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APP ENDIX A: 
RWW, 22 JUL 71 

An Introduction to the Structure and Evolution 
1:49PM 7405 

of ilLS 

(2) To crea te the hiF,her level languages to describe and 
program the NLS maChine so that it can De modular ana be 
ea s ily expand e d. 

(3 ) To develOp ana evolve ge neral file-set information 
structure that allow's efficient storal!:e and 

association of a of symoolic materi al, i.e., text, 
pictures, and code properties. 

(41 To determine the basic online-offline portrayal 
meChanis ms required for and s tu Qying the NLS symbolic 
material. 

(S> To develOp the mechanisms for aidinR the planning. 
com municatinE, ana of material and 
people activities . 

(6) To develop mechanisms for combining baSic general 
processes produce general and specific 
processes. 

( 7) To provide me chanisms for NLS 
systems specialized 

services can be used with specia l of NLS 
or can be c a lled upon by NLS processes. 

(8) To develOp the meChanisms that can effectively use the 
potential capacity of a computer networ k . 

The service aspect of Nts evolution is to provide Nts serVices 
reli ablY and efficie ntly. This requires attention 

(1 ) System and tunin g 

(2) Architectural design for easy expanaability and debugging 

(3) Proper liaison with users 

(4) Operational procedures, methOdS , and trainillg 

The baSic NLS modules de s cribed above are in existence or under 
development, out tnere is much eVolution required at all level s 
of system from methOdology and training NLS 
modul es to the underlying timeSharing system haraw4re, SOftware, 
and operations to prOVide the online-offline intellectual 
workshops that we know are possible. 

Part of SRI propos al for Research ISU 71-94, see (7 404, ) 151 
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Network Information center 

At present we view the Network Information Center (NIC) as a 
reference and dialog support service . It has provided these 
services since the f all of 1970; in June of 1971J we began to 
provide services online as well. The Augmentation Research 
Center (ARC). of which NIC is a part. has been developing a 
wide range Of capab11itie~ . We only consider thoBe 
capabilities that are directly related to the reference and 
dialog support functions as part of NIC. The services of the 
NIC are available to all network sites and to stations not on 
the network that are participating in the network design or 
operation. 

We plan to Offer other eervices, such as system documentation 
aids. over the network to the network participants. However. 
because of limited peOPle and hardware resources. we cannot 
make them generally available. We plan to work with sites or 
~roups. such as Educational Information Network (EIN), that 
may assist sites on the network to prepare documentation, 
where these services can have the greatest value and impact. 
These types of services we do not consider a direct part of 
NIC. 

The network is a distributed COllection of peOPle ana computer 
system resources. 

A function of the NIC is to helP this geographicallY 
distributed group COllaborate with each other. 

A function of the NIC is to help people with needS find the 
people. system. or information associated with the Netwo rk 
that can nelP them. 

During the coming contract period we propose to continue to 
improve and expand the online and offline services offered 
through the NIC. our present three-stage timetable for 
providing online service calls for a basic NIC to be 
operational bY October 1971. At that time the following are 
expec~ed to be in operation: 

Part of SRI proposal for Research ISU 71-94, see (7404,) (1) 
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Online Capabilities 

We expect to be able to support about a network typewriter 
terminal! using tne ARC On Line System (NLS). We are 
currently measuring the system performance and considerin~ 
ways to increase the capacity either with software system 
changes or with Changes in the hardware confi guration . 

Network users will be able to use NLS to prepare messages 
ana documents, such as the NWG , Request for comments 
(RFC's) . These messages will be distributed online to files 
at NIC associated with users and/or hardcopy th rough the 
mail. If standard protocolS are implemented thrOUgh the 
Networ~, there may be automatic transmission to people a~ 
other sites through their local file system or terminal. 

These documents will be automaticallY recorded as an aid to 
the cataloging process . 

The above online capabilities fo r m a basic dialog 
support system which provides for COllaborating grouP! a 
place to record their plans and deSigns, annotate 
contributions of others, make synopses of records 
relevant to specific issues, and make contributions to 
the evolution of plans and intellectual formulations 
that are efficiently and appropriatelY integrated and 
connected to the entire record Of their groups' 
activity. 

They allow using the facilities of NLS; they allow 
people to broWse in the record to arrive quickly at 
the status of a formUlation that is being ~oeumented 
throu~h the dia log support system. 

using the basic catalog facilities alloWS others to 
find out who is interested in what SUbjects and to be 
quicklY brought up to date. 

Interspersed with the above capabilities, extende~ 
NlS features enable peOPle to retrieve information 
from the record J mOdify it, update 1tJ and return it 
to the record without ~eBtroYing the original. 

We also Plan to allow users to prepare documents either on 
their local systems or offline and then have them 
transmitted to NIC for further manuipulation, distribution , 
and cataloging. 

Part of SRI proposal for Research ISU 71-94 , see (?h04,l {21 
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Documents prepared at NIC or transmitted to NIe will be 
stored on the NIC disc, on archive tape file! at NIe or on 
archive files at other sites, o£!ering file storage 
services. These documents can be retrieved lor online 
browsing or for transmission to files at other sites for 
printing and other uses. (Work in this inter site file 
transfer area will probably continue into the next contract 
period.) 

Reference files that will be online are: 

The Network Resource Notebook . 

The Current Network protocols. 

Tne listings and indexes in the Catalog of the NIe 
collection. 

The DirectorY of Network participants. 

Documentation of NIC services. 

Host Status. 

Other files needed lor network reference can also be 
created and made available online. 

Initially our surveys of network users show that access to 
the NIC will be predominately through the slow 
limited·character-set Model 33 Teletype. This will restrict 
use of our system for extensive online browsing an~ general 
reading Of online documents; therefore hardcopy pr oduction 
and distribution will be a vital function for some time. 

Offline Oapabilities 

We will continue to offer the fOllowin~ offline serVices: 

Dialog support in the form of hardcocy duplication and 
transmission to the NIC Station Document Collections at 
remote sites and to the TeChnical Liaisons. 

Assistance to Station Agents in handling their hardcopy 
collections and in other NIc-related matters. 

Part of SRI proposal for Research ISU 71-94, see (7404,) ()] 
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Hardcopy distr ibution of the NIC COllection Catalog, 
Network protocols, ARPA Resource Notebook, Directory of 
Network participants, Mailing List, and other 
network-wide Functional Documents. 

