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Introduction

Ordinary language makes rich and subtle distinctions between different sorts of mental
states and processes such as mood, emotion, attitudee,nsbéracter personality and so on.
Our words and concepts\eabeen honed for centuries against the intricacies of real life under
pressure of real needs and therefove geep hints about the human mind.

Yet actual usage is inconsistent, and our ability to articulate the distinctions we grasp and
use intuitvely is as limited as our ability to recite rules of English syntax. Words"tikotive"
and "emotion" are used in ambiguous and inconsistent ways. The same person will tell you that
love is an enotion, that she laes her children deeplyand that she is not in an emotional state.
Many inconsistencies can be explainedaga if we rephrase the claims using carefully defined
terms. As scientists we need toatend colloquial language with theoretically grounded
terminology that can be used to mark distinctions and describe possibilities not normally
discerned by the populace. For instance, we’ll see thatidcan dtitude, not an emotion, though
deep loe @n easily trigger emotional states. In the jargon of philosophers (Ryle 1949), attitudes
are dispositions, emotions are episodes, though with dispositional elements.

For a full account of these episodes and dispositions we require a theory alvauehtal
states are generated and controlled andthey lead to action -- a theory about the mechanisms
of mind. The theory should explainwanternal representations are built up, stored, compared,
and used to makinferences, formulate plans or control actio@itlines of a theory are\gn
belon. Design constraints for intelligent animals or machines are sketched, then design solutions
are related to the structure of human waibn and to computational mechanisms underlying
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familiar emotional states.

Emotions are analysed as states in which powerfulvesotespond to relent beliefs by
triggering mechanisms required by resource-limited intelligent systems. thiughts and
motives get through arious filters and tend to disturb other ongoing activities. The effects may
interfere with or modify the operation of other mental and physical processes, sometimes
fruitfully sometimes not. These are states of beingvedd Physiological changes need not be
involved. Emotions contrast subtly with related states and processes such as feeling, impulse,
mood, attitude, temperament; but there is no space for a full discussion here.

On this viev we reed posit no special subsystem to account for emotions since
mechanisms underlying intelligence suffice. (Compare Qadiel Johnson-Laird 1985). If
emotional states arise from mechanisms required for coping intelligently in a zoemole
rapidly changing world, this challenges the common separation of emotion and cognition. This
applies equally to human beings, other animals, or intelligent machines to come.

Design constraints for a mind

The enormous variety of animal behaviours indicates that there are different ways of
designing agents that &kin information from the enronment and are able to act on it
individually or co-operatiely. Human beings merely occypone corner of this "space of
possible minds". Elsewhere | J&a Ketched constraints determining the design solutions
embodied in the human mind. | vea gace only to summarise the)k results releant to
emotions.

Constraints include: a multiplicity of internal angternal sources of maettion (often
inconsistent), speed limitations, inevitable gaps and errors in beliefs about the environment and
varying degrees of geny associated with motes. Resource limits and geng render
inevitable the use of potentially unreliable ‘rule-of-thumb’ stgae. Unpredictability of ne
information and ne& goals implies a need to be able to interrupt, modifispend or abort
ongoing activities, whether external or internal. This includes such things as hardware and
software "reflex" actions, some of which should be modifiable in the light of experience.

Reflexes ae inherently fast-acting but stupid. Fheay be partly controlled by contie
sensitve filters using rules-of-thumb to assess priorities rapidly anevakbremely important,
urgent, or dangerous ongoing &dies to proceed without disturbance while allowingvne
specially important or gent, motes to interrupt them. (Belw | define the "insistence" of a
motive in terms of its ability to get past such filters.) A major conclusion is that intelligent
systems will hae fast though stupid sub-systems, including filters fav netives. Fast dumb
filters will sometimes let in undesirables.

Incomplete information and the need to cope with long term change in the social or
physical environment require higher order sources of action that provide learning: not only
generators and comparators of med| but generators and comparators for the generators and
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comparators themselves.

