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TO! SUMEX=AIM EXECUTIVE COMMITTEE
FROM; T, Rimdfleisch

SUBJECT: MINUTES FOR SUMEXwAIM EXECUTIVE COMMITTEE MEETING
{7/30/74) AND CURRENT STATUS REPORT

The following are minytes for the meating on July 30 of
the SUMEX=AIM Execuytive Committee at Stanford Univeraity anmd also
tneluding updates reflecting develooments simce that mesting,
Attendees imcluded Dr, Brewer (NIH), Dr, Amarel (Rytgenms), Dr,
Lederberg (Stanford), Dr, Levinthal (Stanford), Mp, Rindfleisch
(Stanford), and Ms, Carpanter (Stanford), The agenda for the
meeting {s reprodyuced inm Attachment {, The diseussioms of agenda
items are summarized below imn the order in which they were
considered,

1) DEDICATION CEREMDNY AND ANNOUNCEMENTS
Dedjcation:

Drs, Lederberg and Brewer summarized plans for the SUMEX~=
AIM dedication ceremony to be held {m mid=November, The omewday
session would include morning techmical presentations by the five
initial collaborator projects and am aftermoon session covering
broader poliey iIssues, The tentative main speaker for the
afternoon sessiom was to be Dr, Herb Simon from the Carnegie=
Mellon Psychology Department,

Dr. Lederberg would also invite local! Congressionmal
leaders with an intepest (n attendinmg,

Subsequent to this meeting a nuiber of aspects of the
dedicatfon planning have chamged, Becayie of changes In the
tfederal admimistration, the presemtation of governmemt policy
views and goals related to resource sharing will be made by Dr,
Thomas Bowery, Director of the Division of Research Resources,
Dry Simon is umable to make the keymate address because of
schedyle problems, 1In his place, Dr, Licklider, cuprrent Head of
ARPA=IPTO, has agreed to give am overview of computer sharing
through metworks and {ts importamce to scientidic interactions,

The dedication date is fixed to be November 14,

Announcements!
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We are {n the process of anmoumcing the existemce of
SUMEX=AIM {m a varjety of ways, The prospactus, avaflable fonr
distribytion to interested peopdle, {s showm as Attachment 2, Anm
excerpted veprsion af the prospactys was published {n the Aygyst
SIGART (sece Attachment 3}, Dr, Levinthal {5 alse organizing a
session at =ha Novamaasp 5[G310 me2ting in 3am Di238 20 presen® a
Project deseription amd summaries of on~going work by "
collaborating Principal Investigators, '

2} SYSTEM STATUS AND PLANS
Communicationsy

A summary of metwork connectiom pPlans was presented,
Connectionm to the TYMNET was scheduled to bagin in early Aygust
and to be complete by late Augyst, A potenmtial problem was
forecast {m {nstalling the 2400 baud telephone 1ine 1inking the
SUMEX node te the main metwork because of a possible telephone
worker strike,

‘ The telephone delay did not materfalize and the equipment
was {nstalled ands for the most part, debugged durimg August, The
TYMNET 1inmk has been provisfonally operational since early ’
Septembepr but a series of {ntermittonmt hardware problems, softwarpe
debugefng, and attemots to verity spscified error rate performance
have delayed fully operational status, These should be solved
shortly,

The admin{strative question of payimg for TYMNET uUsage
through the NLM comtract to achieve thelr favorable rates has been
solved by Dr, Baker of BRB, SUMEX metwork usage wil) fal} undar

the NLM comtract wWith fumdimg through an intramagency transfer,

Approval to hook up to the ARPANET as a Yery Distant Host
Was approved {n early Jyly by ARPA=IPTO, The aoproved plan
included pyrchasing am interfice from BBEN between the SUMEX KI=i0
and a 50 kbit/sec 1ime {nto tha Stanford Al Lab IMP, The sehedule
H3s projected to be 69 momths for an operational metwank
connection, ‘

The user bandwidth impact of a YDH connection as opposed
to a Jocal host connection has been diffifcult to quanti{tate On
the one hand, facilities operating as local hosts seem to
experience average effective metwork bandwidths of 10=1S kbits/sec
= Well below the 50 kbit/sec VDH 1ink, On the other hamd, no
TENEX system has beem econmected as a VDH before and possible
delays may come from the speed with which the time=sharing momitor
cam seryice network’#nterrupts, Such response labpses coyld cayse
mes3age retramsmissfons betweem the IMP and the SUMEX VDH thereby
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redycing the affective bandwideth, BB&N has agreed to wopk closely
with us to mimi{imi{ze these pronlems and the interface has been
511ghtly redesigmaed teo tnclude more buftering to reduyce such
overryns, Syech delays, {f a problem, can be elf{minated by putting
a POP~i{}) matwark {ntepface betwaam tha PDP=i0 3mnd thae natwor's a3
"33 baen discyssed in ous praviays al3aning, This would sspve
both to eliminate real time interrynt responrsa delays anmg to offm
10ad network service (NCP) overhead from the PDP=10, In heavy
USages this Jatter compomenmt canm Use 20m30% of the machime, We
will keep the Executive Committee tnformed of this sityation,