Distributing and updating to station Collections and 
cataloging of Functional Documents, documenting 
facilities and services available at each site. such 
doc uments could also be transmitted to us for online 
storage and retransmission to files at remote Sites (the 
latter after October). 

Maintaining a full hardcopy NIC collection at ARC 
containing documents considered to be of interest to 
networK participants. Those documents no~ in the station 
collec~1on c~n either be obtainea from NIC or a 
reference Can be giVen on where to Obtain the ~ocument 
directlY. policy in the area ot the extent of the NIC 
collection and whether or not we should be involved in 
the distribution of books and reports needs to evolve. 

Another service provided 1s training in the use of NLS and 
other NIO facilities. A two-day course tor initial users of 
the NIC Was given at SRI on June 16-17, with others planned 
for late JUlY an~ early Fall. 

The above offline" and online services are a basic, but 
useful set, but will not meet the needs of the expanding 
community of network Users without continuous improvement 
in our NIC operating procedures, and eVolution and 
expansion of services and support facilities, 

It is important to emphasize strongly that NIC is a very 
general information handling service that requires both 
people and computers to support its functions. Computer 
people often tend to i gno re the amount of effort require d 
to handle and process inform,tion before it gets into the 
maChine and when it comes out. There is also much effort 
required to work with both the originators of the 
information and the end users of the information . 

Part of SRI proposal for Research ISU 71-94. see (7404 .1 {4J 
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The Nle is communicating, recording, retrieving, 
reformatting. proofing, and recommunicatlng information 1n 
seVeral media: telephone, in-person, online and offline 
typewriter, online CRT console, computer- and noncomputer
printed documents. Procedures for performing these 
activities in an integrated fashion haVe not oeen developed 
bY other information serVices. These procedures must be 
worked out in a ra pidly Changing environment. Therefore 
people must be aWare of the man-ti~e required to work out 
appropriate procedures and methOdology. 

Period from October 1971 to the End of the Current Contract 
Perio~ (February 7, 1972) 

One interesting prOblem we are going to face Ouring this 
period will be : 

We Cin provide some limits on tile space a site can have 
and we can limit the number of lines active at any moment 
from a given Site, but we can have little control over What 
inOividual users do when they come into us. 

We would like to encourage people to Bend short messages or 
small documents and not use the NIC facilities, without 
special arrangement, to write J for example PhD 
dissertations, or extensive man uals of their systems that 
would tie up network lines for long pe riOdS of time and 
thus keep others with messages of! the system. 

During thiS periOd we Will: 

continue to gain operational experience and improve our 
operational procedures. 

continue work on handling remote and archival files. 

work toward providing access to the aisplay version of NLS 
(DNLS)-- initial access will be tor sites with modifie~ 
IMLAO displays; later we plan to prOduce specifications 
that will allow sites with other types of displays to gain 
access to DNLS . 

Begin planning for the new contract periOd in more detail 

Part of SRI Proposal for Resea rch ISU 71-94, see (7404,) (51 
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Directions for the Next Two-year Contract Period 

Major points Of emphasis will be as fOllows; 

continue to work with the Netwo rk Working Group, 
particularly in those areas vital to the NIO such as 
graphics, file transfer. distriouted aata management, and 
accounting, 

Expand our ability to provide basic reference and dialog 
support for the increasing numbers of network users and 
groups who will be coming on the net. 

This expansion will require development of: 

MethOdology 

Procedures 

Training procedures for new operational staff 

MOdifications to systems and other tools to meet the 
increa!ed UBe. 

We cannot overemphasize the effort requireQ to scale up 
a pilot or prototype function to real operational use bY 
many people. 

Examples of groups who Will want to collaborate as the 
Ne twork worMing Group is nOw doing are: 

The meteorological community planning to use the 
ILLIAC IV 

The speech recognition community 

The graphics community 

The various SUbgroups of the system design community. 

Reorganize our hardware and SOftware system to enable 
smooth expansion as the need arises . 

Get our resource accounting of both people and maChine 
resource! in Shape so as to be able to know what each 
operation and service 1s costing. 

Part ot SRI Proposal for Rese arch ISU 71-94, see (7 404 ,) {6J 
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AS new dialog support functions are developed ~nd tested on 
the research side of the house# mOVe them into operation in 
the NIC. 

Examples of functions under development or being 
considered. 

sets--the ability to find those items in the dialog 
universe relevant to one's interest and view them in 
many waYs. 

Backlinks--to find OUt Which other items are 
referencing each item. 

split-screen--(for DNLS users) to stUdy two or more 
items at once and operate on them. 

Ability to build sub catalogs of dialogs--related to 
sets. 

Dialog with files distributed in many hosts 
throughout the network--There are many problems that 
WOUld have to be solved such as assuring that files 
did not ~et deleted and keeping track of where thin~s 
are in our catalog, to helP reduce the load on NIC. 

Action items~~ways to enter a dialog item requiring 
action by a certain date and having the system re~ind 
the Sender to folloW up or check to see Whether the 
receiver responded. 

provide i~proved Querying capabilities for the online 
reference files such as the: 

NIC catalog 

Network Resource No tebook 

The Current Network Protocols 

Records of site status 

Documentation of site facilities and services 

Networkwide and pe rsonal files of peOPle interested in 
various research topics 

Part of SRI proposal for Research ISU 71 -94, see 17404,1 (7J 
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For example the ILLIAC IV project has 2000 people on 
their mailing list of interested people. 

QUestion--i! it likely ~s time goes on that a 
project such as ILLIAC would want an organization 
such as NIC to take over its printing and mailin~ 
to all theBe people? 

We have already been approached bY a person from 
project MAC to find out whether we coUld handle a 
similar function for them. 

possibly provide a facility to ask questions for online 
updating ot site status or other tiles that are changing 
over a short periOd of time. 

continue to improve making information available by 
preparing weekly notices of new additions to the NIC 
COllection. 

prepare speciali zed bibliograPhies for SUbjects of wide 
interest. 

The abOVe services ~s well as evolving the NIe 
collection require considerible effort to: 

Monitor current literature to select, collect, 
abstract, and catalog 

Design and program to produce SUch listings from 
catalog input items 

Prepare and distribute 

Devise improved ways to handle hardcopy at sites: 

AS the number of users grows and the number of available 
services increases, the size of the collections at local 
sites will increase. 