Although seeral independent sub-systems camcaite plans in parallel, l&k eating and
walking, conflicts among requirements can generate incompatible goals, necessitating a decision-
making mechanism. The twmain options are a "democratic" voting scheme, and a centralised
decision-makerlf subsystems do not all i@ access to the full store of/alable information or
not all hare equal reasoning powers, a "democraticfjanisation may be dangerous. Instead a
specialised central mechanism is required for major decisions (Sloman 1978 chapters 6 and 10).
This seems to be twonormal human minds areganised,

Similar constraints determine the design of intelligent actsf Physical limitations of
biological or artificial computing equipment necessitate major divisions of functions, including
the allocation of the highestv control to a part with access to most information and the most
powerful inference mechanisms. Wever, an occasional urgent need for drastic action requires
overiding hardware or software refkes that operate independently of highevdecontrol -- a
mechanism enabling emotional processes described.belo

Goal generators
Many different sorts of motiators are pointed to by ordinary words and phrases such as:

aims, attitudes, desires, dislikes, goals, hates, hopes, ideals, impulsss,|diks,
preferences, principles, alluring, amusing, bitbering, charming, cheering, depressing,
distressing,

and may, mary more. The mark subtle distinctions betweenféifent springs of action and the
various ways things affect us. Conceptual analysis (Sloman 1978 Ch 4) brings out their
presuppositions. Ady concept is having a goal.

To a frst approximation, to hva a gal is to use a symbolic structure, represented in some
formalism, to describe a state ofaafs to be produced, presed, or pregented. The symbols
need not be physical structures: virtual formalisms will do as well (Sloman 1984). Goals can use
exactly the same descripé formalism as beliefs and/potheses. The difference is solely in the
roles thg play.

A representation of a state ofaafs functions as a goal if it tends (subject to ynan
qualifications) to produce behaur that changes reality to conform to the
representation.

A representation functions as a belief if it is produced or modified by perceptual and

reasoning processes which tend (subject also toy myaalifications) to alter the
representations to conform to reality.
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(What "conform” means here caive plained without a lengthdigression.) Thesame
representations may also be used in other roles, as instructions, hypothesised situations, rules,
etc.

Some ne goals subsew a gior goal and are generated by planning procesSeme are
responses to meinformation, such as anting to knav what caused the loud noise around the
corner Goals are not triggered only bxternal eents: a thought, inference or recollection may
have the same effect.

How can a goal be a produced by a belief or thought? If goadb/e symbolic structures,

a omputational explanation might be that a ‘goal-generating’ condition-action rule is wsed. F
example, a benmlence rule might be: "if X is in distress generate the goal [X is not distressed]".
A retribution goal-generator underlying anger might be "If X harms me generate the goal [X
suffers]”. A full analysis wuld describe various "goal generators”, "goal generator generators”,
and so on. A learning systenould produce n& goal generators in the light of experience, using
generator generators.

Goal comparators

Generators do notabys produce consistent goals. Different design constraints lead to
different co-&isting goal generators. Social animals or machines need goal generators that
produce goals for the benefit of others, and these can conflict with thieluadis ovn goals and
needs. Goal comparators are therefore needed for selection beween different ends.

Some comparators apply constraint goals in planning, for instance using a "Minimise cost"
rule to select the cheaper ofdwub-goals. Others directly order endselik ule that saving life
is alWays more important than gnother goal, bt not because of some common measure
applicable to both. Since there are different incommensurable sources\atiomtnd diferent
bases for comparison, there need not beoptiynalresolution of a conflict.

Higher order motivators

Despite possibly confusing colloquial connotations, | use the general ternvaimotio
refer to mechanisms and representations that tend to produce or modify or select between
actions, in the light of beliefs. Metitors recursiely include generators and comparators of
motivators. Some motetors are transient, lékkthe goal of picking up a particular piece of eak
while others are long term, &kan anbition to be slim.