We have proceeded with the YDH approach and have orders {n
With BBEN for the {nterface and with the Range Measyrement Lab of
Patrick AFB for the telephone l{mes,

The in{tial plam to 1i{nk to the Stanford Al Lab IMP has
been altered, Taking into account the time reguired to install 59
kpit/ses Ji{mes and projected ARPA uses of local IMP ports at SRI,
Stanford, XEROX, ete,, ARPA has procosed that we conmect to a port
on a TIP operated by TYMSHARE, We have agresd to this change as
NO obvious disadvantages seem to resylt (TYMSHARE {s hjghly
oriented to reliable service, we ars dealing with them relative to
TYMNET services, amd we may have redyndant ARPANET access through
their TIP), ‘

, The eurrent schedyle for line and fnterface {nstallation
{s end of December 1974, We therefore shoyld be able to begin
experimentation with network operatioms by Janyary 1975,

Dr Amare] asked if addit{emal IN=WATS lines could be
installed in the {nterim yntil network services were operational,
After discussing the various factors fnvolved (added cost,
expected operational date for the TYMNET, current User lead, and
System gapacity without o swapping device) it was dacided nmot to
fncrease the INWWATS lines in Auguset,

Swapping Storage;

The status of the swapping deviece was summar{zed, Digita)
Development Corporation has encountered serious techmical problems
fn producing the model A7312 disk systenm we had ordered,
Expectations as of the July 30 Executive Committee meeting were
that the device would be installed inm August, Additionmal problems
with head ecrashes prevented this amd we have Peached an agreement
with DDC to provide altermate swappimg storage, based opn an oclder,
more expensive technology, {n place of the A7312, This '
altermative will provide us equal or greater cavability compared
with the 47312 at nmno addit{onal cost, This new device will be
avallable {n mid November and in the mean time, an tntemim, lower
capacity, slower deviece wi{l)l be instaltled, The interim device has
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been installed and {s operational as of this week (10/5/74), Even
thoygh it is less capable thanm the tinal configuration will be, a
substanti{al improvement {n performance was observed, The
fabrication of the 3imal contiguration (s currently on schedyle,

Svysiaem dygman®tadisng

Because the VDH ARPANET conmnection reduces the associ{ated
hardware costs ocver those previously pudgeted for the TIP, we
Yooked at the effeets on System capaeity for mew AIM users of
augment{ng varioys componants of the system configuration, The
detaf{ls of that styudy are described {n Attachment by Inm symmary,
we proposed aygmemting the file systenm (users are already
approaching the available cabacity), the core memory, and swapping
storage, The latter two additions Sarve to redyce the overhead in
Swaoping users in and outfrem about 30X in a stmulated Nigh
Paging lead te about {0%, ) '

A discussion ensued supporting the desirability of
ensuring as mych cavacity as pessible to mew AIM users, Drp,
Amarme] expressed tha des{re that preposals syeh as this be
distributed before the meatings se that more consi{derad discussion
could be held, We agreed with that viewpoint in gemeral byt
explafned that the timimg of ARPA's decisfon on the VDH (early
JUuly) and the effort required to de the technical studies on
augmentation prationale precluded suyeh prior distribytion for this
meeting, ’ '

Dry, Brewer emphasized that BRB wamted te make syre that
SUMEX=AIM allocated adequate rescyrces, other than cempyting, to
remote users amd particularly to "haye not! research projects
Which are mot local to large computing faci)ities, These
resoyrces include terminals, commumications, and other {mcidenta)
helo for emabling such users to got started, He also stated that
the timimng of system augmantations shoyld matech projected meeds,
We pofnted out that such was the case at present simeas very rapld
growth of the user community could ba expected with the opening of
network acecess,

The matter was takem under advisement by BRB: moting an
approval by the Executive Committee to proceed with the
aygmentation, We have sybsaquently recefved budget authorization
from BRB for augmenting the disk file storage and core memory,
Funds proposed for added swappirg storage are held {n reserye
pending future approval, In additions a budget of $99600 has been
allocated for "haye mot" termimal pentals during the next granmt
vear, It {s the SUMEX=AIM policy that tesrminals are NOT gemerally
provided to user groyps = only {n clrecumstances where abmormal
tiscal or administrative conditions require It %o allow mew users
to get started,
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Arrangements for Backup and Reliabf{litys

Dr, Lederbarg discussed the desfrability of makinmg
arrangements with other compytr facilities for packyp purposes op
other mytyal advantage, This may emtai] quid pro aue agreemants
in the form of mytyal backup supbort, software exchange, or othep
"barter™ aprangememts, The Committes acknowledged the
desirabi{lity of sych agreemants within the charter of the SUMEYX
project and authorized Dr, Ledarberg to enter {nto appropriate
relationakips for tha hanefi{t of the faciliey,

Language Support:

Interest was expressed in twe additional languages for the
SUMEX machine = the Stevens Institute versionm of SNOBOL (sirtBoL)
and PLei, Dr, Amare)'s group has uysed SITBOL extemsively in
developing the programs at Ryutgers amd would like to use {t on
SUMEX, The lease cost of the software is $400 per year,