The prOblems to be solved here are many: 

Gettin~ out a dyn amically changing catalog on a 
MonthlY basis 

This item requires attention to the design of 
listings and indexes for maximum usefUlness 

Part of SRI proposal f or Research ISU 71-94, see (7~04,) r8} 
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Liaison and supervision of hardcopy production 

Recording and prOofing 

preparation and distribution 

ContinUal improvement and evolut~on in the 
tools required to assist the catalog input ana 
production process, 

Handling Obsolete items 

This function requires continuing manual effort 
to review the cOllection. 

Distribution of hardcopy over the network to 
s~andard printers. (This item will require an ARPA 
decision. We recommend a system involving a 
mini-computer and modified printer such as the 
Clevite . The standard Clevite does not have 
adequate resolution.) 

Training and assistance to station agents 

people will not be willing to have j ust one 
COllection at their site if they have to go any 
distance to get to it. 

This item requires aaditional recording and 
hardcopy production and dist ribution. 

The documents releVant to a meteorologis t are not 
those releVant to a member of the Network Working 
Group and therefore group8 will wan~ 
SUbcol1ections tailored to their needs. 

This item implies selective dissemination of 
in!orma~ion: 

A design b~Bed on existing systems is 
required 

Close liaison with users 

preparation and distribution 

More recording 

Part of SRI proposal for Research ISO 7l~94, see (7404,) (9/ 
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The size of COllections will probably require Use 
of microfil~ techniques and readers. 

MicrOfi l m will be easy and less expensive to 
produce and will taXe up little space. 

Associated hardcopy facilities are required at 
sites~ and bulk hardCoPY facilities are 
probably required at NIC. 

There are many interesting possibilities with 
microfilm, including: 

oomputer-controlled fra me jumping 

Ove rlay of micrOfilm and gra Phic display. 

The ability to keep track of a wide variety of 
med~a such as slides, aUdio tapes a nd , video 
tapes . 

Allow indiVidual s and groups the capabilities of HIe to 
create and manage their own private COllections of 
information wi th catalogs and capabilities for entering and 
proofing items and queryin~ the catalogs. 

This item re quires basic bibliographic tools beyond 
those used for producing the standard NIC catalog, 

It places more require me nts for training and close 
liaison with users. 

Since these users will have online items. possibly 
scattered in files on other hosts, it would be deSirable 
to provide waYs for retrieving them throu gh their 
catalogs in NIC . 

Learning to Use all the va ried systems on the network is 
not goin ~ to be POS Si ble by sending all potential users to 
each remot e site for training or bY always bringing 
instructor s to the user's site. 

computer-assisted instruction will be required. 

The NIC could pr ovide some basic facilities to enable 
sites to create data baBes for an NIC-supplied 
teaching program. 

Part of SRI proposal for Re search ISU 71 ~9h, see (740 ~,) (lO) 
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An i~portant point not to be lost in all this is the great 
amount of work required to take many of these obvious ideas 
and to turn them into smoothlY running services. Many 
details at each level in the system must be worked out for 
these facilities to go together properly • 

• 

Part of SRI Proposal for Research I SU 71-94, see (7404,) (111 
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Introduction 

The ARC Dialog Support System IDSS) involves techniques for 
Use bY ~istributed partie~ to collaborate effectivelY bY means 
Of' the inter-linked referencing between NLS files, 
particularly within the recorded-dialog medium of an NLS 
Journ.l. 

Our DSS will provid e the following general online aids: 
multiwinoowed ~isplaya; simultaneous and independent 
mObility and view control among many files; link-setup 
automation; back-link annunciators and jumping~ aidS for 
the formation, manipulation, and stUdY of sets of arbitrary 
passages from among the dialog entries; integration of 
cross-reference information into hardcopy pr~ntouts. 

It also will include people-system developmen~s: 
conventions and working procedures for using these aids 
effectivelY in condUcting collaborative dialog among 
various kinos of people , at various kindS of terminalS, and 
under various conditionsj working methOdology for teams 
doing planning. deBign, implementation coordination, and so 
on. 

Discussion 

The Need 

ARC has become more and more inVOlved in au~mentation of 
teams, and we are giving serious consideration to improving 
intra team communication with Whatever mixture of tools, 
conventions, and procedures will help. 

If a team is Bolving a prOblem that extendS over a 
considerable time, the members will begin to need help 
rememberin g some of the important communicat1ons--i.e., 
some recording and recalling processes must be invOked, 
and these processes become candidates for augmentation. To 
consider some of the different conditions where SUch 
storage and recall may be useful, ~uppose Person A 
communicates with per~on B about Item N at Time T. 

They maY well be counted on to remem ber their exchange 
auring the prOblem-solving periOd. But consiaer the 
case of Per~on C WhO, it will turn out, is going to need 
to know about this communication at time TT: 

perhaps he was there at Time T, but 

Part of SRI proposal for Research I SU 71-94, see (7404,) {lJ 
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he Was ~oo heavilY involved even to notic~ the 
communication, and/or Item N Was not relevant to 
his work at that moment and so was not implanted 
for ready recall. 

Perhaps A and B did not anticipate his later need and 
thus failed to invite him into their interchange or 
inform him of its conclusion. 

perhaps, althou~h Persons A and B knew he would later 
need the information, they didn't want to interrupt 
their own workini sequence with the procedure of 
interrupting Person C and getting him involved. 

or , if the consequences of the interchange carryover 
into a long-lasting serie8 of other deciSions, one or 
both parties may tail to remember accurately, or may 
reMember differently because of different viewpoints, 
and troublesome conflicts and waste of effort maY 
result. A single person will make a list of things to 
do on a shopping trip because he has learned that the 
confusion and pressure may make him forget something 
important. It 1s obvious that to be procurer for one of 
a mutuallY developed. interdependent pair ot lists would 
make it even more important to use a record. . 

Further consider the effeot if the complexity Of the teamis 
prOblem relative to human working capacity requires 
partitioning Of the prOblem into many parts where each part 
is independentlY attaCked, but where arnon~ the parts there 
is considerable interdependence through interactions on 
mutual factors such as total resource, timing, weight, 
physical apace and, fUnctio nal meshing. 

Here, the communication between Persons A and B may well 
be too comPlex for their own accurate recall. for 
example, their communication period resulted in scratch 
paper or a chalkboard covered with p05sibil1ties and the 
essence of the agreed -upon solution, WhiCh has since 
disappeared. 

