To: Licklider @ 151

From: Newell ¢ CMU=10A

Datet 6 Apr 75

Re: Al ROAD MAP MEETING

CCt Carlstrom & ISI, Fields ® ISI, Russel) # ISI, Simomn € CMU=10A
JMC @ SU=AT, LES @ Si=Al, CCG @& SU=AI, PHW & MIT=A],
Feigembauym ® ]1SI, Amare) @ [SI, Nilssom & SRI=AI,
Sacerdoti € SRI-A]

Lick!? Twenty=four hours has permitted some reflections on
Monday's sessior ard the problems attemdert thereto,

(1) To repeat what was gemerally accepted, implicitly anrd
explicitly, by the Al sciemtisSts at the meetimg:! It s
apprepriate, givem the current gemeral conmtext amnd smecific ARPA
comtext, for the A] field to attempt a series of applications,
Such applications would be a good thimg for A] generally, as
well as for its specific relations with DeD,

(2) Also to repeat! Apolicatiom opportunmities myst be
discovered, verified and exploited, Some imstitutioral means
must bpe fourmrd to expedite this, For it s eclear that the A]
commymity by itself does nrot have the expertise mor the
cornmectioms to find higk pavoff sctivities, Dave Russell, at
the end of the day, stromgly posited a mechanism of a Rand=like
agemcy with the missiom of fimdima applicatiom opportunities,
verifyimg them, bnuilding a bridge to the Al Labs, etc, There
would also exist, as am adjumct to this, anm A] Applicatioms
Technrical Group (or some such title), comnsistinmg of
representatives of the various Labs, CMy, MIT, SRI-A], SU=AT,
SU=HP, plus maybe others in relatead programs, such as BBN=S5US,
SDC=SYS, Amarel, etc, This grouc would be a prime forum anrd
fnitiation pPoint for these apnlications, I expressed some
comncern that such am agent could come into beimg in short emoyah
order® to satisfy the nmeeds of the day (implyimg ¢that some
temporary vehicle woyuld have to be erected), but Ryssell seemed
confidenmt that such expedients were ynnecessary, It would bhe
better his way,

(3) It 1{s extremely importamt to be sure that the payoffs of a
specific aprlication are real, It {s too easy to get
sandbagged to have a seeming application turmn to dross, Given
that ARPA is prepared to sperd ltarge fractioms of {ts A]
community (a relatively precious resource) om preducinmg some
soecific apolicatioms, {t is critical to substantiate tme meed

and arceptability of am apolication, ARPA jtself, thouah
imsicde the DoD amgd much eloser to the applicatiom gsites thanm tre
Al commymity, does not itselt have the expertise and,

importantly, the time to examinme the sityations ermough to make



3 <FEIGENBAUMMNEWELL 431 SUN 20=APR=75 £329PM

reliaple assessemenmts,

(4) To be concrete, om reflection 1 am mot at al) comvimced that
the items onm Hellmeier's Jist are all really {n the category of
genuine applicatiom opportunities, I canmnot speak aboyt the
ASW problem, simce that s mot a simgle problem, Dbut mamy ==
rnamelv, the ayestion o0f where to apply Al techrigues all up and
dowm a complex system, Byt the othker two are bittvy problems
aimed at highly snecific targets, I did mot get amy semse that
APRA really krew im detail whether the payoffs were real or
simply ephemeral, momentary opimions of ore Or two high leve!
peoole in the organizatioms conmected with the applicatioms,
Heilmeier'!s carriage~trade philosophy reauires a really qgood
marketing amnd marketing research arm {4 it s to succeed, It
will do ARPA mo good 4 it sauanders its substamce om a bumch of
irrelevant miraqges, The military sceme is littered with the
dead bones of expenmsive solytioms which were only monuments to
someone's follvy,

(5) It appears that MIT=MAC is already sperding substantial sums
(relative to the apparent size of the problem) on the Morsewcode
proplem, Surely it would mot be fruitful for the Al communmity
te get further imvolved in that one, I am mot aquite sure why
this one showed up on Heilmejer's 1ist, but mavybe it was just
meant to be il1lustrative of what ARPA had mo decided to do.

(6) Om the Janguage=spotting task, ] meed to reiterate what I
safd at the meeting, First, 1 do mot think the Al
Labs (in counterdistinction to the SUS Labs) should take on the
propiem, they simply would have to builld up much of the
expertise that the SUS Labs have, which would be a genryime
duplication, Seconds 1 conrsider that the SURG mas met been
asked to consider taking om that task, I agree that you possibly
memtiomed it to the SUSC (though I have forgotten it
comeletely)s but simce it was mot brought up im the conmtext of a
serious comfrontationm with the SUS Sevear goals, 1 do mot take
ft as a serious proposal, It would have beem derilict of amy SUS
group to take on the task, givem how tightly the SUS program is
strapped down to the S5 year goals,

I do believe we cam conmsider this task amrd, (¢ {t is {mportamt
enough, we can consider folding ft imto the presemt comtractors
tn some way, But we do have to face the potential effect on the
Seyear goals and to see how tO wWork areurd them, As chairmam of
the SUSC, I am aquite willimg to g0 areund on that {ssue, but I
reed a sfagmral from you or Dave Carlstom that indicates you want
to do that, This is a serious poimt amd proposal ! am makimg,
gimce I do mot want to pe accused later of havirmrg fiddled while
Rome burned == of havimg not picked up this oroblem whem it was
importamt to do so, ] would like some feedback onm this
specific matter, The oproblem itself seems rather
straightforward, given the currenmt art, | would estimate half a
man vyear for the techmical work, {f dorme at CMU givem all the
facilities, To this must he added the whole custumer interface,
which might be as muych againm, Much deperds om details which I do
not kmows of course (eq, mow must it be packaged and how mych
must it cost), If the oreblem could wait unti) after Nov76, vou
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could surelv get {t takem on hy the SUS Labs if 4§t were as
important as Heilmeier stipulates,

(7) Armother example of a SUS=related applicatiom is the Korear
on=lime commumication atd, which you raised as a problem and
which I suggested a solutior approach to seme time ago, I do
not krow what became of that, Agaim, 1t would be derilict ¢or
the 3SUS commumity to fold that im without at least explicitly
tacing the 5 year goals, AY) this stem, of course, from the fact
that we (read: ARPA and possibly NewellecumsSURG=initiator)
wamted a progranm tightly fixed om {mpressive goals, and
therefore mot wi{th much slack for such things, Agaim, I am
willimg to comsider this,

(8) I canmot believe that the CBC s mot om the track of am
important applicatiem, It has two thimgs weemg with {t2: (1)
there 15 mot an immediate customes eager and ready to pay} (2)
notwithstamding SRI's search, there does mot sSeem to be ore
hidimg out there quite yet (though I do not kmow how intemsive
that search was or {8), Yet» it does mot seem to me profitable
=» for ARPA, everm om jts owm current terms w= ¢to Jerk that
effort up at the roots ard radically redirect i§t, Rather it
Sseems to me critical to widen the scope to "Realw=time operations
consulting” (mamely, how to help someome carry out an operation
in real time) and to search for applications withim this wider
Sphere, The core of work on the CBC remaims {m fact stromqly
relevamty and the mew applicatioms carm be grafted onr,

(9) what should go im the Road Map? It seems clear to me that
the Road Map for Friday PRas 1{ts actiom component defimed
independently of Jts substantive comporent, To wit, the
formatior of the applicatiom=finding mechamrism, defined above,
will nmot be justified, mor reaquire Justificatiom, from the a
Statement of the current art oFr a statement of future scientific
goals. However, this application propoesal will differ from all
other suUch attempts by the promise, implicitly extracted at the
meetings by the A] Labs to emter imto such am applicatiomnesgsearch
wholeheartedly,

The substanmtive mode must operhaos still! be there by Saturday,
You dom't have much to work with, im terms of what was generated
before ard during the meetimg, Thus, ] would attempt to get the
actiom compormrert to stamd {m for the rest, Let me discuss each
ot the substantive componrments a little, amd them come back to
this,

(10) wher a set of the wor'lds best scientists, being asked about
the their very own sciemtific domaim, becomes tomgue=tied and
produces answers uUnsatisfactory im a first year aqualifier, then
the comclusion is mot that the Sciemce doesn't exist, it is that
the aquestion was posed wrongly or the sityatior d{nmhibited
adequate response, You asked us, I thimk, to do somethimg
under constraimts that commymicated: (1) that rome of our prior
attemots was to be comsideresd satisfactory == that somethimg rew
and differemt was reaquired; (2) that we adopot a form of
specification of results and of expectatioms that is foreign to
CS and Al, and largely foreigm to science (mamely, to state in
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advamce the content of the scientific results to be expected up
to several years inm the future, 80 that the auestions would omly
be whether or whern the result would be attaimed, This prewempts
the science ard leaves us tomgue=tied),

