
AI-The Three Toed Sloth

Robert A. Karlin
Karlins' Korner

7628 Van Noord Ave.
N. Hollywood Ca.

91605

1he three toed .loth, the ai, is a large slcnr beast tbat

lives in the South Aurican jUDrJles, where he baDgs upside dcnm froa

the trees, feed1Dg on fruits aid vevetab1es. Tb.oug"h slow and

nomally docile, the a1 is a powerful aniMl, aD1 can be daDJerous

vhen aroused.

Artificial IDtell1geDCe, tbat is AI, is also a larqe slow

beast, I1v1Dg far froa the ken of DOral proqruaers. Close

obsenation of AI by progruaers aore used to the lllDIane could

easily lead thea to believe that the AI has been prograaed upside

dam, or at least by creatures that live in trees, feeding on fruits
aDd vegetables. ~ AI, though slov aDd nomally docile ... can iIMleed

be very powerful, aid also Tery dangerous it Il1sused.
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DmlQDOCTIoB

Since the hegiDDiDg of the cnputer age, II8D. has lfODdered at the

idea of a th1Dk1D1 .chiDe. rroa the Dybbuk of eastern European

ayth to the clock1fork figures of seventeenth aDd eighteenth century

fiction, th1Dk1D1 _chiDe. vere usually envi.ioned as h1maD in

shape. In 1923, larel Capek coi.Ded the lford Robot in his play,

R. U. R., aid since then, the vord bas been synonyaous vith

aechaDical intelligence. It _an't 1mtil the creation of Eniac aDd

1Jn1ftC, the first coaurcial cnput1D1 .chiDes, in the a1d 19608

that the actual aechaDisa by which intelligence could be iJlparted to

DOD11V1Dg structures took sbape. SiDee tbat tille, the search tor

artificial intelligence, has heen ceaseless.

In general, AI bas not touched the business ..rket place. AI is

still too new a field of stllly to baTe produced IlUCh fruit.

Bovever, this is chlmJ1D1. '!'his paper is a look at AI froa the

busiDesnaD' s point of View, el"w1n1DJ wbat bas 0'0118 before, aid

wbat 18 still to C0a8, aDd bDv this vill affect the business data

process1D1 departaent of the near future.
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IITlLLIGDQ

Before we enter tDto a diacuaa10n of Wbat cODItitutl. artificial
intelligence, ve should first see if we can define 1Jhat it i8 tbat

ve uan by intelligence.

Webster's del iDes intelligence as ' the ability to learn or

UDderstaDd froa experience; the ability to acquire am retain

knovledge; the ability to respom quickly aid successfully to a nev
situation' . IbIlt part of this defiDition is applicable to

intelligence of tbe artificial kind?

By far the .ost strikiDg difference between ccmputer prograas aDd

huIMm beiDgs is the ability of huaaD8 to alter their bebaYior

pattern based on experience. But it is possible to create prograas

that learn as well. The siaplest ezuple of a prograa that leams is

the gue progru AJIDW" a ccmputerized version of twenty questions.

To iDitiate the que, the prograa says ''IBIB or AB ARnw.'. After

the player rlapoMs 91th a carra1ge return, the prograa 1Dquires

•DOES 'IBIS AJIDW, lilY! FOUl rEI'l'?l. If you reapcmd in the

aff1mative, the progru '1111 say 'ARE YOU 'lBIBIIG or A CA'M'. If

you re&pOD! tbat you are not thiDkiDl of a cat, the prograa rill ask

you ¥bat 8I1iM.l you are tbiDkiDg of, aDd 1d1en you respom

'elephant', the progru. vill ask for an ildicative feature of aD

elepbant. 1be Belt tiae the gue is played, if the 8D81fer to the

first question is affimativ8, the progru vil1 ask the question

saved froa the first gue to differentiate a cat froa an elephant.
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If the progru again guesses ¥rOD), it 9111 store the infO~tiOD

acquired this play. In a surprisingly short tiJae, the prograa can

accurately guess thouaa!ds of separate am...ls, usually 91th less

thaD ten questions. 1bi.s f ora of trial by error can be very

effective for nail probleas, but alaost vorthless for anythiDg

larger. To illustrate, iMgiDe a pragru that plays chess. After

each loss, tbe software stores the last aove prior to the .ate, and

eliJaiDates it froa its possible aoves. To develop any coherent play

in this EDDer vould take years, even 91th our fastest .ach1nes, aD1

the lookup tiM during play vould be prohibitive. Current research

in the area ot sot tvare leam1DJ is conceDtrating on aethods tor

deriviDg UlderlyiDg rules of thUllb, as opposed to specific courses

ot action.