Dre Lederberg indicated that the PL={ lanmguage may be
avajlable through a development project in West Germany, A groyp
at the German Cancer Research Cenmter at Heidelberg nay conmyert the
PLACME language to run on the POP=10, Dr, Amarel expressed

interest in PL=] as well,

A discussion ensued on two {ssuest 1) that SUMEX has
limjted resoyreces and cannot properly support 2 long Tist of
languages, and 2) that the meedless proli{feration of Yamgyages
impedes software exchanga, It was pofnted out that thera wape
virtyes in using several lamguages {n that each had Strangths
Which could be explofted and that having various language
processors avallable facilitated importing software ysimg those
languages, There was an acknow]edgement that SUMEX resoureces are
limited amd a suggestion that Rytgers take on some of the lamguage
maintenance, Dr, Amarel fndicated his resources were 1{mited as

We"g

Tt was agread that SUMEX would attempt to bring up SITBOL
as possinle with available resources, The gemeral question of
support Jor other languages and software systems withim the SUMEX
community Will be cons{dered at later meetinga of the Execytive
and Advisory Committees,

We have subseqguently obtaimed a provis{onal copy of SITBOL
and bprought {¢t up mder TENEX, A number of file access problems
were encountered which require soyrces programs teo understand, We
are {n the prozess of ocbtaiming these,

Jerry Feldman!s group at the Umiversity of Rochaster has
suggested that BB&N!S version of BCPL is a good system programming
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language and woyld let ys bring yo a number of programs that BBLN
{s developing, We are looking into the possibility of obtaiming a
capy of 8CPL,

3)  RESOURCE ALLOCATION POLICIES

It was poimted out that the meed for allocation palicies
for the var{ous comsumable resources of SUMEX weuld be eyident
shortly, particularly as more amd more new uUser grouyos coms onm,
Specifically {t was noted that the file system capscity was being
consuymed by enml{ne Y{les and that eyen with the proposed
augmentations, allocations to the var{ous projeects would have to
be made and enforced, This {s terue of Other resources as wel)
(e,g,¢r CPU cycles) although disk storage {s most noticeable a3t
present, ' ) ' ' )

A tentative policy statement (Attachment S5) was
distributed as a plam to contpel the use of file space within
alloecation beyndaries, Littie discussion followed becauyse of
meeting time limitations other than to note that othep facilities
(eyg,0 USC-ISI) wore imposing various forms of access limitation

(general users, messagemonly Users, etcy), A fyller discussion of
resource allocatiom policies was defepred Until a later meating,

4) NEW USER PROJECTS

A number of projects with petenti{al Al relevance have
emerged frem the Health Mampower Ace (769=A) proposals, De,
Levinthal presented synopses of the matyre of the various projecta
with discussion following om thair relevance to SUMEX=AIM, A
symmapry of the dispositiom of the 5 projects consfdered is giyan
belowy

a) Dpr, Orthner, Geo, Washinmgton Univemsity
Project ObJectives =

Develor a mini{ network compuyter system anmd apply it to
developin a gemeral physiological medel,

Committee D{sposition =

It was agreed that the project as currently econstitytad
does not fall within the working def{mition of AI, BRB wil!
send Dr, QOrthner a copy of the SUMEX=AIM prospectys notimg that
the prooosal must be rscast to be eligibla for SUMEX,
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b)

¢)

d)

e)

Dry Safir, M2, S{naj Hospital (New York)
Pralacs O9lactives =

, Collaboration with Dr, Amarel's glaycoma and eye
disease di{agnosis project,

Committee Disaositjan ]

Dry Safir will be a yser of the SUMEX faeility under
Ory, Amarelis auspiees,

Dry McComrmicks Universtty of Il1imois at Chicags Circle
Projeect Gblectives =

Imolement an effeetive computing support system fop the
Un{versity of Illinois Eye Clinie {nclyding patient data record
dutomation and developing diagnostie afds, The system wi}l}
imeclude minimcompyter record management using efficient
switehing theory cover ajgopithms to implemant pattern matehing

procedyraa,
Committee Dispoaﬁeion »

_ This project has Al compaments which Will likely grow
with time, BRB w{l) encourage Dr, McCormick's peeple teo
interact with Dr, Amarel!s grous's work pPreparatory to a latep
formal review as am independant project, '

Dry Poples Unfversity of Pitesburgh
ProjJect Objectives = _

Expand and validate the data base in the DIALGS system,
improving {ts human fnterface and testing {ts utiliey rere
extemsively, DIALOG simylates the {mferentia) process:s of
diagnosis within 5 "disease tree" data stpucture fnetuding a
taxonomy of diseases amd the Yikelihood of symptomatie
relatifomship to Underlying disease,

Committee Disposftion =

BRB will {nvite Dr, Ponle te get in touch with SUMEX

personnel to plam detafls of his yse of the fac{l{ey,

Drsy Gorry and Schwartz, MIT
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Prolect Objlectives =