We envision effectively augmenting our COllaborative team 
bY having an "intragroup docu~entation system," containin~ 
current and thoroughlY useO working recordS of the group's 
plans, designs, notes, etc. Therefore , we have begun to 
develop a system for entering anO managinK those recordS. 
The ARC Journal is this intragroup documentation system. 

Part of SRI Proposal for Research ISU 71-94, see (7404,) {2} 
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The ARC Journal 

our Journal is an open-ended information storage and 
retrieval system. It accommoda~es and retrieves whatever 
thoUghts any member of the group feels worth keeping. All 
entries in our internal "mail" ays~em automatically become 
part of the Journal. In addition. any online UBer may flag 
any file for transcription into the Journal within a day _ 
In addition to NLS files. other ha r d copy including 
photograPhS. line orawings, and scratch notes can be logged 
into the Journal . In handling ext r a- computer copy, the 
Journal draws on the techniques we a r e developing for NrC 
and RINS . 

we believe the Journal 1s the key to the development Of our 
Dialog Support sys~em. We are encouraging membe r s of the 
~roup to enter items freelY, to err on the siOe of 
loquaciousness, even to enter information that will become 
useless. We hope to learn from such a floW how to winnow 
worthWhile information, to refine the techniques Of query. 
analysis, ~nO access that are necessa r y to proliferate all 
our augmentation research. 

As each item (in this case, eVery NLS file) enters into the 
JOUrnal, it receives a master Catalog Number (CNUM ) and i s 
cataloged. 

The CNUM is gener~ted from the one ma!ter-collection 
sequence that ARC UseS for all of its frozen-item 
storage: XDOO, NIC, Jou r nal, RINS , and, we ass ume , an 
increasing number of other special col l ections . The 
CNUM becomes the master identifie r of the NLS file : it 
is prlnte6 in the upper right cor ner of each page Of a 
printout of that tile; it is the s t andard reference name 
to use in an NLS link; and it becomes the "tile name II of 
that file Within the storage and ret r ieval system of the 
Journal. 

When the Journal system takes a file into custOdy, it 
guarantees retrieval of that file (by its CNUM) at any 
later ti~e. 

A Master Catalo~ holds descriptions of each item that 1s 
stored in ARC's Master Collection . The Haster Catalog is 
composed of a set of NLS files in WhiCh each entry 
(~escribing one collection item) occupies one statement 
whose NLS name i8 'M+CNUM--•• g., (M5237l. 

Part of SRI proposal for Research ISU 7l-94 , see (7404 , ) {31 
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The catalog entries are formatted in a speclal way to 
delimit the different dat~ elements. For instance, for 
most items there is a II*a1 11 preceding the first-author'S 
n~me, and Within this type of main field there often are 
flags such as "N2" or 11*3'1 to delimit a particular 
sUbfield. The initialS of the ARC author are stored 
after the data element code II*a6 11 • 

We do not really expect to UBe this format 
permanentlY for storing our catalog data. Within a 
year the size of the collection will make query and 
file management operations too inefficient and we 
will change it. A collector sorter and special 
reformatting programs will redUce the work of 
designing and chan~ing the new format to seVer&l 
hours at the console. 

The organization and formatting of the catalog files 
will evolve during the next year, but the user's 
concep~ of this function prObably will not be 
affected. 

special data elements are under conSideration for 
processing our NLS files into the journal. For 
instance. it is likelY that the catalog entry will 
involve a record of the whereabouts and the reference 
target of every cross-file link with the file. Such a 
notation would be an importan~ aid in Querying and i5 
also the base for the ~back-linking" we have been 
considering for BO long. 

Journal entries now also exist as a shelf of hard copies. 
For the ahelf-stored copies we have USed What we call 
"catalog-management processe s ," (Executable Tex~) programs 
to help manage and retrieve the information. 

The ca~alog-management techniques that we have used were 
designed expressly to .ccommodate special collections. 
For example, a working subset of the Master Catalog 
holds the Catalog entries for the items that have been 
en~ered 1n the Journal. This subset is called the 
~Journal Catalog," and can be extracted automaticallY 
from the Master Catalog. Our initial shelving is by 
c~talog Number. so the shelf list is by CNUM. 

Part of SRI proposal for Research ISU 71-94, see (7404,) 
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We can automatically generate h~r~copy citation lists in 
various layouts by Means of a library of reformatting 
programs. The Collector~sorter Processor is invoked in 
one set of executable text programs , to produce listinKS 
sorte~ on selected keys. 

one such listing is the shelf list. A Shelf List for a 
given COllection is a list of citations or~ered in the 
way in Which the cOllection items are physically 
"shelved " Of otherwise stored . 

If the items are standing on the shelf arranged by 
catalog number, the user would probably find one easilY 
without lOOking at the Shelf List . But. if the item is 
gone, the Shelf List can verify that it should be there. 

The items mip,ht Very well be shelved according to a 
SUbject outline--e.g., a set of user-reference volumes 
whose sections would each be a separate Journal entry. 
Here the various sections WOUld be update~ 
independentlY, and their catalo g numbers WOUld bear no 
relation to their ordering within the binders . The 
Shelf List here would look like a Table ot contents. 

An "Index" contains one-line citation~ ordered 
alphabeticallY or numericallY on one or more of the 
terms found in the catalog entries . We automatically 
prOduce in~iceB ordered on: Catalog Numbers; Author; and 
KeywordS from the title (having an entry for each 
nontrivial title ward). 

We plan to make Journal material ever easier to read 
online. BY next Fall we hope that any NLS user studying a 
Journal item may jump from a link to any Journal item that 
has been referenced within the past few daYs with the speed 
of disc access, and with a "worst case" time of less than 
five minutes for a file not used recently. 

Part ot SRI proposal for Research ISU 71-9~, see (7404,) {51 
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Automatic Journal Entr¥ 

After the transfer of NtS to the PDP-10, our journal 
entry and cataloging procedures were made more 
automatic, and brought under direct ueer control fro~ 
NLS . 

Entry commands such as tne tOllowin~ are used: 

Execute Journal 

SUbmit (fl1e/!tatement/branch/plex or literal 
input) 

Interrogate (optional interactive input request 
mode) 

Author (the user bY defaUlt .. others He 
entered) 

Comments (optional comments about the document) 

Distribution (to ARC or non - ARC peoPle by name) 

Subcollectlons (NIC,AFIPS,JOU,NAS.etc •• l 

Keywords 

Expedite 

Go 

(at, user's discretion) 

(for 3-4 hour delivery to ARC 
addressees) 

(to start file and catalog process ) 

Catalo~ entry , hardcopy formattin~, and secure 
on - line tiling of ~he aocument are incluaed in this 
process. 

