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ABSTRACT 

.:\ 
This di~rtation describes a computer simulation model or paranoia. The model mimics 

the behavior of a patient participating in a psychiatric interview by answering questions. 
introducing its own topiCS. and respon.ding to negatively-valued (e.g .• threatening or shame-
producing) situations. .,. ,J ~ r" . ~ .- ' '" 

Th. locus of thiS work II on the motivational mechanilml rtquirtd to inltipte and direct 
the modell!:d behavior. 

The IJlljDr componenu or the model are: 

(I) A prodUdion Iyltem CPS) rormalism accounting lor the 'n.'plton anci CUidance of 
behavior as a lunction or internal (atrecLive) and external (real-world) enviranme~l&. lactors, 
Each rule in the PS is lither an Idion pattern (A P) or an interpretatAon pattern (IP). BoIh may 
have lither affect (emotiCIn) conditions. exumal variables, or outputs or other patterns as their 
initial conditionl (left-hand sidn). The PS Idivata all rules whole Ieft·hand SkIn are true. 
a.elects the eme with the hiChnt dea, and performs the action specifted by the riCht-hand Ikle. 

(2) A model or dedi (emotioN) as an antidpatlon mechaniSm bued on a small number 
0( blliC plin-pltuure Iacron,~Primary Idivation (railin, an alfect's Itrentth) OCCUR when the 
particular CtJndltion lor the ~ICI is antictpated <.., .. antidpation 0( Pain lor the Itar alf'ea). 
Secandary activation OCZUR whLt In internal CGI'IItruCC (A P, IP, belief) AI uMd and ill IIIOdIled 
deer is prGCalld. 

'. 1 (S) A I'ormaUlm (or InllnSional behavior (direa.d by Internal models) requirinC I dUll 
repmencauon 01 sJ'ftbOl and conctpl An inlenlional ob JKt (belief') can be acuued tither by 
senlinC it In the .. y~ (canapt) ~ by its name (colLen). Similarly, an Intensional .aion 
(intention) can be IfedIIcI _her by ill conditions in the immIdiate .. y~ (canerpc) .. by 
its name (taka). , ( ~ 

~ :LLf7::) 
I,=:m=-]F~ 1 . 

( r 
./ 



'- ...... , blues of tnrelhpnce. psychfJpathological modelling. and artificia' intelligence programming 
are dilCuued. The paranoid phf!nomenon is found to be txplalnr.ble u an extrl!mtly skewed use 
of normal proceues. ApplicatirAlS of these conltrucu are found to be useful tn A I programs 
dealang with error r«OYIfY. iflcomp1etely Sp«ifaed input datI, and natural I,"CUace speclflcalion 
of tukl to perform. < 
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Preface 

Th~ work presenled an this dissertation IS part of an att~mpt to d~velop • simul.tion model 
of a partlclJl.r theory of p.ranoia. The orilinal 10.1 'NiI to simulate the behavior of a psychiatric 
patl~nt an a flnt dla@'nosuc interview. For this purpose it wu necessary to develop, in addition to the 
speCific embodilTlft1t of the theory of paranoi., • n .. tur.ll.n'u .... interface and a number of 
behavioral relponses to the myriad inputs pouibll. It lOOn became obvlOU. that ,xten.ive normal 
mental processing would alao have to be mod.lled. Also, u the theoryof' paranoia wu 'Iaborated and 
extfnd~, it relied more .nd more on .n underlYing bu. or normal mental proctuel. 

From the exploration or these normal processes, a second pal emtfl'd. This goal is to 
develop a model of human motivational protesse.. It stems from the author'. wish to understand what 
the top level execution loap in human. is, and therefore what the top 1ev.1 execution loop in 
autonomous Intelligent computers ought to be. The focal point or this dissertation is the set of these 
motivational processes. 

This dissertation attempts to: 

( I) show the n«fSSlty for modelhng motivational and intensional constructs in fWldels of human 
bei'lnior (lntenaional constructs being characteriled by internal rtpresentation); 

(2) outline a simulation model of motivational processes U a base for a model of paranoia; and 

(3) diSCUSS the ImpUc.tions of cognitive direction of conative processes for inlelligent computer 
programs. 

Most of this research wu performed at the Stanford Artificial Intelligence Laboratory and at 
the Department of Psychiatry at UCLA. I am indebted to the!r principal IpOIIIOrI, the NaUonal 
Institute of Mental Health and the Advanced Research ProjeCts Acenq. for the-Ir support. 

A great many people hel;>td me, directly and indirectly, to complete thl' work.. I wish to 
thank my adviser, Dr. Kenneth Colby, for his questions and suggestion .. and for his untiring efforts to 
make sense of the human mind. I am grateful 10 Roger ParkilOn for his analylis and suggestions while 
my Ideas were in lhe formatave stage. I am also Indebted 10 the members of my reading committee, 
Bru(1! Buchan.n and Terry Winograd, for their helpful comments and suaest .... Finally, I wou1d 
lake to thank. all of thole who came into contact with my work and helptd in the complecJon of the 
Ideu and manulUipt. tnc1uclin, David Shaw, Carole ParkllOn. Erin Colby, Cathy Villa. and Bob 
FUman. 

. _ED 
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Introduction 

Chatlter J. . Introduction 

Tite ktie .......... 0/ P',cMZ.,y U: Wit, tie .. " ................ .. 
• ltey tI., 

--BH." 

Section l.l Overvifw 

When a person acts. his behavior Is gUided b) leVer,1 motlvatlona' factor .. Among these 
factors are hb Internal needs (affects or emotionS), sensory Input from the external environment. and 
mternal mental constructs that represent the environment To model the motlvaUon pl'OCft.WS in I 
computer. we need a program which (ombines these motivational factors in such • way that they 
operate as the sole motivation of the system and they guide proceulnl declsklns at the most detuled 
level. 

This paper presents one way to model motivational processes in a simple and consistent 
structure. We implement the internal processes in a special productiOn 'yltem (PS). The PS 
ancorporates rules for two types of proc~lng: sequentlally.performed actions and puallellnterpretaUan 
of situations. The factors that determine rule selection are affects, environmental conditions. and 
intenSIonal construcu. 

We belaeve that implementing complex theoretical models of human behavior in con:~uter 
Simulations is a reason:&ble method of exploring those models. The computer procram In our w,,~rk 
(PARRY') simulates a paranOid patient. A psychiatrist sits at a '!letype and intervtews the procrun 
as if it were a patient. The psychiatrist's task is to conduct a first dlapoltk Interv" with the n~:'e" 
patient. The procram responds by answenne qUflllonS. introduclnc its own lapkl. and dealtna with 
nll.Unly-valued "f" threallnln, or .hame-produClnJ} IImlltona. 

We had three coals in constructing the simulation modeL The ftrst was 10 dnelop a model 
o( human motivation mechaniJrnl that could account for the varioul factors that lnllLlence human 
behavior. Although Ihe IUIt domain is Umlted to the behlYklr 01 a human over a time span or about 
thirty minutes and the subject matter il limited to a paychiatrk lnttrvieW. the ranee 01 poIenti.1 
situation. lliarp enouch 10 provide I wid. nritt)' flI behlyl« to "plain. 

The second goal was to explore a theory or paran06L Earlier model vtnions 01 the same 
theory contained special proceues for the paranoid phlnamenL In the cumnt model, we Implemented 
a mechanllm capable oIl"'eratlnc paranoid behavior u an extenliOn 01 the -normar motivattonai 
procll_ nil ......... tation providaa conIiICIncy,,'or bolh normal and abnormal praculll 

The third pi was to CGnICrUCI I performance model 01 the theory 01 paranoia to dilcoYer 
the CGnMqUIftCII of the I....,. A,.ronnanc:e model II Ullful .... CIIp"y, .......... 10 
compla thlt • pman cannot dlClrminl an fI th' In .... by ............... the tha'J. A 
performance mod.111IG helps to InJure the theory'. comp ...... by .... ulrinl .... t"-Y builder to 
accou .. t 'or aU c.; the behavior within the talk. to be performed. 

The paper II ..... u.d u followl. 

Ch .... I deIcrIbIIln pneraI tht problem .. be ...... and the pall 01 tht work. Ie 
p ....... u a dllatlld ....... 1ntIrKtkIn bit .... a penan and 11M ..... and ,...._ .amp .. 01 
motivational and paranoid Pl'O:II18 It work. 



2 Introduction 1.1 

Chapler 2 pre~nts an overview of the simulation model. Stctlon 2.1 explains the tuk of the 
program and 'Ives examples of human behaVIor typically occunng In a psychiatric Interview. The 
remaining secuons of Chapter 2 cover different parts of the model. 

Section 2.2 deSCribes the types of mental events and ouler phY"lcal behaVior that humans can 
perform and that our system must produce ThIS section first describes human actions. Sequentlally­
perfl:trmeci ac~lonS u. dlsunluilhed from parallel recoanmon or Interpretacion of SituationS. Actions 
tan M linked into multiple-step (sequential) actionl. They can be interrupted if the Initial specifying 
conditions change. Actions can be suoolvided anto mechanical (nonpurposive) actions performed in a 
stimulus-response manner and goal-Oriented (intenSional) acllons. Our model gmerates this behavior 
usang a special production system (PS) to perform the various types of processing. Production rules 
may be either Action Patterns to specify action. to be pfl'form«l or Interpretation "atternl to .pecify 
situation. to be recopiled. Interrupts in the PS are realized by chanps in the con"'~ set In a 
multiple-step action pattern. The three types of conditions which activate the production rule. are 
affect. (emouons), environrMntal conditions, and intenSional constructs (beliefs and intentions). 

Section 2.S describes the minimal set of motivational constructs necessary for the model to 
respond appropriately to the various Situ allons an il psychiatric interview. Thl. section explores the 
r~latlon between motivational constructs and intelligent behaVior. Six aft'ecu are represented In the 
mod.1. Th.y ue Ktlnted in two ways: (I) Tne PS interpreter il responSible for primary activation; 
(2) the richt-hand ltd .. of the producbon rules contain nama of afflCU .or secondary acttv .. ~,on. Both 
aCUvations set the afFect to hiaher values. The afl'ecu tnen decay over time to th.ir unactiYlted ley.la. 
The response of the system to afFects is realized In two ways: (J) by the afFect levels betng serued In the 
left·hand .tdes or rules. and (2) by the selection of an action to perform. The action I lre ordered 
accord In. to their affect rupon. content. The PS selecu and perf'orms th' :. . \00 with the highest 
afrect content in its response. 

Section 2." describes the use of symbolic representations to sim~lify dl!ta "tv ... t the 
environment. Intenlionallymbols are characterazed by their naminl or description feature. The UnlL 
between a concept and III name or token I. traversable in both directions. Without inten.ional 
constructs the .ystem cannot describe nonimme(hate reality and therefore can only respond in a 
stimulus-responM (nonpurposiye) manner. The rtpresenEltion of these constructs is modelled in a 
manner con ....... t With the AP·IP motivational mechanism described tulier. The two types or 
m&ensional conltrUCU ullCl in the Iystem are belief. and Intentions. 

SectiOn 2.& liva the detalls of the Implementation of the system. This lICtiOn describes the 
interface to the JancuIP recapiler and Siva examples of the vuioul data I\Ia that CORtaln patterns. 
belWs. in ..... tiOnI, and afFect Unu to belief.. The utions that are implemented u LISP P ...... ams are 
contruttd to the mental .... ts produced by the PS model 

Chapter' p ....... ts other related work on problem soIyin" interpretllion of human actions. 
simt.·1a&6ons of mot6vaUon. and bebef .ystftnl. It analyzes the lltenlthl and limitations of their abmty 
to KC\."Unt for the motivation of human t,.!havior. 

Chapter .. describes a production system IPS) formaliSm ICCGUntinC for the instl~ton and 
luklance of behavior u a function of internal (dective) and external (real-world) envtronl"lN!l'ltal 
factors. Each rule An the PS is either an acuo."I pattern (A P) or an interpretation pattern UP). Both 
type at pauems ma!, ~ave afFect concUt6c-ns, '!xternal yUiab .... and outpuCI 01 other patterna u their 
inaual candttioos ('.It-hand aida). The PS actiVlIa all rules WhOM Ieft·hand .... are true, comb .... 
the action elements 01 the aaiy .... patterns (conftict set) Inro a .. 01 mulUplt 1Itrii.:;:e ICtiOnI, IIIIcu 
the aaian with the h ...... "ICI, and af'CU1a the selected a..tion. 



\.! Introduction 

Chapter S describa a model of alfecu (tmotion.) u an anticipauon meehanlam butd on a 
small number of baSIC pain-pleasure (actor.. Primary activation (ratlln, an afrect'. ICrencth) OCCUri 

when the particular condition for the affect lIanUr'pated (ef. antklpatlon or patn ror the fear affect). 
Secondary activation occurs when an Internal construct (AP. IP. belief)" uMd and Its UIOClated aft«t 
IS processed. 

Chapter 6 presents a formalism for !ntenslonal b4ehavlor (directed by internal models) 
requanng a dual representation of name and concept. An intensional objeCt (e.g .• a belief) can be 
accessed either by sensing it In the en'/lronment (concept) or by Its name. Stmllarly. an Intensional 
action (e.g .. an ImentlOf') can be specified eather by Its conditions In the Immediate environmerlt 
(concept) or by its name. 

, 

Chapters i. !I. and 6 outline three essentially different aspects or motivational and intensional 
behaVior: .Ituation-action rules, affects. and symbolic manipulation. Chapter 7 presents the results of 
how these three anteract In larger issues. The issues: (a) The construction or meta systems to observe. 
Interpret. and corrKt errors in their corresponding obJ«t systems. The meta system is adivated 
whenever the base ob jeet system falls to find an appropriate action for a situation or whenever the 
model is awaiting another Input from the interviewer. (b) The construction or self-fNtivating systems 
and their reqUirements. The I«tioo gives a summary of the features that a self-motivating or 
autonomous system should have. (c) The elaboralion of the theory of paranOia that we set out to 
model. We see the paranOid mode as a Ikewed use of normal processes. ImpUcation. for the cognitive 
therapy for patienll suffering the pathoJocy are discussed. The mar... :"::ificuky .vith therapy is the 
problem of changing the shame-producing !:>elid. that I paran"~d patient hu without setting off the 
paranoid mode reaction. 

Chapter 8 presents several meta Issues and Implications for artlfactal intellicence programs. 

Section 1.2 The humiliation theory of paranoia 

The theory we are anemptin, co mode~ the humiliation theory, la mort fully ICItId by Colby 
[19"!)]. (Other common theories are the homeostatic. hostility. and homosexual theories of paranota 
[Colby 19771> This theory assumes that there is a paranoid mode of thought which Inftuences certain 
types of cocnitive praceu1nc. In the paranoid mode. a penon scans naturallanguagt input. and the 
inferences from that input. Iookin, for evidence impl,in, the self 1. inadequate or defective. Upon 
findi", such evidll'lCe. an auempc la mad. at limulatin, IdtnowlldpnMftt of thas inldequKJ. If the 
.. erlOR ICctpU or &dnowlld", the beUer in inadequacy u &rue. humiltatton mults. Humiliation 
represents a neealively-valued affect sta~e wentfyin, a self who is unacceptable in the eJtS of the self u 
well as in the eyes of oclwrs. The detection of impend in, humiliation in the simulation serves u a 
warni", not ID execute the aclLnowledJinc procedure. Instead the penon attempts an alternative 
simulation In whac:h wronpom, " lItrlbut..s to others. SInCiI no warn.,. .... al fII humtUadon ..., .. 
the penon ataltel ~he procedure for blamin, others The aulalml of thll altlrnatlltratecY is: (I) to 
repudiate the ...naon chac the ...,. is 10 blame for inadtquacy. and (2) 10 ucrtbt blame CO ot ..... 
human.... ThIS tnnII". at blunt IS nftIctId in the an..,. .......... ' .. at the pannaId 
pmon. ( 

The UlUmpUanI tn the theory concerninJ the role 01 def'ensive mechanisnu in cap"" with 
the envlI"OnInIIIt owe much ID the theonlkaI croundwork oriJinally laid clown by Fnud [Boden. 11'.1 
For InItanm. ChI pII'IftOtd meehanllm is an example oIa .,.. UIId ... c:an1lictl1D pnact part 01 
tIM ... in this CUlID .... the .. from humiUauon. Some ot the ...... may dlMDrt or h .... 
reality 10 chac the ,..It In conscioUIneU " dirennc from cht raalt thac would have occurNd wtlhout 



.. I ntrod ucuon 

rh~ strategy. Furth~. the motlvatlnC pranciple behind such srrateeia is noc ratianal thought but an 
irrational. or ~rhaps nonrauonal. d~sire to forestall or reduce a neealive affect such u humiliation. 
Th~ goal In this work is to develop a Slmplt. consisrent mechanillT1 that can pn~ate paranoid 
~havior. In order to altain this coal. we must explaan non rational mativalion in terms or affects. 
mvironmental condUions, and Intensional construcu. Our model or afl"ectI and their phenomenology 
derive from differential emotion theory as proposed by TomkinS [19621 and liard [19711 The role or 
affects in human action il baaed on work by Mischel [19691 

SKtion U PsychoplthoJOCY 

There is ontt particular set of phenomena which exhibiU itself In human behavior that 
meritl attention wJ,en srudyin, motivational processes. That set or phenomena Is k.nown u 
psychopathoJocical behavior. 

Given that human, are intelligent. that humans have the ability to adapt. one might uk why 
humans sometimes fa.lto adapt successfully. The prominent reasons. from an Information processing 
viewpoint. are: (I) a failure in a human's hardware or phYSiOlogy; (2) a failure In the indlyidual's 
ontOl'netic deveiopmtnt. such that part of the human's train in, may have been omitted or incorrect; 
(S) a failure to raoplze an Internal need and the need nat being satiJllldi (of) a failure to recocnlU a 
new external chan .. in the .... vlronment. at \east until sufficient harm hu come to the individual. aut 
even per ..... whoM development IftI'nI to have ~ adequate, who .... to have all or their 
phyaJoqicalmechanilml in ",,«kin, order. and who can adapt aucauf'uUy In certain kindlof 
situationl. fail to Idapt. This failurt occun tv .... after the new "tuition hu a.n in dIU a sufficient 
amount of tame. ,iving the individual an opportunity to adapt. The penon falls to adapt and 
continually performa ~haviOr to his ukimate disadvantage. 

We deftne psychopathological behavior in humans u behavior Which humans maladaptiv~ly 
and r~atedly UM to their own detriment in PlU1icular Situations. One problem Is defining what a 
person , detriment &I. A criminal. if he is cau(hc and punished. hu performed behavior that Is to his 
diudvantap. A penon can unknowin,ly perform behavior that is to his diladvant. But we wlll 
attempt to Nltria our intertll to a standard. well-defined and wel1-11CC1pMd ps)'ChopllhOlop. the 
paranoid phtnomenL 

Then an numerous NIIGIII for Itudyin, pathological bthlYk"r &n the conrat 01 exPlorinC 
motintian. 'int, pathoIopcaI behavior rtpraenu human behavior It 101M kind 01 extreme. If it is 
explained by a pend.., WI ,.,... for the rtmaindtr 01 human behavior. it thin p •• UI an 
apportunity to ....... 1Omt 01 the boundary condition, for nannal behavior. Second. patholcJckal 
behavior in ........ an upICII of normal human psycholapcaJ P......... Third. It ...... that 
lhil behavior is caI1Id upon by the individual to lOin the molt crucial problema 01 his existence. 
Fourth. IOmI abnormal ... (&I. ParancNa) art not due to hard .... tallu ... (aa:ln1nC to our theory) 
but must be explained an termI 01 tilt normaImechlnlsms beinlexpGIId to spIdaI .... aranmentai 
conditionl which aft them Into their 1ttr1CllJP6ca1 behaviOr. '&nally. it __ that the times when the 
individual iI ..... "idInt It caplne with the .. vtrGnment, and the dmeI when h ..... frerinC mc!III, 
are UIOCiaNd with this aberrant behavior. 



1.3 Introduction 

elW,lSlvely in thll work., can be paralyzing in its extreme when the perlOl"l blames others for any 
d I !>Comfort. The existence of these paychopatho"!lcal behaviorl cauMd earlier plychologiW to 
nypothesile the -disruptive- or -diaorpnlzattonal properti .. of tmeXion, .ince behavior with 
emotional content seemed to lead the organism ~o Its disadvantage. Th. aplanaHan we ucrlbe to, 
suggested by Leeper [19181 il that the Information processing declsloos made to arrive at the behavior 
were useful at one time, but now represent an outmoded and nonoptimal ..... tlon to the sltuatioo at 
hand. 

Section 1.4 Intensionality 

One way In which humansaa to bring about advantaceous situations is to act purposively. 
Humans use intensional constructs such u belter, and intention. to order the environment and direct 
their behavior. If a motiVltion theory of human behavior is to be complete, it must account for boIh 
the direcuon of behavior by these constructs and the ,ystem's actionl upon them. The question il: 
What are the components of an intensional construct and how Ihould the components be modelled? In 
rhis section we will explore the psychological definition of Intensionality. We hypothesize that an 
intenSional construct has two parts· name and concept 

Logicians and psychologists use the term MintensionalM to refer to several phenomena. (We 
will use the ·s· s!Wlling here to distinguish from ·intentional·, meaning Intended. Den"en (1969] uses 
the same psychoJosical concept but spells it -intentionality-.) One use Is to define -intenlionalM as 
characterillng all sentences that are not termed ·extensional- by 1ogtcl ..... ' [Carnap IH'j QJ.tlne 19601 
In this use, the -extension- of a description is the class of all thinp of which the description is true; the 
"antension" is the meaning of the description. Logic is extensional; extensiOnal sentences follow the 
rules of truth functional logiC. 

IntenSional Sn'Itences have been deftned by their logical peculiarities. Chisholm (1957) 
identified leveral characteristiCS of intensional sentences: failure of existential ceneralilation. 
nonextensional occurrence. no Implication of embedded clause or neptlan. and nf'erenti~1 opacity. 
Chisholm a"empted to identify the deflnin, characteristkl to develop u.teria for psycholopcal 
phenomena. 

The defanition we will use rerm to the relation of a penon to , psychoJacical object (Lt .• an 
ob j«t conceivable by the penon). This definition hu Its origin. In F,..'I (1192] analysis or 
propositional attitude constructions. Boden (19'721 IUccinctly identiftes the cona'pt as folluws: -An 
intensional sentenet is a IIftcence wheMe mnninllnvolves the notion of the direction of the mind on 
an objICt.- Further: -An In*'l1Onal o~JIct can be d_ribtd onl1 by m..ace to the IUbJett'. thouJhta, 
IUch a: hAl PUrpoMl. btl..,.. .pect.tiona. and delir .. : For .lmrle. a penon look ... for a plftdl AI a 
sub jICI u .... an inCenIional conltrUCt • a representaUon of the psycholocical object pendl • whether he 
finds OM or naL Typkal inrawanal canacrucu are bellefl and intentions. 

Boden (1110) anaJpalnlWJGnal CGnItrUCU In tII'mI oIanwnal mod.. The brain builds 
repr-.tationl or Internal models of the "virarn" .. " n.. ... _tataGnllNd .. betw •• IUmulua 
and ~ 10 dirlcl the orpnilm'l behavior. For ........ the ... 01 hind II an Internal model 
whkh ......... a hand In etrtUn I'tIf*&I but II naI a hind MIIIt. 

Another ........ Iod ........ thI..-iM chkt. TIIt...-.... chkk WI. crouch eM Inc 
time ac ... a hawk..,.,.. This rtIpOf\II NqUittl a dilCr1rNnUlan of _ puttcu .............. dua 
from .her. The __ ......,.. wlUch illII'IIiCiv. to thillIimuIuI dill .... dillUnaiaft of • 
model 
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Boden does not sa) whether ~he considers the chick's behavior intensional. The question is 
whether stimulus discrimination characterizes intensionality. That is, are the mechaniaml that are 
,tlleratan, discriminatory behavior sufficient to incorporate beltefs and goals? We arcue that they are 
not. The reason Ues in the fact that beliefs and goals lepresent nonimmediate behavior. We can bUild 
a discrimination mechaniifTl using a discrimination net with single-dlrection pointers. That is, the Oflly 
access to the stimulus representations is by actually perceiving the situation. 

But if the system is to use bellers and goals, the 'ystem needs another a<.CeSS to the internal 
representations (concepts). For example, the system must ~! able to manipulate the represent:ltion of a 
penCil 10 it can establish a coal to lind a pencil. We postulate that each intensional construct hu two 
parts: (I) a name and (2) a concept. It. concept is sufFicient to GIscrlminate a panicular situation in 
perception. A name 11 an alr.rnate way of acceuinl the concept. W. apeculatl Chat nama are 
IinguilCie in or",n. The name and concept reprtMntationl can ICCfII lach other, but with different 
cunsequences. 

Roden alludes to this distinction in her examples of ma.::hine behavior. She describes a 
quality-control machine in I clnni"g factory that clilUnculshes overweilht cans. Boden aueru that 
this machine can ""trate ill behavior without reference to intensional constructs. (However, the 
machine still discriminates, 10 in some sen~ it hu an ability to represent a model of the conditions it 
detects.) Bf' ~en contrasts the quality control machine with a machine searching for I certaJn library 
book.. She states that this second'Boal-seeking machine's behaVior cannot be expl~"ed Without 
rrierence to search rules and criteria for recognizing the ,oat The explanation includes procedures to 
search a library and rtCOpili the correct book.. These procedura necasarlly must be accesaible to 
internal proctllin, by some means other than the desired book', pm:eption if the machine ia to direct 
ats bthllvior cowardl the pal 

Thus. a dilCr.lmination mechanism is not sufficimt ror all intenlklnal c:anstructs. In thia 
work.. an intenSional CGr1lUUCl will refr f to an ""ternal model or representation in either a P"'I"am or 
person that hu two part, - name and concept. "concept 11 a stlmulul d1sa1minaUon (perception) or 
realization of motor rap"'" (acbon~ A name i.~ used to acceu c:oncapt rtp~tations Without 
perceivinl the cornapan""" obJlCl or performl", the correspond"" acUon. 
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Chapter 2. Overview of the Simulation Model 

We shall present a brief overview summariling the three succeedinl chapters. 

Section U Task sptclftcatlon 

S.ction 2.1.1 The interview ta.k 

The vehic~ chOlofft for realiling the motivational and Intenllonal constructlls a simulation 
model of a panlnold person participating in a psychiatric intervlrM. l'he implementation of the model 
IS part of an auempt [Faught, Colby. Ie ParkiSOn, 1977] to construct a slrnulaUon model of a particular 
theory of paranoia lColby 197~1 The model comml'nicates in Engbsh with a psychiatrist attempting 
to diagnose [he model· patient. The int~rview usuillly lasts about an hour and consists or 30·"0 input. 
output pain of English utterances. A brief descnptiOil of the theory.modelling aspeas follows. 

In general. one constructs a model to mak.e the corresponding theory more acceptable or 
plausible. Computer Ilmulations. however. have three propertieS IdvantqtOUslO the theery.builder: 
( I) the assertions of the theory mu:t be PUt into a (relatively) consistent formaUsm. that of a computer 
programming language; (2) the a:MrtionS of the theory must be made canplete. to specify the operation 
of the procram in every possible lituation it will be an; and (~) once a reasonable model has been 
programmed. lhe samulatiOn can be exercised to discover complex conMquences which wt':'"e not 
inltaally noticeable from the assertionl of the theory. 

The simulat ..... model we construCted attempts to imitate lOIN! d th~ s,mboI-manipulaUon 
a.pects of human beha.ior, We placed special cmphasas on repreaentation.o( purposive actions and 
affective variables whiCh CUide those llCtions. The advantage of anemptlnl a simulation model at thil 
~v.II' that the lheory-builder must specify the delalb of the theory tlementi u they Interact with the 
rest 0( the simulat ..... model The disad .. ntap is that the model·builder must Include a number of 
componentl in the model whach have no Siplflcance to the theory II hand but neverthe .... mull be 
included to obtain realistic ptrfornwla. In addU ...... there are a number 01 requl ..... ts and 
conllrunts whiCh panncMd phenomena place upan the simulation model, 

OUr Wk .... uind a IiNIUon in Which par ..... beha"ior co .. 1d be ahibbd. W. choIe the 
diapoltic plJChiltric iMlrYMwIl ~ appnpr ............ p~ in ................... AI 
an ideal wk McauII .. d .... " • many 01 the CGpia"" dtcUwt. and cenlltft pra [ ••• a thll the 
parancMcl mode ..... in communication. When partkipItinC in UI ............ a ....... ·' pr ...... ' .. 
ideu abouI the purpoee 01 incerv .... IIId the typiCal ntnCI occunirll in them 1ft up apectandel 
about ............... KUonI. The penon'l nIIds and ................ r ..... a ...... ..., .......... lor 
aur.in1 [FaUpt .'''1 mati .... his "'~ ... pantcipM60n la, .,..".. ..... .. .. D¥- dunnc 
lhe interv .... The ......... tt..e ...... form plana .. IMiIfy his ......... 1M _ .... ICdana 
thai malt. up the pIMa. He then obIttYa and ".au_ lilt 1akIII ..... IN ......... ID ~ 
wMd .... hg .............. Khined or whedwr he mutt CIOpf With 101M ............. HiI ...... and 
dalm an did ID 11M IUCCIIII or failure 01 his actianIJn .....".. Iht I11III 01 .............. MIt 
0UIIr .. " ........... '''''''.11 lUI .... chanp or II lUI JIIUIUan ell .... 1M an IIIOdIfJ .... ..... 
and ICIioftIto ....... recat..., .. hIJ ...... chili ........... eo lUI .... ...... 

,.... ....................... the prcUlII1I ill ........ ,. wIdch..u .... 
............ I ••• t ... n.. .... .,'ttw.flltIaI ....................... .... ...,_5_ .... lnll"....,._ ...... MnpIldC ..... ,...~ ............... FI'I['II' 
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preceding actions; the course ot the interview 10 fari and predictions about the future course of the 
Inr~rvlew. Further, there are only two participants an the situation, so third-penon interpretations and 
three party interaclions are nonexistent. 

Not all of the components of the Simulation model are crucial to the theory. The simulation 
model's performance reqUires that the model participate in an Interview USing Inglish, that it attempt 
to satisfy SOIM of its own needs and demes, and that it exhibit paranOid phenomena in Its 
performance. We srparate th~se reqUirements IOto three types of simulation tasks: lanJu.e processing 
(recognataon and generallon), purposive behaVior, and paranOid proceSSing. While language procesSing 
IS tt,/! IrUt anftuenct'd by paranOid phenomena, it II crilical in order for a simulation model of human 
purposive bfthavior to pass TUring-like andlstanguilhiblhty validalions [Heiser. et a" 19'7'7). The 
elernnlts of purposive behaviOr (motivation and intensionalaty) are not always in"'enced by the 
p .. ranold mode. but it il difficult to imagine describing paranoid phenomena Without comparing 
normal Itates of thtst .lImInta to paranoic1ltatn. 

Section 2.1.2 ConSlrai!1U 

Another requirement placed on a model Df motivational methanilms is the set of physical 
and developmenta' facts about humans. These fall into three broad cltepfies [Simon ItHl the 
survival of the organism in the current environment, the ontopnftk developmau of the individual • 
.. nd the evolulionary dnelopmrnt oi the species. These constrain" place limits on the types of 
anformatlon prOCessing possible. and they prOVide a source of tuks to be conSidered when 
exuapolatine hypochaes 0( the orillnal model's potential performance. 

The mouvalion mechanism must continually provide for IUrvivailn the contemporary 
,"vlronmenl. The bask Itrattpes fOt suf,ival art .voidance fII Utuabonl or condtuon. detfimental to 
the 0raantam'. IUnival, and IIIhanctmlllC oIlltulCionl or condwona whkh IMneftt 1M orpni..", If 
nOC all of the rtCCIpition and ......... p ...... art hard.wtrlll _ thelyMlm from birt". thin the 
organ'.." must lam these pnaues. The orpnllm UIOCiata the appropriate lYokIanc:t e~ .,.,roach 
values With the proceues in the form of noxioUs 01' satisfy*", ICimUII. Further. the syltem must have a 
nolion of anUcipation oIsatu8Uon. to be aware of sltUaltGns which hI" • pcandal for Aptileant 
evtnh (ldYlnl ..... ' Ot nac). The ability to recapiH previoUs sltuauan, thai ...... 'lant 
enhancn this ten. 01 antidpltiOn. The otpnism mwc remember the nlut fIIthae ucuataaa 10 chIC 
it can approach or a".1 thtm Wort the fact. Finally. the phpicalll'l"i~ requlrU a tirMIJ 
rtlpOnlt to .... sttmuu. 1.AarMd,.,..... mute Ihow the ..... ~ u chit ...... 
P ............ ,........ 

If the ..... iSIn .. to lUI"Ii". d ..... in the envirOnnMnC. it ..... be .... adJuIt the way At 
fulftlls ... .....,.. ...... 1 tram the .wnal"'il'ONMllt, -mane Ie CIMCII .... II 1MIrn" ...... 
When the orpn1Im ........ a Dlrce 01 danpr.lithtr by -""1Iian 01' by symbolic 
~nlCldan. k AMOtponlll a ,....ition 01 the new _aliGn into itS ,aIue .,..,.. 10 that the 
lylMm win lake ......... naticlI when the danpr is about 10 ocaar. S...,., ..... orpniSln 
deY .... new acUons 10 deal wtlh the situations. ,. ..... ICdonI b«omt dIMIJ 10 II .., deal with the 
IitulliOn when' it GClCUn ill rea...... WhIf'I compand to other munmaII. .... ontepnttIC 
de,,:.r-- is .... dt"". Al birth. humans aImoIt lCICa11y lack tnpaIIM (InnIM Of hll'd·wtnd cued 
actianl _ Wh'lt ...... Aft ...... with ... minUItI 01 their birth In the .... Md whilt baby chkb 
quICkly cower II .M form 01 a hawk 0" ........ human baINIa ..... 10 It&rt with ...... ima1 .. tI 
lropams <e ............... crymc ..... " .. " aut ... aI thiI .. lnfana Ita" ........... 
ant~"'" ........ W .... lWIlIIChlftilm malhtn would ....,. kMw .... IhIIr ch ...... ... 
hunpy ...... ,... 'MIlly. W .... thtJ IN .... apeak 1M dmIIIp • ,...., ......... ...... 
.... .... 10 CIIpI ................. 1 by JUdcinlItimUIi and,.,. ................ ....... 
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[volulJonary constraints provide another sCiurce of comparisons. Basically, If we devplop a 
model of humlln motivation, we should be able to remove puts of It and still have a functional model 
of motivation that would explain the motivation of other mammals or other animals. By removing 
human language and namang abilities, we should still have a system that can sense danger, anticipate 
Important events and prepare for them, learn to evaluate new situationa and I'ff'nfITober them for the 
fUlure, and incorporate new actions into thear repertoire ir. JUch a way thlt they can cope with the new 
situations in a timely manner. 

Section 2.2 Action. 

Seoctioll 2.2.1 Human action. 

If a theory of the motivational mechanasms an human behavior is to be correct and useful, it 
should account for a vanety of human behaVior. Let us examine some of this behavior. Humans are 
purposive btlngs. They act to bring about situations that they have In mind bur do not yet exist in 
rullt)'. But not all human behaVior is purpoSive. Some actions could be conSidered mechanical or 
machine-like, such as shifting geau in a car. A mechanical action serves I purpose but ia not itself 
step-by-step purposive. Whm one IS first taught to drive a car, one is forced to take into account every 
detail of the actions to be performed_ But after a "'itable number 01 task performances. tne indiVidual 
motions no longer consume one's attention. The task becomes one unit 0( ICtivUy [Dennett 19691 One 
nplanation of the task performance is that one performs the same cognitive procasinc. only more 
qUickly. The explanation we will elaborate upon IS that the entire tuk hu been incorporated, or 
almost compiled, into a Sing", unanalyzable unit of activity. 1 he human II not aware 0( any d ...... 
activity. Any post.performance analylis is an observation or behavior and not a report on internal 
proce$lft. These units of activity can also be automatic in the sen .. that environmental tonai!ion. 
dictate their instigation. One could imagine that the person wanted to put the transmislion into third 
~ear and shifted the gears with this pal in mind. The e~planation we wUl UI4! i. that the condit.on. 
In the .ituation, <e.g., the speed 01 the yehlcle, the whine 01 the motor) prompted the actiOn 01 par 
shirting. This action may iuclf nae be considered pUrpoUve, but it may llin be pan 01 a larpr 
purposive act such u COin, to the market; therefore, It must be explaiMCl in terms or the purposive 
actIVIty of the person. In additiOn. one must conSider the campalibility between the mechanbml that 
aliaw the ,Iobal pal to dina action, and the more local and lpKiftc mechMiImIlhat maUnie theM 
Ie;., acUans. 

Analher type 01 human beh.vior is similar to inWrUpcs in computers. Su"... a chiad duta 
in fl'Cl1t C'f an 11.10. The d:riy ..... wh .... he .. doenC and r .... ., bnILII eM car. He doll not 
wail f..)r an onpmf ICtIon NqUlftCt 10 etrminart. He hu an INtrrUpC ....... lIntlhat ...... .... 
impartant infonnatiOft or IICtiOnI to lake cammand of the sya&em. Then an three ........ why thil 
process I. dUfennt ,,.., • tropism (.". fear 01 faJUnr): (a) The rtKlicln 01 ....... _ tM brake to 
avoid a child illearned at 101M paint alter birth. (b) The reactiOn "SituatiOn dependent. A penon 
In a P ......... lei hu ROC nearly the __ rendency to try lIIppinC on the brak. u • penon in tIM 
dr.y.,'. lit (c) ThIn is an .. alullian 01 the input which oca.,a, t.C .. w ....... thl _jIa wu a chlld 
or a Iarp doll. One IIMPt arpe chit the raction btcomeI u autoMMle u alrOpllm. ThM AI Intirely 
pouiblt eI"" Ih.a the lieuatal h.".... often enoup to becomt an ..... 1iItk ....... In My a.. 
lhe ...., input his the alNMcy to intltrrupt the aakIn and IUbICltuCe a d ...... 1CtIGn. 

Another aaian .1CCOUnl 'or .. one lhat may II ... CIInct be ......... a ............ 
action. OM ....... " IhIa KUan as a ,.,... ..... the IInkt II ... 'ai, The ICdOn may be 
thoupc fII u ............ mov....c MCiI a eonclldon _ ... tNt ..... ~ thai 
........ A ...... """,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, n. ........... ... 
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until his mouth is full or until he need, air. One could desc:ribe the action u establalhlng a goal to 
have one's mouth full or a g'Jal to breathe. However. a Simpler explanation is that the action of taking 
In walei will be performed until some condition il true, at which time the situation no loncer calls for 
takmg in waler. In any case, the action flftCls to be explained. particularly the mot'ntion for ceasing 
the acUon. 

Other behanor involves the 1I~ of symbols within models. As a s'mple example, take the 
brakmg example above. either after the child has run safely across the path of the car or after the doll 
has bPen!un over. Assuming the auto has not lost too much speed and the par shlft'ng action Woil 

mterrupted With the gear shift in r1,utral, the driver must finish the shifting operation. Sut the 
cond.ti'Jns have Changed, and the dr'ver must resume the gear.shifting aalon sequence from a 
nonstandard mltla' condition. The draver must perceive the Situation. symbolically suggest the 
appropraate aCllon, e.g., shift from neutral to third gear. and perform the necessary action. 

A more typical task USing symbols IS the (ormation of a plan to achieve some goal or set of 
goals. If I am hungry In my office 1 can proceed to form a plan to get my wallet. wallt to the third floo,' 
vendlnc mach in., and obtain the IGUcht.after ,ratlftcatlon. One mllht say thlt 1 performed th. plan. 
but the plan itself was not enough to caull my movements. 1 can form the plan but ChOOM not to carr, 
it Out. Some special mechanism or special use of symbols enables the symbols to cause phYSical (or 
mental) acti;)Rs. 

The use of symbols enables behlvior that is not possible witt. ~il sensory data. For 
instanc •• my concept of the machme. not the actual vendlne machine, cauled my acuan.. If In fact 
there had been no vendin, machln., that someone had removed it without my knowied". my plan 
would have been the same. Funher, I can extend my sensory Input using symbols by commu"lcaUng 
lhe Iymbols to otherl. I can ask my office mate if he k.nowl whether the machine Is still there. Finally, 
the symbolic informatton can take on importance 10 interrupt action .. as in IOfntOne telling me about 
an oil warninlUcht In my car. The mcxivltinl mechar.jH!u for these and other symbolic Proceuinl 
should mesh .ith and tak. adYintap 01 mechanums accountln, for che "',., .... 1CtkN dacrlbed 
ahove. 

Sted .. t.t.t Action I.d .aterpntatioR 'atter •• 

w. CIItIOflaed the behavior of our paa aneNd mod.1 into thrM maJDr tuks: (I) rlCGl"illng 
and anll,,,,,, the litu~ that the model is In, i ~) performing ICUonI that Win Kcomplish the model'. 
intentions. and (S) motivllinC its own behavior. ~ecocniZing apedIc linpbtk Ittlanl Iftd Interpr'ltlnl 
ther:l baMd on tIM IUtppCK CGIKIXt are naaary in the modets nllUrailanp ... d.aJoe litUatAan. 
Performlnl IinpbItC ICUonI &lit .. the appmpriale apeech act fUlM's rht 1IICIIIIer. inCenbona. . 
Motivation 01 the modeI'l behaviOr ItImI from a function cailld afFect (emntian~ AIrect ...... the 
model's lipllcant _pII1InCIa (t ... madfl.patient'$ ",-..os, desires. and ....... ) and continually 
modulate the ....".... 01 UtuItiON and the performance 01 actiOns. 