Motivators should not be static -- medior generators are required for flexible production
of new goals. Still higher intelligence wolves the ability to learn from experience and modify
the generators. Thus the requirement for generators is rerui@ie same applies to
comparators: if tw generators, regularly come into conflict by generating conflicting goals, then
it may be necessary to suppress or modify one of them. This requires a generator comparator
Comparator generators and comparator comparators are also needed. Higher order generators
and comparators account for some personalifgrdifices. Their effects account for some of the
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subtleties of emotional states.

Theoretical research is needed to design generally useful fhégbegenerators and
comparators. Empiricaksearch is needed to establish what the mechanisms are in deople.
we hae a lound on lgels of generators and comparators or caw ihevds be recursiely
generated indefinitely?

Varieties of motivators

‘Derivative’ and ‘non-demvative’ motivators can be distinguished. Roughdynmotivator is
derivative fif it is explicitly derived from another motetor by means-ends analysis and this origin
Is recorded and plays a role in subsequent processing. A desire to drink when thirsty would be
non-dervative, whereas a desire for mont® buy the drink would be desdtive. A motive @an be
partly dervative, partly non-dewative, like a dsire to quench ore’thirst with whisk/ to
impress others. | shall try to skdvow non-dervative notivators are central to emotional states.

The distinction has befi@ural implications. Deviative goals are more readily abandoned
and their abandonment has fewer side-effects, e.gyifggear to be unattainable or if the goals
from which thg are derved ae satisfied or abandoned. An unpromising\@dgsie goal can
easily be replaced by another if it serves the supergoal as well. If a nestirdergpal is
abandoned because it conflicts with somethimgrded as more important it may continue to
demand attention - one source of emotions. Abandonment will produce regret and a disposition
to revive the goal if the inconsistepcan be remeed.

Human non-deviative gpals include bodily needs, desire for apyatpcuriosity, aesthetic
wishes and the desire to succeed in tasks undertaRecaus¢hese goals seevnore general
biological purposes some theoristgael them as devative. Howeve, the mechanisms that
create a goal need not explicitly associate it with highett goals, but simply gie it the causal
power to produce planning and action, for instance by simply inserting a representation of the
goal in a database whose contents constantlg dre system. Despite its implicit function such
a goal is non-dewiative for the individual.

Quantitati ve dmensions of variation

Motives can be compared on different dimensions, definable in terms of the mechanism
sketched abee. Insistenceof a motve is its interrupt priority leel. Insistent desires, pains,
fears, etc. are those that more easily get through interrupt filters, depending on the threshold set
in relation to current activities.

Goals that get through filters need to be compared to assess thefe nelptirtance. This
(sometimes partial) ordering is determined by beliefs and comparators, and may change if the
do. Comple inferences may be required. Importance of aveive goal is linked to beliefs
about effects of achieng or not achieving it. Insistence concernsvHikely a goal is to get
through the interrupt filter in order to be considered, whereas importance conaerilsehoit
is to be adopted as something to be ackigf considered. Insistendeas to be assessedry
quickly, and should correlate with importancetbsometimes will not. A bad filter will assign
low priorities to important goals, and vice versa. A desire to sneeze tigesway just because
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silence is essential for suvel. (Not all animals hae such compl& motivational systems.)

Urgency. is a measure of Romuch time is left before it is too late. This is not the same as
insistence or importance: something not wanted very much may be urgent, and vice versa.

Intensity of a goal determines toactively or vigorously it is pursued if adopted. It is
partly related to weny and importance, and partly independent of them. Obstacles to an
intense goal tend to be treated as a challenge rather than a reason to abandon the goal. Often a
long term important goal will lose out to something much less important but more intense - the
age-old conflict between desire and duigeally insistence, intensity and importance should be
correlated, but the relationship can be upset by interactions vgéngirand the way refte
assignments of insistence or intensity @efrom prior experience owelutionary origins.

