¥ A foundation for commitments...Aub� &Senteni, 96- 1 -A FOUNDATION FOR COMMITMENTSAS RESOURCE MANAGEMENTIN MULTI-AGENTS SYSTEMSMichel Aub�Alain SenteniUniversit� de Sherbrooke,Universit� de Montr�al,2500 Blvd Universit�,C. P. 6128, succursale A,Sherbrooke, Qc, CANADA, J1K 2R Montr�al, Qc, CANADA, H3C 3J7maube@jrv.qc.casenteni@iro.umontreal.caABSTRACTFrom their earliest definitions, systems of distributed intelligent agents, so-calledmulti-agent systems (MAS) by the DAI community, relie on sociological theory anduse centrally the concept of commitment. A definition of this concept as well as atentative computational model of commitments, emerge from research in sociologysuch as Elihu Gerson’s and research in computer science such as Alan Bond’s. Boththreads lead naturally to the study of resource management. We claim that effectiveresource management in a distributed system requires powerful control structure yetto be founded. We propose a model of control that stems from the psychology ofhuman emotions, introducing "emotion-like control structures" that should be part ofthe fundamental definition of more autonomous, reliable and adaptive multi-agentsystems. We illustrate how the introduction of "emotion-like control structures"improves a great deal the architecture of a computational model of distributedagendas, using a model of communication rooted in speech act theory.¥ INTRODUCTIONCommunities of cooperating autonomous agents as well as human societies use resources whosemanagement is at the core of any organized activity. Resources are defined more or less as energyis in physics, whatever is required for producing work : it basically amounts to the cost of workor actions. Needs, such as hunger and thirst, are the motivational processes that insuremanagement and regulation of directly consumable resources, be it available food or water foranimals or processing time for a computer. These are first-order resources. Besides, there existsecond-order resources, which one gets only indirectly, through having others committed to

¥ A foundation for commitments...Aub� &Senteni, 96- 2 -provide them : newborns have access to food only through having their parents get the feedingresources for them.Commitments, essentially measured in terms of resource allocation and constraints upon resourcesappear to be the main reason for the setting up of multi-agent societies. By regulating exchange,they enable using each other as a way to access additional resources otherwise unaccessible or toocostly to obtain. From their earliest definitions, systems of distributed intelligent agents, so-calledmulti-agent systems (MAS) by the DAI community, relie on sociological theory [Gasser 91] anduse centrally the concept of commitments [Fikes 82]. Building upon the seminal work of symbolicinteractionists such as [Gerson 76], [Bond 90] and [Dongha 94] propose a definition and acomputational model of the concept of commitment that leads naturally to the study of resourcemanagement. We think that effective resource management in a distributed system requirespowerful control structures yet to be founded.The main purpose of this paper is to sketch the design for such a model of control that stems fromthe psychology of human emotions [Oatley 92]. The first section defines first-order and second-order resources, and revisit the concept of commitments in this context. The second sectionproposes a model of control that stems from the psychology of human emotions. It introducesemotions as powerful control structures that act so as to protect agents - and societies of agents -from running out of resources, typically second-order-ones. The third section takes a closer lookat the utilisation of speech acts as communication primitives between agents and introduces the newconcept of emotional acts, as a way to resolve ambiguities inherent to the expressive anddeclarative illocutionary categories. We claim that "emotion-like control structures" should becomepart of the fundamental definition of more autonomous, reliable and adaptive multi-agent systems.I ¥ FROM RESOURCES TO COMMITMENTSI.1 ¥ First-order and second-order resourcesIf agents are ever to get autonomous, it will only be through getting control over their motivations,by having ways of setting their own goals. The idea of providing agents with the capability togenerate their own top level goals is not alien to the DAI community : it can be found in Maes�

¥ A foundation for commitments...Aub� &Senteni, 96- 3 -earlier work [Maes 91] while the concept of motivated agency is introduced by [Norman & Long95]. Motivations - needs and emotions - essentially have to do with managing resources : this iswhat is most crucial and vital for the agents, and what becomes their ultimate goals. In the agentcontext, resources are defined more or less as energy is in physics : whatever enables - and isrequired for - producing work. It could be physical energy like heat or electricity or food, but alsotime, money, affiliation, power, knowledge... Basically, the concept seems tantamount to the costof work or actions, but it is however essential to refine it and distinguish at least two kinds ofresources : first-order and second-order.¥ First-order resources are directly consumable ones that an agent already has atdisposal (e.g. available food or water for animals, processing time or memory forcomputer). Needs - such as hunger, thirst, fatigue, shelter, sex... - are themotivational processes [Toates 86] that insure management and regulation of first-order resources.¥ Second-order resources are those that you get only indirectly, through havingother agents committed to give them to you : newborns have access to food onlythrough having their parents get the resources for them. Money as well should beseen as a second-order resource : any piece of money always amounts to acommitment to exchange some goods for it. And one should keep in mind that it isalways revocable, be it only through the variation of currency!I.2 ¥ Commitments as second-order resourcesCommitments are essentially measured in terms of allocation of resources and constraints uponresources [Gerson, 76] [Bond 90] [Dongha 94]. They appear as the main reason for the setting upof multi-agent societies : by regulating exchange, they enable using each other as a way to accessadditional resources that would remain otherwise unaccessible, or would be too costly to obtain :¥ An agent A commits certain of its resources to another agent B (commits standsfor �does not give right away, but promises to give eventually�). As a consequence,B is allocated new resources, while A is constrained as to the usage of its ownresources. For instance, A might be constrained not to consumate all of them andto take into account some amount that has to remain available to fulfill thecommitment. On the other hand, such commitment could also involve for A settingthe goal of acquiring for B some resources that A does not already possess.

¥ A foundation for commitments...Aub� &Senteni, 96- 4 -One important corollary is that, by virtue of making resources available, commitments themselvesare to be counted as resources. Within complex species that pursue multiple goals, and whoabsolutely require as such the cooperation of other agents, commitments might well become themost important of all resources! Hence, it is very likely that, in social species like ours,evolutionary forces would have favored and selected out precisely those organisms that wouldhave become equipped with powerful mechanisms to insure control over commitments!II ¥ EMOTIONS AS A METAPHOR FOR CONTROL STRUCTURESII.1 ¥ The Appraisal Structure Of Emotions : Valence, Certainty, Agency¥ V alence : Positive And Negative Emotions In higher (social or at least nurturing)animals, emotions - such as anger, fear, joy, sadness, guilt... - are the motivational processes thatinsure management and regulation of second-order resources, namely commitments. Very muchlike needs, emotions are powerful control structures that act so as to protect agents - and societiesof agents - from running out of resources. Hence they require being allocated a higher level ofprocessing priority than most other mechanisms. These control processes are triggered bysignificant variations in the flow of resources available or required for an agent (or a community ofagents). There indeed has to be regular variations in the daily consumption of resources, withoutthese overpowerful processes intervening within the ongoing computation. Significant variationshere means that the amount of increase or decrease of resources should exceed a certain predefined(although eventually ajustable) threshold.There obviously has to be two main classes of emotions, positive and negative, that dealrespectively with significative gain or loss in resources (leading respectively to joy or sadness).¥ Positive emotions act so as to reinvest the gain (that triggered them in the firstplace) in order to "buy" access to further resources : they operate as accumulators oramplifiers [Isen 93].¥ Negative emotions, on the other hand, are used so as to patch the breach, slowdown the running waste, and eventually to call for help so as to replace the incurredloss : they operate as regulators.

¥ A foundation for commitments...Aub� &Senteni, 96- 5 -Of course, these processes are themselves costly and it might not seem too adaptive to spend somuch resources when one is already losing some. Yet, even if one has to pay for the plumber, itmight well be worth to do so before completely running out of water! Sometimes, this protectionfunction of negative emotions against the loss would rather be met by setting the agent in economymode, i.e. by isolating it from the others and reducing its activity level, as it often happens withpeople suffering from grief or severe distress.¥ Certainty, Uncertainty and Temporal Dynamics On the other hand, emotions being (asmotivations) intrinsically related to the goal structure of an agent, they forcefully have to be relatedalso to planning and expectations. That is to say, emotions are necessarily subject to a temporaldynamics, and could then be triggered by actual as well as by anticipated gain or loss (leading tohope or fear). While actual gains would be reinvested to obtain further resources, anticipated gainswould rather insure goal persistence, by acting so as to justify sustaining the actual investment, oreven spending more resources in the pursuit of the current goal. While actual loss would triggercalling for extra resources from other agents, anticipated loss would rather induce significativechange in the current planning strategy. In order to do so, the required resources will generallyhave to be substracted from other current (goal-pursuing) processes that would then gettemporarily (and even sometimes definitively) suspended. ¥ Agency Moreover, in multiagent societies, gains and losses are most frequently caused by theaction of agents (self or others). In other words, due to the very structure of commitments assecond-order resources, agency is, in those societies, the general cause that a resource managementsystem should"naturally" (i.e. "evolutionarily") get a grip upon!Before classifying emotions according to their appraisal structure, let�s first recall what is agencyin the psychology of emotions :¥ Agency, is understood as causal attribution [Weiner 85] : if something happens toagent A, it tries to attribute the responsibility to some other agent B. This is a way, forA, to get a grip on who can be held responsible for the considered upcoming event inorder to react efficiently.¥ Anger is the process that gets control over situations when a significant loss ofresources is attributable to the action of another agent [Hutchinson 72] [Averill 83] .