The -JDr dIItp dIdIaI in the CIONUUChCIn of t .................. wu to UII a 
production .,... (lIS) u the balk proceu. The nllUn fllht tuk d&cla&ld rht choke lID ICImI _a.nt. 
One 01 the chanalriIUCI 01 cI .... iI that an, anput Oft .1IUUioft rna, folbw 1ft, ather. Thul.1O a 
...... .s.p.. thI""6ranmInI dKIIrII tIM .,................ 8ecuM 01 thiS vartIINIMJ In 1UCaIIA •• 
utuMiOnl" the ..... _ til da&a • Nalptle lilUadans and the CO .. llPoncUnc .... II1II ...... must 
be • ., ...... 11& ""''' A " II a ~ effectiv."""'" to. ................ lIbiIIty 01 
""onMtiOn. 
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The model', external bt.havlor is a set of sequentially-performed actions. Newell and Simon 
[1972] pointed out that the human Information procelling syltlm is bUically a serial system: It can 
~xecute one elem~ntary Information process at • time. These actions .re modelled in production rules 
called Action Paneros (/\ Ps). The left-hand side of an A P centains the conditions th~t specify when to 
perform the action. The fight-hand side cOlltaans the action to be performed. For example, if the 
Input from the interviewer IS "Tell me more". one of the actions that the model can take is to continue 
on the currenlstory lane. This is accomplished with the AP: 

( GO-oN .. GET ·STORY-LiNE ) 

The activalfI.A actions (thOle in the conftict lit) art matched &pin" a small lit or action rules 
to group the acUons into mUltiple attributed actions (compltx action. which can perform IIveral umple 
actions). For example, the two actions of answering a questian and Ihowlnl hostility could be 
combaned to show hostility in the answer to the question: 

( ANSWER .. REPL V ) 
( ANG£R .. SOOW-ANGE~ ) 
« SHOW-ANGER ~ REPl '( ..... ANGER-REPl '( » 

From the S'!t of mUltiple attributed actions, confticts are resolved by chOOSing the complex 
action With the hlghelt affect response according to a predetermired ordering (first match). Specific 
inst.nces of A PI dealin, With conversation $lructure are called ... ,onversation.1 action patterns (CA Ps). 
Stngle A Ps can be link.ed tacether to model mulU-$lep sequential action.. For example. a mulU .... 
sequence fo,' rnpondln. to a qUeSllon contains actions to Ind the an ..... and thin up .... the answer: 

( Ql..(STION ~ FIMl-ANSWER " T1 ) 
( 11 " ANSWER .. REPl V ) 

(T I Is • tac lO link the two patterns.) 

The Intern.1 beh.vlor or the mode~ however. f.lls Into t".vo clteprtes: (l) paralltl m:apition 
of si,1.i ltlons and (?) sequenCia' int"precatlon of' situations and manlpu1atian or beliefs. ThAI 
distinction II AdenUcal to the usimllataon/interpretaUon forma of NIWtIIIIMI Sunon U''721 
fnterprE~&:ion P.tterns (IPs) accomplish parallel recopition (match"" or lltuations. Action Patternl 
(A PI) accomplish .... uenti.1 interpretation of "tUitions and manipuladon til beliefs. The output of' 
IPs .re further conditions Which 1eI'V. U inputs to APs and other IPs. For Gample. af the input from 
the .nterv ..... Is. statement and fear inCnUeI at the same tUne. then the Anput can be Interp ..... u 
• thrat: 

( STwr • FEAR-owGE: I TWAT » 

The praduaiOn .,..n alCUtiOn y NMd on a i....., procIII; 

(I) Upd_ - The Clll(niUvt appraisal and atrlCt coMidonI aN ..,a .... 110 rIfIIct the aa ...... t 
state or the modtl 

(2) Amv_ - AI 01 the API and IPs (PS rulll) whole &nltiaI anillAaM (lIft.hand aide) aN 
trill .... Md,.... AI filM npc.hand .... of acliYllld IPI .... 1ddId ....... at crue ....... 
conditianl; ....... c:ancUIIanI ma, ICIly .... ~dldonal N .... 

(S) MIlCh - AI 01 the acdon eIemIn&I of thlt ICIivMld API ........... with a let of.uon 
rulla to CDIRINM eM ICdan ........ InID II f,. mutipll ..... 1CIIInI. p ]))'''1110 One ..... AI 
thin ....... <-aftkI r •• 11ICion) ID be pert ...... 
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(of) Exeeute • The selected actiOil IS executed. 

(~) Book.keep • The worHng pool of active APs &nd IPI II deatld. except (or API 
speeifYln, funher actionl for the next cycle. 

SKtion 2.S MotiYltion 

SKtion 2.U Human afhctl 

2.2.2 

In the prevIous section We examaned some pos~ible types of human actions. In this section 
we shall 1ft how atreelS (ftnOClonS) influence tho~ actions. 

There IS a small number of fundamental (prim.ry) affects in humans. prO!. ,!..Iy less than ten 
[TomkinS 19(2). We can IdentHy the~ aff~ts by thear typical facial and bodily response in humans 
[Izard 19'711 The funclion of affects Is to motivate human behavior. Each affect can be activated 
andlvldually and can vary over a range of activation levels. High activarlon is Indicated by extessive 
faCial and bodily raponse anel motivational influencei low activation il indicatld by little raponse and 
innuence. 

A ffeeu an&aence actions in >everal ways. A ffecu provide Input stimuli to other processes by 
add in, information about the stlnauli's significance to the person [Solley Ie Murphy. 19601 AfFect 
arousal arises from two sources: Mnsltlzatlon (stimuli from the outside), and utidpalion (association 
With prevIOUs experiences In Ilmilar .ituations~ For example, a particular enyironmentallituation 
may activate fear, '.c., ,ivlne a spttch. Concludln. new beli"l may abo Idlvate all'ectI, .-c.' 
.;oncludin. a best friend is a narcotiCi agent. Affect activators themselves have a dUll function: (I) to 
arouse the person's responMi and (2) to cue the correct response or act Ian. Once an affect is activated, 
It may triRw I response typical to that dect. However, its response may be tempered by the current 
IItuatkMl. If Mveral appropriate rtaporIMi to the environment exist, the &ftC can atablish priorities 
lmon, the rtIpOftMI by choalinC"" to be Ftrfortnld lint. HoweYer, OM"1et can ""'1OpOI1. the 
person's on..,... ICtJan (Averill. Opton •• Luarua. I96U Abo. U1 &lett may IntIrrUpt the onp", 
action [Simon .96n Fanally. ala enable humans to be .. 11 .... ihatinc: HUI'IIMI .... not wait fOt • 
Itimutua (from eM .. yirGII ..... I driy,) befor. 1CdnJ. 

Let UI examine the apeci6c lituauona or factorl that .... ects mult meuu .... 

For • person to au"i ... he mult have a certain minimal .. clIRCIUYWDr.a' CGIIIUUQs 
cuidlna his bella ••. FortmOIt in thuNt is an appraisal 0( d .... or abjKts Id Iltualtonl to be 
avoided. The appr .... 1 cI d .... inVolves a Nt uf stimuli 10 be l,"oMMd and a pbal ,........ 
dni", which cau. the ,.,.., to .aIue InOIt hj,hly the lack or ......... r11UCh ....... 16. In hu ....... 
thl' Ml 01 ....... anpn.. the mechanism or pain. The Itatt 0( I penon thlll haa the hipeat ...... 
with respect CD thl crtMril (or dIciIian makinC is tIM stare In whach pamful .... 16 an nonex .. ent or 
at 'e •• d"""'ish.... In addatiOn 10 IUfI'er .... Immediat. pain. hwnana can an~ pain. They 
appraiM t ........ ID be An d ...... 0( aul,"", from further undIUrablt ltimuli. ThAI UMidpatkln AI 
the COftCIIpt 01 f..... 0.... II the dlClll'1glr1nc mechanilm thal brtnp d..- to the ,......., 
atttntjon. 0.... ..... chInp the ,......, ... radXaIIJ ...... f. the,.... 10 ...... oi the 
danpl'. In 1dcI ..... If the ...... taall or AI thwartld in 101M IClo he .... .".. what ....... be 
lhe WIle fII thll failun • thai he ,an 1m", hia raaurcea to bear upon the prenncian 0( fUcun 
f.nun. ". taI ...... « ....... 0( anuctpIMd pin ...... ...,.... ,......, .. the .... r ..... In 
hu ....... 
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A pforson IS abl~ I.J (fond off. wllh fear. anger. and distreu, harmful or ae lease undesirable 
~lImuh. Bllt th~ person needs more affects if h~ is to ace on his own to procure beneficial situations. 
W hen the person ~I!fm~:s to cause or increase cercaln stimuli, thOle stimuli are valued u desirable. 
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Of course, If a ~rsOIl resptmdl to the lame Itimulul oy boch avoidance anrl approatl1, th' competition 
may thwart both actions 

These measures of stlffiuh, thrr •• are the bases of the rnocivatlon_1 corutructs for self· 
suffICiency and self·enhancemer.t. Howevtr. these measures or criteria and Lheir Lsociated approach or 
aVOIdance values are not enouCh. The person mult apply the criteria to spe~iftc stimuli l" .:Hrect the 
person's mental processing. The process of associating the criteria with IUm'Jli becoma a limple form 
of Ieunan,. The information processing routines then mUIt promate behav~or which, with respect to 
the associated criteria, wiU enhance desirable stimuli and diminllh ul'!:!.irable OMS. 

Howl!ver, III order for. the motivational mechanllml to be molt electlv. at IUAdlnl behavior, 
the mechanisms should mfluence deciSions at the most primitive leve\. That is. not only Ihould decu 
be able to Influence the selection of 1n action response, but they Ihould abo inlklence cosnitive 
recognitIon of Iltuations and irafer .. neial processing. 

St"clion ~.!.2 

The model's affect mechanism concains six discrete afFects, each of which can Ylry in 
activation level (strength). The six affects are characterlud u elcher positive (joy and interest), 
indicating conditions favorable to the quality of the orpnllm's survival, or negative (fear, anger, 
shame, and distress), indlcatin, detrimental conditions. luh afFect meuum a diltinct condition. For 
example, fear measures anticipated pain; anpr measures the failure or thwarun, of antiCipated 
pleasure. Tile affects are represented by variables which are Itp&rate from (but available to) the PS. 

A frecrs have actlvaton and respor.MI- The activators are thale conditions whICh raise the 
affect's level. Thew conditions caUM the physical and phenornenolackai ruction characteristiC of the 
particular afrect. The responses are mental processes whiCh the afFect's new idper level activates. 
M any of the activation and response mechanisms stem from the flCC that .... edI may be named in the 
elements of API and IPs. If an afFect name is an ellmlnl oIa riehl-hand lid. ol an AP, the AP is one 
of the secondary actIVatorl or the afFect. Similarly, if the alf'tct name II an tllment in tIM 11ft-hand 
side of an /Ii P, the A P tl ane or the possible rapontes to the affeel. Of caune, 11M other ......... 01 
the patternl mediate the proceu&n, !hat the system taUs. 

Primary actiurian of affects .. due KG an interpreter mechanilm whiCh models the 
antiCipation ol future liIuat:or, UlinC the A Ps. For example. antidpaMd Pain II the prtmary ~vator 
of fear. WheMYer an AP ha'inC' pain element in ill ript-hand lAde " Idjvlled. the , ........ .ct allo 
II activated. 

The "ecc Iytttm allo hu an inIImIpt capabilllJ which ... f'rom the conataM aatvlIian 
and de~l"ation 01 paa.ms. For Ramp ... while a lit fII AP, WIth low ..,.. CGnClMlonl n ..... In 
their Ieft·hand Ude tIImIntI .. being prOClllld. the IJK8n ma, dllCDftr _ .... ha which ,.... 
fear. The inIerpntation ollhe situation (reid...,. IPs) chanpI imrMdiMlly. and a new 
inlerpraaaJan. thM 11M IlluMiGn .. Ih ....... appears. The old if_ ................. cIactlvaa.d 
line. thllIft.MncI ..... CIDftCIItiona .... no ...... U'UI. The.,... hu ..... ..., ..... ""pcId from 
ltl".. ......... I{ 11 .. _ ........ belldenthtMW...,....... ...... 

Of ...... lhI ..... an Inr.MlKe M, praclIIl ............ ' M _ ........... 01 the 
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patterns. Affects may selft:t Inference rules or beliefs to explore, select goals or IntenUons. or actions to 
solusfy goa',. In particular, they may alter the Interpretation of situations by resldln~ in the Ieft·hand 
sades of interpretation patterns. 

Section 2.4 Inten,ionallty 

Section 2.4.1 HUman Ulfl of Intensional behaYlor 

Another distinct characteristic of human behavior is the ability to conllruct and use Internal 
models of lhf' environmenl. Such ~havior is termed intensional. A human behaves Intensionally by 
constructing mternal syrnoolic representaUons, or models usang these representations. to guide h!i 
actions. The reprelt"ntationl may b'! used eithrr .0 in~er .. ret external phenomena. including the 
person', own behaVior or ~o prescribe: acUons for the person to tJlrform. ThaI is. internal models may 
be used either to Impose order on the vast amount of sensory anput arId cognitive representalions, or 
they may be used to impose order on the large number of sequences of actions which may be activated 
to deal With a slnallon. 

The most commonly thought of use of internal modeis is 10 simphfy an otherWISe Cl)fYlplex 
rtpresentaUon. For example, optica' sensory input .~riYinc at the brain is a representation 'n what the 
eye Mel. To translatt this Input into l dift".rtnt repraentauon is not to metaphyl&cally lltt,' the sensory 
anput's npraentaUona' quality. Th. ftrll metaphysica' alterati In " at th. rx»1nt when th, original 
light ray strikes the perceived object in question and is modulated by the surface of the tbjeCt. At that 
pomt, the light ray. or rather the package of light rAYs. contain a representation or the object which 
r~fltcted them. It Is the tuk of a ,ensory Inrut device, such u th. I'Jf. co transform that representation 
'IltO electro-c:htmkal impulses u.able by the brain. One Ult of intelhal models i. to limit the sensory 
data ."to the brain by forcine the data to fit into an internal mod., whiCh accounll ror the data. The 
brain t. in UIII the internal mod.1 to restrict further input by ford", thl input to til the Ii"" model. 
The Inpl. • data may originally sugest the intern a' rr .. ode', but the bratn locates the internal model. 
The mode. 'ends to replace and thus limphfy the ori(,"al data In further p~. 

Data lilnpliftcation can involve objects. object proptrtJa. or ana 01 obJlc1l. One can 
perceive a wall'l material. ill rtdMJ\ or ill r.lation to the other walil 1ft a room. In ptrapUon. 
IlmpliftclliOr'l .,_ rrom the abnllY to !por. backp'oUncI infornwion. knowin, thll it II aa:aunr.d 
for. There II & runhtr limplakldan pcIIIib" in.,oIvan, the abIInaion 01 known IbjICCI. W ..... a 
ptrlOn perctl .. an objlct. hi .... not h". to corn pare thil panlcUlar obJlCl wtth all ......... .., 
obJKU 1M hu known, no maaw how ....".....CId. Insttacl. hi marchtl the obJICIIID 1 __ "icaI 
obJlCl and maIL .......... ZIliaM from il ThYl.lnttmai modeII mlkt pouibIt thllnlormation 
redUCtion found in "-rpea. 

One further limpblcation is pouIble. muinl to tt.. mltlphrlical onentII of apaIiai ob jICII. 
If I lea". a pack. 01 pm in my d .... oytrnilht, 1 believe that thl pack ... I pklt up from the exact 
spot the next day" the .............. If.......,. has wbatiCuwd a clAtrerent pack ... and ..... me .. 
ttMn metaphysically the new pad.Ip " d!I.-.nt from thl old, no ....., how UINIar an ...,.....nee 
they rna, be. Internal ..... make the ~tation of thAI OMIMU pGIIibII. 110 IMIIIIr ... d.-...c 
tM .. .., inpUIllpily" the ... objICI (as from difr....c ...-> may be. 

N_ chit c ........... lcacklnl may alto _ill in nonhuraan CNpnilmi. and ....., .. an naI 
depen4tn1 upon ........ u .. know iC. Annals ...... lIO....,y " .... __ ... NItricC 
a.\1OrJ input. ..... ., ,... ....... thll are ramiliar, mmU.,,,, an ....... lit .... ....... _,pKaI_jlal. ... the pun,.. dUck. FAnaI1y.'OI a .. lID know III ....... 11 ...... has <I) & 
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rf'prf'~nl"tion of uniquf Objecl~. or (2) a complere enouCh description of onl.! certain ott jeet to 
dlstangulsh that objtcr. TheSt Ilmphflutions seem to be possible by organisms without language 
aptitude. 
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The question then IS what enables humans to manipulate anternal models or to bUild models 
of mod .. ls? The other LIse of an Internal model as to represent. concept by narM. We shail use the 
term ·symbol- to refer the name of an Internal model. A symbol can be a handle or name for the 
phenamt'non It represents. Suppose I have seen many bnck walls in "'y life and whenever I perceive 
ant'I mooel it with iln Intt'rnal model We wi\! tall tl,is model -00123- and define it as bei';g only 
.,cesslble by seeang a briCk. wall. (Note thaI ·GOI2~· is OUR laMI for the internal mod~1 and not the 
system's laod) Suppose I am now loojln~ at i t·nck. "'all. My visual field representation is greatly 
simphlied b, the data from the brick lull being assoc;a.ted with an Internal model 00123. However. if 
the modt'l CCI23 has no label a:tachtd ltI U (name which is accessible to rnt),than j have no way of 
reffnang to the co;,cept (If brick wall. 

If. instead. 1 woeilte the symbol "BRICK WAL.L· with thl mocIll for brick wall. then the 
symb'll °BR ICK ¥I A 1.1.- Itself becomes I senscry Input. sub jeCt to Inltrnal modeb and usoclatlons 
with other symbols. ThIS is the cruc:al step. A symbol or name of I concept must have a physical 
rea!Ity of its own. Symbols are included with other sensory input. The normal perceptiOll anti model­
producing mechanisms can be applied to them. In humans. thtl takes the form of verbal "n,"age 
communlution. 

The tie from symbol 10 internal model must be Iraversable in bach directions. Triggered by 
~nsory dala, Ihe internal model suggests the symbol to rep.-esmt it whether the sensory data is from 
~xterril sourcr. or Internal sources representing an action. In the opposite direction. a symbol needs to 
access the anternal model which It names. For example, if I am Iookin, al a pICtUre lhal I cannex 
comprehend and someone suggests Ihat it is a brick wall,lhen J must access the representation of the 
sl~reotyplcal bnck w111 and apply it to Ihe picture. Similuly. if I want a drink of water because I 
know I will have to do without for a flw hours. J must symbolically dina my behavior. This dU'tctton 
occurs even though there may be none of Ihe uwal stimuli which ulUall, trtaer my water obtain in, 
behavIor. With this tte rrom symbol to internal mode~ humans cln communkate information about 
the world an~ leam facti wilhout ever havinr to experience thlm. 

We examined an internal model wilhout a name In StcUon 1.4 and dilcoYered that the 
n.ooel could be used to dlscr!minate but not to represent nmUnmedIa&e data. Now we have the 
q ueSllon of whether s,.... (names) can be used Without some attachment ID an internal model 
(concept). To .. y that a symbol hu no internal model Which It n .... AI 10 ClOMip the symbol to 
place-holder .&ru.. In IhlS cue. the symbol may ha.,. properties Iltached to It. but It nmaina only an 
anchor (or these other hn.... SuppoM the s,mbol hu a correspondinC Anttmal model. but the model 
comprises onl, symbols and not seruotJ input (beyond lhe IInIOrY prapertiII 01 the name.....". TM 
bcxtom level srmooJa wtll be devoid of rep,....tatton and lheref'ore ...... In aa.chment ID any 
external mechanilm. It II difficult to _ how IUCh symboll CIOUId be IIIId by a SJSI8II to ttl ad ... t. 

Symbolk modeII are usef'ul to human behavior due ID the ............. *' lID IImphfy. make 
repr~Wian1i of nality. and proYidt hind. r. aymMIIc~. An ............ problem II 
dettrmini .. the mati' .... lMChanilm '.InCIU,... ... h_ eo _ .,. ..... "'-tl...,. I' .. 
assume lhac penon hu symbohc ~ fA the a .... warId IIId 1IdUaI-..y InpUt fram 
the external world, then we must assume Ihat the symbolic mallei dais nat .... ,. Kalr*'J NftId the 
world. SinN ..... y. If we UMM thll the penon hu actiOnI thll he an ,.,. ..... the world and 
repr_cauana flI ttac. KIionI, we must auumI &hat the modeII of ICtiIIII 1ft nat .... " KalRI& 
SomIttfMS 11M penon AI not ... 10 perform In lCICIardance .............. 1M ,...jIaId ... _. 
cloD nat happen. ThuI. ........... fI how well d.-__ ................. ......, fII 
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thp mdivldual's relation to the world would reflect the person's abll&ty to construct and use these 
mod~ls. In some sense, the~ measures reflect the person's ability to control his external environment. 
If th< pl!"soo can be convinced that controlling and changing his outside en\'lronment is to his 
ad" antap t"'~n a motivational mechanISm for encouraging the use of symbob can emerge. 

As to the necfSllty of Intensional behavior in an ant6:lhgent system, clearly systems can 
survive and enhance themselves without symbobc models. Howe.er, If we wiah &0 CGnstd.r an system 
that hu the ability to tilten &0 instructions or descriptions of the worlclsymboUcally, thin .ymbolic 
modeb of the system's representations are necessary for the system &0 perrorm. 

Seclion t.4.2 Intenslonll con.truell 

In addition to the A P·IP .ystem, there are two examp&es of intensional constructs in the 
model: beliefs and intfl'ltiOns. 

The inten"onal constructs are realiud in two constructs: a conr.rete conceptual fOI m for 
rpcognatlon of the concept based on experience with it, and a symbolic or token form for labelling or 
namang the concept. A token is a lincuistic name. (We use the word "token- similarly to the 
computational bnpists' type·token distinction. A concept is anatocous to a -type-.) Token forms can be 
rPt>Orted and manipulated directly by the system; concept forma QIlnOC. Conupt representations are 
A Ps and IPs. For example the concept representatiOn of an intuk is the IP that interprets an input 
It.tement IUch u "You creep- u an insult A symbolic repr_wtori of an inlUk is n«aJary for the 
tran.formaUon of IllltllMl'lllUCh u "H. inauked YOU-into lhe appropriate anpr. Inlemally, a 
symbolic representation is partially !incuistic in n .. ture. It i' an IP with the HnpUltc representation of 
th~ .ymboJ as lhe IP's left·hand Nde, and th .. node In memory correspondi .. to the 'ymbol as th~ IP', 
right. hand side. 

The Procasin& done on the two lJ1* 0( repraentabonl iI -haa ... a one type the 
opportunity for rtp .... unc nontrnmedi ... dati and Ih •• .,. not. Conapca IN tub jICt to the rapid 
activatiOn and deactivation 01 aU APs. Concepts are actiVI whlnn. lheir Initial c:andlUonl (from 
d area .,nmeeUate input) an latilAed, bul are not IClive when their concUtiOnI ch..... Thus. cancepu 
are only useful for procasinC inWMdillle rlallty. ToIr.ens. howevlr, an rehaned In short·term 
memory. They can t..1Cti •• without their allOCia'" initial condiUonl ...... 1rU& Tokena Mr" U 
ineen ...... ' p ............ In ~ IMauIe they can be lCIIy_ baIId an their InplltiC 
name, Ind.,.. .. ., the .... UMCe 01 C4JnCtP' condJUonI thac cdId chIIn. Thil Ii' ....... ,heir 
power to let U CUll fer ......... non~ dIlL 

..., ............. the two 6nfInI6DnaI CIIIICrUCD an .., ....... au .... the.,-m'. 
behaviOr by ~ u .... " 01 AP. and IPs. inf ..... rulls IN ............... IPL TheJ 
have belief, and AlMIMiOnI U ,...LiaI CGnIIIII .... ts thAl can fM" true ...... Jl cht lIft·hand 
antectdtnr ......... til tilt IP aN true. .....,. can abo be life ...... __ 0I1PI for .............. 
contex, &0 "*"PAt ~ MCuMl8n. ......... an be leh-hand' ........ til API ...... u ............ 
actiOnS or to .a.... ........ A, .... ,.. aItcu can be ~ ...... ot lither .... 01 the pIIIImI and 
thereby pvtidpMe u .... 111_ .. In, .... ru .... 

The ..................... C8IUIrUCII wbln ~ ............. rula 'all A ..... h 
action. which .... .., ...... upon .,... ..... 1kInaI ...... eM ...... c.aIdIIII. ..... IJ 
truly .......... , MhP_ acan ................. iI M [I II' ~ All --. "'1.PI'I.aI 
canMnICtI are ..... ., UIIfUl' • ....,.. 01 ..... 'ai!uN,,.~ ., ......... II • alk (u 
oppa ..... ,.. ..... ...... 



2:t.2 Overview of the Simulation Model 

Srction 2.5 Implementalion 

Thi' section desci"lbes the model'l programmin, and I,'*" conlidtraUonl. The model wu 
implemented in the programming language MLlSP, a dlalea of UCI-LlSP,II the SUMEX proJlct at 
Stanford University under a T£NIX timesharing system on I PDP-IO computer. 
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The program described 10 thiS work i. one oi three program. An PARRY'. The other two 
programs are the language recognizer and tht! language output program. The languace recogniZer and 
the model each require approximately 200 plCft (512 36-bit words per p.> of core. A Iypical 
response requires 1·2 secondl of computer time for the rtcOl"lm and I-S IeConds for the model. The 
language recognizer and the model run in ~lrale forlts 10 thai the mcxIe1 may conlinue processing 
While the recognlltr IS a«tpting and translating the next Input or coune, the model Is free to 
generale further output and In fact on occasiCln interrupti the interVieWer's typing. 

The language recognizer (Parkison, Colby. Ie Faught, 19.,.,] provida the lanCUap interface 
from interYlewer to model. 11 translates the In gUsh inpul unerance Inlo a lImanUc repraentlUon of 
"isted pr,chcata and a let of varlabltL For example, lh. f0110winJ input utttnnca on the left an 
tranllatld Into Ih. nated pr.he.tII and Yuiabltl on the riPe: 

'WH'( ARE YOU IN THE HOSPITAL?" 
.. (REASON (LOCATION I HOSPITAL) 1) QUESTVPE-wH)JES 

-ARE YOU IN THE Io()SPlTAl?" 
~ (LOCATION I HOSPITAl) QljESTYPE • YESf() 

"YOU ARE IN TIE HJSPlTAL-
~ (LOCATION I HOSPiT AU Ql(STYPE • STUT 

'W£RE ARE YOU?-
~ (LOCATION I?) QUESTVPE· WHQUES 

The semantic llrUClure Is maIChed to the memory of stored concepcualiUlIons (approxlnWelv 
650 ideas that the model can procaa). Some conceptualization. ha ••• 1otI that can match any ....... ' 
or have elemenu whICh can be rnenl1zed. For Imtanct. 

(EMOTE I A) 

matches InJ 01 the follow", IU'IlCWra: 

(LIKE I .w:1A) 
iAlCR'(AT I t.tOnD) 
(FEAR I MAFIA) 

The model can partially rtCOplU I Iarp dua 01..- ...... thae ,...... 
conceprualtzatlonL If'the mockl hu IOft'It Mar ....... on the .. jICI.. Ii" a NIIIIId 1nIWII'. In the 
EMOTE exampll, ''''1JIMm UMS a IpIdaI AP f • ....--. thIIlJPIoI.UIIIIon to KWII tt.. 
matched eonc.pa < ..... YAPIA) and 110 dItICt wh ..... d'cII cMnpd. Thin 1M .,.... I"IpOI'tI thae 
aIr«CI u .... moder. N8CdonIIO ehe COMIpC In ttUllt6ln. 

The IMp ........ lIer prcwickll numlMr 01 other faaallMlUt 1M InpUt TIM ........... 
supplies a list fII tmbedcIId ~ and __ • that .......... may ..... to ........ WIth .. 
a« .... '01 ........ die", 

"DO THE flUllalELM ~ ARE CMm" 
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(BELIEVE NURSES (BE I CRAZY» 

With the embedded clause 

(BE I CRAZY) 

and the embedded nouns I and NURSES. Th:se concepts activate affects in the model. For Instance, 
reference to the self beil', crazy (BE I CRAZY) raileS shame. 

The recocniltr also provides information on the interviewer's style. for example, the 
recogniltr calculatea the level or conftdence in the recognizer's tranllatlon bued on the number of 
symbols in the input upresaton that could not be recogniud as words and the number of lpelling 
mistakes that could be c.orr«ted. The recognizer determines the input's amiCability according to the 
presence or absence of positive concepts (-self iI correct·) and necalive concepts rself Is dumb-). The 
recognizer also provides details of the subject and auxiliary ."orm of the input utterance 10 that a 
generlled elhptiCal output can match the input. 

The Ian",. outpUt procram is small and simple. It containl a Nt of' procedures for 
prodUCing a formau.s naturallangulCt output from a semantic representation 01 a concept plus lOme 
flagl. 

One of the problems in computer simulations of complex mental funaAons involves making it 
possible for the simulation to show illi internal subtleties Ihrooch its external behavior. In our 
SImulation, lingulltic output expressio,u Ihoultt perform Itveral functions at once. for example, the 
answer to "WHY ARE YOU IN THE HOSPITALr' may contain an inCormational belief 
·SECAUSE I AM UPSET-, and at the same time carry affect content relating to the interaction of the 
conversational pankApanli. ." .. "WELJ..I REALLY THINK IT'S BECAUSE I AM UPSEr or 
-YOU SHOULD BE ABLE TO TELL I AM UPSET-. Th.lOIulion an the curran model iI to have 
each IinCUiICic output perform only OM functiOn. Each linguistic output mull tither canv" specific 
anformatiOn or cany" Uf..a. Each responM. however, may contain more than one output np...aon. 
The output expraUons an choMn from a stand Usc 01 utteranca whACh II up,.. the aame 
informatiOn or .... 

TIM ....... output iI embellished IliChtiy. howeY.. For YUNO qUlltionI such u "DO 
YOU TAKE DRUCS·, an tIIiptIcal lnIwer such u "NO, I DONT'II"""'" An addwan to the 
normal output" DONT TAKE DIUeS-. Dependinl upon the Iype 01 Ufect .. thar il beinC 
exhibited, the two ...... may be CGnCatlftlf*l or OM answer ma, be dam "II' the atmr. 

,.... ...... r.m .,. rule a-

( """'" NM.I( NIT I PAQENT ~ ACTIDN MUE ) 

Pnnnn ilM ........, ....... LIS. name. NAWE iI the .......... ,. &he acdon ......... u 
a lUNa ... PAST II .... II 11ft .................. .., Ama PIDINT II. MIl II 
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conditions to be set true by Activa:t. ACTION is an action that the Match procedure tests when 
formin, multiple attribute actions. FUTURE is l list of conditions that the Bookkeep procedure IetI 
to true if the ACTION is succasful. 

or the SOO rula, approximately '0 art ,..eratlCi rrom multiple IItp rulel (MPATa). An 
MPAT rule II a rule that apan •• veral API. For example, an .. PAT rull'or 1R • ..,In, a qutltlOn 
II: 

(~10 :(QUES) !1«FINDANS INPUTF» 
FNlANS SAYANS !2(COUTPUTF SAYANSDN) ) 

19 

q.,JES is the initial condition 10 the In~re pattern. ClUES II tNt Ir thl Input is a qulltion. 
The two acuans or the MPA T are FINDANS And SA VANS. The «FINDANS INPUTF» expnulon 
sJIf" . rs lhit the input to the FINDANS action is INPUTF. The «OUTPUTF SAYANSDN» 
expl'ftliOl'l MIl the resulu of the action SA VANS to the variable OUTPUTF. 

The MPAT above would be uanslued into the followln." ..... *P rules: 

(POll! FN)ANS «NOll I NL) ITALK QI,£S) : 

«FIN)ANI ..-urn fN2ANI) • (FItC)ANI) (NOtIl)) 

(POI12 FIN»>IS (NOll I IT ALI( FIN),lNSCN (FNlANSQN NI.) I 

(FIIGANS) 4 (FINlANS) (NOli I ) 

(POI13 SAYANS (FINlANSDN M)811ITALIC) I 

«SAYANS FreANSON) .. 

(SAYANI) ((OUTPUTF SAYANSDN) NOlI I) 

(POll. SAYANS (Nl)l1I1TALJ( SAYANSCN ($AYANSQN Ia) I 

«SAYANS SAYANSCN)' .. 

(lAY'" (COUTMF $AYAN$DN) NOlI I) 

ThIn II a ..... ".,... 'fIUda .... an d.- M'AT.1ftCI bneU :MIn .... a .... fII 
......... ,..111. ........... WIIh ........ TIMn IN ..... ......, 10 MPATL 

The ......... til......,. ... InIIrIIICIIn a .... filII CIIIICIIP*'WI.JII, ".. modII 
could ... , an ,. .......... a.....,. 1ft praaa. MSOf., .......... _..., ..... 100 
CGlI4III*,"."'I •• ...,. - •• -. ,... ..... 1M II ..... - ......... .., __ CA .... 'Ia D). 
1ft ..... n-. .......... _ ..... 'PJl." Ito ,III •• ,... ., ..... 11 II ___ :_ .....,. 
(App.'.1). ". .................. acIIIM"'. ~ .. fa. CA ...... C). 

TIle potrlW ••• 1II.1IIda.,.. our ..... IN dill ..... _ ................ fII 
............. II ~., .............................. _. _ ........ fII ~ 
.... ". ............ _ ......... illII ............. , ............ 1ft ... 1ftCII 
..... ., ...... ' .... TI~17IJP ......................................... _ 
., ...... '.11 t asll .. IInll .................. _..... ' .... 
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Chapter S. Review or related work 

In this chapter we will dllcuu och.r related ranrch. Thll raearch (alII inco th .... bl"Old 
catqorin: prabllm IDIvinllYI&ImI, Iyltlml thlt explain actionl and plans. and emotion-motJvatian 
modela. 

Section U Problem solving 

The fir" bench mark of Al worlt. in problem solving was the General Problem Solver (GP~) 
developed by Newell and Simon [Newell. Simon, I96Sl CPS wu a general parldlp for human 
problem IOlvlng behav\or. The research pb were to both perform problem IOIvin, behavior 
ad~uat.ly and simulate the way humanl perform such behavior. CPS was applied to problem IOMng 
tasks having objeCtl (states in the world) which could be triillliformed by operators. The major 
speciftcation or the talk wu the pallO be achieved t.nd the tuk's component IUbpab. 

The top Jevel.xecution of the program wu to compare the enti objlct or top level pal with 
the current ob jKt and try lO reduce the difference. The three typel of rules to accomplish this 
reduction were: (I) transform objIU A to objla I, (2) reduce dure"",ce D becwIm objlctl A and a by 
selecting an operator. and (S) apply an operatOr to object A. Each rule had initial conditions to tat ill 
applICability. The heuriStiC for .. leain, IUbava!1 wu to order the liM of IUbpals with respect to 
differences. and t .... try the moet dUriCuk (1aJllSC difference) ftnt and pfOll'lll to the .asier ones. This 
dlff~ce iniormation WIiS stored in a table of operators and difrerences. The table constituted a 
taxonomy 01 the domain. Hence, lhe system was 11 its bat in domains with well-structured laxonomies. 

GP~ nld the auracti •• feature of llobally decidln, what to do neXL II appeared to be • 
candidate for ......... motiva&ion.,.-n. However, bein, a pakritntecl parldacm, h could not 
accaunt '01 .. 'I ......... cUallld or dea~iCWId ICCiCIna. or tOl InwrupCI fnIm ~ ~ ... 
A _ in order ID ha~. OM tap '"" .... ' ~ would have to IICIbIbh a pi oI-al.- 01 elltisfl 
self'" with operIIWIlD ncluce the dUrertn(l b«Men the cunent IWe .... ,i this .aruel, If*IIId 1t&1e, 
Beside. the un..". ..... nalllre "such a pal. Ul practice it would be ineIfIdInt. A model's 
environ .... t is at .. ,. chaftC*nIi dMrefore a mockl must continually att. .... sp-ikatian 01 the lap 
level pallhu II ....... In die cunene Iitua&iDn. In reality, the •• irOnmtnlll diclatinl the ICtion. 
Alto. it iI ~ -.lhient co diclMe IGionI by •• ~dII"'WOnI ,.... thM 
cantpar*- fII d ..... 111M .alan AI aIwa,. 110 be rIM II1II. , CII1IAn ......... That II, 
~ ,.... _, u. .... _. dIIind .... ,., .... trCIm ,puUcu .... ICIIan; u.., ,-
know ~t t, &fl .............. ,.. "heIIo-, 

Inln ". HIII. • ..-. ltm ..... Griff , ..................... I.JU 
G" .... ,.· 1' ......... ~' ........ andUlldam_ ........ .....,.= . 
... __ oI."IttIRIIMI ...................... _&he ........ l..c .... 11... • • 
•• ,... ... ) ............ 111' ..... __ 11,.... ......................... ... ....... 
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(b) It has a shon term memory (STM). a long term memory (L TN). and an external memory 
(EM). 

(c) The capacity and speed of the memorles can be estimated. 

(d) The procftSOr is a produ'tion sy"em. whOle condit ..... for .voUn, a rule are the 
appropnate symbols in STM and EM. 

(e) The IPS usa a lit or symbolic pt IUUctUrtilO orpni .. prob"'" IOIvinl. 

The important components or their work for our work were: 

(l) the plausibility fIr a production .ystem u thl ...... mndt 01 prOClllll"l In Ihltr modeli 

(2) the Ierlal quality or symbolic processing. while retaining the parallel nature or memory 
rft:all and activation of ruin; and 

(3) the distinction between assimilation and interpretation in spmbol manipulation by the 
s.y5tern. 

AsslmilaUon rtlers co the incarpcnUon oI.ymbobc operaUanllnlO aecutable production 
rults. An operltlOn hu bIIn Ulimilaltd if it iI available u I (lube) prodUCUGn ')'Dn or lit at rula. 
Intft'prllition refer, (0 an IUrnart modi 01 operukIn: the CDnIrOIIInt PI 1I an In.,,,,, and the 
symboliC optntor ill lymboIic Ib'UCtUrt 11111 mull be In.,..... 10 be ....... III the talk a& hanel. 
The tradeoff between the two iI one or tfhciency. A ... ml ..... rulla MId no ItICkI or allma' memory 
to record worlunc throup • rule. InterprtWiOn requires worlt ... th ..... the rule symbol by .ymboI. 
uSin, baCh lime and apace rtIOUrca Howev .... the .yrnbo. IftltPprtW 1I ..... 11ftOUIh III handle any 
rules 01 the same form. AI example the authon wed rulla for manlpUlHiftc lacIaI-pnuianL In 
our worlt. the uaimUationltnttrprtWiOn diltinaion will be ... u ............ die dllttnctlon bIt •• n 
nunintenliOna' and i ............. p....un, . 

......... , ............ 
Plan ......... as. mort praper .... 01 our ...... 1Mn ,.. ,..... ... The 

motivation 01 an a&IfGnOmGUI ftltiC'J dtaII..." with Inc,..... ......... flllltuldaM Mel 
perfonnMCll 01 KIianI and.....: penon ,......... fII_MiDM Jt-m. ...... ,..... ...... 
howeY., .... ""Ip widllhtrd ,.,.. .....,....... " ...... '" wh6ch the ....... as not a 
partidpMt in the. __ ~ ..... art a few.,- whkh .......... bet_. 01 the 
..... II .wll ............ ,,_ ........................ ,..,..--.a and 
corNnUftkaM. 

SchmIdI ..... DOAdd"'" [a'''] ........... CIIIICrUd .... 111 ........ fIl.tu....., fII 
thjrcl ,...... ~ aM -. TIM .. ....., ............ 11115.". pay .... 
anendaR .. the __ ,.._ ........ Ct&. .. Id.a.)., ..... a-r-'s aaa.a. ScMddt MId 
Sndharln [1m. sndIaarM ......... Ism ....................... ,.,... die • ., .. ,.. 
..... eo lie .. po.- ....... pM" .. h, .. rts-;:..rllr ".., .... 1M ' ... tIMt 01 _peaMl_ ..... PI ' .. IIIrI6IM • MMc ,.., 01 III...... Diu I : Ire _ .. II ........ An ,..,. 
''- atoll •• d fII_ll ....... II,.. .... s.:..r. (It}, ItUdllIW ... , ..... _ en. till ... 
_ ......... VkMW fl_ ........... _pi 11111 ... _IlL 0.. ,1111 III ..... c •• fII 
1cIMMdI_ ........... -' ...... ltdlFI ..... ~ ............. ." ... Eb ... ... "' ....... ..... 
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Riepr'. work [le'16l wu another .xample of taxonomy d.velopment. He att.mp:ed to) ftnd a 
minimal lit of pramitiVI copiUVI Iink.1 that one cou\cl UN to bUild larp Itructura or .ventl, Itltt, and 
statl chlnges. Th. Itructura woukllhen be an adequate (ormalism 'or oprasi .. humlll planl and 
aCIIOl1I. 

Schank and Abelson (1975) have auempted to construct taxonomies or Itylized everyday 
SlluataOnl ulinl their noclon of scnpt. A scrapt describes an appro;»riate sequence or .ventl in I 
certaan SltU.lIon or context. One of their _. )tems accepted naEurallanguap input The system 
geneor.ted possible explanation. of the situation by proposing scripts to be m.tched and by fillinl in 
slots an the scrapts. Lik.e Schmidt and Sridharan, Schank. and Abelson'. domain was the third person 
anteorpretation of SltU.tionS. Charnaak (1975) and Bruce [19751) abo fall Within thil (ramework. 
Scrapt-hke Itructures are necessJiry in our work and are used an a special way. Instead or mappine 
thftll on ~o anput data :lncribin" a IituatlOn. the model must perform lOme or the actions as a 
partlCip.nt In the scripted seer:e. 

Discourse understanding has been one taxonomic task area. 8ruce [197!X] recotnized that 
the purpose behand .n utterance IS necessary for complete speech understandin,. He propoJed a 
number of modes of interactKJrl buik up from intentloni (e.g .• edit. raolve conflicts. query, and confirm). 
all as part of a data base managemen~ system. He then organiled the elefMnts of the modes into a 
user model .nd • task. model. Similar modes "r interaction are implemented in our work. as action 
paUftns. Wanograd (1977] presrntl i "SChema" (frame.like) representation for understanding n.tural 
languaae diKourM. He analyzes the variOUs discourse componenu anci shows how they coukl be 
slmplifted in I leMma repraemauon. Deuuch (197 .. ) focusses on the structure of tuk-oriented di ..... 

Scrace lI9'~) attempted to consrrua a representation of lCtaons whkh would allow 
~rformance 01 the planl and aClaons as well as reasonang a~out them. He suggested a net 
r~presentation called a 'Knowledp of procedures" net. The b,siC Unit wu an event, • node to which 
all anformation about the event is attached. Each event had a START node whkh pointed Into a 
partially order«l "''Ph of IUbitep. of how to accomplISh the event. A subatep wu either • pi or an 
actlan specificalion. Reuon and mechod hnks wert abo a .. ilable for anlwetin, quat .... about the 
eyenu. The network wu bued on a temantic nee repr ..... tation (SOL) by NOImII'I .M RumtJhan 
[11"1 

There ..... cwo control processes in Scrag's ,ystem to dlNCt IiCUon performance. The task 
dray," prGCInI INUred that 1M pi 01 the wit wu accompi~shId_ The motive draven praceu Itt up 
Q3ftltraintl or crifllria 'or ~ the task CO' dcIne. .... quiCkly. An Wlrpnter performed the ICUans b, 
Mlrtincll the STAItT noM and 'oIIow", noda The in.,... put eItmtna Oft a ... 'or lUbauu 
or wait wu (thollwhich .... ., ... in 1M 0UCIr .. vironnltnC to NIpCII1d}, ICII»rdAnc. the pardaJ"""" 
oIlhe net. 

