12:09 BEV ;i rene;

.PEL; .PN=PN=1; .GCR;This is an exact transcriptin of the igdeas
generated in the brainstorming session some weeks ago. In the meeting
on March 22 it was agreed that Ken, Jim W, and HArvey would eacnh make a
pass at classifying the ideas according to three different scnemes,
These will pe journalized next week, and discussed in two Weeks,
Page 1
Feedback Loop
User=-~-Feedback==-decision maker
newsletter--responsible person to do list implementation
testing
Feedback loop thru dev.
Encourage new ideas be sent to feedback
Compile new ideas and bells & whistle suggestions from Feegback =
give to dev, once a week
Page 2
Compare users ideas vs, developers lideas
An index to indexes = Kirk
Digitized voilce and video
Computer video switching for teleconferencing, etc,
Application = Auto parts store
= Inventory
‘ - Price sheet
= Picture of parts
Data Management System
= Graphical
= Tabular
video Communication Channels
Page 3
Keyboard plugged into T.vV.
Personal computing (augmenting)
Accounting program on chip
Personal...
Accounting
Income Tax
Bike gear
Recipes
Phone book
People’s yellow pages
Restaurant rating
Buying vs. renting house
Page 4
Cable TV
Town meetings 2=-way
Newspaper online
Personalized newsfilters
Community Computing
voting

. Shopping

Mass transit
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NLS Journal
Filtering of "junk" mail
Better mail handling
‘.bage 9

Study of productivity at different work stations
workstations
Workspace
Lighting
Paper, pencil & sharpeners
Telephone & headset
Audlo feedback
Chairs
Full text & graphics & color at each station
Calculator
Personal keyboard for different finger sizes
Computer knows phoneé numbers of others
Asynchronous Processing
Batch & interactjive processing
Asynchronous repcrting to user
Multiple displays running separate processes
Multiple processors
Intelligent agents
Page o
Formatters
Desk size display
Very large hign resolution display
Flat display
Assign CPU to each window created
. Mixed text & graphics
Better pointing
Multi-speed mouse
Interactive process commands
Decision, looping, etc.
MACRO command language
User adaptive system
Analysis
Change user attitudes toward computer
User characteristics = pehavior = performance
Page 7
Mind manipulation
Benevolent
CAE
Experiment with group using/not using computers
Applications tor other groups:
Lawyers
Jopb alienation/satisfacton/physical impact of online life
Augmentation & organizatonal change
Mediated communication
= roles & org structure
Page 7A
Iime & motion studies of workstations
Brainwave sensing
voice recognition
Microtilm (fiche) interfacing
. Multiple output depending on terminals
Formatters

>

2
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Inplace editors
Rewrite page

‘ Full page = multiple fonts

Forms
UP designed for traditional typographers
BooK publishing system
Color
Blue pencil - multiple comment on drafts
Page 7B
Study impact of "reactive" rather than "interactive" computing (l.e.,
quick response) = also with ideal workstation
Data entry using other medium
rand taolets (sic)
Doodle graphics system
Touch displays
OCR
Portable displays = collapsable
Eye tracking
Bio pointing
Page 8
Software Engineering
Getting users to use tools
Expanded library
Source level debugging & graphical
Regquirements Analysis & formalization
Design Analysis & tormalization
Language Editors
Standards enforcement

. compiler output more "info"

Functonal System guides
Automatic documentation extraction
Programming interface for non=programmers
Better error recovery

Page 9

Software Engineering (continued)

Configuration management
Access to other computers (pasic, Fortran, etc,)
Study other interactive & batch S.E. tools (programmer‘s Wb, etc.)

Page 10

Social antnhropology (Cf, Journal)

Greater info <=> authority, structure

Interactive stat, analysis & plotting package

NLS (all computer tools) is "hard" = how to make it easier

Reducing comp., mystigue

(Is paranoia well founded?)
Page 11

Telework (other experience)

Long distance collaboration

Analyze experience/improve system

(Shared screens, other tools!)