Another measure of a medé is how dstressing or disrupte failure to achiee it is.
Different again is he much pleasure is dered from fulfilment. This can be assessed bywho
much effort tends to go into preserving the state of fulfilment, or\dobia repetition at a later
time. Bothare normally expressed aswhawuch someone "cares”, and relate to the potential to
generate emotional states as describedibelo

These diferent kinds of ‘strength’ of motes dl play a role in cognitie functioning and
may be needed in sophisticated robots.yTdzen hae subjectve wrrelates in a system with self-
monitoring, though self-monitoring is notnadys totally reliable. Objectely they are defined in
terms of dispositions to producdesfts or resist changes of various sorts, internalxtarieal.
Different combinations of strengths wilfedt what happens at various stages in tlotugon of
a goal, from initial conception to achiement, abandonment, or failure.

Summary of processes wolving motives
So far the following intermediate processes through whichvesotray go hae hbeen
sketched:

* | nitiation - by a body monitomotive generatoror planner creating a mesubgoal

*

Reflex prioritisation of a nev goal - assigning insistence
* Suppression or transmission by the interrupt filter

* Triggering a refle action (internal or external, hardware or software)

*

Evauation of relatve importance, using comparators.

* Adoption, rejection, or deferred consideration - adoptedvesotre generally called
‘intentions’. Desires may persist as desires, though not adopted for action.
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* Planning - ‘intrinsic’ planning is concerned withwdo achieve the goal, ‘&trinsic’
planning with when, and oto relate it to other activities - e.g. should it be postponed?

* Activation - starting to achiee the motve, or re-actvating temporarily suspended
motives.

* Plan eecution
* | nterruptions - abandonment or suspension
* Comparison with ne goals

* Plan or action modification in the light of wanformation or goals, including changes
of speed, style, or subgoals.

* Satisfaction (complete or partial)

* Frustration or violation

* | nternal monitoring (selfwareness)

* | earning - modification of generators and comparators in the light of experience.

These are all computational processes, capable of being expressed in terms ofrate-go
manipulation of representations @rious sorts, though filling out the details is not a trivial task.
I'll now try to indicate ha they relate to emotions. The full story is very complicated.

An example: anger.

What is meant by "X is angry with Y". This implies that X bedéethat there is something
Y did or failed to do and as a result one o§ Xptives has been violated. This combination of
belief and motre des not suffice for angesince X might merely regret what happened or be
disappointed in Ywithout being angryAnger also requires awwamotive in X: a desire to hurt or
harm Y Most people and mgranimals seem to v retributive notive generators that react ek
this, alas. The nme motive is not necessarily selected for actionnaer intense it may be: fear
of consequences and appropriate comparators may keep it inggerati

Production of the rve desire is still not sdicient for angerX may hae te desire, yet put
it out of mind and calmly get on with something else: in that case he is not Afigrgpatiely,
X’'s desire to do something unpleasant to Y may be entirelyati@g: purely a practical measure
to reduce the lig&lihood of future occurrence, withoutyarl-will felt towards Y. Then if X can
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be assured somehdhat there will be no recurrence, he will drop the m@flhat is not anger.

Anger involves aninsistentandintensenon-dervative cesire to do something to mak/
suffer High insistence means the desire frequently gets througlild€trs to ‘request attention’
from X’s decision-making processes. Swee dter rejection by comparators, the desire
frequently comes back into X'thoughts, making it hard for him to concentrate on other
actvities. Filters designed for speed can be too stupid to rejecvama@ready ruled out by
higher levels. Moreoer, the desire must not be dediive, that is a subgoal that will disappear if
a wpegoal is remwued. In socially sophisticated agents, anger may include a belief tisat Y’
action had no social or ethical justification.

So emotions are states produced by vatuirs, and imolve production of nev motivators.

The violation of the original mote, and the insistence of the wemotive, may be
associated with additional secondarieefs. For example, if X becomewae of his anger this
can mak hm annged with himself. If other people pereeihs state, this can also affect the
nature of the emotion. The episode carivee memories of other situations which enhance the
anger.