It My seea tbat acquisition aid retention ot kDovledqe is the

easiest sepent ot intelligence to eaulate in MChinery. After all,

this is 'lbat ve believe coaputers do best, storing data. AId yet,

just storing data does not really fit vbat Webster vas driviDg at.

Data aust be stored in SOH usable fora, iDlexed appropriately for

later retrieval, aDd suaarized into coherent structures. ADd this

is 1fhere ve nm into trouble. 'e can store data auch JlOre easily

thaD ve can produce general purpose rules to identify aDd classify

tbat data. We bave trouble developiD) rules to al109 a prograa the

ability to distiDguish between a photo of a beach ball aDd a photo

ot the SUD. 'e also have trouble eliaiDatiDl -noise- data, data

tbat does not belODJ, froa data that just does not fit. A h1man can

easily look into a basket of objects and retrieve a particular size

aDd color block, yet there is DO pragro yet that can perfom that
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task nth one huDdred percent accuracy.

'!'he ability to respcmd to new sit1Bticms based on prior experience

_y sea to he the aost difficult section of our definition to

eaulate, yet is actually one of the success stories of current 11

research. Rule-based 'expert systeu' baft been developed that can

generalize froa iDsufficient data aid, respODdiDg to DeW situatiODS

with its area of expertise, produce fairly reliable results, but the

key to a successful expert systea seas to be as auch in the

artistry of the design ualyst as in the developaental teclmique.
Ie have yet to produce an expert systea able to design other expert

systeu, thouI;Jh this project is certainly being pursued.
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'lhe biggest success story of artificial intelligence research is
kno1rledge-based or •ezpert' systeu. 'Ibe first prograa that could
be called knovledge-based &s called DDDIW... aid &s dneloped at

Stanford University in the aid 1960s in order to help cheaists

identify cOltPoUEds by spectroaetric 8D1l1ysis. SiDee tbat tille.
expert systeaa ha?e been desigDed for applicatiODa as di~rse as oil

prospectiDJ aid aediciDe. In addition to cOlq)lete applicati0D8.

expert aptea •shells' are nov aftilahle. allo1fiDg custoaers to

tailor the systea to their 0. needs.

All expert systeas contain at least tvo basic parts. first,

obYiously i8 the 'kno1rledge base' itself aDd secord, aOlle fOOl of

knovledge interpreter to input aDd retrieve data tra the knovledge
base.

In order to represent a field of kDovledge, it aust be codified in

a way tbat vill -.Ice it both accessible am understudable. Sou of
the different ways of codiDg are logical codiDg, procedural

representation. saant1c nets, production 8Ysteas, aid frues.

Logical codiDJ coDsilts of fOrMl logical stateaents. lor
esople, if ve take the stateaent 'all con have four levs', then ve

could espress this in foral logical espression as 'lor any object

x, if x is a cow, then x has four legs'. 'ft1e adftDtage of logical

coding i8 tbat the rules by 1fb1ch express10DS are naluated is based
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on centuries of philosophical research, aid is kDom aDd veIl

urderstood.

Procedural representation consists of 8Ml1 veIl defined

procedurel tbat procell 1Dliv1d_l porti0D8 of the problea. ror

elOPle, if v. vere buildiDg a Datural laDguage parsiDg prograa,

DOUDS, verbs, adverbs, etc. each vould bave their 01ID naIl

procedure tbat detera1Des wbat actions should he taken. 'ft1e _jor

d1sa4ftDtage to prOCedural based systeu 18 the1r coaplex1ty,

creatiDg probleu in UlderstaDdiDg the entire interaction of the

base procedures aid .akiDg debuggiDg difficult.

