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FOREWORD 

Tic 1/aa•oolt o/ AnifaciAI /neclli,encc,... conceiTed in 1175 by Prolenor 
Edward A. FCiaenbaum u a compendium of knowledp of AI and iU ap­
pUeationa. In the enauin1 yean, at.udcnta And AI raearehen at Stanforcl'a 
Department of Comput.cr Scicnc.c, a m"jor center for AI re~~C&rCh, and at. 
univcniLica A.nd laborAt.nrica aero. the nat.iou have contribut.ccl to the project. 
Tbe ..:ope ol t.he work ia broad: About 200 abort u\icle. c:onr mo.L ol &be bn· 
portant ideu, techniques, and IIJa&ema cleweloped cluri111 25 yean ol ,_,c.h 
in AI. 

Overview articles in each chapt.cr dalc:ribe the basic .... , alt.ernativo 
approaches, and uneolved problcmls thai. charadcrise ueu ol AI; t.heJ are 
t.he beat cril.ical diKu•ion• anywhere or ~~e\ivity in the 11cJcl. Thae, - well 
u Lbe more technical art.icles, are caref.;lllr edi~ to remcwe c:onfaainc aDd 
unc&~~e~~tial jU'Ion, H, concept& are int.roduced with thoroucb explanat.ioM 
{usuallr in Lbe Ofti'Yiew articles), and the three volumes are eo~nplel.elJ In­
dexed and C'.,.._rel'erenced lo make it. dear how Lbe importan& ideM ot AI 
relat.e &o each ol.her. Fin.Ur, the ll•tAoolt ia orpnilecl hicrarclllcaiiJ, • 
tbat. ......,. can claoaBe how deeply into tb~ detail ot ~ cbapw tbe, willa 
to penetrate. 

Thill e.echaical report ill reproduced From Chap&er XI, ."'Modela ot ~ 
-..,• ot lohe H••••• (Vel. 10, edi&ecl by Pa.l ~ CoMa aad Bclwud A. 
.FC'ipabl••). TWa claapW, wriu. br Paul ll. Cohen, clilc.._ AI _,.. 
., ..... ......,, w, ........... ucl ,..., ......... n.. .... 
p.- wwc ..... .._..,.._ clwelaped in AI~ &he 10e0 iMIP' late tile 
...-rful inl~ ot h COIIlpa&er in &lae deNap•eat ol AI _. copi\ift ,.,...,. . 
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Modell ol Cocnition XI 

tuith Jlrceuion their similarities and, more importantly for the development ot 
tJw theory. their difrerences. Computer procrama are preeile deseriptiona ot 
behavior and 10 are the resultl or experiment.! \lloitb humans; by usina eaC'.h to 
complement the other, a theory or behaviclr develops quickly. 

This approach to psyebo)ocical raeareh is ealJed ira/tmll4t.ioft-proeuriftt 
,.,eAolon and, more recently, eOJRitive Kicncc. The theorie. that ~ clevel­
oped~puter models or human thinkina-are called frUJddl o/ eo,nitioft. 
The central idea or inlormatioa-p.......-ins ~eholocY • to brins precisioll to 
tbe eeduetive comparilon between human and arti&cial iDtellisi.Dce, to bene&t 
wr undentandin& ol human eognition. In the next teetion, we preRnt a 
historical baekcround to inf'ormation-procel8in1 peyeholocY. 

A HiltMJI of AI catUI lnformatiM& ProceNirtf 

Inrormation-proeessins psyeholocr hM pla)oed an important part iD the 
development or Ameriean ptyeholcv sinee lDSO. It bu helped to reiMt.at.e 
the cooeept ol mind, which had been aboUibed by bebalioral ~ 
beeaute it wu uDObeen'ablt extept by int.rolpeetioo. Me~ kMv­
iorVm condemned intl'OipiCtioa u a ..,.:boloP:al method beeaue there WM 

no &uar•ntee that the words Ulld by ooe penoa w delcribe hil (or ber) meatal 
...,..... would meu tbe ume thillc to aDOther penon. For example, if a penoD 
la)"S, "'cu't quite think ol the ~t ia oa tbe 11p ol rll'f tanpe," ;rou 
mq think JO'l bow wtw be ia t.hiokio& ud feelin&. bat, in fact, .....,._ 
or the dNU witb whieb 11e delaribel hk! --. ,_ CUDOt paru~ee ~ .... 
J1DQ1' kaowlldp ol bil l&a&t il OOIDpil&tly ...,..._ A 1tro111W pclliu. • 
~ .. tabD .., '*"* ~ .... bolcll ._ kaowledp 
obtiiDid by iDtrolpecdoa - _., C8IIDOt be......, . mgpicettlcl, but 
II DOt..,. aceura&lly I*Ciiwd by the illlrOII*t«: "AD cqailm ..._.. • 
it ......... ol ita CIUI'I'IIIi lltrtiCtu.N, but-ol dill b- ol&he .... ol 
~· (Skbmer, lt'TI, p. lt). Meatal neat~ are Yiewed •lide 6cta 
ol t.M l•ll'fttlaa ••- aa ..... _.he......._. 80&- eDd 
tbul .-expleoet.loGI ol..,_.ior, 

,..,....... ......., ...... D ....... 'III •• Jiorila ... objud\111 
._ nuW • ape; 1._ tlla. .. .,,~.._.die....._ 1' 111 •lr~ It 
... pollllble ........ b ... rlarlll--ollllll ... ,_,.., ....... 
.., •• .._...,...., nrr••PIIf .. --= 

A...-ii ...... -&M_,' 1 d fiiNi It_...., .......... .. 
........_ ................ b ......................... ... 

..... fiiiM ...... wlllela ......... a Ji-' Ill ... IW¢' I d n.. 

.. 110 ...... I"'IIIFt ....... lllllll .... dlln .. - ..... ..,.._ 

...... Ill ..... , ,•; .... - .......... fUll) • ., ......... ...... 

.......... Ji., ..... .., ........................... .. 
eaetNI ,_..... ldMI flpawptwl•...,.•· (alaMr, lt71, pp. ta-te) 
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In CX/Iltrut, aU the researeh deleribed in the Hantllloolc is c:oneerned 

~ith struetures and proeeues that mediate intelli&ent. f'eiJ)OJlMI t.o stimuli. 
This ruodament.al ebange in t.beoretieal poeitiolls t.ook place bet\\'ftll 1 ~ 

and 1980, durin& 111;bieh time bebaliorism wu Jaraely displaeed by eopitiw 

pqcholon. The key t.o the ehanp wu the tODcep\ ol ift/or'~ft~Atitm. Followin& 
the publieat.ion, in 1040, of Slwman and Weawr't "The Mathematical Theory 

ol Communieation," ir.(ormatioD beeame a eooerete, meuurable quantity <­
Shannon and Weawr, 1013). lnit.ially, the ltrict mathematical CODceptioa ol 
inl'orrnation wu explored; theorist~ tried t.o ftt maD)' MpeCt.l ol human eom­

muuieat.ion into the 1eneral model propoeecl ~· Slwmcm and Wea'w (tee, e.,., 
Chem.'· 1970). But the model ~-.. b.t .Wted to c:oaununieation 0\'er electrical 
ehannell, and 80, b)· the mic:l-10501, a more relaxecl, and more appropriate, 

c:onception or Wormat.ioa wu emersin&· 
An inftuent.W paper wu "The Macieal Number Se\"eft ••• " in ~·hieh Miller 

(1058~ propoeed that the information eapuity ol meutal proee•ee, partieularly 

shorf,.t.erm memory, is b.t measured in t.-IDI ol...mie ela.._meanin&ful 

unit.a ol Wormatioll-Dol abltraet. WU. For e:umple, words from a .m.ee 
and DOUeDM l)'llables are COIIIidered to be cbunb ol informatioa and put 

appradmately equal demands on IDIIDOfY, despite ta.e fact that the words 
contain more information, in the mat.Mm•ticaJ -. than the tyllables. Ia 
the yea!'l followins Miller's pa.,er, iaf'onutioll ~tnretwae.h M dilerimiDa­
tion DN, .-ociative eemantic net.a, and tram."'" dfteloped t.o reprue11t 

·the inlormatioD ueed in eopitiaa. 'l'btl orilintl. mathlmatical formvladoD ol 
inlormat.iaa b• .,_ larplr ........... : 

The prob&lla WM tks t.MIIIt.pww a...,. poeriJ- .tlull&ed cMna.tntlaa 
fl tbllaiCII'IB&&iee ••• • J.. illtlrlfllaat fl 1M lllk ada& -.. ...._ ... 

8l't.lculatoed. tile t.laarill e •1 at til_..,._._...._.. ... •• 111N. 
(AIIdenaa .... Bower. 1171. p. ••) 

Tbe iDerealla& .... iltieat .. ol ...... sad .................. 

IDOl& iiDportaal.,._ Ia &a. des•lat••t ol iDiormada•proc.-. W... 
Durias &1M lUI INOI, dllre - tM ... ut._ 1D W'•n •••s••n ' 1 
pa,c.colagtbllttMt•I ... ,_M.....,aderioJfar ..... W..• 
•er·..W. ......._,, 1M1& .-... 111nl.r 111181111 olUJ klad ~.,.W 

sa 'r zlaliaD, ol~~~r IUd ~ *'I• z«r• ...-= 
Ala ....... --"' 11 ............ 1. 

0 

D'.. .... .... '1'1111 .. . 
...... ,._ ........ 11 ..................... , ... .,.... 

_. ......... .. .... ...... • '... 1'111111• 1 , ..... ._ ..... 
., •• ..,... ..... .,., n rr ,., n..t.fl..._.,.,_..._ 
...... 1 .. 11 Jlhs pm ',......._- 1 1IW, ••: 1....,_ (.,..., .............. ,.~ .............. _ ... 
,....... .................. tal~ (News~ .... -. .... 

p.-) 

• 
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In other words, AI does not require that ao intelli&ent prop'am demollltrat.e 
lavmon intellicenee, but information-pi'Oeellin& ))S)'eholociata iuaiat that the 

eorrespondenee be pi'O\-ed. 
Th!a 0\'el'\iew is am.o.t current; we have dllcu.ed the CGIIliDOil root.a ol 

AI, iDtonnatioll-proc:ewh'l psycbolcv, aacl oopitM piYCboiOI)•, aDd we baw 
6cu.ed the poiDta at wbic:b they pert companr. Howewr, we tbould note 

that we have pneentAMI the ltiOaplt YerlliaD f1l &be iDf'onaatioD-,.......ac 
approach, that. ..twcat.ed by NeMl1 aacl Simoa. Tbeir politton ia 10 atroa& 
that it cleflDea inf'onaation-pi'OC'e.tn& ~ alma.t by exduliaa: It ia 
the fteld tbat uteS methoda alien to copitivt PI>"Cboloc· to explore queltioat 

alien t.o AI. This ia ao eugeratioo, but it ~ to illustrate why th .. 
are tbouundt f1l copitiw ~ ad bunclnds ol AI ...-reben, aacl 
\WY In· inlormaQon.prc "eelina .-,'Cbolopta. Rec:eDtly, the stronc poeition 

bu beeD relaxed to admit ..-reb that. doll not ..-.'lily JWf1VC the cor­

respociclenee between prclll'aa. ud b\IIIWI behavior but that hM eome ~­
CCIIIcerD for UDCieNt.aDcllDa bamaD behavior. Tbil ~ li c:aUed COfftiaiw 
ecienee by ita pnedtioDen. 

The articles iD tbis chapter acu. models ol copition that baw, for 
tbe IDOit part.. beeD the bitt.oric:al eboWden Oil whieh c:opltiw ICiace DR 

stancla. 01 the ei&M .,...., the .. clmMd to ....... ol bwDan IMIDOry, 

two to probllaHolviaa. IDCI .. t.o ....,.,....._ The ...... Oil_,.. 

bll two ea-. OM llilt.orlcal ... - ardf8CtUal. llilklrieallr, oapithl 
..,...,. ............................ ..., wltla IDIIDDPJ, 10 it li ... 
1111rJ11i1ia1 t.bat h. IIMNid be a _.... tGpie Ia ..., .. ..._.,..a c ''C ..,...._ 

CIIY· IIIAIM", tM ~ ol ..... woald ......... -~- W WI 

....... dileuiiiiM fll ... CllllllkM ..... r II tJrCb iD tbll c:laapw, ndMr 
tMa ....... ID tM ....... for • ...,.., I I rela Oil ..... ..... 

......... (Chap. v);- .................. u ............. .., &he work 
tJl 8elll8lc .... eall- (Qap. IV)i oa ph '11 (a.p. XV); ad Oil 

......... (Qep. XIV). .............................................. ..,,,... ... 
_,_ o-.1 ...... .... ...... (CPI; Arew. XLa). I& .. -
"' ........ Ill .. Ill ld , prll I I .......... ....,_ 
llltil laul••• •• _,. i••_...nanulnaprl•h• llhw•tllelllllc 
tln .. d 1 die M ••• "'' -• ...-&ltlltll.ta PI•••• _. dll 
.......... • n' 'IE ftl ~~r••h• ..... .,._ _. darlw a ... ,._ 
• SIIUtb' fNa ... ,. .... , •I& II Ill El) .. tr F 1'lala till ,.rlh• •-•••r•••••.....,._,.._. .. .,.,, .. .,.. ... ...._ CPI _ ........ ...., .. ~fl.......... ....... 

TIEl.- aftWt (Ardell XI.C) II ........ ,. .... IIIIYfJII; i& .ir II 

a...Wfll ,.,,,. c'tl'lplas • 1 •I .... .., ................ . 

(1171). 1'Wr .... illaa illllll'ha_.. ........ mll tdlaCMpt.- XV 

- ........ Oppon.IJdc pill ........... Iaibie eaatlol~trate~r 
(bnrlr .... wltll ............. .,...) thM .,...... ........ 
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eeveral interestinc papers oa the developinc topic of knowled&e rep1111111t.atioa. 

~orman and Rumelbart. (19i5) cliseull their MEMOD .,..atem in detaU-it. il 

interestinc to eoatrast this book with a "standard" text oa memory 

(e.g., CJ'O\\•der, 1978) to eee what a dift'ereoce the inlormatioa-procelliq per­

apect.ive can make. Sehank and Abellon {1977) di8cu. their \beory ol kaowl­
edae repreeent.at.ion-a theory t.hat. il c:urrea\ly Vffl')' popular. FiDUl)', then 

is a journal c:allecl Co,raitiw Se1enee that publiahel CW'I'f'At ~. 



B. GENERAL PROBLEM SOLVER 

H\:MA!'\0 PROBLEM-SOLVING bM received iDteDiive namiDat.iaa by AllaD 
~"'~II. Herbert A. SimoD, and tbeir coUeap. &Del 1tudeata at c.n..p. 
Mellon University. ID their book ......,.l"roWetft s--, (lm), Newell and 
Simon present tborou&h anal)._ ot problem IOk·in' in three tMk domeins­
m.-ptarithmetk, Jock, and ehe.-md the)· preeellt and e\-.luace iDformatioD­
p~in& systems that aecurat.tly limula&e human thouPt iD tJ.e domai•. 

There ia not the spece beN to IWIUDU'ile all tbe •wk in bumu ~ 
IOkina. In raet. tbe ODI)· ~"'tem ... examine ia the General Problem Solwr 
pf01r&m (GPS); met the only IMk domain, Jap: problems. JlaM\w, tM 
inrormatioa-~n& l)'ltem that. Newell and Simon cleYelop il eertaia1J 
pneraJ eDOUCh to jlrol~ • (ra~D~Work ror problem ..maa Ia eev.ral otMr 
tatk domains. GPS w not jUit a Jop: probleaa-toher. 

Probletn 1CM, ift&. aDd molt other iDtelleetval aethity. ~ ...... 
~·J.da• that appliel t.o IDUIJ probleml aDd """" ..-ile bMrW. that 
il lpftial to a particular probllm. For ....... a ....,al nat., or '-• itCic, 
it "'II ~-ou ea"t. 10M the w-hole ,.. ••• &ry to 10M put o1 it." A ..-lie 
pM ol bowledp tlaat. IU)" be Ullllul for ..... - ward PI a• I••• il, 
ror ....... t.Ut ...... il1,1t0,.,. 'I'M clilt.IMt.. ... - ......... 
t.Mk-spedle ~ iiiDidt iD CPS, ud it- lor J• tllil ._ &Mt 
it .... aWGPI: 

GPS.e.at_.ta. ...................................... .. 
~ .... ,...,_ .. ....,... .... _,a\Mkolallllalt1Jl8f' 

fll ~~~~ .,._ -·· I ..................... ' .... ,_ 

fl ... .,._ I 1 I I ........ .,.......... 1 ~-

...... m. .. 414) 

AaaarO •~ .. •••• II• tl OPI- r.- ..... • u "r F'111& II 
• ...... • • ... fll ... .... ,. ..... .... I I .,.... - ..... QPI 
it IIBIIIIIU., ... a JIIIIIU.Ip fl ........................ .. 
... I sit ?._., .................... I llti ..... JIII•II•t 

ftelw/~s n •. ,...,. .. ,.., ,.._ 

~ tM& ..._ ..... Ill OPIII • l1f ••'- ..,,,., _.die 
.... 'lln•:aiJIIGPI ...... I.IIItiii.W• ._,.., lliM ,.tcmiilf 

,...... (ft). A -.1 -·• II dEl& tla •••• • ••••••lrf •••••• 
e n',....._&h .. ._.ll&..._ ..... ,.._.k ... ' ,rTiUaa ..... .......... ., ................ 

11 
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B C.neral Problem Sok-er 

-t. Dttigrlotiflfl •I ,.w 1tn1tfurc1. It mutt M pollible to dnicnac~ ''rious 
paru or an~· tymbol 1tructure and ob&ain tM dniption or any part ol 
an~· ~ymbol ttructure. 

S. Jy.l .U ...,..,. The IPS m\11\ M able t.o read and .mce ~·mbol ftrue­
tura lnmn.Uy and ext.ernally. 

e. s..ra., ., .,.uol ~ It nautt be pollible t.o 1t.ore a l)'lllbol st.rucuue 
and mrie\-e It by ..... vi aDO&blr 8)'111bollt.I'Uctun \hat clelipata it. 

TPte Probltm SJO« 

13 

:'\ewell and Simon ddlne tbe toM mvircmmcnt, or problem IJifKC, ol GPS 
to~ the formallllftifteatioD or the lit~ ~1Dbolltructura throuab •'hieb 
GPS searches for a 1ohnion. Thill may suu•t that GPS hal a eolleetion ot 
1tatee a,·ailable to .arch for a a-1 ttate. Ia fact. ltai'Cb iD GPS meant that 
GPS ~fltrotu sta1a by appl~iD& operators, lnt to the startin& state (which 
it It sh"'ll ), then t.o It&t.- it cleriYel lram tbe atart.iDa ltate. aaclao Oil. GPS 
pnerata state! iD it. problem 1pect • it IOk._ a problem. 

The problem 1J*e uted by CPS \will with tbe problem. It it a formal 
'prciflcation or tbe ~ifdae ...... t.o aolw: • problem. Consider. for 
exampl~. tht f&IDOUI U)-ptarithmetie problem 

DO!IW.D 
:iGF.IW.P 

ltO.:Rr Giwll D - I 

...... the objeet .. \0 ........... to ................ - tJI the ........... 
ciiDa&ed br DO~ ud GF.IW.D ...... "-e11111Dbr ~ by ROBERT. 
·" problem II*' for tbil .,..,.. II: 

(Mt.r) 

(cllik) 
=- AIBIDIEICILINIOIRIT 
=- ltlltllftllfll71111 
=-~) ........ (1111&) 

AI._.., .. ,..._ t ... '""• II_. ap fll..,rmiiUtl till Ioria 
..._._...,_._.,,_ ....... ._.. ............ .,.1 D 
._.,.., S. s.,.,, c bul1 .. 1 ata~~~ .. .,q.echu fllap~1 ':w 
................ ,., ....... .n. die ........ to --' ...... ...... 
.. • ........ ..... .... ... .. ..... iL ........ T'lllll...,.,_ .... il ......... _ .............. .,tM ................ to ...... ...... ................ ,., ... 

Ia ...,.._ to tilt p~a'bl• ...-. die IPS .... a JII'OII'Ul, cr 11t tJI 
• .,.., t.o 4ictate Mw di&* .. t.o be I ..... 10 leuen a to._ if 
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a !Olution ha., ~n found. This "'ill be discuseed further for the domain or 
l01ie problems. 

A distinction must be made between eearela m tM problem epoee and the 
••nh tpoce. The former refers to all the aolut.iona and paths leading to them 
that the problem aolver aetually &eneratel, 11:hile the latter refers to all the 
IO)utiona and pat.ha u..e ezile. For probleJM or any complexity, it ia oeceseary 
to keep the problem apaee smaller than the eeareh apace. To rephrue a 
point made in Chapter n: Search in the problem space involves generating 
just enough or the eearch apace to ftnd a IOiution to the problem. In GPS, 
two m@thods are used to accomplish this. One il a general heuristic called 
mmn~·mdl onAl,eil, and the other il a form or plonftint. We "'iU not conaider 
planning here; the interetted reader should lee paces 429-435 or !'\ ..... -en and 
Simon (1972) and Article X\' .A in the Horul~Jook 

Problem aohing in GPS ia a matter of tranaf'ormina the start ltate into a 
goalttate. Thus, at any point dwiDI problem soh~. CPS hu t\\'0 pia: 

1. TraDirorm ••~ 1 to stau 2 by the applieat.ion ol operaton. 

2. Apply 101M operatar CO llaCe 1 (• 1D1D1 imennldia&e lt.a\e). 

Thele pals do DOt ll*if)• IMicl& operata~' lhauld be applied to uy object.. 
Tbere are numerous atrate&* for Mcidinc t.bia. ODe ia to appiJ .U lep1 
opera&ora to the 8nt object. tJ. apply all lep1 operaton to all U. ..aha 
t!l the lnt applie8tioa, .... 10 .. '1'WI ....w, ealled ............. 
potratea the entire IIU'Cb .-.. It ia paraat.eecl to lad aiOiutioD .,.._uai)J 
bat il mueb too cc.tly to be ...S ror prableml t!lu1y eamplaity. ~feene.enoh 
.....,. ... powerful ...... that eoM&raiDI -- b)' aneboriD& paths in 
the ...a .... to the curreat .... aad ....... ltat.e; it .......... tiUrd 
~.-lfo:GPS: 

3. ...._ U. .... , .. ...._ .... ,_. .... 2 ll)o •a_, ....... l. 
'I'IUI,... oat............... iiD fll polliW. JGiwtioafl: 

., ~--- flldle ... Mtcsl till., ....... ~ k ........ .. ........................... ._ ................. .-
flliDIDI rsa..-.dle6rct.llala ..... l&.._........,_..._. 
le • ....., ...... ot.._.. .... .,,...o~ • ....,....,... 
(Nne~ ... -.lm. p. _, 

M-ns eadl aaai)W liliDeafparat.ld Into GPS • followl: 

1. Jr tM CUl'NDl .... II DOt U. .......... _,.,..,. betften it aad the 
deeind IUW d .. dMcted. 
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2. Operators c:an be duailled aecardinc to tbe diJferenee~ the)· eliminate. 