fix it

Energy trade-offs., (Cf, Ray3 in telecommunicating policy)
rage 12

other application groups

. Lawyers

Medical
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Legislature
Lioraries
Architects
‘ Artists
Engineers
Paralyzed/"nandicapped"
eExecutive branch
national
state
Internatonal groups
UN
OPEC
Cartels
Managers
(Knowledge workers)
Page 13
Iranscribing conf. records
Shorthand machine
management tools:
Decision analysis
Linear Programming
Capital pbudgeting
Forecasting
NLS = Budgeting
PERT/CPM
Simulation
Baseline/calendar
Page 14
‘ Strategies for areas out of expertise
Joint proposals
Subcontracting
Hiring new people
Integrating tools
Interfacing to existing tools (as opposed to reinvention)
Gardening subsystem keyed to geographical location:
Diagnosis of plant illnesses
what to plant, when
Game nook=ups
Carpools
Page 15
Scientific tools =
Analysis/notation
Rewrite NLS = goals:
1. As efficient as possible, Throw out less cost-eftfective
points,
(eg, rewrite in PL/1 = rewrite in 8080 = code
2, Transportable
3. Provability of code = theorem prove
4, Cheapness
5. Modularity of packages
b, Security
Page 1o
Attitudes
Not currently conducive to individual initiative,.
How to improve (our ARC) working environment+
Long=term goals:
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What are our (current) areas ot expertise/interest?
where do we go?
What do we do?
. How do we tilter these ideas?
record in (ISID) ARC documentaton ideas
(Password ARC)

Use 9

Additions from meeting 3/22
Analyze a "complete" tool system
Augment the window office
Add host name to the origin statement




aa host name to the origin statement
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ANDY DIA DSM KEV LLG MEH ERAB 1=Jul-77 183217
R & D - New Products working GrouP New loeas Survey results
(RDNPWGNIS)

.Here are the results of a survey given to the members of the g & D =

new Products Group, hereatter known as the R & D Group. We would
1ike tne entire ARC staff to examine this survey and contribute any
new ideas that they may have. New ideas snould be submitted to ANDY;
the deadline is Monday, July 11, We would like to compine Uhese new
ideas with those in this survey into a final survey wnicn the entire
staff would take. The results of this final survey would be uysea for
short and long range planning, assigning priorities, etc,

This survey consists of a lignhtly tiltered union of the ideas
presented at the first K & D working Group meeting and those
presented at the earlier all=-ARC prainstorming session, 1nheéy have
peen arpitrarily arrangea.

The following criteria were applied to the survey ldeas:
priority - rated on a scale ot 1 to 5, 5 1s HIGHEST priority.

cost/resources = rated on a (logarithmic) scale of 1 to 5, 5
requiring the nighest cost or most resources,

Time frame = time interval which might be expected Lo pass before

which the new company begins exploring/implementing idea, 1he

limiting factors on time frames might be technological, lack ot

resources, or others, MNote that time frame is defined here as

time until start of work. Duration of work should pe refjlected
. under cost/resources, 1Ihe rating scale is

< 6 montns: 1
< 2 years: 2
< 5 years: 3

>= 5 years: 4

A zero rating implies no opinion.
Each idea is prefaced by 3 numbers representing the group’s mean
ratings for priority, cost/resources and time frame ratings,
respectively, For example,

5.0 1,0 1,0 Continuation of burrito day

means that this idea has been given highest priority, lowest cost and
shortest time frame ratings.

(survey)

29404

3a

3p

3c
3cl
3c2
3c3

3cé

Sa
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R & D = New Products Working Group New ldeas Survey Results

(RUNPWGNIS)

. prioicost:time:idescription 1a
3.4 1.8 1,4 How to improve (our ARC) working environment )
3.2 1.3 1.0 What are our (current) areas of expertise/interest? 1c
4.0 2.4 1.4 Analyze a "complete" tool system ia
4.5 2.5 1.2 Analyze experience/improve system ie
1.0 1.5 2.5 Energy trade-offs., (Cf, Kay3 in telecommunjcating
policy) 1f
3.7 2.2 1.4 Study other interactive & batch Software
Engineering tools (programmer’s wb, etc.) 19
2.6 3.2 2.0 User adaptive system n
4.0 1.0 1.0 Analysis 71
4,0 1.0 2.0 Change user attitudes toward computer 713
4.0 2.0 ¢.0 User characteristics = behavior = performance 1K

4.0 2.5 2.0 Study impact of "reactive" rather tnan
"interactive" computing (i.e., quick response) = also with ideal