Se.ntic nets alt relnble the clatabase of the business

cODUDity. Objects, concepts aDd events are stored as 'nodes', am
the interrelation of these nodes are stored as 'liDks'. A sillple

net Jdght be:

COy

I
I has-part

I
V

FOUR LEGS

'Ibe _jor problea 91th nets is tbat they are not 1DDately ftl1d,

that is, the interpretation of ¥bat a liDk IleaDS is entirely in the

l'JaDds of the soft_re, aDd, unlike the logical representation, the

data itself is DO guarantee of its ••n11'MJ.
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Productiona systeas, also knom as rule-based systeJlS, store

1Dfomat1on 8S a set of rules, called productl0D8, usually in the

fora of •if cordition, then action'. An exuple _y be, 'If it

starts ra1D1Dg, aDd you are outside, then open 1mbrella' . Because

of their iDDate UlderstaDdability, production systeas bave been

useful for large application systeas. DEllDIW" aentioned above, aid

PROSPEC'l'OR, a oeological progru, are UODJ the better kDo1m of

these.

The last represeDtaticmal scheae we 9111 discuss is the •frue' ,

or object oriented representation. Unlike rule based systeu, ¥here

each 'unit' is procedural, am nets in vbich each unit is

declarative, each frau includes both a declarative and procedural

portion. Tbis allows the fraae itself to deteraiDe What action it

should take to any action aqaiDst the frue. Object oriented coding

is becoaiDJ popular outside of the AI research centers, aDd object

oriented PASCAL c0Iq)11ers are eYen D01f becoaiDJ aftilable.

In addition to our kDovledqe baS8, 98 IlUSt bave SGIle fora of

prograa to analyze our queries aid convert thea into sou fOB of

database access. Each different fOOl of data storage bas its om

type of '1Dterence eDJ1De' to fora the bridge between the user aDd

the data aDd to represent the aethodology of the oriqiml expert.

!luch of the research in this area centers arOUld the &bility to

control aid predict how the sy:ttea viii function Ulder a broad reDJe

of cirCUllStances. 'ftlese teclmiques are slovly vorkiDrJ their ~y
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into the business coaUDity to produce .mageaent reportiDg aid 10Dg

I81Qe data 8.D8.1ysis aid prediction.

!zpert systeu bave been succelsful, 1fbeD they are, due to the

Darrovne8s of the scope choseD for each project. Inovledge based

systeu are _aaive UDdertakiDgs, ilrfolviD) skilled •knowledge

eDgiDeers· , 'Ibo are reapODSible for interpretiDg the aethods of each

ezpert chosen for a SYltea JaOdel, aDd converting this knowledge aid

aethodoloqy into a prograa aDd database. As any analyst knows, eYen

the expert ay not know 'lbat he is doing 1fbeD he exercises his

talent, so separatiDg the substance froa the riDdow dreaaiDg can be

quite an UDdertakiDg. Even af ter the STste-. is coaplete, iaproved

teclmology aid current iDfor-.tion aust still be added continuously

to keep the 8fstea frca becoaiDg obaolete. ADd yet, expert systeas

can pay for theuelves in a single use, capturiDg an expertise that

vould be lost forever.

Zyen tho1JJh ge .y lea to baye produced the ellbryo of _chine

intelligence, we are beoiDDiDr1 to realize that huIIans thiDJc

differently tbaD the aodels ve bave built. Let us look at how

reaearchers have tried to prOYide _chiDe intelligence with the

ability to solve probleas.
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PROBLIII SOLVIIfG

The area of gaae playiDJ bas been one of the .st successful areas

of research in AI. !lost of the leaders of AI vere fascinated nth

goes research, due not just to the enjoyaent of g08 playiDg, but

to the liJaited doaiD tbat exist in a que enriromum.t, alloviDg a

gaae s1JlUlat1on to act as a prolY tor aore cOllPl1cated. real world

probleu. One of the aost popular que siJlu1ations bas heeD, of

course, chess. The first paper on the subject, 'PrograD1Dg a

COIIpUter for PlayiDJ Chess', 1I8S published in 1950 by Claude

SbaDDoD, aDd .any of the teclm1ques described are used by today' s

chess playiDrJ MchiDeS. Chess is a good emaple of bov problea

sOlTiDJ teclmiques baYe developed.