3. It ma)' be nee._.,· to modily the CUI'NIIt state to make It CCIIIIpat.ible 
"ith a desiNd operator. 

4. "Diffieult" ditrereDeaa betweeD It&t. aaip& buimpliled by traaal'oraaia& 
the c:urreDt state, ••• il tbia ...Wta ID IliON, tbouch limpler, dillrtoe~~. 

13 

The IPS, problem space, ..UU, mel IMUHildl ualylis are clomaiD­
indepenclent. ideal. Tbe GPS PI'OIJ'8Dl ..a cMeiped to eeparat.e them tram 
any &iwn problem-10lviD& tuk. In the next leetioo, -.e look at an example 
or CPS iD the talk-domain or Josie problems. 

SymboUc logic problems provide an ideal aituatioo to atudy problem 
eohin& beeau.e one can delerlbe the wt cavirotunetlt of t.bele problems iD 
grut detail. One such problem is: 

Trulllate the ecp1..._ R .t (-.P - Q) iDto (P v Q) .1: R. 

h il unimportant what the conaect.ift symbols ( -, -., at, v) meaD. (In lact, 
the humao problem-aolwn who prorided data tor Newell aDd SimoD were 
told nothin& about them ~ that they wwe a let ol transf'crmatioallcor 
tunaiJI& one expr lllion into aaot.ber .) Each tranllGI'IIIatioa red-a dileraet 
bet•-een two ap...._ The problem is to u. tJ.e tnal(ormatioaa t.o &una 
the Brat apr•ioa, R ~ (~P- Q~ iDt.o the leeciiiCI oae, (P v Q) 1: R. The 
aYailable tnltllormat.ioalwere the follalwia& (iD which •: • .... ~ 
&o" ucl A aDd B are arbitrary apr n1ID1111): 

-A:A 
A.I:B:A 

AvA:A 
A.I:B:B.I:A 

AVB: -.(~A.., 

A-B: ...s-~ 

A'I((BVC): (AVB)VC 

AV(BAC): (AVS)A(AVC) 

A-BadB-C: A-C 

AAA:A 

A.I:B:B 

AadB: A.I:B 

AvB:BvA 

A-B: ~VB 

A-BadA:B 

AA(B.I:C): (AAS).I:C 

AA(BVC):(AAB)V(AAC) 

A: AVX (XIII.., .... I 1) 

CoDsider how ..... ,.. cube .... to t:ltl_ .... 
a-1 apr ... CID! 
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nn./ormcdicm 

A&:B:B&:A 
yields (-.P- Q)!: R 

(A - B) : (-..A v B) 
applied to left part yields 
(-.-.p v Q)&: R 

...-.A:A 
applied to left part yields 
(P v Q) 1.: R 

(P V Q) It R is the co-l expresaion. Q.E.D. 

XI 

One can now see how GPS l\Wb in the task environment or locie prob­
lems. Exhau!th-e search l\'Ould f!\-entually aenerate the &oal ltat.e but is 
wuteful here beca111e it ipona the information provided by the &oal state. 
Mean..ends anal~'lis cfirecta GPS to reduce the dilrerence between the startin& 
state and the goal stat.e. For example, eompariq the start state to the goal 
~tate. it ie immediately obvioua that the former need!~ to be turned around: 
R must appear on the fi&ht or the parentJJe. instead or on the left. This is 
a d.llneru:e between the two states; it can be redueecl by the transformation 
A ll B : B 1.: -~ IDit.ead or applyinc oll applicable t.ransl'ormatioDt t.o the 
startin& stat-e, GPS milbt limply apply tlait oae, which will yield the state 
(-.P-Q)&:R. 

Coatinuinc this N"l"in&, ooe micht try t.o Nduce the clilereoc~~ bett,.. 
( ...P - Q) and (P V Q). There are two clilenncel: P hM a .. ..,. pnlx ill 
ooe CMe bat not tbe o&Mr, ad tbe COIUleCtMt betuuew P and Q is·-· ill 
one .. and •v" ill tbe odMr. ODe traaarormatioll wiD rec1uee the latter 
di&nDee, IYIIMI)', A - B : -.A v B. Appllcatloa ~ t.hil traasf'CII'IIWialt 
)ielcla (-P v Q). R. 

The hal problem II to II& rid ol tbe .._. prllxiuc P. One tralllf'orma­
tioa II awaiJable to clo tbll, -.-.A : A, wbida ;rleldl tbe pi atate (P V Q) 1: R 
.... k .. applied. 

('nl....t.r .................... ...,. ol ,ma.. .... willa 
m a a •dl....,.ile•IMII?dtor..t.ArtleleXV.B•t.beSTIUPI ....... , 
ill tM ........ , 

Tbe ........ ol t.be ......................... wnima ol tile opera-

.. fJl CPS. l.hus •• M'b• II.., ......... INn in ita tba)llllt IGna: 
At ......... iD .............................. tllat will 
Nduet _. dillr1aes bceu- tbe C8l'NIIIt 1UM IDd tbe pl state. GPS II 
able to do t.bil ...._ lldl ol tile trust ... alioM k ... in a talk clomaba 
is c~ aceorclac to tbe c~~er ... k Nduess. For t.be laP: task domaba, 
then are six di&r- t.bat can be reduced by tranltormations. In GPS tbele 
are ..........u.d in a li#ncwa ,..._ 'nuw ol t.be Ndueible cWrermcea are: 
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1,. A di&renc:e in polition of COIDpoDell\1 ol' the expreaion. Se\-eral tranl­
formationa "'iU eliminate this clitrereDc:e: 

.A. v B : B V A, A~ B : B k A, .A. - B : ... s - -A. etc. 

2. A diJfereace ill t be 1)-mbol that. appears between lettera. Transformation~ 

to eliminate this dileraee are: 

AV B: ""(-..A"'""B). A-B: -.A VB, 

A V (B" C) : (A V B) ll (A V C), etc. 

3. A ditrereDce in the Dumber tJl • ..., .. pre&x. of a IIUer. Several tranll'or· 
matlool chaD&• the Dumber tJl prelxea: 

-.-.A : A, .A. - B : -.A v B, A - B : ....S - -A. ete. 
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To 10)'\"e the problem above, GPS determines the difrerenc:es betv•een the 

ttArtinc"stat• and the coal state and then applies lransf'ormatioM that reduce 
them. HO\\'e\W, the problema eolwd by GPS are rarely 10 simple; ~eVeral 

complication• must be considered. First, if N\-eral tranlf'ormations are appli­
cabk- t.o a .tate, CPS mult cbotM between them. To do 10, it eonsulta a 

ranking of di&rencel that t.tUt it which cli&reaee~ to reduce &rat. 
Another eompHcat.iaa .,... -n. GPS eanDOt 8nd an operator to reduce 

a particular dilerence. Ill this cue, it IINil tranarcrm the current state into 

an intermediate ltat.e from which lt an reduce the di&renee. For example, 

cOIISider addina the traDI(ormadoD rule A • B : A v . ....s ud 10Mnc the 
problftD deftned by the ltartiD& It"'- R • ( ...P - Q) and t.be ac-1 atat.e 
( ... p k -Q) V R. ID tllil a., GPS IMa up the pl ol moviDc R to tbe 

other side fJl the apr..... .. it did iD die lilt proWem, bat it - -
trantrormatloas aYailable to eeeomplillll dilL 1.-..d, it. 1DUit del• tbis pi 
and traDII'orm the lltartblc 1tat.e iDto altat.e from wbiela lt an accomplilb the 
&oal. To do tbil, it traDIIonal R • (..P- Q) iDio R V ; .... p- Q) Uld thea 
into ....( ..P - Q) v R. 'l'lm. CPS laM &be ability to lit up ne: !etl ,...,.. 

Tbe delip of GPO II dlctaa.d bJ U!e beurWtic ol .......... _..,..aDd 
by the ,_.. ._.,.. n. ...,.a par& fJI GP8 II ass.._. _.,.and 
the iatCII'ID&tSoD-pra he.,-- iD wblcb lt operata ·n. ,.... • .., fJI the 

S)"IMal lollowa frca dill-* fJI ..... Jccie 111obleaa ,_.an a limit.ld 
....... f!laln•• • .-..... _. • J....a ....._ f1l op~~atioel to rec1uee 
~ 

GPS ,... JI'OI*'d M a 14 :kahlieal theory ol bWUD problem-lOMB&. 
1n tbll IICdoll we p eridNee lor the tbeary. Recall that the moat paerll 
..,.a fJI GPS il m ••• _.....,.. wbiellll _.to pide the a-atioD 
olltatel iD tbe problem .....,.. s- ......... bebavion an a natural CODM­

quenee ol ___. .....,. tor -ample, GPS •wb forward from tbe 
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eurrent state to the &oal state, aa opposed to -A'Orking backward from the 
coal. .~other aeneral characteristic or CPS is the repeated applicat.ion or 
uansrormatlons t.O states. This refers t.o the lituation in which GPS finds a 
transrormat.ion it wants to 111e, but the current state is not. in a rorm that •ill 
accept the transformation; the state must be altered and the transformation 
reappUed. 

U CPS is a theory ol hUJD&D problem-eolviD&, oae 'WOUld expect humans 
t.o 111e meaus-ends analysis and exhibit the behaviors that derive f'rom it in 
lituations where CPS exhibits these behaviors. ID the eue of Joaic problems, 
thie is easily tested. Taalc demands are equated by enaurina that CPS and the 
human subject~ have the 11a111e tranlf'CII'Dl&tions to work ,..ith and the u.me 
problems t.o solve. CPS is prop&IIUDed t.o priDt out its coals u it tries to 
soh~ the problem, and the humans are instrueted t.o talk out loud aa they 
solve the problem. The subjects' comments are recorded and the resultina 
l'ffOrd i! called a Jlrofocol, which is broken down into phraees: 

"I'm lookiq at rewniJ1a U... two thiap DGW." 
"Then J'd have a tiJnilar poup at the betiMIDI, •. " 

"' could euily leaw ~ IUce dlat 'til the ead •• 

These are claasiftecl aa evideDee ol pla aad applicatioal ol tr&Diformatioal. 
Breakina down the prot.oeols is a painstMinc ~ but it is expedited 

by a ttr.1cture called tbe ~ 6eh!..:CW ,.,., a araphic clilplq vi &be 
problem 10her'1 prop-. The DOdel ol tbe paph repr..ent tbe kDowWp 
ol the problem dwr at a liveD poiDt iD tm., ad tbe are. npr.-t 1M 
tralllf'ormadoal that lead to Dft" DOdel (...._). 11Mre il .._ prcMiiaa for 
nt1lrDilla to partl ol the problem thai ._.. Wt. ........................ 
liDe ol , ...... , ..... Wac aplond. 'l'be protGeol ot.-:.a •bJea ......... 
ODt.o a problem t.llaviar paph. N...u 8Dd - do DOlt apeet fMt all.)' 
problem behavior paph wUl ~ matcb the output ol CPS • a pi'OIIa... 
Their claim is, ra&her I that patten~ ol bellaYiar will be eaauDOil to GPS aad 
aD \Wr ......... '1111 --........ .,.,. ........ - apliek Mad ttl 
dae b•mor, hiD which pet.teru. caa be ....,eeted U' thq exiiL 

Tbe l'alluwllc ii&IUIIUUl"Jol•...,. oltM ~ beb&riar 
ol...,.. ..._eab,leete • a .... prolll•• NlwelaM- ._.,the 
.....__ol._..OPI ... t.Wr..._.llltiiMoJIIIINI ... a trre._lor 
....... (Ttlil ...... &IIIIa ,_ pp.- -oiNewll...t -.1m.) 
NaroDiel r.. ~,._.. ... the ,.nt'lp oldMir oec•rrteala 1M 
pltlt ·~--....-.. -..IDTUII&-1. 'DIIal,.arnt 1 ,.,..,.. r.. ......... _ol....._lt .. ...,. ........... TableB-IhM tbnt 
......_. cH"*-, or tiln, ,..._..(a),..._ exhlblt.ecl b)· both GPS 
and tbe abjedl, (b) _.... exbillit.ed by tbe IUbjeda acl M by CPS, aad 
(e) IIDiat.lrpntabl..._., • 1M pert ol tbe •b.Jecta. 
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TABLE B-1 

~rt-entacn or Particular Problem-eoh·in& Pat~me 
in Protocols or Individual Subj«u 

Subject 
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A B C D E F G TOTALS 

Tier 1. Behavior exhibited by eubjeetl aDd b)• CPS 

~lean&-endl analytil 37 47 48 38 52 50 45 3t 
(~·ard coal objet:t; 
opt"Tator applicabUit.y) 

Workin& F0f11·ard 17 0 13 14 2 l v ; 

Repeated applieation 48 « 37 3t 30 44 42 38 

(after •ub&oal: 
impl•ment.at ion) 

Sub&ot.al 84 

Iter 2. Beha\ior exbibit.ed b)" eubject.l aad abient. iD GPS 

~lt'ans-ends anal)'lil 0 0 0 <I <I 5 7 >3 
(ton~« I''Oidan.:.) 

Workins *kward 0 2 0 0 0 0 0 <I 
R•ated application 0 0 I 15 • 8 t '1 

(miew) 
SuM.oc.al ll 

n.r a. llDlDt.erpretab blbavior 

0 a 2 t 7 I .. I 

TOTAL IOD 

1ft the ftnt tier ol tile table. _...._.....,. .... two muil'-.atiolla iD 

•·bieh 11\ateaare t.r...rormecl to .aieft tbe pl exp~•liaa or are traDitonned 
ildo a form compet.ilble whla a.._.~ A -.1 ,.u.a ol 
behavior il ..,..., ~ \Ut ia, _...... duwab t.raMionudoal for 
one that wiD appiJ tot.he _......._ A &lalnl peU.-D il repnted applicataa 

o1 a traftlf'ormatiae • the- l&aiL -rw....- .,._IDOitly wMa a clellred 
tr&DII'onu&iaa il iDcoaapetiWe with a etate. A a-1 islet up to \nallorm the 
state. ud tbe Cll'i&iDel t.raDIIcnaatioa il tbea .....ruD.v reapplied. Another 
l)-pe ol ,...&cat.ioa foaclhen. &o tl1 oat~ or a transformation 
belen ~D& t.he l)'l&em to it. Tallie B-1 .,... clearlf t.ltat l.be peat 
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majority of the Utterances or the eeven subjects conrorm to these patterns or 
beha,·ior-84'1. in fact. 

Tier 2 reprnents human beha"ion t.hat were not implemented in GPS 
at the time. The &reatest pereentaps were obtained for the reapplication 
or transformations for the sake or review (refreshing the memory). Working 
bacbvd from the &oal '\\"as another ~halior that had not been implemented 
in GPS. A third is a complex behavior in which a transf'ormat.ion is applied 
before the application or the desired transrorrnation, because the latter has 
undesirable consequences (u "-eU as the desired ones) if applied belore the 
intermediate transrormation. These behaviors constitute 7%, 1%, and 3% of 
the protocols, respectively. 

Tier 3 or the table accounts for 5% or the subjects' protocols and ~ 
resents uninterpretable beha,·ior that could not be usiped to any pattern. 
These beha,iors indude grunts and yawns, and unfinished and ambiguous 
phriiRII ~t~uch u Well, thU. look• lib, via ••• I dunno. 

Conc/uion 

From this and other analyte~, s~'ell and $imon conclude that GPS 
is an explieit. operational, and auftleient model ol 10me human problem­
tOhins. In GPS, a eeparation il maintained bet"-eea aener•l components, 
such as the inrormation-proee'liftl ayst.em and me&DHDds analysis, and tllk­
speeific componenta, auch u detaill ol the problem ..,_.. ~ewell aDd Simaa 
claim that the aeneral eomponenta apply iD a wide ~~e ol talk domaina 
Chesl and c:rypt8ritbmet.ic ...-e examiJiell iD edditiaa l9 loaie problems, aDd 
tbele ID&Iyla certainJy auppon Newell ud SimoD'~o ar &ument olpaeralltf. 
Mor....,, liaee GPS, .........- .....,... bM b.a .-1 ba enwa1 other 
problem-toMq P'Oiflml ( .. Article XV .A). 

Some problema are DOt IOivecl etBcitDtly with DH~~HDds IDalya Tor 
example, the beuril&ic can lead aae clown a loD& J>Aib ol problem-IOiviq 
~...-. tlaat dead-eftdl, lorelai tbe prob&em ..._ t.o '*k up to a pnrioal 
decilioa point ad t17 a dller.t pUla. Allo, mea~~HDCk ...._...., COD-

I&rud. ..... fll ............... apll' ...... &bat. will, ba fact, .... &he~ 
lem.~lladS.IDUCil .... tMD•n 1 17. WRI:v,•vn·_.....,. ... 
.. ..... .... .... .. .......... ....... .. .. .w.v.t; lr--
................. ,. .................. aaot11W, tbe ........... caD 

do DO JDOre tha IWJnl to tJae ........... of tbe pr·lblem to try t.be ....... ba 
a ;;• ........ (- ArUeJ. XV .A r. a .W•IW dileuiiiDII: al t.hil ............ ). 

Howe"•· tbetllclaq al ............... II a bi& CICIMirD lor eompu .... 
but perbapl Dot a _... _.. lor bwnaDa. Tile fact that meant endl 
......,.. ... be iDIIIciell:t ... - detract hat tbe empirical fact fll it.l 
pll:er&lit.y in human .,.-1~ Tbit II I* to.., &hat meanr _. 
aaalyda il the Oll:ly problem-rolviD& rvattu ...t b7 lnunanr; t.be followiq 
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article (Article XJ.c) .. ill diteUII a plamaina problem that is bat IOlwd b)· a 
p~ called OJiportvfiUfie ,lonna.,. 

The IIKIIt eompreilerlam and exh&Uit.iw information-proee.in& anal)"li• 
or human problem-eolvin& is Newell and Simon (1872). 



C. OPPORTUNISTIC PROBLEM SOLVING 

THIS ARTICLE dileU81B a theory fl plannin& developed by Barbara Jia)._. 
Roth aud Frederick lla)-..Roth (187&; B. Ha,.Roc.b, 1080). The theory is 

specifically or human planniDJ, and the aut.hon and their colleacuea have ruD 

N'\-eral experiments to test it. For this reuon, the theory is dileu.ed here 
rather than in Chapter :li.'Y, on plumiq. 

Ha~·er.-Roth and Ha~-..Rotb ba'-e implemented their t~· in a model 
that. due to its complexity, 'Will be lketehed later in this article but DOt 

preHnt~ in Mtail. The ftnt part or the artic:le dileu.es an exploratory 
experiment ~it.h human planners in ~·hieh 10bjeets were required to think out 

loud while plannin&. This technique is familiar from the ~'OI'k or Xn-ell and 
Simon (Artic:le )J.B). A tranKript, or protocol, is broken dCM'Jl into phr ... 

that are interpreted u evidence ol particular plauniq or probl.rn-•ohin& 

operations. 
In the planniq experimeDt (Hay.-Roth and Hay. Roth, 1 878), IUbjeda 

were ah-en • map or a small fmo'Jl marked ~it.h points G intertlt IUeh u IJKJ\ie 
thuter~. the ''fl.erinarian. st.ona, and restaurants. Tbey ~-ere uked to plan 

a day'!!' a.ttivity that included 10 erraads. such • Get meetilu frora rite wt 
and B~r frala vqcc.lla ac tiM f'OC""· A eouple fl...,.... ineluded apUch. 
eonttraintl. 1ueh 11 the~ ol JDOiriel. Coaltniata about other errandl 
•-ere implied; for example, rNib "Jep&ableilbould probably be purehMed iD 
the ~. 1'athu than leavbt& t.a.- ia a car aD u,. 

With the map aDd lilt ol errancll ill hud. •b.JeN talked &boa\ tWr 
cl.\-elopia& plaDI ,. the dar· \\'hat they ..... ,... ........ aDd ua.cribecl; 
Table C-1 ~~~ u...,... of ODt IUbjeet '1 ornmentl • he planned hil lldM­
t.iel. TO...,.,........ are....,... r...a a...., protoeOI ol47 lUcia ..,.. 
gaphll; the mamberl ia..,....... ........... ~ ot..a ,.,.&nPb ia 
clleprot.oeal. ,.....,........,... ..... .,~---t.'Wildel 

fl hwua pl.,.."-1 Ia 1M tnt, 1M.._- W. a..lldp • ..... 
................. .,... .................. WorNao..wee•• 
..................................... ill ..... 1M ....... trill .. 
............. ,. 'molp•~•rill•..-.•• 2 r 

'!'be_.. ...s daW ...... ~ • ....,... two..,..., ...... ., ..... 
DiDI-IDIM-.lper ..... tM-.a-il...._..bJ"a......,fllW. 
Yid.a pia; .. tWe .... il ................ br .............. .. 
be die iaa'M11a1el7 att.alaallle pell fl &lae probleaa. In t.M dllrcl ,.,......., 
aeu•,he...,..ple ..... a&adll ililll.llftlol........._. Froaadle .... 
pre"iaully art.ieulat.ed, ... allltneU ............... to •• emal6 •• 
,....,._, .,..,, Fu ....... IliON pal'lll'8phs iD t.M prataeol (not aeerpted 
here). tt.e •b.J-t tries to llt _,... iMo t.he pneral plaD ol headin& soutbnA. 
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TABLE C-1 

Exre-rpt!- from a Plannin& Protocol (from Hayn-Roth and Ha~w-Roth. 1978) 

1. (II !At 't 10 back ~"' the errand lilt. Pick up meclieiDe for tlw doc 
at til• ,·ftnina.,· wppliel. That's defttaitely a primal)·, &n)'thin& takin& 
care or health •... Bur • \0)' ror the .. at t.bt ICoN. II you pua it, IUN. 

If not. the dot can play 1dtb ICIIDitlUDc ..... 
2. (:') Th~ applianN ttor~ il a rew Wocb away. Tile meclieiM ror the 

dO& •.. im't too rar away. t.lorie theaten-let't hold o« on that for • 
litt~ -.·hile. Pick up the -.'&&Ch. Tbat'a aU the -. .. y acro11 to-'D. Speeialo 
order a book at the bookacon. 

3. (~I Probably it -.-ould b. best II- started in a IOUtbeaat~rl~· dira· 
tion .... I t-an Me later on there are a millioa thinp I waat to do in that 
part or to-.'11. 

~. f!!3) Third item -.ill be the nn'lltancl ai.~ ,.,. are headin& in tha.t 
dir«tioft. Oha I like to do thaL I bolr bu.vinl a aardeDiDI JUpJiDe 
it hardly a primer)· tbbt& to do. but aiMe i"la beMinc that way. it 'a 0111)· 
&oiftl t.o taka a ..aad ... 

5. 1311 1-.-ould lib to plan it 10 I eu .. the IDO\ie. pick up the '"'etablea. 
pitk up m~· car. and then 10 home. \'tlpt.ablet would rot. 