. workstation 7l
2e2 2.5 2.2 Job alienation/satisfacton/physical impact of
online life Tm
2.2 2.5 2.0 Augmentation & organizatonal change n
0.0 0.0 0.0 Mediated communication 70
Ue0 0.0 040 = roles & org structure p
2.7 1.5 2.7 7Time & motion studies of workstations 19
202 2.7 2.2 ELExperiment with group using/not using compuyters Tr
3.5 2.2 2.2 Study of productivity at different work statlions 1s
2.0 3,0 2.4 1louch aisplays 1t
3.2 3.0 2,0 GOCR v
1.7 4,5 3.2 Eye tracking v
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R & D = New Products working Group New ldeas Survey kesults
(RDONPWGNILIS)

Blo pointing

RAND tablet

prainwave sensing

Voice recognition

Message Display

Appointment Display

petter pointing

Multi-speed mouse

Interactive COM

Better Graphics

Desk size dalisplay

Very large high resolution display
Flat display

Mixed text & graphics

Voice lnput/Uutput/Storage
Computer video switching for teleconferencing, etc.
Portable displays = collapsable
Auto Dialup Terminal

Single User NLS Hardware / Mininet
without External OS

Local lerminal Power

Local Statement kEalting

Micro FE

Mini/Micro FE/Batch NLSBE

29404

7w

1%

1y

1z
lag
laa
7ap
7ac
lad
lae
Taf
7ag
1an
lai
1a)
lak
lal
Jam
1an

lao

1ag
lar

las




(RUNPWGNIS)

. 4,0 3.7

3.2 2.6
37T N2
5.0 4,0
3.7 3.2
4.6 3.0
4.8 2.4
5.0 2.0
3.0 2.0
4.5 3.0
550 U350
5,0 4,0
4.0 3.0
@ oo 0o
; 0.0 0.0
3.5 2.0
3.0 2.0
4.0 4.0
3.0 4.0
4.0 2.0
0.0 0,0
4.0 1.7
4.0 1.0

NLS Un Other Hosts

Multi Host DAD

Distributed Librarian

To Maintain NLS Un Multjiple Hosts
Multiple Language Software workshop
Integrating NLS And Uther Tools
Software kEngineering

Getting users to use tools

EXpanded library

Source level & graphical debugging
Requirements Analysis & formalization
Design Analysis & formalization
Language kditors

Standards enforcement

compiler output more "info"

Functonal System guides

Automatic documentation extraction
Programming interface for non=programmers
Better error recovery

Conftiguration management

Access Lo otner computers (basic, fFortran,
norkstations

workspace

Lighting

ANDY DIA DSM KEV LLG MEH RAB 1=Jul=-77 18317 29404

R & D = New Products Working Group New ldeas Survey Results

7Tat
lau
lav
Taw
l1ax

1ay

Tbg
lpba
1ob
Toc
ibd
ibe
bt
/iog
7bh
Tpi
6]
1ok
1ol
Tem
7on

oo




R & D = New
(RDNPWGNLS)

cost-effective

Paper, pencil & sharpeners

lelephone & headsetl

Audio feeaback

Chairs

Full text & graphics & color at each statlon
Calculator

personal keyboard for different finger slzes
Computer knows phone numbers of others
Oftline Storage

Replace Journal books with Cassettes
Hardcopy Devices fFor Customers

Auto Dialup Terminal

Keyboard plugged into T.V.

Combine LP And Terminal

Color Terminal

Mixed Text And Graphics

Full page Terminal

Speedup N1s9

Extensible Grammars

Modularize NLS To Sell Parts

Rewrite NLS = goals:

1. As efficient as possible. 1Tnrow out less

polints.