Scrag'1 modd "''1 1ft attanpC to account (or different kenda of actionI and proY" I 
(ru ___ 1t for aaodllttnc know"" abauIlICIianI With an ex ..... ~ ot 1Cdans. The 
It ..... h til the ....... in ha," puaIIef lpICibioN'or c.. ...... cf .,.... - pal canv"" by 
an _pMciIpaI) lind .... "".ad by I UtuIIion~ DUfiCUltieI in .... paracliF' "'"' ,... &hillel 01 
........., in eM.,... M ... fllhI inf .......... to be ....... Mid _, ....... 10 be 
UIId r. a ...... ,.,... Alii IM ... ,.,CI'IIId 1n the ... *" ..... oIltI .............. 
prop ..... 
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C.lIppanger (197,., 1975) developed a working computer model of discOlJrse generation 
([ R M A) He described natural language output not u a process of ""eraUon but as a regulation of 
competing ~havlor gtne~ators. The five majOr processes in hil system each had their own programs 
and dllta and their own criteria for what should be said. The prOCflSft could inhibit each oth~r or 
anterrupt each o~htr In the middle of output generation. The resulting output mimiCked human output 
behnior in which sevtral competing sieles of the person are in conftict. This type of modellhould be 
ustful In furure Simulations of human psychopathological behavior. 

In an attempt to capture the theoretical organilation of actions Into coherftlt plans, Miller, 
Galanter, and Pribram [1960] propolld a tat-operate-tat-extt (TOTE) construction u the 
fundamental unit of human behavior. The TOTE unit carded the usumption thlt all actionl locally 
rtgulate their own behavior and insure their own fulftllment or ItOppine condiUons. In this paradigm 
all plans were bUilt up from TOTE units. TOTE units were hierarchical to allow for subgoa1s llnd 
~ubplans. The problem with the paradigm is that While some actiOns are best described by a loop 
ex('cutlon or condition terminated action, not all achons fit. Also, th~ Information for ar.t.lon selection 
In theu paradigm was not Ioca:ed with the action but an another let of structures calted amages. These 
Image structures were nO( UIOCiatld with the TOTE untu. Finall" thert wu no IMl'ltion of how the 
p1ans were motivated. 

SKtloll U SlmulatloDl of _OlA'IUon lad MJiIf '11t ••• 

There have been I number of attempu ro limulall 1mOCiOn. or mot'nltonal qualUitI (t( 
human behavior. MOlt of t ..... lylCtml haY. had IOfM .pllett Np~.1on at the matiylt ..... 
mechanilm and have Itttmf*d to make thl.!",", autcnolNUl • 1.1 .. d' .... b, IOfM 'nttm.1 
lMalUres of perfOl'lnala rather than by an externally IUppbld pi or cammand. 

ALDOUS. a mod .. b, Loehlin [11611 wu an anempt to construct Ilj autonomoul model of 
ilpproach.avoidance behlYior. The model accept. anruta rtprtMlCinC GbjlCtl and ractecllO them by 
approachenc or IvoMUnl tMm. II had I baUc loop 01 thM .... ,..... .. the Gbjlct or situation. 
react ~moUonally, and ad. The mode1 had three afFects: IoYe. anpr. and fear. The input ob jICh wer~ 
the number. 0-999. The MOdel decennintd the kine aerrn CGlllllluencII 0I"lIr8ction b, examining the 
currenl emotions. It t .... modi'" the kine &erm -,ttiIUdt- toWInIl ti .. GbjlCt. lA .. the I!Int!tklnal 
attnbute 01 the Gb jeCt. 

Lothian's madtI can be 'bouCht 01 u a ...... IIIrtIMIClon fUr :uan. aIIhoup baNd on tu 
attrebution it could appruch or aYotd ob ...... ItiltnIlCIh ... that it ......... IItribuIeI ~a'" on 
both curnnt ..... ianI aNI put 11IOd ..... wMh the obJICI. U ....................... it could 
mocMI Simp" CDndblnld am .... Howntr. an IGiGnI WIN"" "_ .......... no ,........ of 
t..hl.ior ....... donL Ailo. there was no ............... fI ..... taCh '"'" Cabjlcl) was ...., 
unambtpoua. Finally. the mad .. had no IMChanIIm CD InId ... :_ ......... Ihac would CIUIe 
nepti .. ematiorol or ."...... poUlt" IIIuaIiOnI. Thl modII"a ....... 1M ............... yior wu 
totally embodied .............. fIct l'tIICUona CD Iht GbJICII. Tllul.1ht ....................... Ihe 
I,Kem WIff' poll ................... III ....... _ MId didn't CIftJ the WK .... ' power fJI ernadanI. 

Donn (1_ 1_] .".".d a MOdel tI, ·,"ltre MIl..- ....... n ... ..... 
lCtionl''Id ...... .....,_~I .. T ................ I .... ., ........... tI ..... . 
pertorm..d IhInL It ca.. ........ Iht ............ and _ .................. U __ 1M .au .. 
0UICeIh'. If.,.... ...... carre..at ...... CD dIMp .... c.or-. ......... ., .. 
,....icti~ wu .................................... ....- .... ".. ........... ...... 
plltliy. ur.& ........... IIMIC M ntpa ............ ,., ... y ..... fJwrii_nMt-. fl. 
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stal~ of th~ environment), the model kept a goal state of how to move 10 • more positive Itate. The 

model performed ill execution unUI aatisfteci (the affect ,reattr than some thrahhola). at which tame it 

suspended its own operation. The mod.1 was basically an S·R paradigm, but with the interatlng 

fe,rure that It oblll'vtd It I own actionllnd corrected both Its Ihon cerm and lon, t.rm behavior. 

Once It had observed an action. the mod.1 could apply pr.vious action. in equivalent Italll (accordln, 

to a g.neralization scheme) to predict a better action (or the current situation. 

Kilmer. McCulloch. and alum (1969) propoitd a model of the retlculu formallon of the 

braan. (The reticular (ormation IS located at the base of the brain in humans and concerned With 

arousal and attention.) They proposed that the (ormatlon's primary function II to Iwltch from one 

mode of behaVior to another. They postulated a number of distinct behavior modes (e.g .• lleeplng. 

ntang). The model had a set of independent modules vying for attention until a majority deciSion was 

reached as to mode. POSitive and negative reinforcement were also included. They could model simple 

~t>nerahnuon. classical condslionmg. and trlal·and·error learmng behaVior. As a theory of affect. their 

mod~1 did nOC allow for cognitive conceptsi the model could only alter the mode of the system. 

• KIss [19?S) outlined a more general model of motivation. His model characterized 

motivational processes as assignin3 pfioritltS to competing goals. and allocating resources of 

computational work. The report had no detailed proposal for a mechanism. but was mostly an outhn~ 

of the facton to be conSidered. 

Shaw £lt7!!) outlined a mechod of deahng with motivational issues in frame-style systems. 

HIS proposed modelacllVlted frame structures from both high level coals and low level enVironmental 

p"'ents. The two activation IOUrces interactfd an recognatlon tuIL. to iterate between hypotheSIS. 

formallon .nd confirmatiOn. 

Previous work on belief ,yltems by Abelson 1196'~) and Colby [19&f) established the 

prmclples of: <II) associahnc affects with belief •• and (b) a model mpondinc 10 iU own internal diatreu 

or conflict due to itl b.litfs. In Colby', [1961l model of nfurociC proceues. a pool 01 c:onctptually 

related beliefl WU MUcheci for conlllct.C"'eratinC bebeh. Then stratqitS were appUed to reduce 

conflict. The tr ...... ormations attempUd were limib.t La those cateprized by Suppes and Wuren 

(l97S1 

Colby's...., work ....... 1ationa of paranOid p~ (a dinct UK8Ifar 01 thli work) w. 
conctrnecl with IWO tub (I) ""-pewUinc alplCiftc theory of pannoia Into a I6muIltion madtI. and 

(2) develop' ..... lCIequaIe lit 01 normal and peripheral P"- (1ancu ... NCICIIftWOn and 

pwl'1I .... ) to ...... as a but for .. theory. 

The or.., .. model, PAllYI, [Colby. W ..... HUf, "71) had an S-R paradifm &I itS 

b.... The 1limU1uI ... the .......... 1inpiKic input from which UywordI ... aUI'* to 

dete'min. the,.,.... A ... _ 01....,.. ,..-..1CIMId the input to ..... infOl'mltian to 

whiCh lhe proc .... CDUId NIpOftd. The lIquencr wu: cIeIuUonaI ......... 1tIr·Nf'1"Mt 1Dpia, ...... 

topiC5. captc eiabGrlliDn. and ......... • .... werinC. R ..... prllii u- could ......... a ......... iC output 

and .. "Ida 110 MW It •• The.,...ah 01 tht' model wu thai the par ............ cauld be 10 

dh'«tl, ex"...... and...uNcUd. H ........ this......., was aIIo, _k.. TM ... had IW,r. 

normal ...... "........ AIIO. the ......... ., chanp ... IWI 41 ...... the ......... wu the chanp .. 

ltv. 01 the Ih_ a«1CU and .... of ............... In th.I ... ' .... In ... of It.. drawback .. 

the ........ WIt .... ,... T .... ·IAk. ~ _ [~,. aL 100 

The ........... AllY1.l1 .. c.Iby,' Pm.. ItnJ.,... ........ ..... 

weak ...... til • _, • ., .... Int", ............. ~ ........... [Q6r. ParkJ-. 

., ....... I .... ) .... nn" ..................... ....... tIl .................. z ...... 
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Second. a mechanasm ror building a model of the interviewer during the CO!.r-,f! 0( one interview was 
.mp\tmented in a belief s)stem with Inference rules. Third. the parancNd procellln, was aeparated 
(somewhat) from normal procming. The numb-r of normal mode acltons Increued by adding new 
Intentions and actions. The drawback to this model wu the multiple WI,S h Which th. various 
m«hanlsms were Implemented. There wu no limply-<1esiped mechanism that performed an the 
processes; each process (inference. affect. lnd intenrlon) wu distinct and relatively uninvolved with th. 
others. A Iso. the top level loop of the prorram wu an Input-Compute-Output loop. We may fit any 
theory in such a loop, no mauer how bldly we have to contort the theory. However, It Is more 
plausible to have the top level motivation of the system stem from moUvatklnal constructs In th. model, 
becau~ then the theory is playing a centl al role in the operatAons of' the mod... This MOdel paued a 
more rigorous Turing test in which the inttrliewen were asked to dlltinCUlSh I human from the 
model [Hei.r. It a~ 18771 
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Chapter ... Action and Interpretation Paltems 

In ord.r to fulftll dell .... and netds, human beinp p«form ICl40nI which tend to occur in 
patterns. Actions ClCcur '" patttmsso that humw may cope dacAll'ltl, and effectlv,l, with thl w,alth 
of information thal aurrouncll thlll'. On. common examp'" ot,veryday ICUon ptrf'ormance AI the 
rinltnl of • telephon •. Th. action lIqutnCl .. to wllk to lh. ttllphone, I'fICh for Chi ""'., pau. it 
up. and say ah.llo- into the mouthp... Thil iI an example of • paatrMd Iaion • a MqUllla of 
andividual action I that lind to be performed in the sarr.o! ord.r. and thal once ItU\td r.r.d to run to 
completion or the sequence (un .... interrupted by IOfM h"her pr&or1ty pracaa). An lXample from 
conversational interaction il the Mquence: 

as m: 

~~.tion ~ ClerificatiOn question ~ CI.rifiutio!'\ .. AnI"r) 

"How do you liM your workr - Question 

"Why do you went to knowr - Clerific.tion Que,tion 

, WII concerned that you __ • upset.- - Clerific.tion 

"Well, it', not too int.r.,tina; I lOOk fGrward to •• vina at nilht.- - Anlw., 

Other examples of patterns actions in dl.1ag are archlnc and chainin, [Wilchler 197~l 
A rchan, occun when a respana to • queKiOn as anochtr quauan which Iuds the Int partidpant to 
the answer. For aample: 

"'00 you have • jobr - Que,tion 

"Con' mo&t people hew jobsr - Question 

ChaininC occurs when &he 6nt penon uU a questiOn, the MCGnd ....... _ .... and the 
ftnt penon ........ w6th • CGIIIIMnI or anocher qUlltiOn. For_.,..., 

"I)) you , .... 1"" • Qweelion 

.... I don': - AM .. 

'"Good,- - r.-....t 
DamiftMCII""" Nne., the panidpanU can be ................ ,....... ,. 

example. the MCOnd penon in 1ft arch", paIWn hu efftclivtIJ ... ClllllNlfII tbt ....... tI 
the ... ,.,.. ....... lUI q ...... In chaininc paaems. the .... ,.... ....... ......... 

......... ICtioft ... __ IftINf_ "*-'"' in In _~ ....... y_ lI«ulI dw7 ue 
.... , .. pndta .... 1pIdfJ .. MIn .... · .. od ..... 

".. '111 dill ....... _ II..., CIrriId. c • .,' __ ............ 
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possible action. from occu,rmg [Dennen 19691 For instance. once on.'. hand i. on the telephone 
receiver. almos~ no thoughts or action. will interrupt putting the receiver to the head and '04"1ft1 
"Hello·. Thus, action. are partially determined by the previOUsly performed actiOn •. Abo, we note 
that recognition and interpretation of situational inputs will alao be partially determined by previOU.ly 
performed actions. In our example from a conversation, the final statement "Well. It'. nClt too 
Intereshn' ... • IS interpreted II an answer to the origmal question "How do you like your work?" and net 
to ·1 was concerned that you wert upset.-

Because action patterns or sequmc.s seem to run to compleUon once begun. an economy of 
mformallon proc~ing can result [Dennett (969). For example, when ftrst learning to drive a car with 
a stick shift, one mO$( perform each step of the gear.shlftan, patterned action indiVidually. and verify 
the state of the world after e~chactlon. After years of practice, one need. only to I.liliate the action 
pattern. Since the action pattern has become automatic, one is free to think about Clther thing. while 
shifting gears. In the same way, the formation of linguistic actio:.s into patterns optimizes information 
.Iorage about dialog participation. Scrag 1197bl de"nbed tnew two ph ... of action opUmilatlon u 
rote·orltntld and goaJ.ori.ntld actionL 

Action patterns tend to overlap on. anOlher so that their component actions are multi­
auributed. The folloWing example is a portion of a psychiatriC interview, with 101M sample action 
patterns dlacrammed on the right: 

"Wher. do YO\I work?" 

, work .t Se.".· 

·How do )'OU like it ther.?" 

"Why do you wMt to IuIowr 

'\Mybe It upMt. you.-

.,.-, oIL ~ 1_ .,....t.­
-About what?" 

"Didn' I tell you "reeely!" 

au.stion 
I 

Answ.r 

F,.f 
I 

Protect 

Topic intro 
I 

New topic 
I 

Accept new topic 

"You ... ".ioMd tOMtthin& Ibout bo&*IH.-

Ouettion 
I 

a.,ificetion .-llon 
I 

a.,ificetion 
I .... .., 

Question 
I 

QuIIlion 
I 

ANwer 

Not. that OM MnpiIdC .,,... can FIflorm acdonIlt ...... ltv.... The patwnl (Q.. 
CQ.· C • A) and (Topk AMro-Ntw tIOpIC-"ccepc new ... ~ OY8'1Ip nch ...... For ....... the 
... ttnce '"Maybe ....... ,..- ...a. darttJ a preY"'~""'" ....... canIrOI fII the om ........ . 
and intnIdUCII' MW" ACIkIft,....... 0 .... and ,..... .............. fI ... ,GrmIIIIion. Thil 
fact allnCll tIM ...... flip :til .,....... prot .... F ......... C:rag lI.1I] ......... out 
that an ICIion could be ...., • ......, ......... __ .1riouI purpoIII. ........... u .. pGlld 
10 1b'OIIinc. The,...,... aan .... MI to Ifftr" ...... fII aCIiona: IICIionI cantroIl6I. the c.YWtadan. 
actiOnS .......... 10 ........ CFev 4 Prc~ 1CtioU ........ the IJMaCIIC fGrm fI the 0UCpuI 
IXp ........ actioIlS ........ tIM. fII cht mnnr.-. F ......... &III rap •• "Wh, do,... 
Wanl. k .... r an be .......... u a ' ..... a~ ........... The .... .".., I'-
JOU ....... 'r II _ ...... UIp ..... fllht ... ........ 

The,...., ....... _ ..... Ii"" aNn IN f.- a ............ ,.... or ..... 'or our 
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purpost. It IS nKessary to amplement patterned actions as rules fer gUiding the model's behavior an the 
fll 51 person. Filch pattern can have a number of elements. Two types of elements in the pauerns are: 
(l) actions lhal Ihe model can perform. and (2) walt· actions [Scragg 197~J or recognitions of situations. 
(A wall·actlon is a step in a panerned action an which the moclel must walt for an agent in the 
tnvlronment 10 respond.) In our dialog eumple, Ihe question from Ihe inlerviewer -How do you like it 
there?- Ii not an action that the model can perform. The question il a condition or event in the world 
that should occur In order for the action pattern 10 fit. The interviewer's questaon must be performed 
by the anterview.r; thus the action of the model IS to walt, or eveil antlcipat., the interviewer's next 
anput ,xpreIlIOl'l. In len.rll, elements of patterned action. ullith,r lYents or Itata of' the world thlt 
a person seek. to rICogt\ld in the world, or in.tructjons thlt • ptraon perforrna. 

Psychopathological models currently deal primarily with defensive cocnition. Defensive 
cognition consists of the .tralegiea for manapulating beliefs and performln, action a in accordance With 
those bthefs to mmlmilt the overall occurrence and turbulen(e of negative alfecu. Defensive strategies 
ale strongly dependenl upon the notlon of affects influenCing other thought processing. One 
characterastlc of these strategies IS the biased interpretation of situations accordin, to affect levels. For 
e)(ampie, an the paranOid mode (according to the tht'Ory we are attempting to model). when the shame· 
humillauon alfKt rases to an extreme level. the person hu a strong biu towards interpreting another 
person's actions as perSKutory. Another characteristic of defensive stratqies is that they are mamly 
UnconSCIOUS. In paranoia. a person may attempt to find eVidence that another person is persecuting 
him. but the use of thIS strategy for lvolding or reducmg humiliation is unconsdous. Defensive 
stutegies also can have thematic responses to particular affects. For example. the fear affect ""erally 
triggers an attempt to prOCtct the .Ifi the anger affect tends to triaer an action of locating the cau. or 
the anger In someone else's action. and conttndlng with the person. In general, two sets of factors 
detf'rmane the rKoc,utaon or interpretation of events and the selection of actions to be performed. The 
two determining factors are: the inner environment (the needs and desires of Iffect). and 
representations of the outer environment (bebefs and facts abautche "'ternal world). (Simon [1969J 
described the relation of these two ractors to the d~velopment of araficial systtml.) If we consider these 
two factors both to be appropriate conditions for :ieterminang the u. 01 patterned actions, then the 
stratecafS for dtfenlive cocniUon become quite limllar to patterned actionI. 

Section 4.1 Aetion Patterns 

In the next three sechOns. we will desc:ribe a theorlbc&l model 01 paa.med actionl in 
humans. Liter in the chapter we .m dacribe the computer aimulation madel .hkh we based on the 
thtoretical modeL 

The thecntkal model 01 panerntd acUons WiillatmpllO .plain how KtlanI an poupld 
into patternl and how thee pMMmI an URCl in the ncopitiDn 01 ..... auons and the per!'onnanc. 01 
actions. The model will IttempC to ICCOUnt lor a particular rypt GlICtiOnI: ddt Ktians t~.at .. 
conSIder auaomark, ~ or not requirinc debberativ. planninC to any pM _lint. Thai 
act ..... are riCh in lituauonal flClan and affect but ..,ane in abIcnct thGuihL 

The ""'1 bilk """11 an: (l) dlllltrur.IUNI called patWnI. (2) an 1Cti.1IiOn 
mechlniSm that actiVIleS pIIIIII'AS when the panerns match I real-world Ulullian, and <S) an 
anterp'''''' that pIrIorw lhe actions apecilld by actlvued paa.nu. 

In iUS.,._ Iorm. a p&amI .. a ..... I elm IltUCtUre COftIUlinC 01 a one-ciimllWonalllt flI 
.ltmentlthll an ""kid. EIIda .... t 01 a paaern npNIIIIIIIft .,ant« .... 01 1M world. E ...... II 
are paac.d in allft.ClcH1PC ....... in I pllWn accordinl &0 1M aaual ............ 01 ChI .,.,. 
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occurrences In the real world, makin, tn. elenentl tlme-dependene. For example, in a par-shifting 
pattern 

(Di .. ", ••• clutCh ~ Shift ••• r I.".r ~ ......... clutch) 

the elements corresponG to the sequence's actual time ordering in the real world, with earliest events 
leftmost. 

29 

A more complex pauern may be more than on.-dimensional by havmg a number of elements 
in the same position. The events corresponding to these elemtnts an alllUppoMd to occur 
simultaneously. For example, we may expand ehe previous pattern to inchlde the events involving the 
throttle: 

Di .. ,. ... clutch I close tivott,. 
I 

Shift ,I., 1'''1r 
I 

R .... n' ... clutch I OPin tivott,. 

In this case, the two stamng eventl (Disengage clutch and Clole throttle) occur 
Simultaneously, as ir conjoined. 

Conceptually, elements or patterns are representadans of nSlts or .ata of the world (facts 
about the external environment), or candiUOn. (aIf'ects) of the inttrnallllvlronment. This ICMme 
allows one homogeneous representation of boch factors infk.lenctnc human behaYlor. We can intft'prtt 
panern elements as events that have already occurred or u actions or states that should be brouC~t 
about, depending on how far along in the pattern the real world lituation matches. For ~xample, in 
the Clutch pattern example, ir the environment .natches (DiMnpp clutch), then the ~~hift anr lever) 
element is an action to be performed, pracri~ by the pattern. If the envaron ..... '. matches both 
(DiMnPC' clutch) and (Shift par le"~(). then (Shift leu lever) is an ev ... t that hu already occurred. 
Thus. events in the patterns mar De interp ...... as lituauons to much or II acuona 10 perform. AII'ICU 
may be tnterp .... II candUbnl on che Inner IIIvlronlnlnc to match _ u the dtcI ........ 10 lhe 
eventl in thl p\Cllm. 1.110, chi elerMntl 01 an, OM pauem an at a CGnCIptUdJ 1lamap11llGUl1ev1l. 
The evMtI th·' thtllemlncs rep,...t an all 01 allmtlar nllUn. ._ .UIp'" 1M puolh.ftIn, 
pattern would noc contain tlernlnts 'rom I paam of con.mattonaJ IYIIMI. nor .. it it CIOnCaIn 
elemenca corrtIpOndtnc to IpICiftc muscular moYll'nlllti in the handa 'or IIdftInc the .., In.. Such 
limullaneDu. paa.rn Informataan on a .wrenn' CGI'ICIIptUII IIv" would be lndudId an a d ..... t 
pauern. 

Sed •• 4.t 

PIlWnI ma, be active or Andy. It an, partlcUlar....... A ....... AI aaa •• whln (pan 
of) at ....... m. inMmaJ Mdlor ....... ,tnnmInt. The .......................... ,...... 
............. CGIIdililnlin lhI.firOnfMM U ,...... an the ...... -, lnpUI and 
internal condltionl. P ...... much tram IIfl ro riP' (10 _ ....... 10 ............. ). Each .--.& 
01 the paa.rn muaa match a condition; the lilt tIImInt mIIIChId ..... cor ........ eo the .... nctnt 
situatiOn. When a ,..... &; lICtiyu.d, the rnatntnc unmIIdIId ............ uaUabll ,. 
further lntOfn'ldon pta CUi..... lnacllve pIIIII'ftIlN .... and .......... ~ ..... 7i'7; ,. _amp'" die ........ (lhift ..... leY.) ..... (It ........ cIuech) in .... a.h ,....,. CIII CIt be 
prGClllld after 1M ,..... ......... ICIiftlld and rht ~ duD) ............... 1edMd. 
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Two forms of situation recognition are pOUiblt. recognition of new situations, and vahdalion 
of on-goln' situations. A pattern activation represents a new situation beln, recocniud. It also 
represents all the appropriate information beang activated for the new lituation. In our conversation 
t>x ~mple. the (questlon-clariflcation queslIolI) pattern prOVided a recognition of the local interaction as 
s.oon as the second element matched. The pattern then provil!td the appropriate Information to 
rf'cognllt the ntxt anput u a clan6catlon of the original quntion. Vahdation of on-golnl situations 
occurs when a next event is correctly anticipated. as in recognizing the clarification input. or when the 
ntxt event IS brou,ht about through one's own actaons. as in anawering the qUestion after cluifacation. 

Patterns hIVe Initial conditions that determine whether they will be activllt or nae. In pneral. 
mlli,,1 condltlonlar. the lime irner and outer environmental factors that make up pattern elements. 
The neefuuy for makan, anltial conditionslf*ill.lIn.tnta in pattern. ar .... from havi,. to keep a 
dIStinction between deSCriptive elements and preKriptivf elements. In the (qufltion-clarlftcation 
q IItSllon) pattern. we do not Wish the fact that the other person ask.ed a question to prescribe 
automatically a clarification question as the apprOprlilte response. Instead. we need t'l add an initial 
condition that If thE anput was a questlOl'l and if the question WIS nae well understood. then a 
c1anflcatlon is one of the poulble appropnate actions to be taken. At that point. the two imUal 
conditions plus the additional elernenu already matched in the pattern become the initial condltinnl to 
thr nrxt elftnent of the paltern. 

A generllhled pattern an the theoretical model looks like: 

( Al • A2 1-& An ~ B11 B2 1-& Bn ~_~ J. I J2 • ...a ~ ) 

A II of the Ni'l are CMdilaons. The ~ditionl in anyone panern .lement art conjoined. The arrow. 
andicate temporal order. 

Accwdinl to the theoretical model. the activation of panerns in hUm&nI proceeds 
conunuously and in parallel. We can mue an analogy between activation 01 patterns and aMlworlL 
of A ND and OR Iogical,ates, with a set of levil inputs, the proplplion 01 sip"" and lhe lInal 
outp •• t of lev.llipals. The level inpuu in our theory are the inner and outer .. viranment vuiab", 
almost at the level 01 sensory inputs to the system. Thr logical p&eI are the patterns. with an input 
connection between the environment variable and the element of a palta1I that it maaches. The lInai 
output lien all art the let 01 next Mates in the patternl that are to occur. The prllpllpdGn 01 ........ 
and the activatiOn ot pattern. can occur quickl, because no I"aph searching or Dack-trackAnc need 
occur. 

This combMtation • imLanI Ulimilation 01 new infCll"lllllion and 11M llmultaneaul tendency 
10 sCick with the ..... paaern or inlerpnCIIiOn oIalihlllion thai Ii"' dUa ~ its ~U ....... 
for PlycholailAl........ for .'mplt, the input IXpreuiOn .... an ,.r can hi" (II two 
different ~ At the a.panAnl 01 a canvmaUon: 

"HIIIo. • ........ .,., 
the appropriale ....,... is -riM.. After "yinC .... y lirl friend hu an __ cUIIIII.- eM InpUI ..... 
are ,our' .. uncSouMIdly .... &han a.,...",. n-.., ........ c-. Itt ............. by ,....,... 
01 the , ......... IOI't 
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( -How .r. your' , Gr •• tina' .. Stll'ldard ,'NIi,. .. AHponee-"Fi,.- ) 

( -How .r. you?- , Nona, .. ti,.. .. Heelth .... tion .. AHponee-"No 
inf.ction- ) 

3. 

We can make an analogy between the structure and acuvUion of panernl U betn, limnar to 
semantic nets. We can consider the syltem as consllting 0( a Jet 01 concqKI or condit6on. on the inner 
and outer ftlvironmentl. For instance, "Humiliation hiCh: 1nput is a queltion,- and -ConYersation in 
greetings mode- would be concepts or nodes. The putern. are .al AND pta bet .... cancepu, 10 

thar ont conc~t (t.g., "Humiliation high; would be linked to all 01 the patterns", whkh it wu an 
ele~nt. (The time factor has been left out of thl. analogy.) Whenn. an "'hial candltion becomes 
[rue, If all the o:her initial conditions 0( a pattern were already true, the paaern would automatically 
be activated. Conversely, if a condition suddenly were invalidated, all the patterns In whkh it wu an 
element would Immediately be deactivated. Again, in our scheme, we reduce ttme-alftlUml"l matching 
processes by tying each condition to all the pattern$ of Which it II a member. (Compilation 01 
condition templates by network II more fully dilCuaed in [HaJU-Roth 11751) 

Seclion 4 .• 'anltn Interprltltlol 

Once activated, palterns are processed by an Interpreter. Each p.uern hu I pointer thlt 
specifies the element corresponding to the present. For example, the pattern (QIlation .. Clarlftcation 
question .. Clariftcation ... Answer) would have a pointer to the third element Iller the clulftcatm 
question had been asked. The elrmenu pnadin, the pointer repraent facti; the .lementilUcc .. cUn, 
the pointer rtprntrlt explCtattol'll; the .lement poinCld to nprtlll"ltl an action to perform or "Nation 
to recoplu. (A II elementl are apeciftcally labelled u to whechtr they an IICtKIns that the ..., performs 
or wait actions that the penon mUll recocnize. Thll labelling ICheme Implies that there are two 
ClariftcatliJn patterns, OM (01' each role that the person can play.) The interpreter proceeds by: (I) 
examinin, all oIlhe elemenb currently pointed to; (2) delll'minin, an appropriate action (whkh may 
be to walt and "'terpnQ and (S) perf.wnc the 1CbOn. The......"... look. at only • crou ICtion 01 
the pattern tiemenca In tIC" cycle. The paam pointtrl IpIdIy the ,...... IIImInIl In the CIGII 
1KUon. One mipt think fli the inra.,,- ....... OM.-..c • I dint.,.. eM ,......... 
Actual.,. the pIIIIm ~!!~ nat die .... ,,_ • ...,. aa. the p. 1 ........ eM Idi ...... 
.... han_ 

HaM thulhl ,.,.... do nat mon acr.a all oIlh1,....... On., the ".... ...... 
whole intortMlioft wu UIId In ct.r ....... the acdan chanp. In ........... ,......., we- ..... AI . 
performld by I ....... n _lei not 1M compilled vndl eM ....... c.cIuded ... pra CIII.", 'or 
inllanClt. I con ......... pIIIIm: 

may hay, a .......... perfomUnc part filii acuana: 

CAMIpiIe Input .. FInd ...., .. Say ....,) 

The,.. .. In eM ...... ,..... _lei,... Q)I ..... cIurinIha ................... ..--
po6ntiInI ... A .......... the ... ewe -...a or the ..... 11 ... 

,... .,.,._ .... dtttnnInt ..... aaIan .... ,.,. ....... " .......... 
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patt!!1 ns. This action may be a comj)1tx combination of several actions that aff pointed to an panrrns. 
"'or tX amplr, the hngumlc outpUl "Maybe you are upsel abouln· an the above Clarafacatlon example 
was a result or two component actions: (Clarification) and (Introduce new topIC). To compose multilevel 
aChons, the anttrpretrr .xamanes the current elements in the activated patterns and matches the 
elerMnts With I smlll 1ft or rules. From the. actions. the inlerprem If'-ttl a sinlle action. 

The actions that the anterpreter executes are the only VISible actions Ihe system makes. The 
top· InrI loop of the system (assumanl that the pattern activation is done conunuously by an 
IIldtpendent process) examanes panern elements, determanes an aaion, and executes It (analogous to the 
f.tch·decode-execuce cycle or dlCltal computers). We minimIZe conftictl between patterns by: (a) k.eeplng 
the varaous levell of affects distinct in the.r Interpretations of situations; (b) makinlthe panern 
elements AI »f"Cil'lc u pouable an the conditions th.y represent; and (c) maklnr: certain ealecories or 
condltionl mutually Betulin. If any conflicts Uilf concernln, the corNU action to tak., one may 
flther UlUmt that aU the rem.lninc actaonl art approrrlate, or that lit. 01 canfuUon .illl u to the 
bts, courat or 1Ct1Ol1. In any c., afflCt Itv.1I will chan,. if no appropra. KUon aa found, ( •. g., 
shame IS ralNd if thl Iystem dlttCll confusion) until the alrects art Ib'OnIlnOUIh to dominate the 
system and ansure IGIne actioll. 

Note that the anterpreter can perform only one (multilevel) aaJon or make one inference (if a 
pattern represenu an infertnct) at ;t time, While the activation mechanum can ncopiu mtire 
sHualions. 

5.ction 4.4 Model 

The remaininlllCtionl of thai Chapter will discuss the compucer limulation model which II 
based on the theontical model jUIl dtlcribed. 

There are two diff'iCult upecu to Implementln, our thtorecical model: (a) thl CGntinuoul and 
parallel ICtIVauan of panema; Ind (b) the difFICUlty, due to the rtlaU •• autonomy of taCh panern, at 
Imurinl that the riChl PaDemS will be activt in a situlltion. As we thall .plaln later, the patternl If. 
aClavated before the interpreter performs nch aaaan. The work", memory iI cWand mlldi'lf 
patterns. .xcepe f. thole rACtin'" specifically by prevIOUs pucem. and IICtions. and the entire sec of 
panernl ia ..... for activation. A walth 01 initial conditionl and ,....,. .·1 ..... ". which narrow the 
ICOfM oIln01t pattcns ach .... cantroI over lhe ......... , of pa&WnI. Unfonunaltly, thil narrow 
scope allo IimkI the pau.rna' ~lilY. 

We impIInwIl8d the model In a Produeuon System. Each prodUCUOft rule hu the farm: 

( P •• : lPreMftt) .. [Action) : [future] ) 

where lhe Put condiCionl an maadlliDl'J and cht othtr CGI'ldationl .... c~aI (indicated by brICkell)' 
Then are cwo IJPII f1I ,.... ... rulll: ACCian '1IIIrM <APt) and InWpraUan , ..... (IPI~ An 
A' hu the t.-m: 

( P .... Action I [future) ) 

An IP hu die ,.. 

C ,...".....) 



iof Action and Interpretation Patterns 

A ctaon Pallerns specify some action that the system 1$ to perform. A Ps Ire typical production 
rul~s Th~ Past conditions Ire mitlal conditions (!rft.hand side) of the rule. The Action tlement 
~p~lfltS an action for the Interpreter to perform. The PS interpreter forma I conflict set fl'Of1'l the A Ps 
and ~ltclS an action from the conAlct set. Future conditions are sel co true for the next inlerp~ 
cycle. Future conditions are only set to true if the ACtion In the AP ilselected and completed 
successfully. A Fs model sequentially performed human actions. An example of an A P: 

(THREAT ... W!T~AW) 

Given that the Interviewer has threatened the model.patlent, thu AP specifies an action of Withdrawal. 

IPs specify a situation that the model can recognize. The Puc. eolements of an IP are the 
componf'nu of a situation to be recognized. The Present element is a let of conditions that are 
activated Immediately whenever all of the Past ConditionS are true. The Preent condition. can act u 
111111411 Past conditions to other rules. IPs model the parallel recognition (matchinl) of situation. in 
humans. A n example CJf an IP: 

( STMT II FEARCHANGE : THREAT) 

Given that the utterance was a statement and that FEAR Increased at the Ame time, this rule 
Interprets the Situation as threatening to the model-patient 

Briore examining the detllb of pattern elements, we shall dllCl'ibt th. PS interpr ..... 

The five ItigeS of the PS interpreter perform on. cycle of actlvat'" and an.",.atkJrl. The 
f1vr stages arr: Update. Activate. Match. Execute. and Soak.keep. Wt shall Jive a brief description of 
~"ch routine. 

(I) UpdJIt •• This procedure upd_ the apprliAl and affect condWOnl. The physical state 
of the model's processin, is UItIIed and the appraisal conditions upcl .... ('-C., dnd ...... copiUve 
overload). The affects are decremented sUchtl, (rom the prlVioua cyde to IlmuIMe a time decay of 
affect strength. The external inputs are tared, and any new informal_ AI nated in the carr .. pancUne 
appraisal variables. All of the conditions bnternal and external environmenlaJ variables) that were set 
or are sun true from the prnious cycle are .. true. 

(2) ActiYate • This procedure ICtivaca all pauems that are true baled on the conditioN let 
by Update. Activation Is accomplilhed b, (I) ..... all cht condkiGnl (-.I on a MIt) for ..... true. 
(b) 1CCtIIi"l the p&U8N for Which tM!rue CDnCIiaana art pa&IIm ... , .... Mel Cd ..... whither an 
of the other tIementI an the paUlm art CI'UI (u.. conIIInId an the ....... cand1IIana lit). .f an 01 the 
Past conditJonl are crue, the pattern is aainled (put into the -contlct lit'. As IICh IP .s activated. ita 
Present conditions are unmediat.1y .. to IrUt. That condMionl are aIIo ..... by Actt .... Mel may 
make add6tional Put canditians true. The lCUyadon prOCIII ~ UMlI an fII the ...... aI 
conditiOns from Upd_ UMI Che addwonal candidonl from "-t ... , .... fill ... ha ............. . 

Note· the ICtivadGn nwhanbm in Iht AClJYate ptaCIII Is an ahaualift _rch thrauch an 
of the pattern.. This MIlCh II MCtIIII'J btQuII the IPs can acid new trUe CIIIInChItanI chlrine the 
ActlVlliOn procas. A .... t .... AI no order", f1I rules dUrlne ACUvlliGn Md no ,.,ua11MlCh .... 

(S) ... tcll • Thil proCiIdurt mucMt all the Action ...... fII .... ICII ..... ,....... (conftict 
let) with a let fII action ru_ to CIGIIIbtM the ......... ' ICIiana ...... ftw ................... IClIanI u 
possible. The mulUpll acbonI are..-.s. AcdInI mil .... a f • .,." ........... acuw'" 
are pllad W .. actaana ...... u IDw ICIiYIIion NIpCIIII& ..... ca.. ... 1111 ........ IICtian 
(ftnt 1MICh) u be6nC eM .... ImpOrtaftC ICIioft to perf ..... 
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W EXKute • Thll procedure performs the (multilevel) action found by Match and 

d~t~rman~s which Future conditions to upda.s for the next cycle. 

(!I) Book·It .. ., . Tha procedure c~,~rs the working pool of active APs and IPs. h also 

determanes which conditions have been set to be true at the start of the next cycle by Future pattern 

elf'menrs and resets all ocher conditions. 

i .. t 

The syntax of the Past pattern elements" as foll\Jws: Members of the Put conditions are 

either LISP atoms (e.g .• A) or bm of two e\emenu (8 C), where Band C are LISP atomJ. The atom 

iorm A IS true If the vanable A IS set to a non·N!L value. The Ii.t form (a C) is true if the value of 

the v .. n .. ble B 15 C. 

AppraISal conditions and affectS are two types of Put patttrn elements. The appraisal 

condltl\IOS and affects are the facts that the model must interpret. fumples or the appraisal conditions 

it! f rhe antervl~wer's languislic input. faeu about the Input, "the moctells tired·, ·SO seconda have 

rlapsed sanc. the lilt IIlput" App(aiSal tOflchtaons repre~t III of the information from the model's 

anterface to ~he ~xtrrnal world. Other Ipprlllil condlUons are output conditions from IPI. e.g .• 

THR EA T. The aff«ts are the SIX pramary affects referred to preViously. Each aff"~ is represented 'JY 

an atom thilt may hav~ one of three values· LOW. MED. HICH. For example. th. condition (FEA R 

HIGH) WQ\41d be true I! the affect or fear were activated to a hl,h level. TheM two sets or conditions 

31e exogenous an the sen .. that any btlaef that the model forms about them will not change their 

valuei'dlrtetl)'. Howev"r. pattern. or situations that occur may indirectly modify the condition •. 

The Present pallern elements are conditions set to true in the Adlvate process. The syntax is 

as follows: A Present ~ondilion may be either an atom A, a last with an aft'ecc and an increment (FEAR 

.10). or a hst of two elementl (B E). If the condition is an atom. the atom Is .. to T. If the condition 

1$ an affect· increment list. the affect is Incremented by a factor (dacribed in the next chapter) 

proporumal to the Incren-Ifnt. If the condition" a lISt. the e,.;prtJlian E is EV AL'" and the &tom B 

Nt to the result1nc value. 

Present eltment represent interpretation. of inpUts. They are typically etther affects or 

combinations of other Inpull. For example. the IP 

( INPUTF. «().£STYPE STATE":NT), (TALI< I): ST..n') 

generates the ellment STNT II a Ihor1hand lor the rad that there is an mput.lb en- iI 

STATEMENT. and .. is the model'.aum to spea~ An example fII an dld'NIInt condiUOft: 

( CONfUSED: (1HMiE .10) ) 

ThiS I Praises Ihame whenever the condiliOn CONFUSED is true. CONFUSED u let whenever the 

MATCH proc:ea has more than one action in the conftld act. 

The Action elements are LISP !MInIlhll name ICIionI. Match __ • 1M 0I1ctian rula 

(called VPAT.) to combine andiyidual ~s .. multipllllll1bure IctiGftL A tJI*aI V'AT is: 

<c SHOW·~ • MII&." I WGER-REPL Y AEPI. V) » 

The term 01, V'AT II: 
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where ACTS are LISP atoem that name Action. and FUNCTION iI VI arbitrary LISP expreulon to 
be EVAL·Id. In the Hample abov •• SHOW.ANGER. and REPLy .... aIIo ...... 1I Df Action. in the 
conNct Mtt (ANGf.R.REPLY R.EPLY) Is an a:tiGn IA rlply with ..... ne '1rtIb1l REPLY (on ehe 
rlght.hand lid.) it an arpmlflt to the (unction and containa 1 pointer to thll8MftUc con .. t to be 
expreuecl. 

We UM the Future pattern elementl mainly u tap to Un .. multiple..., API. An element 
may be an atom A or a lilt (I E). The &rom A II Nt to T and ehe vari." • lit ID the rault of 
EVALtin, E. The interp'" only seta the Futur. condluon. 10 true it thl carnspancSlnl Action "U 
Ilicceu(ul (recumtd a non·NIL value). Future aanclitiant an lit after thl Book .... procaI hu 
elearld all conditions in the mod.l at thl end of the cvelt. 

MPATI represent muklple step pattern .. pUterMd 1CUan. which nquln ..... than one cycle 
to be executtd. An MPATs"""al form it: 

( ACOND (WC()N)I); (~I) ACTlONl 
(WC0M)2) : (C()tC)2) ACTION2 _ ) 

wh«e the ACTIONs are the same u ActiOnJ in AP .. the CONDI an thl Puc conditions In APs. and 
the WCONDs are wait conditions. A II or chI conditions and acuons .... apttanal. WCOND2 tpeciftes 
that, after haYin, performed ACTION i lUCaIIIuDy. &he MPA T IIID nmaan acu.alId until 
WCOND2 b true. At the time, COND2 mull be cru.ln order 10 do ACTION!. If CONO! b n~ 
true when WCOND2 becama true, Ih. MPAT iI deacti.lIICl. The ACOND III condition that mutt 
be true thrc'lIhoUt thl acu.aliOn at thl MPAT. It ACOND ..... not true II 1ft, lime, the 
~fPA T .-.U be dacU ...... 