Sometimes, in human beings, emotional states produce physiological disturbances too,
probably as a result of the operation ofgibal and chemical reftes driiven by ‘rule-of-thumb’
stratgies, as suggested aloHowevae, if X satisfied enough of the other conditions he could
rightly be described as very angeyen without ary physical symptoms. Strong anger catise
without ary physical side effects insofar as it constantly intrudes in®tx0ughts and decisions,
and insofar as he strongly desires to engksuffer, and suffer a great deal. Though nonygical
anger might be called ‘cold’, it would still a dl the socially significant aspects of anger.

Anger is partly dispositional in that it need ramtually interfere with other motes: for
instance if the ne@ motive o punish Y is acted on, there need be no further disturbance. But the
anger has thpotentialto disturb other activities if the wemotive has high insistence.

Anger is sometimetelt, as a result of self monitoring. But it is possible to be grgrin
other emotional states, without beingase of the &ct. For example, | suspect that dogs aeny v
young children are umare of their anger (though very muchvare of whateer provoked it).

Emotions lile anger can vary along dérent quantitatie and qualitatve dmensions, such
as: hav certain X is about what Y has doneyhmuch X cares about it (i.e. moimportant and
intense the violated me® is); hav much harm X wishes to do to; Yiow important this ne
desire is, he intense it is, heo insistent it is, he long lasting it is; he much mental
disturbance is produced in X;\Wwanuch plysiological disturbance there is; which aspects of the
state X is ware of, hav mary secondary moties and actions are generatedifferent
dimensions will be appropriate to different emotions.

Variations at different stages of the scenario correspond to different states, some not
emotional. When there is no desire to cause harm theYemotion is more l&k exasperation
than angerlf there is no attribution of responsibilitiyhen the emotion is simply some form of
anngance, and if the mate tat is violated is very important, and cannot readily be satisfied by
some alternate, then the emotion wolves dismayBecause arbitrarily mgnmotives, beliefs
and motve generators can bevialved, with nev reactions triggered by thefe€ts of old ones,
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the range of variation eered by this theory is bound to be richer than the set of labels in
ordinary language. It will also be richer than the range of physiological responses.

Towards a generatve gammar for emotions
Analysing anger and other other emotions in the light of the mechanisms sketched abo
suggests the following components of emotional states:

* There is at least one initiating mai M1 with a high leel of importance and intensity

* A belief B1 about real or imagined or expected satisfaction or violation of M1 triggers
generators of various kinds, often producing meotives.

* Different sorts of cases depend on (a) whether M1 is concerned with something desired
or disliked, (b) whether B1 is a belief about M1 being satisfied or violated (c) whether B1
concerns past, present or future (d) whether Balwes uncertainty or not (e) whether

the agent is ware of his emotion or not (f) whether other agents are thought to be
involved or not, (g) whether M1 is concerned withwhother agents vig one. (Cf.
Roseman 1979).

* In more compl& situations seeral motves smultaneously interact with beliefs, e.g. a
situation where B1 implies that important nve M1a and M1b are inconsistent - e.g. in
dilemmas.

* Sometimes M1 and B1 trigger a generator that produces a secondavg, mi&;j for
instance a desire to put things right, preseaveelight, punish a perpetrator or inform
others. This in turn can interact with other beliefs, to disturb, interrupt, or otherfase af
cognitve pocesses. This would be a twevd emotional state. Seral levels are
possible.

* Sometimes M1 and B1 triggerveal motve generators simultaneousiyhe resulting
interactions can be very complespecially when ng motives ae in conflict, e.g. a
desire to undo the damage and to catch the culprit.

* Sometimes the newly generated mesi conflict with previously existing motes.