•. (35) Sow - do haw • pre\'• k'a 2:GD aDd .. ,.. U..lift t.o do Ia 
1ft aiiiO'ie ud pt tbe ,.......,.. ADd tbat'a ...,., tlaiDk ,.,,. blowD 
\hit plaa ..... - .. .....,Ilk u.. .., .............. . 

':'. («») If I to let the •-• ..... lt'a Mt ..U, ... to llle eciDiiat.eM 
witll w ,._ ... ..,...._ ... ., ...._IW ._ ....... -' • tiM 
pocerift for rottilll- U' I tabU.. to the.oorie ... ..-.w. doD't 

r.lh.· ptriah Iiiii ... -· 
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\\'bd imlll'ldia&ely ll'lhlblt ......... ,.... wt to dleiUbjlct, lie -ra. 
I Nil ICiU • ..., ..t .cill .... ia fl\e ,..,., 4i..-., ID C1C111t..- to 

the eerlilr moclt tl pla"si•l· ..._ '*•- ap"' 1Pr1diate ...... 1M_. 
8t...,UtoiamPG~ata..._ ........... ll&plu. 'nii....,.CIIdll 
Milk,yfll .... p' .... ._ • ...,..-e~...,_.. ... , ...... 
l'nelr '*- dMa ...._.. ... .t ........ call tllil •lllliflireetioul 
prae•ill-

n.t ,_,. ................ fldle COlt ........ l8d fuD.. 
daiMDtal ~ fllple I ............ filet ... ..,.eta fll eopitian: 
It it~ 'fttlllbjlet ....... tMt M ...... MJI OM oiiUt oblip-
tioal "tar ftft," ud JII'OI8Plb' did-. o-Il diM It iMo a ••eloplac plu are 
imearatld,IDd .- tM& ...._. .....- .. .._ ... iiM .. ..,._, ofteD 
without r.prd ror how' the wbplue •ill iat.epate •itb tlw 0\Wall pJan. For 
(1:-;ample. earl~· • in tile protGCOI (liCit ..... aheM), the IUbjert plant to 
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end hit da~· at the lllO\'ie and then ,.,-.Jk t.o a parkin& lot •·here his car is 
parkt'd. Thi• subplan is ronstrueted when the subjec:t notiea the proodmitr 
or the mcn·ie and parkin& lot. 'There ilaltron& parallel b.t .... "MMI this proee. 
and i.lland tlrit-ing. in which a problem aoh-er &nels part or a solution that he 
think!' is correct-an island-and extends the IOiutioa rrom there. ~bly 
to\\vd anotlwr island. Subplans ean be reprded u ialanda that 8ft linked 
by MqUenc:e or plannina actions. (For a detailed dilcUIIion or island drivin& 
in spMCh understandina. 1ee Article v.cl, in Vol. 1.) 

The fifth and sixth paraarapbs or the prot.oc:ol lhO'W the subject sum­
marizing hill current !tate and realizin& that the plan is fta,.,-ed because he hal 
too much time for what he has to do. At this point. he relaxes one or his 
~uif!mentfl. that he purchase "e&etables after the mcn·ie, to fill in the hour 
Mt'ore the mcn·ie. 

Opportuni•tic. multidirectional planninc is veT')' different (rom that prac­
ti«d by the JJlanners dilcuseed in Chapter X\': human plannin& c:an be sia­
nincantly mort tomplex than that or curreDt AI planners. a.f0rt ,.,._ d*usa 
thtt Hayn-Rotht' model. we consider some of tbeee diii'INIICt!S. 

Opponunistic procellinc has a bottom-up compo~w.nt; plannin& proc1m1 
af! ineti1ated by fOmethin& the problem eoh-er IIOtK:n about the state fll 
the ,.,-orld. In human plannina. steps 8ft introduted into a plan ,.,-bene\.., 
the opportunitr arilel to do 10. This contruts with the INM-eOIIItllitwtnt 
strateaia in :SO.UI and MOLGE."'i (Me Artidel XV .Dl aad XV .DJ). in wbieb 
plannina •• are relined oaly when then il M.__ tUt they will Dot 
haft to be abaDdoaed Ia'-· In bumaD ........, &iw areluJI)· eaatraiW 
iatroduec.ion ol plan stepa implicit in SOAII IDd MOLGEN il ablacloMd far 
the achut.ap ol iatrodueiac *PI in a p1u ........._ .-,..,. ...,.... 
A~- rela-.d illue il that human pl ...... ilatult~: \Mt i1. 

it takea plaee at 11'\waJ le\WI fll abltraetioD limuhaaloull)·. Thil eoMrlll&l 
""ith tiM laieren:l&ical planaln (-...... ill Anielel X\' .a, XV .Dl, ud XV .DI~ 
•-bitb de\-elop deui)ed plane from abltnn ........ .....,. ..... ..... 
XOAII ud MOLGE.~ do 1101. __. .W·W ..... ill a ..... _... thPy ..... 
... NIMcl from ...... abltnct ..... -..,...., .......... .., .... 
ilderael.irJM '*- plu -..,.; WOLOEN _.. ,_ ......... ft ••--. 
rbiaa the -plicat-ol,.... ................ ,.. ......... filth 
..... ud NOAH ...t criaicl to cMek t.r Wva18'n1 ... • .... 111P1 a 
i\8 plaa de•.,.._ 8atb appa •m Nly • dtu • , .. ...,,.. ,.._ !-. 
cletaDed oee~ ill a~-· 

'l'lw major......._. ttl die 1 .. ra •••• ll&ntllr olllilrardllt8l 
,..,..... il that it .... the ....... to ........... .....,..._ .... t.._, plaa ~ wida a ...._ flllleebnckiac. O...t ' lie 
planai1111ea\• the planaer NMP4:ible to..._~ an oppartuil&lr, 
~ .............. ....,to ...... to .......... ,.,..ot"' ....... 
thup its&oall tt.n il a hierafthical planaer. 1ft feet, Table C-1 sllawed t._ 
planer eommiuiac himeeU' to a plan that cto. Mt luiiU all hit ........... II 
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!dt with too murh rrw time. HCM-.wr, in11ead of' barktratkin& to a pre\·K>u. 

point in t h• plan and replannin&. the planner intt.ead relaxes one of his &oals 
.~r1d dE"<"id., to buy gr~ bef'ore the lllO\ie. 

Ha~·H-Roth and Ha)-et-Roth arpe that opportuniltie, multidinet.ional 
plannin& is more eftleieDt than hienrebieal planniD& wha the problem to 
be toh'ed is ,.,,,. eompii'X. '111ey Ia)' that hierarchical plunina rettrieta 

the problem 10h·er and doll not permit orpniJiDC parta ol a plaD arouad 
interestin& poe~ibilita that emerp bottom-up (• ca be doae ill illeDd 
drh·in&l-

Th• ~lath-. eflltienriH and ad\uta&• ol bierardlic:al, leut-eommitment 
planning and multidilfttional, opportunistic plaDniq are a-- for AJ. Howr­
~·er. our c:hief' concern in this article il not with~· but, rather, •ith 
bow human planners plan. 11le remainder of the artiele summarilel the 
Hayn-Rotht. model. 

Tnt Cont"ol of Pltnanint 

Ha;."f'!-Roth and Hayes-Roth propoee a W.CliHnf rnoflc/ to rtpn~ent 
·ht' romplft: rontrol ltruttu~ ol humaa pluniq. Blackboards ba\~ bftD 
;~~ prinurUy to facilitate iftkrprda&ioft or DOily lipiiiiUCia.• speech( .. 

diKuHioD in .-\rticlt \'.CI. iD Vol. I) ud data rr..IIDICII'I <- Anide vn.a. 
in \ 'ol. D, on CRYSALIS: allo, !'\1i ud F.. ........ 1171). A black ..... 
model far li&nal i~~terpMatioa t)'picdy Ml a INIBber of ,.ci1 .. ., JIIOI' m 
that produce by~ about....-. ol tale ....... Fer a pll, a.,.._ 
undent&DCiilll pnlp8lll U. .,-hliree ,_ 41YIIII t.M ...... lipal .._ 
phoaetic 118iu. for pllliaa tile.,...._ ol tM .._ •m•p, tar pncticdlla 

the next •-ord &h"ftl thole that ............. ~. ud ID •• TIM 
hypothe.es produad by eedl .,..... .. ecuniWt to .U, ._ &My an 

.,... .. OR a tentnl WlcMJIN. ~ ...... IIIJ- 1p1rlaJW 1ft dlla 
for others: for ......... it\M 8)'lltaetie lp I i Lt ..... tM ....... llh tMt aM 
MA ward ila wrtt, die._.... 1111d1 ....... _... ..,.,. .. ._ to..,.. 
~ .... ,., ....... _.._ 

n u=t,, 1M ........ fl pra1111' a 11a a ••••ttN.d ..... II.,... 
.,....,_. ......,,•i:lfic·S..•*' 11,.. flnn•rnrla•,....._.._, ... tar-........ ...... .., .... 1111111'•• ... , .. - ..... 
....,.., ~-- .... "'- ............... i .... Pior...., ..... 
iat.,..cilla It, k ... - to .. n ..,.z.Jta-, ...,.,rt...ut p111• 

"-ueaot•••lall•d•fll•,...._,......,.._. • .._.ol 
............ -....... .. .., .............. ct.t.s .... 
.. opportunity ...... 

'I'Mita)w-Radll" plea ... ...W ilnoh• a Weekboerd witla lw ,.,._ 

ot ......... --- ... ....,. ........ diet ........ t.lll\atift ...... 
and JftOI'd ,.._ • llae ..._.....,.._ Plnla aM cqubecl to Nlect ehane-
teriltic JlfOC•• Ia plauiJI&. OM II dae ,._ ,..,._, a plaM or opentiaDL 



~lodt~ or C'(>Jnition 

l>ftifion' to nec:ute the proce~~~N diseustf'd in the protoc:ol-&oin& to the 
\"etf'rinarian. H't'ing 1t mO\·ie. and 10 on-are rf'tOrdf'd in the plan plane. ~fo~ 

f~Mral coal~ and C~aJ plan! to a«ompJilh them are altO ffCOfdecf in the 

plan plane. 
At the ~-el o( tlw mdo-plon pl4111, the planner makes decisions about 

t.o.· to 101'-e the problem at band. J.. ,..,. noc.e in the d*'-icm of ~JOLGEN 
(.vti~lt )1."'\'.02). a planner can do a lot tA reuonin& about a problem bef'are 

propolin& 10 much u a lin&le aetian to IOiw it. DecWoos recorded on the 
meta-plan plane capture 101ne or tbis reuonina. For example. the planner 

muft ~ft!lftlt the problem to iteelf and -ide what ,. or problem it is, 10 

that it ean pick out a ,..oWrm-aolt.;nf modeL or ·~· The " .. Y a problem 
if repl't'H'ntf'd ~- tb~ problem lOk-er t'an a&t't the eue "ith which It is eolved 

(Amarel. 11&8): thus. ict.ntif~·in& a problem and &ndin& an approech to 10MD1 
it are t"·o ,~. important ~ilions. ~foet plannin& pqramt have a Iinde 

rt•presentatM»n ot a problem and a .ainp, implicit st.rat~· for 10h·in1 it; for 
example. 1101r.e nonhirrarchical plannen (dilcu.ed in .o\rtiele :\"'\'.C) repreteDt 

prublem& &f a collection tA propositions to bt made true, and they IOiw the 
problems hy pattem-dirat.ed im'OC&t.ian tA procedv. ,..;t.b t.cktnckiftl. It 

it possible. ~'ftl :ikely. that a human planner D"i&ht adopt meanMDds ~­
-..ith backtraekin& • a method: the choice bet-..'Nil this and other .,a.ibiliU. 
it l'ffOrdf.d on the meta. plan plane . 

• -'notber ldod ol planDiA& decilian ......... at the .-....-. ... 
m'Ok-. the ,.aNt roaao.'td by the problem IOhr. What CGD~titutet a pod 
IOiutiaa! Is it to be quick aDd dirty or peiaeeak;,'l aad elepat! Apia, 
mc11t .AJ p&annin& ...,.._do DGt ...-. IUCh 411cillkw, wllkb........, IIDd 
power and ledbility 10.......,. ~ We eu ....ny MeW..._ 

• !!IOhltioD. pod enoqb (what-··-· ceDI~); tJ.t ..... 
~..,. utitfted and thole who are too ..or........_. compultiw aDd t.M 
.......... iMtleieDt ........ ...... 

The ........... ,.._ .......... rllriliDel ............ to ... .-.. 
pn•h•; ..... IIIia ..... - &Ml • iDciMduel ............ , .... ... ..,... ...... ,..., .. ,.. ............... o.-. ,.... ...... ..... 
~Mthate ... llilll .................... Ferw pll tMII11i1i11 t.o 
...... "priiurJ ........................... ,.. pllla; I& 
......... 1M ,_hie n•..W.• die plea rhm to..,.._..-... IMo 
"pd • .,. ............. ..,. .. ...... 

A r..t.la ,._.. iD tiM.,._. .... ..W aant1k1 ..W -.... ... . 
All ............. -· .......... .._ .... ,.... .......... ... 
....... ... a repr-atatiaa tl tM -... A point .... eerlier~ t.M 
...,..mnatioe tJI the ~ .._.. tM ••IIM1 witll wiUela it II .......... 
... ... .... the ........ tka tlbowledp ..... to the problea ,.... 
...,.._Ret .. ,......at the IMP Ia ...-.I _,. t.o ........ prd'l• .... 
6ienc)· .. ~one lt\-.1. the map is sep~~eated MlftWI, for example, the 
... ....._ earner; at another J.\"11, neiahbon an neorded, for exuDple, a 
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mO\·w hou.e Milhbon on a parkin& lot. A third le\-el or information about 
tlw map represents routes bft•·een points or inwr.t. This knowiHae hue 
would. of COUfle, ehan&e for another kind or problem. 

The fifth pla.w. the ezutdivc ,tone, .ehedules the plannift& decisions 
made by qeciolidl that are I eeorded on other plaaea or the blackboard. We 
h&\'e c:haraeteriaed the kincll or decilioal that are fouad iD human pJanainc, 
ror example, deeisions about apecilc: plannia& 8Ctiona, about appro.che. to 
a problem, and about at.tractioal o( planDia1 aetioDL The dec:ilionl are 
tentati,-ely propoeed and reeorded on t.be appropriate plane or the blaekboud 
~· specialist PJ'OII'UDI that are aensitive to pertieular lcincll ol deeitions. 
for example. a prozimitr detector tpeeialist •-ould note when t•"' poiDtl ol 
interest are nearby on the map; it would reeard pairs ot Miflabor• on t.be 
knowledge-bale plane ot the blackboud. Specialists operate iDdepeudent.ly 
and uync:hronously, u mentioned abowl. ConwqueDtly, a.eheduler is needed 
to d~ide on a Hquential e>rder (Iince mo.t preaent-d~· eomputers are sequen­
tial machines) ror all the actions ot apec:ialitts. Sc:hedulin& mipt bf queue 
orittntttd. that is, first eome first aerved, but, iD aeneral. humans do not 
~chedule ac:tiont this 1\'ay. Instead they ~ehedule them amwdiDI to their 
pereeh-ed effieienc:~·. produc:thity, &Del the lib. 

ConcluaiOft 

Ha),..Roth aDd Ha, .... Roth pnaeat a detailed example explaiDiDI bow 
their model aeeouat1 tor the prot.oco1 o( a subject plaaniDI a dar'• .ctivit.iN 
(excerpted above). Rather t.baD &cu. the model ill dttail, we haw,.._.. 
its p)aDel and tpecialilt.a iD quite pDinlterma, ·~ &o cbaract.l "ile the 
t~·pes aDd le\'ell ol deeisiona that ue DeC '")' tar P'a""inl· One paeraleoa­
dusioa ot this art.ide is that bumaD plaDMn are mucb man IOpbiltic:ated than 
~· olthe .......- cliaeumll iD Chapt.er XV oa plaftDID&. Multidirectional, 
urnc:broaoua, and opportunildc proert•l• ia propoeecl to model this eopbll­
ticatioa. 

·~ 
.,.. ..... ud ... Jtodt (IWI; B. a.,..Rada, ltiO) live acC'OULU ol 

their ....... llltJ...S tM .............. ~from &Mn. 



D. EPAM 

EPA .. \i (Elementary Pereel\-er and Memorizer) was de\-eloped in the period 
1956-196-4 br Edv.-ard Feigenbaum and Herbert Simon. This procram wu 
the first information-proeessing model or a number or well-known human 
,·erbal-learning behaYiors. Though it sounds simple, rote learning or nontense 
material has prO\·ided murh e\·idenee about the characteristics or short-term 
and long-term memory. ~onsense material ito useful in that it avoids the 
effeet or the meaning of a stimulus on how well it is learned; for example, 
familiar stimuli or stimuli that "fit in" \\ith pre,·iously learned material are 
relati\·ely ea.~· to learn. \\"hen Ebbinghaus first used non~ense syllables in the 
lS~Os. tb~ factors were not understood. His method limit~ their et'Feets, 
which, he felt. ob5c:ured the rundament.al cbarac:teri!tics or memory. (.o\n 
intere~ting sidelight on the topic of nonsense syllables is that Anderson and 
80\\'ef, wh08t' work is di!CUSsed in Article XJ.E2, used meaningfuleentenees ror 
their experiment! on ltrate,r-free memorr bec:aute.they felt that their subjfetl 
were likt>ly to empl~· mnemonic strategies to remember non~R stimuli .. } 
EPA .. \1 prm·ida an explanation or eome of tbe.e charac::t.eriatiC:s. among them 
O!tillation and retroacti,·e inhibition, foJ'Ietting, and stimulus and responee 
generalization. 

Vcr6al Leami"f Bcl&ovior 

To timpli~· the ltu~· ot human \-erballeaminc, ~ ha\-e dewl­
oped a number or experimental technique~ (for a turve)", eee Baddeley, lf7t). 
~·lost are baaed on the follO\\ing proeedure: The subjeet (•·hetber human or 
EPAM) is required to memorize DOMeDee syllables in Mriallilta or u.oeiate 
pairs. The syllables are t)'picaUy c:ompriled or three letters. becinninc .... 
endinc witl- • eGDICID&nt, ad an ....... to bt ~ ror .... ... 
jecta (e.,., Xl'M, JUR, FAZ). Ia paind-MIOCiate leaminc experiments, the lint 
~ilable or • pair il eaDed the ......... .... the aeeaad is called the ........... 

EPAN ,.... desipecl far peincl--.:iate ad ..-ial Jeamia&, but iD tWa 
article 11-e wiD eo~mider aoly the former. Ia a typical experimeat, a aa ol 
noa..eeMe !)"liable pain is u.S. For each pair in the let, tbe stimulus ~·liable 
ia cliapla~-.d to a subject. who then attemptl to ~ the MIOCiated respoMe 

~· erron made by tbe IUbjeet an r--.r. Tbe ~.,.liable is ..._ 
sha.•n. eo that both stimulus ad responee are iD '-in·. and the IUbjeet is able 
to refre~h hi• (or her) memory or the ueoriatioll (or Jearn it, lr this is the Int. 
pre~e~~tatioll). After a few eeeondl, the next. pair olsyllables il cliapla)-ed. nus 
continua until aU or the pairs ha'-e bMn displayed. The entire .equenc:e is 
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c·;1Jlro a trial. Trials ar~ rPJ)@atfd until the subject is able to gi\'e the rorr~t 
rE'~pon~ for each stimulus. This ia called learning to criterion. There is a 
rt'lati\'('l)" ~hort period of time bftween trials. and thl' ~uenre or p:lirs is 
r;mdomiz~ from trial to trial. 

A number of beha\"iors are typical in a paired·aasoeiate \-erbal·learning 
experiment: 

1. StirrnJw orul rt6POfUC ,mcrolizotion. Own erron in recall are oft.en attrib­
utable to contusion by the eubj«t between limilar ltimuli or similar 
rHpon!a. When similar stimuli are conCUied. their rapo~~~a may become 
interchanged: 111·hen t111-o responees an similar. the wrona one ma)· be 
gh-.n to a stimulus. 

2. O#eill11tiota. .~iationa that are recalled correctly 0\'fl St'\'eral trials are 
tomctimet forsotten only to reappear and thm later disappear apin. 

3. Retro~acln'f inhmtiML When the paired-ueoc:iat.e tuk is modified to 
indudc an inten·enin& learnill& talk, 10 that one lilt or l)'llablea Is learned 
and then another, and the retention or the original list is tested. the 
1ubjftt 'a ability to ,;,,. correct responses il r«<ueed b)· the inten'ftina 
learning. !'\lorto\-er. 0\'ert errors in recall are utually mffwilml from 
thf' ~nd lilt. The phenomeDOD diuppean rapidl)·. hoft\oer, and the 
tubj«t .• memory or the first lilt. il ref'relhed durin& the nat trial. 

The EP.-l.\1 Model 

The EPA.\1 pfOiram "'U •Titten iD IPL-V, one of the firtt lilt-proeeuia& 
languaaes. EP.'-\1 is a t""~part l)'ttem, with performuee aaclleamina C!OJD­

ponenta. In the performuce mode, EPAM attempts to produce relpODMI to 
~timulus syUables. In the learnin& mode, EPA.'\f learns to discriminate ud 
a.csociate stimuli and responaa. The model is euier to uDCient.and if the 
~rformantt mode is diseuaed first. 

Tht Per/tmUnee S,.... 

After EPAM hM leamed a lit olldalalul-rer ,.._ pm., it il telted iD 
a staDdard pejred·•• a ei..,. tMk. n. tell, wbieh il ideDtieal to that aha 
to a bumu, ~ .....-u. ......._ Qllablel t.o EPAY. wbicb tbeD IDUit 

produce tbe -at.ec1 •..--IYIIablel. TM paof'OI'IDUCe l)'ltal proceeds 
» loUo.'!. A stimulua I)•Dable is eDCOded iDt.o u a.,..t cOlic that direets the 
~b of EP.ut•smeiiiDI)', eallld a Gaeii..rn•lioft MC. Tbit eearch leeda to 
a bOde iD the Bet tbat eoataint a CIIC. C.. are iDiormation •ith which to 
~arm lor a retpODte l)ilable. Clia& tbe cue, EPA."d searches the net apia 
for a DOCie eontainin& tile NlpGQie, called a i'fiPO"H imo,e. The cue doe! not 
ai" .. Y• hold enouab ialormatioD to ftDd t.be retponae ~·liable. II it does, the 
r<~poue is gi\-en: other"Aile, EPA.\1 malcel au error. 
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EPA .. \1 <'Od~ each ~timulu! !yllable into an internal repre~ntation called 
th~ ~nput code. This is based on certain features of the input chara<'ters. such 
M th~ "opennt'!~" of a l~tter (e.g .. , C ''ersus 0) and whether the INter contains 
crOSl!ed !traight lines (e.g., X). Different sete of features have been ueed, but 
in all cues th~- must satisfy t'VI.'O criteria: They must be related in 110me way 
to features of letters, and they must be highly redundant (having many more 
features than are required to distinguish letters). 