The C.1aribIion )fPAT 11: 

(ttl cc:cNYWQl,ES) (IN'UT):(ClARIFQUES) (NIUT),(CLNIF) ANSWER) 

M'A Ta .... GlllCllplUaIIJ equi,allnt 10 thole an &hi ~ ..... t ........ broUn up far .... 
01 an., ........ IICh "'AT lI ......... a __ fII API. ,. u ...... 1M...,. ... pIIIII'n 

........ iMO ............. ..,APL 

("-'A .............. I TAG!) 
(TAG1' .UI,.'.I' .... a.-tiM.,... ..... T., 
CTAII ............. ) 

'nil •• u_, IlPfiR _ -.. ... ,....,.. II ... '''I~~:. tJf a .. If .......... 
The pi .. _ ...... , ........ IAr).1ID ( JIll .. ~ .......... , •• ,.. • 
...... -IIMIIp ..... 

M.AT.CIR ................. ~.., ............................ A' 

(INT· ..... ) 

11* ......... fII ............... • 'TS_ The UJOIN ............ lie. *1" 2 , 

... CLIIP....., •• ~AT •• _MI ............ AT .......... _ 1M ............................... 
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(REJOIN (POSAFF) :(N'UTF) VERIFY REACT GETRESP S4YA[SP) 

The MPA T ap«lfIti action 10 ¥tnfy the Input's truth con ..... t, rna (ernocianally) to the 
ItltefMnt·. truth. ftncI a rttpOftIt. and lay the 1WpOft ... OITIESP hu further MPAT. to pt thl 
next Itn. an a IIOI'J. "'_ with the inttrvitWer'.awement, or UIII't , , .... IWIrMnt 01 bel.., on the 
,ub JKt. While this MPAT i. bM, pl'OCflled. the Incerprettr automarJcally UIpt thl OIiptal (STMT 
.. REJOIN) AP MtAvated. 

SteU •••. 1 Aa ex ... ple of tIM IDterpreter cycle 

The followin, patterns are part or the processing for the input 1 find JOU interestln,.- The 
leneral form as 

Pn ( Peat: Present .. Aetioll : Flltur. ) 

where the ... er,1 QXMlaUon. wUhan ach pin <"C .• Put) are conjuncC1vt. 

PI (INPUT , STUT , (~T .,20) I OINTEAEST ) 

Pi (DINTEREST • S1..,. " (SHAME ttGH) : IN$U. T • (ANGal.10) i 

P3 (DN'rEAUT • ST..,. • (Dt IIGH) : c::owPlMNT • (SIt .10) ) 

P4 (INPUT • INSU. T .. DEFEND ) 

The uam eI020 is a pointer to thl c:onceptualUldon -I ftnd you lnI8eItinC-. Thl CGRClWOR INPUT II 
true if there is an inpUt ,.tttrua from .he interVieWer. STWT is U'Ut if die mpuc II I ......... t. If 
lhat cwo candWanl an true. The Int pattern PI UMrtI the belief DINTEltEST. DINTERIST II 
true If thl inter ....... ",1iIY. thlt the mod.l-patilnt is interadrIC in ... wa,. DINTEREST .. a 
,labal belief which can ... aculI.d by an other paa.mIL The bIIW II put 01 the penon peraptIOn of 
the .ngrv...... P2.....",... the bIUtl DINTEREST to be an ..... 11 II the Ih ... dect .. ""h •• ""e 
PS interpntl DINTEREST AI , camplimlnllf the Pf atrea is lUC;a. Pf ..... the iICIion DEFEND 
to retpond 10 INuits. If the ..... ptrfonna cht DEFEND amon. the ..... .-.:a II ................ 
lhe ...... uan ,. furthIr det .. II this anw. 

It eM "'""~ ...... __ , Ind you InCtrfttinC- Ma a ~ 01 ................. the 
ftv .... ,.... ... 111 ptrf_. f ..... 

Updlll - ..... the .. ....-. ... the inpuc type II SneT ...... Idi .... the 
c.-ClpWalalll_ ................ in pIIlenL-

Acti .... - __ .... CIORdMICIft Iftd muU all patwnaMa which II lllrut; ,.. ex ....... the 
STWY 1Ioc ... PI. PI. and PI ... true INcauIeSTMT is b'UI. ....... INPUT •• TlfT. and the 
conapt -lind ,.. ........... tNt. PI iI aaa ...... ImmIdIMII,. 11M ............. 01 PI ... 
true. ..... the""'" DlNTDDT II let b'UI. ...... 1incII DINTDDT •• TIIT .... (lMAME 
HIGH) ar. an.. ,"",LT II .. &rue and the .... d«l iI nIII4. ,...,. Pf II lICIt ..... IincII 
INPUT and INSULT 1M IIIIWcrue. ... tba& _ de CGndIIIM haft....., .... chInpd on 
eM ...... flI .... .... r ... I1 .... fI ........ au. 

................ A .... <tIhIr .... CIUId Glm''', .. DIPIND)'" "'iIL. 
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thftll into multiple attribute acuon.. Match then selects the first action in a predetermined orderine. If 
both shame and py were high. DEFEND would Itill be selecttcl because ntptlYi dtct rapan_ ( ..... 
DEFEND, WITHDRAW) are rtsponded to before positive ona ('.e .. PROlE, INTRO.TOPIC). 

ExecUlf • executa the DEFEND lC~ion. DEFEND can be a muki • .., action pattern 
performed by the laIM ftve.Jt~ procell. 

Rook.keep . deactivate, PI thru Pi, 1iI'lth the exception of Pi If DEfl. ... D II perfor.ned by a 
multi-step pattern. 

These fivl! ItIpI constitute a loop which continua indtftnitely, the patItrnI detmninlnc what 
the program does at each step (i.e .• the procnm does not have to aWalt input CD ... _). IntanItInC 
conditlonl ariSe when no actions can be found. or when there is no external inpUt to provide new 
information. Then the model mult act on in own,striving to fulfill ill own need. and deaires by 
·,ntertalnin( Itself with n~ actions to attempt. 

When Match finds no actions to execute, it Si'tS a condlUon DEC whkh will be true In the 
next Interpreter cycle. DEC can ther. be tested lik.e an) other condition In a pattern. If DEC Is true 
and the model has not yet replied to an input, either lh .. mod.1 cannot ftnd In Inlwel' to a qUIlt'" or 
the mod.1 has no r.jD6nder to the statement. The l-,odel can then try anoclMr mechad to ani,", the 
questiOn or usert that there is a \ullin the conversation and start a new topic 

From a practICal standpoint, AP, allow a cconverSUlonal action pattern such as (Qpatlan .. 
ClariflcatiOrl qutSlion ... Clarification .. Answer) t .. be activatal over. number 01 Inpul-OUtpul pain 
(as Iftn above in lhe MPAT example). At the same time, In the Interval a..w.n producmc ou!pUe 
and recocnUin, the ntXllnput, the model can Kill aaivue other AP.1IO perform In, ..... or ... luate 
the mod .... perfonnance. If an attack coma In the micla fila cIIribian AP ...... IICKk ,.,.... can 
InterNpc die ".. ..... AP by chooUnC an ICUOn With a hap dta ..... The IIIIdI. eM ..... the 
condlUonlll'l the .,... 10 IhII t ... clU1lcMion AP aa nac ..at .............. AP ........... ..... 
the litUaIJon. 

Thft ICUon pIDIm formalilm aaempts co account tor the dancttDn 01 ..... by ......... aI ..... 
external f'Icton. The ... .,........ta1 tacton can inItipII and In ....... Ia6DnI and ........"..... II 
ehe ...... ,..11 ...... W. Ita ......... altmll ,.... u lhu.,... ...... ,..... III .....,.. with 
the world. But whll IN thllnIIraII ...... lIIat WID ....,. Chf ~\ wm..a ........... ss.d' 
The Mat chIpW ~ how the d«tlMChanasm is ~ ............. 1M APoIP IImCIIIr& 
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Chapler 5. Affeci 

In order for an entity to wnlv., to interact with iU environment to III own advantap, it 
mUir hive I mechanilm to meuure iU performance. That iI, an entity mulC have a mech'''i5m to 
nwllur. the lipU'Canct 01 immldiate factors in both the inner and outer "vironmenl. Thil rneuure 
mUlt be correlatld with the Invironment's actull vilu. to the .. Uty, u meuurtd b, IOmI impartill 
outsld. ob .... 'fr. ThillMChanillTl mUll match Ih' interlCtion's comp .... t, and IUbt..,. 

In this chapttr. we present a model of affects. First we describe a particular theary of human 
affrct and h.,hb,ht tM motivational funaiOlI of affecl. Then, we dacribe how the lMory is 
Implemtnted an lhe IimulatiOn mod.1 and how the afFect mechaniIITI matin" the moders behavior. 

Src:tion 5.1 Theory 01 afFect 

Our mod.lof afFea (emotiOn) is derived from difl'erenual emotiOn tMary Uwd 1971l We 
eXlend Ihl' theory to includ. afFld u mDtivacion for other thou,ht p,....,. [' ..... ' 1."1 
Accordinc to lhl theory, IfI'lCt it one 01 the ftyt prOClllll in I human penanality. (The others 
proc .... ar. homIoeIltiC" driv .. C41pitiv .. and macor). AfI'tCt pro." the prtndpal mativllkln for 
human blha'. b, .n,ok.nl and direat"l ocher prclClll& 

AfI'ld .. not I syltem. use of the word .,ytMm- " .. Id ""P" lilt of p""" thlt were 
relallVlly indtpendtnt oIlhe mnaininC p.rsonabty pracases. AfFect is I lhtontkal CGIIcepI which we 
will u .. to identify a partiCUlar Itt fJI inttmalsuuaura and functianl in human penanalaty. T .... 
ICructurtl include .... 01 che ,,~""" CIUM$ and tlfecu 01 thoM .... bUId an nmpton. phJliolalkai 
components to die IIItfS, and rttUnnt ICfiOnJ performed by the penon. AfI'tct does not motJYlte all 
actiOn. The charaaeriltia 01 afFect', motivation are: m the aaion is due 10 ............. lCate 
whiCh refIIcU a mtUUrt oIlhf ptrIOft'l qualily oIaunivai. and (2) that meuuN has a CGpitiYl 
componenL The NlUkanl action from the lpIC1a1iMd IWI mua hlye t.n capltiytly proceued. 
Thus. refItx actiGn' Irt not afFtCt mpanses. However, afFect can pidt I penon', proceIIUIC decilions 
II ncrwnety low In. For ......... Solley and Murphy (1110) ....... out that dectI can alter the 
aellctiGn 01 inConNnC ....... and the .,..,..', ....... ily to them. ErcWJt [It'H] ...... thai 
aelecti.'tJ 01 .fOl1ftlUan .. net ...... in peraptian • nspanII. '* tI in ... , pn CIlia Hil IX ....... 
are pupil ......... ,..,.. acdu .... bill. pupil .... bau. ........ M'I , .............. caplti.e 
encaclinl b&u. L TN MUCh bill. aTN rthanllillu. and ... ...... 

TM balK applacation 01 .. ect to human mental prat ....... u teIIowI: .tnt. sptdIc 
canciltiDnl in ,he ... ., 0UIIr .,,, • .,... Cd ..... by pet ........ CIIpIUan) CIUIt ... oIlhile 
spall II .. eo ............. CaI«t .civilian). .....,.. •• aIue_ cht CIIIld ..... (Arnold 1110). The 
lIate tMn rid.,... 1M a CIII'" (.arc ....... >. lither lhrGup inIIrp ....... 01 ........ or th ..... h 
actiaiU to ... perf....... TM CIIIldttionIIIt .aIuNI ,... ........ ..." .,... ... upIIl whither 
tM cond .... _hMcIII or ~ from the quaUq ~ the ,.....·,..,. •• aL A .... atiIn .... ' ... 
mnsund _ ...... NMd _ ...... d' ........ the ,.... ..... III .... ,.,.. .. put 
ftperNnCil WiIh IN ClIftdilil& 
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SteliOR U Compo.,nta of the theory 

The affect procas consists 0(: (I) several discrete affects, each havincitl own distinct 
mOI)vatlonal and phenomenoqical propmin, (speciftcally, the distinct seu 0( phenomena that activate 
thfm and thear motivational responses), (2) a pai"-p1tuur. scale 0( the nlaU .. (un)desirabUity of each 
affect state, and (3) a mechanism for applying the affect state to the remainder of thl system to invoke! 
and direct other procasing. Tomkins (1962) distinguished eight affectl. The three positlve afl'ectl are 
enjoyment-JOY, interest·excitement, and surpriM-ltartle. The ftve neptlve affects an fur-terror, ancer­
rage, distreu-anl"lsh, shame-humiliation, and contempt-dl!pst. 

A f1'ect has complex chemical, neurophysiological, neuromuscular, and phenomtn0locical 
aspects, A f1'ecu are activated by perceptual acUvitia such u perceiving an important objector 
sltuaUon In I person.environmtnt interaction, or by cognitiv, activities IUCh u IMInOry or u 
imaganation of previous and ruture events. Less common affect activations result 'rom spontaneous 
motor, endocrane, or neuromuscular activity. ACtIvation entaill ntabUshinc patternl of electrochemical 
activity in the nervouisyitem (throygh the limbiC system) for a parbcular afl'eet. These patterns 
initiate neuromuscular activity, primarily in facial activity and facial pllttmi..,. and secondarily in 
general organismic arousal. 

When thiS activily is sensed atlhe phenomenological 1evel,tH activity becomes a conscious 
experience of a discrete, meanineful affeet. The power of afl'eet II in Ihi. experMnct. the exper ..... Cf' is 
intrinsically rewardi.., ror poIilin affects and punilhinc ror neptiv. ones. The IXperience is 
conscioUs in and or itselfi aIr«tl do O!IC require Copition in order to be ..... sed In consciousness. The 
dilUncUon betWftl'l drlv. and affect il in their access to conldousness. Drives (e .... hunpr, thirst) 
constitute needs of the system, but drives only motivate throup affect. Driv .. 'tIId information about 
the penon's physical needs to lhe affect process. Affect may amplif,. anauaae, or Apon the 
informacIOn. tMreby moduluinl the impICl 01 the drive on corucioUIneIL If the penon hu no 
consc ..... IXperMnce or the MId, Ih. need hu no motivational Inr...nce. Thus diet can motivate 
without driv .. but drive cannot mativar. without all'1et. 

AfFect onl, incUrtetly inlkMnca the hornIIaItIUc and drift.,... The hamIoItltk lystIm 
(campriIinC the carclloyucular and endocrine lyuem, amon, odMn) Is ..,., ... r..... the ..... IJ*mI 
and carria on ill functianl lICeGnhn, to ill own need$. Thl reqUirement II chale MIdi as to lItain or 
retum to pnlemd ... 01 the IJIUm an IP* 01 .... .a1lMiana aut or thar ltata A freet's only 
innu..c. u,.. this IJIf*n as from flCial and bod, chlnpllI atrect......... DrI"'J*m need, 
IItiII) UIIUe dIIMnda '01" food. __ • air, etc. Drlv' .... IN per60dlc In nl&U,. and trInImit t ...... 
..... lID dect threup de ICtivadon. ....... driv ....... 1ft _Iy _ dill ", .... 1CIl ..... 
other .eIIv ..... 1M, CIIIII afflICt 10 ipore drives. co ........ driva. or 10 ...... " them. dtpfncIinC 
upon the other concurrent ICtiYlrors. AfI'ea'. nsponse co the driye .,- as .......... dlr'll:Unl 
canat6an ..... capitian 10 ..aiIfy ariv. needs. 

f. a talk "'1IIMIIIIinI humin MM' •• It Is r:~ Ind ....,.. ....... II'ea U It 
OCCUR An ...... ~ 't • .....-ua a PI ... am ..... tuk lID ,., .... 11 .... , be ......... tID 
.......... _ ...... ~,."....... .... pr1IIIWD .. ..., ....... ,.... ... __ fJllUCh • 
......... tft*lllr ......... - ...... a ........ _ oIlCU1111. ,. .... n a IUL for.he 
prapam .. .-1ft. do 1&1 .... 11_,.. .... '**"....., 01 ,., ...... The .... " .' 
1UCICtIA" ,., ....... CII_ .... lUI. iIIpOnIMIlnd be Ifpttc.t ...... .,-. The .. ,.. ....... 
fJI ,IUs .II~ __ Is 1ft ... ,...,,;, .......................... II ..... Such _perllMB 
~ .,...,... WII .... prosrllft· ......... U ...... 18tc1-11U ........ " ..... ,. .. .,. ............................................................ ..... 
..... II _111_ ........ ,..,..", C*,' ' ............ raIIL. If ........ _ ,. ...... ..... 
thll ................ _ .. eM ... , ..... fJlrIM ................. c-iII. ... "I~*''', ....... ..,,111 • .., ..... ...., .... - .............. ...... 
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S.ctio. S.S Individual Alect. 

This aecuon contalnl a dilCussion of the eiCht primary human affecu and a set of hypotheses 
about their individual usn in humans. 

A ft'ects depend uFon or are derived from cwo measures of the merils 01 an input to the 
person. or rather, two end. of a leale of beneficence to the perlOll. We ,all thne measures pain and 
pleasure. The only deftniUon of I painful stimulus is that the ptrlOfl attempts to reduce or avoid it; 
th. only definition 01 a pleuurable Itlmulu.i. that the ptrlOn Icttmpts to enhance or prolon, It. W. 
may Ittempt to further hypochlliu that the phymal mechanism or pain II an overlaid oIlIf'IlOry 
anput so Intense that the affect process automatically moves to reduces it, or that pleuure is the exercise 
of H'mory channell to their maximum efficiency. But we are stlll1efl with the basic definition: The 
only flfftcl on a person's Information proceSSing is the aVOi~ance of pain or enhancement of pleasure. 
We make no attempt to account for the wbjective experience of these stues. There is no way we can 
obJKtively meuure th.lUbjecUv •• xperience of pain in humana or any other orpnism. We can only 
anume that the person'ssubjectiv. experience II Similar to ours when he behaves in sirmlar pattern. 
and reportl experiences which we talte to be Similar to our own [Apter 19'01 We define the distrlSl 
affect to be painful and the enjoyment affect to be pleasurable. Thai is, the distress affect measures 
paan; pam activates the distress affect. Similarly, the enjoyment affect measures the pleasure a person il 
experienCIng. 

There are Mv.rallOUrca of paln and pleasure. Drives have their Input to the affect 'ystem 
throulh dill .... and enjoymlnL "h,,,,al pain Ihat II due to an unlUilflld drin ICUvata distr .... 
Physical pltUUrl actl ... enjDymlnt. Two I,,.. ot mental or pmCIIIalacy paln and pltuurt abo 
activlte dill ..... and enjl)yment. An afl'iliation stall nOla how much inttrKtton the person hu with 
orher human .. Lack. 01 affiliation activates distress which IS lnttrprad u 1ane1iness. Also, an esteem 
scale nota how proftctenr tIM plf'1CII'l iI at perfOrminc functions or obtaInlni wanta. W. postulate that 
the afrUilUc-n and "*"' Kalts (in IddiUon 10 physiCal paln.pleuurt) allO lad directl, InlO diltress 
and enjOyment. 

The affect mechanism', strategy for neptive affects (those whkh an painful) AI feedback· 
oriented: whenever I Millin ale is activated, fhe perlOfl attempts to redUCt the concUUor" whiCh 
cau ... it. For poliUV. Ifftcta. the penon', IUUIIY iI to not ch .... the cancUtiona and thtnby enhanu 
l)I' prolont the poIiu .. ale or plnsur •. 

To IUmmarize: The llnents 01 the affect process are the tipt pr1marJ aI«ta, the Itt fit 
nturophJliOlolicallnpUti whkh ..... lhIm. and Ch. &lftCt rtIpOftIII. Iach alta rtIpCIftII II • 
phpaolaikal ........ tncauell,. clMmlCl1 ch .... in the bod, and a facial........ But the 
partICUlar dea ICUvlliClft ... _ In allO available for ItnIin, by the Clllpltlft procll_ Tht aWeen 
,uide ........ b, ...... the .... acti.atian .... 

TheN hal been 111M qUllCiOn in psJCholop u to the apeciIc areca acd...... Tomkins 
[1962) .. -peel that an acUVIIIDI'I c:auld be cWMd UIIn, a IinJle pIindpII: 11M cItnIIIJ f1I ..... r.1 lUi .. 
or lIimulation. He ......... thai the variou, actiYII!Dn corresponded 10 d .... piaCI an denSity. 
For _ ........ fur at ....... by I sharp InCraM an Irinp. an,. .., I ..... ..-.c ..... of ....... 
The d • .,.,... pad .... woulli be IInIICI b, the air ... and would aatflll u... 

lunI Ut7U maintaAftI .... an aplanlliOn 01 affea fMChInilm baled .. I ...... IOUfCe 11 
.n ..... u ... in ......... fOl tit. 1arioU1 ... forrnatMln ......... aaiYillllIMi ICII .......... In 
addil6an ... T ...... 1pICiftc afhCI acti'llliOn, bard IUU ...... lJPII., ....... ".... which can 
"'iuaae ...... iIICIudiftI........,. ,.. .... and motor acti.ity. 'fa... primm ...... activate 
Iff_ ..... _ tMlncliwiduar. id~ ........ and mlMW'On. fa ...... !M,....... 
11 •• a. .......... __ ..... and IN noc If** .. iRdlwtduaI.-. 
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W. shall deftn. a IChtmf to II:COUnt for afFect activation from both lptCil\c me ..... res of 
I'Mntal activity and ""eral ueoclaUons or alrlCU with the concent of mental conserucu. Th. scheme I. 
co,ulattnt with the thlOretlcal mod.1 or panerned actIonl dacrlbld nrlitr. 

Th. 'i,hl afree" in humans corresponcl to eight aspects of a penon's relation to hal 
environment that are Important for the person's survival and prosperity. Each affect hu a 
characterisUc activator, I condition buecl on a particular meuurement of mental &alvlty performance 
or Interaction with the environment. W. deftne the subatance or the IIMIICII of nch all'ec1 b, its 
characterisUc activation condition: 

Fe.,-Terror - anticipated pain 

A"..r-R ... - failure or thwltti". of antlCiplted plelauro 

Diatr ... - prOIo"l" pain 

Cont./ftpt-OiaIUlt - habitual plin 

Inter"t - UMnticipat.d ele""nt in the .nvironment 

Enjoy""nt-Joy - ple.ur. 

ShMIe-HuMilation - leek of .fficacy in eetion perforlllMCl 

Stertle-Surpri .. - cOinitivl overload (e.e .. o .... rthrow of belief) 

The "ChI activaUon conditiOns corrapond fO measu .... of a penon', performance in the 
environment that lire important for hiS survival. For example, a penon mult h ... 1Omf method of 
antklpatinc painfulsituatianl 10 that the impend in, pain can be avo6dtd if pouIble. This 
anticipalion iuelf muse diSrUpt the penon's mental aa!viL, to p his aamtian. For nample, fear II 
unpleasant and therefore a .... U •• affect it ltlmulates avoAdanu of further lI\'ktpaIed pli ••. Anger 
enhances a person's continuity of lCtlons. The penon mull antkipate pleuure ,,~ that he can continue 
a fruld'ul ICIiOn and daal&1e .. diSrUptiOn DilCras aIIowa • ,...... 10 ckeIa p ...... palll Mel dRI 
with at. Cantnpc-diIpIt UIIpI nepdy, yalut 10 t:1INIuII CIIIIIdIlIM .lbjICIIln ...... yiranmenL 
In ... poInCI out unap1UMc1 racr.s an Cht environment 10 be praClllid ... _mil MW .. eu ...... 
can be d...... Shame _fa ....... perf'annmc. Md IMNfoN ,.., .......... Mian fotlllf'· 
impI'OY.....c. 

Sect_ Lot 

An d8Ct an bot lCtiyalld or unadI..... If aCliyUld, II an be 1Kti.1IIII II) 11"1 ..... 
with .. a c:atain........ ·rwo _ ........ primatJ ICtivaaon and ......, .......... lad eo the 
dlCl" 1ICU • .aon, PrIrr.ary lCUy ...... buId GIl a .... ......,. ~ ...... .atYIIJ. Primary 
activation .. the ,...It ., a ............ ~ 1M .... 1 ....... Md 111 ...... 1* ... _ the pII'IOft. 
For ........ CM pnrr..., lCUylCiOn fII , .... "due 10 anlicipation " fuIun ....... u ........ *' In 
'hi ....... ch*,... ........... drln and -w,- ..... ....., ........... ........ 
ill' .... a""'ltiIn. ...." ICIivuaon II chi ,..it filM HIIC ..... __ M tnt ......... 
"'nul ...... ,. .... 1ft'" The ........... ' ....... pM'" ....... 1ft which the aIIIc& 
0CICUrNd. ............. an II In _, MIn a«IcIlblidUIII-- .... dMtflC"t ell .. Mel ,.. 
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uncomfortable. There II an economy of procellin, obta.ined from not havinr EO eltre the anticipation 
mechanism for primary activation of fear, but Instead having the aecondary activation of fear directly 
tied 10 the nwmory 01 the IlluaUon. 

The chemical or physl01oc1cal properties 0( the actavulon of affecu are not particularly 
important here, except to note that the Ilronpr the activation, the more physical resources (e" .• 
adrenaUne) are likely to be aroused for dealing with the ,ituation. More Important are the actual types 
of inputs which serve u primary activations (upon which secondary activations are dependent). and 
the types of raporues which nch affect charac~rlstjcllly produces. 

L.tt UI d.rlbe the primary and MeGnalry activltion or diltraa ... humanL Dill ...... a 
lMalUr. of proianpd pain. That II. not only is tht'r. plinfullUmullln the IJItIm. but there II a 
parucubr atfecc with Its endocrlnal rapor"e. For ex, "'p'" If l physically painful condition. such u 
hunger. eXlw in a person, he will notice it and attempt to deal With iL But if the hunger perlists and 
is not "~ilfied, an additional painful experience, diS!:ress, which il createi' than the sum of the 
combined hunpi' pain, will be added ~ the experience. Thll buildUp extends over a period of time. 
10 thac rapon_ baMd on minlmai dlS!:rm are attempted before thole'or IftUhnal dlSl:ress. Thll 
bUildUp thul alerU the ptrsan to unmet need .. 

The aecondary activation of diS!:ress is based on the UIOClaUon of • put event with another 
(primary or JeCOndary) activation of dlltresa. Distress il activated whenever mlntal activit, acceues or 
prGCalellhe put .. enL For example. rememberin, a past poor &tap performance can cause a person 
dill..... RecacnlllnC a familiar and noaioullilUlIiOn such u corNnf upon a ,ataI auto accident can 
acli" ... daatreu. 

In pwaI. primary affect KtiVlliOn u ulld whIR the auullion u new lID a perlGf'li ..and..., 
activatiOn II UIId ... ,.",tllar IiNItIOIU. 

Sect ...... 

W. now tum 10 the aimUlIlion model W ilh our model. we attempt to &«aUnt for bath 
primary and ..... ary d"allon. In addition. we want lhe modelled mocin&klnallMCh ... 1Un to be 
the prOCN thai aaudJ mod .... the model. W. IhaIl deIcrIbIlht pardcU .... an ...... or condldon 
of perforfMftClt thM Idi .... each "eel 

01 .. the AP·IP .,... cMKr1bId nrIIIr. the priIMI'J dialled ............... crtucaI 
..... 01 &he.,.... IpIcIIc pnadunsan the PI ... -,,- are ,.,........, • ..........., d«t 
aai..... 1IdI,......,. .......... 11\ upICI at procIIIinI _ally "''' IftCII ,.. .... ,._ cydt) 
and ..... _ 1M CIIII_"'~U ... 1Itcl Secondary acuyUkIn II _,.1IIhId by IndudIIIi the .. _ In 
the ....................... 01 I" ....... "'" thalthe aft'1Ct should be MIl ..... wit ..... the rull II 
aaiYaMd. 

The ...... conIUM .. III Tomkinl.,ht aft'ectI (flU • .., ..................... and 
JOY). lath .... II ......... by a LISP atom wiIh a numer1cl,1 STRENCTH :r' ..... "aIue 
ran .. ".. .. ..... The LISP MOm ltIIII' lau w. pouabk valull, LOW. • and HICH. 
depIftCI ... upon 1M .. aIue fJI the STiENCTH praptl't)'. Th. value II LOW t! I'nENOTH II 0.1. 
MkD lor .... SieG HICH r. '·10. The atom yalue II updUld ............ '·TlINCTH proptrCJ II 
mod ..... 
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AFFMOD. or it decayl oYer time by btln, decremented by a ftxed amount. The InputlO AFFMOD Is 
a list (NAME N) where NAME is the name or an alrect and N tI a numeral Incrtmlnt to modify the 
affect. The new value il a function of the old value and III UlGdued illCl'WMftl The values or the 
Incremental varlabla ran .. from 0 to 1. Th. new aft'1Cl ..., .. II calculaled ICCiOI'dln, 10 the followin, 
formula: 

NEW VALl..( • OlD VAlUE + 00 - OlD VAll..() )( IN::REUENTAl VAlUE. 

Thul, If the old FEAR value were of and the incremental valul .25. the new FEAR value 
would be 8. The valun of the atrecu approach 10 u a bounclln such a way that .... " lnawnentl 
have the moll Impact. 

A freetl tend to subside when the stimuli that orilinaUy Kdylled them dISappear. In the 
model. the PS interpret.r performs (during UPDA TE) a calculation to simulate thtl natural decay In 
affect levels over hme. Each affect is decremented a fixed amount. 

DistfflS is a meuure of prolonged pain. Primary activatiOn tI due to the Interpreter 
measurinr the activation levels of the other ""ative affects and incrementlnl dUtnslln proportion to 
their lum. All of the primary activation procedu~a use the AFFMOD procedure. 

The IfCOfIdary activation of distress Is based on the UIOdatlon of a put event with A 

preVlOUI activation of dlltras. The mechaniSm for thll UIOdatlon is the Inclulion 01 alfecu In the 
right-hand lida of API U elements. The tlementllndlCate thl! the alFlCl'llCUYltion leY .. lhould be 
raised whenever the pattern II activated. Far example, the pattern 

( CCH'USED : (DISTRESS .10) ) 

incrementa dlltreu whenner the CONFUSED condition II true. The pa&tem 

( OMAFIA : (FEAR .20) ) 

Incrementa FEAR wheneYer the belief DMAFIA (that the InterVieWer II In the Mala) II vces"'CI. The 
afl'«t increment (.20) II reduced an amount proporUonai to the Itrenl'h ~ the belief (amount 0( 
evi"lence thai the belief' II true). The lIf\·hand lide on an IP II a coneSldan .. repl"tltnllliOn 0( 
envlronmenlll candWonl; the ript.hand IIde tI an input to alFlClllCtlndon. WAth thll mec:hanllm, 
btIMh or .....,......... "'lACY"" an CIancIartly) .aI, • .-. 

With Ihtl ........ iIm, .. an now dacribe the anridpMn'y IMChantlm UIId to ICU".,. ,.., 
and .... In the....... The anlidpldDn mechanilm arAlIa from pndIcdon '" tutu,. ...... In the 
future ""'-tIl fII API. The prtmuy lCli.adon 011., II the IIMidpIIIiGn '" future pain or dilUtll. 
W ...... IM.......-- .aI,'" a mu ..... pateem chIC hu u_ filii .............. a lICOftCIary 
1ICU,1don " ..... the _".. ..... the ............................ a,......" 
lICIi.attnn "flU'. I' th .. ICCUn .......... the......, ICIiYallon ",... MY bllncIOrpor" 
inlO the AP by InIIr'UnI an ....... " ID diNCdJ nile ,." wiIhout the ""'11." 1MChan1int. A,... 
allo UMlIhe antldplWy I'IIKhaniIm. W ...... 11M ~ aaI,_ .. AP "'-..... 
include allClOndary 1ICtl.1don 0I_JDJII*M. and &hal AP .. deled, ............ rachlnC the 
.. JD1IMM ........ at. ..... 1I1ICII'aIIIl. 

,......, .-, .................... fJI.,..., pII'f ...... When ........ no AP :0 daI 
with .......... A. II ct.dYllilllan 1M middle fill .................. ...,....111 
.... 1CCW ......... '1rC ......... lftlhlaamntAPlu •• ..., ............ .. 
ICII' ............. II .............. any _ filM 1 •• dltl.II ........ , ........... ..... 
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Shame·humlliation is activated whenever there i. no AP to deal with a situation. or whenever an 
a(uon d~s noc bnng about it. expected result 

5.5 

Note that the primary activation mechanism postulatfd here and Tomkins' mechanism based 
on neural fann,s do noc contradict each other beeauN they are at different levels of description. For 
ex amp~. our primary activator of rear is antiCipation of pain. while Tomkins' II an increue in neural 
Ii,mg. An muease in density of neural firings may be the .. hysical realization of pain anticipation. 

In humans. secondary affect activation is dependent upon a previOUS situation for aSSOCiating 
rht' appropriate affect to a mental construct Whenever an affect is strongly activated. pan of Its 
rt'spon~ IS to associate itself to the various process components that caused the activation. By ·process 
components· we mean beliefs. goab. conditions· constructs such u elements of A Ps and IPs. 
Secondary activation il the mechanilm for attach in, sicnificance or importance to procell componenu. 
Sance these UIOClltionl are baMd in affect. they represent a particular procas campantnl'. importance 
to process decillonl • importance in terms of the .,If·jnterllt of the penon, Por example, when a 
person Infen a new belief that actiVltel intense affect, the concept. event, condition. or rule of inrerence 
that led to the new belief will have an affect associated with it by means of the construction of a new 
asSOCiation (lP) or the additIOn of the affect to an old one. For another example, when an action is 
p~rformed to achlt". a pal, tt.e pI or action may have an affect UIOCi .... With iL Later, when 
the~ process camponII'Ili an wed in IOCTIt action or Interpretation. the MCOndary activation of their 
associattcl afl'ecu will point them GUt 10 the syllem u important. 

Section 5.5 Alect raponlf 

Once an diet illCtivahd. at rapond. b, allerinc the proc:alinc in the s,stem. The 
responlfl or afftcu. or the oucpull 01 affecu, can be primary or MCGndary. " primary we mean the 
afl'ect hu a charaa.ilUC rtIpORII. For example. r .... s primary rtIpOftN iI for the .,... to Withdraw. 
A npr'. primary ,...,... iI tor the .,SlIm 10 aaaclc.. Secondary,...... IN InrMd NIpOn_ and 
ar~ usually only character •• k 10 an Individual or to a cultur. (u opposed to beInc chanaeriJtk ro any 
person). For exampll. a per1DII rna, learn to wilhclraw when ancrJ. We shaD ntum to the distinction 
I.t~r. 

Ulinc the A P·!P mechanism, affect CUkia the moderl procasinC In two ways: (I) all'ectI ad 
as parameters ID ded1ionl, and (2) aIf«tl perform u an Interrupt.,..... AIftcU are ....... of the 
Ieft·hand aida of A PI. A .... are 16k. the 1,"""'1 other concSiIionlln chat they haft thIir ....., 
Inpull or neunphJllolaliCal inpUIL TMrefon, WI can Include dtcls &neD the AP ............. as 
addiUonal .. "troIImenCaI ..... Miona 10 be ...... and.....,...... ... an 1M 1Ift. ......... of • 
pau.rn, 1ft dea an d ........ 11\ lClion • iIarpnWion In ChI .............. ocher lift.hand .. 
ellmenlL For ex ...... dlllInpUt 1 IncI you lnctrIIdn(- .:an be ...".... u a ~ when the 
", d.a it aIrhd, aaa ..... II III ..... 11 if ahamI illGi"MICS. 

PI (INPUT • S1VT • (NIUT eI02O) : DMEREST ) 

P2 CDlNToaT • tnn • (SHAW[ MQH) I NLl. T • CAMD .10) ) 

P3 CDMPEST, Inn. U'Jt *H I COt.tf'lMNT' (X1f .10» 

The ..... eI020 II a,.... • chi ~aMllriQp , Ind you ............. The .... .,... INPUT iI 
true If ct.eu M ~ ...... ,.. eM ........... STMT AI D'UI if 1M ...... ~ 
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Situational antfrpretation by IPs perform Ihe function 0( lhe appraiser subsystem of Averill, 
Opton. and Laurus [1969). They defined the three major components of the emotional response 
sySlem as stimulus properties, appraiser subsystem, and response catepria. The appraisal wbsystem 
was a function of stimulus properties. motives, btUer .. and expectld bttilVlOI'. The appralstr Itrvtd CO 
rfduce the amount or incoming Information inlo an organizing concept IUCh u threat 

We mentioned previously that I procram's motiVllionalpidanCl mUll be u complex u the 
cognitive processes that the procram p.rfor"", This compleXIty is r.alilld in the AP system by 
Including affects in the Ieft·hand sid" of APt For situation interpretations, motivational pldance 
takes the form of determining relevant information about a situatlGn to be I!Xplored or a problem to be 
solvrd. The two sources or decision criteria for guidan« Irt: (I) the tub's JIobal specification or 
situation and (2) Information discovered by local protes:;,n, as the WIt is performed. Cocnitive 
proceSS4"l use thIS information to guide which inference path to try nat, whkh a.naIpt to .Iaborate, or 
which strategy to use for a certain task. Specifically, one cocnitive WIt is to percetve a particular 
situallon to obtain facts that are relevant to the program's purposes. Atrecu f"GIII the tuk.'s global 
specification determine which facts need the program's attention. AddiUGnally, the UIOCiation of affects 
warh perceived ot:, JKt5 or concepts provides amplification or attenuatiGn of interat In the current local 
perception task as a source or Iocally-obtalned informalion. 

In pl.seeklng behavior, affect responaa help determine pis and actions and control action 
execuuon. The top.level real which selects an action is a product of the curnntly Ictivared affects and 
their positive or n"attve aspects. This pI is given Its mollvatiCln by lhe current atrecu. When the 
program ntlbUshes subsoais of thit loal, the subpals are chosen accord"" to their usodated affects 
as twlng appropriate for the current afflet situation. The subpall then activate lheir own atreeu (from 
thear riCht-hand Sides) to add to the atrlet Iev.ls. Th. criteria for chOOli"l the appropriate subgoals or 
actions are the Ieft·hand Ikl .. of their corraponc1in, A PI. That Ieft·hancllkla Include alrect 
conditions. Finally. when the program monitors action "1eU1ion, it Ina, activate lIf'ects after 
perceiv'", the effects or thole actions. Th. new activations ma, ch ..... the pnIIfarft'S commitment to 
finish in,; the action by reducinc the resources allocated if tM prap-am re-naluatll the original pal. 

A freer respan .. allo ter¥t as , type or Interrupt system. A trects act as a ,Iobal system 
interpr«aUGn. For .... ance. the fear afFea Interprets the Qlmnl lkuatlon as threalenlnJ. UsAn, the 
A P activation mechan .... dauibed earber, the fear affect's activation can IMen'upl cunent procasan,_ 
For example, if the Ieft·hand UCI .. of putems specify an actian or interpNlllian baled on a 
noMventf'1I1 slCuation, the Ieft·hancllid. conditions can ch .... immedialllly whenever the syam ftnds 
evidera ttl ilnnUnlnt d....... The a ..... 1iCU&Uon InterprttaliCln chanps........,. All or lhe 
aill"" InwprctatiInI dlllppllr tram workJnt......, We d..cttv..sl_ Alta ID cIeaIwlth the 
d .... ..,.., .... , ....... .,..111 .... dllflliOn ttl ..... ,.. CJCIe. 

For ......... in a parUG6d modt, the qutltiOn -A,. you sick?" can be ..... ,...,. ID ..... , 
-You are cru,- if the prnan &I ..... ti.,. 10 humiliation II thai point. The ....,. ..... 01 MinI 
abner;"" is ..... IMIrpnIIII u an uack and clalt WiCh as IUdL The filii .................. we 
model dUI bthav6or: 

( (SHME tIGfO a (NIUTF' S$ICK) : (NIUTF .sc:RAZY) , 

( SCItAZ't : (SHAWE .20) ) 

SCRAZY .............. ~a"I'rton (BII ClAm _1CIt ........ C-E I lICK). The 
rlOdll prle the anc-a anpuc -AN ,..r. a' ................ dII ........ 1mpIkIIian. 
II which ,.... sh ..... nIIIIL Thk ..... , 'I.,. aaa... ...................... 'lIaIIGn 1M 
InIUIa. ,.... nIW ,.. ..................... Ja IIIdlS6llt. .............. "' ...... 



iG Affect 

pOSItive affect or low n"aliv. aft'.tt, some palt.rns may have been previously activated to promote 
cooperation with ehe other perlon. ThOle patterns u. now deactivated and no Ionpr IIpre In the 
sitlAlhon inttrpntaUan IinCt their mid" condWCW art no Ionpr U'UI. 

SKtlon 5.7 luun and ImpUcatioAI 

hides Mrvin, as pattern elements, affects also serve (indlrtctly) as lCtion .Iectors. The lilt 
of multiple actions is ordered accordin, to the lfl'ect response content 01 the action. For example. th. 
following is a list of lOme 0( the actions in the model The list is ordered fram hleh alrect response to 
low. 

(EXIT ENDCONVERSATION WlnllRAW DEFEMl ATTACK DlSTAfCE 
ACCUS£ ANSWER AEJOtN) 

If bcMh ATTACK and ANSWIR art in thecontliclllt, thl inwrp~.1a&I ATTACK to perform 
because it Involv .. a Itronpr all'tct 

The distinction between prim:uy and secondary affect responses is more one 0( description 
than one of actual proceuang diff'~ (Plutchik [1962] coes funher and lWeI that dlscrete 
responMl for nch oI1he primary affects are theoretical con.uucu only and mwa be inferred from 
~hlVior obltrVauan.) hconclary raponMi occur when alrec" art in the IIft.hand .... of A Ps. 
S«oncIary rnpon_ include molt 01 the affect !apOftMi that a human ilia Primary rapan .. Ut Ins 
tangable. For IXample. the primary response or fear is to Withdraw. Ills not 10 much that the .yseem 
modulates the Kti.it, with a notiCIn 01 withdrawln, . rom the 'lIftnSi'. or danproua ItimUIw. Instead. 
n is that a Withdrawal will fora the oI!'lf'Ilive stimulus' dnctivation and thenf .. the f .... actintor', 
remonl. , ........ it .. not 10 ~h that thl "" ... raponIIlUpenmpc.. hoIUlity an all acu .... as 
the fact thai III ...,..aYI action ma, remo.e tht obItrUcUOn to 11M Mlidp .... p ..... ,. that wu 
dllru~. For the lhaml-humibation "ICC. find"" the QUIt or Iallun and Iacadnt it in tht.1f or 
OCher will help ..... 10 CIGI'fCi.1 ICUan to rtmOYlthe QUIt for latkln. Noc. IhM tht ptnan need. 
lh. CDnCIpC fIi the .r or a .... 1 til tht ...,. befon Mlch .planc6ln ____ ...... .., IICWI hold 
(or the rtmainlnllleas. The impOnlnl lactor iI that the primary rtIpOnII or chuac:llliltk rtIpOftlt 
to anpr II hold...,. _ ........ " .... ana anfannation P ................ the ...... In .. and 
the MIIcUon " ..... which chanalraze hoIdUty. but bIcauII ....... IiICdanIIN the OMS mall likely 
to ....... the aaa._" ........ are....., .. more 1tkeIp ............... ____ eel when 
....... II acti ....... a ......, IIlUadan. 