* New notives with high insistence get through interrupt filters and tend to produce

(though thg need not actually produce) disturbance,i.e. continually interrupting
thinking and deciding, and influencing decision-making criteria and perceptions.
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* Thoughts as well as mués can interrupt. Even with no memotive there may simply

be a constant dwelling on M1 and B1. This is especially true of emoticagylé,
involving what cant be wndone. Such compuis dwvelling might might dekie from
triggering of automatic learning mechanisms concerned with re-programming generators.

* New notives need not be selected for action. M2 may be considered and rejected as
unimportant, yet continue to get through interrupt filters if its insistence is high.

* | n .ome emotional states, éKright, M2 triggers refle action, by-passing deliberation
and planning, and interrupting other actions (Sloman 1978 cl&6jtware reflaes’ are
called ‘impulsve actions. Reflges make it possible to ta& very rapid remedial action or
grasp sudden opportunities. Sometimey tfre disastrous, lweever. Some reflees ae
purely mental: a whole barrage of thoughts and feelings may be triggered.

* Some emotional states arise out of the vidlial's ovn thoughts or actions, for
instance fear generated by contemplating possible errors. Secondavgsnmay be
generated to tak extra care, etc. These secondary n&stimay generate so much
disturbance that tlydead to disaster.

* Some emotions wolve interrupting and redirecting manongoing processes, for
instance processes controlling different parts of the body in restoring balance. If sensory
detectors record local changes, the systgmrception of its own state will be changed.

* Self-monitoring processes may or may not detect the ingernal state. If not, X will

not be conscious of, or feel, the emotion. Internal monitoring need not produce
recognition: e.g. rel@nt schemata might not va keen learnt (Sloman 1978, ch 10).
People hee © learn to discriminate and recognise complaternal states, using
perceptual processes no less comphian recognising a face or a typewriter.

* Recognition of an emotion can produce furthéeds, e.qg. if the internal state fulfils or
violates some mote. It may actvate dormant moties or notive-generators and possibly
lead to succesgly higher-order emotions (recuvsi escalation).

The interruptions, disturbances and departures from rationality that characterise some
emotions are a natural consequence of the sorts of mechanisms arising from constraints on the
design of intelligent systems, especially the inevitable stupidity of resource-limited interrupt
filters that hae to act quickly. A robot with an infinitely &st computer and perfect kmedge
and predictte power would not need such mechanisms.wiegr, not all emotions are
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dysfunctional: when walking on a nawdedge it is important that you darbrget the risks.

These mechanisms alloso mary different sub-processes in different situations that no
simple table of types of emotions can do justice to tréety The same rich variation could
characterise the detailed phenomenology of emotions werclebots with self-monitoring
abilities.

A full account of har people typicallyfeel anger elation, feay etc. would hase © include
bodily avareness. Yet what makes nyasmotions important in our\es is rot this sort of detalil,
but the more global cognite gructure. Fury matters because it can produce actions causing
harm to the hater and hated, not because thereysmcphtension and sweating. Grief matters
because the beled child is lost, not because thesea rew feeling in the bellySo it would be
reasonable for us to use termselilafraid’, ‘disappointed’, ‘ecstatic’ ‘furious’ or ‘grief-striga’
to describe the state of mind of an alien beingyven @ sufficiently sophisticated robot, without
the physiological responses. (Contrast Lyons 1980).

Moods, attitudes and personality

A moodis partly like an enotion: it involves some kind of global disturbance of, or
disposition to disturb, mental processes. But it need not inclugepatific beliefs, desires,
inclinations to act, etc. In humans, moods can be induced by chemical or byvedgnotbrs, for
instance drinking or hearing good or bad news. A mood can colourathemve percees things,
interprets the actions of others, predicts the outcome of actiongsnpdkns, etc. As with an
emotional state, a mood may or may not be peedend classified by the indidual concerned.

A more detailed theory would t@ o distinguish different mechanisms, for instance global
‘hardware-induced’ speed changes of certain sub-processes and globalarseftduced’
changes in relate riorities of motves or inference strategies.