Hardcopy distribution WaS used for all documents at 
first . Ootional on-line delivery of linkS (references 
to the Journal document files) to addressees i! 
plinned to follOW soon. 

Part of SRI propos.l for Research ISU 71-94, see (7404,) {6] 
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Summary 

Our DSS development will be coordina~ed with our other 
developments toward serving teams of peoPle involved 1n 
developing complex computer~b,aed systems. Hence we will 
concentrate upon making a prototype DSS that really supports 
the developer~ and users of the systems that ARC is developing 
and operating~-such as: NLS, NIO, DSS and, DPCS. 

The ARC Handbook is the prototype I!super document" see 
15220,Sb) that our collaborative di~log will concentrate 
upon for ARC'S internal, prototype development of DSS. 

As features of DSS are seen to be useful to the NIC system 
of services, they will be so provided. This will prOVide 
us with early experience in the use of DSS features among a 
larger, distributed community. 

For instance, we expect to USe link and/or advise 
features in simultaneouB online conference dialog and 
other working collaboration when ana where conSistent 
within NIC goals. 

It is assumed that there maY be special DSS required 
for this distributed-community serVice; we expect to dO 
this sort Of work Within the t'functional-developmen t" 
part Of our NIC activity. Some discussion of the 
'tdistributed-dialog t' features is to be found in the 7 
Dec 69 memo (522 0 ,5e). 

Part of SRI proposal for Research ISU 71-94, see (7404,) {7J 
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We pl an to set up alia shak e down within A~C a separate PLACE , 
TE RMIN AL CONFIGURAT IO N, a nd STAFF -- a system (OpeS ) expressly to 
support production and con trol of inform~ tion-systems' 
aocumentation -- whe r e th e support work fo r developi ng ana 
c ontrollln g ARC ' S dOCll ne ntatlo n will all be done . 

If we need ~o r e throu ghp ut ~o sh2ke dOW n the system J and /or 
if throu~h NIO l s activity or throu gh special arrangeMents wi th 
Network groups th e r e is r easonable sense to do GO , we would 
like to con sid er o ur supporting of other-group (N ~ twor k ) 
documentation proa uction and contr ol . ~ e would like to ha ve a 
hummin g "bUsi ness " i n thi s kind of se rvice . to se rve wel l as a 
~est bed f or t he succe ssive sta~es of DPe system 6e ve loprnen ~ s 
we wan t to go thro ugh . 

This support of other p,roups could be on an experiment ~ l 

trial basis . perhaps prior to their setting up a PLACE, 
TERMINAL CONF I GURATIO N, and STAFF for l oc a l support of their 
own work (making use of comp uter - support trom A~C ). 

In support of this app roach, we intend to provide ourselves 
locally with a hard COPY printout system capable of makin g 
gOO d-quality mixed-text/~raphic dr af t s . 

we want to coordin a te this sys te m ~ith pa r alle l use of a high 
Quality COM s ystem for final pUDlic a tion of docume nt s a nd 
micrOfiche . ~e expect to use a COM se rvice bureau for suc h 
prOduc tion , bUt we want our loc~l har(iCop y sys t em to be able 
~o produce drafts ~ nat a r e completely accurate re pre senta~ions 
of all that will be on t he fin a l ou~put. 

we hope ~o be able to purCha~e th e fron t e nd of a n FR-80, up 
to but not inclUding th e h i gn-q uali~Y D/ A and an~l o g circuitry 
~hat drives their hi~h-precis1on CRT, leav 1 n~ otf the se 
c ircuits, t he CUT , and the camera ana film-harldling gear. 
In stead , we na y be able to uae lOWer- qua lity VIA a nd ana l og 
ci rcuit s , cORpa tible with the resolution of a pr inceton 
Scan -con ve r sion TUbe , whose output would be use a fo r remote 
video viewin e (a t one of our video- UNLS conSOles ) , or for 
drivin g a local Xerox LDX printe r. 

See (72'0, ) re ga r ding thiS ap proac h. 

Wi~h this approach we gain the full pr ecision and flexibility 
of wh a t seems to be the b~st COM on the ma r ket , enablin ~ us to 
eXPlor e c ompletelY the ra.n~e of ~raph1c r epresena tions useful 
for c omplex-systems documentation. 

Part of SHl pr oposal fo r Pesearch ISU '/1 - 94, see (7 404 ,) {lJ 
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It would also allow UD to experiment with merging scanned 
phot.o, ra phic images into our documents, f r om digitally 
stored representations, or from tilm-scanned signals, ThiS 
provides a potential for pro~ramnatic control of ima ge 
selection from microfiche (microfilm) arChi ves , ima ge 
magnific atio n and trimming, page-cut positioning, an d image 
overlaying . 

Thi s seems to be an inportant pa rt of the p rOblem of 
computer - aCcessed full text of library materials. 

The earliest form of a DPGS would have authors working mostly 
of! line . 

Clerical support staff can take rough-draft material in any 
f orm (e .g., hand written , typewritten, marKed-Up computer 
printout, and/or dictation) and QuiCklY t ype into a loca l 
spool ing de vice t he text ~ nd airectives for our VEX 
(oeferred-EXecutiolll batch processor to operate upon and 
prOduce clean, formatte6 , up-aatect printou t s . 

The computer aidS available to the clerical staff maKe it 
very eas y for tnem to follOW co~plex alteration marKUps on 
prior-printout drafts . In our expe rience , the totRl time 
re quired for a trained secretary to type the new 
text/ editing input for a significant alteration job and to 
t aKe Care of rolling and feeding pape r tape (if that is tne 
spool i ng mea ns ) is considerably le ss than the online time 
r equired bY our best - performance DNLS operator to do the 
s ame worK. 

Authors can learn to work quite effec t i ve l Y in this mode 
for dOing their o ri ~illal writing . Usually i t c ~ n beat 
lon ghand, if the r e a re not too many altera~ion5 of pr ior 
content or or gan ization. It is not nea rl y as e ffective, of 
cou rse , as composi ng or i gl nal mater ial with DNLS . 

Tile Modification directives used for DEX provide 
con s is t ent and very effective no~a tion for a l on~hand 
writer to use in his script to di r ect tile transcribin~ 
secretary in pe r forming the structural reorganiz~tions th~t 
co me to mi nd ~s the wrltinK progresses. A bit of 
ind octrin~tion in this respect actuallY provides a gooa 
dea l of help to the author. 