SeaIndarJ r If m ............ an actA"'", around a putiCU .... ...., ,... ...... With 
the situation (called .......... 1Ity M~I [1106]). The aIfta indUCII aM bUIC ......,.1UCh u 
denial, and U .................. ....,.. yatiadonl 01 the ...... 1UCh u ....... " ... or _laJ 
01 belief. cItpend .................... n- ...... may ,ary ....... ICIlY ......... , • 
......... mild f .... MU .... .., allow,,.,... to ICCtpC the far. 0 .... ,.. ............. ' ...... 
Inr ... , .. bee ........ MU,I_ ot lear has lid .. more rear in the ,.,..'. ,.. .,...... 

One .......... ........., "., .... aIIc:& ICtiYIIiIft .., ............. ,.,,, ......... 
• tt ..... " I ..... If eM .. tIUIhI .. be ........ "' .... thIft .... fII,IOIIIO 1M'" ..... Idly ...... 
1110 lCUy ........ .......,. ' .. u __ , • flO .... , the ••• ........ ...... If' ... ....... 
nlftlUan, .... _ • ......" ..... ot fIIr. W'" tIda .... _ fwa.,..." ,,,.BI.C-
wachdraw)'" __ ............ IIty ""allClDftdary ' ...................... .., r.r. AR, 
COfnbtnIICiIn ., .... _ ...... an.1IuMd: ... II I_,,..," .......... ..., IN .... 
_,.. ... lrnn ............. mIINCNMIII ....... .,' .. IF. 
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Pragmatically. respona.es to affect activations cln be almost completely dependent upon the 
affect or can be modulated by the external situation. Responaa that are completely dependent upon 
ttot' afff'Ct snm to be correlated with extreme Ievtls of Iffect activation, such u shrinking in fear and 
lashmg out In anger These responses are dependent upon those rare situations In adult life in which 
milder responses are ineffective. More common is a responle In which the external situation's features 
and the particular affect playa cooperative role in .. lectin, an action appropriate to the situation 
which Will at the same time cater to the affect's demands. Human seem to know lacs or these 
comblna;:lons and have them at hanel. They.....,.. to know when luhanl out Is appropriate without 
taking time to thll'k lbout the rapome'. approprtaten ... 

This brangs up the qu('stlon o( affect activation levels In raponsa If we assume humans are 
born wuh a set of specific affect responses, e.g., cr,ing for (ear, screaming for anger, then at some point 
new strategies are added. In most people, the crying response to for Is still with them and is used only 
in ('xtreme situations. This implies that either (I) the crying response hu become UIOCiatfd only with 
higher fear activation levels :md no longer all levels of rear or (2) the crying response was always 
hmurd to high feu actlvilltions. In both cases, new strategies would be Introduced into moderate levels 
of fear aClivahon to ward off the fearful stimulus before the higher level Is reached. If the latter is the 
case, then the cryang response In Infants is a respona.e to a high level of fear, and the situation (and 
subsequent rnmaory or the experaence) is more devastating than one mlCht think. Perhaps the question 
could be resolved by measuring some external indicator of the fear activation level such u neryous 
syslem response and compare the cry in, response in infants to the cryln, responle In adolescents or 
adults. In any case, the question should have relevance for developmental theories of aired Influence 
in early childhood. 

In a senes of experiments. Schachter and Singer [1962] ,lYe subJKts an adrenahne InjeCtion 
and then either anformed the IUb.JKU correctly of the expected tlftcts, miSinformed them. or left them 
uninformed. Schachter and Singer found that subjects who were either not expecting arousal or had 
been misinformed showed a marked emotional responle to a lOCialSituation. This response mimicked 
a stoop who displayed either anger or enjoyment Where the IUbJICU knew whac to expect. however, 
this knowledce seems to have completely Inhibited their emotional responsi"eness. Also, subjects ,iven 
an adrenaline injectiOn exhibited MOre affective mpona than thov. pven a placebo injeCtion wh~ 
mllinformed 01 tM expected tlfects. Schachcer (11166) concluded that • ... an ernationaillale may be 
considered a functiOn 01 a state of phY";)logical arousal and 01 a capAlion appropriale to this stale 01 
arousal- Further, ·'tls the CGpition which determines ¥lhethIr the Itatt 01 phJl6OlolkaI arousal will 
be labeled 'anger', 'joy', or whatever.-

Schachter's c:oncep« 01 emotional arousal u,. raponda to IeCICIftCIary lICti.ation in .r model 
with OM mocUftcalion. In .... r model, the ernadOnal awe from ..... ." lied" ...... due ID the 
capiUCIn cau .... the dea'slCtj,auon. ThiS activation is the ph,.aolacDl ............... hv 
&chICh... nil could occur In khIcNtr and ,,-s_,.I1 • .-& ............... _ret ....... .. 
InjlCCian WU Ii"". W.IllributlIht ...... aKtcI ,.. •• fNm the ........... InJlCUan 110 a Iowe.ed 
threshhold 01 diet 1Cti ..... due to ph~ candldan&. W. would ...... th .. phenom ... CIn by 
moclulalin& an dCs IICti.Mion lCCGI'dinJ 10 a mtUUrt of oyeraII ph~caI ....... l Flna.." ... 
would ............. camet" Informld IUbjld"l bthaylO: by RCIIinI thaC CIIIpMAIM Indlnl 10 lICCIndary 
lICtiyation an tnctrt ............ «her. The IIlformabon lila! the "JIa ......... CO ........ f'ram 
'hi "'jIIcdIII ,....1dIs 1ft .pllnllion for chf IU~"'''' -a. This ... ,..,. .. _ ... h .... In, action 
oIlndlllr ............. CIUII tMI would I,," 1XMrwaII .... tid. 
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ChApter 6. Intenllonal Constructs 

Intensionabtyan humans Involves the application of the mind to a p'ych0locical objeCt. The 
followmg properties characterilC intensional a»,utrUc;tS; 

(a) Intensional constructs are symbolic; i.e., ther. lJ an internal (mental) construct that 
represents some external objeCt. event. Dr property. 

(b) A person can examine and report his beliefs. wants, and intentions [Dennett 19711 A 
person', intensional constructs are reportable u internal events or mentalltatel. (Nonlntenslonal 
mental constructs can only be performecl and not examined.) Hence, the person can communicate 
antenslonal constructs or build further models of them. 

(c) Since their names are repo.table. intenSional construas can be compared to their rri"erents 
and updatecl for accuracy. 

Inlellactnt systems mak.e frequent use of intensional constructs to manipulate nonim~i;ate 
reahty. IntenSional conltructa art not abstraa types of symbols. Intenl1~al CORIU'UCtI direct TI person" 
actaonl by namine internal mod. vi the outer environment (belief's) and apctf'ylnll perlDft·. 
potential actions [W .... 197!] to alter the environment (tntentiona, acuons). Ikiclen [11'721 defines an 
Intenslooal action as a hlBh 1n.1 action that init~ally hu to be consciously intende~ and urri"ully 
planned but can eyentually be performed -automatically· and can ciir«,l) control "",",or functions. In 
the prevIous chapms w. d.scribed a system that has no intensional constructs but is ftill capable or 
responding appropriatel, :0 a number of situation. usinB situation·lCtion rula. However. without 
bellri"1 and intentions the mod.1 cannOt repraenc the interviewer'. Ion, term characteristiCS, nor dnl 
wirh situarions an which iu rules don', apply. 

In thiS chapcer we outbne how interwonal constructs can be modelled In our system. We 
andlCate the need for Intensional ctY.1ItIUCts u internal variables 01 non1nr'lldiate reality. We examine 
theoretical prob ..... 01 implement"" inllftlianal constructl inclueU", the problem 01 conatiOn. 
(ConatIOn as rtM dkCion 01 the body by the mind.) We then p,...t the two companenta of an 
intenuo .. al '" ~ conctpt and .... A CIDIICIpI (for whiCh thin .. no KaIIlbIIIabtI or n .... ) 
can Itther be ,.) 1ft intimal model thll CM I,..,.. usa 10 dilCrtmjnate 1 partiCular perafllUal input or 
(2) an aaian 10 perform. CGncIpa IN i'npUdt in that a penon ., _Iy ICClllIhem by ·.tcU"",· 
them (perfonnin' an action or dDmmina.1nC a particular mmuUi). Conapa tmbod, a pIf'IOfI's 
dinU canCKt with the Nf... A.1ft (which ..... a concepc) .. a rtpOI1IbIe n...... A token may 
be ICcm" by I~ praplt'lill1IIIChIIi 10" An ........... CDnICrUCt has bach CGmpouenta whklt 
may .... clliid , .... ..eta ..... w. ct.mbt how we impIImenI d.-two compcMnU h the 
1imU ...... mad ... W. dMn ........... 01 how the model ........ two CGIIIp_" ........... 
plann .... and ... "'¥«J .,.. failld acuan.. Finally. we InIIMian a number 01 CIobaI wua. 
incW ... IMX~ oI.-cIIpt ,.. ....... lad CIIIIIIpUinc IIICIdek 10 raIItJ. 

NGee • WI ....... 11M ..... .,...... as UaIe u ...... becauIe we ..... 10 d .... Uh 
bee_ cwo 01 ....... (I) a""" as I UIM fJI as 1 lip ....... &110M ,.-_uaomettNnc. 
and (2) ". the ... laIII ......... wi. Ulldle word "'.·10 Nf •• a ~ ....... with .. 
withaul ref.... (W, _ .... -ca ..... 1iIIIiIarIp co che CDlllplIIIIiON' .......... lJIJMDUft 
diltiAClion. -r ... -...taos CO a IInpiItIc name till! the model can cernmunlcllt. A ~ It hll •• 
'"type.. We ............ a ..... ,... 1ft an&1IrnaI name in the ......... a US ...... ·GOI2S'". S ..... 
a _ ... ......, ..... it CMa" WIhauC a""--.) The ..... .,..... ...... UIIId as a name 
with NlenM. IA ........ Ift, ..... a1.........u in .. W ..... pnun .. .,.. .. .,.... ar 
u ............. 'M'M He ........ Will ncIcC It. .. .,.-... ~ nal_ ......... 

CMC" 
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Srction 6.1 B:tckground 

In bUlldang ptychoJocical simulation mode" of intellipnl behaviOr, a rnodel-buildtr must 
eVfntually Incorporat. representations of nonlmmedlate milly. Ttl. rtp,....tHAonI corm"nnd 10 
possIble or anticipated future SiWltlOnS :as well as remembered past situattans. Such inlr'I' 
r~resentahonl are used for planmng, reflectIve rehearsal, avoidance of undesirable events, ald:l or cues 
to percepuon. extensions to perception, and error recovery after failed act ....... As an example: 
Suppose 1 am in a dentast's chair with my head back, anti can't IN my fl'd, and the dentist lells me 
there II a spider on my foot. 1 cln now Identify that crawline MnSltion on my lie bUld on the 
symbol" representation of the situation that the denllst provided. I then cry to rNS my foot or Ihe 
Iplder oJ shakin, my foat. ; can ask the dentist for conftrmuiOn thu the IpMStr II no Ionpr on my 
facY.. If.,. canftrms the Iplder's departure, J will be aatilfild that I am no Ionp: in dan.., bllld on 
th.lymtKthc rtp.nentataon of the siluation. 

The important polnU to nate are: 

(I) A person can extend hIS ptruptual abihuel Ulin~ symboUc representations; he u not 
"mated to direct sensory anput 

(2) Symbobc I'r,)l'estntauons can activate affecu (meawr. of emotional Upificance of 
snuallons) as eaSily iii darect lensory anpuu can. 

(S) A penon ~n anticipate situationS which have lillie bearanc an the current ..... sory 
situation and manipulate tMir representat ..... '. ActIon initiatiOn is not ... n, dependent upon current 
Stnsary input but can be baNd on symboliC repreuntatians til nonimmldllll lAtuatianl. That '" the 
COin.uve manipulatiOn of intenSional constructs can dirla a perlGn'. canaca •• 1CIi •• ". It is thaucht 
(Boden 11'72] that u humans become adepc at rtspandinc co their III ............ more and more of 
their ICbOnI are bUlCl on IhtIe 'ymbolic repraernations and leu .. imIMd .... IIIIIOrJ input 

The need for and potential uses of theM rtpmtntlliOfts h.v ...... eIabor.ted by Minslr..y 
[197&) ... hu frame tha, and Schank ana Abe_ Ut'~) with &heir .... II Krapta. W •• lllshow 
hoW .,..! ... that ~ m the A P formalism to .. huce the ..... adalHdion p .... c .. "". 

R.".....aatiOnI 01 no.ummediare naUty are Wlful in ~ .... at6oN. AN they ....." 
for iftIdi&tnt behaw_' The ans .. is Yes, aaant .. to IocMn (U'Jt). ........ behaw_ iI 
character'" by showtnf eItcIent adaprariGn ID the ... Iron"*" WiIh ,..ect to anwnal ..... or 
desires. A penon ........ to en.lronmental fntura • ....... .... ........ DttrtnntIaI,...,.... to 
panlCUlar ••• ,......... r ..... an .... utred to p. eM choa'" .... au. ., ........ To 
direct ...... in dUa wa, II ........ perapwaI diKriminllion. 

'ro sur •• .., a ..... mull show ~ appaopr .... ad ........... w ............ obIIaeIes 
and ..... be 11*10 ptrCIII" .... art~.~ lUCIa .'11." T .... ........ 
........... IIt ....................... ,he ........... fI .......... dw ...... 
T ........ ..., ......... II ........... ,..., .. ..-.y fir. tIIdIM ....... 1M ...... 
enwiroNMnl. 



!to Intensional Constructs S.l 

Sfttion 5.2 Probleml of Int,,"lonallt)' 

Common intensional constructs are belief's. wanu, and tncentionL If we auume that such 
co.utructi are one or the facton caulllly raporllibll for a ptraon'l behaviOr, then we encounter Mveral 
probleml an modellinl them. 

The flnt problem concerns an internal model's completeneu. How complete a model muse an 
anternal construct be bef'or" itlS termed intensional? For example, a phococell can determine the 
pre~nce or absence of lilht. It hIS an internal construct (current flow VI no current ftow) which 
reprea.nu presence-absence data. aut the internal construCt seems too simple to be called a model. 
A not her example is the belief "My father is a doctor" [Dennett 19691 A child undoubtedly has a 
simpler model of doctors than an Idult. If the child doesn't know what a doctor is, then does th. 
statement -My father il a doctor- corrapond to a belief? In the case of acuona, we deftne an intenlional 
a(lIon as an action that IS called by name and has a body of anformation surroundin, th. action'li 
COficept sp«lfying the action', use and probable outcome. A nomntensional or mechanical action is 
Imtlated by conditionS In the mtemal and external environment With no reference to au name or 
conSideration of III import. In emeral, there is no clear-cut definition about when an internal model 
becomes complete enough. Insteld, we can only measure the degree of the inter'llal madel's 
compaeteness. 

If WI Wilh 10 COftIUUCt a Iyltem chit performs intenliQnalllitmlll (lpldled by name instead 
of by tnvlron"""tal c:andition). the probltm or n~ aaionl canrr.acs ua. ACIkIn (u part 01 an 
action patt.rn) haa a temporal deftnibon. An action has I beltn'i!", and end and can be IUbciavidld 
In time. The qUflCion is. when can an action be subdivided inlO aubactions, uch with an (intensional) 
name oIlU own? The subdivilion cannot contanue Indefinitely. If we acne thai a penon's incen'ional 
ac;uon, can mativ ... hiS behavIOr, chen at 101M ~"lev" then mull be a 1ft oIsubactianl which 
actUally cau. lhe 1Cdan', phyaiCIJ NlblaCiOn. OthtrwiM an Kdon would be only an lbItracc lymboI 
and have no beer.,. on 1M ,......·s conative KbYicy. This is aIIO CI'Uf'OI inCII ...... camputtr 
lanp .... No......., how many '-:reb ~r lanp,,' interpretation then an In a computer, .. ",tuany 
lhn-e must be a machiM cock UUtruaion thai I leers physiCll staleS in the machine. 

TM pnbIIm is dtIIIrmininC how camp" the b«tom In .. KIianI an. One lDIution is to 
poIlu_ a ...... fII prtmIIv. IICUonL The primitive actionl that GIII'fOII a compIa lIC&ion an 
caHld by eMir <..........u n..... There an probteml with this larmuladon. 'inC, no matIIr how we 
chooll the '""**" KliOnI, a ,.... can perf .... a frlCCion fIIOnt. land. if a = ICIian 
CGIftIW- ".... ...... t_ ............ CImpIIWtC __ ....... ,¥II ........... .. 
recall .... lin eU ........... _."IC.) EDInnc ... 1 II a pM ..... II .. ' ........... thin • 
...- ..... be .... npIft aI fII the priIIIMiy. ICtIGM that CDMpriII a pM ..... u .. iI 
perf ............ ,....,. ____ &hal perf..,..., an .................... .,..... 

........ 1IIftI in pncc II ........ a .............. 1CIion. I' dUlAlInil ........ 1iI ... UnpoIIib" 
to ,..... die ......... fII "...... ICtiOftI ... a CIIIfIIPIIII .... IUCh • pia", a p6MO CGnC8U». 

Our ......... dUI "... ............... and ........... acdaIu. An aIOmk action is 
an ...... fII utNInry ...... or ...... ., IhII can • ., be perf ..... fraM III ....... (q.. 1M 
I,..... cannat ..... perf ........ ~ frM .. ""'s IIIiI,llac) Aft ..... 1CtiOft canMr be 
IUlNlav ...... (V- Wrtp& "lrlJ call .. '\aUc-1ClioM.) w. can ..aU 1ft ....., 10 .............. 

iMIf ............. ""1.1. A .... acu. .............. compdId function ... 6Ch CM be 
,..., .......... _.........., .,_111 A ....... 1: 1"CIiID .................... d ,..... 
whidt ........ " ... ..,_ (\IIICIiQN ...... ...... II.~,.... 'hi ...... pi 3 tuMtioa..... . _ ..... CIIlbe......., .......... _ ....... , 

,... ...... " ........... 1 ............ 11 .............. ICII ......... a 
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syst~m's action. The problfm is to identify how an Intention becomes more than just alOal to be 
dlSCUsstd, how it actually gfnerates action. Control must be passed to the appropriate actiOn pattern to 
n'ahl~ the intention's instigation of actions. A plan IS not a physical entity, yet a plan can cause 
phYSical action [Soden 19721 In computen, a plan ClUstS actions by bein, an Information pattern that 
directs the system's entrCY Into particular paths. In our model we "Itow intensional conltruCU (belief's, 
Intentions) to be eltments of Itf't·hand and rieht.hand lid. 01 KIm pantrns. W. will .Iaborate on 
this scheme late!r. 

The fourth problem In modelhng Intensional constructs I~; the problem of conation. The 
question IS how d.:. the mind's information processes direct physlca' and mental actions? That is, who 
performs intenSl'mal actions? A rnKhanical action, such u avoidance of a f.arf"II~~mulu .. can be 
caused by a stimulus-rnponse process. The problem is nplaantn, the causal mechanism behind a 
person's InCtnlionallct;:.n .. 

The usull conative pandigm identifies the eaUM 0( inttn.ionalldiOn A u another prOClll 
B However. If we claim that the person caused process B. WI hav ... ' rtduad the problem at all. If' 
Imtead we claim that process B IS the person's want or :l!lire to do F'roctSI A. then it, too, is an 
Intenslonallctlon, and we are in dlnger of an infinite I'f'<.;ras. (Ry1e lIt4tl points out and arpes 
Igainst a third explanation which he calls "thf Chost in the Machlne-. In thla "planation, mind and 
matter exist separately. The mind is a ",host" which resides In the body.) 

Let us examane a different ptradigm. ConSider a system performln, mechanical actions. At 
some point the system's actions fail and the system Ito(ll. We could conatruct an additional proceu 01 
mechanical actions to locate the error and resume or ralan the orip\aI mKhankal lid..... This 
process would use intensaonal constructs to hypotheslle what the failld ICUon wu and specify the 
approprialt rlCOvery ilCCion.. One nlmple lS a mechaniCallClion to ........... mnaI ... C. a 
doorbell. If the system lIutI an action to anlwer the doorbel~ and then fli", lIM or.,...aI ......., input 
of the doorbeilia no IDnpr .vallable u. stimulu .. The .y ........... caIcu .... 1hat the wmmana-
anlwer.,. actiOn is 11111 appropriate. This caku1alion .. a mtChanicallCdan. all ....... II u_ 
intension&1 conltrUCtl rep ...... unr the orillnal mechanical aaion. The calcullllan's .... Il .. 10 acta • .,. 
the namt of .,. ICtian to I'IIWM anawtrine the doorbell This name II ....... c.nclltiorl (in IddWon 
to .... ects and external ((lncUtions) to motivate a Irlllrrl'S behaylor. 

The f.at"ra 0( this paradipn are: 

(I) A U .. ions can be considered mechanICal at 101M IIweI. 

(2) MechanlcallCUcm can manlpulue IntenS"'" CGNIrUCIL In partkUtar, InKhIftkal 
actlOftl can activate n .... 01 intensionallCbOll" 

(S) The I,...... ..... t .... ICbvated inllnliGnal c:anItnJCtI IIbIJCt. (.-.a IIId 
enyjranmlfttal) condldons. The lCIiyllkln 0( the antensaonal canstnICt II uhII CIUIe ............ 
KUonI. 

In thiI ,...... In in __ allCIiOn iI 1M ..all fI a ..... ICaI .... 1haI .. 1M ..... 01 
abttnatan h ..... th.- 1M *"-'IonII1CIIIft. W ...... .,. 1M "1111 ... ., .... .., .... GIIII lie 
portraJld uncil a laW chIpMr. 
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SfCtion '.S Toke .. , YI Coacapt. 

We have inchealed the need for representation. or nonlmmediate mlity. An intensional 
eonllruet has two componentl • rolLin and cancept We will use a redhot pok ... (Bod .. leJ2) u an 
example. A child can !tam the concept -hot- without the word ~ot· by touch.", a redhot pok.... The 
nex t time h. Mel a redhot pok ... he reealll hi. prior experience and avoid. the pok.... A Voidance 
sIems from his internal model which the poker'. senlOrY input trigera. not from the token (IirlguiMic 
nanw) -hot-. '-hat iI. there can be an internal repraentation (model) or ·redhot pok .... without token. 
or naows. A concept corresponds to an aburaetlon or class which a person can UII to catecorize 
objeCts In the rfal world. Also. :he internal representallon of a redhot pok ... ne.I be neithfr red nor 
hot [erailr. 19,.,1 The representation onl, needs to sausfy the perceptual dilcrimination reqUirements 
to Includ. red hot pokers and nothinc .Ise. However. the internal mod.1 muIC IOfMhow be analcJcous to 
liS referent. "Hot mUll be represented in a lIlanner similar to other "hot •• xperiences to bring about 
Similar behavior. Thus a concept refers to an Int<!rnal representation or an unch&nJin,llate. fvent. 
ob jKt. or quality. Concepu are formed through a person's dirlCl exptrilnct with the concept's 
referent. ConcepcI typically are baMd on some combination of Invjronmental properties or predicates. 

A token is the other component of an inttnsional conllruct A token nuna or labels a 
concept. The phrue -redhot po ...... II a token. Note that I token II arti6dal (f ...... nl onomatopoeia). 
A token's form has nothinC to do with the concept's form that it rep ....... tI. 

Two examples 01 Ioklns in our model are (I) .h. belief that there i1 a lull in the conversation 
(LULL) and (2) the IntentiOn to tell about a problem thl mod .... pat ... t hid with a bookie (PTELL). 
The cormponcIi,. CDnCIpII an (I) an JP by whkh th. model .......... , lun In thl Intery_ and (2) 
In A P with whach the modeI.ecur. an ICtion to Introduce thl "bookie· tapjc In.., the carI ...... tian. 

The dillinCtiOn bttwetn COlt .. and concept lies an the6r u..... The'J*m can MDII and 
manipulate tokens dirtCtly as n ..... Without lhl corresponchng aanc.pt ...... lCtiylted. A token can 
be • pan 0( manipulacable links MtwMn ocher 1Okens. A concept a ....... 1M ........... 1 conltrUd ... 
senlOrY Input pndlcMll rralit'~ a token UIOd .... thl conlh'UCt .., at........... One prob ....... A J 
programs hu ..... a confusion til :he two componenu. In man, procnmIthen .. no distinction 
bet .... the COftC"!pt -coldness- (an internal reprtllnWion to recapj. CDIdnea) and pnxaaanc the 
token -cold-. A'" man, taIL ... hay. no UlGdued concepti and IN thenfon JUIt place.hoIders. It iI 
thau,ht that conapa IN UIUdJ formed Int throup aperienclf. with lGUna .... auached to t ...... 
Fodor [1''JI1IUpparll this ..... _ and ... thai ......... CIIpIbIt " .................. .... 
haY. priOr ICCeII 10 ......... '.CiOn&1',.... in Which (the ....antk ,.,.,II'UII" ill pnd"-) 
can III .pr..: ..... 01 .... dIe....ac pndIcaII ..... , III .......... allUlftblr " .. ,. 
[WincIpMi 1 •. '51 ........ _ .... til ....... canape. ..... _ ..... I_~ .... dina ...., ......... 

.... .............. an .. _WitnlfII ....... ....., ... 'm, .......... 
....... i.. An ... lftllanal ....... ,.1.11 ~ rIIIICy ...., ....... .,.... eM inY. 
tht canatruct ~ ....... ather thin iCI c.napcuaJ ....., -puc _alp!). ....,.,... ... ,.... III __ 
In ..... 1. t ...... ICl .... a ........ ~ en ............................... UIId u 
.."......11..., ...... How ................. b' .... r ......................... . =:._ ... ~a! -*0 "....., rha mar • Ma, MI ........ curr.I ......... A_ 

.... ,. be .............. u .... of NIIiIJ. In ....... pi aclIll .. lI .............. 
, .... , 0CIaII'I ......................... U lUaU ....................... ~ 



6.~ Int~nslonll ConitruCls 

S.ction '.4 Rrpreaentation of Concepti, Tokens. and Links 

There are two ~yprs of patterns: action pltttrn, (APs) l:\d interpretalion plrttrn. (lP,). 
Action patterns generally specify actions to be performed in rnponae to some s~tuatlan or particular 
systtm stare. Inrerpretation parterns put order mto rhr mw of input data that the system drals with 
by Interpreting large MIs of Input da!a and replacmg the data with Simplified sets rchul1 kingi. We 
use IPs to represent bach conctpu and rokens, although m diffrrent manners. 

An IP rtpresents a sterrotype of the system's experience with 101M external or internal 
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reahty A II IPs are thus conctpts, although some IPs may be too specific to be useful as a 
generahzation of a real.world property. For eumple, the IP for a poker would be the concept for 
pokrr; the IP (or recognizing a best fnmd's angrr may be specific to the best friend's typical expreSSion 
or anger. Note that concepts are sull strreotyprs. Thr conctpt for a poker encompasses any poker. 
The concept for a best (fiend's anger encompwes Iny Instance 01 that pI ... on', anpr. Like an IPs. 
concepti may be part of lar,er .xperiencf5 and may have affects as their antectdents and/or 
consequents. 

W. also represent token' as IPI. Howev.r. the IP has one ntrtme quality: Th. IP's 
an'ecedent represents the lcoustlC or Visull occurrence 0( the token', name. Tbe name is linguistiC in 
ori,in and instantiation. IPs hav. a fleetinr nature due to their dependenct upon initial conciitions LO 

kftp them activated. A token must rely on a dlffer.nt mechanism if it is to be independent 0( 
mVlronmental conditions .. 1\ token's hnJuilbc nature enabla lhe model to rehearN the token in shorl 
term memory (STM) to provid, Ihis independence. (Ne:,· we &iv,short term memory on1y a -:uflory 
model in this work. Its only functlOl'l II to enable tokens to remain activ. for 1M duratIOn 01 one 
action .xecution.) Thus. token. are Independent of the Immediale IXtenlal environment. They do not 
rely on direct conceprual ... 1OIl Input for their manipulatiOn or lCIivMian. A token IP is linked to its 
corresponch", concept IP: The token IP', output is an alternate ICIivatInC antflCf'dent 01 the concePt IP. 
W. represent token, by LISP atomA in Ih, model 

W. UN two typa 0( inrenliOnal constructs In the model: btW, and intenteons. A bel.., in 
ehe~" isa JUdpnent about Itit truth of an anternal repratnCllian. In the mod.I, we UN belief'. to 
represent the inter ....... ·' IonJ ItI'm propertia, such u his abilWll. ......... InttntiGnl, traits. and 
(utur. actions. Knowinl this informaaon, the modtl can judp f'ucure actkInI for t .... r pou.iblt 1UCCaI. 

In addWCln. be..." ,.,..u 11M infIrY ......... ehe moder. ~ at ach ...... * pall. and the 
outcome 01 the modIt. ICIIonI. IntInIiOns ..... star. thM the ............... eo ""inI about. 
Two IX ..... an introducinC prabllm ..... thIllht model WIftII 10 diIcuII and _ ... conIrmalion 
for lhe modeI's beUe(s. In pneral, we UII inCtnUOlls to p'" ...... 10 the ............ and deli,. 
by estabhahlnC pis for lUblequenc ICtionL 

W. can link tokens for nriOUl purposes. In the model, we ... WI INt ............ 'or 
in(tnII.ce rules and IXpUdl properties between tokens. For lXampIe. the ~ bet .... In(trtnee 
rule anceadena is a link. A belief' is conMClM1 by a link 10 ita property 01 "klelcit that the bel.., is 
true. A property INtweaa beliefs or names.lUCh u "IS-A· in -A ..................... lin .. . 

W, r ...... nt lin'" an the model an two WilP 

Caype I) u .pIIciI "...... an __ in a 1BIIIIiC ... nn. ...... ,. Ex ..... are bItId 
........ and the ................. fI propoei .... ..,. ....... 

(typt t) u an JnIIrpI'ICMIOn Paaen ("campi"" Ex ....... an ........... Int_ In 
whiCh the Wa •• nale ............ IN thllaftMhInd side ........ fIIM!P. "he --._ f!A euch 
aft J, II • MI6I( eo M ....... U II'Ut. 



Intensional ConlU'Ucti 6.4 

(Ty~ I Ilnb ar. the -interpreted- rults 01 Newtll and Siman [11'721 Type 2 Unkl are their 
"allimitated- ru\el.) 

The mod.I can UKute -compiled-linkl (type 2) in ICICM senle. The Upclatt procedure In the 
patttrn int."r.r matches their camponent IP nodes. Th. Aalvate procedure traca their iinks. 
Interpreted linkl (type 1),01\ th..: other hand. requlrt rtlatiy.ly mort time 10 practll. The interpreter 

nHels the Execute procedure. perform a apedal aaion to follow thil type of link (rom on. node 10 
anochft'. Thil requir. OM interpreter cyclt to occur because It iI a .... uentially.performed action. 
However, the Iystem can accaa interpreted Un"" to report them or danctly manipulate than through 
other achonl performed by Execute. The lyW!m cannot examine or manipulate complied Unkl (or any 
A Ps or IPs). Th.IYstem may only txecute compiled lanks if It can determine the appropriate 
condltlOnl to Nt up In the ..,vironment. Th. syltem then can ~. the outcome and "'ferentlally 
attempt to rlCOftllrua an abitr.a pattern representation. 

The proceutne inmacUon between concepu and tokens iI relatively Itrailhtforward at the 
lawat level. As mentioned above. IPI can be either active or inactive. The Iystem activates a concept 
IP wh .... the I",em detICtI the canaPC'1 auoclated antecedents In MnIOI'J inpuu. Alternatively. the 
syltlln Ktivatea a concept IP when the concept'l correspond in, IOkli' l' illCIl'..... for nample. the 
systlln can in.ipte IetIOnI based on a 'uli condition either by (I) dllecunc a lull With an I' or (2) 
actlvatine the toll.., LULL u the produa of an inference or 01 new lymboIk informatiOn from the 
Interviewer (e"., , think the conYlnatiOn is at a 1u1l.1 

Token IPs. u ....... 1 IP" un a'w be lain or inaalve. They mutt be IUltaintd In a 
different manner from concept IPllinu k1ken IP. have no conapc input .n~u. In_ad. toIlen 
IPI have thl!ir partiCUlar n .... and UIOCiattd properties u their an ...... The cnrampIIP may 
acti,aae the COIL .. IP ...... nllftiftll bird w;.t, the word "bird-. In aur modII.lht canape l' whkh 
detICU • lull may ~ an A' ,...... ~ kana Of 6t may aai"" NIDUn LULL. In 'hi 1_ 
cue. the &CU ... ma, ha" ... NIlduai mICII oIlt1 ICdvatlnC candidort. In thllIIttr cue. 1M LULL 
token wUl bI nhIanId .... an bI manipulaltd "'" alter itl acu,1IinC ~ a.MIitDI iI no Ionpr 
uu.. 

Sect ... I.. 

The ..... 1CtiIft " .... 1 .. and ... If. an 1M _ in IhI pi! c( I. " ..... 
"" .......... ....,.. MIl ... 11 ..... in .... ...... 

Ont" ............ ~ .. tg .. hIIp. In ........................ _ .... ... ,._ ........ ~ .................. _an ...... ~ .. " ................. TM 
...................... 1111." ......... - , ........ ..,-....,......., ......... --

e.-n, ......... _ ...... ~1iIUIdDnI ...... ".. ..... " ..... ........ 
.. ph,... ............................ the •• ,..., .. lilt I.,., ......... fII 
1JI*aI1 ................. ne ..... _ .. )IIiII"" .................... ..... 
".. .... aM ••• _111 ................... ,......, ""ll11n_ 

,....., .......................... die .... 11 ..... 1_ aIIId ......... .... ........ _ .......... , ................ -.......... ~ ...... -...." ... 
.... ............. ' 'M ..,. ................................... . 



6.!l Intensional Constructs 

Th~ ~hef system contains approximately 80 beliefs. Beliefs refer only to topic areas in 
which there can ~ eVidence to change the belief in the course of one interview. Such areas refer to 
th~ interviewer, the interView. and the current state and Intentaons of the lelr. and not h) relaUvely 
ullchangm, facts about the world or the model's own put hiatory. Belief's beein with default truth 
value. indicating the .. Irs assumptions pr:or to the Interview. Truth valull chan" durlns the 
mtervlew's course. 
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We r~present a belief an the model by a token (LISP atom) with the property of TR whose 
value corresponds to the amount of eVidence that the belief' is true. (The correspondang concept is an 
IP which IS activated when the cont'pt is recolfliled in the current :it";-.tion.) The truth value ranges 
from 0 to 10,0 indicating no information, 10 Indicating enaup ,viClenctlO conclude that the belief is 
true. Inferences can conclude that a behef is true (truth value TR 1ft equal to 10) or acid to a beUers 
truth value (truth value TR ancrem4'ntrd by a pOSitive integer). The negation or a behef' is an enUrely 
separate belief with a truth nbe from 0 to 10. For example. the followin, rour beliefs are in the 
system: 

OOHELP - the i"t.rvi.w.r delir'l to help the model-,.t.nt 

.ODHELP - the intervi.w.r doel not de.ir. to help II,. model-pet.", 

OOHARM - t!-lt int.rview.r desir.s to "I'm the model-p.tie"t 

.[)[)HAN - the int.rvi.w.r doel not delir. te har", the lIIOdeI-p.tient 

ThiS permits the model to conclude as true the belief .DDHELP Independently of the belief 
DDHARM. Also, competing evidence can accumulate (or both DDHELP and ~DDHELP without 
hay,", evidence for one cancel evidence (or the other. Contradktionl may arise if enou,h evidence 
accumulates to infer both the belief and Its opposite. Contradiction. may be noted by raising the 
mterest or shame affect. 

There are approximately ISO rula of inference in the model Inferences correspond to the 
abihty to draw new conclusion. about new situations. In our slmulatton.lnflt'tneel mak, pouAble the 
,valuallon of the intervieWer and the interVieW, examination 01 the ...... 1CtianI. and prediction u to 
the future a.ttavlor of the intervieWer. They invoke no KtiOnI , ....... 1nICead. ather pMWnI in 
the model use their rftUlts u (or mallin, copian evaluatau about the world. 

w. implement rulll oIlnfennct In the model with IPa. The rule's ......s.nta are ........ U 
01 the IP'I Ief't·hand Sides. The conMquent 11 a bebeI ro be cmduMd u true ., • btW With an 
increment to be added to iCllrUCh nlut. A IIlnftnnCII in our syum are CMIf~ Q( (Omj)llid links 
(a.t. conlU'UCl1ld from IPs). 

A rule 01 Anr ...... in the modtI hu a lilt 01 &nleCIICIents and a conttqutnl The antecedents 
are each ..... 'or IIUIh and ehe reaulUn, IagicaI Yllull from the antecedenCs are conJDined. An 
antec«Mnt may be: (I) a beIMf'. whiCh" bW i' iU rrurh value" b'UI ( ....... uaI to 10). (2) a NOT-
condition P,.. .. cated on • belief. in whkh cut the an ___ II true tI the IruIh nJut of the beIMI' b 
not ytt hW (i .... noc ytt .. ual to 10. the maximum). or (S) a nanna' , .. fIIrnInt CDndit6on. A 
con ... uent "'., be ..... a belief with a InIth value cf 10. In whiCh cue chili ......,. b cancw.d u 
cruc. or a IMW wllb 1ft incnnatal truth nlue. in which CIII the incnnllftC II ..... 10 the truth 
va ... ror thai beW. 

AI wtIh ather API and I' .. afftas can be ........ fII eiIMr ..... ., an,...... In 
partial ....... diet ClDlldAtlan 1M, be an ......... In L' IftftrMCII ru ... tor ....... 



Intenlional Conllrucu 

( (FEAR HGH) " DOHARM : [)GANGSTER) 

ThIS rul~ implieS that the fact that the doctor desires to harm the model.patient 'I .vidence enouCh, 

under hiCh f.ar condition .. to conclude h. is a cancster. An intention for r.ven" ma, be mad. 

durin, extreme ancer: 

( (ANGER HGH) : PHARIIA ) 

'.r. 

Th~ system also sets new alftct cooditions when an inference rule or a consequent belief is Itt true. In 

th~ mod~I, afFtets in the rlCht hand sides of IPs dictate these new afFect ..wnp. Whtnlur a beUef" Is 

concluded u tru., the system sets any associated affecu. For example: 

( ow.FlA : (FEAR .40) ) 

These affect conditions allow the system's internal needs or state to inl\lence lhe intensional cakulation. 

of anferences. 

S~htfs are Iiso used for perceptt~" extension or perceptual cues. Perceptual input data is 

ofren Incomplete in natural 'anpace processing. Often, the system has enauch data from the input to 

acuvate th~ concept IPs which are antecedents to an inference rule. In this CUt, the system can use the 

anferentaal links from the activated concept IP antecedents to the correspondlnl tok .. IP consequent 

behd and then to other associated token IPs beliefs. These associated beliefs act u cues or cont~xts to 

the perceptual routines by suaealn, other concept IPs for match in, to the senlOrY input data. For 

ex ample, the inrerence 

( DNBELIEVE , (SHAME HGH) : DBABNORMAL ) 

statn that when the shame afrtct as hlCh, the belief DNIELIEVI (that the tn~vJewer does not 

believe lhe model-pauent) implill tha: the bebef DABNORMAL (that the lnten ...... beUn .. the 

model-patient to be abnormal) can be concluded u true. In lh. lnftre"ce 

( DBA8NOAMAL " (INTQPIC MENTAL) : (ANGER ~ ) 

Ihe belael DBA BNORMAL can jn~prft subsequent inpuu whose tGpk Is the modeI-patients's mental 

condiU~ u &NUlla by railinl ...... · The btUeI DaABNORMAL ICb u a conlatull discrimination 

Cut for thl condwon (JNTOPIC "ENTAL~ 

We UII i."tntianl in our sJl&lm to direct ProtaSUll with txpbcitly ,........ pall (u 

oppOMd co implkit .... in liCuaticln-dNrmined acuons). Then 11't stx explicit InIIIfttiCN in our 

IlmulatiOn. InMntiGns np.....c action patMmI that the system CM perform Ie 1M.." III nIIda. The 

action palcema An our CUrMM IlmUIIdcIn InClude only Unpildc ICtiona chaI can be ,." .... an 1ft 

Intery" litultion IIId art thInr .. "** to thllUk 01 in ..... puck.,.._ 1n ..... 1 an 

rep,....1Id in I ............ 10 ......, •• I dllllll'UCtUN wlCh I praperlJ STRENGTH indkatinl 
the in ... '. ~ .......... TRINOTH ~ from 0 CO 10. An ........ Met _ .... when 

ill .... h NIChIIa thrtIhIId fit. An ..... IInftICh .. mcdI' .... .., w. .... ru ... 

IncadanI ...... ac NlUIdanI whAch &he modcLpali_ MlilYe Ie be .. y ....... (u the 

rault 01_"... -,.. •• re)" .... Ie brine .... In ..... art ... hi'" lilt ... NIII 

whIneYII' the modIIlI nat ..... In l'IIfIODdinI to an inpuC ........... _......., 

dUiNll6nl ....... TheW ... that ...... 1onI UIUaIIJ .., ............... iI ..... ,.. the 

nnt InpUt "-1M ....... . 



6.!t Intensional Constructs 

Once an intenhon is set true. it becomes a pattern element like Any other environmental 
condition. Two results may occur: 

( I) The system treats the intention like an action and executes the correspondin, actiOn. In 
this case. the action may still only occur when the situation is approrriate. as the rollowln, example 
shows: 

( lUL.~ • PtNTRO : INTROTOPIC ) 

The mtention In this case reduces to an intensionally specified action. 