In the begiDDiDg, aost scholars telded to believe tbat all tbat

vould be needed to develop a good chess progro .s eD01J;Jh storage

am. speed to elU1De all possible aov8S tbat could be played for,

say, the next ten turDS. !lost chess experts, by the vay, look ahead

Gout s11 JUrIes. Bcnrever, it ve say tbat, 8S an average, ve can

JlOV8 at least ten pieces in any one 1aOV8, aDd our OPPOD8Dts can aove

the sue, ve vould need to naluate 1020 JlOTes to look ten aoves

ahead. Even if we could process a aillion aoves per secOld, it

would take about 3%1010 hours, or about 3 aillion years. Obviously,

th1s is not quite acceptaJ)le for an afternoon gue of chess. Soae

..y IlU8t be fOUld to shorten our search. 'fbis area of research has

been one of the aost illportant areas of AI, aid is basic to a1llost

all other AI areas.
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In order to el8lliDe search techDiques, V8 vill repre8ent our

probleu in the fora of a 's_reh tree'. We start at the top of our
tree a8 80:

rroa this point, let us say, ge bave three possible options. We
1fOU1d represeDt thea as 80:
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AGain, let us say tbat each of these optiODl can have three

possible options of their own:

ADd so forth.

There are a m.ber of ways we can search this tree. '!he first,

aDd easiest~ type of search is called the 'depth-first' search.
This, as its DlIae illplies, iDYolves searchiDrJ each branch of the

tree to its bottaa .oat leaf, tbat is, fraa start to option 1, to
lA, to lB, to le, to option 2, to 21, etc. Strictly at ralda., this

type of search vill, on an average, hit balf of the nodes to be

s.rcbed before fildiDg a 'hit'. '1he secord type of search is kncnm.

as the 'breadth-first' search. 'lbi.1 would irrrolve searchiDg each

level, froa start to option 1, to option 2, to option 3, to lA, to

tB, to ie, to 21, etc. This search type bas the d1sad'98ntage of
neediDg a ?ery large iDteraediate storage area to store the results
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of searchi.DJ each level, aJd, in a raMoa search~ 9111 probably hit

a greater nlmber of nodes. On the other haM~ breadth-first

searches are useful in .any gue aituationa. aiDce they allow

partial e~luation of eaCh .ajor liab of ~e tree before cant1Du1Dg

the search, aM this # in tum would allow the prograa to pick the

liJlb IlOst likely to contain the solution.

Another tecbDique that helps shorten search tae is called

'bidirectional reasOD1lWJ'. In. this type of search, not only do you

start a breadth-first search froa the top of the tree, you caD start

a breadth-first search froa the 9oal. nus is useful for types of

unipulations, such as _zes, in which the goal am its precursors

are clearly defined, em we are looking for a relatiODShip between

the start aDd the goal.

iDother tlportant problea solving tool is called '.eaDS-eDds

amlysis' . 'Ibis aethod inTolves deterai.ni.DJ, for each node in the

tree, what is required to accOIq)lish the execution of the node.

'!'bese are then aDalyzed for each coaplete path froa the top of the

tree to the required solution, aDd an optiJma strategy for

traversiD} the tree 1s evolved.

!lost probleu in AI 1DVolve using a coJabiDation of techniques to

achieve a solution. The d}'D8Jlic selection of search algorithas

based on the type of problea presented 1s another cont1nUi.D) area of

AI research, aDd is aD area that can be of direct benefit to the

business coBUDity. 18 the size am cOIIPlexity of our data base

technologies increase, TIe viII need to include .any of the problea
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sol'riDg aethuds of 11 just to keep the cost of our inquiries

EDBqeable.
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DTQRlJ, J'lJIGIINiE STS'IJIIS

1he ability to Ulderatml aid Ule leguaVI baa al.ya bien a

yardstick for deterai.Di.DJ intelligence. EYeD after the discovery

that other species used 18DfJUl1ge# this fact vas used as evidence of

their intelligence # aid closeness to Iml on the evolutiODllry scale.

EYeD the intelligence of dogs am cats is Dot usually considered to

be their ilmate ability to solft cnplez probleu in opeDiDg doors

aid proceediDg throucrh _zes# but their ability to Ulderst8.ld hUED

speech. Is it any VOIder that the use of e. natural laDJUllge. such

as EDglish. lrench# or SRhili 8S opposed to COBOL# PASCAL# or LISP"

is ccmsidered priJle evidence of _chine intelligence?