(eg. rewrite in PL/1, DoD1 = rewrite in 8080

e iransportabvle

ANDY D1A DSM KEV LLG MEH RAB 1=Jul=77 18317
products working Group New ldeas Survey Kesults

7byg

lor
7bs
iot
Tou
Tov
Tbw
Tox
oy
1oz
ice
ica
icpo
icc
Icd
ice
ict
1cg
ich
ici

icj

1¢cK

icl




R & D = New
(RONPWGNLS)

. 1.0 4,0

2.0 3.0
3.0 3.0
1.5 0,0
4.2 2.5
390 262
4,2 2.5
x P NG WD
2,0 2,0
easier

5.0 1.0
2.5 2.5
3,3 350
§:57 165
3.0 2.0
0.0 V.0
0.0 0.0
2300 3,0
0.0 0,0
4,0 3.0
4,0 2.0
0.0 0,0
0.0 0,0
4.3 3.1
3.0 4.0

3. Provability of coage = theorem

4, Cheapness
5. Modularity of packages
b, Security

Better Documentation

Automatic Locumentation Generation

Multiple Levels Of Ireining
Keyset Problems

NLS (all computer tools) is

reduce computer mystigque
Computer Assisted Egucation
leleconferencing

Augment tne wingow office

Gardening suvpsystem kKeyed to geographical location:

Diagnosis of plant illnesses

what to plant, when

Game hook=ups

Carpools

Scientific tools =~
Analysis/notation
iranscribing conf. records
Shortnand machine
Management tools:

pecision analysis

ANDY DIA DSM KEV LLG MEH KAB 1=-dul-77 18:11
Products working Group New ldeas Survey Results

prove

= how Lo make it

<9404

icn
1co
icp
icq
1cr
ics
ict

icu

icv
icw
1cx
Tcy
ice
lae
lda
1db
7dc
71da
1de
7Tat
7dg
7dn
7ai

7d3
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K & D = New Products working Group New ldeas Survey Results
(RUNPWGNIS)

Linear Programming
Capital budgeting
Forecasting

NLS = Budgeting
PERT/CPM
Simulation
Baseline/calendar
Lawyers

Medical
Legislature
Lipraries
Architects

Artists

Engineers
Paralyzeds/"nandicapped"
Executive branch
national

state

Internatonal groups
UN

UPEC

Carteils

Managers

(Knowledge workers)

29404

Tak
1dl
Tdm
/dn
1do
1dp
1dag
ldr
/1das
jdt
7du
14av
1dw
7Tdx
Tay
19z
leg
lea
1eb
7ec
71ed
lee
1et

ieg
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.'i 4,0 2.5

3.0 3.0
3.0 1 23
$50:93 .0
2.5 4.0
0.0 0.0
0.0 0.0
0.0 0,0
2.0 4.0
0.0 0.0
2.0 4,0
3.5 2.0
0.0 0.0
. 0.0 0.0
0.0 0.0
0.0 0,0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
4.4 1.0
3:0. 350
0,0 0.0

2.0

2.0

lelework

Long gistance collaporation
Interactive stat, analysis & plotting package
sSurveys

Community Computing

Voting

shopping

Mass transit

Newspaper online

Personalized newsfilters

Town meetings Z=way

Personal computing (augmenting)
Accounting

Income I[ax

Blke gear

Recipes

Phone booOK

People’s yellow pages

Hestaurant rating

Buying vs,., renting house

Add host name to the origin statement
Doodle graphics system

Multiple output depending on terminals

Inplace eaitors

ANDY D1A DSM KEV LLG MEH RAB 1=Jul-77 18317 29404

R & D = New Products working Group New ldeas Survey Results

7Ten
7ei
1e]
ilek
Tlel
71em
len
Teo
lep
leq
ler
les
let
leu
lev
1ew
1ex
ley
lez
ite
ita
1fb

7tc




R & D = New

(RDNPWGNLS)

Products wWorking Group New loeas Survey Kesults

Rewrite page

Full page = multiple tonts

Forms

Up designed for traditional typograpners
Book publishing system

Color

Blue pencil = multiple comment on dratts
Microfilm (fiche) interfacing
Interactive process commands

Decisjion, looping, etc.

MACRO command language

Asynchronous Processing

Batch & interactive processing
Asynchronous reporting to user

Multiple displays running separate processes
Multiple processors

Intelligent agents

pata Management System

Grapnical

Tabular

Strategles for areas out of expertise
Joint proposals

Subcontracting

Hiring new peopile

ANDY DIA DSM KEV LLG MEH FAB 1=-Jul-77 18:17

29404

ite
[E35
/tq
/th

T£i

1£fm
tn
/1fo
itp
1tq
Ifr

/ts

TEV
1w
TEx

1Ly

ig¢
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R & D = New Products working Group New laeas Survey Results
(RONPWGNIS)