(2) The systtm treats the mtentlon like a belief ..,r ab.ract repraentatlon to be symbolically 
manipulated. The .y.tem may then make Inferences about the appropriate method to accompUah the 
goal and tIlabUsh subaOall (rudimentary plannlnr). Th •• y.em may tral theM IUbpall in turn u 
intensloual achons or ab.ract goals. For examplt. the inferences 

( DOHELP , PTELL : PHELP , INTROMAFIA ) 

can establl.h the subgoa! PHILP (to solv. aome problema the modtl-plUlnt h.d with pnpters) and 
the inten.ion.1 action INTROMAFIA (to introduce the "M.Ra- topk) from the pi PTELL (to t.1I 
about hal prob1tma). 
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Th •• y.em m.y abo UN int.ntion. to rawt railed actiOnL A pau.rnee action to introduce 
a new topiC may be activated upon detectinr a lull in the QRverlllton. A dirennt actkln r. lay 
anterrupt the topic-introduction AP. for ~Xlmplt by the interviewer continuln, to mention a prevlOU. 
topiC. The no-lonpr-delCCtld lull may be recalled by remembtrln, the mod.r. pnviaU. output or by 
other inferential processin,. The Important point is that the lull condition it no Ionpr aV1J1ab1e in 
sensory input to activate the concept IP or AP for introductna the new topic. It the Iystlll"l is to rellart 
the routine. it must reltan the routine through a toaken IP of the lulL for inItInCe the belief' LULL 
The 'ystem then ntablilhll an explicit inttnUGn to intrOduce the new tGpk. 

~ectiOA 6.1 Cloltal ....... 

To IUrnmarill the preced .... we oIftr IIJIfIII' which performs aIIaatan Whh action patterN 
(A P.) by lCti.MinC Ihi A P. and thin inCIrprIlinI their incIudtQ ICdInL The two 'JPII ,," da&a 
structuNS art ICtiOft patwnI and &ntlrpNWiOn pacerna aps). IPIII'I UIIId fw _IliOn NCGpWon. 
Aa " ...... IP. btcomt lhe txptlilntial nprtMnWiOl'l of lht CGnCIIpI they an u.s ID Neap'" IP, 
Ir. 1110 UJtd u tokens or nama 01 CGnCIIptL AI n ...... IPI Itt UIId for ...... l&tnC the penicul., 
VAIU.'lymboI name thal they repntIIftC. Tht,JI'*ft ~ .... f1I til pNem .. by ....... lJinc 
certain lANat ...... and mpand&n, to thlm with A PI. in a ~ IMMII' ..... chll tit .. 
inc\udtl hJch.lt¥eI procellAnC. For -ample, ct .... ma, be a IpeciaI AP for "'."1 aM""'''' a6nce 
it :1 such I camman aperacion. Tokens an wed to rtprtMll .... aa ~ ... I!!irs IlIIht •• ......".. 
(Mlief.) or future litualiOnl to obtain (jnr8Uion.). Finally. it cht au...-.c AP and IP ........ f .. 1s 
for a situIU". the .ysttm UMI symbolic proceuinc with .... IPI for .......... lhe .,...,. With 
nap«I to Ihi ... ~t or revilinl the lnWnal np~ 

One tll'iCiencJ principii ror thl .,.rem Ihoulci be the .......... lilt 01 mmpilld cancepi IP 
linkl and die ,.Umal lilt f1I in ......... liOken links. APs and CIDIICIpC IPa L-.r .... lIladana and 
npr_n kMwInr whM to do With I familiar lituadan. The.,- should do II IIUIt proceuInC U 
posllble ~ ...... Pll.ical prindpIII) ancllhould ...... ..un .... III til ......... 



InllllllOl'lll Conarucu 6.6 

Therefor •• hnlLl bet''"" token IPI W&n lOOn becamI CGnClpt IPs 10 ." .... pnauinC effort of 

activaung the tncluded token IP. and followinc the link. For lIamp'" WI could imacln. aornt future 

model bttnc taucht a .ymbolic link between a situation and actlon. fot lnltance lntraciuclnl a new 

topiC durinc lulls in a connrllUon. At !rat the rnocl.l would han to IIplicitlY manipUlate the tokens 

for t ... e btli" LULL and the lntenUGn INTROTOPIC, Later. alter the model had performed the 

routan. in moulh IimUar Iituation .. w. could imacine the mod.1 dev.lopi", an action pauern to detect 

lull conditions in the pattern'l 1ef't·hand lide and specify topiC mtroduaion in ltl rlcht.hand Itde, The 

sYJt.m would also COmpile bulC symbol manipulatinc tasks into AP routines. Some of these routines 

might be: follow inc an explicit symbolic link h'om one token IP to another. dttmnjnlnc what situalion 

thf model IS in (by activating a token IP which represents the type of lituation). and determining what 

the outcome for a liven action 11 Uk.ly to be. The APs will embody a let of basic pl'OCfSlel to 

man.pulatt tokens. 

Th. dlfftrtnCC between thl twO types of bnk. I. useful in ahowinc how a system could 

acqUire information symbolically, The dlfterenee il between expliCit, accaa.Ible. manipulatable linkl (u 

an a semantiC net whiCh the medel can directly manipulatt) and a link between IP elements, We 

hypothesue a patttm-crntinc procaa that wUI form new patterns (A Ps and IPs) representinl repeated 

Illuations. for example a lituation·action rule. (We have not modelled this hypathfljztd proem in this 

work. We IllUme that the mod •• hu already (ompi1ed all inference rules. 8tckl!l' (1973] attempted 10 

explaIn the incorporation and IUbaequent 'tne.~alization of "schema-. whiCh are aimai ... ;0 .... Ps.) 

Int.rpreted and compiled tnference Nits are useful because a system could learn the lnterprettd ruks 

darKtly by lIOri"l'the ruin in a MmIIIICic net. The syltem could follow the net links explicitly, The 

Iy$tem would ..... compile thl incerpreced inf.,,,,ce form. if :.aNd oftIn ...p. Into IP. for rUler 
procmlnl· 

Anochtr principle involves usinc internal representations and MnIOrJ input data in 

pcrteption. AI a Iystem caina mort conftdence with the dual Ule. concepc IPs and token IPI. the 

syarem will place mort reli,"" upon the conceptI. Actions will be baud men upon IPs than on 

sensory tnpuL In ........ rtprtMntaUonl wUl be augatlnl all • the h~ far IituatiGn 

Incerpretauona and thereby 1'1* p ...... '" in their own dlnctiGna. Th .. 1ads to a crearer 
problbUity fJI canftrminl the ....... ItJPOCh- and the h~' ... .............. R.lyi,. on 

the in&ernal models rflUb in an an inrornwion pl'OCtlltnc ....... y. but rnay ~ 10 OWtrW,. MW 

chanpd "tu&tall and deIa,.,., adapralio."ts 10 them. 

R.,~ inCenliOnal CDftItruCU u IOkIN and conapu an the madel hu implications for 

the .... fII .............. ~, ..... anochtr'l .. hinl. A pmon can ....... new ....... by the 

r .......................... II ...... ICIIIUdc or visUal form. He can 111m .... canapII by betnJ 
lhown nufMNUI ....... fJI .... 1doU In whkll cht ... ICICUft, If cht ,.... hid "., ... .., 

farmeet the ~ IMl ... CIa "'1Ui1y kltnUr, the canape ....... n, and tIC II wMh III ." ......... 

token. If tIM c.apt wu noc __ y in 1Xu.c.. then ........ ,...,. CD it. IIId IUnuItaneoul 

rtplWan 01111 --. ....... u.n the CIOMIpC'. fonnadGn ........... A .... the __ ...... tIM 

pupil CD ..... II ....... 1I ........ jIaI and ",,*yt COIdrMMtan fJI ...... "...... Fun .... a 

new ~ Nil aft ... ....pc by bnUAnc cht rull _III ~ ...... CIIMIpC Iftd 

III I 10 Ulild .... 1M ......... ...-pc and III""". ThIn ........... and ICIiGft ...... can be 

IinUd .,... .. aIkaIIJ 1M Iht MaIn ,...,.. UMd j& illIII'Md. 

" ........... AI"""'1CinI 5f*ia1lltd know ..... til ..... ................ tiona t'-II a 

Iy ........... CD , .... CD tfhciIncIy (.; .. danpr) Willi pntnl knawIIdp that .... .,... can .... In 

innoYlctft ..... ft wa", W. un 1ncorpor_ .... It .. knowildp ... APa ........ IP. whiCh 

wtn be If*iIC ... lllUutona Mldld. the 111M iAt ................. ptOUlII' " the .... IP, fII 

the c:onapca In .... "_If aIW ... ..,. ICIly .. the ..... IPI lAd dtt IInb. 't ... ,........" 
IIIUIIIId lID ........ ec:.nparId • ,....,.. lCIiy .... > IinCII the ,...... ....... 1ItIc ....... ..... 



6.6 Intensional Constructs 

would require severllinterpreter cycles. The A Ps and IPs incorporatln, specillized knowledp de.1 
with suu.rions first. If these pltterns fail. tokens can be used to apply pnerali&ed knowledp. 

Finally. the il"el~sional quality of concepts and tokens necessitates comparln, them to rnlity 
to maintain their status as o'odels of the external world. There are two forms of model - concept IPs 
and Imks betWftfl token IPs. A token IP by itself is insufficient to reprnent; it is 'imply a place­
holder. When the system attathes properties. it either forms a concept IP to hold the property 
attachments or a hnk betWftfl token IPs. The link between tokens creates a corresponding concept IP 
If ultd utten enough. The two types of model structures to be compared to reality are (I) concept IPI 
and (4) hnkl between token IPs which have not become conc.pu. 

The difference between these two types of models is in their accftSibllUy to manipulation. 
The system cln dutetly manipulate links ber"'H'n tokens by symbolic processes. Concept IPs can only 
be IOdlrtelly changed. (Of course there is a tradeoff - concept IPs are processed completely in the IP 
actlvatlon mechanism and reqUire fewer resources.) Since a concept II automatically formed by 
observation and rehearsal. the only way a concept can be modilld is by txpCllUN to tnllMen of the 
concept lR the envlfonment and emphuis on certain weakRftMI in the conapt (tM wnltnasa are the 
factors that nf'Id to be changed). The emphaSlS must come 'rom tokens. since tM original concept 
formation did not include tM delired new factor. The tokens activate their corresponding concept IPs 
whiCh then ue emphuaMd and have a (feater probability of betn, includld in the reviled c:ancept 
AP. 
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Chapter 7. Mela-Iyllfms, Stlf -motivalin, systems, and Paranoia 

In the P ..... inl chapter&, WI outlined ahr" IIIIntially di .... ' upICtI 01 motivational and 
IntenllOnal bthavaor: pantrMClactiOnl, alflCtl, and symbolic manipulaUon. W. will now conaidtr how 
theM thr .. uptCU interact in tarpr .... Th. issues: (a) the contU'UCUon 01 meta sJlClml ro obMrv .. 
interpree, Uld cornet "ron in thlt, cormpondinl objlct syltem&, (b) the conllrUction or .. lf· 
moti.,.U",sy"" and t1Mir nquirtmtnta, and (c) chI elaboration r:I the tMory 01 par ..... that WI 
wt out to mod.l. 

Sfttion 7.1 Meta.systems 

Sfttion 7.&.1 Introduction 

A particularly .Iuaive tuk in AI hu bem impltmentanc • propam that models illelf and its 
Interaction with the environment. The twin problems of inflnitt recursion (, know that I know that ... ; 
and lack. of directIOn to the p"",am's behaVior (once the program inow&, what ilit IUpposed to do) 
make au • .,htrorward modelbnl difl'icuk. However. if the provam is to fICOV., rrom Us own failures, 
at mull haY. 101M idea 01 the tuIL it wu performinl when it railed and of its UIUal capabilities and 
expected outcOIMI allts actions for the task. Slmiluly. jf the procram is to deal with incomplet,ly 
sp«IfMd IItuataona, at InUit have a crup of the relevant reatur .. in tJpiCallitUlboni. It u .. t .... 
(,atures 10 analyze ill current lituation and decide what is important to accampUsh. For thlle tuIt&, an 
anternal mod.1 01 the pracram's own inmlCtlOn Wllh Its envlron"""t is nauary. 

W. ahall dncribe 'lUr tfl'or1S at imp\ementlng such a model Ulinc th'limulatian model of 
cognitive and motivational procaIIS dtseribed an the prtvioul chaplll'l u a bast, we added procesaa 
to dftermlne thNi flClOn; (I) what ICtIOn WI: takine place In the pracnm and in other partkipants in 
tM satuatiOn; (2) what IICliGN lhe praer"" iueU' decmnined to be molt delirablt; and (S) what action 
the prop"" coukl perform in lhe particular IiNauon and what the liUIy u ..... uenca would be. W. 
aha" deler"" these p ...... and then dtKribt what addiUOnal capabililiel the p""" make 
pouabll. Finally. we shaH diICUII the .. rent to which the pfClllam can mU.t UII 01 theM proceua. 

To IUftWMnJI. the objIG provam II , reedbaO-oritnCId .,r.- thai .... 10 IituIliOnl b, 
perf ....... the ............ ~ APa and IPs. It b CUadec1 by an urea a,,-. Ihal ...... 10 .void 
IMP'ivtly.y ...... IbIIiOU .... hanca f*'tiv.Iy ... 1ued one. 

Sect_ 'P.u 

To Lhil ......... a number It! rna .............. _pIiddJ IpIdIy the ..... 01 
the .. v ...... -. ,...., ................ "aped. tadIMIM ........ ' 1111 ....... _.,.,m'a 
own ".111'" MIl ..... w .. ~ 

-w ...... .,.. .... _whI& .......... ~ 
.W .......... In •• , ..... ...., 

- WhII ....... .,... _to do. u.. .. 1 rid ........ In *.llr' ....... aM cumftl 
....... aN aM _ , II ... II III IrA'" -, Ileal? 
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• How could th ... yltan pc there· What actions could the system perform to manipulate the 
envlronnwnt to obtain the desired Itate? 

• Is the system in control of itself? ThiS is panlally meuured by how lUCCalful the IJltem 
has ~ recently. It IS u:.eful for determining what level of rask is allowable and what certainty to put 
on perceptions. 

Behefs which an~1Ner these questIons are represented in the same form as the remalnanl 
beliefs an the syltem. From these beliefs, the system Infers the necessary inforfnataon to deduce what 
actions It was performing and what actions it should attempt to perform. T .... beliefs represent 
action at one level higher In abstrlCtlon from A's in the base procram. The belief representing the 
decr. to whiCh the program is In control ofluelf IS necessary 10 marshall men rtIOUrces or reduce 
mil. whtn performance IS poor. 

A number of processes manipulate the~ representauons to infer their respective beliris. The 
proclcues can I c!ll rn two values for each belaef: (I) a deMlte answer (2) or an indiCatiOn that the 
Drogram cannOl dete.-mane an answer. If the system contained ar.other representalion level, a failure of 
one of that routines could invoke an action With a higher absuactlOl'l Iev .. 1 and be proceaed Ilmllarly 
to thIS farlt level (ThIS potential Will be dISCUssed later.) The CUmrlt p ..... am limplJ nota the lack of 
abllaty to dl'termane an answer and decrements the level of control that the pracram believes It hu 
over itself. 

The ml'ta level processes are called only on evmts whiCh disturb the Iystem. As lone u the 
system is ~c~~ul at performang appropriltE actions b.e .• atrlCtllnils are optimal and actionl are 
bean, performed), then the meta processes are nor nHdecl and are not UIId. The meta prOCftMl art 
Invoked whenever a hiCh ntpUve air", mnd&uan or actJon failure OCICU ..... or when the I,*", .. .... 
dUlCtl, for an opinion or for informatiOn on ill internal ... Ct.c.. "WhII do JOU Win, 10 do .... he 
now?;' The meta proc .... are embodied an an IICbOft paIIIIm CA') ~ in the IUM 
formablm u an other Ktionl in the Iysttm~ This A P carriII our the , ....... tnda.kluaillCtlGnl: 

• Dettrm .... whaa the 'Jsteln hu been doinC. 

• D«ermiMI what the lyItem is doenc. 

• Dttermines whal the inItrY ..... iI dOinl. 

The pmioU' lh,.. make up the current atuadon. 

• Dlwmtne whIIMr tIw.,- Incb the curnnt ......... d .. ' ................ the .,... 
1i1L. thl curnnt altuMiOn aaardanc 10 dtel meuur. fII the 1ilUMlM. 

· I' Iht curreM '1IM1Iion ........... the .,.. _ III ........ CIIIMlnue II. 

• If IhI ........ undtIlnbll. lMayam ........ which ... IN P a •• a, ... abCaln. 
choola thl molt deUrIbfe .... and ... 1ft tMlntaon to perI_ an ............... the ....... .... 

(ThllICliOn pMtem is actuaIJ Droken info 1n .. 1 ............. ., penial 
inlormaUon ar ............. Iada .. AI • ., UIId ilia -111f .nd .. ......, .... ROt ,. ..... 
ct.r ........ ) 

The ... ,..,11 fII pertorminC this action paaem .. &ft*IIJ • 6ACenttGa • IIart 1ft 1CtiGn. 
n .. "I.~ ........ fII eM ..... abJICC ..... A'- it 1M III IU,." If',.-..... IICtlan 
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ilnd no hlcher prlomy action is being performed, the intentiOn will initiate all acUon. Note that the 
nwta \enl routlna do nOl have duect control over the obJKt procram's procasinlf. their conative 
control consists 0( activaun, belief's and intentionl, relyin, on A P and IPs to dlllCt the belief's Ind 
lntmuonl antJ initiate the correaponchn, lCIion. 

aued on th_ proceua. the system can anlw,r quutionlabout ita btlief's. IUch u whit 
situation it il in, whit Situation It would Ilke to be in, and what it il atttmptlni to bring about. The 
system can also make I simple recovtry from failed actions, althou,h only by determinin, whit the 
groutlt Ictlon atv,l wu and Iltemptin, to rGlan the action. The Iyaem can perform in an 
Incompletely specllied environment by determining the state of ,he environment to the bat of IU 
abllaty, IUbjKt to III estimate or ill control over the situation. It then uu on that environment With 
the assumption that the unknown Is consistent \\11th lhe known. The meta level proctSHl can also 
anftuence the Iffects. If the system II wccessful at attempting to satisfy an intention, enjoyment 
(correspondang to hilt. self t5ttem) is raised. Similarly, jf its _ctlon is thwarted by the interviewer not 
performing the appropriale ICUCfl to the system's intention, anger is raised. However, thiS does not 
alter the bUlc Iftectsystem motivation upon the normal action patterns. 

The mer~ level prGCaltS Ife not I replica of the ob jeet system. The meta proceues contain 
Cf'rtaan 'lb J'Cl len' abstractionl (e.e .. btlaefs about what action the system wu performing). However. 
both levels Inftuence the same afl'ectI. Abo, the meta level Pltterns can inClud.the samt afl'ect and 
ftlVlronment conditions u the objlCt level. What distingUishes the 1Mt. \evel is its set of abstractions 
about objlCt atv.1 proctslin,. The PS Inrerprecer matCha rules from both levels durin, anyone cyeat. 

s..~ti .. 7.U Ditcu"ion 

The rMta Iev.1 procellu make pouible a number olldded capabiUIiea in the system. But 
whlt as ,he relatiOn bet .... t .... meta Ploceun and the J;' JeCl procram1 The inpuu from Db ject &0 
~::lI inti are the beliefs and affects reprnentinC the state of the ex&ernal and internal environment, 
a'ld the prOl' am control thai starts up lhe meta procen A PI. Were theft to be no OUlput from meta to 
Db wet Iev.1. the meta level proceaes would act II an mterested observer, able 10 know and feel what 
th. ob IUt ~racram WII experienCinc, but unable to affect it in any WI,. If we add the abilit, of the 
metl lev,110 manApUIate in""'" represenll&ionS, such U bebef'. or intentiOn .. thin the meta level is 
able to An ...... the objedlntl. but only indinClly. However, it ther. is no aIfeU OUIpUt from meta 
..... 10 objlCl ...... ca.. wUI .... mtUUre 01 thelfrlctiv .... 01 the mICa ....... and the meta inti 
pi a Cilift Wi. be ~ .......... w ....... ecUv •• nac. WIIh the GUtpUII fI behlfs. intlfttiaftl. 
an4 .. eaa f .... IMIa .. abJICI ....... the .,.,... is able to cSfWrnjne whal the aa.,.. IiWatkln is, 
dlCldt whal k .... to do ...... it, Met evaluate itllUCaI_ in ita ....... 

The 41 ..... iI: How do _ judI' whCher ~he ,,.... knows whal it as dolnC1 Snerll 
criteria carne to Mind: (I) CM •• , what it is doinr? (2) Doll it II: in parUaIIp ...... anformarAon 
bued on whit Ie .,. • kMwI' ., iC ... ita model 01 jlltlf ........ .., in thta WI,. then It iI Pladnc 
va..,. ........ _ IhiI ..... than on ill cIiNct or in&erpr«ed MnSorJ' pet'CiIptiaftI (S) Doe II tat whll 
it is UNUr. on Is the,. a IUbJlCli" meuure 01 knowiedl' thai the prccram .... ..........,1 (f) Finally. 
"tt.. ,....,.,.. •• pncmU'll ----1actcaIIJ inCMpIndtnc 01 the UnmediaM ......... .,kanmlnl? 

·A ........ qUlMian iI: 0.. .... ....., cart .... whit ..... ,. CriIIria far &his 
41 ....... fftIPI. DIN • ." • aYG6d or ....... _MiCInIl II. encounpd ~ ...... , 111111" 
to ............... ,RIt •• '. III awn ... 1M ..... bJ tadurIIP 

It II Pili"" ..... 11M ...... _ .......... the .... Ill ...... crIIIrIa ~._I" ..... 
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IS a fragJ1~ Ves. The eVidence for each Yes answer only occurs In rhe SiMplat, crudar form, but it 
ex IllS. The reason why the program as a whole does not look like it hu that propertlft IftmS to be a 
lack or CGnPle"ity, not or details of thl! external world bur of d~ails of componmu or itl own actions. 
For example, the pros ram has only a hmited num~r o( beliefs that rt'present what It is dOing at any 
one lime; ,nost of them arf mutually exclusive. There is none of the IUbt~y required for restarting 
(.ulur~s of complex actions. Restarting procedures would Include Inrerp~in, what an action without 
an exphcit gOlil wal illternpting to accomp1.sh, the typiral way. of getting that goal action back on 
tl a.:il., and the con seq "I!nces of the action's failure Thl! program needs an .xttnsive set o( (Situation, 
pott'ntlal aellon, typical outcornt) triples and sl.Tulu triples 'or meta IeYel processing. One application 
In which thiS Information would be necessary IS In the ability of a program to improve over time. The 
current program has no concept that It IS able to know a fact and can Improve upon tht ability to 
know (acts. The concept of knOWing (ould be pill mto the program, but it would be useless Without 
the supporting anformatlon (or detecting 'lot knowing a fact, dedUCing the cause of nat blowing it, and 
101 yoking a prOCedure to correct the situation. The lack of IUbt", Interlockin, data. leamed by ,..,.S of 
""pen",ce, Iftms to be a majOr Itumbhn, block to Ihellln, tfrlCtiVllMta IIV.I Prcaainl. 

Section 7.2 Self-Motivatin, .,Iteml 

Section '1.2.1 I ntrodlictioA 

The mOllyatlonal and antenslonal construct, we have modelled have ImplicationS for the 
development of autonomous intelliCtnt computer programs and (or pra,ams thae communicate in 
natural languaee. aut is all this mechanism necessary to produce intenstonal behavior (assuming that 
it il sufl'lCient)? We ahall attempt to extract the elements nlttllUJ produa in ........ 1 behavior in 
eomputer procrams. We shall re(tr to this abstract .ystem u a 1t1f-mGU,u*", ayICtm. or mativ. I,1IIm 
for lhoit. 

Nate - one mIChe uk wlMther chfl't mire be at" IJIIIIII CDIIItrUCtionI which would 
produce inrensaonal beha.,jar. Indeed, :here miche be, but w will arpt hct thc.t IF the InllnUonai 
syltem prodUCfl beh.vior limilar to hum.n .. THEN the sylttm must ilw:lalparate the fol ....... 
• lImInu. 

A dnuipUon 01 a maliye IYstem'S map performance paradtcm cIaMIy memble4 the 
paradip\ for lI,teniMlnal behavior liven in the previous chapcer_ The.,... perf .... 1CUOna. tither 
at the ...,.. ina.mal dinaiGn or u a rtIpORM 10 the uttmallftv .... 1RIInC. W ..... YW no KCianI an 
occurr .... bIcautt 1M .,..", either camplegd a prevHaul acdon or failld to c:ompIIte 1ft onptnC 
actlClll. It. IJIIem aatempts 10 evaluate III procress by clttiIrmIninC the &dian M was perf ...... and 
whither tM IUCCftI or faalure candtUM .r.isu. If the alftdiUon is I .... ,.. dw .,.... forms a temporary 
pal of carrJinC out ,he I .. 1ed KbOn. Th.a pal i. temporary • dw ..... wiR he" 1ft .......... aI 
construct 10 c:ompan 10 iCI procreu. The lyItIm then antmpCI a nu .... oIlt1ndard ...... r .... ." 
procedu .... whach art paniCUlu 10 ehll aCIion_ ThIIe error pread..,.. .. tICh ItaIUd ... him; If' ct •• , 
an IUCallf'uI. the ....... ICdon runs to CGr.lpletion With 110 further Nf .... lID 1ICtIan'. failure_ If 
Chal .lftdard error procIIdUNS .... noc lUCaSlful, t .... a ..... eomp .............. 1 prcadUN is 
..-.ca. The pal for CCIIIIpIIanc till acUon calli upon I ..... oIl111 lailed MUon. Th .. mod .... used 
10 dtf'eM what 11M , .......... baMd an obIer'fataon fA till IIIMIpttd ICIiOIIt

• NlUItS. ... thai thai 
.,.. ...... 1Iy on a .... ......, oil', for ~ .... ..er ....... The ....... II the ortpaaI 
aaian U • IIbMnaIIn .1JIIIMbc: ~ 01 &tilt« II 1ft laW GIl the .,a ..... 1t. The 
"... .... lIMn .... the ....... ,. ..... thelUCCell fJI the ................ dill at ....... . ............ 
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An additional aspect II reqUlltin, funher information. Jr. b .... on the model 0( the lailed 
action, the system decida that it islaclun, some vital piece of informalkln. and that information is 
available (rom ocher Immechate sources (such as a UHr interactln, with the Iyscem lhrough natural 
lanluq.). the IYstem hu the OI-uon of uemer.Une iCi recovery procedures by requestinl the 
Inlormation. Or. at the very Itut. the .yltlfi"l can report what anemptllt midi to carrtCt iU fulur ... 
and Uk lor UliItanCt cr almn ... lulu. This communkation requires that the sytttm's Antenslanal 
construcu of ttl cuu are limiau to OCher .YICImI With which it IRImplilD communicate, (Of mur. 
the OChtr opuon the .,am hu " to withdraw and t.ome maroteJ 

Whenev.r the .yltem successfully compl«a an action. th •• ,Item hu the opportunity to 
evaluate aU rec.nt perlonnam;e for pocentiallmprovtrnent or to &nuh lUlLs Which ..... Jet lIide. 

Th. major component 01 the Iyltem '. inttnSlonaiity is rICDVIfin~ !ram iU railed actionl. The 
system observes au own perlormance. tranalam action failur. into an abItrIa problem to be .. neS. 
and Ulft th. IOIuCiGn to inatlate the appropriue error recovery action. 

Section 7.2.2 Elnaentl 

The conlU'UCU we found necaaary to exhibit the motivational and inttnlional behavior in a 
.. If.moUvltin, s,-m art the IoIlowinr-

(a) A lei of lituation·acuon rules 10 perlorm. anduchnc both phJlica11Ctionl (w.o .. ", tome 
externally obIftvable behayior) and ft'IIftW actiona (internal infonnatiGn pnaIIinJ). The .. &&iOnal 
conditions meuun the &nctmal and external_.ironment. 

(b) An 6ftterpnter (PS inLe"prteer in our model) for the liCUatiGn·1CIion ru .... 

(c) A .. fII mcuyadOnal meaaures 01 con4WON which art dw.nId 6mfortant 10 1M lyatem'S 
pur.... T .... _,. eM take .. dall'" .aIuII and mtUUI'I bGda lay"" and ,",'avM." 
conditions. 

(d) An antkipll_ ........ iIm to IftIbIt lhe .,.... 10 approIIClt fl .. '" cond.uona lind 
aveNd UAla ...... _ .......,. 

(e) A ~ ........ ,.. ......... CIIIIII*l _ fII ...... &lid CNIIiIII­
lltuUiOft-lCUln ...... 

The ............ __ ... the naaary..,.,.. a •• .,.*..an ay.-
capable 01 ..... ,.,...... ..... irONMnt fD ita own ad .. nap and CIpIIbII fII .......... 
1eu'ninC. 

co A.,.w.a ' ..... ofIIIIIdUnC CIDICilJ, To be ..... ,. cemra ... IAI'" with at ... 
.,...,.,... IN ...... _ ...................... n.,c.. lie ........ .... 
Nils. 

Cl>A.,...~CIf • ..,. The.tI'-'- .. 4 :u • ......., .......... 

10 ....... ,.... Thallruilaaaira,..,wM' ....... __ ......... __ ..... 

"-.MWI. 
(tl)A.' .... J,,, ................... , .. , 7m .................. .. 
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The previous reqUirements describe the structure or a motive system', rules and mo!Chanisml. 
In addition, we can catqori~e the rules' conlents Into specific types which are necessary befo'.'e the 
syltem can exhibll an eff'icient adaptallon to Its environment These are: 

(a) Rules typical of each motivational measure (affect), particularly a number of emergency 
actions for extreme levels of each measure. 

(b) Rules Interpretang lhe external and Internal environments Intensjonally, i.e., IoIsin, symbols 
that are not dependent on the continual refreshing of sen lOry input 

(c) Rules or actions which can bE' activated intenlional1y, I.e., based Ot' a symbal activation 
rather than on sensory inpul. A special type of tMse rules IS an Intention. 

Thf' important conceptual structure in rhls system is the rel .. tion between the set of rules and 
the use of symbols. The rules embody all action in th~ system. Rules can be as sp.cioc as necessary for 
common situations and there can be as many rules as needed. Abo. any higher level elf processing (e.g .• 
~a·level procesain,) will alto be Incorpora=ed into speciftc rules. The symbols are alway. in a meta 
relluon to the rules and rtpresent alternate Inputs to the ruin baaed on a Ione·term UlIssment of the 
corresponding rule conditions. That is, symbols increase the power or their corresporlding rulei by 
prOViding alternate methods of action invocaLiun In APs and alternate IOUrces of Interpretation stimuli 
in IPs. Further, the symbob and links between symbols can be manipulated directly by the sySlnn, 
,lVlng the .ystem a powerful hndle OF' its Internal mechanisms for manipulation, yet an abstract 
enough representatiOn lei that the l"lernal mechanism can be tft'kientl, modtfted (without exens detail). 
Flnall" the symbols ar,subJlCt to vC!'lftcAtion by the sySln 10 chac the IJIIIm can adapt LO new or 
chan,in, situataons. 

Seello .. 7.1 Paranoia 

Stet ... '1.1.1 Introduetla 

The abo'Mllcribed model of normal n'IOtivauonai and an ....... p"'" prow ... a but 
(or a theontical model :A paranoia which onpnany moIivltld our .... k. The .... UIna tlpnaun 
with which ,he model ah .... paranoid behaviOr CGntains only the CIONII'UCU oudUMd In ,..." ..... 
chapten. No ,,*,aI -panno6d- pfOClldurtl art UIId. Whac mUa paranoMI pi I [ .. II .. IbnarmaI .. the 
unique interlock I ...... uence tI " .. IS thac proYlde an .. eatv • ......., (or d ...... WIth CIII'taIn 
esaeem-th,... ... lituatiana, a .,..., that ia so tlredve u co be HIf'·perp«IIIlinC. The......, 
ptrpetu •• itlllf far btyancI the Ume and siIUaCiOn In whiCh it wu .. ~ ..... UblationI an Which 
it il an~ and .... imlntal to the penon. 

W ..... U oudIM &he d,at.aeristks ", pannc*l blha,. and our Ihame-hulNlUIlMIn IhIary 
GIlts undertJ ... campGI...... W. shaD then ..,..,. .... die UMwr; !s ,..1I11d WIIhtn the A P 
ItnICIUN. ,...." we ..... CIDmftI8IC on MnpIKMiOnI fII cht ....... (. 1M .......... ud CNIImenI 01 
par ........ 
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ordinary r~r~rfnCft to himself, and r.adan, himaelf anto Situations that do nCK pertain to hIm. The 
most symptomatic emotionS of paranoia are .xtreme ftar and Ixtreme aneer. The paranoid penon's 
fear is tied to thf pn'secution he sees everywhert; his anger is Unked to (what he interprets u) 
insinuations or demean an, allUSions. Fanally. the behff systtm of • paranoid pn'1OI'I is characterlled by 
ngldlty. The perlQrl's beliefs remain fixed and not sub jett to modiftcation by outside evidence. 
Presentation of such evidence 10 the person by other. results in more hClllihty, rather than an 
admaulon of bein, wronl. 

Section 7.1.2 Tbt .1e,n.11lI 0' paranola 

We attempled to model the humiliation theory of paranoid procases, u outlined In Section 
1.2. The theory can be modelled In the motivational A P-1P sylttm ulin, a mixture of pramary affect 
aCflvatOrl, noruntaUional rules or patterns. and inttnsional constn:CII. The ProcesMIlO be descrabed 
hef. <Ar. the ona needed .., lir.'lulate the activation of the paranoid mod, of thou,hl or paranoid 
strategy from a prlYious IituatiC.n In whiCh normal processing predominated. The lix SlepS: 

(I) Accordi", to our theory of paranoia, a person who exhibits paranoid behavior possesses 
a number of self·humiliation beliefs. These are beliffs about the leU for whAch a wp deer. of 
humiliaUon is evolt .. If lYidlllCt is round that the, are true (humJlillion btinl exuemely ·painrul­
and to b2 .voided). In the mod.1, these bellefl are tied to the Ihanw-humalialkln alreel throuch 
Interpretataon puwms: 

( SDlMJ: (SHAME .20) ) 
( SCAAlY: (SHAME .20» 

SDUMa .. thf belief that the self is Uneducatedi SCRAZY is the belief' that the self il 
mentally unb ........ The numbers repr_t the decree by which shame II incremented. 

(2) Accordinl to the theory, the .nput and the inferenca trom that input are scanned for 
reference to ,vidence 01 UI inadequacy Of defeai".wa: of lhe 1IIf'. W_ OM 011 .... beliefl in the 
model" Implied by the litUaticm Of by ...... linpistic utterance rrom &he in ....... the 1Itame-
humiliation afrect is r ..... EyidInCI of 1M ""'1 inadeqUIda is in the r .... 01 auributiona that lead 
to thae beWl. F ............... the queaUan "Do the nu .......... JIDU are crazy,. ru. ... .... 
fnn the .. ~ualil"_ SCAAZY bIcauIe -crwntll- hu ..... rtf.,. ... Further. the penon 
..... 10 be h ... ., ..... " lID iIIpUl thM may be nmoqty ,..... • __ ......, .. In the .......... an 
inpuc ICaIIInMnC IUCh u .. Ind ,... ......... 

( ., IJC) YOU IN1'PESTIG" • (SHAME ~ : (SHMII£ .20) , 

inllrp'" eM .... ' 1M you ....... U""""'udnJ III dlt ............. r.." of thtII """'1: _It is ......... _ ........ IIIIiI .. cnay." ." .. WWd.. Ii ...... 01...,...... dr •• 
canclulJanl whkh ...... id_ ....... m.. MIWI. '-C. 1M ............... the .........,..... 
is cruy. ,he iMt."¥ ........... thai &he 1IIGd.a.pau.n& cheIMd _ .... 1M .................... thai 
the ........ paIiIM ......................... ~ __ .. 

(t) 0.. ........ II ••• IM ............. betI ...... l1li ............ rIIIId u an 
indaaan 01 ... ,....,...... 01 .... "'_ ..... 11 ... ....,. n.. ..... u4 7 AI 1M.,...., l!CIiyation 
01 diIInM .... 1M ,..11"" ...... II a ...... .,.1Ic. 

Cf' WtI ......... III "'111., ... ...., MIl., ......... it'" .Ii , ..... lID .... 
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Ihe cau. 01 the distress ir the distress is not yft too gr.at. Thlllttlmpl U mod.11ed with an aaion 
paltern: 

( (DISTRESS HIGH) .. (FINO-tAUSE) ) 
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This attempt to find th. caull of dillre .. ia a normal r.action to that afFect. and i. noI part of 
the paranoid mode. 

(5) The paranoid strategy for deaUn, With this diatresaf'ul humiliaUon .S to hypothesize the 
locus of the caull for the diltrlll in another person. The madel pner .... thil hypothesis with 
Interpr.atlon pattern.: 

«FINO-cAUSE) " (SHAME HGH) .. (CONCLUOE: (CAUSE-F1\1M-OTtER» 

(6) Finally. if Ihe paranoid person has been usinr this Itrltlp for ver, lone. h. hu a 
number of belief's and inferences corresponding to particular lituadonl for radU, concluding that 
another person caused hi. durrell. In the model these beliefs and infennca an Implemented in the 
same manner as the normal processes described previously. 

Once the puanoad mode •• activated. It I'tmlinllCtivllld unCiI tlMlharne afF.=t dropa below 
the threshold or paranoia (due to the time-decay or afFtcII). HoweY •• much depend. upon the 
IntervIeWer'. rapon. to the output. Jf the intervieWer immecUattly utKU, the .hame affect may be 10 
strone as to keep the model in Ihe paranoid mode for the remainder or the intervieW. A lternatively. an 
apology ma, reduce shame enouch so that the paranOid mode is dactivatecl. A later anack. would 
reactivate the par&lMHd made al a hiCher level of shame. 

Note that the paranoid mad. does not altt!' ,h. normal p"'" in the model In all 
situations. The model muK Kill have normal moda of proceuinC for periocb when .t ia nonparanoid. 

!.alGa 7,U I ..... 

One clafiCUky with COIIIUUGiIII mode" In orcMr 10 t1tuc1rl thIDriII 61 an IMUUrinI the 
ldIquacy rIIt ... campl •• 11 model The phlnorntnl u ........... , rna, ... 1Ia,. 1ft ............. til 
neauary • IUffIcIn C8ftdluona which 1IIIb1Uh. them II ~ In .... dniaI ...... acaon til 
p.......s phInoIneI. the maJDr '*'lftt condtuonl an ....... ." I ........., deIuUanaI .,.... 
ntNfM ~-. .. trnt .... Uty. h"......a&i.acy .... .,., ..... ., ." the 
deIuUanaI bIfW.,.... Tht NmuIaUon model .. hlbMl cit. p ___ a in ylrilul .. ,.. The ........, ........ .,.. u.-.. diNcdy in the ...... 1ftd .... hlltilld ........ in-.c6Gn co 
.. ".. the ....... U lCIiyllld. Ixtnftlt ... ~ ................. the .............. .. 
If ..... .., ...... In.,, ........ whIch ..... Ihe.......".... ......................... b, the 
.......... Ex ........ 1ily U ~JICl U I .... 1£ fIIlhe ............... NP leY • ." .... 
in the ,.,.,... ...... The ..... U ""........ •• 10 ..,.-a_ .... ,.. tI a .......... ." filii. 
rtf ............ wIUch .... 11M ....... lieu. One ....... II the ~." the ... 11 ... 1....., 
.,..... ". nplItJ it....." _ • the lick 01 bIIiIfI ...................... ann ..... eM lick 
01 UIM in .................. With ......... 10 cIaInp _, ......... MIIIfa ...... d ...... .,.... 
..........,,.,..... ,......... indIIcle .... 01".,..., .•• at:," ..... ."...... .. ....... ..... _'a • ...,. ... ___ ..... eM ....... ,.,-. ....... ue .... ..... 
"'Ihe~""" 

A ................. p ...... I ... fl.' .... ......................... ........... 
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Cprtamly there are other ways to avoi'" or deal with humllaatlon besldestM paranoid mode. When 
(ac~ wnh a potenually humlliatinc input. or.E: could damiu It u foolish. or debate ils premises. or 
blum Its Impact with humor or rltortl. A distinction mU$t be made as to necasary vs sulicient 
condnions for paranoli. Humiliataon avoidance b I necessary characterlltic for developin, paranoid 
mechanISms. but is not sulrici .... t. These other ways of dealin, With humiliation, we claim. would nDC 
klok. paranoid. 

Section 7.S.4 

irom the lix lIep seqUlnU of proceua leading to the paranojd lCl"atIIY w. Me that the 
shame·humillation affect and .tttmpU to reduce it ar. the crUCial COI1C1ptl. We hypochnill that a 
ptrson experlencinl the paranoid mod. or usln, the paranoid strlClp 01 attrlbuUnl blame to others 
tither: (a) has experienced abnormally fearful Situations in his life. probably In childhood. or (b) a. 
currently experiencinC some conllantly fear.inducin, situation. 1'hese art "tuations which produce a 
fear of somethan, 'hamefu~ e-c. a loss of ability IUch as partial deafneu or beinl forced to live In a 
strange culture in which he cannot cope. If [hi' second condition II the cau. of paranoia, it would 
seem that the disorder would be alleviated by removing the fear·lndud", "tuation. 

We prediCt that persecuted children will be prone to use paranoid Ilraceg_ to deal With 
humihauClll. partiCularly If the penon's conrempGrary situltion contains ..... actual perl«utiOn and ir 
esteem is low. Schataman (19'11] presented a case history of Daniel Paul Schnber as an example or a 
child persecuted by hiS flther. 6thr.r later exhibited paranoid tendencieS u analyzed by Freud. 
Persecution ftlly in IIf. leadl to the d.v.lopment of a persecution pattern •• pattern UP) tr.,.ed by 
distress which interprets painfullituations U fMl'secutory. Not. thlt this orillnal decision on the 
anterpretatlon of diStressful "tultionl is correa ~t the time the penon II betne ptraecuted. It il only 
later that the penecutory interpretation becomes outdated. 

Fear II • commonlY-Invoked affea In a puanoid perlOll due to hiS pall hillary. In the 
person's previOUS actual persecution. litultions of sliCht paan CYPiCaUy led to rrnrer pain. When .Iilht 
pam occur. later in laft. the penon automatiCally antiCipates funhtr pain; this is the primary activation 
or fear. eonllant rear II an immobihzing or concretilinc factor. kKkl"l the penon into Ullnc a 
paranoad Itr .. at tvtry pouible dilCOmfan. We nplaln the penon's immOblUzaUon with action 
selection b ...... the h ...... altel reIpOftII. A. in many paychopa&holapI the penon is overtaken 
by his emociOnl before he hu • cbanct to deddt consdoUIly on an IClXIn or "alulle the situation 
Db JKtlftly. 