Navaisn tha thassy o climizal zog3a{%ian insludinag a
dfmulation of expert history takinmg {data colisction,
diagmostie (mferemee, yse of uncertain information, ate,),
Fepresdentation of clin{cal knowledge, modalvbased desision
making, and the asnlicatiom of common sensa, The work would
Use goalmdirected pragramming languages umder development at
HIT, °

Committes Disposition =
BRB will encourage Dr, Gorry to stay {nformed of SUMEX
and to cooparate with AIM geala, It {s umclear at presemt {4

Gorry wil) get his owWn machine rassurces as provosed or may
becoms a direet SUMEX user,

At presant Dr, McCormick!s group amd Dr, Poplae are
actively ysing the SUMEX system, "
5) AIM ADVISQRY GROUP

Dre Amarel reported that he had comtacted the previously
discyssed l{st of candidates fop membarship on the AIM Advisory

Group and that he has recafyed a high rate of acceptance, The
tentative membership fnelydesy

Dry Amare) Rutgers Universiey Al Research

De, Fejgenbaum Stamford Unfversity Al Researeh

Dh. Feldmanm Univéra!ty of Al Reseamch
h Rochester

Dre Bobrow Xeprox PARC Al/Systems Reseapch

Dr, Reddy C@fnegie-Hellon Al Research
University

Dry, Lindberg Unfversity of Med{cal Compyting
Missoyri

Dry Abelson Yale Unfversity Social Psychology

Dr, Safir Mty Sinal Hosoital Ophthalmology
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A nymber of othap candidates were discyssad to broaden the
scientifia comtact of the Advigsary Grouo, Saacifiezaly,
mambarshics for Dr, Mlagky (AL} ar MIT and D», Coray (Chanfatey)
At Hasvard wer2 provosed, These comtacts will be PUrsyed by Dp,
Amare] _

‘ Exeeyt{ive Committae mambers unamimoys]y approved the
Proposed Advisery Group membership and aythorized Dre Lederberg to
send out formal latters of fmvitation to the nominees, These
letters hava bean semt,

Dry Amare] agread to Serve as temporary chaf{rmam of the
Advisory Groyp for its early organfzational phases byt requasted
that a permanent chairman be electeq by the greup as soon as
possible, That persom would represent the Advisory Group om the
Executive Committes, '

o It was agreed that Advisory Group membeps should be asked
for nomimal 3=y year commitments with { or 2 rotatioms each year
to provide group eontinuity, Dr, M{nsky!s commitmemt eoyld be
limited to 1 year {f¢ that would make him more willing to
Particioate, | ’

(Added notes Dr, Lederberg!s formal letter of ynvitation
Spec{fied Just one ymar as the term of appointment as we had nmot
vet spagified the protocol for rotatfon, It {s expected that
Advisory Graup members will be told {mformally about the rotation
schema and that this wi]] be {mplemented through spec{fiegd annual
reappointments, IRD;

~ The first meeting of the Advisory Group will be schedyled
around the time of the SUMEX dedicatien ceremony,

6) EXECUTIVE COMMITTEE ORGANIZATION

. Dry Amare) raised the genera) quest{om of the SUMEX=AIM
committee organization and specifically the relative roles of the
Execut{ve Committee and the Advisery Group, It was agreed that
the Execytive Committee was directly responsible for making
decisfoms am the allocation of SUMEXwAIM pesources, user project
duthorization, andg establi{shing poliey gufdance for the
development of the SUMEX=AIM half of the resource,

The Advisory Group advises the Executive Committee on
SUMEX»AIM prigrities fneluding the active prorotiom and
recrui{tment of mew projects and the screening of proposed mew
applfecations,
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_ Dry Lederberg agpeed to serve as chafrmanm of thefxecytiva
Committea amd to ha responsible fop fmforming ysers of tha resylts
of Exscutiva Commiviaa azri{ons,

7)  AIM HDRKSHOP PLANNING

Dry Lederberg Prasemted a slight revision of the AIM
Workshop Mamagesment P|anm Propasad by BRB, The revisions were
minor to make the Warkshop Plam comsistent wWith the SUMEX=AIM
mamagemanmt pian, Dry Amare) questiomed the meed for a workshop
managemenmt plan, given {ts allecated $25,000 budget, It was
agreed that the propsssq Plam was not very slaborate and served to
make clear the relative responsibilicies of the various groyps
fmnvolved, The Executive Commitsas accepted the plan as medified
by Dr, Lederberg, S ' '

Dr, Amare! Feported an tha vapy 2arly workshop plamning
Uunder way, He is accumylatimg information fpom earliep workshops
held at Carnegie=Mallonm and Washimgten Umiversity on ether
subjects to petter take advamtage of lessons learnad thare, A
tentative plan {me)yudes an agenda for aboyt 30 invited People over
T»10 days, These people will combine AT People, mom=Al ecampyter
scientists, medf{cal people, etc, Sepaﬂate s23s{ons may be
hecessary in asrder te tafior sybpragrams to the interests of a
diverse group of attendees {biochamises, ophthaimologisgtes, ete, ),
The theme of the Workshep wil] be "Knowledgem=baseq Syatems Iin
Bfonedicine™ and f¢ will be held at Rytgars, '