0.0 0.0 0,0
5,0 2.0 1,0
reinvention)

e 0258 150
(5 B D S
0.0 0.0 0.0
5.0 0,0 1.0
5.0 2.0 1.0
4.0 2.0 1.5
.0 0,0 0.0
V.0 0.0 0.0
3.0 2,0 2.0
4.5 2.3 1:0
2.5 1.5 1.0
0.0 0,0 0.0

Integrating tools

interfacing to existing tools (as opposed to

Journal

Answer Feature

Ennancements

Handle Different Fjille Types
Imnediate Delivery

Better mail handling
Video/Audio Intformation
Single Write Memory
Filtering of "junk" mail
Feedback Loop

Feedback should go through Development Group

Encourage new 1deas be sent to feedback = gjive to

oev,., periodically

0.0 0.0
0.0 0,0
V.0 0.0
0,0 0,0
0.0 0,0

V.U

Compare users laeas Vs, developers 1lageas
Filterea/sSortea Feedpack Input

Full Loop

People Uriented

Newsletter

29404

7gb

igc
79d
ige
19t
lag
7gn
/91
79)
79k
g1
gm

ign

790
Tgp
799
19r
19s

gt
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Source Kiles ftor L1U Support

A list of the source files for L1V compilers and runtime Ssupport, as
currently maintalned at IS1E for NLSY,
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Source Files for L10 Support

Source Files for L10 Support 1
The tollowing files are currently maintained at ISIE in directory

<L10>, They constitute tne sources for tnhe iree Meta and L10
compilers, the Tree Meta generated compiler support liorary, and the

L10 runtime support packades, 2
All of these sources pertain to NLSY == that is, the compilers
compile under NLS9 and NLSY uses this L10 runtime support package, 3
METAY .NLS 4
Sources for Iree Meta compller, Also contalns RUNFIL to load
compiler under 10PS-20. Compiles to METAY9.REL. Runtil is META.RUN. 4a
L10.NLS S

Sources for the L10 compiler, Branch 1 1s the Tree Meta sources,

and compiles to L10.REL, Branch 2 and 3 are in L10 language and

support the compiler itselt, are compiled to LIBE10.REL and

LIBE109,REL tO be used 1n XL10 (for NLS8) and L1099 (for NLS9)
respectively. The runfil is in pranch 4 , and produces Lne

L109.EXE compller. S5a

..wsxns.whs 6

Inis is an L10 source file that contains initjalization symbols

for the L10 compiler, Output sequential to L10SYMS,IXT. ba
METOP IXT I

A small file containing initjialization opcodes for creating the

METAY,.EXE compiller, la
UPS.IAL 8

A small file containing initiallization opcodes for creatlng tne

L109.EXE and XL10 compilers, gBa
LIBE9.NLS 9

The L10 sources for the support library that is usea by all Tree

Meta generated compilers., 1t compiles to LIbe9.REL and start

loading at location 400010 octal in order to run in the Ssame€

address space as NLS, An encapsulated or stand-alone versjon could

pe loaded at any location ten octal words in trom a page boundary,

i.e. xxx010 octal, 9a

MINILIODATA.NLS and MINIL1ORUNTIME NLS 10
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Source Files for LI10 Support

These contain the MINIMUM code reguired as runtime support for L1O
programs., Basically, they contain procedure call/return, and PCALL
support, They are usea by the compilers and L10OLDR. Compile to
MINILIODATA.REL and MINILIORUNTIME,.REL.

KL1ODATA,NLS and XL1ORUNTIME.NLS

Ihese are the basic runtime support for L10 programs, They contain
the procedure call/return, PCALL, signal, catchphrase, mujtiple
general stack, string and pattern matching (FIND) support, Complile
to XLIODATA.REL and XL1ORUNTIME.REL.

L1ULRP.NLS

Ihe L10 LIST runtime support package. Requires the STGMGT package,
Compiles to LIULRP.REL,

STGMGL .NLS

Storage management package, Contains procedures MAKEZONE, GETBLK,
FREEBLK, etc, Compliles to STGMGI.REL.

L1ULDR.NLS

Sources for the LIOLDR.EXE loader, Also contains the runtjil to
load it, Compiles to LIOLDR.,REL. Runfil 1s called LI1OLDR.RUN,

10a

11

12

12a

13

13a

14

144




DIA 28-0ct=77 14:53
How to use NLS9 with Datamedia and no Lineprocessor

‘ﬂow screen selections are made on a Datamedia (2500) without
Lineprocessor.