Part of SRI proposal for Research ISU 7l~94, see (7404,) ( 2 1 
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An initial, self-contained DGPS would cont~in Bpooled ~ input 
tYPe writers (Of f line into cassettes or paper tape, or online 
in to a local computer) , a mea ns for batCh tr ansnl i ss i on of 
spooled jobS to AUC (or a DEX processor in ano t her T~NEX ), and 
a me~ns for l ocal ha rdc opy printout of the fresh d r afts . An 
onl ine typewriter would probablY be involved as a minimum 
su pport aid , for u s ing T"L5 ~o do misce ll a n eo us i mmedia te 
editin g nnd c ont ro llin r, t ask s. A DNLS console would be an 
even more useful adju nct. 

In our va rious de velopme llts for NIC , DSS and RINS , we have a 
nu mb e r o f c ata lo ginE and indexing t echniques th a t provide 
extensiv e helP in docu~ent ation con t rol. In stUdYing va rious 
documenta tion-uti l i zation e nviron ments , we would expect to 
make SteadY i mp rove ments. 

We expect that our protctype DPCS could be m~pped ac ros s to 
.serve other docume nta tion te aMS to very good adva n t~~e. I t 
should be fairly easy to in s t a ll an app ropri a t e computer-service 
support system ill anothe r TEN ~X . 

For some SUch croups , we wo ul d like to con ~ ract to prov ide 
this support as well as t he user-system guida nce--we bel i e ve 
this approac h to have strong a dvantage s tow ar d advancing a 
coherent aOlnai n of c omputer-aided doc umentation , 

we hope also that some of the early us es of OUf mUltiparty 
NLS-system de velopme nt system could be in h a vin~ other parties 
aroun d the network workin g on special representa tions a nd 
teChn iques for ty pe s of system docume ntation of tlleir 
particula r in terest. 

SU bsequent evolution of our prototype DPeS would be tow a r ds 
providing fea~ures such as : a utomat i c concordance-type indexing, 
cross-reference c ontrOl , gl ossa ry cont ro l and proctuction, a nd 
towar ds extended re prese nta tions, Il eW forms of portrayal for use 
in docu~ entin g conplex systems, extended faci lity t or composin ~ 
a nd mOdifying t he e xo tic repres enta tion s, a nd hi gh-qu ali ty 
font/form atting . 

Pa rt of SRI pr oposal for Res e arc h ISU 71 -9 4, see (7 404, ) ( 31 
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Introduction 

once ~ remote site has established a DNLS sta tion that can 
work with our system throu gh ~he Ne~work J it would be directlY 
feasible for s oitware engineers, worKing on other computers 
with other lan gua ges than ours, to use our DNLS system to 
consideraole advall~age as a workshop in which to compo se , 
modifY, and stUdY their (lnte~rated) source code ~nd 
documentation, alld to partic ipa te in computer-aided, 
collaborative dialog over this ~aterial. 

with straightforward utilization of our cO~lpiler-comp1ler 
t echniques opera ble throu ~ h DNLS, they can easily build 
speci al-purpose languages that match to other cornouters, to 
other purposes, at binary or assemblY-language levels. 

we hope to ~ncourage saine experime ntation 1n thiS direction, 
and intend to round out the prototypical set of conventions, 
aids, principles, etc. wi~hin our aPPlication areas tha~ will 
make such application r e lativelY direct . The extent of such 
experimentat ion will of course be limited to Whit we c ~n 
man age to support~ both with computer service and with people 
interac~ion. 

~asic setup for Use of NLS by a Remote SoftWare Engineer 

He has his OWll comp ilers and debuggers . 

We offer hlM a facility for writing, mOdifying , and 
documenting his pro~rams . 

Assu me that he has a high bandwidth P~th to us (i. e. the Net), 
so th a t diSPlay information may be sent to him and, th~t files 
maY be transmitted to us tor initial insertion into NLS, and 
baCk to his site for cornp ~l a tion or printing . 

The re~ot e user would us e display NLS over the Network 
(perhaps with the interactive parts of HLS runnin~ on his own 
maChine to give better response). 

His source code would be held in N1S files , Which he would 
edit and stUdy using NLS. 

Listin gs can be obtained through the facilities develooed for 
loc al pr1ntin~ of ~LS files for the NIC . rhis will include 
form atting by our outPUt vrocessor. 

Part of SRI Prooosal for Research ISU " 1-94 , see (74 0~ ,) {1} 
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Compilation will involve production of a sequential file that 
Can be sent oVer the Net to his site for use with a local 
compiler. 

DUring the production of the sequential file, analysis and 
reconstructin g of the text may be done. 

This allows the use of source lan guag e conventions that take 
advant a ge of NLS without Changing t he loc a l compiler. 

For instance, 

t he compiler maY not a~cept low erCase letters, so on output 
all letters WOUld be capitalized, or 

the sYntax for naming locations can oe modified to 
correspon~ to ~Lsrs na Aing of st ~ tement5, then on output, 
c onverted baCK to th e form reco gnized bY the compiler, or 

procedure calls may be expressed as NLS links in the source 
and converted to simple identifiers on output . 

It i s worth noting that a methodolo gy similar to that 
described above was used successfUlly by A~C 1n tranSferring 

) NLS to the PDP10. 

) 

The main difference WaS th~t the compiler was at a remote 
site rather than NLS. 

Dur1n~ the time that ARC was still usin~ the XDS940, 
compilers developed at ARC were used remotely on utah's 
POP10. 

The compilers were first produced at ARC, th en transmitted 
over the Net to Utah. 

PrORrams usin g those compilers were written with NLS. 

They were tested bY the steps descriOed above : 

production of a sequential file from the NLS file , 

transmission over the Net, and 

compilation and debuggiIl~ at the other site Via the Net. 

Part of SR I Proposa l for Res earcn ISU 71- 94, s ee (74 0 4,) ( 2) 
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When chan~e s were necessary, ~he source c ode was mOd if ied 
with NL5 , a new sequential file produced , sent to Utah, 
cOl~pl1 ed , etc . 

This rnoae of operation wa s quite prOductive in spite of the 
prOble ms causea by the inexpe ri e nce wi~h Net wo rK Use . 

More Advanced Use of the Software Tools at ARC 

We hav e described above hoW the softWare eng inee r at another 
loc ation micht use NLS for writing his programs . 