8) FUTURE MEETINGS

The meeting was adjourned with the raxt session to be
arranged by the chairman, Dp, Ledercerg, The next meeting will be
scheduled around the time of the dedication ceremonmy aftep the
Adv{sory Groyp meets, ' )
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AGENDA
SUMEX~-AIM FExecutive Committee Meeting

July 30, 1974

Svstem Status and Plans

Swapping storage (DDC)
TYMNET

ARPANET

Proposed augmentations
Allocation Policies

File storage
CPU
Accounting

Health Manpower (769-A) Al-relevant Projects

Executive Committee

Select ATM community member

AIM Advisory Group

Define membership

Plan organizing meeting

SUMEX Dedication and Announcement

Oct/Nov dedication plans
Prospectus
SIGART announcement

ATM Workshop

Review management plan
Plan first workshop
Time

Theme: "Applications and skepticism of AT in Medicine"

General Discussion and Meeting Schedule
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SUMEX~AIM PROSPECTUS

*)

INTRODUCTLOH AND OBJECTIVES

In partnership with and with financial support from the
Biotechnology Resources Branch (BRB) of the Division of Research
Resources, National Institutes of Health (NIH), Stanford
University is developing and operating a National Shared Computing
Resource to explore advanced applications of computer science in
health research. The SUMEX (Stanford University Medical
Experimental Computer) facility, under Professor Joshua Lederberg
as Principal Investigator, is national in scope in that a major
part of its computing capaQity will be made available to
authorized research groups throughout the country by means of a
communications network. There are two main objectives of the
facility: 1) the specific encouragement of applications of
artificial intelligence in dedicine (AIM) and 2) the managerial,
administrative, and technical demonstration of a national shared
technological resource for health research.

The emergence of more economical technologies for data
communications allows a liberation fronm geographically organized
facilities in favor of the concentration of functionally
specialized capabilities at different sites. In addition to the
economic advantages of resource sharing, a closer interaction
between diverse research efforts 1is expected to promote a more
systematic exchange of research products and ideas. This is
particularly true in computer science where technical complexities
have tended to encourage the development of relatively isolated
groups, each pursuing a line of research and program development
and making limited use of the working programs available from

others. The SUMEX-AIM project seeks to lower these barriers in
the specific area of artificial intelligence applied to health
research. Indeed, multilateral community-~-building rather than

unilateral service is the project’'s essential mandate.

"ARTIFICIAL INTELLIGENCE" RESEARCH

The term "artificial intelligence" (AI) is applied to
research efforts aimed at studying and mechanizing information
processing tasks that have generally been considered to require
human intelligence. The current emphasis in the field is on
efficient acquisition and utilization of material knowledge, and
representation of conceptual abstractions in problem solving
processes. Al systems are characterized by complex information
processes that are, to a large extent, non-numeric, e.g., graph
searching and symbolic pattern analysis. They involve procedures
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whose execution is controlled by different types and fornms of
knowledge about a given task domain, such as nodels, and fragments
of "advice" in the form of Systems of constraints or heuristic

rules. Unlike conventional algorithms commonly based on a well-
tailored method for a given task, Az proceduras typlcally uss a
multiplicliiy of wethods in g nigaiy conditional manpner - depending

on the specirie data in the task and on a variety of sources of
relevant information.

For exanmple, an AI System for data interpretation would -
assist a user at a higher conceptual level than the application of
4 numerical algorithm for curve fitting by Suggesting and
evaluating analytical éxpressions to mateh the data. Thus it may
include deciding what model best describes the data source and
what actions to take as a result. Such a model would be based on
the data itselr and on other pieces of information which may be
relevant to constraining a solution, Inherent in these processes
are a store of general symbolic knowledge about the problem domain
describing what is fact, what is reasonable and unreasonable, and
what solutions have worked in the past. Using an ability to
communicate effectively with the problen data source and a human
user, the programs night examine the knowledge base to construct
and test plausible explanations of a Particular set of data and to
project and decide among subsequent alternative courses of action.

This type of "intelligent" assistance by computer program
is perhaps best illustrated by a number orf examples taken fronm on-
golng research efforts identified as initial users of the
facility. The DENDRAL broject at Stanford is aimed at assisting
the biochemist in 1nterpreting molecular structures fronp mass
Spectral and other chenmical information. 1In cases where the
characteriatic Spectrum of g compound is not catalogued in a
library, these programs carry out the rather laborious Processes ga
chemist nust g0 through to interpret the sSpectrum fron "first
principles.» By Symbolically generating "reasonable® candidate
Structures fronm hints within the spectrum and a knowledge or
organic chemistry and mass Spectroma2try, the program infers the
unknown structure to be the one which best explains the observed

Scientific method, (Whether this is 2a faithful description of
contemporary science is arguable; and how it may be implemented in
the human brain is unknown. In any case, these are useful leads
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rather than absolute preconditions for the pragmatic improvement
of mechanized intelligence for more efficient problem solving.)
The elaboration of these approaches as deeply as we can with
existing hardware and Software technologies is the most promising
approach to enhancing the application of the computer to the
vaguely structured problenms that dominate our task domains.