¥ A foundation for commitments...Aub� &Senteni, 96- 6 -¥ On the other hand, if the loss is caused by self, it is the guilt emotion that steps in.[McGraw 87] .¥ When someone else is seen as responsible for some noticeable gain, gratitude istriggered.¥ Finally, pride takes charge when it is self that appears clearly responsible for the gain.Joy, sadness, hope or fear are triggered either when no attributable agency could be found as acause for the loss or gain, or when there appears to be no possible control over the correspondingevent. From the ˙point of view¨ of control structures over commitments, non-controllable agencyis tantamount to no agency at all, and there is no point spending resources against overpowerfulagents : better call for help then or fly away (and alert relatives to flee as well)! For instance, incases of anticipated loss attributable to others, anger would be triggered only if there is somethingto be done against the agents to prevent their wrongdoing, while fear would be triggered if nothingcould be envisioned to prevent it.II.2 ¥ A Taxonomy Of EmotionsFigure 1 summarizes the preceding categorization of emotions. It is pretty much congruent with theintersecting aspects of the current ˙appraisal theories¨ in the psychology of emotion [Ortony, Clore& Collins 88] [Roseman 91] [Scherer 88] [Smith & Ellsworth 85] .anticipatedJOYSADNESSHOPEFEARPRIDEANGERGRATITUDEGUILTPOSITIVENEGATIVEnoneselfothersactualanticipatedactualAGENCYFig. 1 The appraisal structure for the basic categories of emotions.

¥ A foundation for commitments...Aub� &Senteni, 96- 7 -The first four emotions (joy, sadness, hope and fear) act so as to set up or generate newcommitments (through giving and sharing resources, strengthening affiliation, building up trustand confidence, calling for help and support...) between agents. The last four emotions (pride,guilt, gratitude and anger) act so as to handle or prevent the breaking of current commitmentsbetween agents (through praising or threatening...) or to strengthen and sustain them. joy, sadness hope, fear pride, guilt gratitude, angerEMOTIONSRESOURCESCOMMITMENTSincrease ordecrease (> D) create modifybreak uptriggerregulate trigger(as resources)regulatehunger thirst sex...triggerregulatetriggerNEEDSEVENTSFig. 2. The flow of control in the management of resources.Figure 2 illustrates the model we have sketched above for the flow of control relative to themanagement of resources. It could be seen from this diagram that needs could themselves activateemotions in their attempt to regulate a significant variation of resources, for instance when ahungry baby gets distressed or even angered at not being fed. It also seems to be the case that first-order resources could activate emotions directly, when the variation is large enough to cross thecritical threshold so as to ˙launch¨ emotional expression ˙evolutionarily¨ designed to commitothers to set in and react (so they would help or flee or repent...) : states of exhaustion often lead todistress, and sudden intense pain is a well documented releaser of anger [Berkowitz 93] .