It wil l also be possib l e fo r the r emo te pro~ rammer t o USe 
other s oftware au gme nt a tion tools de veloped here . 

For i nstance , t he TREE ~ETA compiler writing sys te m cou ld 
be modified to produce code for ~nother rna c h~ne ( th i s Was 
1n f act done as part of t he t r ansfer of NLS t r om the XDS 
9hO t o th~ PDP10 ). l~ c ould then be us ed to de velop 
experi!~e ntal co~pilers t hat woul d r un on a PVP10 (or 
through further modi fic ations and bootst ra pping , on another 
machine ) and prOduc e f~les that could De sent OVe r th e Ne t 
for loadin ~ . 

The feasi bility of such a n undertaki ng will be g r e~tlY 
i nc r eased witn the deve l opment of the Modular pr og rammin~ 
system described in APpendix G (7411 ,) . 

The compiler~co~pile r will be composed of mOQ ules, so t ha t 
the c ode production c a n be mo re eas i l y replac ed without 
requirin ~ R detailed understandi ng of l arge sections of a 
complex prog r am. 

When it is operational , tIl e MPS it se l f will be a very powerful 
toOl and of interest to other pro g r ~mmers . 

In addition, it will open up neW waYs for ~he r emote 
programmer to acc ess a nd use the other toolS at ARC . 

I t will be come poss ible for the pro grallmer t o create a 
personal version of ~LS by the repl ac ement ana addi tion of 
modul es so as to bette r match his needS . 

Other Aspects of the Au gme ntat i on S ys t~~ 

Independent of the softWare ~ools , there is a large incentive 
for the remote programner to mak e use of NLS . 

Pa r t of SR I Proposal for Resea rc n I SU 71 - 94 , see 17404 ,) £31 
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It is i mportan t to remember that th e programmer is also a 
ma nag er , if not of a group, a t l eas t of hi ms elf. 

As a man ager, he c an expect to benefit frol~ usin g th e 
Plann1ng/co mMu nication/dialog tools th at are b ei n~ developed 
at ARC . 

. 
In c onclus ion, it seems both feas ible and desirable for the 
so ftwa re en gine e r at an other site to make use of NLS in a wide 
ran ge of his activi ties . 

Part of SRI proposal for Research ISU '71-94 , see (7404 ,) {41 
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Our ARC system 6evelopment team haa the same baSic nee~s for 
Planning, coordinating, documenting, and accounting for a 
constantly changing set of interrelated taSKS as 60 other groups 
of people working in goal-oriented endeavors. 

We constantlY face more opportunities for changes or 
additions to our eVOlving syste~ than we have resources to 
carry out. Therefore we must find ways to obtain as effective 
Utilization of our ideas, and of our people, system, and 
material resources as We can so as to make the best progress 
toward our goals . 

Planning requires a framework within Which information about 
~oals, n~eds, possibilities , resources, and rel&ted dialog can 
be recorded, stUdied, and modified usefully. 

The result of SUch coordinated analysis is the adoption of a 
current Visible Plan, or "baseline" of eXpected events, agreed 
upon system developments, their external configurations, and 
resource allocations. 

ARC Planning and taSK activity is currentlY conducted in the 
fOllowing operational framework: 

Operations (PrOViding services) 

NIC 10peration.) 
Computer-System opera~ions 
Business Ope rations 
Clerical Support system 
PUblication Support System 
ResearCh Intelligence System--RINS (Operations) 
External-Collaborator Coordination 

primary project-Development Activity 

NIC (Development) 
Computer-System Development 

Sottware Engineering (TENEX, NLS) 
Hardware Engineering 

ARC Organization and MethOd of Working (Development) 
Business Operations 
Cler ical Support System 
Publication support System 

Team Augmentation (system Development Team) 
COllaboration IDialog Support) 
Baseline Planning System 

8aseline RecorO System 

Part of SRI proposal for Research ISU 71-94, see (7404,) (11 
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MethodS, Roles , TerminOlogy 
Augmentation of Direct Team Activities 

Software-Engineer Augmentation 
Operations (Maintenance. ReqUisitions) 
Accounting 
Documentation Production 

Measurement and Analysis 
User systems Development 
RINS IDevelopment) 

The Baseline Re cord is a special Bubcollec t 1on of the Journal. 
It will consist of a series of files specia l lY formatted to 
contain task and resource allocation information, including 
particularlY mixed text/graphic tiles Of plans , specifications, 
analyses , deSigns, etc. 

It will be composed of the portion of our currentlY accurate 
WOrking records that represents our best definition of tasks 
we plan to perform in the future ~ how we are Planning to ~o 
them, and What USes of resources (peOPle. system serv1ce~ 
materials) are expected. 

This record will be produced from central planning data 
contained in online files at ARC~ and will contain va rious 
views of that information as needed to Rive meaningfu l 
representation of our situation. 

A basic set of Baseline record views incluOes : 

(1) Scheaule: by activity group INIC,NLS,TENEX) 

(2) Scheaule: all ta.k. by ARC planning a.age 

(3) SchedUle: all taSKS bY per eon 

(4) Baseline record by task~ formatted as "status" 
report, with elements such as: 

Information: (about nature of taSk and agreements) 

Euyerl.) : (for whom or What task is this task 
being per£or~ed) 

Requirements: (agreed upon needs this task will 
fulfill and certain design criteria 
as needed) 

Part ot SRI proposal for Research ISU 71 - 94, see (7404,) (21 
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Milestones: 

SubtaBks: 

(details of deslgn--or links to 
such--user interface features, 
1ntern~1 implementation ) 

(significant delivery / evaluation 
points used when relevant) 

(smaller segments made visible f or 
more detailed planning purposes as 
needed) 

SubContracts: (other tasks initiated in direct 
support) 

We will keep some or all of the Baseline Recor d Within a 
s pec i allY organized SUbcollection of the Journal . shelved 
sepa r ately. and we will Use as a "Shelf List" a topically 
organized Table of Contents. Sections of the Baseline Record 
tha t are superseded by new Journal entr~es will be retir ed to 
obsolete status . Changes will be approve~ and recorde~ a s in 
configuration management Of hardware designs . 

We ~re develOPing new tools to aid analysis of estimates , 
schedUles, and staff inVOlvements, with inte r active factor 
adj ustment features to permi~ conSideration of the effects of 
ootential changes in confi~ urations of dateB~ people, and 
interdependent tasks. 