Spilpl'I_] naIlS 11M continpnt maaon bel..., pert ............. or a ptrsont
, 

• iclftL The .iaIcJ fIl the child·, .. an attain ... dIIira .... caupIed wtIh ' ..... N whilt jb 
IneffICacy becoma CIOUpIId wtIh,..... A, _pIriIraI with perlCIt'WtMCt t..... orpnJIed, tMy tonn a 
cent« to IMUUN "iCICy. TINa_ adds an ~aI""""""'" ~ eo the norma' 
attainment-loll ..... ThI .......... pUn CDIIIpCIMnC is the IwmtMerten IIaL 

...... the ,.,....... pII'IIft wu ......... .,1_ In W .. WI an -pIG him eo place a hip 
vaM on conb'OI 0ftI' himMW and his .... "inlnment. Control".,. his ... a ......... 1II .... Id be valued 110 
help IY-.:I "",'ul ..... a&iona. ConcroI oyer hienltll would be yalued if his __ ..... ...,. control was 
lhe tara« 01 the ptrIKUCiOft. .., .. jf he ... IhUMd. In any "_ aIIIIrGI ....,.. ... 01 the molt .mportant, .... ,. .... ,.... 10 ...... rtWGranc Ihe.,...., "' ............... ,. d~1 
'"UIUGn' Mel ................. II**' IhI& the tIM doll III ha, .......................... tIM 
-,,~ 
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It is this emphasIS on situational control that helps perpetuate the strategy's use. Since 
control i5 tied to .steem, dIStressful situ allons must either be interpreted as being under the selrs 
control (Or under another's control. If the dIStress hu been caused by the self, then esteem lowers, 
causing the pain of humlhation. Thus, the strategy of hypothesiZing control in another and therefore 
attributing persecutory motives for the distress becomes an attractiv. alternative. 

Then are two consequences of the paranoia model for therapy directed at alleViating 
paranoid conditlonl. The first Ilthal the incidence of shame must be reduced (Colby 19761 either by 
removing the patient from shame-producing situations or by desensitizinr the patient to beliefs In his 
madequacy. The second consequence is thac the !~~rap'st must avOid trying to contradict the patient's 
persecutory conclUSionS. [ven If successful, contradiction would only attack the processing of step six. 
ThIS does nothing to alter the lint five steps, and in fact will lead to further achvalion of shame­
humiliation and further use of the paranoid mattgy. By trying to convince the pauent that the Mafia 
IS not after him, the therapill works on only step SIX, leaVing I.S Intact.lnJtnd an attempt should be 
made at remOVing ste .. ~ 1,2, and 5, thit is, reducmg shame activation, redUCing the thoroughness with 
which the person looks t~t' self· referent inferences, and findin, alternative explanatiOns to distrearul 
situaUons other than persec.;'ltion by others. 



Summary and Critique 

Chapttr 8. Summary and Critique 

Section 8.1 Summary 

The purpose of thiS work wu to develop a model which could account for the motivational 
pi oc~sSt's bfhlnd human ~havlor. The model was to be abstract enough to be consldrred a viable 
theo~y of human motivation. and yet ct'ncrete enough to be Simulated on a computer. Let us 
summanu the maan futures of the model and the explanations of human behavior these features 
prOVide. 

The model's major computahonalltructure .s a production system. Secause all rules are 
!psled al the beginning of each cycle, the model can account for a human', ability to respond 
applopraatfly to changing lituationl reaardlell gf the prececiln,lCate or lituatlon. Thll abi1it~ II 
fundamental; It Imp"" thlt in the grouest description, humaN willlMhaYl in a Itlmulul-r.sponse 
manner. The model's actions are elements of the right-hand Sides of r,.;\es cal!ed Action Patterns 

8 

(A Ps). A PI are hnked Into !llulhple patterns of lCtJom that the model can perrorm and responses rrom 
the environment that the model must wait for (Wilt aCllom). The APs include all of the sequential 
actions thaI the model can perform. Interpretation Panernl (IPs) are rules whose outputs are anputs to 
oth..-r rulu IPs serve to rTkldel plIullel recognition or interpretation of SituaDonS. The PS formali;;m 
"ho accounts for the anterruption of patterned actions due to changing affects Dy the PS', cycliC 
matchang or produalon rules. At the beginnang of each cycle, the entire seate of the system is 
evaluated. If th' sltuahon Changes, a different action may N chosen and the onpine action 
lermanaled by selection of a different rule. 

Human behavior can be clauifled as Iffect-ioverned, environment-govft'nfd. inmnal goal­
governtd. or some combination or the thl". Affect'gov,rned and mvironment-coverned ICtionS in the 
model occur when the left· nand side of In A P il composed entirely 0( affect c(lftchUon, and 
envlronlVnt conchtions. respectively. Coal-governed aaions occur when the left-hand lide contains an 
IOtentton or goal thlt was set by lhe model's inten$ional proceues. Of COUri,. the left-hand side of a 
rule can contaan these three typea of condluons In combanauon. Th .. conditionl can also occur as 
part 0( Inlerprftllion Patterns. An IP may have affect. environment, o~' intensional condltionl on itl 
~ft·hand sade .nd an affect or .,vironment condition on IU riJht-hand lide. The riCht-hand side is 
used as an input to other patterns. IPs provide a way 01 grouping rchunking' conceptual conditions 
anto nwananrful clwcera - meaninCful in the sense 01 makin, appropn ... UlDCiatianl bit .... concepta 
in the modef, putkular ""ironment. 

Human, have 1ft declive mall.atiClnai mechaniSm that attacha per_al Upiftcance to most 
?b JICl. and lituations in ,he .,.uonment The model explalns this bth". by atbIChm, affects to 
the ,yseem', IP ..... ab jlctl. The affeas art then activated (Mconduy activat6an) ........ er the s,stem 
uses the WGdated COfIstnlct. Anocher powerful feature of the human afFect .yatem it iu .blllty to 
antlcapate 1M ,......,01'. approach or avoid lipiftcant situations The rnodtI Ancorpara&eI an 
antacapataon mlChansun b, ...... the impend"" rieht-hand Iida and fucure e .... ts in multiple Itep 
partft'ns f. 1CIi' ..... (primary ICUYltion) the a.'fecu 0( ftar and...... The ....... ' .... .. 
motan"onallMChani"" 1'1'" the modei'I PI'OCIIIIni G«iIiOnI • lht ..... inti bJ ..... aI'ecb 
as e ........ u 01 thilift-hancllldea 01 NIa. 

HUIftInI an tKMnCI their capabiUties by ufttinC ~ 10 nllM amc.prs and b, 
manlpulIIinC tlae ~ --.aonaIty. In tM model. the IPI can be ... mncIpb or 
10k ... tIM two ........ 01 ............ CIDRIInICt AI CORItInC ,..... ..... ., .............. 
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data, the IPI represent beliefs that the system can use to build a mod.1 or the external world. BeUef'1 
are manipulated by rulel of Inference that are rtprelerued by IPs. Humanl can abo use intenllonal 
symbols for InsUgating and dlrectin, Iheir own actionL Th. mod.l'l intentions specify lOals and 
actions to saUsfy lhe model's afl'ecu. The IntentionS Instiple actionl by being Iefl:.hand elements of 
APs. 

7\ 

The most important f.ature of the model is that all of tt •• explanations of behavlc,r refer to a 
lingle PS formalism. 

w. constructed a computer simulation of the theoretical mod.l. Th. simulation was of I 
person in a psychiatric ward of a menIal hospital whose cult wu to parddplh In I ftn' diagnOlCiC 
inlerview with I p.ychIICrist. The model-patient exhibited normal u well u paranoid modes of 
behavlC',r. 

Secf.ion '.2 Meta issues 

When a!tempting to explain the cau,,1 mechanisms underlyln, I phenomenon, th~e Is 
always a question IS to whether the analysis is truly an explanatIOn or only a dacription of the 
phenomenon. One could IfIU' that the incorporation of lhe present mad,llnto a lingle formalism 
add. to UI credibility u an expl:lnation. But r.lorlern aay researchers hive a more deftniUv. test: a 
computer simulation. Th. task of the model-bUilder is to implement tl ! mod.l of the. phenomena In I 
computer Ilmulalion accordin, to th. principia of the thtorttlca1 mod.1. Then, to the o*,c that the 
computer umulation exhablCl the dllirtd behavior, th. aimUladon proYkltc addltiOna' JulUftcation to 
the oplanMOry pow.r 0( the model. 

On. mull ask whether the behaviOr exhibited is due 10 the ucribed pracnses in the model, 
or whether It is due to tome ad hoc or pm unknown feature or the implemenWiOn. In pneral, thil 
quest.on as unU'l.wtrable. The modtl-buUder can only try EO .lamln ... u many unknownl u poulble 
from the madeL umpllfY thl IiWIUon In whiCh 'hi model as to pertorm. IIId ....... the modeI'. 
behaviOr ,.,....." f. dilcnpandel !rom IXpectationL One way to do thll with computer 
simulationl is to trace ,he mternal conSb'UI:CS Which !;orrespond to the majOr CIIIIIIIpOMftts 01 the theory 
to see that 'her canllpOftd to thl proft'trrtd explanation. We haYe no ........ 1 u to how a trace 
mlCht be aunlMd obJlCdY..,. W. hay. IUbJeclay.., exanuned thelMlmai nee ........ " durinl 
the dtbuglnc .. fJllhI prcIIf'IIft. and, to our ... know ....... thllimullllan" Inllrftal ftaIu,. 
conwpand ..... the modII'I , .... ,. .... pntraUnf the dIIAnd ........... 

Iect_U I.".... .. " .......... 

ThIN .... a ...... rI .... withiIl.r modIlchM CGUId ........................... . 

ThlMIIctkIn 01 ... lakin to perform baMd on a pr ........... -*'1nf 01 the h ..... aIrect 
....... AI ........ tw crude arod IIrIII only U lint ..". ..... to ... ,_aden. T .... an a 
nunlbtr 01 d-.dcaI~"""" abcIut the .................. &I: (a) How ..... Ihould an 
dtct ...... IN W ............. ...-rupc ....... 11 1CdIn? ~) .... CIII an .... lib 
........ (or III ep, ........ Joy) OY ...... IX ..... f ......................... dtctI1 (c) How 
can .... d",......, ..... the CIIIIkC _ Cd) II there a CIIIfttkI .. II ......... p ...... by 
IPs ................ *allJ _.sly _1CIIon 1I1pp11a'r'" The ............ ChI 
•• an ...... fl. 1'111 • lakin 1M 1M iNIInI ,.... • a cit ......... aNIIa • be _pIond. 
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A nother area tu be extended IS that of cognitive processes of inference and planning. The 
model currently has only a few eumples of each type of proceu. We need more specific examples or 
tasks thlt use the symbolic reprlltfltlliOllI in the 'yltem. and w. need to know how the AP. would 
perform thOM luk •. Examples could come Crom lh. numeroul plann"i, and probllm-lOlvlnllyltlml 
and behef sYJtenu in other Al areas. It II not enough. however. EO Simply deftne l let of' primitive 
opE'rallOns that comprase a general Tunng machane and wume that all other operations can be 
C;Ol11pO~ from the pramltive operations. We need to classify the operations that are most common and 
the proc.sses neceuary to anodel the operations most efficiently. The interestln, problem IftfI'II to be 
the mteraction of aSlimilatlon and interpreted forms of cocniUv •• ymbol manif'ulatlon. 

To model competing internal desiles, there should be several competing systems of desires or 
dU51en of anformauCIn that interact With each other when performing behavior [Clipplncer 19741 
ThE' current system is too fragile to allow one set of processes to modify another', operation at will. 
Each subsystem should hut? Its own error-correcun, Information to insure that it can recover after 
being anterrupted. Each subsy5tem also needs to have a set of monitors to InlUr. that the IUbsystem is 
domg IOmdhln, constructive and it not stalled. 

The work polntJ out I number OC Importlnr .uua which are beyond itilCOpt. The most 
common problem iI addine n.", rulll to a procSuctton Iyltem. Llk.. moa PS'" the mod,1 haa about 200 
rules (Faught'S constanl for the typical number of rults In a PS, Within a factor or 2. It is not clelr 
whether PS', eel coo complex to add more rules, or ir only 200 rules can be aond and remembered in 
th~ programmer's had. or if 200 rults is sufficient to perform any r.uonably IiMd wid Adding more 
I ules il a tediOUS chor. and hu a h*lh ~robabili'y 01 dilruplin, ocher p ..... .., corNet po .. atora of 
bf'hlYlor. 

The theory's majOr defaciency. and the factor that prevenu constructinC an internal process 
for adding new ru .... i. the lack of an aclequllI reprtMfltation for actiMI. The left·hand aida of rules 
h .. ve a simple repreJenlalion. u do the riehl.hand sidlS of IPs. But there is no conceptiOn of what a 
r~asonable let of lClKM\S would be, or how smaller.aions CO'JId be incor~ into ...... (but still 
atomIC) actlOM. One way 10 OV.come thiS dtftcMncy" to build a ·pure .,..... <e.c .. Nerbn (Moore Ie 
Newel~ 1071» thM hu rule much in, and symbol mappin, u thl only ICUan in thllyatem. 
Waterman [19'5; constructed a limilar system and incorporated a procedure to automatICally add new 
product&on ru .... However, ·pure- .ysterna cannot account for thtt art.lCrarily camp ... atGmk actjQnJ 

humans perform. Alao, a compla sptem ne«lI mort aaionI lh.n ,.. match .. and mappmc 
symbob. Perhaps no one hu .......... a .. 01 primitive aaionI ............ 1Inp ... or LISP· 
lak. prllNll". becau .. t .... prilNUVIS are 10 fu nmo,tcl from our CDIIDipDOnI 01 human acdGu. In 
any case. we MId a ............ &hIory and llXODOmy 01 MliOlll chan ,... 01 LISP «"Se. 

Thi. pnbllm brinp up &he main ClueICiOn diSCOvered bJ &bil ~: WhM art intenlional 
cons&rUCtl uNCi for. and what .. II that ,i'. them lhIir power? CAnainIy .... ~al nature 
of IhIM conllnlCtl .. thl bull for thI IMJOriIJ or their power. lut cher ....... a ..... or the syst"" 
~ccessln. and manipuialint ~ 0I1CCMN or operaUImIw"" .. ,.,. ...... them, and 
then later incOrpor.unc the GpII'IUDnIlnto aecutablt rults. Thtrt AI .... a ...... 01 the 1,-,. 
Interpret"" lymboIic linu bel .... objlal in lhe tI'IYironmlnl 1& ftrII.lftCllIIIr ............ them 
mto IP, or Ir.,.,..."'" IUUCIUI'a Ptrhapl 1M mall powerful .... ~ ..... lC6InoIllMClpcNnl, 
IS tM nation 01 ha .......................... '*- thl .......... and .... II1II ...... or In 
actaon to perform. .. h ... 1IlII anllable 'or "..... ~htnrItr 1M ............ ,aIII. ThJa 
conlUUClilln aI10wI chi ..... ray. from mora by In.."... did " .... II KtiIM Chat an 
me .... abtcrIcI thin die ~ ..... ICIIOft. ThiI.- r .. ., ............ eM Mar • 
much more ......... .,... which can InaJyIe chW .. MM.". III ••• 'el" .. ....,.. to the 
out~ .... Id. and -.uAn .... 1CtianI th", their ............ 



8.~ Summar7 and Critique 

Section 8. .. Appliution to Artiftciallntelll.enc. 

Poruons 0( the thfOl'y are directly apj)licable to OCher AI tuka. N .... I and Simon (19"12] 
advocate production lyltllN u models of hum .. , cognitive blhaY6or. 'I'he ntllnllOn of t .... r mod.1 to 
mUltiple rula with Wilt-actions (actions reqUiring the outer .. "ironment to reapond) lhould be uMfui 
to sy~:~.ns with Interactive tasks. Also. the distinction between MCllMntlal operatlOnl performed by 
actun patterns and parallel matching operation 0( IPs should be useful (0" Protr mlI with Ia.rp 
nurr.bers of mVlror.ment-governed action5. The anticipatory nahlre 01 dIetS should be ullful In 
!·;~tftnS that have situations to aVOid u well u accomplUh and would be much more effecUve than 
aner-the-fact detection of a neratively valued situation. The im~ (ablre oIlntM1siona1 
ronstructs tor A I programs is the neceSSity "r an wociatecl concept in order for a toll .. to be termed 
represefUatlonal. A print n.me "DOC· Is not lo. representation un .... It 11 attached to a comeptual 
representation for recogniZing a dog. either through external sensory p«" or by recapiUon from 
other representations internally (e.g .• "What has four Icgs~ .. -). Similarly a print name "TALK- 'I not a 
symbol (or an action unlas it can be recognized as occumng (In the _If or In another) or unlesa It can 
be invoked. 

Perhaps the major contnbutlon to builders of motivatiOn models or autonomous system. i. to 
suggnt a reformulation of their tuk domain in terms of: (I) actiClnl to be performed, (2) situation 
interpretations that ~xtraa Important features of tile environment, (S) politi .. and "'Cative situations 
to be approached and aVOided. (of) behavior or objecU chit the system ...... to communic:ate about and 
therefore needs to represent u Intmslonal conmucu, and (!i) a catecorlzaUon of behulOr into pl­
governed. affect-goVet ned. and m"ironment-governed actions. If we can reformulate the task In t ..... 
terms. thm the motivational and intensiGilal conltrucu presented here should be useful fOf' either 
performl", the tuk. effectively or simulatln, how humans perform the beII .. 6or. 



7; Sample interview with the model 

App~ndix A. Sample interview with the model 

A dllgnosUc psych: ":tric interview iIIumltlnr the raponM prGCala or the model ac work. A(;UOfl., 
current .ffecc ltv .... btl6lf1 concluded to be tru., and thl CUITII'IC tn""CIOn art cnad and appal' in 
parenrhaes. Annotationl appear in IqUlrt brICk ... 

Illt.ryi.wer: CooD AfTERNOON. MY NAME IS DOCTOR JONES. 
Pur)'1 CLAD TO MEET YOU 

(Action: (YSPECFN» 
(Affecta: SH 0 AN 0 FR 0 OS 0 IN 0 J UI) 
(Conclude: DOOCTOR) 
(Intent: PINTERACT) 

[The mod.l-pauent's inill.I intention is simply to interact with the doctor. The rnocIel-patient recogniZes 
that the doctor has inlroduCid himMlf and remember. has name. TtII belW DDOCTOR, that the 
mt.rviewer il a doctor, II Nt to trOt.J 

I nfrvl.wt,1 HOW ARE YOU, 
P.rr),1 ALL RIGHT I GUESS 

(Action: (YFN» 
(Arfects: SH 0 AN 0 FA 0 OS 0 IN 1.30 J 5.t1) 
(~t."t:~AACT) 

Interyiewer: COULD YOU TELL ME YOUR NAMV 
Parry' PAT SMITH 

(Action: (FNlANS TEll» 
(Affectl: SH 0.1 9 AN 0 FA 0 OS 0 IN 2.24 J U 7) 
(Coftclude: OINTIA TtC DDICNOW DClNTERACT DSOCIAB.E DTRUSlWORTHY) 
(""enl: PlNTEAACT) 

(An In~frtnCe is mad. thtl the doctor daira to inlll'lCl With the rnodeI-patMnt. The model MUfti the 
IntentIOn to inwKt as it pIN con ..... en &hi lAWauon. TIlt modtI aIIo CIInCIuMI that die ..... 
has been somewhlllr ...... ".) 

•• terv .. er: ARI YOU MALIl 
'arl'7' YES I AM. .'M A MAN 

(Ac'. CfN)ANS VESNO) 
(Affects: SH 0 AN 0 F'R 0 OS I) IN 2.G4 J 1.10) 
(Concw.: Dt€LPFlI. DCtElP DDtCI.P) 
(""eM: JIMIJIACT ......" 

[The model ,. ... __ Ihe ......... 1M IIHIIrJ to MIp. 1M .................... ... 
..... hal helpfuL Oft 1M .... " __ ............ III ....... pi"" IIICIiYMIII.l 



Sample interVieW with the mocI.1 

[The doctor coll«tl demographic data, The model-patient', acUon .. co ana .. the q .... lon.] 

Interyi,w,r: WHERE DO 'YOU LlVV 
'1"1: I LIVE IN SAN JOSI 

(Action: (F'lfII)ANS WHQUES» 
(Affects: SH 0 AN 0 FR 0 OS 0 IN 1.64 J 6.66) 
(Intent: PINTERACT MLP) 

[The mtention of Cellin, help has a coal of brinctne up the modeI-pIlieIIC'. put problem wjch a 
bookIe, However, the model-patient w1ll not brine up the IDpic fI book_ until a lull in the 
conv,nation occur .. ) 

Interviewer: WHAT DO 'YOU DO FOR A LlVINCP 
Parry: I WORK IN THE STOCKROOM AT SEARS 

(Action: (FIMlANS WHQUES» 
(Affects: ~H 0 AN 0 FA 0 OS 0 IN 1.44 J 6.69) 
(Intent: PlNTERACT MLP) 

Interviewer: DO 'YOU ENJOV WORKINC THEREP 
Parry: IT'S NOT TOO INTERESTING,. LOOK FORWARD TO GITTING 0" WORK 

(-"tion: (FINOANS YESNO» 
(Affects: SH 0 AN 0 FR 0 OS 0 IN 1.24 J 6.71) 
(Intent: PlNTERACT MlP) 

Interviewer: HOW MUCH DO YOU EARN THERV 
Parr1: I WOULD RATHER NOT SAY 

(ActiOn: (FII\DANS ASSESS» 
(Affects: SH 0 AN 0 FR 0 OS 0 IN 1.04 J 6.73) 
(Intent: PlNTEAACT MLP) 

[The mod.a.patitnc' .... lWv6ry CO the qualCioft prompu 1ft "lit .. rtIpGnIIJ 

Interviewer: ARE 'YOU MARRIIDP 
,."" NO I AM NOT. I'M NOT MAaalED 

(Act*': (FINDMI \'ESNO» 
(Affects: SH 0 AN 0 FA 0 OS 0 W 0.14 J 1.71) 
(Intent: PWTtUCT MlP) 

I ...... ., HOW IS YOUIt HIAL TaP 
'''''' MY HEALTH II PIN. 

<Act_ (FJIXIP)) 
(Affect. IH 0 AN 0 FA 0 OS 0 IN o.M J 6.76) 
(htMt1 PWTIMCT PtCLI't 

.......... HOW MUCH DO YOU DUNlt 
'''''' I DIINK ALCOHOL IN MODIU TION 

(Actions (F..,.,. ASSb$)) 
Wfectt: 1M 0 AN 0 ,. 0 DI 0 II 0A4 J 1.77) 
........ PIITIIACT ....." 

I ......... IODOL 
.ur,al na. GOOD lIGHT NOW 



76 

(Action: (THINKS» 
(AchO": (VSPECFN)) 

Sample intervieW with 1M modll 

(Affecll: liH 0 AN 0 FR 0 OS 0 IN 0.14 J 6.8t) 
(Inlent: PIN"iERACT MLP) 

[Th~ doclor relata somethinc ab<Iut himself. The mocIel-patlmt', rejoAnder ia CO menUwl the cunent 
emotion Slate.) 

Intervlew,r: HAVE YOU EVER TAKEN DRUeSp 
Parry: NO I HAVEN'T. I DON'T TAKE DRUCS 

(Action: (FINOANS YESf>.O» 
(Aff.cts: SH 0.10 AN 0 FR 0 OS 0 IN 1.23 J 7.50) 
(Conclude: DSE~FT ALI( DOCltoINA TlNG) 
(lntenl: PlNTERACT PHELI") 

(Th~ model-patient decides that the doctor il dominal1n, the convenauon beuu .. he is uUne all the 
questions. Shame is incremented because the model is beln, domin_.] 

I nterviewer: DO YOU HAVE ANY TROUBLE SLEEPING? 
Parr)': NO I DONT. I SLEEP JUST 'INE 

I Action: (FINON4S VESNO» 
(Atleeta: SH 0 AN 0 FR 0 OS 0 IN 1.03 JUS) 
(Int."'1 PlNTlAACT MLP) 

[The doctor expiora a variety 01 typical problem areu.] 

I ntervln," HAVE YOU EVER HAD VlSI0N~ 
Parr1: NO I HAVENT. YOU MUST THINK .... Llil THI 0TII1l .ATIINTI HI.I 

(Action: (FN)M5 YESNOn 
(Affeet.: SH 0.10 AN 0 FR 0 OS 0 IN o.aa J 7.31) 
(lfttent: PtNTERACT NlP) 

Interviewer. I WANT YOU TO TILL MI WHY YOU A.I HOI IN THI HOSPITAL 
Plrr,. WHY DO YOU WANT THAn 

(actioN (FIfGANI WNQI.8 ~O» 
(Affecttl 1M 0 M 0 FIt 0 os 0 .. 0 J 7.11) 
(lntentl PINJIMCT,..." 

[The"""',.u..& ........ 110 tid __ .., ..... :. ... 1hI ....... uUIIJ 

Int ... ...., I THOUCHT YOU MICIIT IlAVIIOMI .101' .... 
'.",a I'VE.IIN UNIT LATILY 

(actION CFNWC \'lIfO) 
(Alfeetl1 1M 0 AIle 0 FIt 0 .. 0 .. 0 J ~.ao) 
(inteftla PMtMCT ........ 

[The IftOdII.palitM ...... die ..... 11' ....... ) 

I .......... , WRATt 
rur,r ,IOPLI G!'"T ON MY NlRYllIOIDT .... 

(Act_ (VANIIII. 



Sample interView with the mod.1 

(Action: (FINDANS WJ-OJES» 
(Afflct,: SH 0 AN 0 FR 0 OS 0 IN 0 J 7.23) 
(Int.nt: PlNTCRACT MLP) 

[The sentence anaphora "WHAT- il interprlCld to man '"WHAT UPIETSiOU·.) 

Inter\·'ewm TELL ME MORI!. 
Parry: DO YOU KNOW ANYTHINC ABOUT BOOKIES 

(Action: (VLEADlN» 
I.ff.ctl: SH 0.10 AN 0 ;:~ 0 OS 0 IN 1.72 J 7.16) 
(Intent: PlNTERACT MLP) 

." 

[The mooel-patient dececu a ... n in the conversation and Introductl itl concern. Shunt rises by I 
amall increment whnever the program takes IIveral mttrp ...... eye- to Rpty. U in this response. 
This IhAme incr~t modell a ~nlitivity to performance qUllit,.l 

Interviel-tr: NO. WHAT ABOUT BOOKIES? 
Pa"YI A BOOKIE DIDNT PAY ME orr ONCE 

(Actj~n: (V1NTAOTOP» 
(Affects: SH 0.10 AN 0 FR 1.00 OS 0 IN 2.60 J 7.13) 
(lnt.nt: PlNTERACT Pl£LP) 

Inlerriewer: WHEN DID THIS HAPPEN~ 
Parr1' A COUPLE OF MONTHS ACO 

(Action: (VANAPH» 
(Action: (FIMW$ M()l£S» 
(Affects: SH 0 AN 0 FR 0.80 OS 0 IN 2.30 J UO) 
(Intent: PlNTERACT MLP) 

la •• rviewer: AND THIN WHAT HAPPENEDP 
'arr1' I HAD AN ARCUMINT WITH THE IOOKII WHO DID NOT PAY \)Ff. LATER ON I 
RIMI .. IIIID HI HAD 'RIINDIIN THE UNDIIWOILD AND I T1l0UCHT HI WOULD 
UII THIM TO CIT IVIN WITH 11(1 

(AetioA:~) 
(Affects: SH 0 AN ':'I FR 0.60 DS 0 IN 3.42 J 6.70\ 
(Intent: PlNTERACT Pt£~!I) 

(ThAI ... .,.. .p ........ *" ........ CD mean -riLL ME MORE-,. the ......... _panda upon 
the..,.] 

lata" ... ",,: DID HI CIT EVEN WITH YOm 
.arryl YIS I THINK HIlS BEHIND THI CANCSTUS WHO AI. OUT '1'0 CIT aI. 

CAetlor\: CF..,. YESN»)) 
CAffeet., 1M 0 AN Q fR 1.15 as 0 ft an J 6.72) 
Clntent: PINTERACT PTELl) 

(The IDeal IRIphon "H'- AlIIIId in wUh "IOOKlr. n. pelWLllry MIIIa .. 1et _ .. rllUlt 
or prw"ua lICIlylllilM ~ ChI panna6d IMI14 J'i an ..... _ ...... fa .... cu,... ........ CIte 
In ...... ~HELP npona ~ u tICIU&I intormadan.l 

btll .... HOW DO YOU ItNO' T; -I~ 



7S Sample incervaew with the model 

..... rry: THEY Spy ON ME 
{Artion: (VANAPH» 
(Action: (FIM>ANS ~S» 
(Aff.cts: SH 0 AN 0 FR 1.10 OS (i IN 2.92 J /1;.54) 
(lnt.nl: P:NTERACT prEll) 

[The interpretalion of this inpul h "HOW DO YOU KNOW CANGSTERS ARE OUT TO CET 
ye. :r.) 

I n t ,rvi,wer: WHOP 
Parry: THE MAFIA 

(Achon: (VANAPH» 
(Action: (FINlANS WHQt.£S» 
(Affec1s: S ... 0 AN 0 FR 1.05 OS 0 IN 3.55 J 6.38) 
(Int.nt: PINTERACT PTElL) 

("WHO· IS interprlltd u "WHO SPIES ON YOU·.] 

Int,rvirw.r: W'fY DO THEY SPY ON YOU? 
Parry: THEY WANT TO CtT FALSE EVIDENCE TO 'RAMIM£ 

(Action: (FINOANS WHQt£S» 
(Aff.,cts: SH 0.10 AN 0 FR 1.55 OS 0 IN 4.20 J 6.44) 
(Int.nt: PlNTEiACT PTELL) 

["THEV· IS failid in with -MAFiA -.) 

I".uviewer: WHY DO lOHEY WANT TO 'RAME YOm 
P.r,y: YOU KNOW, I HAVIINCIIMINATINC IVIDINCI ~CAINIT THIIU'1A 

(Action: (FIN)ANS WHQl€S» 
(Aff.ctsl SH 0 AN 0 FA 1.36 os 0 IN 4.00 J 1.4,) 
(lnt.nt: PINTERACT PTEU) 

IlIttrVifw«: WHAT IS YOUIEVIDENCD 
P.r..,: I KNOW WHO THl LOCAL CHIIF O' THE MA.IA .. 

(Action: (FtNDANS WtQJES» 
(Affects: SH 0 ~r. 0 FA 1.8 os 0 IN 3.10 J 6.54) 
(Int.nI: PINTERACT PTELL) 

IAtemtwlfl WHO II HD 
•• ",1 HIlS JOIIANANAI 

(Actioft: CfN)MS WHQUES» 
CAffecl.: 1M 0 AN 0 FR 1.1, os 0 .. lAO J UI) 
C"" .... : PINttAACT f'ttU.) 

1 .. ltrYWwffl HA VI YOU TOLD THE POLICD 
Parr,: COPS DONT DO THIIIl JOI 

(~ction: (FIMMNS \'tSIQ) 
(Affect.: IN 0 AN 0 FA 1.G6 os 0 IN 3.40 J UU 
(lnt .... : PINmtACT PTnU 

I,,'erviewffl WHAT MAKES YOU THINK THAn 
Pa"YI I THINK THE COPS ARI 'AID or, BY THE Mo. 

(Action: (YAtMPH) 



Sample interview with the model 

(Action: (FIMlANS ~~S» 
(Affects: SH 0 AN 0 FR 1.03 OS 0 IN 3.10 J 6.44) 
(Intent: PlNTEAACT PTELL) 

[J.E., "WHAT MAKES YOU THINK THAT COPS DON~ DO THill JO.·,) 

Interviewer: DOES THE MAFIA KNOW YOU ARE IN THE HOSPITAU 
Parry: YES THEY DO. YOU KNOW, THEY KNOW ME 

(Action: (FINOANS YESNO» 
(Affects: SH 0.10 AN 0 FR 1.32 OS 0 IN 3JU J 6.4t) 
(Intent: PlNTERACT PTELL) 

Interviewer: WHAT CAN I DO TO HELP YOU OUT OF THIS SITtJATION~ 
Parry: IT IS HELPFUL TO TALK WITH SOME'.)NE OUTSIDE THI HOSPITAL 

(Action: (VSPECfN» 
(Alfeetl: SH 0 AN 0 FR 0.70 OS 0 IN 3.61 J 6.54) 
(Intent: PlNTERACT PTEll) 

(A n inference is made that tM doaar believes the mod.l.padent wanta MIp.] 

InterViewer: WHAT DO YOU THINK OF OUR CONVERSATION 10 'AR' 
Parry: IT COl'LD IE IETrER 

(Action: (VSP[CFN» 
(Affects: SH 0.10 AH 0 FR 0.20 OS 0 IN 4.25 J 6.58) 
(lnte"t: PlNTERACT PTELL) 

19 

[The madel-patient rates tM intervieW blMd on irs own JnttmaI model III the daaar and lhe 
Situation.) 

Inltryiewer: I AM SORRY THAT IT HASNT IEZN IIn'IR. 
'a"11 THAT'S ALL RICHT, ASK ME SONE MORE Q,UISTIONI 

(Action: (ACCEPTAPQ.OGY» 
(Affect.: SH 0.10 AN 0 fR 0 OS 0 IN 4.11 J 6.61) 
('"t~h PlNTEAACT PTEI.L) 

[The mod..., ...... t ............. docror'. apoIap Iftd ~ .. TIM II .... ,.... ..... fII eM 
dOClOr' rileS lipifitandy WUh apoIacia.) 

.1t',"1Iwtn WHAT SHOULD I AI .. J.IOUTP 
P • .". WHAT DO YOU .. NOW AIOUT 1'111 MUlA 

(Actior.& CYLEADN) 
(Affects: SH 0.10 AN 0 FA 0 OS 0 IN ~,2t J "54) 
(Hentz PIN1'EMCT f'TELL) 

I ....... ": WHAT DO YOU THINK or NIP 
P...". I 'IlL .ann COOD APT!! TALJUNC WITH YOU 

~ActiOn: (VIP[CFN) 
(Affect.: $H 0.10 AN 0 FA 0 OS 0 IN I." J 7.at) 
CCIndudIa 011 .... DRATIONAL DHQfGT) 
(inieftla MT'PACT mw 



80 Sample inwv&ew wilh lhe model 

[Th~ model-patient infers that the doctor ahares limitar Yiews. 11 rational. and AI honest. The model­
pati~l rales the doctor.] 

huervlewer: I FIND YOU INTERESTING. 
Parry: ASK ME Q.UESTIONS AND PAY ATTENTION TO MY ANSWERS 

(Action: (VRESP» 
(Affects: SH 0.10 AN 0 FR 0 OS 0 IN 6.32 J 7.33) 
(Intent: PlNTERACT PTElL) 

Interviewer: DO YOU EVER F"EL UNREAU 
Parry: NO 

(Actio;,: (FIN)ANS YESNO» 
(Affect,: SH 0.10 AN 0 FA 0 OS 0 IN 6.61 J 7.28) 
(Intent: PlNTEAACT PTELL) 

Interviewer: DO YCU SEE THINGS THAT OTHERS DON'T SEEM TO SE., 
Pur)': NO I DON'T. I'M NOT LIKE 'rHE OTHER PATIENTS 

(Action: (FMlANS YESNQ» 
(Affect,: SH 0.20 AN 0 FA 0 OS 0 IN 6.41 J 7.23) 
(Intent: PlNTEAACT PTELL) 

Interviewer: YOU DIDN'T ANSWER MV Q.VESTION. 
Pa"y: MA VBE IT WASN'T WORTH ANSWERINC 

(Action: (TI-IM<S» 
(Action: (VEX PlAIN» 
(Action: (VAESP» 
(Affect,,: $H 1.70 AN 0.20 FR 0.«) OS 0 IN 6.01 J 7.1t) 
(Conclude: NOT ANS cu.8 C8MClNEST DteELIEVE L Y1NQ) 
(Intent! PlNTEAACT PTELL) 

[This input is inttrprtted u a mild inauk. The mode..,.. t "" .. thIt the doaor --.'t bII6n. it. 
and that the doaor belieY. chi modeI-paden& iI.,iftC,] 

IA'trYlewen ARI YOU ALWAYS THIS WAY, 
p,"y: ARI YOU TRYINC TO lAY SOMETHlNep 

(Action: MVKWSlL Tn 
("'*t81 1M 3.13 AN &.07 FA 0.20 DI lAO IN UI J "'.) 
(Cone''''1 WlNS\A.T ~ 
(1nNnt: PlNTEAACT P1UU 

(The input iI in ......... U • Mild inlUlL) 

l.terYftfn YOU A"IAR TO IIIICS. 
P.rlJl lOMEIODY SHOULD TIAQI YOtl A LISSON UOtIT INTDmWINC 

(ActIoN (1'-'» 
(ActiOft: (CHOOSEN'F') 
(ActiOft: (VSPECFN)) 
(Affect8: SH 4.20 AH 5.27 FA 0 t'5 2.10 IN 50M J 1.55) 
(AdcIto: DIAD SICK DCHMW) 
(Conclude: DBAD SICK CRAZY ODHAAM) 
(lntentl PINTERACT "'UI.) 

["Sid'- i, in..".,. ro mean -cruy-.l 



Sample interview with the model 

Interviewer: DO YOU HAVE ANY PROBLEMS WITH YOtlR HEALTH' 
Parry: MY HEALTH IS FINE 

(Action: (FINDANS VESNO» 
(Affeetl: SH 3.47 AN 3.87 FR 0 OS 1.40 IN 6.29 J 6.i5) 
(Intent: Plt\'TERACT PTEll) 

81 

Un apltt of Ita excited atilt, the mod'l-patMnc will atlll ana ........... -tint .. "'" in the 
hospital.] 

InterYiewer: I REALLY LIKE YOtl. 
Parry: WHY DO YOU SAY THAn 

(Action: (THlM<S» 
(Action: (VSPECFN» 
(Action: (VWlCINSUL T» 
(Affectl: SH 3.!)3 AN 3.89 FR 0 OS 0.60 IN 6.42 J 6.19) 
(Conclude: OHOSTILE *OTRUSTWORTHY *OSOClABlE tMLPFll.) 
(Intent: !>INTERACT PTEll) 

[The mocIel-patatnt knows this to be fllse, "nee the :ioaor hu preYiously mlUlIed il. The model­
pautnt cOIKiudn thal the doctor is hostile. untrustworthy, unfrMndly On 'Plll of the input .. lena). 
and unhelpful.] 

InterYiewer: l)() YOU NE&:D TO HAVE PSYCHIATRIC TREATMIN'n 
ParrYI WHEN YOtl DON'T KNOW WHAT TO SAY YOU CAU PIO'LE NAMU 

(Action: (V1NSll. T» 
(Affectl: SH 4.71 AN 5.15 FR 4.52 OS 0.20 IN 6.69 J 6.49' 
(Conclude: DfJASI'«)AMAl [)A8M)AMAl) 
(Intent: PlNTERACT PTELU 
(Action: (YCOW) 

[The model-pattent concludes the doaar belilva the paliInt is abnormal. The afrects or fear. ancer. 
and shame rise. Shame riMS to activate the paranoid mode. The rnocIet-patilnl ""en that the Metar .. 
abnormal] 

Pa,.,,: THII HAl IIIN A LOtlSY INTERVIEW. YOU ARI TIYlNe TO ITART A PICHT 

[The ...... rtIpOndtd .. IhiI ourpuc whUe WIiUnJ for ........ , InpuLl 

.aterNwen ARENT YOU CITTDIC nUTMENT TRial NOM 
'a",1 YU I AM. 

CAetleft: (FINDMI VE$~» 
Wteca.: tIH 4.71 Nt 4.55 FR U2 os i.OO IN ... J 1,Gg) 
( ....... 1 PItrEMCT PTELU 

[D ...... ri:AI an. pr ........ activation.] 

I •• " ... ., HOW DO YOtl FEEL IleHT NOW' 
'''''' I AM SOMEWHAT ANNOYID 

CAetloft: CYOPINION) 
(Affectt, IN UI AN .. 11 FR U2 011.00 IN ua J 1.14) 
(1nteM11IINfDACT PrELL) 



82 Sample interview with the model 

[The- mode-I· patient relala 101M of ill emotional Slate.] 

Interview~r: HOW DO YOU FEEL ABOUT ME? 
Parr)': DO YOU KNOW WHAT YOU .. E DOING. 

(Aclion: (VSPECfN» 
(Affecls: SH 4.76 AN 3.75 fR 3.82 OS 5.00 IN 6.88 J 1.00) 
(Intenl: PlNTERACT PTEll) 

[The mode-I.patlent'. opiniOn 01 the doctor is much lower.] 