A short description of how to use DNLS9 with a Datamedia 2500
without Lineprocessor and mouse., The tecnnique can be implemented
for other brands easily.

warning: The Datamedias at ARC are modified so that "protected"
(bright) characters are "unprotected", If you wish to ruyn on a
standard Datamedia, you can but marking and unmarking the
screen does not work exactly right. If there is any demand fOr
it, NLS9 can be chaged to use "plinking" for standout on
standalone Datamedias, and the problem will go away.

First of all, NLSY9 must know that you have a bare Datamedja., Tnere
1s no TUPS=20 or TENEX=wide convention for a terminal type
Datamedia, so temporarily, terminal type 37 1s used, (say TERMINAL
37 to TOPS=20).

As you enter NLS, you will get the message "your terminal paud
rate is:". Respond with the baud rate, and expect single character
recognition (e.g. type 1 for 1200 buad, and so on). (It may be
possible to get the baud rate automatically on TUPS-20, but only
for direct connection data lines.)

. A screen selection is made by typing a seguence of characters
instead of moving the mouse and hitting the UK button, The
seguence is <ESC> <position characters> <UK>. while typing this
seguence of characters, a "*" appears in the command feedback line
to show that you are in position mode.

The position characters are any number of the following:
X and then Y coordinate:

The attempt is to encode each coordinate as a single
character so that only 2 characters specify a point on the
screen. The encoding is the same for X and ¥, The origin is
the character pair 00 and is at the lower left corner. The
scale is as follows: The first ten positions are 0 tnru 9,
the next 26 are a thru z, the next 26 are A thru %, the next
9 are ! thru ) (the shifted digits).

Ihe pair 0j is the left edge, top line of the text window.
One of the coordinate characters may pe a space, in which
case that coordinate is unchanged (used for example jif you
are on the rignt line or column but wish to move along the
other coordinate),

la

l1al

1b
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The original intention was to tape a scale on the left eage
and across the bottom of the screen, to allow the user to
make a "good guess" at the coordinates and then correct them
with the following scheme,

Incremental changes:

The buttons < > * <LF> on the right=hand key cluster are
used to position the cursor one position per stroke, in any
direction. The intention is that these are only be uyseéd for
tine positioning of a tew character places, since it is
rather time consuming to move very far this way.

Note:

At any time in position mode, the user can type coordinate
pairs or incremental changes over and over in any order.

1he selection is completed by typing <OK>, and the screen will be
marked as for a mouse selection. There are other ways of getting
out of this positioning mode:

CD: You will get out of positioning mode and a CD will bpe
input. The cursor will stay where it 1is.

BC: ("“A) You will get out of position mode and the cursor
position will be restored to what it was when you last entered
position moae,

MASTER CLEAR (**): Same as system reset on a Lineprocessor. The
cursor will stay where it is.

ESC: Typing two ESC characters will result in one <ESC> being
passed as input, plus you will be removed from position mode.

Please remember the experimental nature of this mode and send your
constructive comments to DIA,ANDY,KEV,

Comment:

The Datemedia 4000 presents an opportunity to do this jin a much
more satisfactory way: The B80B0 processor could recognize one
Key as an escape to position mode, and hence avoiad the use of
an ASCII character. Or cursor position keys could be used UNLYX
for positioning. The positioning could be done within the
terminal and be instant, and the repeatchar plus cursor buttons
may be wonderful to use that way. But 1 don‘t know if the cost
advantage is very great over the Datamedia/DNLS variety, even
after the programming is done.

29554

lelc

le2

leZa

le3

le3a

1t

1£1

1£2

1£4

19

ih

inl



D1A 28=0ct=77 14:53 29554
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‘ Part of this document has been written and edited using a bare
Datamedia at 1200 baud, Here are my comments: 1n2

1 find myself occationally contused about whether to Lype in
the vertical coorainate first or not. Perhaps the order
should be changed? lhsa

1 do not have any margin scale to inaicate what coordinate
character to type to get the cursor where I want it, They

seem to be very important. I end up using the cursor puttons

alot because the coordinates are hara to guess, ' 1h2b
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