An attitude, such as lee a admiration, is a collection of beliefs, me¢s, motve
generators and comparators focussed on someidndl, object, or idea. One whovigs his
children will acquire n& goals when he detects dangers or opportunities that might affect their
well-being. The strength of thevie determines the importance and interrupt priorityele
assigned to such goals. Selfishness is a similar attitude to oneself. In communities of intelligent
systems able to think and care about the mental states of others, the richneaseyndfv
attitudes ma&s them an inexhaustible topic for study by poetsglists and social scientists.
Attitudes are often confused with emotions. It is possiblee, jaty, admire, or hate someone
without being at all emotional about it. Attitudes are expressed in tendencies g¢ocniakn
choiceswhen the opportunity arisebut need not include continual disturbance of thoughts and
decisions. One canve me’s children without having them constantly in mind, though news of
danger to lged ones may trigger emotions.

Character and personality include long term attitudes. Generositydompée is not a goal
but a duster of goal generators that produce/ geals in response to information about another’
needs and comparators that select theen more self-centred goals. Hypocrites produce similar
goals but neer adopt them for action. A personality or character is a vast collection of
unfocussed general dispositions to produce certain goals in specific situations. The set of such
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collections is too rich for ordinary adjess. A whole neel may be required to portray a
comple personality More generally the space of possible mental states and processes is too rich
and comple for colloquial labels lik "attitude”, "emotion”, "mood" to sun in an aequate
scientific theory.

There are mankinds of deep and nving experiences that we describe as emotions, for
lack of a richermore fine-grained acalulary: for instance delight in a landscape, reading poetry
hearing music, being absorbed in a film or a problem. Thesdvén powerful interactions
between perception and agdarnumber of additional processes, some physical as well as mental.
Listening to music can produce a tendete move physically and also a great deal of mental
‘movement’: memories, perceptions, ripples of association all controlled by the music. Such
processes might be accounted for in terms of aspects of the design of intelligent systems not
discussed here, such as the need for assecia@mories and subtle forms of integration and
synchronisation in controlling physical nenents. The synchronisation is needed both within
an individual and between indiluals engaged in co-operaiasks. Music seems to &kontrol
of some such processes.

| conjecture that the mechanisms sketched here are capable of generating states we
ordinarily describe as emotional - feanger frustration, excitement, dismagrief, joy, &c. The
mechanisms are genexaiin the sense that the redmt motves leliefs, plans and social
contts can be indefinitely compleand the emotional processes ythgenerate can be
correspondingly compkeand varied (Abelson 1973, Dyer 1981, Lehnert 1981). This means that
no simple bounded taxonomy of emotional states cgimhe capture theariety, any more than
a taxonomy can capture the variety of sentences of English. (Cf. Roseman 1979.)

Does a scientific theory of mind need such concepts?

It is sometimes suggested that although concemsiglief’, "desire", "emotion” play an
important role in indiidual thoughts about other people, ythare not required for a fully
developed scientific theory of the mind. In its extreme form this is materialist reductionigm, b
that is as implausible for psychology as the suggestion that concepts of software design can be
replaced by concepts relating only to computing hardware.

A more subtle suggestion (S.Rosenschein SRI, personal communication) is that an entirely
new collection of "intermediate iel" concepts, unrelated to beliefs, desires, intentions, etc., will
suffice for a predictiely and eplanatorily successful scientific theory ofvhpeople and other
intelligent oganisms work. Because it is undily that ordinary concepts can be dispensed with
entirely in xpressing significant generalisations about human behaviour (Pylyshyn 1988) | ha
taken a weaker stand: instead of totally replacing ordinary concepts we need to extend and refine
them, showing hw they relate to a working design specification.

Even if this sort of theory is wrong, it may be deeply implicated in semantics of natural
language concepts concerning human mental states and actions. If so, a machine able to
understand ordinary language and simulate human communication will require at least an
implicit grasp of the theory.
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Implications

Not all these mechanisms can be found in all animals. In some less intelligent creatures,
selection of a mote mght be inseparable from the process of initiating action: operati
motives could not be dormant. In such animals or machines lacking the mechanisms required for
flexibility in a complex environment, emotions in the sense described here would be impossible.