A project related to DENDRAL, carried out in collaboration
with the University of California at San Diego, seeks to infer the
structures of complicated proteins from x-ray crystallographic
data through a similar paradigm of hypothesizing reasonable
structures and testing their ability to explain the observed data.

Other projects at Stanford and Rutgers University seek to
., assist experimentally in diagnosing disease and 3uggesting
treatment. In these cases the input data are clinical symptoms
and physical and biochemical measurements and the knowledge domain
is the physiology and pathology of various organ systems as well

as the effects and interactions of courses of treatment. Current
applications of this work are in the areas of infectious diseases
and diseases of the eye. Long term applications of these types of

computer programs might be to consolidate and reconcile the
knowledge from a diverse group of experts or to enable more
effective treatment of disease in locations that lack access to
specialized expertise.

Other examples, in areas of psychology, are aimed at
building and testing complex models of human cocgnitive and
affective processes. Programs are being designed at Stanford to
Simulate paranoid or other behavior patterns in response to
hatural language discourse. Embedded in such programs are a
general symbolic model for the behavior type and an ability for
natural language communication. In response to a human user, the
program seeks to understand input discourse in terms of the
behavioral model and to produce appropriate English language
sentences in response. Applications of this work may be to
improve our understanding of particular behavior patterns by
Systematizing the characteristics of models which emulate them or
to assist in training medical students 'in psychiatry.

A system is being developed at Rutgers which takes as an
input a social episode, i.e., an account of a sequence of actions
involving the interactions of Several persons within some social
context, and it generates an interpretation of the episode in
terms of intentions and reasons that might have motivated the
bpersons in the episode to perform their actions. This system is
based on a model consisting of a body of rules of belief (about
Specific people, actions, and motivations) and a strategy of
interpretation. Applications of the System may be in improving
communication processes such as the psychiatric interview.
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new ideas along the lines of "intelligent?® programs with medical
applications. These terms are not Precisely defined at this tinme
and our objectives might better pe phrased in terms of "advanced
computer science concerned with mechanized theory formation and
broblem solving in medical research and practice." We will

symbolie knowledge representation and manipulation, concept
formation, problem solving, learning, and natural human
communication (e.g. language, speech, vision, etc.).

MANAGEMENT AND USER QUALIFICATIONS

The SUMEX-AIM facility is cormunity-oriented and its
organizational structure is being established to emphasize user
Support and interactions among user groups. The following
summarizes the overall Structure as it is tentatively constituted.

The user community is divided for administrative purposes
into two groups: 1) those at the Stanford Medical School (loecal
Lo the facility) and 2) those elsewhere in the country and at
Stanford. The facility resources (computing capacity and

Stanford Medical School users will be qQualified for access to the
facility by Dr. Lederberg in his capacity as Principal
Investigator for the SUMEX grant. The national user group will
gain access to and be represented in the design, development, and
allocation of the facility resources through an advisory group for

The AIM Advisory Group will consist of members at large of the AI
and medical communities, facility users, and the Principal
Investigator of SUMEX as an ex-officio member. 4 representative
of the NIH-BRB will Serve as Executive Secretary. It will advise
the AIM Executive Committee, whose responsibility is to give
overall direction to the national AIM progranm. The AIM Executive
Committee consists of the Principal Investigator of the SUMEX
Project, the Principal Investigator of a series of workshops on AI
applications in medicine, a representative of the NIH-BRB, and a
representative of the AIM Advisory Group.

Besides its charge to review potential uses of the SUMEX -
AIM facility, the AIM Advisory Group will advise the AIM Executive
Committee on the allocation of funds needed to assist in
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interfacing recommended new users. The SUMEX-AIM computing
resource will be made available to qualified users without any
charge, which of course entails a careful review of the merits and
priorities of proposed applications, At the discretion of the
advisory group, attendant communication and transportation costs
to allow specific users to gain access to the facility may be
covered as well.

Qualifications for new users and the details of AIM
assistance to users will be more specific at a later time. In
general terms, however, potential users will be judged on the
basis of:

1. The scientific interest and merit of the proposed
reseaprch.

2. The relevance of the work to the Al approach of SUMEX-AIM
as may be indicated in part by the need for the specialized
SUMEX facilities as opposed to other computing alternatives.

3. The prospective contributions and role of a user in the
community, e.g., developing and sharing new systems or
applications programs, sharing use of special hardware, etc.

y, The user’s capability and intentions of operating in a
community-effective style for mutual advantage. Besides the
programming innovations that some users may be able to
contribute, all are expected to furnish expert knowledge and
advice about the existing art in the fields relevant to their
special interests.

The overall objective will be to promote AI applications
of high scientific merit among an extensive group of competent
users, consistent with maintaining a responsive and productive
computing environment. The initially approved loading is
estimated to be about 30% of the total SUMEX-AIM capacity, leaving
a substantial capacity for new research groups to enter at this
time.