Part of SRI proposal for Research ISU 71-94, see ( 7~O~ , ) l 3J 
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) In'ro~uc'ion 

) 

) 

A fullY developed ~ugmentat1on system of a few years hence 
will have a very large repertoire of commands, representing a 
rich vocabulary for e liciting help from the computer system. 
To experiment meaningfullY with any one SUbBe~ of commands, 
designed to support a special kind of intellectual task, the 
evaluation must rightfully be done within a work ing 
environment in Which the SUbjects are doin~ all of their 
associated work in the way they would do it in the "com plete 
workshop." 

This means that to provi de a progressive research environment 
in Which rapid and significant evolution can take place, some 
sort of a "latest th1ng 1n complete works hops" mus t be 
maintained as a laboratory for each experimenter. To maintain 
this in separate installations is quite impractical. 

The comput~r network offers an important hope here , in that 
it makes it possible for people at distributed locations to 
share a "latest thing in complete workshOps" as an environment 
for their different, specific "tool-development experiments." 

For several years ARC has been aiming toward an 
experimental future where this was the way in which our 
work on augmentation systems would be done-~as part of a 
lar~er communi ty in Which many more peOPle than we COUld 
marshal Would be working on diffe r ent fronts (and at 
different levelS ). 

For instance, mUch of our motivation toward the Dia log 
support SY9tem has been to facilitate close collaboration 
between such distributed aystem~developrnent participants. 

Bes ides being able to sustain collaborative dialog , the 
participan~s would be much helped if each could view a 
relatively stable system as the backgrOUnd in Which he 
experimented with a neW tool, and i£ he COUld very rapidly ~nd 
independently cre~te and modifY new tool fe~tu r~s. 

Our launching of a Modular programming System was done 
explicitly to serve this end. When NLS has been ~odularized. 
it will be possible for instance to pe r mit a worker at Utah to 
be given "CUstodianship" of a private subset of modules 
pertaining to the manipulation of one kind of graphiC-data 
packet in our file data nodes. 

Part of SRI Proposa l for Rese arch ISU 71-94, see (7k04 ,) {lJ 
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He would be given hiB private copies Of the Bource-~ode 
files for theSe ~Odules , and COUld add and/o r ~od1fY them 
at will . His moOules can be independently compiled bY him 
at any time; and when he wishes to experiment with the 
resultin~ "new tOOl ," his comPiled modules can be linked 
into the rest of the NLS compiled-code module set at run 
time, perhaps in Place of BOrne modules that the standard 
version of NLS offers but that he is redoing. 

To experiment with his tool, he can Use it in the midst of 
processes, methods, and information that are part of a busy 
(and evolving) working life in the whole workshop. 

Each person can do his private development with minimal 
bur~en on the support ~YBtem , and with maximal protection 
to the other workshop users. 

The standard-NLS Module Set would be controlled and 
updated by a central community process, steadily 
integrating the improvements of the trial tools as they 
become thoroughlY checked out . 

General Notes about the Modular programming system 

What We Are Looking For From MPS 

III Improved de.ign--modu1.rity 

contrOl structures that encourage mo~ular design 

runtime entities, called processes, correspond to 
modules 

control is passed among the processes 

control structures that encourage Simple interfaces 

pr ocesses communicate bY messages sent over "ports ll 

(21 Improved debugging 

source language debugging 

Integrated with N1S 

()) Ease of mOdifications 

Incremental compilation 

P~rt of SRI proposal for Research ISU 71-94, see (7404,) {2J 
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Dynamic linking an~ symbolic references 

Change single module rather than reloading entire system 

(4) Ease of development 

Make new confi~uration of existing modules rather than 
reprogram 

Library of modules --such as ha rdware components 

Software components-~moQule! of high generality 

(S) Address sPace considerations 

Modules relocatable in add ress space 

Mapped 1n onlY as needed , not loaded otherwise 

DynamicallY establiSh and modifY configuration 

(6) FlexiblitY-- from "virtuality " of external references 

Modules communicate via ports 

May connect any other mOdu l e to the port 

May replace any modUle by another that satisfies ~he 
interface require ment s 

connection of ports binds the '!virtual facilities!' of 
the modUle to real facilities 

The formation of these connections (and thus the bindi ng 
of facilities for the mOdule) is not only del ayed until 
run time but may even be changed as the module runs 

171 Reliabi l ity 

Simpler relationships and dependencies 

Bette r definitions of interfaces 

Ability to put a modu le into a test environment for 
verification 

(8) Ability to interface ~pecial purpose "SUbsystems" to 
NLS 

Part of SRI proposal for ReBearcn ISU 71 - 94 , see 17"04 ,1 (31 
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May interface modules responsible for NLS file handlin~, 
display ~eneration, etc. to new modules ~o make special 
sUbsystems of NLS 

191 Tr&noport&bility 

Language for MPS and the system primitives shoUld be 
relativelY easy to move to other machines 

very few primitives written for the base machine 

Most of MPS written as modules by bootstrapping 

A restricted MPS tor the NOVA minicomputer has already 
been partiallY designed 

(10) Ability to access remote systems 

Can build module that will run with NLS and drive 
another system OVer the Net 

May interact with NLS user, format request, send over 
Net, get resDonse. format for insertion into NLS file or 
for NLS display 

(11) Ability to move modules to other computers 

such as inter~ctive p~rtB of NLS 

communicate through Net 

(12) Collaboration With other groups on software 
development 

well~detined interfaces. dynamic loading~ modularity 
make it cossible for other groups to build modules to 
run with NL5 

This Obviously will be combined with ability to have 
modules communicating over the Ne t 

Why We ThinK It Will Work 

The mOdularity/process/port/virtuality ideas hive been 
successfully used bY RUdy Krutar in several systems. 
inClUding a parser for an interactive extendable 
programming system. 

Part of SRI proposal for Re search ISU 71-94, see (7404.' f4) 
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Somewhat more grandiose schemes have been considered bY Bob 
Balzer and others at Rand. 

The segmentation/compilation/debugging ideas h~ve been 
worked out bY Peter Deutsch and company and at least 
partially tried out in sPt for the Bee machine or various 
LISP implementations. 

Peter Deutsch and Jim Mitchell have been involved with the 
deSign and impleMentation of the s ystem. In addition, 
Butler Lampson and Alan Kay may contribute to the design. 

Part of SRI proposal for Re search ISU 71-94. see (7 404,) {51 
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