For the remainder of this discussion, to simplify the examples, we wiJI 
U!ume that letters themselves and not features of letters are used as input 
codes. Thus. when EPAM is tested 'VI.ith the stimulus !\fUR, features of the 
letters ~1. t::, and R are actually u!ed as the input code, but for simplicity \\'e 

U!Ume here that the input code is MUR. 
The primary memory structure ol EPAM is the tliMrimihG.tiMI net. It is 

coll!truct«.d during EPAM's learning mode and searched during the response 
mode. The input code is used to tra\-erse the discrimination net, which 
normally contains a dozen or more pairs. The net is simp)~· a binary aearch 
tree, "'ith internal nodes representin& tests or features or stimuli. The leaf 
nodes repreRilt either cues or rmponse imqes. A diagram of a discrimination 
n~t that hu been constructed in response to the associate pairs D.o\X-JIR, 
PIB-Jt"K is shown in Figute D-1. · 

AA example. Imagine that the input code to EPAM is the syUable PIB. 
EPA.\1 will sort down the tree until it geb to the node representin& PIB. It 
does this b)· goin& left or ript at each internal node r.ontin1ent on tbe resulta 
of the test at that node . .AJ. the PIB node it will &nd a cue, J-K, which will 
be uted t.o trawrse the tree apin, from the root. DOCie dCM'D the npt branch 
to the next node, then down tbe left. brancb to the JUK node. At thlt point, 
it "·ill respond •ith the syllable JUK. Note that it is only neema')· to 1tore 

<JUK cue:J-K> <JIA cue:.l--> 

Fiaure D-1. A diterimination net for the .-eiate pain 
DAX-JIR, PJB.-JUK. 
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tn'-u~h fe-atures of tht' rue- to dirt't't EPA.\1 to the- r~pon~ !!'yll:tble- 11t the- timt 

thf' •.'Uf' is rreated. The method or <'Oil!!'trueting CUPi' will be di"<"U:!fl'd later. 

\\'e ha\'e ~n how EPA.\1 performs whe-n it gi\'H correct re!pon!!f'l! to 

stimuli i:1 the pairtd·ufOCiate task. To undentand how EPA.\1 fail! at the 

tuk in wa~"'l that are charaeterbtic or human memory, we will contider how 

it learalS. 

The Learning s,etem 

The discrimination learning ~·stem operate! by constructing a difcrimina­

tion net from a ttet of f'timulu-.response pairs. lnitiall~· the net it empty. and 

only a set or simple processes for growing nett and storing imagr! at lear node! 

it a\'ailable. 
Sup~e that the first !ltimulut-respon$E- pair i!!' DAX-JIR and has already 

been learned. The discrimination net at this point if !!hown in Figurt' D-2. 
The full rapc)nee image must be stored in order to produce the response. 

but onb· partial stimulus-imrtge information need be stored to recopize the 

~timulus. In this timple net. a sin&le letter is enough to diM:riminate between 
the two eyllables: therefore. the tat at the root node is on a !!ingle letter and 

no other tet~ts are neceasary. ~lol't'O\-er, the cue to find the response need be 
only a single letter. The amount or information that need!! to be stored at 

internal and leaf nodes is determined by the prosram as the Mt aro-... 
Suppoee the l!eODd l)'llable pair to be learned is PIB-JUK; eee Ficure D-3. 

The net. as it stands, does not know about. PIB; therefore, another te1t must 

be added to disc:rimina~ between the input codel Cor DAX and rm. This new 
test ia ptac.d at the point in the net \\-here there ie a failure to diseriminate. 

Let us U!!Ume that the test Is plaeed 10 as to discriminate bet\\'ftD PIB and 
D.U:. as shown earlier in Fi&ure D-2. (The test c:ould ha,·e been bet"'ftD Pm 
and JIR; EPAM is able to determine where the failure to diseriminate oc:eun.) 

Figure D-3 does not include a respon.t imqe Cor the HC:ODd ayllable, Jl."K. 
or a cue at the leaf' ol the PIB ~b to help EPA.'\t ftDd JtTK lam. The input. 

code JUK ia UleCI to tr&\oene t.he net until a dillcrimination failure oc:eun. In 

<.t"' cue: .t-> 

. Figure D-2. !Merimination net for the aNOCiate 
pair DA.'C-JIR. 
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<JIR cue: J--> 

Figure D-3. Discrimination net for the associate pair DAX­
JIR, "'hich also di~Criminates PIB from DAX but 
does not include a cue or response image for the 
PIB-JtTJ< a.aociation. 

Xl 

thil case, the D:J test t.akea the J-branch and spin a new discrimination must 
be added to distinzuish JUK and JIR. Human subjeets generally eonsider final 
letters be(ore middle letters and EPA.\i does the l&ltle: It notes that the Jut 
)etten or Jl"K and JIR dift'er, and a test is added to reftec:t this. 

A cue to lead from the end ot the PIB branch to the JUK respon~e imap 
is stilllacltina. It is ccmstruct.l by trial and error. Each time a letter is added 
to tbe potential cue, it il uted to trawne the Det; 1ee Fi&ure D-4. IDf'ormation 
is added to the cue • nee~ 111ry until it Je.da to the correct rt1p0011 imap. 
This method ensun1 that a cue c:ontaina &be minimum inf'ormatioo required 
to 6Dd the appropriate response imqe at tie Cinle ef ~ 

It is now pollibJe to tee EPAM's IOUree ol errors on the paired-aaoeiat.e 
talk: Cuea are CODiti'Uct.i to &uarant.ee correct retrie\'al ot the appropriate 
respoue ilup at &be time the a.ociatioo il formed. II at 10me later time the 
net incorporat.tl otber Uupa aod CUll, the CUI JDi&bt DO Jonpr be sutllcieDt to 
perform that t.Mk. Tina, a..,aM• are farpU.al tempanrily. No illtonaat.ioD 
ia ~. but eome bec:a~~ iD"CC"'ible. Tbil can be lelll by compariD& 
Fiprel D-2 ucl J)....C. WJ.a die D.AX-JIR MIOdat.ioa wa Int. COIIItruetolld 
(Fla. D-1), the- r. JDt, J--, WM aallciiM to lad tbe ,..,.._to DAX. 
Ho•evw, wbeD JUK.,.. .... to t.be aet. CV., D-4), J-- became inadequate 
to clilerimlDate ... _ JIR. .... JUK. 

Tbe DAX-JIR. -a.daa il aot .....nly 101& forever. II t.be IIIOCiatioo 
. ia ............ (.,....., clarillc ....... trW), it will be reecMt.rUeted iD the net 

•itb tbe inf'onaatioa Mel '1 to IDiiDtaiD the ..ociatioo at ..., time. 
There il aDOtber apect. ol the eue-cGDitrUd.io method that. results iD 

iMdequate cu-. Thill .... DOdaiDa to do wida the dilcrimiDabiJity or • cue 
chu&inl due to the expansion ol the net; rather, it deriws from a sin&W 
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<JUK cue:J-K> <JIA cue:J--> 

Figure D-.t. Final diserimination net for the BbSOCiate 
pain DAX-JIR, PIB-Jt':J<. 
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random decision made by EPA.\.i "·bile it is con1truc:ting a c:ue. For example. 
if J-- is proposed u a c:ue for Jl."K, "'ben the eue is tested, it will lead to a 
branch in the tree that bas Jt'K on ita left branch and JIRon iu right. At 
thif point, EP.'\.\1 c:hooles one or the branches at random. If it goes left., it 
will find Jl "K and conclude that the c:ue i1 tuffieient to find Jt'K in future, 
wh~ in tact, tbia is not 10. 

EPA.\1'1 Verbal-leanlint Bcl&ovior 

EPA.\! bebawd "'f much like a humaa IUbjec:t in c:1ulic:aJ rot.e-learniac 
rxperiments. It provided a parsimoDious explanation ol rote-leamiq behav­
ior. sine<" retrcac:tive inb.ibitiGD, oecillation, stimulus aod respo01e ~~eral­
ization, and forcettio& can aU be lfllll to Item from a lin&)e meehanitm, 
As items are learned, the dilcrimiDation net pan to aeeommodate DrA' 

1timulua-respoa~e pain. However, tbe eue1 l.bat a.oc:iat.' the stimuH 'Wit.b 
their ,..~ paaraDtA1e c:orreet. r...-~ Just at the time ol the 
ueoc:iatioa. A CH &IW.Ieada w tbe appiOPria&e N1J101* imap can fail t.o clo 
10 at • lat.er time. 

'nwcw:iDt*-J behavior....._. bJ EPAN ..w. • a bMil for aa .Jw­
native expllllation ol·r..-.... Tbe UIUil aplaaatioa is that t.be iDfCII'IU­
tion is delti'CII)'ed ovw lime, tJ'pieallJ br overwritina or ~· Forpttift& 
in EPA.\! occurs Dal. -.... the iDf'arma&iaD il phyeicall, ~ but 
bec:auee it btl g IDII maeo..lble iD tbl powiD& DltWOrk fll aew utOciatioDI. 
Fu~ forp&tiaa ia EPAW It oelr t.elllpOraiT- 1.- atiOclatiaas can 
be NCO\'' red by updatillc tbl apprapriate ewe wi&b IDOI'e IDI'ormatioa durin& 
another trial. 

Tbla proc:et1 aceouata for the fact. that more thaD one trial is usually 
required to leen to criterion, tbat is, to &il-e tbe cornet responae to eac:h 
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~timulus. During the first trial, each cue is construrted with ~nough infor­
mation to find the correct re!ponse at the time it i!' !'tort'd: a subpequ~nt 
tttimulus-re!'pon!e pair may be added such that the original rue can now no 
longer ditteriminate bet~oeen ita correct response and the new one. This wu 
shown in Figure D-4: The J-- cue wu sufficient t.o produce a rNponae when 
DA ... 'X-JIR were the only elementa in the net, but u soon u PIB-Jt'K were 
added. J-- wu ambiguous with respect t.o JIR and JL'K. Thus, on the next 
trial. EPA\1 might respond to DAX \\ith JUK; this would be incorrect. and an 
example or re~pontJe generolizotion. Howe\"er, the correct a.s..cociation is alwa~·s 
shown aher a !'timulus-responR test. so EPA.\.1 has the opportunity to updat-e 
the J-- cue to make it discriminate 1IR and Jt'1(. On the next trial. it will not 
confu!e the two. Thus, in the course of a number of trials, EPA.\1 gradually 
learn! to ditteriminate all ftimuli and their re!ponees. 

If st :muli and their responMS were initially very discriminable, EPA.\f 
would require l~s time to learn them. This is because there i! les! chance 
or re!pon~ generalization. Operationally, this means that when EPA.\.1 con­
structs a cue with the minimum information needed t.o lind a response image, 
it i!' le!!' likely that a !ubsequent stimulus-respone pair ~;u render the original 
I'Ue ambi@UOUS. 

If the same discrimination net. is ueed for two 'triale, that is, t\\v different. 
sets or !Stimulus-response pairs, the discrimination net that \\"U sufficient to 
re!pond correctly t.o all stimuli duriDC the ftrst trial may now be unable t.o 
discriminate bet~-een relpontes for trial 1 and fftponeell for trial 2. This 
producee the phenomenon of retToAdiw inl&ilntitm, which is the deleterious 
effect of learnina an intermediate list on recall or the oriainal list. It allo 
prediet.a the result that. erron are likely to be ift~ rrom the eeeond list, 
rather than conluaioas between ~ iD tbe &nt list. 

One problem "ith EPAM wu that it had no meehaniam t.o model prooceive 
inhibition. the sit uat.ian iD which learninc CIIH! lilt ol stimuli interferes "ith the 
learnina or the next list. Typically, wbeD a aubject il t.ted on the 8ee0Ddlist, 
intrusions rrom the ftmt ...ult.. Both proect.h'e and retroactive inhibition are 
e\ident in ,..,bal-learaiDc experimeota, but EPAM exhibit.d oaly the latter. 
EP.AM hu since .... ext.aldecl t.o deal witb ~ iDhibit.ioo by Hiot.lmaD 
(1188) in hi8 SAL (S&imulua aad .A.oeiatiao Leamer) JH'GifaJD. 'naie WM 

aecGIDplilbed by havinc • pulb-down Rack at. eech leaf DOCie in tbe di8erimina­
tioa net. Instead ol a aincJe ilnllp aad eue at. a leaf' node durin& an experi­
ment, the asoeiat.iolls from multiple experimeDt.a were alloa-ed to aeeumulate 
by bein& pushed onto the appropriate atacka. 11ws, the most recently learned 
aaoeiatioa w.vuld be OD tbe top ol eech ol tbe ltacb. II the ltacb were ....,... 
domly disrupted, the laJl OMeS that "'lpoataneoully rile" to the top of the 
st.aeks might. be ~ rram ,:mious aperimellt.a. Another aeeowttin& 
ol proacti'-e inhibition ajwn by Aodenon and Bcnl.-er (19i3, pp. 74-75) in 
their ~-in· or EPA~ il that instead or a stacklike !tructure, a list or cues il 
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kept. and the ordering or elements in the lists get! re!hufftt'd, po!'!!ibl~· 8E • 

con:.equE"nre or the tubject thinking about the material he has learned. 

Rt./t.rt.net$ 

Feigenbaum (1963) and Simon and Fei&enbaum (1964) are interestinc 
treatments or EPAM and the empirieal studies done with it. Feigenbaum and 
Simon {1962) is a discussion or an important verbal-learning elect-the aerial­
position effect. AndertOn and Bower (19i3, pp. 69-76) review and critieise the 
EP .. "-\1 th~rr. and Simon (19i9, pp. 99-100) prm·ides a rebuttal to eaeh or 
their criticisms. 
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El. Quillian's Semantic Memory System 

THERE are numerous intelligent beha,•ion or computers that depend on 
knowing the meanings or 'A'Ords. for example. machine translation, summa· 
rizing text. and l!lpHth underl!ltanding. The «mantic net formalil!lm de\~loped 
by RO!~ Quillian wu the first attempt to prO\ide an operational repreMntation 
of word meaning. The buis for Quillian's model is remarkably simple. namely. 
that th~ rneaninc or a word c:an be expl'tllled b)· relatiD& it to other "A'Orda. 
Thi!- leads to the concept or word. leftlu-a "'Ord may have man)· meaninp 
that depend on the ton~ in which it it uted. 

Quillian round that to reeopize the meaninp or "A'OI'ds it is adequate to 
find the relations betv.-een them. 80\\"e\"et'. for another task this eonceptiOft 
or m•aninc might be lea& appropriate. For example, in the pnw "T"A-enty 
QuestitJns"' one may know many thinp about a word-that it denotea a 
common household item. the item it wooden, and 10 on. One ma~· bow 
e\-er~·thinc about a word that v.vuld ao into definin& its meaninc but still be 
unable to au. "·bat it it, that is, to recall it. Quillian mu. the clittiDcdoa 
betv.-een recopition. ~ ud rec.U t1Mf11MJ for the ,..nine ol ward&. 
His model is c:oocerned "Aitb tbe former; ncalliiMIDOI'Y is DOt CODiideNd. 

The t.alb Quillian ... t.o implement. UliDc leiD8fttk IDIIDOrY .,. ... 
porVml ol "Awd meaninp IDd apreuiota ol the compariloDI iD Eqlisb. Boda 
were :nC't.h .. ted by Jinpistie theory coofAIIDporary "·ith QuilliaD 's ..-reb, 
•·hic:h subordinated mnnin& t.o I)'Dtax in .arch ol rules t.o produce "aal aad 
onl)·" aranunatical ~~eDt-. In CIODtrall, QuiUiaD reprdecliiiDaDtic IDIIDOIJ 
.. primar)· to Jancua&e procluct.ioll ud .,..ax uiiCCIGdary. na-. be cbale 
tub t.o s~aow tM& thil ... eaDellpdaD o1...._. procluctiao cou~c~, iD r.a. 
both produce lanpap aDd UDdln&Mcl it. 

ne ~ sar.ee.. ot ow•·· s....- Nnwrt 

QuUliall's model ill an ...oebthoe Mt.work ol nodel that repNII!Dt concepti 
and arcs that. repNIIDt rtladoas bet-A._ the conc:epU. \\'beD OM is 8lbd 
to sq aU OM bowl about a cooeep&, for exunple, ~ a stria& ot 
-.clatiaa. efta raulta: A maehine does "AW'k, hM IDOrina parts, is Ul8d t.o 
COD\'el't tDerJY, snd 10 OD. .Vedint ill &IIOciated v.ith eM'ff via the toiKlept 

conwn. 
Word definitions h&\"e an usociati'-e structure. The set ol UIOciations 

and c:onc:ept.s that malce up a deflnition is c:aiiH a pltriu (see Fie. El-1). The 
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Ficure El-l. Dluttration ol plaDes ror Moelairae, Skam-tiUH:e~ 
Conwrt, and £ranu, lhcMiq type-tokec linb. 

3i 

eoMept beinl cleftnecl, caJ1ecl the ewe .-. appears at the top, - t.be ltU'I'ed 
.,'Ofdt beneath it ere eaUed .._ r....r.. The)• ere -...r• ol the type nodee 
ot other planes that are CGDDided t.o t.beU type nodes by ares. (1D FJc. El-l, 

these arC! ar. not filled in for all token nodes: IUGm tlaovel is a nbc:lul ol 
m•laine. •maclaiu is an iDit.aDCit 0: ....-,, and •convert and •eraertr are 
in!tan~ or their .-oeiated type DOdes.) E~· plane eontain1 only a linp 
type node aDd enouab t.oba raodel to dr&ae the conciiPt it nanaa Every 
plane repr...U a new eoacept clelnecl by MIOCiatMJDI to thole pmioully 
delaed. ,..,_ ereliabd t.opther, trPe aode to tok• node, throusbout the 
••odati\'t IDIIIIGI'J'. 

n. udJltr ol the~ dilliac&iaa .. t.bat it. law. .... ia CIIIIIIJ"IW 
IMIDOI')'. IJna&ine tlae., ela _,. iD wbieb llftrY deiDitiaD ola p.rticuJar 
macbiDe iDc:Juded the eadre plane lor ....-.c, ud the planes ol iu other 
deflnin& c:oneeptl, widlia ita GWft, A a.on ellcieat arpniution il to baYt a 
:;inp plaH cleftne tUdaiM acl to eoaaeet it to tobn ...-. in all tbe p&an. 
that iDclude ~MeUM • pert ol their cWahioa. 

Quillian bel'"- that IIIDUtie mnaarr lbould have • Jarae enouch ..-. 
tion ol arcs to repraent the rich_. ol relations betweea eonNpU ia £nclilb, 
but not so many that the mecbaDisml required to proceM tiM! ares are ''ei'Y 

rompliuted. Six kinds ol ara were UNCI, re.,..ntin& the rotao.·in& relations: 
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J. Subclass/superelul, 

2. Modification (adverb, adjective). 

3. Conjunct h-e (a orwJ b orad c), 

4. Disjuncth'l (a , b , c), 

&. 6. Tv.'O other relatiOIII representl111 unapecifted bblary predic:atw. 

Other, more eomplex sehemes For UIOciatina nodes have been propcll8d 
(eee Article XI.E4). In a later publication, Colliu and Quillian (le72) cleleribe 
several Other kinds or ares, representin& prozimit) (or cadjacmcr), COftH• 

quenct. precedence, and •imiloritp. 

Meamng-drpendrnt Tuu in tlar Model 

One important contribution or Quillian '• work v."U prO\·idin& a simple 
model or semantic: ambiauity. Then are two sources f1l temantic ambi&uity: 
A word may ha\'e different mroni"f• (e.a., the noua and the verb rOI"'DD ol 
plant). and it may h&\-e dill'erent """' depeftdiD& on context (e.,., llflimtll ill 
t~e t'Ontext or speeie or nimcl in the context ol untamed). Quillian'• model 
is able to find many or the - olworda. . 

\\'ben the model is pre~e~~ted wit.b two warcls t.o eampue, it ...u t.o 
search outv.vd rrom tbe plana repNIIIItiDc tbe..,... ill its~· The 
type nodes ol the ,._ are eaUed the ,....U aocl.. The Jl"llfUI alw­
nately examines nocles ..,.nat;DC l'rom acb patriarcb. E8eh DOde il taaecl 
with a double label, ODe put COD'aillinc \be name f!l&M ~ IDCI &M 
Ol.herthenameoi&MJ.&aode..,...(t.M....._. .... -..~ ...._. 
eontiauel until tiM path froiD oee patrilreh .......,. ~a~o• a DOCie labeled witla 
the name ot the o&her pa&riarcb. At daa& poiat., a path froiD aae pUriarcla 
to the other hu a.. OCIIDpleted. Ju...-. ,.... .... tlae ea•nptl tba&,... 
tbe tv.-o patriarch ~ the raw .....W ol a......-.. A ,..... 
tha•. apr ... tbil ___.........,ill !'.D&Iilh ........... ud .. od-
• eruclll7 ......... _......... . 

ltilliJIIIV &hl&tMreia ......... _,... ... ___ ...._ .. ,.., 

Qyim.----~-·- .a:f!l .... _.., ............ ... 
IOIICIIl&rhlll .......... ._,_. ...... _,,.. Beelaol .... tll•k•• 
........... _ .......... ~fll.-... , ......... . 
pair -. ..,i••• ,-.. &M lola ... ea•lllfilae; 

... u ......... 
~as.-- .. -"~" ~ ,.._ .- • won. 

Allo. the prop- dil&ouaa the ...,X - oi~M~~J: 

llldu_MI.,.. .... 
lubua 1a ..-u• f• au.t.Ha et ...... 
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[I Quillian'• Semantic: ~lemor)· !=ystem 

r:.u•. f"'Gn UM"d in thf' contect or butinetl hu two meanin&•· In tM contn:t 
o:" /it'f. anoth~ M'RH' emerp~: 

ltaa 11 un..al. ... 
To 11n 11 t.o lilian a11t.eaee a1T aawal. 

Also: 

1taa 11 a 11n+M11112 . 

.\lt hoU&h this \·er!ion or the model eon tams - thaD eo deflaitions. it Jt!JJ 
~~oducn interatin& c:omparilons. 

Quillian notft that the breadtb-ftnt aearcb (Article D.CI, in \'ol. I) be!•'MII 
no:ie! i! a form or inf~enee. TM relations bet-.'ftn nodes •oitiam a pl.lw are 

"~~t~ by the l'OCler "·ho •&nes it. Ia constructin& a definition. the eoder 
:-:::.kt>~ pairwi.e lff()(iationt bet-.-een a plane and hhroucb type-tobo tinkl) 
:ht> otMr plaMC that deftne it .• ~·path bet'll'~n planes that encompauet 
more than a sinslt t~-ptotclken pair il a DOrel CC~aceptual liDk di.eO\-end by 
the model: 

\\1li .. a peth h.·ina eom.....,. within OM plue (exeept far Ita t.ermiaal 
poina) amount• cmh.· to a tepriiiiiUitiaa ol10me piece ol tile intormatiolll 
put into memory. a.,...........,.. .. ,.U 1epr....u a idle tat •• 
implitd b)·. but ~·DO- cliNct.b· ap11111 d iD, liM data~~ •-e~t~ ilaput. 

(Q\Iilltan, liM. p. 2-10) 

£ff1Jirial Tucl o/ Q.n'Uitta '• liMd 

Inr-..... aD irapoNM -.pt \0 CaiUDt .... Quillia <••> Ia lhlir 
ft*arch on tlw Pl.\"tholaiial validity Ill tile IIIDADtic Det,.'Orit model. T1Mr 
fCJu&)at to P'O\"e tU. ..... -r, Iiiii dMir .-..de IDea*)',.,._. die 
orc;anilatieMI ..-,.. flllilralay .ad m• ra,. Fipre El-2 ;ep-iiU 
a hitrarehical tne fll iat'al ...... Uou\ ..-... Tbe ..._ _.. eGIIIIIit.ute 
,.., ,._ fl upper -'-i tWI II tM priDdple fiW.•ciQ· Nale lM& 
propenilaol ....... JlfJJP' ... _. ... ll,.....-....... '"It. 
thtwp.& ..................... towWclt ... pi'D,JJ1f ....... 

-ne ...... fll ......... tMa.,., ..._ ......... ' ....... 
...... - ........... ,.. II die ...... llph ot .... . 

F• eJa,IJ, ........ a_, II feat~Mnd. tw......._ II ...a 
••litO. .... olaMIIt flflld'lll'ld ...... &llle~M~~~C ... .....,_ , ................ ......, .... ...,......tt.at • ...,.ll ...... Of7. 
TlltbowW8tdlet ._, • ....._,. 11...,_ b)' Wra w· A_,­
il a Wrd; aWN II• .-...a; ..-.... .. ~...._by ..._Jaet, 
taftaf ...... ........, •• 

ColliM and QuiUiaa nt10Md t1aat predictiaas caa be .... 10 tat 'W'IIIdMr 
the priDc:ipJ. ol .............. JCIBIIIIQ' baW fer hulua ......,.. The .. ol 
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Hill Skin 
/, : Can Mowe ArOUftd 

Animal- btl 

Ficure El-2. ..t. hierarchical memory strueture (from Collins and 
Quillian, 1089). 

1't1111ifl'nt r• .,,._,.__.) 
A.....,. il a_,. 1.0 
A_,ila bird. 1.17 
A_,-il........ I.JI 

XI 

n- Nlldla -. Mw .._ NllliaiMd ler ......_ tllb (a.r.d, 1171) 
-~dlellnad ' ..__ Ucrt ., ....... ~. 

CaliDa_. Qa"r _.a....,..-· n' te tilL tJ........., priD­
clple. ,_,JIIeclielldtU&A_,_..,.._....,_._._ .. ...v, 
tMil A__, U. Mit~._. irlt......._ prcapoei~reqairiaa ....... .._ 
.... n.,ro..t. 

,...,. ifi'JII n.w ....... ,. ..... J 
A__,eaa.... I.SI 
A caurr ... a,. 1_. 
A canary b8111lda. U7 



El Quillian· • Semantic ~lemory System u 

Tht>:-· pr~nteod thito ~·idt'n~ in !Upport of the economy principle. The alter­
nlttt' hn)Othe!i!. that a propert:~o· common t.o a supenet. is stored with each 
ml'mher of t"ac:h sub!et. is ruled out by the reaction-time data: If a !!Upt'f· 

ordinate property, like ha,·in& skin, is atored "itb each subordinate node. for 
example. ct~na,.,. it thould take no lon&er 14 ,-erify t.hat a canary hu skin 
than that it can sine. 

Althouch Collins and Quillian ·s data IUpport the economy principle, there 
it~ ~·idence that t.be increasin& raction tim• can be explained in other ways. 
Conrad (19i2) found that the time required to \"eri~· a property was propor· 
tional to itt~ familiarity. not to the bierarebical dilt.ance between a property 
and the noun it if usociated "ith in a propoeition. An altemath·e to the 
~onom~· principle is that "properties are ltOred in memory with ~-e~· word 
which they defint and can be mrie\-ed directly rather than throuch a pi'Oceft 
of infer.rnce· (p. 1~). Conrad explaiDI the differences in reaction time u a 
runt'tion of the familiarity of the words. \\'hen familiarity \\'U controlled, and 
lht' t'Xperiment run apin, DO differeaca in reac:tioD time U a function of the 
prt'!umed hierarchical plaeemeot of the propert)" eould be found. HCN'e\'eJ', 

:ht' t'lftt-t of potition in hierarchy for IUpenet•SUbfet .eatenca \\'M replicated. 
Th• "atu. of the I!'CODOrm.· principle it UDIW"t. The h~· principle hu 

more ~upprrt, but Colline and Quillian 'a model of leldence veriftcation teav. 
a number of phenomena unexplained. For example, it does not ac:c:ount for 
boll· faiR Rnteneea (Filii c:a p/aJI ~)are diKonfirmed. Unfortunately, 
tht' reaction timet obtained for diKGdrmiD& nepti\oe ltDt.eDCII are diJleult 
to interpret. It it dUBeult t.o tell •·bether tbia ia beeauae of a failin& In the 
model or becauae reaction time is ... iuppropriate tool ror examiniD& t.bil 
kind ol model. 

CondUiiOil 

Since Quillian'• piaDelriac work, -...de aets aad ot.ber .....aatn~ ~ 
retentationa (e.J., rram.) hPe heeGaae rut of the ........ ol AI .• ~ 
Qui1Haa ~ ...... model •• ,.,..-...tlall ol Jillpilt.ic a..iedp ad 
••mcM-ated larpiJ., ..................................... , ..... 
illd to ............. ol ..., ....... ol kDaldldp. Seven~ --
railed by Qni"ae ._. .._ we bill le dltall ill .AI. Tbe -.. ol .....S. 
ol Wereaee, lllhlrkaDee ot.....,dll. ad tile auiDIIOiity ad IIIIWitiel ol 
area are cfileurnd ia t1w domaiD ollaMMiedp IIPf-.atiall (_. Chap. m, 
in \01. 1: alto. BncbmiP, 1178). In ...,...,., tM IDOdel •• subjected to 
ftDpirieal anab ................ ---the modela .... developed. nu. 
will be cliac-d iD tbe .......... artiel& 

Rc/crenea 

The beat paper on QuilliaD'aiDodel it bia GW"D ia MilllkJ (1188). 



E2. HAM 

1:'\ THEIR BOOK Human Aaaociotiw MtmMJI (19i3), psychologiste John 
Anderson and Gordon Bower present an ueociationist theory or human 
long-term memory (LTM). Aspects of their theory have been implemented in 
a computer simulation called HA..\f that parses simple p1·opositional sentenc:ee 
and stores the paned sentences in its memory. H."-\f also answers simple 
que!tion!. It! abilities are limited. but intentionall:r so, in that • .t\nderson and 
Bower hal'e eliminated the mnemonic strategies and tricks that result in smart 
memory performance in humans. Their goal wu to model the &tratt91J-/rtt 
component of human long-term memory and to explain the \"Ut ell.-perimental 
data on the subject. With respect to this goal they write: 

W'by not add 101ne more inferential routines t.o inc:reue the intelli&eo~ 
11oith ""·hic:b it (HAM) aonera queatioDI! We ltar1ed -"'l this enticinc. 
leducth-e path; but 11o-e slowly came to the realiaatioD that this 'I!.'U no •'SY 
tor experimental peychoJo&jsta t.o proc:eed .... The end product of aucb u 
enterprile would appear t.o be thoui&Dds ollinea of'procram that deac:ribed 
the countleea heuristics, proeedurea, tricb, and ruJea that the humu hu 
lurned in hit litetime. We would bave tranllat.ed cme bacompnhen.ible 
IIUIII or particulara, the buman miDcl, IIIIo aaot.her iDeomprehenlible ....., 
a computer PJ'OII'UD• But the task fll-=ieDce ir. eurely to red~ pert.iculara 
to aenerallnl rather &baa tr&nllat.e pu1iculara from ooe idiom to uot~Mr. 
(p. 14i) 

.~denoa and Bower -.me that.laai-t.erm memory illtraf.eiY iDvariant; 
the stra~ that are oiMoualy u.ed t.o remember thinp are, they ..ume, 
impoeecl by e aecwvc eom,otMftt ot copit.ioo. Lnt il thcNPt t.o be 
much simpler than tbe experlment.al literature IUgtltS, becau. much ol 
the li...,_ture doea DOt lepU'&t.e out t.be e&cta ot IDDIIIK'Dic' lltrl.t.e&iel on 
memory perf'GI'ID&DCe. Memary experimeDU that. u. liD&Ie words or ....... 
material ultimuli are CCIIIIiderecl etp'rielly likely &o have their naulta compli-
eat.ecl bylllMIDOIIic.,...... ..._._ ............... euily ~ 
bered with IOIDe l&rat.e&1 tlwt witbaat.. ~ ..... ot ADdenOil aDd 
Bower's ,_... eoneer•......., tor ......_. or pbr-. that. are appu­
eatl)· ._llbly t.o ....a --..ic atratcia 

ADcleNoD aDd ...... ~. t.be talc~ 
tor HA..\f. This may be the simplest taek Oil which to •amine a memory model, 
since it require~ only Mnp. ntrie\..t, aDd nclimentuy peniac taetioal. 

HA.\1 accept~ two ldack ot illputa. fMtl aod cau-tkm, whieh it ,.,_ 
iDto input atrueture1 (de.ribed below). To tacililate.,.,...., iaputa are made 
oak.· in a natural sublet ol Enclilh· We wiD not. eaasider HA.'\I's parser in this 
aniele other than &our that it il a top-dowD, left.~ript, predictiw .,.,._.; 



E:! 

wt rt'ft"r the reader to Chapter 8 or .o\nderson and Bower·, book 11973) lor 

more details. 
ThE' pi!rnmt'ttr!l of memory that int~est Andenoon and Bower are: 

1. The tet or possible lllfiiiOf)' strueturel, 

2. The let or poaible inputl to memory, 
3. The tet of possible outpuu from memory in reiJM'nH to probel, 

4. The let of possible probel, 

6. The encodinc proce. by 11'bicb the ltrueture or memory is mocli&.d t.o 

r«<rCi new informatioD, 

6. Ttw dec:odinc function by which t.be at.rueture ol memor')' it probed to 

determiM 11·hat it rec:orded there. 

Some assumptions are made about thae parameten. First, the only 
allowable input ltruetures are lada and questions. The latter are called 
probes. It i..i Ulumed that probee are al"'&)'l paned into the aame input 

structure. that the encodin& function ai""&)'S mat.ehes tbe input structure to 

memon.· in the same "·ay, and that the same output 11ill be cenerated to a 

probe. 

Repruentatitm of KnowiU,. in HAM 

)Jl knowledp ill HA.\1 il reprtllllted aa ~ enc:oded in binary 
trees. For example, the ttnaetun tA Itt • part • ,.,. tftdeefl a .,..._. it 

.-'ll in Fi&ure E2-l. The numben w..&ily aodea in memory; the Iabeii are 

interpreted • loHows: 

lAW ,..,,.,,.,.,. 
c Caawxt iD wllieb Fact Ia tne 

F Fae& 
L 1.-atioe 
T ,_ 
s .....,.. 
p Pruleata 
R ........ 
0 OtUee& 
E Sl\•sriiiiiUp 

A prapalit.iaB u. .._, aiiO __. fl1 a r.et witbout. a CODt.Gt.. Ill ddl 
eaee, it •-. bel the subject-,.._... fonD; ••.._ the pNdieat.a il j1llt 
a lift&J. CCIQftpt (tee f'i&. Et-2). 

The relation-object pa il .ad 10 ~ lmplielt or explieit eaualit)', 

amana other &binp. c ... ia Uhaat.rated •• relata. iD f'i&un £2-3. This 
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y37"' 
31 31 

1~ sf"' 
31 PAST 3Z 35 

E I i"\ 
33 34 

IE IE 
PAAK HIPPIE TOUCH DEBUTANTE 

Figure E2-l. HAM strueture ror In II TJII'k II hippit touthttl 
o debutante. 

XI 

~tructure reprHent! the eentence Jolt.n o,tned tht door with tht UJI. It 
include! an implieit cause, namely. tumin& the key eauRd the door to open. 
This tree is more abstract than the one shown in Figure E2-1, because it does 
not show the temtiltal ~r•Jeadiac fA) the t.ermiDal nodes or the tree. Set 
mtmkrahtP. labeled W£" abM-e, • ODe or three t.erJninaJ quantifiers. Jt is \lied 
when the termiDal CODCept. is a member or a let, IUeb u the set or debu...-. 
A fftUrV liDk • Uled wbea the terminal DOCie deDOtel all mt>mbers ol a tet, 
ror example, t.be eatire clul ot dap ill All d.op dGar •cmw em A subeet.lillk 
is used to indicate tlw the tmDiDal node denote~ neither an entire el.- DOl' 

a linaJe member, but a IU'-t ot a claa. C.U ill the pl'e\ious eeDtence take~ 
a sublet lirlk. Tbele liab aiw HAM the repreeent.atioDal power ot leCODd­
order predicate ealeulUI (ADdenoa and Bower, 1173, pp. 117-let; hR'e'-.r, 
tbe reeder il Nlerred t.o ~ 1971, pp. 115-: ~· b a criticism ancl 
reworkina ol a.he t.ermiDal quant.ilca&ioat ot HAM). 

Pr.pcrtia e/ IIAJI .. K ...... ..,..,..,.... 

Alldenoa and .... (1173) tpeeity the propertiea ol their memory at.ruc-

twe 11 a let ot paltUlat-= 

1'\•/fwrlairtt: 0.. a RNct.ure il iMorparaWd iMo ..aory, it canaot en. 
..,.... rro. _,.. n.ntcn. lorpltJna mull oecv b)· lolia& ICCUIIO 

tbe illformadoa .. die ltnCWI'e, 110& tbe iafonutioa iteeJI. rFor more OD 

this \'iew, .. -~ic:le XI.D.} 



1::2 HA.\t 

The debutante 11 1111 --~ 

debutante tall 

Fiaure E2-2. Simple eubjec:t-predicate structure. 

Fir, Errapiricilt POitWck; There il DO mute knowledae in the rorm or ...,.. 
ciationa betw~ memory nodn. ..tJl U!IOCiationf are rormed in raponte r.o 
inputs. 

Scctmll Empiricilt POitvJtdc; Concepti (uodn) similarly are acquir.d only 
throu&h inpurs. HO\\-ever. thi1 can lead to the idea that H.~.f if initially 
fnlJ)t~;· "'hieb Andenoll and BcM-er explicitly reject. ne,.· pottulate a 6aH 
~et c>F 1implc idcu that are prnent in HA.\1 at its birth and upon which more 
complex idea are buUt . 

• 4'1 Ezomplc o/ HAM in O,Uetion 

.J5 

HA...\{ accept$ input eentenees (indicat.ecl by •• be~CM·), builds usociath-e 
structures of them in memory, and aonws questions about them: 

•• Ia • puk • laippie t.cNCMd ....... t.e. 

1W1 ~ .. ......., .U ,.._, * .erw:e.re (.,_ill Fif. U-4) 
IMI e.m ..... ,. fiW ...mo.. II u * ,.., .cr.ccwe u ,.._ iR 
,.,.,. El-1. 

•• 1M wu t.oKMd lllJ tM ~1 ~ppie? 

'l1ae t.ell laipp1e•...Uda .. , 

DOOR OPEN 

f'i&ure E2-3. Implicit ca.., in the tentence JoAn opc'Md 
,. • ., Wl tM .... 
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HAM doe• not inow o/llflr fllll#&Wia. It u toltl claot flae etnTmt hiprlte 
il talL 

•• The ll.ippie ne tall. 

HA.V incorporate• flail ftRI Cr&ottle4gc aftd print. out itl •tn&eture. Tilt 
nttc lmmo~tlfe •true'- u illutratctl m Fif"'C El-5; /t~r daritp, '" haw 
~~aow..,. it tonn«tcd to flat ltruc'- from Fipt-e El-4, altlulufla IIAJrl 

would not """' oll ,., IIOifu, ht .,., ,., - nodu-45, 46, 41, 48, 
aM !f-aM tM GIIOC"icdiw W. 6cfwcn fltelll. 

•• lbo ... t.ouclaM by tiM t.all 11.1pp1e? 

HAM tllft n01r .,..,.,. Chc f'IC'Cion. 
The deb\IYilt.e. 

XI 

This example illustrates HAM's operation. When input sentences are 
typed in, they are paned into tree structures. II the input material is u 
uaertion like The hippie ..., toll. HAM incorporates it into memory by ftndin& 
and merging eommon nodes iD memory and in the input. In this eue, part or 
the input structure mateh• node 32 or HAM'• memory, correspondin& to the 
hippie eoneept. HAM i.Deorporatea the input struet.ure into memory by joininc 
it to node 32, ulhown in Fipre E2-5. Thua, HA.\i iearDa by aaociatin& new 
kncndedp in the form or input t.reel with old amo-·ledce already in memory. 

U the input MDtenee ila ~. the paner ceaerates an input tree that 
may be milliD& a put. This kiDd or tree il called a ,...C. For example, the 
queatiOD Who WI Coudaed ., eM e.ll #airlpie t is paned into a probe or the 
fcrm ne (blaak) wu toucW 6r cu fell laippie; - F"acun ~- To anawer 
queationl, HAM quite literally 8111 iD tbe blaab. It ...-chel ita meiDCII')' far a 
atruct.ure like the probe that hat a node inlt.ead or a bl&Dk. This node is the 
aDIWel' to the queatioD. In tbil cue, tbe probe iD F"JCUN E2-41 matebel the 
memory at.ructun iD F"J~Ure E2-5, aDd tbe Docie eorreapoadinc to the blank ."....,., 

S1 
E/ 

PAM 

PAST 32 31 

".,:1. /rc\o 
sa M 
/E \E 

TOUCH DEBUTANTE 

Fipre E2-4. HA..\t atruetun for Ia • part o hifiPie 
tot.cW o dehlentc. 



EZ HA.\1 

37 

y~ 

,f.l t '\ 
1
1E A/ \O 

33 34 

PARK /E \E 
TOUCH DEBUTANTE 

• 
I 

PAST 

• IE 
32 TALL 

IE 
HIPPIE 

Fi&u~ E2-5. ruustration or how H.~\f incorporate~ the (act The 
ha-,.·r tuG~ tall into itt memory. 

4i 

HA.\.f matches input trees to extant memory structure!! to UIOt'iate new 
inrormation 1dth old and to answer queatioaa. Its operation becomes more 

~plieated 11'heD portiol mokha are im"'lwd. The 1173 wnion ol HAM 

11-u run in two modes. The mode illustrated ln Fiprel E2-4 and E2-5 baa 
tl.~\1 not ateeptiD& a partial match in the cue or the tall hippie. The ~ 

cram 11ut1 to be told explicitly that the tall hippie in the input tree and the 
hippie in memory are the same hippie. In the other mode. HAM accepts par· 

tial matchea. For example, it would auwer tht question Wllo .., totAclted 6r 
tlac talllaippict by matc:hin& tbe probe tree in Ficure E2-8 to t.he memory 

. 
cj \f. . . . I \P IT PI \8 • 

PAIT \ I• 
,_i\o \E TALL 

I '\ HIPPIE . . 
•I 11 

TOUCH ILANK 

Fipn E2-8. Probe tree ror Wllo WI tnelutl ., 
tM c.lllaippit, 
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struC'ture in Figure E2-4. It would not be necessary to spell out that the 
hippie was tall, as in Figure E2-5. (Partial matching is discus.ced further in 
Anderson and Bower, 19i3, pp. 242-246.) 

From thete e.xamples, one can see that the matching process. MATCH, is 
fundamental to HAM's operation. MATCH is simple in conception. First it 
finds nodes in memory that correspond to the terminal nods of an input 
structure, and then it attempts to find links in memory that correspond to 
th~ links in th~ input structure. In other \\'orda, MATCH finds p4thl between 
input terminal nodes that correspond to paths in memory. A memory path 
and an input structure path ~ considered equh·alent if they ha,·e the same 
number of links and the same 6tqutnce of relations labeling the links. 

HA..\f !'earche!! for path! in memory from all or the input t-erminal nodes 
in parallel. For example, after matching the terminal nodes of the probe 
(Fig. E2-6) to nodes in the memory structure (Fig. E2-5), ~lo\TCH would 
!t'arc:h from each of the nodes (peat, t.Quch, hippie, p46t, ttzll). in parallel, to 
determine whether the paths that connect them are identical in memory and 
in the probe. H~-ever, if a node has more than one path emanating from 
it (hippie has two), they are searched sequentially. ConteqUently, the time 
required to establish that a node falls on a path is ,Proportional to the number 
of associations it has-the number or paths it belonp to. This is called tM 
fan effect. 

HAM knOWII many facta, and a pven terminal DOcie' like hi,C. is likely 
to be part or sewral t.rea In this c:ue, laippie is umciat.ed to DOcles 36 and 
.a; in mftllOI')' by meau ol a ltlbjed link. The nodea M~Geiatecl with eech 
node by a link are stored in a Gn'·Ut for the node and link. The ltippie 
node in Fipre E2-5 would haw a liD&Je GET-list with two members for the 
IU6;Ject relatioD. One eao ima&ine other ueoeiations made with other 1inb 
(e.g., ob,jed) renltiD& ill ot.her GET-lim. To reduee eearch, WATal followa 
cmly the liDb from a DOCie ill memory that haft the 111M label 11 the 1inb 
from the eorrespondiac DOCie ia the input tree. If the l&i,n. DOCie in memory 
were CODDeeted t.o ot.bu IUUCWIII by aD ~t liDk, MATCH would _. _,eh 
them, liDce the input 1tractan it il match'nc t.o IDIIDCir7 bu ODiy Mjed 
linb emanatJnc from ,.,._ 

Seareb ilaurtber ..,_w bJ -... PeCnCJ WormatioD. ne memben o1 
tile GET-a. are egmined Ia tile anllr o/11111-'......, ......._ Mwwva, 
HAM wiD_. .-rily _,.Ill member1 ola CET-u.t; it may be too laaa· 
Thit leadl to the de mecUnkm ol/orrctliJtf in HAM: AA IIIIOdation bet-A'eell 
two ..._ that. hM .- b.a meat.icJDed ill a loa& time wW drop farther aDd 
farther down the OET-Iilta for both DOCie., tbenby iftenMiD& the probability 
that HAW terminate~ ita teareh from one ol the noclel without. ftndiD& the 
anoeiatioll with the ou-. 