¥ A foundation for commitments...Aub� &Senteni, 96- 8 -III ¥ EMOTIONS IN THE CONTEXT OF AGENT COMMUNICATIONIII.1 ¥ Agent Communication Deals With CommitmentsIn the context of MAS, communication has to be about interagent binding, resource sharing,cooperation or conflict, and then has to rest upon establishing and managing commitments. Inother words, communication has to be very closely related to the emotional control mechanisms.Obviously, all communications will not be emotional : variations in commitments (as resources)do not always exceed the critical threshold (as stated above) beyond which emotions are triggered.But all emotions - as commitment operators - sure have to be communicative (i.e. they have tomake use of communication methods)!III.2 ¥ Speech Acts Are Communication PrimitivesBoth linguistic and DAI communities agree that, in human languages, the basic units ofcommunication are speech acts, i.e. various ways of specifying intentions - and, as a consequence,commitments [Winograd & Flores 86]. Classically [Searle 79] and later [Vanderveken 90],reformulating [Austin 62] both provide a taxonomy for these communication primitives.III.3 ¥ A Taxonomy Of Illocutionary Speech ActsSpeech acts classify several kinds of communication in terms of underlying intentions andcommitment and thus, introduce a taxonomy of communication primitives :¥ Assertive speech acts inform, i.e.commit to some information being reliable.¥ Directive speech acts request, i.e. ask someone to commit to accomplish some action.¥ Promissive speech acts promise, i.e. commit oneself to accomplish some action forsomeone else.¥ Declarative speech acts declare, i.e. commit, and request from others to commit as well,to some significative change in status.¥ Expressive speech acts express some feelings or emotions.

¥ A foundation for commitments...Aub� &Senteni, 96- 9 -¥ Expressive Speech Acts However there are a few well documented problems with thistaxonomy. On the one hand, [Austin 62] and [Searle 79] themselves argue that the expressivecategory has indeed a special character (˙a very funny one¨), and most further formalisms ofspeech acts bluntly ignored it. We claim that expressive speech acts cluster intentions that shouldnot belong to the same processing level as those from other categories, in particular because theycorrespond to different processing priorities. We would rather consider the expressive category asemotional acts (vs speech acts). Our contention is that, although this category also has to do withmanaging and conveying intentions, it simply does not stand on the same level as the others, andrather corresponds, on the verbal level, to a ˙vestigial¨ form of a more primitive underneath layerfor the handling of commitments in social animals! It amounts to the verbal aspect of a much widerchannel of emotional expression (emotional acts) that already flows through various facial,postural, or sound (v.g. crying, yelling, growling, laughing...) behaviors.¥ From speech acts to emotional acts : we contend that agent communication shouldshift back from speech acts to emotional acts whenever the threshold in the variationof second-order resources is exceeded or crossed over.Hence, communication between agents should non only reflect the verbal aspect of typical humancommunication but most importantly emotional non-verbal aspects as well. The choice of aplatform for a testbed should take this into account : each script used by an agent for communi-cating with others would have to embody the specific way - in terms of speech or emotional acts -through which it operates upon commitments.¥ Declarative Speech Acts On the other hand, the case for declaratives is also peculiar : it lookslike a very special device of using some authority (i.e. agents with a high status - like judges in oursocieties) as a third party or witness to guarantee that a whole community of agents would at oncesubscribe to (i.e. get bound to) a new commitment (which for instance happens when a new statusis ascribed to some agent - ˙I name you President¨ - or when some object of collective usage isgiven a new name - ˙From now on, this street will be called Kennedy Avenue¨). This peculiarkind of commitment, shared by a whole community at once, is what [Wooldridge & Jennings 94]would call a convention.

¥ A foundation for commitments...Aub� &Senteni, 96- 10 -¥ Assertive, Directive And Promissive Speech Acts In line with some other implemen-tations [v.g. Shoham 93], we think it is mandadory to use INFORM as assertive and REQUESTas directive. But in addition to current usage, we think it is also necessary to incorporate an explicitconverse for each act, v.g. DENY and UNREQUEST. On the other hand, some authors[Winograd & Flores 86] have made notice that certain categories of speech acts are reciprocal innature, namely promissives (such as ACCEPT, and hence PROMISE) most typically act as repliesto directives (such as REQUEST). Similarly, since different categories should be defined so as tocapture different kinds of commitments, we think it is profitable to distinguish the assertive thatcommits the emitter to the information transmitted being reliable, from the (reciprocal) reply thatcommits the receiver to believe in what is being said (v.g. ˙Granted¨ or ˙I would agree on that¨ asopposed to : ˙You’re fooling me!¨ or ˙I just can’t believe it¨)... We will use AGREE andDISAGREE to capture the reciprocal assertives that may be used as replies to INFORM or DENYrespectively. And REFUSE will be used as the converse of ACCEPT. Figure 3 summarizes ourcategorization of the preceding speech acts related to assertives, directives and promissives.AGREEDISAGREEREFUSEUNREQUESTACCEPTREQUESTINFORMDENYFROM EMITTERpositivenegativepositivenegative COMMIT TOINFORMATIONCOMMIT TO ACTIONFROM RECEIVERFig. 3 A categorization of assertives, directives and promissives.As of declaratives, DECLARE will be used to set up new conventions, with the essential conditionthat the emitter’s status should be high enough so as to enforce the new regulation. Receiversbelonging to the same community would as such be constrained to respect it. Finally, the specialcase of expressives will be settled as emotional acts implemented as special messages handled byemotional actors.

¥ A foundation for commitments...Aub� &Senteni, 96- 11 -IV ¥ THE DISTRIBUTED AGENDAS TESTBEDThe choice of a proper testbed for the kind of control structure we had in mind was not obvious.First, the problem had to be complex enough so as to require distributing computation over a smallcommunity of agents, yet it had to remain manageable enough so we could draw usefulconclusions from its implementation. It also seemed interesting that it would be resonant orconsonant with the kind of problems inhabiting the DAI culture. Finally, we felt that the nature ofthe problem should - when raised in human or animal societies - frequently, if not inherently, callfor ˙emotional means of resolution¨. Distributed meeting scheduling emerged as a rare casesatisfying enough with respect to all such criteria.In the context of meeting scheduling (agendas),¥ relevant first-order resources are :- periods of time (to be allocated for the various meetings);- processing priority;- knowledge (about self or others’ available periods of time,or constraints, or preferences or commitments...).¥ relevant second-order resources are :- commitments over time periods reserved for the meetings;- reliability of the knowledge exchanged.¥ special kinds of commitments have to do with :- alliances (or affiliation between agents that would then feel committedto cooperate with each other);- status (i.e. allocated roles and power, that could sometimes enableobtaining - or even imposing - consensus among subordinates).¥ two types of knowledge have to be considered :- declarative, through which is characterized the internal state of the agent;- procedural, through which is defined its behavior.

¥ A foundation for commitments...Aub� &Senteni, 96- 12 -From what we said in the beginning of this article regarding motivations, it should be clear thatgoals (for instance, setting some specific meeting) are basically about getting resources (and fromthen on, preserving them) or about setting commitments (and from then on, keeping them). Butthis does not preclude that they could also bear upon exchanging resources (i.e. give away someresources in order to ˙buy¨ other ones that are required for the current activity), especially whenthis leads to creating new commitments. Plans are means to achieve goals, i.e. sequences ofprimitives or procedures (methods) owned by the agent, that could be assembled and executed soas to get to the expected results. As such, plans could be counted as part of the knowledgeresource. From the above, it is easy to see that an agent’s emotions are to be very closely related toits goal structure. For instance, blocking access to a required resource, would generally amount togoal blocking, which sure is one ˙universal¨ way (i.e. wide across cultures - and even acrossspecies!) of triggering anger [Averill 83] [Hutchinson 72] [Oatley 92] .In the context of meeting scheduling, there forcefully has to be many agents involved at the sametime, each pursuing many different goals, having to keep and fulfill various commitments,sometimes requiring help and additionnal resources from a small set of intervening emotions. Interms of implementation, this means that not only agents should be represented as dynamic entitiesand operate in parallel, but this should be the case as well for goals, commitments and emotions!That is, all four concepts have to be represented as actors operating concurrently by sending andreceiving messages asynchronously [Agha 86]. An agent does set a goal when asked for a newmeeting, or as a subgoal of a current goal (while following a plan). Achieving goals could mainlybe done through communicating with other agents and making commitments with them. Of course,some checks and bookkeeping also have to be performed within the agent’s internal state, be itonly to make sure that the target period is free, or that the request does not interfere with othercommitments. Sometimes, meetings could be settled quite easily, when there is no conflict as to theallotted period of time. But with many people from many different groups, there are problems to besolved (and plans to be unfolded) often enough, especially as time goes and as more periods getallocated (hence becoming unavailable for further meetings). Then an agent might think ofreconsidering a commitment concerning some ˙minor¨ meeting, or try make use of alliances andstatus as resources in convincing others to revoke theirs. This is typically on such occasions thatemotions do step in! In the spirit of this testbed, one should envision that some requests have high

¥ A foundation for commitments...Aub� &Senteni, 96- 13 -enough priority (as when the meeting is about getting a doctor for an urgency¨ or if the requesterowns a much higher status than self) so that reactions such as fear or distress do appear ˙natural¨and practically unavoidable. In order to be able to interrupt ongoing activity, emotions actorsshould be allocated a higher processing priority than goals actors or commitments actors. Emotionsare to be triggered when current goals or commitments go awry.IV.1 ¥ Implementation IssuesThe implementation uses the Actalk actor platform built on top of ST-80 [Briot 94]. It takes profitof the Smalltalk exception handling system in which an exception is defined as a situation whencomputation could not be completed [Dony 90]. When such a situation can be clearly described, itcould also be foreseen and prevented by having a signal watch for its occurrence. Again, as wasstated before, proper signals to raise for the triggering of emotions have to do with significantvariations in the stock of resources, more precisely those involved within the critical goal orcommitment (the one which caused problem). Once a signal is caught, control is transfered to awell-tailored handler that could execute some appropriate piece of code before resuming or haltingcomputation.V ¥˚CONCLUSIONEffective resource management in a distributed system requires powerful control structure yet to befounded. We proposed a model of control, rooted in the psychology of human emotions, thatintroduces "emotion-like control structures" in the context of multi-agent systems. We pointed outhow such control structures fit naturally into an inter-agent communication scheme based onspeech act theory. Their introduction improves the potential autonomy of agents by takingexplicitly into account the management of the resources that are the core of their activity and thatshould hence be part of the fundamental definition of more autonomous, reliable and adaptivemulti-agent systems.

¥ A foundation for commitments...Aub� &Senteni, 96- 14 -VI ¥ REFERENCES[Agha 86] Gul Agha, Actors, MIT Press, 1986.[Austin 62] J.L. Austin. How to do things with words, Cambridge, MA: Harvard UniversityPress, 1962.[Averill 83] James R. Averill. Studies in Anger and Agression: Implications for Theories ofEmotion. American Psychologist, 38, 1145-1160, 1983.[Berkowitz 93] Leonard Berkowitz. Pain and Agression: Some Findings and Implications.Motivation and Emotion, 17, 277-293, 1993.[Bond 90] Alan H. Bond. A Computational Model for Organizations of Cooperating IntelligentAgents. SIGOIS Bulletin, 11, 21-30, 1990.[Briot 94] Jean-Pierre Briot. Mod�lisation et Classification de Langages de ProgrammationConcurrente � Objets : L�Exp�rience Actalk, Actes du colloque �Langages et Mod�les �Objets�, Grenoble, France, 1994.[Dongha 94] Paul Dongha. Toward a Formal Model of Commitment for Resource BoundedAgents. In Michael J. Wooldridge and Nicholas R. Jennings, editors, Intelligent Agents,ECAI-94 Workshop on Agent Theories, Architectures, and Languages, pages 86-101,Springer-Verlag, New York, 1994.[Dony 90] Christophe Dony. Exception Handling and Object-Oriented Programming: Towardsa Synthesis. In Norman Meyrowitz, editor, OOPSLA ECOOP’90 Proceedings, Ottawa,October 21-25 1990, Sigplan Notices, 25 (10), 322-330, 1990.[Fikes 82] Richard E. Fikes. A Commitment-Based Framework for Describing InformalCooperative Work. Cognitive Science, 6, 331-347, 1982.[Gasser 91] Les Gasser. Social Conceptions of Knowledge and Action: DAI Foundations andOpen Systems Semantics. Artificial Intelligence, 47, 107-138, 1991.[Gerson 76] Elihu M. Gerson. On ˙Quality Of Life¨. American Sociological Review, 41, 793-806, 1976.[Hutchinson 72] Ronald R. Hutchinson. The Environmental Causes of Aggression. In JamesK. Coles & Donald D. Jensen, editors, Nebraska Symposium on Motivation 1972, pages155-181, Lincoln: University of Nebraska Press, 1972.[Isen 93] Alice M. Isen. Positive Affect and Decision Making. In M. Lewis & J. M. Haviland,editors, Hanbook of Emotion, pages 261-277, New York: The Guilford Press, 1993.[Maes 91] Pattie Maes. Situated Agents Can Have Goals. In Pattie Maes, editor, DesigningAutonomous Agents: Theory and Practice from Biology to Engineering and Back, pages49-70, Cambridge: MIT Press, 1991.

¥ A foundation for commitments...Aub� &Senteni, 96- 15 -[McGraw 87] Kathleen M. McGraw. Guilt Following Transgression: An Attribution ofResponsibility Approach. Journal of Personality and Social Psychology, 53, 247-256,1987.[Norman & Long 95] Timothy J. Norman and Derek Long. Alarms: An Implementation ofMotivated Agency. