TRENDS & CO

Al’s greatest trends and

controversies

The transition to the next millennium gives us an opportunity to reflect on the passeek out progressively more complex huma
and project the future. In this spirit, we have asked a set of distinguished scholars atatks and show how computers can do then
practitioners who were involved in Al's formative stages to describe, in just a few
paragraphs, the most notable trend or controversy (or nontrend or noncontroversy) half-century of steady progress, we have

during Al's development.

The responses provide an interesting characterization of Al—and, in many ways,the processes of human thinking and the
of the people of Al. We gave our contributors a great deal of flexibility in the nature ways to simulate and supplement them.
of their responses. Some provided grand summaries of the history of the field as a
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The basic strategy of Al has always been

in humanoid ways or by brute force. With a

assembled a solid body of tested theory on

whole. Others commented insightfully on more focused topics. Some observed ~ Knowledge representation and
changes and changed along with them. Others are still making advances on researchasoning
agendas articulated presciently long ago. Some are optimistic. Others are pessimistitwhat media do Al practitioners create?
Despite the range, both individually and collectively they provide insights into whereThe answer to this question is a depiction
we have been and where we are going. of Al itself, so it is not too surprising that
Although each contribution is a unique expression of its author’s glimpse back most of our contributions address this
through Al's development, we are pleased to see the repetition of important themesquestion. Wolfgang Bibel, a proponent of
that are at our discipline’s core. Rather than simply presenting this as a list of contritire formalist agenda in Al, argues for the
utor sound bites, we are instead weaving them into a narrative that showcases theseeed for sophisticated logic formalisms
themes as we go along. We hope this first Trends & Controversies of 2000 will servand inferential methods for Al. Alan Bundy

as an interesting record of where Al is today, plus set the stage for what's to come. adds to these arguments, discussing furthe

Except perhaps for the Al naysayers, Al
practitioners are creators—of software
artifacts, their underlying algorithms, and
their underlying theories. We begin our
feature with Herbert Simon, one of our
three contributors (together with John
McCarthy and Oliver Selfridge) who are
our links to the landmark Dartmouth con-
ference in 1956, where modern Al is ofte
said to have begun. Simon paints a broa
picture of Al as a discipline constantly pu
suing computational creations that chal-
lenge the uniqueness of biologically
grounded intelligence.

HEPDErt A. Simom, carnegie Mettor

University

|

Al has been thought controversial be-
cause it challenged the uniqueness of hu
man thought, as Darwin challenged the

r-

—Marti Hearst and Haym Hirsh the advances achieved by those taking the
formal-logic approach to Al, especially in
light of the critiques raised by those on the

other side of the Al fence.

uniqueness of human origins. The bound-

aries of Al continue to expand rapidly, set-
tling the controversy for those who know University of Technology

the evidence.
Al first demonstrated that important Among the controversies in Al, none is
intellectual tasks could be accomplished pyas persisting as the one about logic’s role i
selective heuristic search, often in a thor-| Al. It can already be found in the early boo
oughly human way. GPS is one product af Computers and Thoughnd is still around,

n that line of research. Then Al explored the as David Waltz’s presidential address in the

role of large bodies of knowledge in expertfall 1999 issue oAl Magazinedemon-
thinking. Dendral was an early important| strates. On the one hand, there are those i
success, as was the extensive research onAl (including me) who consider the lan-
human chess expertise, modeled with suclguage as well as the inferential machinery
programs as Chrest (not Deep Blue, whighof logic as fundamental for the endeavor of|
is only partly humanoid). A third success realizing an artificial intelligence. Their (or
ful line has been the research on learning—at least my) short chain of arguments is as
for, example, Siklossy’s ZBIE program, | follows. Currently, natural intelligence
which learned natural language by comparmanifests itself exclusively in terms of nat-
ing sentences with pictures. ural means of communication, foremost in

- advance in robotics, based on progress i

Finally, there has been the great recen

simulating sensory and motor functions.

natural language. Hence, intelligence woul
best be modeled in terms of natural langu-
age and its underlying mechanisms, which
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so far still is too hadl to adieve.
Logic is an &stacted hence sim
pler form of ndural languae. Thus
it provides an ideal mediunof a
first goproximation.

On the other handhis
longstanding vie has alvays been
attacked with a arety of
argumentsAs far as | can tell,
none of these guments has been
corvincing enough to dange the
logicist position in ag substantial
way—which does not mean tha
those #adks hare not been suc
cessful in some otherays. For

| am
therefore

University

In my opinion,the most impor
tant tend is the ddime in comple
knowledge representtions and the
success of mpositional or poba
bilitistic competitos. By compl&
representdons,| mean those tha
attempted to inleide quantication
over \ariables,inheitance struc-
tural desciptions of objectsand
diverse inkrence shemesThese
systems hee dtracted ged inter
est because of an essenyiall

instancewe hae beendrced to
live with mary varations of Iaic.
Also, we rrust as gt admit &ilure
in two fundamental tédmical issues. One id
the lad of a compiléion of logical meha
nisms endeing them eficient enoughdr
practical gplicaions (pusued for exanm+
ple, in the aea of pogram synthesis)he
other concars the intgration of the gea
vaiiety of specialied laggical medanisms
within a single paerful, versdile, and et
uniform systemThis only demonstates
that the Iaical way is a had one and tads
more time than initialy expectedwhich
happens to be tre for Al as a vhole

AT BUGY, UNTVersity oF

Edinburgh

| enteed the feld of Al in 1971 when |
joined Benad Meltzer's goup a the Uni
versity of Edinlurgh. This small goup
specializd in automged theoem pioving
and contained aumber of people ho
went on to become academic st&ob
Kowalski, Pat Hayes,Bob Boyer, and J
Moore. Most work in ATP & that time was
based onefinements ofesolution—br
example Kowalski’'s SL esolutionwhich
became the basis ofd?og.

The major contversy & tha time was
the citicism of so-called undrm proof
procedues,which mainl came fom MIT,
suc as ly Minsky, Papett, and Sussman.
Complete andeneal provers, sud as
those based omsolutionwere seen as
being inc@able of poving non-tivial the
orems or of pplicaion to commonsense
reasoning because of the combamial
explosion. Moe domain-spedif altema
tives vere being &plored For instance
Hewitt’s Planner pgramming languge
was designed witharous huilt-in control

Al after Y2K

facilities under user comtt These dti-
cisms signiicantly reduced the ébrts in
automaed theoem poving. It inspired a
number of deelopments in speciakz,
effective, but incomplete infrence melsa
nisms inAl, which contirue to this dg

Meanwhile, a handful of eseachers
around the werld contirued to pusue ese
lution theoem poving. Efficient indeing
and stoage shiemes \ere developed and
the inceasing pwer of moden computes
was eploited This work has conbunded
some of the corentional wisdom of the
'70s.A string of open conjectas hae
been soled especialy by the goup of
Wos,McCune and othes & Argonne
National Labs.The most&mous of these
was the settling of the Rbims conjectus,
which had been open since the '30s. Its
solution ly madine made nespager front
pages acoss the wrld.

Although Dew McDemott still shaes
mary of Bibels and Buny's formalist lean
ings,his viev has ©ianged signiicantly
over the yars. The one-time mponent of
the pue formal-logic Al agenda aticulates
here his visionwhere Al's success &es
not from sophisticeed representsion and
reasoning methodbut rather from simple
representéions and tacteble algorithms,
where complgity is mastezd in the pocess
of formulating a poblem so thasud meth
ods can bepplied Hans Beliner takes this
even one ste further—if successfldl bot
toms out &simple methods sh@s bute-
force seath, then one of the most impant
contributions toAl has been Moer's Lav
and the elentless in@ases in computer
speeds.

semanti@argument,of this form:
People can hae thought; formal
systenSis cgable of representing
H; therefore Sis interesting Unfortunaely,
these aguments heen't often gtten davn
to computéional bass taks. The theoies
tend to foat in the ethemainly to be used
as inspiation.

Meanwhile, the successful compti@nal
theoies hae either had nagpresenttions
at all (sometimes called pcedual repre-
sentdéions) or hae been based orgenl-
purpose engpes br manipuléing notdions
sud as Bges nets or mpositional lgic.
These a enerl-puipose in the sense tha
they dont know tha the ormulas thg
manipulde hare to do with planning or ta
ural languge. However, it often requires
gred ingeruity to translde a ngv problem
into the not#on, because it usugllacks all
the hang fedures (sub as ariables) tha
male notaions fexible. Insteada symbol
stands dr a single poposition thahas a
single umber epresenting the dgee to
which it is beliered (0,1, or a pobability).
Wha you get for the pain ofifting into this
straitjadket is thayour pioblem actualy
gets soled

| expect this tend to contine and or
the oiginal semantic gyument to tum out
to be a miage. It will turn out tha every-
thing worth doing can be done with simple
represent#ons.

FERe BErtner, carnegie meton

University

| consider the most imptamt tend was
that computes got considegbly faster in
these last 50gass. In the pocesswe
found thamary things br which we had &
best anthmpomophic solutionsyvhich in
mary casesdiled to cature the eal gst of
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a humars methodcould be doneymore
brute-forcish methods thanerely erumer
ated until a sasfactory solution vas bund
If this be heesy so be it.

Ed Feigenbaums contibution goes one
step higher and agues ér the needdr
knowledge representsion, counteing
recent gbrts tha claim tha the world in
which an intelligent atifact opeates is the
suiteble and necessgmrepresentéion for
building successfull artifacts. feigen
baum then turs the 6cus aound fom
knowledge representsion to knavledge
itself, arguing tha whenAl has had suc
cess in complereasoning taskg has typt
cally dgpended on encoding anggoiting
knowledge of the domain.dtgenbaum also
provides an impdant admonition to dtics
of Al to be constuctive rather than opaque
in their gynicism tavard Al. Finally, Bruce
Buchanan shags Feigenbauns focus on
the impotance of knwledge, but paints a
middle gound The long-standinglashes
between dbrmal logic-based aproaces
and knavledge-based tdmiques lg not in
disagreement bout which approacd is
right but rather fom agreement bout the
importance of commonsensEasoning dr
Al, with differences centéng only on
where the common sense should lie

Edward A Fergenbatm, stanford

University

There is no question th#he“main-
stream”pah of development oAl since
1966 has been thetheof knavledge-based
systemsdr adieving intelligent behsior
in programs.The frst decade dAl reseach
concentated on pocesspatticularly the
problem-solving pocesses (sticas GPS or
theoem poving) tha were called by New-
ell and Simonweak methods. But these
methods became strg ony by adding
substantial bodies of domain-spécif
knowledge. The poof of this came with the
proliferation of paverful expeit systems
(knowledge models of epettise).YetAl
reseathers moved flom piocess to content
(knowledge) only very slowly because
knowledge is domain-spedéd—hence
viewed as someone elsdeld of work, and
smaded of goplicaion, not CS eseath.
Minsky made this his theme in hisiring
Award lectue in the lé&e 1960sentitled
“Form vs. Content in Computer Scierice

Yet the issueamains sting to this dg

In the 1980sa ba&lash to the main
stream knavledge-based pproact devel-
oped Call itantirepresentéion orOrepre-
sentdion. This was an antikneledge
representtion (antimodeling) vie. In this
view, compehensie knavledge modeling
of the eal world was nuch too dificult;
therefore, the real world itself had to sere
as its evn best modelThe ole of the cg-
nitive agent was to espond d&ctively and
adaptively to actual situions encounted
in interactions with theeal world. Much
expeiimentdion has shan tha relaively
simple beheiors can be dueved in this
way, but thee ae no @amples of compbe
cognitive behaior (sut as epett-level
problem solving in a domain) tihéas been
adhieved in this manner

Both of these @& themes and cowirer-
sies withinAl. But the idea oAl has at
ways touded aw newves in some cites
outsideAl. Some philosophsrhae ob
jected with aguments thieare sometimes
vague sometimes elaorate, tha “some
thing else’is involved in thinking thais not
modeled lp information-processing -
grams br computing matines Al re-
seachers hare counteed tha, although it
might tale decades toavk out all the sci
entific detailsther is nothing else other
than inbrmation processing undéying
thought. Other gsiptics ae pactitiones in
subdisciplines of computer science other
thanAl. They simply cannot beliee thad the
reldively simple computeron which they
write their déabase pograms,opekting
systemsgraphics,or numeical algorithms
can be the subste for models of thought.
Critics have ofered nothing bt their slep-
ticism and ngativism. Science tlives on
criticism, providing thd the citics offer
something else as a counter to something
The contoversy can then bessoled by
further expeiiment and thegrmaking But
the citics of theAl enterprise hae been
paticulaly unhelpful in this egard.

BPUCEC. Bthanan, UnTversity or =

Pittsburgh

The most substang contoversy inAl
that | patticipated in was famed at the
time, as whether intelliggnce dewed pi-
maiily from logical reasoning or fsm
knowledge. It was thought ¥ mary, unfor-

tunéely, to be an eclusive or.

The Dendal program was an gistence
proof tha computes could couple tée
nical knavledge with simple inérence
medanisms—no mar sophisticked than
modus ponenrsto reproduce theesults of
highly intelligent scientist$.Ed Feig-
enbaum went on ecod ealy with the
“knowledge is paver” theme | was stug-
gling with engneeling the knavledge of
chemists into ppduction oles so thawe
could use one simple ience melkanism
and extend its scope solgby writing new
dedarative staementsconditional ules,
and specialied pedicdes. It was the
model br Mycin and the Wwole frst gener
ation of knavledge-based systends’

The lagicists inAl at tha time were huild-
ing on the success agolution theam
proving and looking ér extensions toifst-
order Iggic tha would encompass common
sense modes of ifence Default rrasoning
will always be impatant in somedrm—for
example when specialied knavledge has
been &hausted or none of it seems piply.
So the contversy was neer @out whether
common sense is necesshut hov much it
should be bilt into the l@jic or into the
knowledge basé Evidence to d& shavs
tha successfulgplicaions can belilt as
knowledge-based systemshile we ae wait-
ing for the fnal ansver.

1. R.K. Lindsy et al.,Applications ofArtifi-
cial Intelligence 6ér Chemical Inérence:
The DENDRAL Ruject McGraw-Hill, New
York, 1980.

2. B.G. Buchanan and E.H. Shitiffe, Rule-
Based ExperSystemsThe MYCIN Exper
ments of the Stamifd Heuiistic Program-
ming Poject Addison-Wesleg/, Reading
Mass.,1984.

3. E.A. Feigenbaum and B. Buchanan,
“DENDRAL and Meta-DENDRAL:Roots
of Knowledge Systems and ExpgeBystem
Applications; Artificial Intelligence Vol.
59,Nos. 1-2,1993,pp. 223-240.

4. D.B. Lena and E.A. igenbaum;On the
Thresholds of Knavledge,” Artificial In-
telligenceVol. 47,Nos. 1-31991,pp.
185-250.

Machine learning

One tantalizing cgnitive task thahas been
central to Al since its ediest days is lean-
ing. Both Olier Selfidge and Donald
Michie identify leaning as the & toAl's
future. Although Selfdge gounds his agu-
ments on the pmacy of leaning in human
behavior, Michie focuses on theecent con

10
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vergence of adances in both learing and
deductie reasoningBoth lend sting ce-
dentials to their ayuments—Selfige’s
dating badk moe than 40 gars,including
his paticipation in the 1956 Damouth
conkrence and Midie’s daing bad to his
even ealier code-beaking vork withAlan
Turing during World War 1.

Giiver Setridge, MiT and GTE/BEN.

“Can you think of somelwore or duty
that a peson does thiasshe doesm'do better
the second time? Or canythink of some
chore or duty thea computer does thé
does do better the second time?”

A chief essence of human intekigce is
contiruing leaning or adating, and we
rely on tha all the time It is change and the
handling of biange thd triggers leaning
and adpting: we do not pogram our &il-
dren with igid rules,because thewill
have to dhang aryhow, through leaning
and adating. Madine leaning is the most
important aspect oAl, and not just lear
ing paticular skills or suboutines but
rather, everything, including behaior, cog-
nition, symbolic manipulion, models of
the world, and above all,goals and wa to
want.An especialf profound piece of
leaming is called common senge which
increasing #ention is being paid

This sugests theAl software should be
more concened with being bangele—
and all thatha implies—than with sisfy-
ing speciications; tha is, with being cor
rect. Matine leaning is gowing steady,
and in thafield | indude both newal nets
and gnetic pogramming because both ar
occupied with dealing withranges. In
people though leaming and adgating tale
place amary levels sinultaneousf and
contirually, and we in madine leaning
must ind out hav to kuild our models and
software to do so too.

“Find a lug in a pogram,and fx it, and
the pogram will work today. Shav the
program hav to find and ix a bug, and the
program will work forever”

gence Applications Institute,
University of Edinburgh

Reviewing the 50 pars sinceAlan Tur-
ing’s 1950 pper inMind, | see the most
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Coming Next Issue
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Data Mining Il
Guest Editors:

David Waltz and

Se June Hong

Extracting and abstracting useful
information from massive data is
becoming increasingly important in
many commercial and scientific
domains. The process of data mining
includes generating predictive mod-
els; clustering or segmenting data-
base events into coherent groups;
and finding patterns, anomalies and
trends, and other abstractions. The
second part of this double issue will
feature articles on data-mining tech-
niques, with an emphasis on practi-
cal usefulness, scalability, and the
capability to handle noisy data.
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notable trend inAl as spinging from the
recent corifience of tvo subtends.eath
in itself notdole—namey,

» madine leaning, expelimentally initi-
ated by A.L. Sarruel in the mid 1950s
and lifted to congat-leaning level by
Eadl Hunt in the edy 1960sand

» automaion of deductie reasoning
formulated as agal-world problem by
John McCathy in the lae 1950s and
undepinned ly JA. Robinsons resolu
tion algorithm in the mid-1960s.

The subsequent cdoénce today
termed inductie logic programming was
initiated ky Banerji and Samat in the
eatty 1980s and ingendenty duiing the
same peaod by Ehud Shpiro, after an
eatier theoetical insight ly Gordon
Plotkin.Automded induction has since
been futher deeloped ly Stephen Mug
gleton and otherand aplied to theoy
formation in a umber of @plied sciences.
The reason ér atributing highAl impor-
tance fows from the néure of scientiic
discovery, widely regarded as one of the
more conspicuous and consequential ma3
ifestdions of aticulate human
intelligence

The most notale nontend hasesulted
from consistent diggard of the ¢osing
sectionLeaming Madines,of Turing’'s
1950 paper. A two-staye gproad is thee
proposed:

1. Constuct a teakable madine
2. Subject it to a cose of educion.

Far from incoporating Turing’s incre-
mental pinciple, even the most intellignt
of today’s knawvledge-acquisition systems
forget almost eerything thd they ever
leamed &ery time theirAl mastes tun to
the next small coner of this lage world.

As someone wo knev Alan Turing well
and what he had in mind rate this as the
most signiicant nontend ty far of the
half-centuy. Let us nav change this.

Al: An interdisciplinary challenge
What will it take to ahieve Al? Three of
our contibutors ague br the needdr
broad literacy well beyond the confies of
any single disciplineNils Nilsson points ta
the beadth of disciplines he has had to
study over the couse of his long ivolve-

ment inAl. Despite seeing intellence as a
comple and intedisciplinary phenome
non,he is ngertheless optimisticlaout the
enteprise Aaron Slomars complemen
tary contibution points to the sig if
stead, progress thaAl has been making
and the ange of complr problems tha
still challenge us as demonstion of the
indisciplinary breadth of ballenges tha
we face David Waltz discusses lothe
compleity of mary human cgnitive tasks
was a suprise to mag, echoing the agu-
ments of Nilsson and Slomalncait the
need 6r broad literacy in Al. Waltz also
points out the iniguing possibility tha
the derelopment of fMRI might soon
enable a bottom-up genda br Al based
on stug of the human kin.

NHENHSSOn, Starrord Onversiey

Al shows all the signs of being inhvet
the lde Thomas Kihn called a @-paeg-
digmatic, pre-nomal-science sge. It has
mary ardent irvestiggtors, arayed in se-
eral campsead daiming to hae the es

insential @proadc to ceding intelligence in

madines We have logicists,Bayesians,
connectionistsevolutionists,intensive
computdionalists,heuistic seachers,
contmol theoists, reinforcement learers,
reactvists,embodied computenalists,
and on and on. It might be thatelligence
(of the sot tha we would want in fexible,
autonomousabots,for exkample) is the
kind of multiplex for which no single sei
ence or paadigm will ever emege. Eat
of these pproathes,and possity more,
will contribute its pafrto an @erall design.
For my pat, | tell students thizto be
successful in futwAl reseach they will
have to be &miliar with seeral
disciplinesAmong those tha have had to
lean a bit dout ae staistics,madine
leaming, logic, contol theog, linguistics,
computer sciengeliscrete and continous
(1) mathemadics, cognitive psydology,
philosoply of mind and etholgy, as well
as all of the caAl techniques thehave
been &plored orer the last 50&ars or so.
Yes,people will male some speciak
advances fom a base of just one oravef
thesebut to ahieve human-leel Al
(which has alays been m goal) we'll
need Renaissance peopleorcan daw on
a wide \ariety of disciplines. | hope some
are out thee!
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Birmingham
Al has two themes:

» engneeling (making useful things) and

e science (imestigating naural intelli-
gence and Wet sotts of intelligence ag
possilbe, and hav).

Al as engneeiing has had mansmall
but useful astancespften hailed as major
revolutions ty their ppmotes (one nothle
trend!).

Al as science mes \ery slowly, revealing

» wha the poblems ae and
» why all the plausite mehanisms a
inadequée.

Al as science is mitidisciplinaly: it
feeds on and corilbutes to newscience
psydology, linguistics,logic, biology,
social sciencegomputer sciencsoftware
engneelng, mathemadics,and philosopi

Progress is ery slov. We undestand
little about the functions of vision in hu
man beingsWe can seeafr moe than
physical popeties of objectsWe see fune
tions,causal elaions,happiness in adce
gestues,and wha Gibson called &brd-
ances. But et all tha means is notlear.
Because w cant yet accuately character
ize visual ailities of squirels,or humans,
we ae navhere near gplaining or eplicat-
ing them.

An often-notedelated human qgaebility
is spdial reasoningBut nobog has a god
chamcteization of wha tha means. So all
proposed models arfar from adequte.

And then theg’s consciousness and
emotions—nach hyped and little under
stood

Progress might come ém an impor
tant recent tend away from focusing on
forms of epresentéion and algrithms
toward consideing types of achitectuies
for complete system3his might lead to
important nev developmentsespecialy
if instead of looking onf at what nomal
intelligent adults can doevalso consider
infants,people with arious kinds of bain
damaye, and other kinds of animalpro-
viding dues to our eolutionaly histoly,
shedling nev light on wha we ae nav
and hav we might be modeled andpli-
caed We need toxplore our neighbor

hood in design spac8ut we also need to

attend to fne-grained esultsfrom neuo-
science and smfth.

The most siking trend fom my per
spectve has been the stegithcrease in m
estimde of the compbety of duplicéing
human mental pesfmanceWhen | vas a
grad student, believed tha modeling
introspection and langgea would be sufi-
cient. Expeimental psybology was likely
to be useful té\l, but we would not need to
undestand neuwscienceand emotions and
clinical psydology were irelevant. (It was
hard to see hw we'd ever be ale to ethi
cally measue wha was ging on inside
human bains in ay detail.) Layic would
need to be modelednd it would need to
be extended to handlespresentéions of
events. Comput#ons were likely to be
expensve—thee was no notion of NP-
completeness—so hastics would be
neededEven as l&e as 1980the expett
systems comumity still held beliefsdirly
similar to thesgalthough the neeaf moe
comple logics for genearl reasoning had
become edent.

Today, it is had to see hew we would
have missed theast complgities required
to model gneic human-lile thoughtjet
alone the thought of a gaular individ-
ual. There ae mary different easoning
styles,heaily influenced ly individuals’
expeliences (su as using anagical rea
soning fom precedentspot just laic).
The poblem of genegting an &ent or
situaion representéion from sensor
inputs is wildly undespecifed, and dpen
dent on curent indvidual goals.Also,
fMRI has made it likly tha neunscience
will play a major ole in informingAl (for
example distibuted epresentéions seem
well estdlished).

The big questionemaining is wether
distance to the baest gals ofAl will con-
tinue to emain constant or inease as time
goes onpr whether ve're dosing the gp.

Other contibutors have talen up some of
the dificult issues discussethave. Rod
Brooks points out thdow perception
works is still a mystely and nust be under
stood in oder to model intellignce The
joint contiibution by Randall Dais and
Howard Shobe &pands on the needrf
further stug of the use of visuadpresenta

tions inAl. Margaret Boden discusses the
compleity in adieving sut distinctly
human taits as emotion and edtivity.
Ryszad Michalski,on the other handartic-
ulates the ballenge of huilding intelligent
systems thihelp people gaitalize on the
overwhelming enge of inbrmation tha
moden society is constantiproducing

ROUIEY ETODRS, M i

For me the most impaant dange inAl
happened in the 1980shen some people
realizzd tha the model of@asoning used
in Al was \ery different fom what hap-
pens inside the heads of pegplery dif-
ferent & ary level of ebstraction useddr
the desdptions. Sub differences do not
invalidate the nonhumanpproathes—
airplanes a& good examples of ery useful
madines thaoperte \ery differently
from the vay real bids opeate. But the
realizdion in Al opened up ng ways of
doing things and e averues to @ down,
especialy in the aea of pbots embeded
in the eal plysical world. This, coupled
with the \ast incease in onbodrcomputer
power thd we can put onabots,has let us
push gainst the boundas of wha our
attificial perceptual systems can dand
this leads us to the a@nt coundium in
which we find ourselhes.

The mass of the humandim is perhps
50% deoted to pereption. We naw have
enough computer peer to ival the neual
systems of insects and small animbis,
we do not knes how to organize thda com
putaion to do peception,or & least g@ner
ate the ¢namics of pareption coupled to
action,arywhere near as ell as those sim
ple cedaures doWe have gotten petty
good & motion vision fom a stale pla-
form and &face detection in limited cir
cumstancedyut ae not \ery good &
motion vision fom a meing plaform,
geneal face detection (ahe level & which
a shep can perdrm, say), facial feaure
undestandingfacial lecaynition, genesl
vision for navigation, and object sgmenta
tion, and ve ae tuly hopelesstobject
recaynition (a subject on kich | and
countless otherhare wiitten PhD theses)
in geneal circumstances.

We knav tha in biological systems
adaption or leaning is usedxensvely in
all these arasbut we have not seenapd
ways to connect gncurrent undestanding
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Coming Up Next

from madine leaning to these domains.
We await a w good maerick young stu
dents to hee some dtical insights and
shawv us hav blind we old fogies hae been
for the lastéw years.

W

MIT

For much of its life, Al has been hedly
influenced ly wha it saw in its ealy stages
as eemplas of intelligegnce—namsel the
sott of symbol pocessingdund in books
sud asPrincipia Mathemdica and in tasks
sud as plaging chessproving theoems,or
planning all of which involve reasoning
with textual representtions.We've made
substantial grgress on these taskatthave
paid elatively less #ention to easoning
with other modalities ofgpresentéion.

Examples of using other modalities
include the vark done oneasoning with
diagrams and the wrk in robotics on
embedled intelligence both of which
develop epresentdon and easoning
methods distinct &m the taditional tex-
tual gpproadh. Still, the notion of digrams
as a basisofr intelligent inference visual
imagery, and elaed notions hee receved
insufficient atention,it seems to ugspe
cially consideing how prevalent thg ap-
pear to be in ouneryday intelligence and
in our bain anaomy. It would be useful

and possily important to talke seiously the
notion of digrams and imges as funda
mental epresenttions for intelligence

Another way to come athis is to sg
that perhas vision (and senspmodal
ties) ought not to beeeted as inputlcan
nels whose inbrmation must be condensed
and tuned into t&tual symbolic epresen
tations bebre intelligent pocessing can
occur Insteadthere might be signi€ant
intelligence @ing on nuch ealier—when
the information is still in the 6rm of
images.This is hadly a nev speculéion;
the point is simpl tha relively little
work has takn it seiously, consideing
how plausibe it is and hw valuable the
payoff it might provide.

WIaTgaTet A Bouen, OHTversie o

Sussex

In the eally days ofAl, a high popottion
of Al models dealt with motgtion, emo
tion, personality and social inteaction. By
the 1970sthis was no longr so.The pob-
lems were too comple to be fuitfully ap-
proaced Because theall involve the
scheduling and poritizing of several
goals,they could not be mpety addressed
before Al reseach could cope with single-
goal systems. Ng, there is some pmis
ing reseach on computtional achitec
tures br motivation and emotionon (still
fairly primitive) implemented models of
emotional intellignce and on social be
haviors sut as coopetion and commni-
cdion. | expect these aas to be in@as
ingly important in the ngt centuy.

Another aea of gowing impottance is
Al credivity. Virtually no one in the ebyr
days mentioned @divity as arl topic.
But since then some impant work has
been dongon sciencethe ats,and eery-
day thinking (analgy). At presentthe
most intactale problem is hav to endle
the computer tovalude its avn novel
“ideas’ Until Al systems can beditfully
(although not irdillibly) credive, their ail-
ity to model—and een to aid—human
thinking will be stictly limited.

The stug of self-oganizdion will be
another ancial aea.This topic has been
addresseddr mary yeas in cetain types
of connectionismand is nav feaured in
various nev ways inA-Lif e.

Finally, Al scientists nust lean how to
integrate the insightsand computéonal

strengthsof different methodolgies. Hy
brid systemsmuch more ambitious than
those knan toda, will be needed to
model eal intelligence

Ryezard MichatsK, George Mason

University

By “intelligencg’ we mean a set of
cgpabilities tha let a system with limited
resouces (enday, time, and memaoy)
opeiate under limited input idrmation
(incompleteuncetain, inconsistentpr
incomect).To have sut cgabilities, a sys
tem nrust saisfy three conditions. It mst

¢ have sensa tha allow it to collect
information;

¢ be dle to tun informaion into knavl-
edee (bstracted organized and gner
alized information)—thé is, to be dle
to lean; and

* be dle to use this kneledge to abieve
its goals (inheited, embodiedor gener
ated intenally)—tha is, to reason.

A system stisfying these thee condi
tions is called intellignt.Al's goal is to
undestand and bild intelligent systems.

One of the most imptant directions of
Al (or computdional intelligence) br the
new centuy is to huild intelligent systems
that will let people access and utidiznor
mous amounts of infmation geneeted by
moden societies in &ious forms (tets,
images,speeb, and nultimedia) br mak
ing informed decisions. Shcsystems
should be ble to help people to diee tar
get-oliented knavledge from informaion
obtaindle from diverse souces (the Inter
net,booksjournals,and other people).

The practice of Al

All disciplines—Al inluded—hae a social
structure as vell as an intellectual on&\e
also received contibutions commenting on
the pactice ofAl reseach itself Jerry Feld-
man discusses the ctiaf between method
ology-driven and phenomenoniden
reseach inAl, as vell as the corlict be-
tween quantitively evaluable reseach and
the moe cedive and often less quartif
able reseach necessarfor a constant}
growing disciplineA second pdrof the
contribution of Davis and Shwbe (vhich we
chose to inlude hee searately) also ad
dresses this concerfocusing on itsamifi-
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cations in accptance standats in our dis
cipline’s joumals and cordrences. Huber
Dreyfus,a longtime citic of Al, also dis
cusses Wat males aield a science and
emphasies the needf self-citicism.

SEPry FeTaman, ORVErsey of

California, Berkeley, and the
International Computer Science
Institute

The contiiing confict that has been
most impotant for me is thabetween
methodolagy-driven and phenomenon-
driven leseach. Al defines itself ly
methodolgy: there ae still mary who
equaeAl with formalizaion in predicae
calculus,and never guilds ae based on
reinforcementsubsumption ahitectuse,
graphical modelsand so onTher ae
powerful forces diving this social beha
ior, but it does corlict with the oiginal Al
goals of undestanding and implementing
intelligence There was,for me an eciting
ecumenical péod aound 1980but then
connectionism &s narowed to coer only
what could be studied using Hapropaga-
tion in uniform layered netverks.

What has been merdisturbing is the
almost total lak of confict over the demise
of basic eseach inAl (and most other
fields as ell). The standat explandion,
which seemsight to meis tha the end of
the Coldwar removed the motie of fear
that was behind societal suppaf basic
scienceOne can hope théhe curent
requirement of immedig payoff from
evely effort will pass,but thee is no sign of
this.There is a €denl law, the Gawemment
Performance and Resulést of 1993 that
mandaes rumeical measuegs of pogress
for every funded poject. Some of us cen
tinue to indul@ in cuiosity-diiven re-
seach, but progress on the basic questions
of intelligence is mch slaver than it could
be with &en modest societal suppor

MIT

As a young sciencéAl has gne though
predictédle stiuggles aer wha ought to
constitute a puishéble result. Some ebyr
conference ppers desdbe piograms tha
were little moe than one-ick ponies; oth
ers simpy contained specuians dout

how a piogram might be bilt. Over time
more and maog came to be demandeat f
pubication, both in tems of a moe sub
stantial bog of test cases and an irasing
formality in characteizing resultsThe
appropriate balancing point beteen inne-
ative ideas andofmally chamacteizable
results has alays been contversial. Exen
so,there is a €eling thathe pendulum
might hare svung too &r of lae, demand
ing even of conérence ppers the sds of
development and ntarity of ideas thaare
required of achival joumal publications.
This is poblemdic: If even conérence
papers require fully developed esults,
whete is the erue for the untied, the inne
vative, the outlandish? Eary field needs
some dgree of uncowentional thinking to
keq it fresh; thee needs to be a placar f
this inAl that provides boad eposue.
Conference paels, with their inheently
limited length and limited lgtime are an
appropriate place and arppropriate verue
to get the ideas into auldion in the com
munity. Program committees should tak
this into accountwith an gpropriate set of
standads for this caegory of pgers.

FUBErEL Dreyrs, UnMererty o

California, Berkeley

A maure science fmgresses Y setting
forth dear pedictions and subjecting them
to falsification, then asking \wy the pedic
tion failed which assumptions taed out to
be soundand vhich unjustifed, and so
leaming from mistales. By suh standats
Al is only half a sciencdn the frst 20
yeas—from roughly 1960 to 1980—it had
clear gpals anddrthright predictions as to
how and vhen thg would be ahieved The
goal was ppgramming computerto per
form in intelligent ways, and the method a&s
to use symbolic kneledge representéions.

Tha symbolicAl cleatly failed to eat
its goals is to its exdit. Being ale to fail
means thelaims were not \acuousand
recaynizing failure leads to a sciencegpr
gressing ly forming nev hypotheses or
undegoing a evolution.Wha always
amazs me is theno one il ever stops to
contemplée his or her setb&s and disp-
pointmentsThey either ¢aim, like Simon,
that wha they were setting out to dahey
did, or, like Lend, are dout to door, like
McCatthy, is hader to do than thereat
ized but no one seems to askether thg

were perh@s on the wong tradck.

Rather, they simply shav they were on
the wiong tadk by abandoning some
approathes—br example rule-based
expelt systems and lge commonsense
knowledge ddabases—and tuing tovard
modestsoberengneeing problems and
stdtistical gpproades.It’s stiking tha we
read nothing lout ambitious mjects like
CYC and COGneither thathey have
failed nor thathey are making pogress.
It's as if plysicists athe tun of the pevi-
ous centwy had hushed up theiifure to
find the ether dit and just tuned avay
from cosmolgy to moe modest mjects.
There is nothing wong with sub a peg-
matic approad. But a la& of self-citicism
does mak a mogety of the ¢aim tha Al
is a maure and slwly progressing science
and it xkposedAl to the iisk, noted ly San
tayana,tha those vihho dont undestand
their histoy are doomed toaped it.

The big picture

We near our jouney’s condusion with sg-
eral sweeping views of the discipling’his
tory. Frst,Rager Shank bcuses oA\l's
guest to model and und#and the human
mind He touties upon themesdacded ty
mary of our other contbutors—and
includes ireverent poles in a mmber of
directions,sut asAl’s entepreneurial
'80s and those witlofmalist piodivites.
SaulAmael, on the other handliscusses
the feld’s mdurity in temms of its tansition
to work grounded in eal-world problems.
Amaiel, alone among our coniutors,
identifes the (onging) vital ole tha gov-
emment funding gencies hge had in the
progress in our disciplineBarbama Hayes-
Roth eflects on the manstrands of e-
seach tha male up our ield, emphasizing
that this rich mosaic of ébrts—and often
contoversies—is Wwat collectively defnes
our enteprise

ROger C. Schan, Nortmwester

University

Once upon a timé\l was dout the
mind and hw it worked The main contr-
versy of the old dgs was whether comput
ers should gtempt to model ho things
were done lg people or ether computer
should bllow methods thiano peson
could ever do and thiamight actualy im-
prove on peopleThose vho followed the
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first pah consideed themseles to be cg-
nitive scientistsThose vino followed the
latter pah were either enimeess (arything
that works is good) or brmalists (méhe-
matical elggance and the ptense of sei
ence vere exciting to thosedlks).

The engneess had their dain Al for a
while. They made pomises of vaa could
be done withule-based systems ttell the
cognitive scientists kne could neer be
achieved Unfortunaely, the \ventue caital-
ists didnt know this,andAl went though a
petiod of rapid expansion and just agpid
dedine thd still causes people in thed
ness wrld to shudier a@ the mention oAl.
The formalists seem to be in cookthese
days,looking for more mahemdics to put
in their pgers and tying ever hader to
male it seem likAl is a science

Cognitive science is still ale and vell,
but Al and canitive science dobhave
much to sg to eat other ag more. What |
leaned in @&empting to model mind on a
computer is thileamning is the most inter
esting thing people can do andttt@aimi-
tate real leaning we nust star a the b@in-
ning. We cannot just stéih computer full
of facts thaisomeone else has lead Peo-
ple lean by doing and so st computes.
Computes will have to hae things thg
can dothe aility to process andeflect
upon wha they have doneand a verld
with which to inteact,in order to become
sentient beings.

SHUT Amarel, RUtgers ORVersiy

The lae '50s and '60s ere Al’ s hepic
age. Most of the ky ideas andgproades in
the feld came uptha time There was
excitement in the ajand eery nev devel-
opment vas geeted with rach enthusiasm
by the w reseathers (mosty in the US)
who worked in theiield. ARPA suppot,
motivated pimarily by the gal of derelop-
ing computetbased pproades to compbe
decision-making mrcesses in defisewas
essentialdr gettingAl reseach off the
ground anddr providing the contimity of
suppot needed totild solid reseath teams
in the aea.Work onAl methods gew typi-
cally in the contgt of relaively simple tasks
tha were under complete cowirof the
reseacher, sud as puzzlegjamesand ati-
ficial ervironmentsThis was the ge of
discovery, invention,and constictive explo-
ration, and thee was a sense of beingthe

cutting edg of computer science

The '70s s& ambitious &empts to
bring Al methods to pshlems of intepre-
tation and dignosis in sciencenedicine
and deénse Lamge bodies of domain
knowledge were needed to sodvsud
problems,and \arious issues of krnveledge
handling stated to dtract eseachers’
attention.The feld of knavledge-based
expelt systems gew up in this peod. It
became in@asingy appaent thathe per
formance oAl systems deends on caful
synegy with other computing assets—
madine achitectues,languaes,daa-
basesand interfices. Building a system
that works well in the eal world proved to
require sizdle amounts of time andfeft.
At the same timesome basic mblems of
representéion, seach, and easoning thia
stated to eceve dtention in the pavious
decade mved to be maz difficult than
originally expectedAs the decade pr
gressedthere was a gowing ciiticism of
Al in several quaters—both &out its basic
ideas and methods anblat its (potential
for) practical impact.

An important ezent of the '80s as the
laundhing of the stategic computing po-
gram @ ARPA. A cential goal of the po-
gram was to bing Al out of the Ld, and to
explore its paver in solving compbereal-
world problems with the suppoof ad
vanced high-pedrmance computing and
software tetinologies. This piogram con
tributed to substantial pgress inAl and to
a better intgration of Al with other pats of
the computingiéld. Interestingy, the
major benatiary of strategic computing
was high-perdrmance computingvhich
became the centgiece of the HPCC
naional initiative tha followed the state-
gic computing pogram.

At presentAl has eaded a easonble
level of scientifc maurity as pat of com
puter scienceand it looks mae like a con
ventional disciplineThere is steag incre-
mental pogress in the disciplindn several
pats of the feld, the emphasis is oefine-
ment ether than on deslopment of ne
ideas or rploration of nev teritory. |
believe tha the feld will beneft enom-
ously from the @posue to seeral de
manding eal-world challenges (sub as
problems in science and eingeing and in
manaement) in the conig of several laige
initiatives where Al reseachels can sess
the boundaes of «isting methods and
explore nav ideas as theinteract with

reseathers from other disciplinesThe
present sige of ndional inteest in IS/IT
reseach provides a pomising enironment
for sud a deelopment to tad place

Barbara ayes-Roth, Stanford

University

In my opinion,the most integsting and
pessistent contoversy inAl concens the
relationship betveen atificial intelligence
and human intellignce Like the bid to the
flying madine human intelliggnce vas the
founding inspiation for attificial intelli-
gence Almost immedigely, there ensued a
seiies of intense degtes dout whether ve
could should or even want to lwild ma
chines thamimic human intellignce
Human intelliggnce has been vied and
then ejected as the mae#taion of a par
ticular metanism to besplicated in silk
con. But also lik the bid, it has been
viewed and then actely pursued as a func
tional demonsation of the behaors to be
performed ty some to-be-detarined alter
naive medanism.

SoméAl scientists meticulouglstudy
and eceae the perdrmance popeties of
human intellignce believing tha “God is
in the detail$.Other scientistgjisdaining
the human intellignceairplang’ claim to
aim staight for the pcket of superhuman
intelligence Some eseathers decompose
human intellignce into complementar
components and theadus on some of these
in isolaion from the othes. Other e
seachers ague thaonly an intgrated
approad to the complete system can-suc
ceed SoméAl scientists see both human
and atificial intelligence as theitrmph of
pure reasonwhether thabe Iagjic, mathe-
madics, staistics,or economicsyhile othes
build innovative gplicaion systems Wwose
power deives flom simple opeattions per
formed on gpett or everyday knowledge.

Although thee ae may differences of
opinion and een heted aguments in this
multithreaded deate, there is also a contin
uing morement dérward in our undestand
ing of and cpabilities for attificial intelli-
gence The ony position thal find
discougging is the pemaure condusion of
impossibility Some ead this contusion
based on the obsetion tha we hae not
yet adieved a spectacular success. Buvho
can we gve up after suta small €brt in
our young feld? Othes condude impossi
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in the 21st century).

MAR/APR — ASCI Centers

pdejele)

EDITORIAL CALENDAR

JAN/FEB — Top 10 Algorithms of the Millennium
Jack Dongarra, dongarra@cs.utk.edu, University of Tennessee, and
Francis Sullivan, fran@super.org, IDA Center for Computing Sciences
The 10 algorithms that have had the largest influence on the development and
practice of science and engineering in the 20th century (also the challenges facing us

Robert Voigt, rvoigt@compsci.wm.edu, and Merrell Patrick, mpatr@concentric.net

Status report on the five university Centers of Excellence funded in 1997 along with

their accomplishments.

MAY/JUN — Earth Systems Science

John Rundle, rundle@hopfield.colorado.edu, Colorado Center for Chaos and Complexity
The articles featured in this special issue will document the progress being made in
modeling and simulating the earth as a planet.

JUL/AUG — Computing in Medicine
Martin S. Weinhous, weinhous@radonc.ccf.org, Cleveland Clinic, and

loseph M. Rosen, joseph.m.rosen@hitchcock.org

In medicine, computational methods have let us predict the outcomes of our
procedures through mathematical simulation methods. Modeling the human body
remains a challenge for computational mathematics.

SEP/OCT — Computational Chemistry

Donald G. Truhlar, truhlar@chem.umn.edu, University of Minnesota, and

B. Vincent McKoy, mckoy@its.caltech.edu, California Institute of Technology

Overviews of the state of the art in diverse areas of computational chemistry with an
emphasis on the computational science aspects.

NOV/DEC — Materials Science

Rajiv Kalia, kalia@bit.csc.Isu.edu, Louisiana State University
This issue will focus on the impact of multiscale materials simulations, parallel

algorithms and architectures, and immersive and interactive virtual environments on
experimental efforts to design novel materials.
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bility based on philosophical sophigtr
which might just as wll pesuade us not to
await the surise tomorow.

Reseathers who do not beliee in the
possibility of a human-lig atificial intelli-
gence need not psue it. In the meantime
we should encoage the poliferation of
diverse pespectves and pproaches and
the continiing contoversy tha give our
field both life and pomise as a long-ter
scientiic enteprise and peictical \alue as a
neartem practical entgurise

Final thoughts

We would have liked to indude mary moe
people in this specidirends & Contover-
sies. In some casehke lak of a contibu-
tion by your favorite Al authoiity is due to
space cons#ints imposing a modest-sit
list of people w could contact and to @&y
positive response &m the membsiof tha
list. In other casesndividuals vere on our
list but politely dedined. In two casesour
request insped initially cynical reactions,
which we indude hee. Judea Rear explains
how contoversies,although @parently

wasting time and engy, can have \alue in
forcing work in directions in viich it would
not odinarily go.We condude with the
words of dhn McCathy, the man o gave
the discipline oAl its nameTo paaphrase:
Enough talkget bad to work!

I was dout to wite tha contioversies
are a vaste of timelndeedead time |
open ny book Probabilistic Reasoniny |
can kik myself for having spent so man
pages on defnding pobability calculus
vis-a-vis its then competiter(sud as tle-

based system8fjzzy setsbelief functions,

or even lagic), and | cant help speculéng
on where we would be todg had all this
enegy been spent on meiconstuctive,
nongologetic reseach.

However, as soon as ldged in those
words,| recalled some spedgifincidents
from the '80swhich lead me tevard the
opposite conlasion: It was in esponse to
challenges flom competing padigms tha

some léent caabilities of pobability the-
ory were unceered in those gars. For
example belief plopagation in Bayes net
works was deeloped to compete with the
modulaity of rule-based systems. Similar
motivations stood behind delopments in
nonmonotonice&asoningiterative belief
revision,and theoies of actions and causa
tion. In summay, the vitues of conover-
sies fom nmy obsevations hae been to jolt
complacentpetts into unceering dor
mant cgabilities in their aeas of gpettise
Sold on the viues of conoversies,|
now find myself alamed thamy latest
thoughts on counteattuals Causality
forthcoming) hae evoked no contversy &
all (a least inAl)—I hope someone tas
this note as ahallenge.

ToHr MCCarthy, Starford Orversity

Commenting on &nds and contrersies
is not a high gority with me I'd rather
work onAl. Even taking patrin a conto-
versy would be better®
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