It is also unlilely that all of this richness exists in young children. Byestigating the
development of the cognie and computational mechanisms in children, including the
motivational mechanisms, we can hope to understand more about their emotional states. In
particular it seems that manhigher order generators and comparators are valable to
infants, and that interrupt filters aig fess seleate than in most adults, which is not surprising
if software filters are the result of learning.

The very compheity of the mechanisms describedveals enormous scope forugs’.

Motive generators and comparators could produce unfortunate desires and preferences. Interrupt
priorities may be assigned in a way that doesoirelate well with reflectie judgements of
importance. Thresholds for interrupts may be set too high or moLkarning processes that
modify generators and comparators may be too quick to change things on flimsy evideace. Gi
the inevitable stupidity of some of the faster pefleand filters, we can expect some kinds of
malfunctions of generators and comparators to lead to intense emotions that interfere with
normal cognitre a social functioning. Reactions to unfulfilled megs may be too strong, or too

weak for the long term good of the individual or his associates. Theveelaportance assigned

to different sorts of motes by he goal assessment procedures may produce a tgridesatect

goals that are unach@mble or achieable only at enormous cost. Dormant, temporarily
suspended matés may too often go unattended because the monitoring proagsdd detect
opportunities, perhaps because of inadequate indexing. Thespemess of ‘rules-of-thumb’ for
coping with inadequate information, limited resources, and the need for speemlepro
enormous scope for systematic malfunction. Reegrsicalation of emotions might account for
some catatonic states.

The inevitability of familiar types of fallibility should be a matter of concern to those who
hope that important decisions can be taken very rapidly by machines in the not too distant future.
In fact, if people are as complend intricate as we la suggested, it is amazing that so
mary are stable and eilised. Perhaps this theory willveal types of disturbance we preusly

could not recognize.

The theory implies that processes of learning and cwegnidevdopment, occur in a
framewvork of a comple and frequently changing collection of madiors. Theseand the
processes tlyegenerate must e a pofound influence on what is learnt when, and it is to be
expected that there will be enormousariation between individuals. The implications for
educators hae yet to be explored.
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Conclusion
A theory of this general sort iscamputationatheory of mind. The computations may occur in a
virtual machine implemented in lowend machines, brain-li& or omputer-lile: the/ need not
be implemented directly in physical processes. So the theory is neutral betwessraljyh
explicit representations as found atwldevds in corventional computers and implicit or
distributed representations studied in neural-net models.

The test of this approach will be the explanatory power of the theories based emeedV
both a systematic explanation of the whole range of possibilities we find in humarobebad
an account of he people difer from one another and from other actual and possibleviogha
systems. (Concernirgplanations of possibilities see Sloman 1978, chapter 2.)

Understanding computational mechanisms behanailfar mental processes may enable us
to reduce suffering from emotional disturbances, learning disabilities, and a range of social
inadequacies. Some problems may be due to brain damage or neural malfunction. Other
problems seem more &koftware faults in a computet conjecture that manemotionally
disturbed people are experiencing such software bugs.

The analysis still has mgmaps. In particularan acount of pleasure and pain is missing,
and | am not yet able tov@ an acceptable analysis of what it is to find something fifthere
are states li& being thrilled by rapid motion, spellbound by a sunsetved@o tears by reading a
book or watching a playthat require more detailed analysis. v&aot discussed the mgn
aspects of human emotional life that arise contingently from\aluteonary history and wuld
not necessarily be found in well-designed robots. So there is much yet to be dentheisss,
the theory provides a framerk for thinking about a range of possible types of intelligent
systems, natural and artificial -- part of our general study of the space of possible minds.
Attempting to test the ideas in working computer simulations will surelgalegaps and
weaknesses.
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