For instamce, im the CMU proposal 1 mhave Just fimished writing a
statement about the basic sciemtific aquestions of Al anmd the
high level propositions that characterize what we have foumd out
in Al, Apparently that is to be discarded ss mot adeauate or
appronriate to the task == amg 1 am to find vyet another
statement, differenmt from that, that is to be adeauate to the
new (vet identical) task,

For imstamce, Nils mhas just finmnished writimg a paver (IFIPS 74)
devoted to a summary of what Al mhas dome and what areas {t has
worked tn, Apparently that is to be discarded as mot adeguate to
the task == anmng Nils is to fimd yet amother statment, cdifferemt
from that, that s to be adequate to the nmew {yet {demical)
task,

Let nme stromgly sungest, for instance, that as far as
characterizing the oDresent state is concermed, vyou take a copy
of Nils IFIPS paper and underlinme in red the {tams {m the
bibliography that are dome im the ARPA Al [Labs, amd omn the many
charts that draw a map of the area, circle im red these same
items, This will give (1) a direct pPicture of the coveraqe ard
scooe of the tield of Al that ARPA mas givem birth to} armd (2) a
direct picture of the axtemt to which ARPA s responmsible for
these resylts and for the important omes,

Let me further suggest that you pyt im ¢romt of Nils paper the
first sectiomn om Al qoals from the CMU proposal, as givima a
high level cokerent picture of what Al as a science S strivinmg
to achieve amd what im global terms it hag found out,

These two ftems amswer onrly the auestiom: Wwhat are the Pesylts
in A] in its own sciemt{fic terms, They do nmot amswer it fully,
but they will do as well as what you car put together im vet ore
more attempt 1m g few hours,

(12) 1 do believe that several additiomal descriptionrs of Al
scientific results are possible that wil) appear to be more
satisfactory to upper ARPA than the twn above {tems (if, imdeed,
anythimng is satisfactory), 1 cammot carPry out these
descriptioms im the time avallable, imdeed ] thimk it would take
a couple of months of very hard work (maybe more), But I canm
sketch amd Jllustrate one part of it (which s imndeed bhased om
past efforts to systemitize),

Progress im Al proceeds im terms of imcreases im sSciemtific
kmowledge about the various componments of the imtelligemt agent,
componments that are defimed fumctiomally, A stamdard divisionr,
which corresponds in part to Nilsson's core areas, isi

> Recogmitiom and description (Perception)
> Vision
> Speech
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> Language

Representation

Problem Solvimg Methods

Control Structuyre

Assimilation & Accomodation (Learning)

vV VV Y

Within each compoment ome can describe a serfes of structures
(or mechanismsg) that are possibilities for this compoment, The
discovery of each such structure amd mechanism {8 an advance for
Al amd a result, Veri{fication, of course, is reaquireds it
comes; wusually, from f{mcoroporation in several total systems,
Kmow!edge about each mechamism grows with experimentation amd
theoretical sharpemring, Suen knowledge, anaim whem verified
experimentally, conmstitytes sciemtific results dor A], It
comsists mostly of statememnts of adequacy or sufficiemcy 1inm
specific task emnvironments,

Thus, the stat.ment "What are the results of AI" at a giverm date
is 8 li3ting of the various mechanrisms (usually described by
conventional technical mames), plus the associated statememts of
adeguacy, This 1list grows over time, and it, rather than a
parametrizZation of mow GgoOd are the systems that cam be produced
constitutes the core tramsferable kmowledge of Al, This core is
indeed transferrable, precisely pbecause {t comsists of the
apstracted mecramisms which have beem shown experimentally to be
useful in several task emvironmments,

I canmot preduce the lists of results for the total field,
mostly because they have mot beemn extracteaq, labelled and
orgarized im this way, I cam do it for ome sybpart, that of
problem solving methods, Here, much that we krow cam be given
by sSpecific methods (amalagqous to the metheods of nrumerical
amalysis), A fairly good list 183

> Generate amd test
> Hil1Y ¢limipinmg
> Heuyristic search
> Search stragegy!
> Depth first, Breadth first, Best first,
Proagressive Deepening
> Evaluation
> Evalyationm functioms, level of aspiration,
duplicatiorn avoidamce, extermal limits
Matchimg
Hypothostize and match
Means emds armalysis
Substitute & eliminmate
Ramne restrictiom
Abstraction planning

vV VvV VVVYY

To fimd a short way *o say what we kmow, eg, about Hi{l]
Climbing, takes more erergy thar [ have at this wee hour, We do
kmow the major things to beware of (Myulti=modality, Mesas,
Ridges, Cl{f¢s ', we do have some empirical thimgs to say about
when H{ill Climbimg seems to work and whem it doesn't, We do
have @ wav of <classifving the refimements of the method (as
simplifed models of the hill, which are used to predict the
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optimum hill=step to take), And so on,

The existence of this list implies a large kit of tools
avatlable to he wused im applicatiomns, amd i{ndeed, wherm Ed
Feigenbaum says they used "stamdard AI" im Dendral, he means
that the tecnmniques in Demdral pretty mueh are drawn from the
1ist of syeh ‘owm amd characterized methods,

To pilot the success of the Prablem Solvimg Methods compoment
cver time is to watch this list qrow and/or the amoumt of
kmnow! edge about each such compomemt qrow,

I do nmot krow mMow much each of the other compomemts cam be soO
characterized, though | expect it could be pushed quite far, Byt
not tomight!

(13) Future goals of Al must be 1im genmeral to extemd the
mechanisms and stryctures of each area amd to show that they are
adequate to wider and more difficult problems, The discever of
a new method s mot to be asserted im acdvance as a goal, 1¢ {¢t
could them the new method would have beem foumrdl Sometimes ome
kmows enmough about a method or structure to specify as a goal
that it I8 to be explored, Te fimd the trye scope 6f the ramge
restriction mathod, is such a (small) goal,

Goalsy im the semse that you (read: ARPA) wanmt them, are only to
be associated with systems or with instruments (Physics has such
goals ftor the emeraoy of interactions its accelerators will
reachs OF the resolution of microscopes), Tmere has mot peenm
any gifficulty, as far as I «mows, m determinimo hkRow ¢to
parametrize the structyre ard performance of specific narrow
classes 0f systems (such as SUUSs or Demdral=like systems) when
the taszk comes cliose emough to feasibility to make {t worth
adootinmg a system as am Al goal, It cam surely be dome ftor
various other specific classes of systems, though it will not
cover, thereby, all of Al's goals,

{I have rPumn out of gas here =~ I believe more cam be said about
statimg Al pure goals, but it Just escapes my fogebound mind, I
move on,’

(1d) Applied qgoals, | bpelieve are to be stated {m ome of two
ways, These provide other ways of describimg what Al has dore
in terms of how it cam contribute to these goals,

Ome way is how we started out to do 1t at the meetimg, An
applied svstem {8 posited (fe, a total! military system, such as
an ASW system), Then, withim that some poimts of Al applicationr
are found, from which ome attemnts to derive the Al that might
make a differenrce, This is a form of systems amalysis, and ore
that can lead to a backward cha'n of available relevant research
results and, as well, of stil} needed research == methods,
structures, kmowledge, experimentation, ¢+ etcy, meeded to do the
Joby, I think we should de a substantial amount of this, anrmg I
believe aquite satisfactory roade=map resuylts would come out of
it, Unfortyrmeately, I believe that the effort per complex
total system must be a summer study=group Sort of thimag, ie,
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abpout what we puyut into the SUS initial report, But this is
exactly what s to be dome by this Ramd=like aqgermcy (Plus some
of us),

The second way is to specify applied techrologies, The two
prototypic examples at hamd are the nmotiomn of a SUS technology
and (more pertiment) the matural Jlamguage frontewend techmoloay
that we all were talking about, Ome car take the develooment of
sUch a technology as a goal and describe both what existing Al
already pProvides anmd what mew research (s meeded to aget it,
This cam be carried out much more withim the Al community,
though some sense for what (s really reaquired to make specific
applicatiomrs go s {mportart, But again, {t takes a fair sized
effort to lay out such a technrological alternative, We could
commission sych explorations, (It would depenmd, I aquess, on
Upper ARPA heing prepared to conrsider such expanrsions,)

(15) we did assert rather stronrgly that there have beem a mrumber
of civilian applicatiomns of Al, eg, im mamagement science, in
design, etc, Ferreting these out and askimg whether ary of them
could be applied to military systems would bhe amr additional
{mportanmt task for this applications orgamizatiom (alomg with
some of us), This, of course, is vyet ore other way of statimg A]
results,

X hkkhkkk

I am really to the enmd of my rope tonight (this mornimg) amd I
will semd this cut after Herb gets a chamce to look it over, I
an willing to work om expandimg or modifying amy piece of this,
I am pretty much arouncd from here through the weekend,

AN,

P.S, Recall that ] am expectimg feedback om the Llamguage
Sootting issue,