TECHNICAL CAPABILITY

The computer facility, consisting of a Digital Equipment
Corporation model KI-10 central processor operating under the
TENEX time-sharing monitor, is scheduled to be available in a
limited fashion in June 1974, and to be fully operational in
September. The system will have initially 197K words (36 bit) of
high speed memory; 1.3M words of swapping storage; 40M words of
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W ostorage; 2 9-track, 800 bpi iadustry-compatible tape units; 1
dual DEC tape unit; a line printer; and communications network
interfaces providing user terminal access. At the present time
the choice of 3 communications network approach is being
finalized. However, Specialized users Will in any case find that
the communications costs are small compared to the value orf access
to the system. This hardware complement may be expanded in the

dictated by user research goals and requirements. Initially
available programs will include a variety of TENEX user, utility,
and text editor brograms. Major user languages will include
INTERLISP, SNOBOL, SAIL, FORTRAN-10, BLISS-10, BASIC, and MACRO-
10.
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INFORMATION CONTACT

For further information about the SUMEX-AIM project or to
discuss potential research applications, please contact:

Dr. Joshua Lederberg

SUMEX-AIM Computer Project
Stanford University Medical Center
Stanford, California 94305

(415) 497-5801
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STANZORD IS SITE EOR MEDICAL At COMPUTER — SUMEX

A five-year NIH grant of §2.75 million has been awarded to
Stanford University Medical School to establish the first shared
national Al computer facility for medical research. Funded by the
Biotechnology Resources Branch of the Division of Research
Resouces at NiR, the facility will be known es SUMEX - Stanford
University Medical Expsrimental Camputer - and directed by Or.
Joshua Lederberg, Professor and Chairman of the Department of
Genetics.

Initially, SUMEX wiil consist of a TENEX PDP-10, scheduled to
be fully operational in the early Fall and throughout the country on
a lime-shared basis over a compuler-communication network. The
two main objectives of the SUMEX program are (1) the specific
encourazement of applications of artificial intelligence in medicine
(AIM) and (2) the managerial, administrative, and technical
demonstration of a national shared technological resource for health
research.

The emergence of more economical technologies and data
communications allows a liberation from geographically organized
facilities in favor of the concentration of functionally specialized
capabilities at different sites. In addition to the economic
advantages of resource sharing, a closer interaction between
diverse research efforts is expected to promote a more systematic
exchange of research products and ideas. This is particularly true
in computer science where technical complexities have tended to
encourage the development of relatively isolated groups, each
pursuing a line of research and program development and making
limited use of the working programs available from others. The
SUMEX-AIM project seeks to lower these barriers in the specific
area of artificial intelligence applied to health research. Indeed,
multilateral community-building rather than unilateral service is the
project’s essential mandate.

More particularly, SUMEX will be concerned with mechanized
theory formation and problem solving as it occurs in both medical
research and practice. It hopes to advance traditional Al subject
areas such as symbolic knowledge representation and manipulation,
concept formation, learning, and natural human communication as it
relates to medicine.

Scientists who have been identified as initial users of SUMEX
include Dr. Saul Amarel of Rutgers University, who is directing
several projects in Al and biomedicine such as developing diagnostic
aids for diseases of the eye and studying human communication
processes in psychiatry, Drs. Stanley Cohen and Stanton Axline of
Stanford Medical School planning strategies for the diagnosis and
treatment of infecticus diseases, Dr. Kenneth Colby of the Stanford
Al project with PARRY, Drs. Edward Feigenbaum and Cari Djerassi
continuing on DENDRAL, and Dr. Stephen Freer of the University of
California at San Diego seeking to infer protein structure from
x-ray crystallographic data.

Managemant

The user community is tentatively divided for administrative
purposes into two groups: (1) those at the Stanford Medical School
(iocal to the facility) and (2) those elsewhere in the country. The
facility resources (compgting capacity and manpower) will be
allocated in equal portions to these two groups. Stanford Medical
School users will be qualified for access to the facility by Dr.
Lederberg in his capacity as Principal Investigator for the SUMEX
grant. The national user group will gain access to and be

represenied in th2 design, development, and allocalion of the
facility resources through an advisory group for a nationat program
in Artiticial intalligence in Madicine (AIM). The AIM Advisory Group
will consist of members at large of the Al and medical communities,
facility users, and the Principle Investizator of SUMEX as an ex~-
officio member. A representative of the NiH-8R3 will serve as
Executive Szcretary. Jt will advise the AIM Executive Commitiee,
whose responsibility is to give overall direction to the nationa) AIM
program. The AIM Execulive Commitiee consists of the Principal
Investigator of the SUMEX Project, the Principal Investigator of a
series of workshops on Al applications in medicine, a representative
of the NH-BRB, and a representative of the AIM Advisory Group.

Basides its charge to review potential uses of the SUMEX-AIM
facility, the AIM Advisory Group will advise the AIM Execulive
Commitiee on the allocation of funds nzeded to assist in interfacing
recommended new users. The SUMEX-AIM computing resource will
be mads available to qualified users without any charge, which of
course entails a careful review of the merits and priorities of
proposed applications. At the discretion of the advisory group,
attendant communication and transportation costs to allow specific.
users to gain access to the facility may be covered as well.

User Quaiifications

Qualitications for new users and the details of AIM assistance
to users will be more specific at a later time. In generai lerms,
however, potential users will be judged on tne basis of:

1. The scigntific interes! and merit of the proposed research.

2. The relevance of the work o the Al approach of SUMEX-AIM as
may be indicated in part by the need for the specialized SUMEX
facilities as opposed to other computing alternatives.

3. The prospective contributions and role of a user in the
communily, e.g., developing and sharing new systems or
applications programs, sharing use of special hardware, etc.

4. The user’s capability and intentions of operating in a community-
effective style for mutual advantage. Besides the programming
innovations that some users may be able to contribute, all are
expected to furnish expert knowledze and advice about the
existing art in the fields relevant to their special interests.

The computer facility, consisting of a DEC model Ki-10 CPU
operating under TENEX, will have 197K words (36 bit) of high-speed
memory, 1.3M words of swapping storage, 40M words of disk
storage, two 3-track, 800 bpi industry-compatible tape units, a dual
DEC-tape unit, a line printer, and communications-network
interfaces  providing user terminal  access. The initial
communications network will be TYMNET, although SUMEX is also
expected to be available as a remote host over the ARPANET at a
later time. '

Software support will evolve from the basic system as dictated
by user research goals and requirements. Initially available
programs will include a variety of TZNZX user, utility, and text
editor programs. Major user-lzangusges will include INTERLISP,
SNOBOL, SAIL, FORTRAN-10, BLISS-10, BASIC, and MACRO-10.

Information Contact

For further information about the SUMEX-AIM project or to
discuss potential ressarch applications, piease contact:
Or. Joshua Lederberg
SUMEX-AIM Computer Project
tanford University Medical Center
Stanford, Ca $4305
(415) 497-5801
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RECOMMENDED SYSTEM AUGMENTATIONS
AITHIN FIRST YEAR BUDGET

The injtial SUMEX computer configuration olanm, aporoved by
the AIM Executive Comm{ttee in MNovember 1973, was a compronise
between the technical demands of establishing an effective
community AT comouting factlity and the hudget censtraints imposed
by Council, wWithin the projected budget at that tire, we
attempteag to balance the configuration in terms of available filea
Spaces core size, and swappinrg storage,

As discussed at earlier Executive Committee meetings, ARPA
kas found it necessary over the past 6 ronths to reconsi{der its
volicies as they relate to ARPANET expansion and use by ren=D0D
agencies, The resylt of these deliberations has been a decision
in early July by ARPA that SUMEX cam pecome a Very Distant Host
(VDH) on the ARPANET rather thnan s new TIP node as inftially
planned, wWe have revised the earlier network plar to implement a
VDH interface and to augment the interim lime secanner capacity to
handle local termipals (previously to be handlec by the TIP), «we
are also in the process of fnterfacing to the TYMNET in order to
provide Jow bandwidth terminal suppcrt on a broader geographical
and administrative basis than is afforded by the ARPANET at the
present time,

Some reductions in fipst year costs have resulted from the
reconfiguration and delays in inplementing the ARPANET connection,
These include delaved project staffirg, delaveqd cperational
Status, and reduced comrunications fees as wel! as the inherently
lower cost of the VDH connection, Thke overall reductions amount
to approximately $148,(00 and affore the oppoartunity to reconsider
other aspects of the machina confiayuration to give a larqer
caracity to better meet the meeds of the AIM community,

Hhereas the LUMEX facility is Just coming to a fully
operational state, w> can oroject a mumber of areas where
auamentation would b> of henefit to system performance, Thesa
projections are bhasers on observarions of current SUMEX Utilization
as well as experiments om g KA~TENEX system at the Institute for
Mathematical Studies in the Social Sciences (IMS55S), The IMS3S
machine allows a more Larametric measurement of verformance
sensjtivity to hardware changes hecause it has a larger
configuration from which the effects of reducing varfous ccmoonent
capacities car be observed, The following Ssummarizes thesge
recommendations,

FILE SPacE
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Even in these early Stages of SUMEY fo2ration, it Nas
bacome clear that the file svstem cavdacity will be a linmjting
factor to Al community expanmsion, This aerives from the
interactive matyre of the TENEX systenm making on=1ine files
assential,; the large fijes invelved in Al program images, and thre
targe data files currently inm yse and expected increasingly as
data base~oriented AIM pProjects are identified, The cavmacity of
tne current file svysten s pot yvet fyuliy utilized and we haye
tssued only veprhgl reauests to economize on file Soace, Howeyer,
the trend towaprg early consumption of the file capacity is clear
3S summarized by recent file utilization statistics,

Qut of a total of B1,200 available pages (4 RP=03 disk
drivas), the following are averages of the space fn use including
all system and user directories;

Mid=June 47:500 vaqes
Late June/sarly Juty 53,000 rpages
Mid=July 52,000 pages
Late July 524,000 pages

ke have developed a policy statement on file space
allocation and control which {5 attached, In this policy, current
data on ¢disk requirements for various aspects of the system and
User projects are integrated to allocate the overal] available
space (31,200 cages):

