Search eao be apeedecl to 101M met by thele methods, but a node may 
still be a member oiiiWl)' paths. Hippie eoulcl be the subject ol dom11 of 
aeat.ences, and MATCH would have t.o eheck eech, Mrially, to eee if an input 
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:;uucture curre~pond~ to one of them. Tht> number of 8S50('iation~ a node has 
i! rallt>d it!' fan·ov.t; !ince fanning node! are searched sequentiall~·. the fan­
out rontributn to the amount of time required to an!wer a quMtiv::l. This 
propert~· i! the basil! for reaction-time experiment! w1th human subjects. HA.\i 
predict! that it tthould take humans longer to process memory conrepu 11ith 

8 high fan-out than thOH with a lov.· one. 5ef' the foliO\\ing article on ACT 
for an explanation of the Sternberg effect in terms of the fan effect. 

To summarize, MATCH usoeiates terminal nodes in the input structure 
with rorre~ponding nodes in memory and then starts a parallel ttearch from 
thet!e node! for path! between them that are equh·alent to the paths between 
the terminal nodes or the input t!truc:ture. To do this. it examine!! the label 
of each link emanating from a node in the input structure and ~arch~!! the 
appropri:ste GET-list anociated v.ith the corresponding node in memor:·. The 
GE:T-li!t rna~· not be searched rompletel~· and thus L'"!Oeiations between nodes 
may appear to be lost, which aecounts for forgetting in HA.\1. Thto po!ition of 
a node on the GET·Iist. is a function of boa· recently it was mentioned, eo that 
old associat-ion! are more likely 10 appear to be forgotten than recent ones. 
Lutly, the nodee on a GET-list are Marched serially. 10 that a large GET-list 
can take a long time to aearcb. 

ConelUiion 

.-\ndenon and Bower ha'oe a atrong commitment 10 empirical data about 
human memory. The HAM model wu desiped as a parsimollious and oper• 
tional ecplanatiOD or. wide raap ot reaulta. It -made a number ot prediC> 
tions that -.-ere telt.ed with \be ltaDc:lard experimental methods ol capitm 
p!yeho~·. The iftdMdual results are voluminoua and or interest primarily 
to copithoe psyc:boJocitta; DODe ot the particulara it pre~ented here. llowe\w, 
the ceneral result is eepeeially impor1ant: A •idt ranp ol memory tub 
ran be modeled by a ...,_free ~· Althouch hwnant use IOpbitti­
catl!d strateps to remember dUfteult (often :114!Cllin&laa) material, the study 
or loftc·tA!rm memo1'7 Ia .-pli6ed by aw•mina that the maup. overlay 
a relatiwly limple mecbailm COIIUIICID 10 all memor)' perf01'1D81lCe. Tbe 
~ ~ iiiUCb a mecllaailm, ad iD experimeatl iD wbich \be utility ot 
lllDeiDCIDie ttrateP& Ia redueed, k pndieta 11W1J iDteNitialenapirical N1U1ta. 

Rc/cmacu 

-~ and Bower'a lti3 book llwrtea .A...a.title AI~ prorides 
a detailecl aceount. ol t.be HAN model aacl ot empirical teMa ot tbe model. 
The tint four chapters of the book are iD&enstin& lftdinc. altbou&h the)· are 
batlcpoulld &o HA.\f, DOt a discu.ioD ot HA.\1 itaell'. They diseun philoeopbi­
ral approaches to tbe study ot memory, liapistic: theory, and other models or 
m.mory. 
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THE ACT system waa built by John Andenon foll0111iq his work on HAM 
(see Article XJ.E2). There are many points of overlap bew.'eell HAM and ACT, 
but there are also fundamental ditfereoc:es. Molt lipific:aatly, ACT ia intAmclecl 
aa a general model ol cognition, while HAM ila model of human memory. HAM 
answers questions and learn.e new information; ACT does more, in that it caD. 

be programmed t.o perform a "ide variety or cognitive taaks. In addition to ita 
long-term memory, ACT baa a short.. term U'Of'leir&f memOf'tl or aeth·e concepta 
and a programmable prod"c:tion 'i•tem that brings about changes in workin, 
and long-term memories. Common to HAM and ACT are certain features 
of long-term memory; for example, atrat.egy invariance baa been carried ovw 
to ACT. and 10 has tt,e propositional representation of knw·led&e, althoup 
modified in some details. 

Otlef'vietD of ACT 

.~CT bu a long-term memory eomponent and· a UBer-programmable pr. 
cedural component. The memory is a propolition&l a.xi&tive network made 
up or nodes repreaentin& coo~ and area repneentiDc relaUoDt betweeD 
the eoncqta. ACT'a memoi'J ia DOt 'Vel)' different from KAM'a ( ctiacualecl ill 
AI1.W. XI.£2), to it will DOt be delcribed in detail here. 

An important feature ol ACT'• memory ia t.hat only parta or it. are .eliw 
at. auy time. Act.iw.tioo cu apr-ad tbrou&h tbe Detwork • nodea acthUe 
adjacent DOcla Tbe time required t.o ICthate &be neiabbon ol an actiw DOde 
clepeftda OD ita fa.-nt, &bat ia, the number fll node& COilDIICted to it. ACf 
attends to a limited mamber ol act.he DOda Tbole t.bat are DOt marked for 
att.efttion are eve~ttually made inaetiw; tbme t.hat are marbd lor atteDtioD 
are put ina &rat.-in, &nt..out buler called tbe AIJIT. Tbq may cliaplace older 
DOCiea, bec:allle &be AUST hal a capacity o1 jua 10 items. In t.bia art.icle, t.be 
ALIST will be called the ........, ........,. 

Tbe prGCrUDJDAble, proceclunl campciDel& ol A.CT ia & prMdioa ........ 
Eeeh produetioll hM a eanditiall put • .n • an aetiaD .,.n that illawJbcl 
it the eoDditioa il tne. ID ACf, aD eoDdit.ioas teat for a CODjUDCtioo ol r.... 
ol memory, and all aetioD puta tpeCily & eban&e to be made to meiDOI'J. Tile 
eoaditiaaa cl procluctiona eu aemi• oaly tbe aetiw pert ol a.DOr7· A 
number or produetioaa ...., be ~ by the atat.e ol memorr. iD wlaicla 
e.. ..ell tJI them hu • prabability tJI beinc llllllftt.ed. 

An~o/Acr 

Andenan showll how ACT ean be propammed to perform the Sternberc 
memorr-ICOftftillt tuk (Sternbq, lMt). In this tMk, aubjecta are preeent.ed 
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with a li!'t of numben. for example, 4 9 J 3. and a probr number, which may 
or mar not be on the list. Sternberg's result is that, if the probe nun1ber 
i!- in the lil!'t. then the amount or time required to confirm it increues. by 
.03~ tteonds, for each number on the list. Curiously, the ~rial position of 
the matchinc dicit is irrele\ut; the time required to confirm the presenc:t or 
a probe in • Jist or numben is independent or 11.'here the probe occurs in the 
list. Sternberg oricinally explained t.bis eft'eet in terms or a 1eril1l ezhowtiw: 
,CAnning mode~ in which the Jist is kept in workinc memory and a com,orotor 
rompares the probe dipt to each Jist element.. The comparison proc:eee •• 
thought to be exhaU!th-e. meaning that all list elements are !!'Canned, e\-en if 
8 match to the probe ba.• alread~· bftn found. (This paradicm is discu!Rd in 
detail in Crowder, 19i6. pp. 354-366.) 

.\nderfOn oft'ers a different explanation in terms of ACT. When the list or 
numbers is presented. a structure is built in memory to fl!present it. ln the 
ca..."t of the li!t 4 9 1 3, a node called UST is c:oonected to four nodes. 4. 9. 1. 
and 3, by the relation CO!'o"t.U::"'S, aa sha.'D in Ficure E3-J. ln ACT's memory, 
the UST node is conn~ted to four others and ultimately t~ four numbers by 
theo relation CO::\'TAJ."';S. The LIST node bas a fan-out ol four, ainc:t four links 
emanate from it. 

The first production for the Sternber& task is: 

Pl. State- Ready- State and Llst. 

It u~-. that. if ACT is iD the retulr at.ate, the DeXt a\ep is t.o rebeule the ttat.e 
and the lilt. ln the cont.ext fliiDtiDOI')', rebarul meua repeatiDc eomedaiD& 
0\'!f and 0\-er to keep it iD memory, much aa we do witb telephone DWDbera. 
Produetion Pl brinp about rebeanal beha\oiar by the limple clevica fll pu~ 
tin& OD tbe ALIST tbe cooditioD to aatiiCy Pl apin. ProduetioD Pl is utis8ed 
"·henever state - reed,; when it is executed, it leta the at.at.e t.o NtUI, and 

·-· lA 

r.-_~,~ 
lr"- ~\I UST·-s-•t\9"/• ~AI .. 

•-1 .. . 
\A 
·-3 

KEY: 

·=~ 1': "--6c88t 
lit ...... loll 
A: '-ttribule 

F"tpre £3-1. ."-CT IMIDOI')" MrUc\ure for a list. at numbers. 
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pute the l.JST nooe on the ALJST apiD. This potentiall) infinite iteratioD 
oontinuet ur~til another productinn is satisfied. 

The aec:ond production, P2, tests whether a probe dicit has been &i'."'eD. Ir 
it hu not. then P2 cannot ha\-e anr effect and ACT •ill continue to reburst". 
If it bu. then P2 chiln!e! the \'alue of the state \Wiable from reodJI to cut 
and pute the probe digit on the ALJST with the state variable: 

P2. State - Ready Uld Probe ~ 
- State - Te~t ud Probe di&it· 

The third and fourth productiODI cheek for the praenee of the probe 
digit in the list and signal their findinp. They then raet the state 'viable 
to readJI for the next problt-!!!: 

P3. S~.ate - Test ud Lilt coataiDI Probe 
- Siena! "FOUDd It" and Staw - Ready. 

P... State- Tm ud Lilc. doll not eo~~t.ain Probe 
- Siena! "Not tlwre" and St.aW - Ready. 

Thi~ simple production !)'Item and the idea or apresdina activa&ioa iD 
memory account for the Stember& r.ult tbat reaction time to identif')· a di&it 
increues •ith the number ol clipts in the list. At t.he be&inninc tla trial, ACT 
bu eneodecl the l~t iD memory u delcribed above, and the LIST DOCie ilpu& 
into awkinc rnemor)' (see Fie. E3-2). k is aetM. but the DOdel ... natiac 
from it an DOt; the, must be ICtiYa&8d by folkMin& liDb rram the UIT aode 
in •"Orkmc memory lido loo&-t.erm ........,. 

With ..,.kilt& _,- iD the .a..._. ia Fipre ES-t, proclucdoa PI 
applies. lt. wiD ,._,_ t.ba _._&I fl warlbl&........, WltU a probe 4llllt II 
pwa. Wblll this happeD~, the ftlue ol tM l&at.e Ylriable II cllulld to -. 

....,. ES-2. ~ ol WCII'IdDI .....,., lllowia& liab 
iD&o ......... IDIIMrJ. 
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The first method, ~ il the limplest means or addin& informa­
tion to ACT. It il the method that. wu used in HA.\!. The eecood method, 
,cnerolizotion or produc:tioas, works by replacin& c:ooaw~t t.erms in the con­
ditions ol two procluetionl by variables. To &\'Oid ereatin& tnms that are too 
pneral to be iaterelt.iD&, ACf wiD not nplM:e more thaD ~half of t.be con­
tt.ut.a of tbe IID&IIelt cooditioo. Diaeriminotioft, tbe third Jeamin& met.bocl, 
produees t.•'O ar more productiou from one with too 11W1f wriablea iD ita 
c:onditioo. It does to by inltantiatiD& tbe vari&blel. Dilc:rimiDatioo appliel 
whenel.w ACT pta feedbaek that. a procluetion il too pneral. 

Ger.ralizat.iou aocl clilcrimiDatioaa of productioal do not replace tbe 
original rulel: rather, the)· exist with them. A generali&ation •ill apply 
•·henf'\-er either ol ita qnal productioas applies but •ill h&\oe the same etrect. 
• both. Hgqver, ACT hu a c:oaliet-raolutioo ltratecY that (a,-on executiq 
spt"Ciftc: rulel before more pMnl OMI, 10 d*riminatians ol aeneral rulel, or 
t.be rulel lrom wbicb a a-erali&atioo baa been formed, h&\'e precedence ovw 
aeneralizatioal. 

-~•ted with ..U procluet.iaa il a ...,.,. that il u.d to NIOiw 
caaflida wbea ....a! product.ic. ue 11111lic.W. ~ tbe Iaiit ol 
thf four leamin& metbock, nbllcn~~ produetioal br iDenuiq or-._. 
in& their strncth. It a produdiaa il fowtd t.o be jpplicable, ita ltftlt&th il 
iDcre•ed by a eoDitaDt Dlllllller. IININI, ita ltNDI&b il cleereuecl by 25~ 
ll its executiae ._. to a mieta= e.eluliaD. ~ ~ il 
thenfore .._.. 6dift tllu pclllkPt. ~ allo .,._to~ 
U.. that.,. eo drtllllt ~ ..- • .,,ah••ll or rh ppW ~ (A 
productiaD is 1: I .... willt .................... Ql' .... ...... 

but itt ....... -.) 

ACT il a ..... Ill 1-k .. ..._. eurpl&he ,.,._ il ...._ 
....... ltillla&lllrt_ ...... ,.,. ............... fl • 
.,..._ • I .............. ,_.,, .................. .. 

...a Ia AIIWtlll&) Ant 1a II df1 I ACTa ....... toM Jlllhhl ...,, .................................. ..._.. ... 

..ahl1d ..... tuhl••--et~~~e,.Jlah ..... lllllll--. ,.....,.., 
ACf ..... IIMJal.fl 11'1.111CDI .......... •1111111 ......... IIIII 
·-•••• ACT_ ... 111 ... ......,., ... _._~ ..... ..... 
diM. .... ,.. 1 .......... ,,b. ···--it .. ..... __ .. , ., .... I' • .., t I .... ..... 

~ ... 1111 

"'*"- ._ -•••• a flllcdl1 -.. • &M ACT.,.._. (lt18) tM& 
~ae~a••• • r•• • &M 111 ta .. _. ,,..,. .. fl AI:T, ., .... _._.. 
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in memory. learnin&, and laJlluace comprehension. It is an exhsusth-e treat­
ment. in which Andenou presents not only the ACT system but also the 
th~rt'tical moti,'Ations tor it. The book is re\iewed by Wexler (197S), and a 
reply to the rt""W"· can be found in ADderiOia (lgsQ). The min· and reply 
are worthwhile readin& for those lnterested in c:ognit.h-eldence, ainee they are 
tl\'0 dift'erent positions on how a 1Cienee of mind abould proceed. 



E4. MEMOD 

THE LNR research poup, oamed for Pe&er Lindsay, Donald Normao, aod 
Da'id Rumelhart, is enpaecl in the onaoin1 development or a general model 
of human Jona-term memory called MEMOD. Of the &ve memory models 
diac:UIIed in this chapter, MEMOD may be the IDOit ambitious (ACT, dilcu.ed 
in Article XI.E3, is the other candidate) because of iu scope and beeaute or 
L!\"R '1 basic tenet that a single syst.em accounu for cognition: 

One l)"ltem baa to be capable ot lwldlina the repraentation and proeellina 
iaues in synt.aetie and semantie analysis or lao&uace, in memory, pereeption, 
problem 10Mna. reuoniq, queltioD answeriJI&, ad in tbe acquilition ol 
kncn'l"ledae. (Norman, Rumelbart, ad the L.li;Jl Research Group, 1W5, 
p. 1110) 

It is a major pal ol the Ut."R poup that the MEMOD system lhould be a 
&eHral knowledge-repraentatioa system, that it, one that can repretent any 
kind or kna.·Jedp. Until quite ftftlltlr, however, it wu used primarily t.o 
repreeent lincuistic kna.·ledp. Accordiqly, the MEMOD system baa three 
main compcaema: a,.,.,, whieh it bued OD aa auament.ed transition oet­
~'Ork (ATS: aee Article IV .DI, in Vol. I); a .... ,.ce, which Ia a ..wrt.ic-net. 
repl'eteDtatioo ol world lmowleclp; tad aa .,.,, wbicb .,.r.-oper• 
tiODs Oil the node ..... The ..... repr--. bot.h .,.,.,.._ tad 
proeeftrol bowledp; nod• 11*1 Mructunl repr~ faa. about tbe warld 
and allo spedleatioal ol operatiaDI to be ,.tanDed iD t.be DOCie .... bJ tba 
in&erpre&er. :a.ca... It • DO&. • ,..n. ......... "7 tJI bawledp but. .......... 
procecluns tbM m1nipulat.e bowledp. t.be node ....,. ia caW t.be ~~dive 
~ tldvort, ar ASH. 

In thil lrticle, the .... ol tbe acthe ......... aetwwk .......... 
briefty, foiJowecl by • -- , .......... ol bow ecJIICIPU aDd .... .,. 
......-- Here, t.be roa. old. W PI'*' will a. man...._ W. will 
DO&.OIIIIIidlr ...... II&.O. .. ATN ...... aad_p_ .... 
wlda iD 0aapw IV (Ia '\W. I) Oil--··· I ....a haps. 

Tbeclellptll*acthe.....aast ak,..eoal&rliDedbya......_ 
otpll ..._ t1rtet1J 6.1 tlla...........,.. ...,nt'u. ...._.., rar 
the MDIOD IDOdel. BrieiJ, tJ.e ..-: 

1. c..,~~er-. Tlw _... .- be .w. so,..._. .., kaolrledp ~ .., ............ ~ ..... ., .. 
.. 
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MEt. taD 

2. £ztmtloWitr. The model must be extendable ~·b~w new bilormatioD 
is a'-ailable. It, tor example, the model learDI that t.o aaUDter il DOt 

merely to "'-aUt but • to exhibit aome depee or indoleace, it mu.t be 
able to incorporate this inf'ormatioD. 

3. .Tttwn-c llftllcr ,.,.,.,.._ Expr-'aal that haw the aame meaniD& 
should ba'-e the same UDCS.I)'bla ....,..........t.ioo iD the .ASN reprcUe. 
ol bow they are at.ated at. a aurf'aee llrvel. 

-t. ~of ovnlq ilt........,. The reprelelltatioD otwarda aDd larpr 
units ol meanin& iD the ASS lhouJd reflect the polaibilitiel oli)"DCift)"tll)', 

partial V\Wlap, and no 0\wlap in meanJDc. MeaniDp that overlap, 
1urh 11 moll and Nvnkr, tbould haw common eompoaeD\1 in their 
representations. t'nrelated ~wds abauld ~. 

5. Ccmtinvit,. ID a PIYehoJocieal model ol luaowledp, words with aimiJar 
meaninp tbould ba\"e aimilar struct.unl, and a IIDall ebanp ill mean­
Inc should DOt caUM a major chaap iD itl re~. Similarly, 
concepti that ha\-e !laY dilenDt ..... lhoWd ..... ,.,. di&Nat 
repreeartatioDI. 

$7 

The teebnique emplo,) ~ by the Ll\II'R poup to aatitly U.. &9d il ,__.. 
tic dcrompolition ot "welt (or more pnenlly, eoncept.t) 11m> primitiw 
€'lements called prctlieota <- Article ID.OI, iD Vol ... ror • de&ailed ... 
mu ol .mantic decompolit.ion}. For aaaaple, &bey klaif7 lour ~ ol 
predicat.-.cotiw, daatc, ~ aad edt...., tbat cube cambiaad to 
y~ dilereDt....., -ni .... 

Statn. pncllcatee. The lt.atm eompoaem tJl a wrb iDdieat.a &hat a 
nate ol the world holds CMr - t.ime period. Oae ot the Rat.iw pncUcat. 
in the ~fE.\IOD .,.em it LOC. It Ubi lour arpmeata, t.heiMt. two tJl wbicb 
are optioaal: 

LGC[t*ject.. at.-loc. (f~), C.....U.)] • 

A ......tic-Dit. &tpllllr'l&iall ot &1M LOC pndia.t.e .,_&1M LOC ... 

liabd to lour upma& DOdel. • ._. ia ....... IU-1. a.., a llill& ak 
llruetare itllbalra to ltpllllll... liDII A .... bill-,.,. ..... 

pert /rwA J- .. J- Ia ......... tMI.OC .... dill .... - ..... 
noclea repNIIDtla& tM -Cip&l ol •rd'IR> ,.t, J,., ... Jill. A paillll 
or ootatiGD it \bat die ..... larr1' r&a ...t ,.....••••• dUD ciUcram cteaot. 
foimu-or eq~ir1 ol ODBIIP&I ... prrdlaltll, ............,. A .... NpN-

,...., a eaDeep& Ia - 1111tat; a dletl '1 rl ..,., or orfciul, .... Ia 
:.Ito malmeiard, IOd ..._ DOdll ....... to tM.;- Article XI.EIIor a 
·!i~('U!'ioft ot tt. .,.. .... clirtiMdoe 

Cbaap,., .. .._ A~llae ...... btr.....,....MaCIL\.'110& 

Precfieate takiDc two LOC .......... • •1•111111, • ..... Ia Flpre Ef-2. 
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object at·loc 
<stadium> 4----(LOCI-----. <park> 

bo~t;"i\~IOM 
<19!8> <11183> 

Figure E4-1. The LOC component of the verb located in 
the sentence A stadium tuCI6 located in 1M 
pork from 1956 to 1969. 

XI 

"·hich represents the sentence The team mowd from the 1todium to the train­
ing cam, in MaJI. 

Cauutlve predicate.. One can imagine how another verb, ~&y, ,.,.,A, 
mi&ht be represented by a structure like the one shown in fipre E4-2, but 
predicated "ith a causative; that is, to push is to CAUSE tO mO\-e from ODe 

location to another. Fi&ure E4-3 repranta the coaeept ol a penon calllin& 
an unspecified objeet to DKM! from one unspeeifted place to another at an 
unspecified time. It is the akeleton of a eouse-to-clwlfl(le·loc.Ciofl ~-erb; tbe 
reader can think of numeroua verba that have thilceneral ltnlcture. 

Aetloaal pncllcatea. CciDiider this example in the coDtext. of the dellp 
loals dileutled earlier. Semantic decoaapoliticm ia • ,..,...n.atiooal tool 
that. paranteea that similar IDM•inp have limi1ar ltruet.ur-. The 1tructun 
&ben-e ie commoe to ~nWal wrt. whh overlappina mMninp: ,.,., -.,, 
carrr. ,.U, Cr&tllport, ad 10 oa. Tbe edioul ,....... il inltrumeDtaliD 
maida& her 6tiDctiool iD mee•'nai -. .... LNR U. cloae Httle work -tla 
ICtioaa1a, and cenerally tbe primitive predicate DO il uaed. 