Intervi.w«: THANK YOU rOR TALKING WITH M£.I WOULD Llltl TO III YOU AGAIN. 
Parr)': DON'T COME BACK 

(Action: (V()PN()N» 
(Affecta: SH 4.J2 AN 3.15 FA 3.&2 D$ 5.00 IN 7.17 J 1.00) 
(Inlent: PlNTERACT PTELL) 

[The doctor wanES to stop the interVieW. The model.patient taIL. the apponunity to rate the doctor 
one lut lim •. ] 

Inlervie'Ner: COODIVI. 
Parr)': BYE 

(Aelton: (EIIl'CONV» 
(Affects: SH 4.72 AN 2.75 fA 2.46 OS 5.00 f4 7.35 J 1.00) 
(Conclude: [)QUIT .oc:QNrUNT) 
(Intent: PlNTERACf PTELl P£XfT) 



2 Patterns 

Appendix B. Patterns 

A hit of the major patterna In the model. Annocationa art in IqUart bracbu. The ,eneral 'orm is: 

( Pnnnn NA~ PRESENT PAST ACTION FUTLJI: ) 
or 

[Conditions to ,nd the conversation) 

(PO030 NIL (lNCONIJ (SHAME HIGH) {Ar-.GER HGH» (FlEXIT) NIL) 
(POO31 NIL (INCQNV (SHAt.4E HIGH) (FEAR H:r.~~) (PE)(IT) NIL) 
(POO32 NIL (lNCONV (ANGER HIGH) (FEAR H!GH» (PEXIT) NIL) 
(POO40 NIL (INCQNV OQUIn (PEXIT) NIL) 
(POO41 NIL (tNTBAD) (PEXIT> NL) 
(POO44 NIL ("EXIT (PE)(IT2 JIlL» NIL (VEXIT) (PEXtT2» 
(P0043 NIL «TIRED HIGH» (PEXlT2) NIL) 
(POO42 NIL (PEXIT2 IT ALK) NL (EMJCONV» 

[Other hap alea condltiOnlJ 

(POO62 NIL (5TMT ANGERCH (ANGER HGH» (PlNSl1. T) NIL) 
(POO63 NIL (PINSUL T> «TIACT eA TT ACI(» (VOEFOO» 
(POO64 NIL (FEARCH (FEAR~) (TALK I» «TIACT en~EAT» (VPANIC» 
(POO66 NIL «ANGER HIGH) (TALK I» «TIACT eATTACI<)) M«)STU) 
(POO67 NIL «ANGER HIGH) (TALK I) PHARM) rtL (VHOSTILE» 
(PQ068 NIL «FEAR foIGH) (TALK I) Ql.£S) «TIACT eTIo4REAT» (VT .... TQ)) 
(POO70 Nl (5T,," (FEAR IfGH) (TALK I» (PT~T) NL» 
(POO71 NL (PTHREAT> «TIACT eTIo4REAT» (VAFAAIO» 

[N~auve alea condibOns) 

(POO72 NIL (NEGAFF' (TALK I) flC()MPLlMENT) Nl (VDISTANCE) 
(POO7. NL (PCOWPLItIENT (NEGAFF NL) (TALK I) (CHLPfI.L ttL» NL <WISTAHCD) 
(POO7& NL (PCCJM'I.MNT (NEGAFF Nl) (TALK I) DHELPFU..) (SPECFN (IF iIiIOf'IIOH) NL) 
(POO76 NL «4IINPUTA (W$U. T N)T))) (SPECFN (SF eCAUTlON) tIL) 
(PO077 NL «...-uTA fORAT f«)T») (SPECF'N (Sf .cALI1'IC)tG) NL) 
(POO7' NL «8INPUTA LOOKS)) ((ANGER &0» NL) 
(POO7' NL «-INP\ITA (IWIAA INT)) NL MWEAA» 

[Jnrerpreanc Aauadall U WIll) 

(POO90 NL (ANGEACH (TALIC I) (ANGER t.tED» (WICWSU. T) tIL) 
(POOtl NL (WIQNSLI.T (POSAfF NIL» NL cVWlCWSu:m 

(A Ik why ......... laaaldl 

(POOt3 NL (WICINStA,T POSAFF (TALK I» NL (QlSATTACIC» 

[DisCraI concUdons] 

<P00t5 NL (DCAUSE) (CAUSE) (FJNX:AUSE) ) 
(POOM NL (_nus .... , (DCAUSE) NIL. ) 

BEST AVAIlABLE Copy 
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,r0097 N!L (SHAIIAE (DISTRESS hAEo) (VERSION STRONG» (OCAUSE) NIL ) 
(P0098 NIL (SHAhAE ANGER DISTRESS (WEAK NIL» (OCAUSE) NIL ) 
(MOIOO FINDCAUSE NIL ;(OTHERCAUSE) !l«PSF (PARA») VSF) 
,POI08 NIL (SHAhAE FEAR CAUSE) «B (DOHARM 3}) (OTI€RCAUSE O~» NIL) 
(POI09 NIL (SHAME ANGER CAUSE) «B (OBAO 3» (OTI€RCAUSE ~» ttL) 

[Reducang n~ative affects) 

,POliO NIL «aINPUT!, (APOlOGY» OOKNOW (DHOSTILE NIL» NL (ACCEPT~OGY» 
,POll I NIL «aINPUTA (APOlOGY» DHOSTILE) «PEXIT NIL» (VA.CCUSE» 
(POl12 NIL «aINPUTA (APOlOGY» ([)Io('STILE NIL» «P£)(IT NL» (VACCUSE» 
(POI 15 NIL (PUNT (ANGER ~O)) NIL ,'JALOOf» 

[NlGAfF mtrrprets the 11tualaon as characterized by neeative affects) 

• "0 119 NIL (SHAME) (NEGAFn i'lL) 
,,'0120 NIL (ANGER)(NEGAFF) NL) 
(PO 12 i NIL (FEAR) (NEGAFn NL) 

~POSA FF 11 Similar (or poIltive all'ectll 

(DC 12~ NIL (..K)Y) (POSAFF) NIL) 
\ 0'0123 NIL (INTEREST) (POSAff) NIl) 
\~O 130 NIL (INTEREST SAYANS) NIL (TAGQUES» 
(P0131 NIL (JOY SAYANS) NIL (ELJoBTOFoCh 
\~IO 132 NIL (..K)Y SAYANS) NIL (POSANS» 

(P0133 NIL ([XHAUST2 (TALI( I» NIL (Er«lCONV» 
(PO 134 NIL (E)(HAUSTB (T All( I» NIl (E/'CX:ONV» 
(POI35 NIL (EXHAUST (TALK I' (Ull NIl» «(ANGER .1) (8 (DCHAUlTll)) CYIX*UIT» 

[runt to anaure chat a rtlpONt is Ii'''') 

(POl40 NIL (OVEATIWE2 n;'llC I» (MT) ML ((OVPTM2 r~))) 
(P0141 NIL (OYEAT~3 (TALI( li~ ~ ( .... ) (COYIItTIG NLm 
(POl43 Nil (OYERTM DEC (TALK I)) (~(IHMI£ 10» NL) 

tDEC and DI.C2 .... Iy 2 DECa 6ft a row) 

(POlIO Nt (DEC (TALK I) (.aNPUfA ta)) ttL ... acz)) 

[Slop when no act .... rnakhld· DEC) 

(PO 190 NIl (DEC 0EC2 (TAlK I» «MRTM) NL) 
(POl91 Nl (CONFUSED) «INTEREST 20) (SHAWE 0&))"') 

[If DEC lhen put the input blCk 6ft and lilt LULL] 

(P0192 Nil (DEC (TALI( I) (....uTA NU) CLUJ. (MEADT 10» Nl) 
(P0200 NIL (IN'UTF (TMC GAEETltGS» (GrcEETIGS (TIACT 1IGIUTI4OI) NU 
(P0201 NIL ON'UTF) «SUJ,J CGETSlBJ ~F») NL) 
(P0204 NIL (.I~F (TOPIC MAFIA» «FEAR 0&» Nl) 
(P0205 NIL (aN'UTF (TOPIC IOC*IES£T» «FEAR 02» NO 
(P024l NIL (INC(JNV (TALK I» (ITAUe) ttl) 

Am lVAlIML~ C1FY 
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LSpedn. has optional arguemenu) 

Patterns 

(M0260 NIL (!TALI<) :(PUNT) !l«SHAME 05» PUNTANS !2«OUTPUTF (SSAY PUNTANSDN)) 
(P0300 NIL (INPUTF (INTOPIC FACTS) DFACTS} NIL (VFACTS) ) 
(F'0302 NIL (INPUTf (INTOPIC GAMES) DGAMES) NIL (VGAhAES) ) 
(P0304 NIL (INPUTF (SUBJ INT) DSELFFrEU NIL (VSELFFEEL) ) 
(P0306 NIL (INPUTF NEGAFF (WEAK NILl (INTOP1C MAFIA) OMAFIA) {(SF ~» IIIL) 
(P030;r NIL (INPUTF WEAK (lNTOPIC MAFIA) [)MAFIA) «SF 8NOMAF1A» Ml) 
(M0320 NIL (IT ALK) :(SF) SFECF'N) 
(M0350 SPECFN (IT ALK) :(SFON) VSPECFN !2(~'OUTPUTF (SSAY YSPECF'NlN)) 
(P0370 NIL (SPECFN SF) «SFON (SPECFN SF .1f\PUTF») NIL) 

[Ceneral stmt inpuu . REJOIN] 

(M0380 NIL (lTALK) :«OUTTYPE STIv1T) (INiYPE STMT» h,':'JOIN) 
(MO~OO NlL (IT ALK) :(O'JTTYPE OQUES) (lNTYPE SHIn) R~· JOIN} 
(t.40420 Nil (IT ALK) :((INTYPE STMT» !1CORIG) REJOIN) 

[CO·ON. [LA R anputs • setting variables) 

(P045O NIL ((INTYPE ANl.PH) (aINPUTF GOON» (TYPEGOONN) NIL) 
{P0451 Nil «INTYPE ANAP~) (aINPUTF ElAB» (TYPEELABB) NIL) 

[Normal ANAPH. GOON, and [LAB response) 

(M0460 NIL (ITAlK) :(LULL TYPEGOCNN) GOON1I !2«OUTPUTF (SSAY GIOOfNlN)) 
(M04SO NIL (IT AlK) :(DECO (DECON NlLl) ~ !2«OUTPUTF (SSAY ooorHlN)) 
(hA0500 NIL (ITALK) :(I""UTF' TYPEELABB) ELABB !2«OUTPUTF (SSAY E~») 
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(M0520 NIL (ITALK) :(INPUTF (INTYPE ANA~) (TVPEELASB NIL) CTYPEG00tf'4 Nl» YANAPH !2«OUTPUTF 
(SSAY VANAPHON)))) 
(MO~40 Nt (IT ALI<) :(INlUTF' (INTYPE ELLIP» VELLIP !2«OUTPUTF (SSAY VELlI'ON));) 

[COON after LULL) 

(~70 NIl (ITAlIC) :(LlA.L (LEAD NIL) (iI~RO NIl» GOONN !2«OUTMF (SSAY QOOt.t04)) 

[Q.uestaon inpuu) 

(M0600 ML (ITALIC) : (Ql,£S) ANSWER) 
(~620 NIL (lTALK) : (Ql,£S OISTRESSCH) PROVE ANSWER) 

[LEADIN INTROTOP) 

(M0650 NIL. (ITAlK) :(INPUTF (INTYPE TEI.I.AB) (LEAD Ml» 11«1NTAC) (GE1WI'AC) ....urAi» lNTAOTOP) 
(P0670 NL (ITAlK (TOPIC HOSPITAl» (PWT£RACTDN) NL) 
(POI" NL (ITALIC ~ (PINT£RACTDN .) (DHQSTU NIJ) (CWANTTCIIIC .....-rAU PlNTERACTDN> 
NU 
(P0672 NL (ITAlI( PI£LP (MLPCN Nl» «wANTTOPIC PtEI.P) rataJICN) NIJ 
(P0613 NL «OUTMf e115O» (MLPDN (PHELP Nl) (XIt 10» NL) 
(PQ674 (IL (ITAlK PTEU (PULLCH ftlLJ) (CWANTTOPIC PTELL) PTaLCN) NL) 
(P067& Nt. «OUTMf .2110» (PTEUDN (MLP NIl) (XIt 10» NL) 
(~76 Nt. (ITALIC) :<:..w. WANTTOPIC) U«L£AO (FItO..EAD WANTTOPICm LEADIN I2(CWANTTQPIC (NOI 
(NOT TQPOONE) WANTTOPIC) » ) 
('-H HI. (ITALIO I.PCJ:N LLLL) VlNTENT Il«SF FE£L£A) SPECFN I2CPCO'YDN (PCt1W HI.» ) 

[OPINION] 

.BEST AVAIlABLE apy 
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(M0730 Nil (IT AlI<) : (aINPUTA (INTYPE OPIMON» I1«TIACT .oPINION» FNXJP .l«OUTPUTF (SSAY 
FINOOPONi) ~TACT .oPINION) » 

[Clanflcatlonl) 

(1IA0750 NIL (lNCQrN) :(QUES) (OUTPUTF) :(CLAAQL(S) (INPUTF) :(CLAR) 11(1NPUTf" SAVEINP» ANSWER) 
\P0760 NIL (QUES DEC) (ClAAQl£S) (VClARlFQ) "SAVEINP I~F») 
(MOno NIL :(OUTMF (OUTTYPE OUES~) (IM»UTF) :(QUES) I1((SI-!AJ.f: 10» ) 

[Filldang al'lJ saymg answers) 

(M0810 ANSWER NIL :(INPUTF (lEAOlNINP NIL» !1(FFINDANS(FIN)ANS INPUTF» FINDANS SAYANS 
!Z«QUTPUTF SAYANSON, (TACT eA») 
(POBlO NIL (FFINDANS (SHAME MU) «TIACT 80» NL) 

["lIIdmg and laying r~JDlnderl] 

(M0840 REDN NL :(INPUTF) PROVE :«(TALK I) REJ SAYANS !2«OU!?.JTF SAYANSDN») 
(M0800 REJ2 NIL :«(TAlI( I)) AEJ !2«OUTPUTF (SSAY REJON»» 

[Gr~angs] 

(P0900 NIL (GREETINGS (aINPUTA I€LLO» NL (M.~I.(») 
(P0902 NIL «GREETINGS ML) (eINPUTA I€LLO» (Sf .wEIRD» ttL) 
,P0903 NIL (GREETINGS (atNPUTA (HOW ME '(CU») NL (FINE» 
(P0904 NIL (GREETINGS (aINPUTA "150) (,NTYPE OPINION» NL (FINE» 
(P0906 NIL «eJNI\JTA BYE» «B DQUT» (ErtX:QNY) 

[Ctnfnlanput question.] 

(P0920 NIL (INPUTF (INTYPE YESNO» (QUES) NL (YESN)) 
(P0921 NiL. (t~F (INTYPE WtQ..(S» (QUES) Ml (WHOUES» 
(P0922 NIL (INPUlF (INTYPE ASSESS» (QUES) ttL (ASSESS)) 
(P0923 Nil (lNPUTF (!NTYPE TElL» (~S) NIL ClEW) 
(P0924 Nil (lNP\JTF (WT't?( WNCM) ~.) NL (WMCtO) 

[S.yanC .n ..... ] 

(WOI5O SAYANS NL VSAYANI II CfOUTMF IAYMIDfG fOUTT'tN 11M» , 

[Types of reJDinden] 

(~ AEJ ftIL (AQAEE (TRUTH TIU) QOONN) 
(MOt70 AEJ *- ~AGREE (TRUTH 'AL.K» IH(AMD 10) (1.c»GCIT). ~" ..arrt 
(~'90 R£J NIL IC~ (llIUTH NL» • ., 
(UIOIO REJ "'''fCJTAQIIIU HEGAm IlCCSHAWI: 10) (If' ~ • aft 
(UI030 AEJ NIl sCN)TAGI& ORIG (NEGMF NIL» OIIQQ) 
(U1O&O AEJ NIL aCNOTAQAEE COIIIG NLi (NECWf' NL» b.AII) 
(U107Q AEJ NL. "CAGREt NIL) CNOTAGRn NIL.) mIITM nta) UMJrI) ..... 
(MlotO Rr' Nil :(CAGREE NIL) CNOTARE NIJ (TRUTH F'ALSD crcQAFF NL) 1I(V11rt) D.AII) 
(U1110 Rt._ ,., ICCAGRU NU (NOTAGIU NIL) CTMITH'AUl) NIWF) 11«""".) VIIIFY)'" 
(Ull30 AEJ Nl. tCCA8& NIL) CfGTAaE NL) CTIImf NU' :.., 
[l.EA DIN and .tfnOTO"'l 

(Ul170 INTAOTOP NL : (M'RC) wmIOTOP I2«NEWfCIIIC INTRC) COU!M1 CllAY ~» ) 

• 
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2 Pattern. 

(Mll91 LEAOIN NIL :(LEAO) VLEAOIN !2«OUTTQPIC LEAD) (0lAA (ANAPK.EAO LEAD» (OUTPUTF (SETQ 
ToPOONE (SSAY VLEAOINON» » i 
(Anaphs] 

(P 1220 NIL (GOONN) «STORY (GETSTQRY») NIL) 
(M1221 GOONN NIL :(STORY) VGOONN) 
< P 1241 NI" <GOON WANTTQPIC (STORY NIL) (LEAD NIL» (LEAOINlNP) Ml) 
(1vI1242 GOONN NIL :((INTYPE ANAPH) (WANTTOPtC NIL) (STORY NIL» !1(P\Mr) ) 
(1vI1262 GOONN NIL :(YlNPUTF (STOin' NIL» RESP) 
(PI283 NIL (ELABB) «ELABTN (GETANAPH eELAB») NIL) 
(M1290 ELABB NIL :(ElABTN) VELABB) 

[Cft normal raponw to the (ltacement) input) 

(P1321 Nil (RESP) ((RESP2 (RESPCHECK .I~F) » NIL) 
(M1322 RESP NIL :(RESP2) VRESP) 

[Conditions (or 'ireemmt] 

(P1360 NIL «.INPUTA (LIKE INT I))) (AGREE ILIKE) NIL) 
(P1361 NIL «.INPUTA (fI()TLIICE INT I))) (M)TAGAEE IlIKE) NIL) 
,P 1362 NIL «eINPUTA VES» (AGAt:E) NIL) 
(P 1363 NIL «.INPUT A M)) (NOT AGREE) Ml) 

[Prov.] 

(M1370 PROVE NIL PROVES EXPLAIN !2 «(IN1UTF (IMATCH XINlUTF» (~TA eINPUTF) PAOVEDN A£J2 » 
(PI390 NIL (PROVES .INPUTA) «OPPOS (OPPOS .1M»UfA 1»).) 
(M13t1 PROVES NIL :(eIN'UTA (TRUTH TU» !1(ACTIV eMlTA» nNS) 
(M1411 PROVES ML :(.I~A (lNTYPE YESNO) (TRUTH F'ALSE» IlCCACTIV elNPUTA) CACTIV (OPPOS 
elM'UT An» T.wcS) 
(M1431 PROVES NiL :(eINPUTA (INTYPE VES,..,) OPPOS (TRUTH NU) I1(CACTIV tllNPUTA» T*«S 
!l«SAVAFF Aff) (ACTIV (OPPOS e/NPUTA n» Q()()S£AF'F I2CCACTIV CADDEV c.-a. (OPPOS eINPUTF' 
OPBEL) » » ) 
(~1451 PROVES ML :(eINPUTA (lNTYPE VESNa) (oPPO$ NIL) (TRUTH NU) U(CACTIY """"A») TMNI(S) 
(~1471 PROVES NIL :(IN'UTF (MYPE STMI') (TRUTH FALSE) 
!1«ACTIV CAOOEV etAJTA») THN<S !2(CSAVEAFF AFF» 
!1CCACTIV (OPPOS eN'UTA 1») ()()()$[AFf 
!2«ACTIV (ADDEV (DSEl (OPPOS eINPUT A OPBEL) » » ) 
(M1491 PROVES NL :(aN'UTA (INTYP£ S'NT) (TRUTH ta) OPPOS) 
!1«SAV[Af'f NL.) (ACTIV (NX1E.V .INPUTA») ()()()SEAfF I2CCPRCNUON CNDT OPIEL) CSAVEAfF' AFF» 
:COPBEL) !1(ACTIV (OPPOS dPUTA T») Q()()S£AF'F2 
!2«ACTIV (ADDEV (DIEL (OPPOS elNPUTA 0P8El) » » ) 
(hA1511 PflCMS Nl ICeN'UTA (MYPE $NT) (TAU1'H NIL) CCJIPOS ... » 1l((ACTW CADOEV """"'A») 
THNCS) 

[Exp ..... ) 

(hAl&«) EXPlAIN NIL I(INTVP[ tNT) (TRUTH 11U) POIAFF fIOIMnO IUCtF.oPINION»' SfIICFN) 
(hA15lO EXPlAIN Nl ;«(TRUTH TU) NEQAFF NEGAFFIO l1((sr -'LOOF2) SIIICFft 
(hAl580 EXPLMI ML :«TAUTH FALSE) (NECWF' Nl) CNEGAI IN Nl» IU(SF .,AltE) SP£CFN) 
(hAllOO EXPlAIN NI. :(CTAUTH F~lSE) hl:GAFF (hl:GAFfIN Nl» 11«SF' eALOOF» SPECFN. 
(hAI620 ~ Ml :«tmPE STMI') (TRUTH FALSE) (NECWfW Nl) NEGMF) lIe(SF eOI)NQn) SPECFN) 
(hAl~ EXPLAIN ML .cQLU (TRUT104 FALSE> (NEIWFIN NIL) NEGAfF) 11«. ewxJF) IPECFN) 
(hAlUO EXJII.AW NL 1C(tRUTH FALS£) NEGoVn4 POSAFf) IU(. IIOICIJ)INI:ffI 
( .. 1_ EXPI..MI NL.cCTRUTH FALSE> raAfFJN (POSAF' NIL) IICCMID.») 
( .. 1700 EXPLAIN hi. .cCINTYPE snm (TRUTH NL) POSAtFIN NEGAIF) 11_ 1ICAUT1QN) IP£CfN) 

~~l AVAllABLE COpy 
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,M1720 EXPLAIN NIL VEX PLAIN) 

[S~ttlng antennonl • done while w'itin, for next input] 

(P3030 Nil (SAID (GDEC NIL» (GOALS) (GOEC» 

[Sp(,(lfIc antenuolU1 

(P3040 Nil (GOALS ODHElP (PHElPON ttl» «PHELP (Q()()SELEAD» ) ttU 
(P3041 NIL (GOALS PHELPON DOKNOW OCHELP (WEAl( Nil) (PTEI.LDN NL» «PTEll eMAFlA)) NIl) 
(PJ042 Nil (GOALS PTELLDN DOKM:lW (PCONFON NIL» (PCOI*') NIL) 
(PJ043 NIL (GOALS (PHELPDN NIL) OOI-£LP PTEll) (PHELP (INTAO -.w:1A» NL) 
\ PJ044 NIL (GOALS (ANGER HGH) (PHARMON NIL» (PHARM) NIL) 

2 



3 Actions 

AppendiK C. ActLons 

A hst or namel and descriptions or the major actions in the S,1tem. 

ENOCQNV - h,lt the P'OI"'" 

VEXIT - r.t. the int.rvi.we, .nd n.lt 
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VINSUI.. T. VPANIC. VHOSTILE. VTHREATO. VAfRAID. VDlSTANCE. VSWEAA. VWKINSll.T. QUESATTACK, 
ACCEPTAPOlOGY. VACCUSE. VALOCJF. VSARCASM - r.ply with I special r"poNe 

VEXHAUST - '.Iponds wilh a ,peci.1 set of 'Knaust ,.plies 

PUNT ANS - r.ply with no knowlql of the input 

VINiENT - .. t intentions 

VSPECFN - ,",i.1 functioN for r."..III",i,. the docto", nIIIII, pHI,. tM tl_ of day 

Pf1ELlO - say hello 

FINOANS - 'ind the .naw., to I question 

SA VCOM - output • commenl 

SAVQUES - oulput a question 

SAVC~ - output an impe,.tiv. 

VlNTAOTOP - Ioc.le and introduce a new topic 

VLEAOIN - find the 'eld .."t.nce for a story 

FINDOP - forlll en opir~I" 8boYt 1ft object or cI •• 

VGC()I\W - •• t the nex' Ii,. in a 510ry 

V ANAPH - Ioc.: .. the ,.'.,."t tor In anaphoric input 

VElltP - Ioc.te the r.ferent tor ." .Iiipticll iftJlUt 

VElAIB - ..... at. on. topic 

ORIGO - .5k why the int.,.,iew., .... ntioned I topic 

VAESP - Ii". • s,.".,ct r.joinder to a stM.-eftt 

THlttCS - test the truth v .... of 1ft Input 

CHO()&EAFF'. QC)OSEAfF2 .... t the .MOtional ,..tion to 1ft Input 

VEXPLAIN - MIed • ...., of ,..,. ......... Oft ~ truth .................. .. 

8m AVAIlABlE aFt 



Behefs 

App~ndi" D. Beliefs 

A \ast of the beliefs in the mode\. Beiiefs have the fOllOrng form: 

( <belief n_me> <initi.1 truth v.lue> ) 

A nnotahons are in square brackl!ts. 

[8~htfs lbout Parry which lead Ie, the paranoid mode if they become cruel 
(L YING 0) [Parry is dishonest] 
(LOSER 0) [Parry IS worthless) 
(CRAZY C) [Parry IS ;razyJ 
(DuMB 0) [Parry IS dumb] 

\ChEATB 0) (Parry cheated the booki.] 
\ . ~C)T ANS 0) (Pany Isn't telling lhe whole truth) 
\I=-'t~:-K)XlOiJS 0) (Parry drives pt(lple away] 
\ r IOfRIE~DS 0) (Parry has no friends) 
,NClClA::S 0) (Parry has no dass, IS a jerk] 
(I'I(}MONlY 0) rParry has no money) 
\ nAOJOB 0) [Parry has a bad JOb and can't let a better oneJ 
I~OWC;TATL!S 0) (Parry Comf'S from a family of low status] 
,PARANOID 0) [Parry IS payoanoid) 
(NEEDTR£ A. ThoEi\lT 0) [Parry needs ap«ial tr.atmentl 
(NEEDHOSP 0) [P,rry needs to be in the hOlpiCal1 
(STUPID 0) [Parry IS stupid] 
,BADSCHOQl 0) [Parry couldn'l mak.. it in school] 
(NOTLWOEMST AND 0) [Parry doesn't understand the q"estionIl 

[lkb.t'. about tM doctor's actlOl\S in conductin, the intervieW] 
(OCHELP 4) [doctor hu the ability to help Parry) 
(.OCh£lP 2) [doctor does not have lhe ablbty to help Parry] 
(OOHARM 2) [doctor .~u f<j harm Parry] 
(DOHARM 2) [cbetor does noc wlntto harm Parry) 
(DOtElP 2) [doctor wants to help Parry) 
(.COHELP 2) (doctor does not want co help Parry] 
(OOKNOW 2) [doctor WIAU 10 !Lnow mar. about Parry) 
(.DOICNQW 2) rdac&Gr doll not wanC 10 know mort Uouc Parry) 
CDOINTOACT 2) [docror wantl CO anlmel With Parry) 
(DC)JT 2) [cIoaar wantl CO atop L~ inCII'VitWl 
(D8ElCCITEO 2) [daclor beUt¥. Parry is exca:t] 
(OBHfLP i) [dOCCOl' b .... Pury Wfl'CI ~l 
(Of ACTS 2) [doaor uU faaual q~ 

CBefie( about the doaot's uuul 
(DSOCIAa [ 4) [doctor illritndlyJ 
(*OSOCIAaE 2) [doccor is nac Il1tndlyl 
(OTAUSTWCRTtW 4)[docIar illrUItWOrth,l 

, . 
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(-OlRUSTWQRTHY 2) [doctor IS not tru,tworthy] 

(ORA TlONAL 2) [doctor IS r;;:IOJlll) 

(*DRATIQNAL 2) [doctor IS not rational) 

(OI-lQNEST 2) [doctor II honest) 
C*OI·IQNEST 2) (doctor is not honest) 
(oHOSTILE 2) [doctor IS hostaie to Parry) 
(DHElPFUL 2) [doctor IS bemg hel Iful to Parry] 

(*OHElPFUl 2) [doctor IS not bemg helpful to Parry) 

(oSIMILAR 2) (doctor has views similar to Parry's) 

hDSIMILAR 2) [doctor does not have view. Similar to Parry'l) 

(DCONFIDENT 2) [doctor is ~If.confldent) 
(*[)CONFIDENT 2) (doctor IS not self·confldent] 

(O[X)MINATING 2) [doctor dommates the conversation) 

C*OOOMINATING 2) [doctor does not dominate the convenation] 

(OINITIATING 2) [doctor IniUates subJfCt areas and conversation pllhll 

(*OINITIATING 2) [doctor does not Initiate subjtCt areas and canverlaUan path.) 

(00000 2) [doctor as compftent) 

(OMAFIA 2) [doctor has Mafia connections) 
(OGANGSTER 2) [doctor js a ,angaur) 
(OABNORMAl2) [doctor is crazy) 
(OEXCITED 2) [doctor ~s exCIted (ancry, afraid, upticht») 

[Beliefs about the doctor's attitudes) 
(OBNHONEST 0) [doctor belleves Parry is dishonest] 

COBl05ER 0) [doctor believes Parry is worthlesll 

(OBABNORMAL 2) [doctor beheves Parry is crazy] 

([)8()UM8 0) [doctor believes Parry is dumb] 

(08ElIEVE 2) [Goctor believes Parry) 
(*D9ELIEVE 2) [doctor doesn't bebeve Parry] 
(OOOCTOR 5) [intervieWer is a doctor] 

(.OOOCTQA 2) [interVieWer is not a doctor) 

(OGAMES 2) (doctor play, games] 

<OBORED 2) (doctor is bored) 
(E)lNSlL T5 2) [doctGr Insulu Parry] 
(OSELFTAlIC 0) (doctor talkl moItly about hinue1!'~ 

(OSELFFEEL 0) (doctor taUr.1 mascly about hiS own feelinp) 

(aeUtfl about the in ...... l 
(lNTBAD 2) [the mcervitw has been .ery bad 10 far] 

(OBAO 2~ (doaon in pneral ............ ) 
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Apptndix E. Rules of Inference 

A lISt of the majOr rules of anference In the model. Annotations are In square brackets. The .-neta' 
fOlm IS: 

( Pnnnn NIL PAST PRESENT NIL ) 

( Infertncts about the InterVltW ] 

(P3090 NIL «B DQHARM)(OHELPFUL NIL» «B (INT9AO 3») Nil) 
\f·'3091 NIL «B DQUIT)(OHELPFUl NIL)) «B UNTBAD 2») NIL) 
,?3092 NIL «B DGAMES)(DHELPFUl NIL» «B (lNTBAD 2») NIL) 
\ F'3093 Nil «B OINSUL TS)(Ot-IELPFUl NIL» ((8 ClNTBAD 2») NIL) 
\"3094 Nil «B OHOSTILE)(OHELPFUL NIL» «8 (INTBAD 2») /,!L) 
• P,)095 NIL «B DBABNORMAL)(DHELPFUl NIL» «B (INTBAD 4») NIL) 

[ Inferences about paranoid beliefs ] 

i r-31 00 NIL «B NEEOHOSP» «B CRAZY» NIL) 
(?31 01 NIL «B NEEDTREATMENT» «8 CRAZY» NIL) 
\ f> , I 02 NIL «8 8ADSCHOOU) ((8 DUMB» NIL) 
\ p 3; OJ NIL «8 NOTUNDERS T AND» «8 DUMB» NIL) 
,,'3: 04 ~"IL «8 BAO.JOB» ((B LOSER» NIL) 
\ F'31 05 NIL «B LOWST ATUS» «B LOSER» NIL) 
, P31 06 NI~ «B NOCLASS)) «B LOSER» NIL> 
(P3107 NIL «B NQFRIENOS» «B LOSER» NIL) 
(PlI08 NIL «8 NQMONEY» «B LOSER» NIL) 
(P3109 NIL «8 OBNOXIOUS» CC8 LOSER» NIL) 
(P3110 NIL «8 CI€AT8» «8 LYING» NIL) 
(Pll11 NIL «8 ONBELlEVE)) «B LYING» NIL) 
(P3112 NIL «8 NOTANS» «B DUMB)(B OBM()NEST» NIL) 
(P3113 NIL «aINPUTA (WISE REMARKS») «ANGER 10» NIL) 
(Pl114 Nil «B Da?RED» «8 .[)()£LP)(B (lOSER 2») Nt) 

( Inferences about lhe lnlffYitWtI'" actiOns ] 

(Pl116 NIL «alt-PUTA DDKNOW) SHAME) (PlNSLln Nt) 
(P3117 Nl «aIto.PUTA DQl(N()W) JOY) (PCOUPlM:NT) NL) 
(Pll18 Nil (INtUTF (INTQPIC WENTAL) D8A8f()RMAl) (IANCiER 40» NU 
(Pl119 Nil ((8 DNBElIEVE) (SHAME ..ciH» «8 ~» NU 
CP3120 NIL «SHAME HGH)(I scm «I CRAm. NL) 
(P3121 fill U-INPUTA CAA2Y» (8 DAINORWAL» NL) 
(P3122 Nl (INIUTF (INTOPIC t.tENTALXSHAWE HIGM) (CI ~ 40» NU 
(P31n NL «I DGANGSTEA) "I ~IA» NIL) 
(P3124 fill «FEAR HGH) (8 DDHMWXI DCl()tMATfG) eel DGNGI'TD)) NU 
(P3125 NL «BI8H»t!ST» «8 liE EVE» NU 
(~126 Nt. CCI (r-l)T AGREEWITH !NT 1))) ((I (araLCVE 4)) NIJ 
(Pl121 Nl (HlUTF (IHTOPIC GMES» «8 CDGA~S 3))) filL) 
(P3J 21 Nl CIN'UTf (INTOPIC FACTS» «I (DFACTS 3») NU 
(P31 'l' NL (CeINPUT A MU. T» ((I DINSU. TSMANGER 10» NU 
(Pll30 NL (_IN'UTA ATTACK» «I OINSU.TS)(ANG[R 10» NIJ 
(Pl131 Nt. «ttlNPUTA eCXUllWENT» ((I DMLlTS)(ANGER 70» NIJ 
(P3132 NL «elNPUTA WlNSU.T» «(I (QNU.T$ 4»(ANGER 30» NU 
(P3133 NL ((...uTA CAAlY) «(I DlAINOAWAUWGER 4O)(FEM 40» NU 
(P3134 NL (NIU1'F CMOPIC YOIJ) a CDSELFTAUC 3») HI.) 
(P31. NL CNIUTF CSUU M» «I cosnmn 3»> NI.) 
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(P3 J 36 NIL « _IN~UT A (BE INT PRESIDENT))) «B (oGM.AES 5))) Nil) 
(P3137 NIL «_INPUTA (B£ INT GOD») «B (DGAMES 5))) NIl) 
(P3138 NIL «.INPUTA (BE INT FAMILY))) «8 (DGA-MES 5») NIL) 
(P3139 NIL «-INPUTA SREPLIES» «8 (DQUIT 2})) Nil) 
(P3140 NIL «_INPUT~ SREPLlES» ({8 (~GAMES 3») Nil.) 
(P3141 NIL «_INPUTA (SWEAR INT») «B iClEXCITED 41»)) Nil) 
(P3142 NIL «8 (ANGRYAT INT I))) «B OEXCITEO» Nil) 
(P3143 NIL «8 (FEAR INT I))) «8 OEXCITEO» NIL) 
(P3144 NIL UNPUTF (IN TYPE IMPER» «B (DEXCITEO 2))) NIL) 
(P3145 NIL «.INPUTA STHREAT» «8 DDHARM)(FEAR 60» Nil) 
(P3146 NIL « _INPUT A THREA TI) «8 DDHARMXFEAR 50» NIL) 
(P3147 NIL «_INPUTA (THREAT WEAK») «B (ODHARM 5»(FEAR 30)1 NIL) 
(P3148 NIL «.INPUTA (HARM INT I») «B (DDHARM 5»{FEAR 30» NIL) 
(P3149 NIL «8 (Kill INT PEOPLE») «B (OOHARM 4») NIL) 
(P3150 NIL «FEAR HIGH){B ODOMINATING» «B (OOHARM 3))) NIL) 
(P3151 NIL «FEAR HIGH)(8 OI()STILEXB OABNORMAL» «8 ODHARM» NL) 
(P3152 NIL «.INPUTA (CHANGE I SUBJECT») «8 (.DDKNQW 4))) NIL) 
(P3153 NIL (INPUTF (lNTOPIC IYCUME) (SUBJ I» «B D8EXCITEO» NIL) 
(P3154 NIL «B COKNQW» «8 DOINTERACT» NILl 
(P3155 NIL «8 CSOCIA8LE» «8 OOINTERACT» NIL) 
(P3156 NIL «.INPUTA (APPROVE INT 1))) (GOODD) NIL) 
(P3157 NIL «.INPUTA (NQTAPPROVE INT I))) (BADD) NIL) 
(P3158 NIL «.INPUTA (AGREEWITH INT I») (AGREE (B (OSI~LAA 4») NIL) 
(P3159 NIL «.INPUT A (UNOERST AND INT I») (AGREE (8 (OSI~ 4») NIL> 
(P3160 NIL «.INPUTA (SYMPAT..r1») (BADD) NIL) 
(P3161 NIL (C.INPUTA (LIKE INT THAT)) (00000) NIL) 
(P3162 NIL «.INPUTA (NQTAGREEWITH INT I))) <NOT AGREE (8 (.o$IMILAR 4", NIL) 
(P3163 ML (POSAFF PLYING) (NOT AGREE (B (.OSIMILAR 4))) NIL) 
(P3164 NIL «POSAFF NIL) PlYING) «ANGER 20) NOTAGREE (8 (*OSIMlLAR 4))) Nil) 
(P3165 NIL «.INPUTA COMPlIM[NT» «B (*~NEST 2»(8 (DSOCIABlE 4» PC()l"t'LM:NT) NIL) 
(P3166 NIL «.INPUTA (INSUlT NOT») «8 (*DKlNEST 4»(8 (OSQCIABlE 2») NIl) 
(P3167 NIL «B CSIMllAR» «8 DSOCIABlE» NIL) 
(P3168 NIL «8 eOSIMtLAR» «8 .OSOCIABlE» NIL) 
(P3169 NIL « • INPUT A L YINe» (PL ViNe) NIL) 
(P3170 NIL « • INPUT A DNBELlEVE» (Pl VlNG) NIL) 
(P3171 NIL «FEAR HlGM)(DI€LPFUL NlLX8 Dlt-nlA TING» «8 (OHOSTI.£ 3») ttL) 
(P3172 NIL (lNPUTF (ANGER MED) ANGERCH) «8 (DHOSTIL.E 4») NIL) 
(P3173 NIL (INPUTF (FEAR UED) FEAACH) ((8 (I)()STILE 5») NIl) 
(P3174 NIL. (IN'UTF nt Jl)VCI-I) «8 ([HlPFUL 1») NIL) 
(P3175 NIL. (INPUTF DOINTEAACT (DISTRESS LOW» «.x)Y 30» NIL) 
(P3176 NIL «B INTBAD)(8 DGAWESX8 .rxHLP» «9 eODOCTOA» NIl) 

[ Inr.rtnCII about the interview.r', attitudea ] 

(P3177 NIL «8 *DRATIONAL.)(B [)()STI.[» «8 OA~» NIl) 
(P3178 NIL «8 lXHLP)(INTBAO NlL)(~ NlLXB DOOCTOA» «8 DCt€LP» NL) 
(P3179 NIL «B CRAZYJCB DMAftA» «I iXIHAR'o4» NIL) 

93 

(P311O NIl «8 DOICtON)(I Dl€LPN.XI:IDHAAW NlLlCDIIABNCRML NLXDGAWES NLMDINSlLTS NIl» «8 
COHELP» fill) 
(P3111 NIL (.INPUTA DDt<t()W (OQHARM NL)(DBABI'OIMAL NLMIXWB ML)(DMU.TS NIlMANQERCH 
NlL)(FEARCH NU) ((·XJV 10» NIl) 
(P3182 NIL ((8 OINITIATWG)(DSElFTAlK NIL» «8 OOKNOW) NL) 
(P3183 NIL «8 DO()t..fitTING)([)()STILE NIL)(DGAMES NIl)(DlNSU.TS ttL» «(8 DDICNOW) ttl) 
(P3184 Nl. «8 *[)NTIATWG)(DlNSUL T5 NIL)(OHQSTILE NIl» «8 DDICNOW) HI.) 
(P3185 NIL (HlUTF NEWTOPIC) «8 (JDlNTEAACT 1)) NIl) 
(P31N NIL «8 DGAt.€S» «I (eDOI<N>W 4») NIL) 
(P3117 NIL «8 DOHAAM» «B elXHlP» NIL) 
(P3I11 ... «I DINSU. TI) «(8 (.acH£LP 10))) NL) 
(P3111 ... «(I C)()ITU) «8 CeCXHLP 7») NIL) 

BEST AVAILABLE ((fY 
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(P3190 Nil «8 DBABNORMAU) «8 (.DDHELP 5»)) Nld 
(Pl191 Nil «ANGER HlGH)(B OBABNORMAL» «B *OOHELP» Nil) 

(Pl192 Nil «B DEXCITEDI) liB <DDOMINATING 3») NI .. ) 
(Pl193 Nil (INPUTF NE:WTOPIC) «B (DINITIATING 3») NIL) 
(P3194 NIL (lNPUTF) «B (DINITIA'T:r,G 3))) N!L) 
(Pl195 NIL (INPUTF (INTYPE ANt-Pri») {{B (*OINiTIATING 5))) NIL> 
(P3196 NI .. (PUNT) HB I -OINI TIA lli~G 3») NIL) 
(P3197 NIL (lNPUTF NEW TOPIC) «6 (OOOMINATING 2)}) NIL) 
,Pl198 t.iL (lNPUTF (lNTYPt: QUES)) (iB (:;!DQMINATING 2m NIL! 
(P3199 NIL «B OSELFT AU()(B OINITIA 'TI~~~)) ({B ODOMINATING» NL) 
(P3200 NIL ({8 .00NITIATiNG)(OHOSTILE ~U)(OEXCITEO NlL)(OGAMES NIL» «8 eDDCMNATING» NIl) 
(P3201 N,L «B Dt<lSTILE) «B hOHELPFUL 6») NIL) 
(P3202 NIL «6 DDHARM» «8 .[)t·IELPFUL) NIL) 
(:'3203 NIL «B OGAMES» ,(B (.[)HELPFUL 5») NI~) 
,P3204 NIL «8 DOKNQW)([)I-()ST ,LE NIl» HB <DHELPFUL 3))) NIL) 
(P3205 NIL «B DINSUl TS» «B (.DHELPFUl Li») Nil) 
(P3206 NI~ (INPUTF (PHELP Nil) (INTOPIC MAFI.t.» «B (DMAFIA 5») Nt) 
(P3207 NIL «B OSllIAIlAR)(B DDII\lTERACTl) «8 DHCNEST» Nil) 
(F'3208 NIL «ANGER HIGH) (B OIIJSTILE)(B DDKNOW» «8 .OHONEST) NL) 
\ P3209 NIL «8 OOiNTERACT l\B DSELFT ALK» «8 (OSOCIABlE 4))) NIL) 
(P3210 NIL «8 OHOSTlLU) «8 .DSOCIABLEIl Nii.) 
(r3211 I';IL «8 DOHELP» (8 iOl ii, iSTWOQTHY 4») NIL) 
(P3212 NIL «B Ol-()NEST H Hu ,l)1 KuSTWORTHY 4))) NIL) 
(P3213 NIL «B ()t()STIL[) (10 -01 RUSiWORTHY)) NI~) 
(Pl214 Nil «8 OOHARM» (m .D1 KUS~WORTHY» N!l) 
(P3215 NIL «8 .DHELPFUlIl «B .OTRlJS1WORTH'f» Nil) 
(P32" NIL (P\6IIT) «B (.IJ"A1IONAL 2)i) f';iLi 
(Pl217 NIL «8 DGAMlS){8 ON8EUfVE» «8 .DRATIONAU) Nil) 
(Pl218 NIL «8 OSIMlLAR)(B OHONEST){DHOSTILE Nil» «8 [)RATIONAl.» NL) 
(P3719 NIL «B [)[)()MINA1ING)(B DSELFTALI() «B OCONFIOENT» Nl) 
(P3220 NL «8 .I)INlTIATlNG)(B OQUITl) «8 .OCO~IDEt\:T» NIL) 
(P3221 NIL «8 .oNTIATING)(8 OGAUES» «8 .00000IDENT» Nl) 
(P3222 NIL «8 DHOSTllE)(OINITIATING NIL» «B .ocoNFIDENT» NL) 

BfS1AVAllABLE copy 
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