The problema besettiDl the ..lysis of Datural l8DfJUI1ge can be

easily illustrated in the folloviDg ezuples. rirst# ezuine the

folloviDg sentences:

Tae flies like an arrow.

Fruit flies like a baDaDa.

In the first sentence, 'flies' is a verb am 'like' is a
preposition. In the secord # 'flies' is a noun ard 'like' is a verb.

nus type of uncertainty can give softvare fits. A secom ezuple

aight be: 'Ihe ball -.s hit by the boy with the bat. Did the boy hit

the ball usiDg a hat.. or is the hat just the aeaDS by which we
should identify the boy? CbaDge 'hat' to 'bat' aDd aD.SWer the

question again.

11-'1'be Tree Toed Sloth 0018-16 Robert A. larlin



Batura1 laDguage research _8 given an enonaous boo8t by the work

of one persOD, Aaerican .thnaticiaD Baa. ChollSky, 'lbo, in 1957,

revolutionized liDgu1sticl with the publi8b1Dg of 'SJDtactical

Structures' . Chouky 1I8.S the first persOD to treat vraaar as an
area of study that tr8D8c8llds specific 1aDg1ages, an area of study

91th rules coaon to all 1aDg1ages aDd able to be expressed in

logical aDd athnatical tenaiDology. Chouky' 8 rules of qr8JDl8r

allowed researchers to begin to codify the aethods by vbi.ch h1maDs

act1B1ly decipher 1aDg1age, aDd to apply sou of these techniques to

_cb1De intelligence.

is Datural l.aDguave Ifsteas were refiDed, it becaae obvious tbat a

rule based laDguage systea would becOM caples to the point of

1Iapo8s1bllity, not just because of the size of the database, but

also .because of the iDability to deb1l] a &ystea of tbat .agDitude.

Object based des1gDs aid constrained representation systeas are nov

being applied to the prob1ea in order to siJlplify the basic systas

by reducing the llUIIber of rules the syat. aust deal 91th.

Batural l.aDguave systeas are increasing in illportance in the

INsiDess cODUDity. is relaticmal databases becOM prnalent,

Datural laDguage intertace IYsteu are becoaiDg popular, siDee this

a1109s a user of DO coaputer sophistication to create c0llP1ez

database queries without leamiDg 'coaputer sbortbald' laDguages,

such as SQL. But even tbe sillplest Datural laDguage query processor

needs an alnBdaDCe of data storage 8D1 CPU cycles. Rev ideas trOll

AI research are eagerlyavaited.
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A seccmd area of Datural l.aDJuave syateu that ia becoaiDJ popular

in coaerc1al applicationa is laDg1acJe translation prograDing. It

_y sea UDiIIportaDt to be able to tranalate ~66 //i66ralJlt16 into

Russian U8iDJ a c~ter, but the ability to tranalate tec1m1cal

IIIIIIUIlla aid dOClmeDta of all aorts 'lill speed the spread of

technologies arOUld the world. It My be possible to read teclmical

joumala published in Japan or GeIIIaDY today, instead of vaitiDj

weeks for the translations to be coapleted. Even cmaputer softvare

interfacea could be translated, expaJdiDJ the .rkets for these

products, and tbe hardvare they are written for.

Ie bave seen that Datural laDguage systeas are not siaple. On the

other bald, the eccmoaic incentives for 90rkiDJ Datural laDguage

systeu sen to be expaJdiDJ this area of AI at a rapid rate.

COIIbiDed 'lith the concurrent reaearch in voice synthesis aDd speech

recognition, ve My soon be seeiDJ systeas that can be queried in

EDgliah over the phoDe to tell us the weather in BaDkok, or the

ba1aDce in our cbeckiDg accounts.
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JIJ!RE ARE B 110'

Ie ban looked at a bit of AI teclmology, aid VI baVl discussed a

fev of the applicaticms DOll UDder stllly. We haft ccmpletely igD.ored

the areas of robotics; visual, aural aDd tactile perception; self

prograDi.Dg aDd self eDbanciDg systaa; etc. 'Ihe purpose of this

paper .8 to give an overview of the field of AI. nth gpbasis on

those areas that My becoae applicable to the buainess co.-unity of

today.

In general, ve baTe seen tbat AI 1s usually very costly, both to

desip aDd to ezecute. 1faDy' coaercial' AI ayateaa were origiDally

developed in traditiODal AI laDJUages, such as LISP, aid PROLOG, am
later converted to PASCAL, roRTlWf aDd even COBOL to achieve the

speed necessary to coapete in the coaercial _rketplace. As AI

aoves froa a bit aid aiss field of st1dy to a fully eDlJineered

science, aore applications vill fiDd their vay into the _rket

place. Beware, hcnrever, the Yerdor who is tryiDg to sell you an

'expert' Sfstea for $495.90. Tbe aost charitable point that _y be

-.de would be that an oyerzee.lous sales force tacked the appellation

to the product 'Iithout lookiDg the vords up. On the other bald ,

this could be another aetbod of aeparatiDg the unvary froa their

aoney. It vill be quite a fev years before even a reasonable subset

oould be fOUDd o.t cOIIpUter boutique priceo.

ADd yet, certain subsets of ezpert systeu aDd natural laDguage

Sfsteu are beviImiDJ to appear econoaica.l. In not to MDY years,
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it will be cODon to filii qulry laJrJ1agls that ala to bl _lim.
because the aubset of _l1sh iltplalllted vill be fairly large. You

should expect these prograu to be ftry Iitlral in their

1DterpretatiOD. 1akirQ 'can you get .e the .lea figures frOll

October?' .aJ get you an aDlver of 'liS'. !bell prog~ will allo
t8ld to get confused often eDQUg'h for users to ccmaent on the need

to desk check the output beforl treatirQ it 1.1 goapel.

We should also see iltprand database access teclm1ques•. with

algorithu to optiJa1ze inquiriea baaed em prior ezperience. OUr

concept of data stoRve viii tlld to iDclwle concepts such as 'self­

defi.niJwJ' databases. 1Jhase cmaplete structure. iDclldirlg source.

responsibility. editirlg criteria ud report forat. will he atored

as part of the database itself. We should begin to see object

oriented e:rtenaicma to our current laJrJ1aves. 'Dlese are e:rtraely
useful ill rapidly cbaDJimg businesses. such as life iDsurance aid

ccmaodities tradimg. ad would .ae the probleu of iltpla_timg Dey

products or aodifyiDJ 8zistimg ones.

'ft1ouarh we _1' not aee larel capek' a robots in our offices next

week. AI is here to stay. I.IIl will be a larve part of the offiCI of

toaorrov.
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BIILIOGI4PIII

I have fOUDd the follow1DJ bookl to be eltr...ly 1DterestiDg while

r....rchiDg this paper. I would highly recODlDd thea to anyone who

is interested in the subject of Artificial IDtelligIDCe.

mum; JQQIIIIS '1hI a.rch for Artificial Intlll1g1DC1 by Igor

neklaJder aDd Pieri Burnett. 1987 (Alt red A. IDopt, IDe) . This book

i. aD elclediDgly cl..r book de.cr1biDg the ar. of 11..

'Jhe 'MmBOOX 0' ,\RTIlICw, IIJILLIGIIICI yolUU' i, 2. ODd 3 by

Afton Barr ard Ed.rd A. re1geDbaUil. 1981 (911110 laut.., IDe).

The defiDit1ve telt OD artificial intelligence. 10 study of the

field could be caplet. without it. ~ain, this book is quite easy

to rMd, aDd eYlD the .st difficult elUlPl.s are pr.sented 91th

grace aid style.

AI in tho 1980. ODd BlTOID aD lIlT SUrvey, edited by t. Eric L.

Griuon aDd Raaesh S. Patil. 1987 (1Ia••cbuaetts IDItitut. of

Teclmology Pre.s). A provocat1v, look at AI present aDd tutur•.

GODEL. E!QJQ, BN;II: AD Eternal Gold8Jl Braid Douglas R.

Bofstadter. 1979 (Basic Book., IDe). ODe of the unique books of our

t1ae, G!B 1s a .rvelous blm1 of tr.t1s. aDd DODSeD8e, exploring

the world of artificial intel1ig'8DC8 in a MDDer akin to L81fi.&

carrol, creating a "orld of Zen AI. Tb1s book is not a quick read,

but it is v.ll worth your whi.le to explore it.
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