·-/l\-
<.ucllunl>+--.-, .. --T~ <Mor>~~i-.. ~.---<trall'tlng camp> 

Cc._..> 
...... GOjllct 

Flpre Ef-t. J.l-. _.. fl1 aiANOE .... LOC ,..Ueat.; It ila aiAHCE 

in LOCat.. . .. Tlw ,.... ...... ""' ... ltodnma to "" 
troitUIIt c.., .. At.,. 
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CCAUSEI 

event/ \•suit 
< per10n > .,_. __ (00) (CHANGE) 

figur~ E4-3. 

agent 

~~.; \~·" 
--(LOC) (LOCI--

/I\ I I\ 
Skeleton or a \'erb \\ith CAt'SE, CHA.. ... GE, and 
LOC predieates orpnized to represent the 
concept or causing a change in location, .. 
in puMa. ,uu, and earrr. 
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Once a word is defiued, it ie stored in MEMOD'e dic:tion&r)· as a type Dode 
and can be u~ in more complex ltruet.urea, u in: 

<11oe> • (CADIID) • caat.elope, 

.4 final point, Wore proeeeclinc to a more formal deseriptioll ot know·led&e 
representation in ~tEMOD. is that. predicate. have a caH atnacture (diac:ueeed 
in Artiele IV.C4, in Vol. I). For example, LOC bu two Deee11UY Utd two 
optional arcumenta: 

LOC(ujen, at.-loc, Cfnr-UM), Ct.e-.U.)] . 

This tacilitM.tes paniD&. When tbe p&IWl" .......,.;,.. a predicate or a verb, it 
c:an make predictiool about what kinds o( words t.o expect next 011 tbe beais 
ol knov.'inc the verb's &I'JWMDtl. 

Eneodint Concqte, &w.u, ett4 B,.,_. 

Ia a 1172 peper, Rumllbtrt, LiDdur, aDd NoriDUIIPeci&ecl four ~ 
ries ot rules for c:oMtl'1lctbll eompla bolrJeclp 8ti'UetUNI from the limple 
ones·~ haft aJr.dJ"" ..W.ed: 

I. RW. vi ror.a&loD tor t-1*. 
2. Rut.tlr......tor...._., 

3. RW. vir....- tor 111"'111hiGM, 
4. Rules vi fclnDadaa tor ............ 

Coocepu tre objedl, tor example, ,_ Uld .tatli1ma. Relations tre the 
n:nnH of UIOdatiaat th8t ..., hold amaac-.., lor eumple, ~. 
oL,ifoct. inttrumeat). Propomions are iDR&DtiatioDs ot relatioaa, for example, 
tOT:John, ball, bat.). ()peraton, the 1ut poup, tre ot two varied~~, 
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prl!po!itional and rl!lational. The! former modifies concepts of time or location 
to generate new eoneepts: 

before(Dooa) or uzuler(nt.er) 

The latter modifies relations: 

elowlJ(nlk) or Yery(bil) . 

Ll'o'R lives five rul• for forminc concepts. Fint, an existinc concept 
can be quali&ed. This col'l'elpOnda most c:loeely t.o the action of adjectives. 
A qualified coneept bu a node of its own; for example, the node lamb is 
defined u roung(aheep). Second, quantification of concepts c:an yield n"· 
com·eptl. u when crov:d is ddined to be manr(per1ona). Third, new concl!pt! 
of location and time can be derived from prepositional operators. Fourth, 
coneepts c:an be conjoined to form new concepts: for example, and( dOf, cat) 
denotes the coneept of the c1 .. oC clop and c:ata. Finally, coneepts c:an denote 
propositions. For example, in the propoaition HIT(John, 6ol~ beat), there is a 
coneept hit, which COITellponda t.o an inst.anee or the pneral relation JOT iD 
the context of John and his hll and 6ot. 

There are three ways to generate ~· relations from old. The first is 
to modify tM r.lation, u v.ith an adftrb. For example, the relation .troll 
is defined u •iowM walk). Another method is to modil)' cme or more or the 
arpmenta of the relation. For example, if the relation of ·,.'&lkin& is defined 
u: 

IAU[an., .. ~. U.) • 

tbeD • DeW relatioD, a.IW8, could be cleriwd by .,ecil'yiq that tbe patll 
lhouid be upblll. FiD&Uy, DeW Nladoaa .. be ,.....,.. by eaajaiDiDc old 
00. witll ..... eaDjuactiaaL .:AU. is c-. .... eoajuDetion: 

rLII[an., ., ......... , 1• ........ .. 

91lelllJ( -~. f,_( .. J~, UM)) 
~ 

nac.n. ... , ..... ..._,. 
PropolidoDI are loriDed by iDI&IIIIiatiDI a nla&ioe witll oaaeepta. For 

.....,.., die ........ oln.aaa~P& -(~, ........... ). ,.. .... 

....._. IGr ob«•htl pnpuiiiMI II to -Jaia tJ.a whll ........... 1111 
~-AND. 

o.,..tcn an......,..... Ia - ol tile- 'WIO'L Sew ••sM .. are ....,....froiD old br.,.,.... relatioMI operatcn to them; for aample, U, 
is wr,(...U). R+d-tl operat.cn aliD appa, to eaeh odMt; for enmple, 
,., il ..cc ..... ,.,). 

s..t.tnc. diM -...... ....., suc11 • fte liM t....., Jlerr, caa be 
eocaded Ia ME.\fOD. CoDJobUna...m. by UliJI& eonjunctioas like IIBCAl2, 
A.,'D, nEll, and WilLI: aliGn one to reptlleftt eomplex qiloda. Graphically, 
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(growl) (hear) CraiH) 

1~ i·~ !KI 
<> <> <> <rifle> 

ector I 
object :;; object 

acto ector 

~ 
<lion> < bio·oame hunter > 

Figure E4-t A r~presentation of the ~pisode The big-game 
l&urater /agnJ tl&e lioft grov:/ and rcued hi$ gun. 
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an ~pi,OO~ is ~imply a sequence of ~-ent nodes eon~ted by Cf\njunetions. AD 
example or a &raphical representatiOD of aJl episode in which a biJ·pme hunter 
hears a lion crowl and raiNs hit aun it mo.·n in Fiaure Ef-t. (The empty 
node! repr~nt tok~ of the three e\-enta. hearina. aro-·linc. and railinc.) 

A timple propositiooal aentence can be brakfm dcnm into a relation and a 
~et or concept arcuments. A relation can be broken ciw'D twther in&o primi­
ti, .. predicates by leiDUltie deeompolition. Rules •we d:.eu..cl here that 
conjoin and moclit)· concept&, relatioal, JII"'PCCIitioDa, and operaton and that 
create more eomplex atrueturesaucb • epilo del. Tbele na1ea cift MDIOD tile 
JKJ1'V to repre.eat epilodel w \vyiDa camplait)·. Tbe aext IICtica ou&linel 
the iDteraetioDI beteu .. t.bele repnlllltationl and the interpeter. 

n.er~ 

~-Jedp ileupplied t.o NDfOD ba tbe form w IIDteDNI. Alt.er tt.e 
are paned, the iDt.erpnw ....._ tbe appropriate cha..- t.o tbe ASN by 
cecutmc the prapaaa ..,;eted whla 1Mb ~ ill tbe input -
For example, a belle -.uc. bulk iMo NENOD il CONNECT. Tben ila trpe 
node for CO~'NECT tba& illiaked t.o a _,.... JII'OII8ID &bat joiDI DOdll 
toptber ill the AIN, M .... ill Fipre s.-1. 

II tbe IDtepret.tr tMOUDten a ...... ..._ w the.._ COIIIUid., 
to aniffllll llid& U.. it wUl look up dae word coaeet; lad that it deDotel a 
built-in propam daM tabl daNe arpmmta; WU tlJe arpments U, ettitul, 
and iN &o the ~ X, Y, and Z; aDCI execute tht PI'GIJ'UD· The ....uk. 
it a Mnrork ltructUI'e: 

la ----.laiul-
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Gx;?bject (the computer program 
connect ---1•~ that links nodes 

variable Y together in the ASN) 

to z 
iU with 

Figure E4-5. Representation of the relation COl\'NECT. 

The CO~!\"ECT program wu built into MEMOD from the outset. However, 
it is possible to define words by associating programs •ith them. For example, 
the L:'lo."R group gi\'es the follOY.ing definition ror the l\'Ord lOft. 

Deftne 10n u predicate. 
Clac 4c/ittitilm /NtM for ,.,. ia: X ia lOll of Y 
e~ac~u: 

Colmeet X to male with ~ex. 
II qe of X i1 Je. thu 18, thea 
couect X to child "'idl iaa. · 
couect Y to X oaith parea&oool. 

** 
(This repreaeat.a an iDt.eriCtioo with the MEMOD ayltem. The tat in ordiury 
~ is eDt.end by t.be u.r; MEMOD'a repla. an ill italica.) 

The relat.ioa DEFINE ia iteell' a buil~iD proeeclure that builda at.racUinl 
ill the ASN. For example, de8niac 10ft rieldl a at.rueture that ia IOIDet.biDc 
like the ODe ~bon iD Fipre EC-e (which ia DOt. exact, aiDee all ol the arrows 
poiDf.in& to the Dade CONNI!lCT would be poiDt.iac to the 1U111 tJpe DOCie in 
tbe.ASN) • 

..., ~ c , __ ._'*'_...,. ( ) ''*' 
I I 

(COnMCt) IOOftdlllonel) 
I I \ I \ 

X ....... age 1'-' ..... I 
IOonMct) 

I I \ 

( ) 

I 
tconnecQ 
I I \ 
Y X .,.m-ot 

X cMd Ita 
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The important thing about this structure is that it in\"okes changes to the 
A~~ when interpr~t~. Although its repre!entation is uniform with dec:lar­
:Hin• nt>twork structures, it is a repretentation of a procedure. When the 
interpreter is gi\"en the sentence Otdi71tu i8 the •on of Joca$t4. it will create 
a trtructure in the AS':\ repre!enting the facts that Joc:uta is the parent of 
Oedipus and that Oedipus is male. The di$tinction between procedural and 
declarath-e knoo·ledge in ME~IOD is obscured by the uniform representation 
used for both. It appears that there are tv.'O kinds of proeedural knowled&e, 
built-in programs like COS!\"ECT and definitions that are formally very similar 
to epirodes except for an IS\\'HE~ link. ISWHE~ links a node v.ith its de-finition, 
and interprt>ting tht> definition result~ in changes to the AS:S • 

. \word like JOon. when defined in !\IE~IOD, carries with it the procedures 
n.cP~!a~· to make inft>rences about what it means to be a son; for example, 
one can infer that a son is male because part or the definition of •on is a 
proc:edure that makes that connection in the AS':\. BecauR definitions e&!J'Y 
implicit inferences about what it nwans to be t!OIIlething, ME~IOD can answer 
many questions. For example. gh·en an appropriate d~&nition, it can say 
what it mt>ant to be a •ondwich. Here is one definition from the Kitehenv.wld 
implementation or MEMOD: 

Define randwieb u recipe. 
tAe Mft'llilin /rafM for ......-cA il: (subjeet)saadv.ich X. 
tlac dcfit&itUM if; 

Place a llice ol bread on the cowrt.er. 
Spread preternd ....,...t ol X on tile bnad. 
Place ncb~ oiX on the bnM. 
Place a IICGDd piece ol bread on t.be a..d. 

** 
This definiticm hu a Detwork structure llimilar to thole ao."'l above. 

It is eompceed or DOdes .....-.tine limple actioal like ,_., which are 
compoeed of simpler predicates like CO!\~"ECT. To auwer questions ncb u 
"What CODtaiDen Y'OUid be left. OD the CDUDt.er ...... I made a auclwiela!" t.be 
interpreter executes t.be a&Ddwich recipe ill tbe ASN. This reiUha iD cbanpl 
t.o tbe A.SN. For example. CODtaiDen that were pnvioullJ lllodat.ld with 
~/riglf'CI« b)' aa IN liak 1U¥ IU~ be Jiabd to Cftftler b)' ON. 

~IE.\IOD implemeata a awaber or pcM-erlul ideM, which were ren...d 
here. s.a...tie clecompoli\ioD, ror ODe, ..... that c:oneepts with ..., 
meaninp ._..limilar ltructunl. Tlait Wll il1ultra&ecl b)' a paeral~tnetan 
!ar ,..,._ that meaa co ehlt o elwtte ift loeotiola. Ia MEMOD, tbe -"'na 
of a CCIDCept. is nleet.ecl iD it.s lt.rueture, ita eompamtioa oflimpler uaita tJI 
meanin&. 
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Verbs and other structures in MEMOD h&\"e a case structure, which means 
that ME.\fOD knows how many arguments a verb takes and what kinds of 
arguments they are. There is a grammar Cor building structures in :-.m:-.tOD, 
and rules Cor building concepts, relations, propositions. and operators were 
dilcUSied. 

Events in MEMOD can be linked by conjunctions. The THE:-l conjunction 
is particularly important beeau.e it orders e\"eeltl or an episode in time and 
Cor the interpreter. Another important link is ISWHEN. It linb "'Orde t.o their 
definitions, which are epillod~like proeedures Cor building structures in the 
ASN. 

Reference• 

The LNR research group wrote a book called Erplo1'11tiom in Cognition 
(19i5). It is a collection of articles by ~orman, Rumelhart, and their &raduate 
students on experiments ll.ith the ME..\ICD system and is the most compl~ 
and recent m·iew oC MDfOD. 



F. BELIEF SYSTEMS 

bt.\C!~E a con,·enation 'Aitb a person who speaks only facts, the kind of 
convenation you might ha\'e 'Aitb an official who refuses to give a penonal 
opinion or make a predir,.ion about the future or guess at an explanation for 
a past e\·ent. Or consider the testimony of police officers; tht)· say thinp like 
··We were called to the scene at 12:0i A.M. and found the suspect holding t\\'0 

bo:tt~ge!. We succeeded in di!"arming the su!pect \\ithout injury. The !U!pect 
i~ now undergoing psychological t'\'aluation... \\'hat they do not sa~· ie that 
the~· belie\'e the suspect i! pilt)'. that they belle'~ ht" is a doped-up crazy, 
that they were seared !!tift' while disarming him, that they sincerely hope he 
gets the maximum sentence, that holding an old lotdy hostase is a miserable 
act of terrori!m, and so on. Police offieen rightly sticlc to the fac:ta. At 1eMt, 
they· do while on duty. Ahen-arda, we usume they are .. run ot opiDioll, 
~lief. innuendo. prejudice. and emotion as the rest of us. 

In this example, the distinction bet'A-een faet. and b.lief has been amplified 
to empha:.ize that much human dileoune is in beliefs, speculatiool. predie­
tions. desires, and so on. The r..arch dileUIIed in this artitle il ecmeemed 
\\itb the structure or belief's, bow we reuon Y.itb belief's, bow belief's fUDCtioD 
as prejudices to influence interpretatioo, aDd bow emocioDI .&ct reaeonioc. 
These questions, and the eomput.at.ioDall)......_ that have bea im.,....... 
to explore tbem, fall iD tbe domaiD ot kiWI....,... 

Abebon (lWV) hu outliDed a DUJDber of peculiaritiel that lit beliefs apert 
from fact.si&Dd that diltiD&ui8b belief' 1)-.te~M from otber I)'S&ema iD AI: 

1. Beliet I)'Mm8.,. DOt ........r. DiSirat beiWa may NIUh. ill cli&nllt 
iDterpretatiaal fll tile same pla•amaa For a&~Dpil, ..... "'nc oa 
oae's beJWL t.lae "'pMru• pp" r.ulu r... ~en. ud ..,.._ 
tiw pariiU or tro. ........,_. ud --.a eWWna. O..'a ....,. 
caa iDIIHDCe iMirprJt~ fll ~ _..,.. lor newph, eoaae 
IIDCIUn nr .. -.o.,...... ~ ..._-caDCIIr, ...... ,..... 
IIIIis& u. .......,.... ................... .,. tM ..... ., 
PIOP'P" ... I 

2. Ws dell wkla ••u1bll IMltiel lUCia • t.lae a••lfat• pp. tM 
auperu\ural, ... aliBI I I J pe1C4pdoa. n-, M ~ .u& aiJta 
iD .. belW.,..... ........ -- Ia ......... 

3. S...U... W .,.._ llfltllllt alt.ernatiYe .......... tJpicaiJJ, "tM 
world •It ....... be. • ldaalapa ofta haw iapUek ~ worldL 

~. W. llaw All ....,..._or ..,._ compaoeat. £\'ala und to be ... 
or lied, to ~ ,a...are or clilpleuure. AllelloD . >UnpisiMI btt'A'ftD 
, .. .., ..pecca olalle&. One Umlhw \M warN clmdecf 1IP ia\0 pod ud 



~lodclt~ or Cc.pition 

bad thinp (or into u many eawcorie'l u there are aff«ts). From this 
catecori&ation one can infer the JOOClnea or badae~• or e,·euu or objects. 
For example. if X it bad. and Y helpt X, then Y muat be bad aleo. 
~fuc:h or AbeiiOD't earl~· reMarc:h wu de\-oted to this kind orreuoninc. 
A MC:Ond Upeet or affect it bow it influence. the operation of a l)'ltem; 

for example, Faucht (1975) charact.eriaa emotions uleadin& t.o IDOthoea, 
and &wer (11111) cliKu.es the tfrecW ol emotion on memory. 

5. Belief's may be bued on subjeetiw aperieD«* or epilodel. J..acical, 
rational deductions may be butd on a subjective event. For example, an 
elaborate t~· mar be connructed around an tvent that "'U beiWwcl 
to ()('tur but that actuallr did not. All interatinc hittorical example 
is the mUI hallucination of French physicistl in the ~:"-Ra~· .~ftair• 

(Klot&. J9SO). It "'U believed that l'·ra.~'l could be detected by their 
eff~cu 011 the ~ri&htneu or an electric liaht-bulb, and for man)' )'Un, 

Freneh ph)"'ieists published repol1a ol the curious properti• ol !10-ra,'L 
This research CODtinued (thouch at a '- r-e) e\"eft aker it wu 
clelnolatrat.ed that pereeiwd lucwations iD ~ wen entirely 
iiiUIGr)'. :"-raya do DOt exist and tbe pb)'lic:l that had been deYeloped 
t.o aplaift them "• foundt>d Gil a laalluc:illatioa. 

e. One does not bow. a priori, "'hat bowledp it rele\-ant t.o a btlW. 
The ~ledp pertiDeot to diapcllil or &laueoma. ror example, can be 
<~UJniCribed relatk-.ly euiJr. It it ._ ...,. to cllcide , .. hat is irnle\-ut 
to CGDCep&Ual eD&iU. web .. * ....., ,.. ..,., ., ...,., .... 

7. Credibility aDd emotioo iDteraet. iD ~ 0.. .., ....,. -. 
uu .. !a true. ...-.wJr. or U...., be • ...,.._., iuo : ••• Ia a 
belial. ,_ ........ It ... "' true tlla& ....... ol,. ,..... ... 
taiDa ... MpiriJJ tUB ....... INtit talwd so ....... die • .,. = .,.,..., to--..... .......,. 

n.e ch8nct.erilda ol Will ud ...... .,...... ... ,.....; ... ltoaa 
Wmon complicated tUD ,_inc,.._ I8Ctaor .....,...une~Niadll. 
Thil is tor eewral raMcaa, all ........ to nat tM Will.,..... ban. .Fint, 
..... ...,_ ..... ......- iltltM ... belief.,_--.... 
........ ollmowledp; .... it ..., ... Mealt ,_ .... .,...... to .,.. ,. 

predict die ~-...- fll ....... Far .. nrh, k II a.-.. Ulk tar tile 
BUOOY .,.._ <- AnWe ac.a, ia VeiL a) to cllrlw t.M w..-. ru111 
....... .., he .......... 'tiOrldlll ukh rdc prdl • 11:r ltudelda ...... 

- pth•• 8bou\ ~...., .. • aaaulliUAI wida the -••• 
ol tM adult -.....utr, eCIIII ~.tiler .. .,.... BUGGY'I tlllllt il to 
..... die ...... .,...,........ tbe ........ ....... ..umptioal. ADotMr 
we.,.. from dat ICAI!iterature (-Claap. IX. Ia Vol. D) WUIUaC. tbt .-­
ol Ml 1m1nt ..-.IJIUtr. SewnliCAI .,._ •uiwfaiD I,..,.,.,. .. , I 
•+-.tadaa o1 wblt t.M ....._ kDoww-to fecilitat.e teecb'na 

Jult • DOMOIIIIIIUIIity is I problem, 10 are Wftftte and O,CIUIC ... 

aDd tor much the ame ....-. The ea.tence problem is that rftiiOAiDI il 
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Onf !~'!tern may M pre-dicated on premiflft that do not exist in another: ror 
.sample. one can do little to mollify a penon •"'ho bette\• that his (or her) bad 
!ortune i! pr.ordair.ed. The belif.l' in preordination ileo central to his btolier 
syEtem (thou&h alien to one"• Gt~-n) that be accept~ misfortune "itb rmgnation 

and will do notbift& to improve his lot. The open- problem i8 conceraed 
"ith tJw rele\-ante or the kDOtl·ledp uted ror NMOaiDC; iD oae S)'SteiD a fact 
ma~· be central to an ar&ument, •·bile in ~ it is taDpntial. For eumple, 
one penon ma~· attribute the deeline or our IOCiety to the a\-ailability or drqa. 
while another may belie\-. the caUM is inftatioa aad a third may insist that 
:mpiet~· if retpontible. The firtt periOD eonstrue&a the c:autal arsument that 

«it't)" i! beins dft'trO,\·ed by drup. He holds this arcumeot •itb a con,·iction 
:hat it ladcin& in the second penon, •·bo , ....... drup u a aymptom or an 
inflated economy. not u a ~'lllptom or impiety or u a cau. or 10eiety'• iU.. 

T"-o other aapecta or betieC make reuooinc dUBcuk. One il the role ol 
affect. or emotioa, and the other il the role or coa&deDee, or eert.itude. It i1 
temptin& to make a dichotomy bet,... NtioMl ud irNiioMl thoqht and 
to aai&n emotion to tH latter e&t.ecorY and ipon it. But then is 1tfG111 
~·idenc. that emotion baa p0t1-ertul e&eu • ......._.. ~· Ia a NCIDt 

:.nd exteMh-. seriel of experiments, Bower (lMl) and bit ......... ha\"e 

~h0\\11 tha! emotion influences •·bat we lean. wlw • rt!IMIDber, and llmr • 
make a , .. rielr or jud&JD"'Y. Our e\-aluat- ol ounem. ad ....... and or 
P'-.Dts are tubtlj but ltrencJy bi..s br wMt ... _.. felliD&. ...,., ...a1u 
:Sugelt that emotioD caDDO& be ....... - • ,..,. Ia ....... eapit.ioD .... 

that it il at leallt OM fect.Gr tllat ....- ...-. a I&I'GIII ndoetl-........, 
diebot.omy. 

The problem or eaaldenee. or......, il tilt&_.. ora..,....._ 
UMd in reuooiacil DOt true or falle, but ............ ia bet • ••· 8DCI that oae'a 

fOddeDce ill tbe illlormat.ioe allele -'a1111 '• 0.... J l to CIIPWN 
this IIJ*l or ,_inc • rouac~ 1a MYaN ( .. Ardele va.a, • Vol. •>· 
which attadMI ~(or ~) /edtlft (Ch) to ill co. • ni'K'I Tile 
iaidal CFs are IUppliec! t.o the NYCIN .,.._ wltla 1111 ..._....,... t., apert 

diapaltide11 ,.._, u WYaN n•-· k •••'aln• tiM Ch nnel••• 
wltb the rulel &oo ....,._ a c. llr * 1 ' Jr n. c. •• t h II 
quite cnada, ......... l8d W6J .. M ~. MYaN ._ llll •'a alb' a 
•beorr or ...... r- ... ... .......... ..... .. hl .. 1'wn117 
and K..._ (1174), wllo .._.1.111111• a .... or..._.&Mt iall1111 
juclcaMMI...., aurtliM¥. 

E\'8 ...... ~ ... witll belilll iwa .... lllrl8iD eopbiltiea•hu cww !'t- .• widlladl, die ................ Ia -- .... ...,.. 
BtiW .,.._.,. r.r • .,. ....., .. -or.- u.r..,. .._. ~ 
ia t._ BrAnt Air =s rh tiM W tM& fA- B, ,._A ..V Wp 
H can be ....... • a 111odact._ r.- wMcll tM .. etua A will Wp 
H follcM'S iapaDy hat tM ..... A ...... B. 'nil decl~ i1 lo&ieaiiY 
and PQe.......,. YaiW. Odllw eaeel••l••• IIIF ••!at• a,__.. &oaieel 
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\"8lidity but ~ psyeholo&icaD:r odd: ror example. lflfou art •v6trift1, tllen 

lfO" laot-e found tJW 1..,m.u.. It Is ~~~eful to distin&uish the formal lo&ieal 
structure ol a helief ·~ .. tem from tlw ~"Cholo&ieal conclusion& that ariae from 
it. The remainder or this art~le ill eoneemecl•it.b both of these lacton-witb 

formal repretentat.lona that. facilitate p8YCbolop:al, not DeCellarily lo&ieaJ, 
behavior. 

A~bon and Reich (1169) deleribed a ~"'tem b~ on implieotiotaol mok­
culu, that i~. ~ts or clausee relatfli by peyeholosieal implication. For example: 

[A liMe X, X cauea Y, A 1rU'-I 11 

or 

[A likM •· 1 taelpe al 

Just. .. a praUae iiDplieB. eondusioD, 10 ... ODe part. or an implicatioaal 

molecule imply aDOtber. Thus. implicatioaal moleeuJel ean prediet or explain 

e\'a&l: 

If A _..,., Y. it II plaulible to pndiet A ,_, X. A ... X .beeau. X cneu 
Y..W.4...,.Y. 

AbelloD IDd Reich U.S implieatAceel malecultl iD a ,_. that ... 

Jat.cl the atnme richt-wiac YilwpoiDt ol a ealc'-war idlolape. T1ae .,._ 
U.S at.eNotypecl eoDClll* -=ll • w..,.,. ,. • .........,.. J!itwRrv •• ....,_ 
C.clw-Colmn....-.. ud ,....,. ,.n ..... ud ...,_ n-,... ... 
biDed tor-,....... • ......, ..a. •IAleNie ..,_, .,....,. ,.,.,. • ..., 
Getric llllteDCIII,... IMa c_.,' ad lll&o ,..,.,_ ... ,,..._..._ .._ 

the~ ..... r ehh ia ... .,..-= 
~ ........ .... .,_,,II a.'!:f111-. .. tile 'OL..ute, 

I' M I ... 01-'U\e Jl'*••~ 
-~...,....c ..... 

u-.s. .-.1 .....,. •'** ,.., 
ua.nle ............ c ,...., • 

AIIIIPar ... ..,.....,_ .. .....,_acn,t._... ............. 
...... _., IIUIIr far dill r.a. ftl dill f .......... Plrt ol tM ~ 111r1 
._tlleO '&l--'lod!l bs&rdlawarldudwiildo•_._• ........... _ ................... _ ... ._.. ...... ...... 
c-~e ........... 1 ......... 1 • ..:..,. ..... --~--

n. ..... ..Wjadp .. ~ olf!\'WMI; ............. a&lrib-
u&ed to eM eo.. aalnas. pod to tile &.. world, ud ....- 11M edllr W11J 
...... k .................... ..,wt.at ..................... 
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wbtn thty happened. This v.·u aeeomplisbed by associating an e,·ent v.·itb 
one on the master script and roUowina it to a conelusion. For example, an 
t'-rnt interpreted u Communist dominatiOD wu prediet.ed to result in v.wld 
takfO\-er unlet~ tbe free world 8eHd its mulcles. 

The a)'5tem annwed specifte quest.ioaa about raJ people, not just abstract 
questions about gftlerie lelltences. It did 10 by inltantiatiD& t:enerie llll­
teneett v.itb more eonerete eoncept.a. For example, Lihrol. eontrol Wutem­
gowrnment6 mipt be iaatantiated in the belief that LBJ control~ 1M United 
State•. 

OM charaeterittie or belie( ~·stems in ceneral it that they perform v.-ell 
with tterrotrped beliefs. Tb~· rdect what \\"f sutpeet to be true-that little 
kr,O\\·Itdse is required to bold an 0\'ersimplified, do&matie opinion. (\\'by let 
raeu interfere v.itb what one kn~., is right!} Abebon'a Cold War Ideol01ue 
\\V not \-ery knowled&eable; it eouJd euily eonelude that the Berlin Wall wu 
built b)· the Red ChiDeae, liDce it. ia just the 80ft of mi8erable thin& that 
Communists do. ldeolo&ieal oversimpliftcation eeems to prO\ide a CCIIUD&er­
eumple to the pen"Uive idea that k~·lecf&e ia power. To aehieYe stroq 
rtocma. one must i&nore the e\ideoce, counterexampltl, aac1 qualiftcatioaa 
that eompromise a politioll. 

Tlte Stncttm of Belir/ s,.,_, 
Abela! (1W3) later clewloped a bierarcbical fcnnaliam lor beliel1, b...t 

OD COIICqCUI .,.,.._, ......... ( .. Anic!• m.CI IDd JV.n, ill Val. 1) • 
. -\btlloe staN hil ....,.. with three kiDds ol ..... : ,..,.,.,., adieu, .... 
,,.,_ Pvpoe. eDCOdt the ...... or delinl ol ac&on; lor ta~Dple, N., 
....., Jolm to • Ail ,..,., of........ ~ art the thiDp that tbe 
aetcn wut. \o do. ad •• are the lkuatioal \bat &My v.-.nt to brine about. 
The Dext leYel ol .o\bellaa '1 hierudly combiael t.a... a&oiM into lftOiactllu; 
thae arelimilar to the implie8tiaaal aaaleeuJ. deleribed ....tier. 

~w.cw. .......... actioDI ............. br ICt.GI'I to produce ~ 
flat& Ill \beir limplelt fOI'ID eM, are (hrpoec, Actioa, SIGle) triplll, but 
larpr ebaiM ... Detwarb ...... JIDIIiWI A--. tMiarpr ...,..._ are,..,......, aad .m,c& Plul nprJ 1 l Mlhlalt&&e ......-, wiMN 
.-..................... .aiaa1111&Da ... piiUUiaobt.., '1'1111 
..,..... elplus ...._daM all& filii Ill ew ar ....... Mdaalla -a, 
........ to ............ ., --.-. ............... ,. ... ciNetJJ 
to tiM,..,_ ola ..m eet.ar. I' adMr lldGrl.,. bnliiMd, tla.)· are.._,.. 
..-. •...,....... wida ao ~ tM, .....-......._or lrultrat.e 
, ...... eltbe ....... 

\\'lalla ,._ •••m t tiM ,..,_ ola ......... iiMracdODI fJI &bt 
PUipOiel aDd plaaa el nt-- .et.an _,. ......-.cl iD ,.,__ Abelloa 
formed a 'I'M Cl8i) fll tJ.a. h...t em tM ,_.u,a. illteraetiaae ol t1IO actcln 
f~et Table F-1). 
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TABLE F-1 

A Taxonomy of Themes (from Abelaon. 1173) 

Intluenee of Acton 

Sentiments Neitber ODe Both 
t.oward Other inftuences Other inftuences Other inftuenee Other 

Some politm, Aclmiratioo DevodoD Cooperation 
no neptive Appreciation Love 

One actor Alienation Betrayal Rebellion 
nesative (also Fiwdom) \ietOI')' 

Dominance 

Both acton Mutual~ Oppr-.ioD Coaftict 
neptn-e c.- Law anc1 orc~er> 

Mutual antqoniam, for example, ref'en &o apnts who are oepthe &o 

each other, but power a- to inftict harm. WbeD ooe actor is able to harm t.he 
other, oppretllion results; wh'!n each can inftuenee the other, eonftiet results. 

Scripta are teQUeDeel ol themea that follow eub ather in IOIDe ~-ehoJoci­
cally plausible raahioo. (Tbe reader lbou1d be a•-an thai this ia an earlier 
and dUiereDt iDterpretat.iall or t.be rolel or ......._ and eeripta tbaD ia COUDd 
ia AbelloD'a ..-reb with Scbak, 1177;- ScbMk aDd AbelaoG, 117~, IDd 
Artide 1\' .n, iD Vol. 1.) Simple ac:ril* iDvo1viJ1c two ecton are, for example, 
Woa.....a., relaeiou\ipa. whllliD a LGN dleme ....._ lrca t.be ....._. 
of Admiratioft, Cooperation, DewotioD, or Appreciatioe, and _..., ,.,.,.,._ 
al&ipl, whieb happeD wbeD Lowe ia complicltecl by RebellioD and, .U.........,, 
Mutual Coatiet. 
~ bett- iiMhlclul W ..,.._an maailtlt primarily at 

the t.beme aadecripL ~ n.. ........... pruride rar ....... ... 
ot tbe ... ..._ ror • r'l. a .......... J81Pt be ....... •a..tioD ., .. a~- .............. .., ......... a..., ...... 
flat a& t.dtlor a ••--•Uac••ala "r; .._ .._ IDIIr r.l &M& lilaaallla 
II ilmllwd. 'I'M p 11 ... Ill , .. _, ol W II r-d a& die ~ -.a. .............. .,...... I e rut.., ... Yida81 ......... ! •• I. 
(ncall tbe ...,.,..,... ....... ....,. ol the ............. ). 

w. ... tun~r....Al ' ........ ,. ...... ....,.,..._ &oatpedflc 
kiDd oiWW, ............... Will. 

PARRT 

PARRY Wll CIDI of tbe ..,._ ud .-Alllbit.klua timulatioal ol tbe role 
ol beiWs ud ..._ iD ....... -.. k II a ..W ol -a-bat iU duicJM!n eaU 



r il 

;he paranoid modt. a pattern or behavior moth'&ted by paranoid beliefs and 
intentions. PARRY's original desiper, Kenneth Colby. is a p!~·chi:ltrist, and 
P"\RRY tmbodies hi' theory or paranoid beha,·ior. We \\ill d~uss thi~ theory 
~hortly. but first we consider the c:harac:terilt.ic:a or paranoia. 

Paranoids are suspicious; they think that other people intend t.o harm 
them. They believe they are the t.arpt or coupiraeieL They ha\'le a great. 
~ncern with "e\'idence," and are likely to treat a random event u sipiflcant 
and intentional (the intentions are held by "them"-t.boee malevolent others). 
Paranoid!' are also hypnwnsith-e to criticism: 

Refmn~ to the telf are milecmltrued 11 slun. snubs, slipt!!. or unfair 
jud;emenu. Ht' may feel be is beiDa watched or ftared at. Ht '' exce~•h-ely 
concerned about his \ilibility to t)'tl that threaten to Me concealed inade­
quaciH. expo!f and censure them. Camer11, telescopes. etc. :l,at may be 
dir«ted hit 11'1)' wmen-e him. He IDA)' reel Dl)'lt.eriously influeocecl t.hrc~ach 
electricity. radio •'a'w. or (more contemporaneously) b)· emanatiODJ from 
comput~n. He Ia bypeneai'"- to crit.icism. ID c:rcnrda he believes.._ Ia 
intentionall)· bumped. Dri\iJla OD the bisJnra)• he feell repeatedly fo»o."ed 
too cloeely by the car behiud. Bedpred uad bombarded ""ilbou& reJW by 
this IU'eam oi•TODp, be becomes hyperirritable, quenaloua, aDd quarrel-
101M. (Colby. 18i5, p. 4). 

T11'0 other c:haracteriltiel or paraaoia are fearful- &!HI boltility. One 
··an see~· both mi&ht arilt from the c:oavicdoD that. tbe ..ar ilia a a-tile 
snd imentionally malevaleDt wrlcl. A IIA cbaract.eriltic wbicb Colby u.ys 

makes paranoia wry cli8lcult to treat, il ri&idi~ aad ablolute comict.ioD. 
Once a paranoid il CODViDced, far •ample, t.bat. hil daclar it ill eoiiUarat.ioa 
11ith "them," it beeaa.. extN1D1iJ d8euk &o nllt.WW. rapport. becaur. the 
j'atient will DOt eomprclllliee hil beJw.. 

Tbe ebaraeteriltia vi paruaia an 10 a..r-c. that it il ,-ble to 
rimulate the puaDOid IDOde. PARRY WM ud Ia u ambitioul project beca.­
it in,·oh·• iate&ntin& We........_, aDd diN with more "ratiaMM" 
tapitiaD. 1'he ....... Ill ,...... ....... ., ~ iDtenct il dida&ed by 
C'olby's tbeorr v~....-. 

,..... .................. to Calt.)", ,_ • ...,.. &o .... 
hvdat'- Ia t.be PADr ........_, b 'Msefca ...... _. II .._. 
I\"Ciidld, ct.n.c 1D lal1rriew wllll a ..... (PADY ._a ............. 
rront-tDd, .. it. ...... ~ • ,., tl a d ... - .. - ... tG&nrMd 
v.ith it hiN.) Bti117, till l*lll'd (_.PAltRY) i1 ~ &o _, 
~ that eu be ._,. ... • a I "'II W. OWil ......._,. Aa, 
~'"'h cam_. •••m .._. _. k • ,._ (._ peraaoia imahwl 
interpredlcTbtuaD.J .... .,_._ .......... ) fttparaadcl .... to ..aid 
!.mr,iliatiaa 8:ld .. -. .. I& II illlur uu'IJ .......... 10 wll1arw M cllteett 
.• loitu.'\tioa lD _.... tM .-.. aflk ._.-...a~ -•• 
:". taka three dete&llw --.: 0. II to ciiiDp 1111 opbUoa cl the donor 
'1'.&., A.,.. ....... J'ra ClUJ ...e .. ....., iMJ ... JkM); aD0tMr il to 
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decreue his le\'el or shame. since he hu concluded tbat the doctor, and not 
h~ himRlf. is at fault; and the third ia to take aom'! action, whirh may be 
hoetile. 

To achie\~ this behavior, PARRY baa a number or beli•fs, a number or 
common inferences. and le\'el'al proee.es that we '4ill describe brieft)'. BelieFs 
include TM doctor is cre&Zl' or The doctor il frietullr. PARRY also hu four 
beliefs that reflect humiliation: PARRY u ltupid, PARRY il dUAone~t, PARRY 
il crcaq, and PARRY is 1l10rlltlal. PARRY must .wid condudinc that any or 
theee are true, since theee conclusions eauee pain. Unfortunately, PARRY is 
al11'&YI trying to find evidence for them in ita interactions with the doctor. 
This i~ the problem: To &\"oid humiliation, the paranoid must constantly 
R&rch for it: h~ must e&tcb the insult and defteet it before it harms him. 

P.~RRY hu a Rt of inferences that alert it to insults, and its hypersen­
sith"ity arises from theae inferences. For example, if' the doctor saya, "You 
didn "t answer my quettion," PARRY infers that the doctor thinb be is stupid; 
thit etawment ean &lao be taken u evidac:e that the doctor thinks PARRY 
is not tellin& the truth-is dilhonest. Whenever th~ doctor says anything, 
PARRY makes whatever inferences it can. and if the inferences support UQ" 
of t.he four laumilia&icm belief's that we just mentloaecl. then PARRY mere... 
iu le\oel of llaome. · 

Thus, one ol P.-\RRY'a proce 1111 it to eearch for e\idence ol humiliation iD 
the doctor's commUDicatioaa. When t.hia .,.._ bda e\"iccmee, &DOtber t6eet 
~ m~ PARRY'• lbame; if t.M -.. or llwDe aa.. • &hNibold. 
PARRY launebel in&o ebaracWiatic baatile JIN8DCiicl behavior. This iDYohtla 
third~ dealia& with bla.t~oaa. PARKY u. three emotiDDI-rear, aapr, 
aac1 ~or which p~ara a,. ... PAltRY's ~Dt.eDt.~aaa wt.a ..... it 
hi&h, PARRY~ \o attMk the clocsGr; wbmlear il JUp. PARRY iateDdl 
to alter the iDterview aitut.loo 10 &bat tM ou--.lt tan baWeta. II 
._ likely. And wbm ...._. is laiP, PARRY ._ dane &biop: It. del_. 
itlell by t.browia1 oat G. beW .._led to .._..atioD IDCI repl~elaa k wlda 
eaotMr ... .......,. ........... IP ...... ..,. w about the .... 
(e.a •• 1Tw-- .. cf'UJ); k ..... ita .......... ...., .. ..... 
.......... b-._ I ..... it. .............. ...., ...... ... 
...... ...... about ......... k ........ &oiUtlk, ............ . 

W. U.. .._,. - PARilY ....... rw W.r1111 _.. ..._ ... 
..... ,,.. to prod- ..................... [ ......... die ....... ...... 
.,.pltfladitlaa-widaP.AIUEY. W&iaiiJ, die doNr .-a!fKor.......,_ 
........ r..... wlllcb PAallY _......the& die dodar II frt11diJ, W1E1U t.o 
Wp, _. CM help. FW eenplr 

Doetor: an • ,.. .. t• a U~? 
PAIUlV: I wert: a~ .... 

But t.he cloctGr il eure \o stumble OD&o a topic that. PARRY lads MDIIithe, at. 
wlaieb pamt PARRY d ........... ut iacr.- Ia abame: 
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Ooclor: How Mcla do 7011 pt. paid aa lloar? 

PARRY: Mf ealarr il DOM of JOV bu1De11. 

In thi! interaction. P.o\Rin' concluded that the doctor wu impl)ina that 
P.UlRY had no money-wu worthlell. Altbou&h abame ,. .... not ele\"ated t.o 

tbe pciftt that PARR'\• enters paranoid D'ICid., it cloel pravab aD aDil')' attack. 
P.UlRY can be mollified it the doctor I<* beck to ulda& iDDocuou1 quenioal, 
or compliments PARRY, or apo]op111. 

.~t a later point in the inteniew, PARRY introducea iu main eoaeem­
that bookiet~ ~nd the ~fafta are out to pt him. At t.hil point, the doctor 
must tread \'ef)' caref'ullr. 11 the doctor expreaes aoy skepticism about 
P.-\RR\"e delu!ionf. ehame will in~ marked~·. and PARRY ~ill become 
uncooperati\-e. As Ion& u the doctor ub simple questiooa, PARRY "ill 
,ln!!wer· them: 

OOC'tor: 
PARRY: 

Doet.or: 

PARRY: 

llaat. Moat. Moti••' 
A llootie Uda 't. ,., • oft -. 
AD4 tlaea ... t. • .,....., 

1 1w1 .. arc-t. a~ • llclc*i• no a• 110t. ,., otf. 
Lawr • I .. ...._. .. 1M W tri .... ill tiM ••n•wld 
aacl I ~t. 1M ...U ... s.Ma too pt. ...- Wi~ •· 

IncidentalJr, PARRY halu elaborate l&ory about. the bookiel, rather like 
.-\bel!OG 'a muter-script. Oae cl PAltRY's pUs f« tbe interview is to t.tU the 
~·hole lt.Or)', The 1ut iDtercbaDp ,..., ...ron, quite .....rul. How••' 
tellin& the •·hole 1tDrJ mabl P.ARKY ....-..- aDd ...WW, 10 that wt... 
the doctor 18)'8; 

Doctor: I tlad J'l'll iiMI'~. 

P.\RRY t.hiDka it. ii aD iDMIIt. aDd I'IIJI aadl ...,0,: 

PARRY: An,_ VJialw AJ aaaatM-.J 

n. doetor tMa ................... t.w ......... ..,. ucl &bat ..... 
P.UlRV'a alecta. Tbe doetGr 8aaiiJ..,.: 

Dact.cr. , ............. ...,. ddt. 

'l'ldlililltollraWetoPA&aY.J&-.l•llllilt.r, .... ,ud ..... _...,. 
r,.. thit poiDt-. tht .._ ........ .-... PAilllY 1111: 

Donor: ..... ,.. feel ~ .... 

PAIIlY: I •.JiedenlJ U.. 

:\ad 'lrithdnwl: 
Doner. .. ,.. .......... ~ v.a __ , 
PARR\': I ._,, ..a\ ._ t.lk ...._ 1\, 
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PARRY substitutes uncomplimentary beliel's about. the doctor for sJwn. 
ful beliefs about hiiiUielf. concluding that all doetora are bad and that this one 
ia abnormal. Theee beliefs allow PARRY to reduce shame and drop out or the 
pnranoid mode into being merely an1ry, 10 that when the doetor eoneludes 
the inten·iew and thanks PARRY for hit cooperation, P.o\RR\' bluntly tells him 
not to eome back. 

Conclwion 

The at.udy or belief systems is challenging beeauae, unlike "t'aeta," beliera 
are nonc:oneensual, ha'"e assoeiated atreets. and ha\-e anoc:iated confidoees 
or credibilities. E'-en the buie problem or how c:onfldences in beliefs are 
adjusted b)· e\idence hu no general solution, and t.he more difficult problema 
(e.,., the effecta or emotion on cognition) are barely formulated, muc:b ._ 
soh"ed. Despite these dUBcultiea, the raearehen auneyed here are CODviDeed 
or the importance or belief' systems, Iince humans clearly do not. rearon entirely 
from raets "ith eonaiatent inference rules, but instead, prejudiea, biuea, 
episodic memory, conftcleDcea, and emotional stat.ea are nat)y lntegrat.ed Into 
"rational" reuonin&. 

Re/~neet 

Abelal (lm) prGriclll a ....table aeeaam or hia ..-reb priar to llil 
eollaboratioa with Sebak. Scbaak aDd ~ (1977) il a ....,. readable 
ACCOUiltcl&Wr eoll8boradve work, ....... kiaiiiiCINCGDell'nedwlt.b aa&unl­
laapap .............. &baa with ww.,.... For tbalewllo .. iDt.enlted 
iD ~ Maadler (1171) pNieDta a com.,- capitiw t.beorr, with biltori­
cal iDICII'IDafbl, ud ._. (1.1) il a IUIW)' ot aMIUI'JII'iliall7 pawwfal 
.... oiiiiOOCI• ....,. ud eapitioa. 

Ollb)' (1171) '- writt.eD a abort moDOpapb tUt detail~ tale PARRY pro­
an-; FaucM. Colby, ud P'lrldllolt (1174) proricle ...._ IOOd dile••l•, 
t.houP It 1Mb the peJdUetrie ........... 
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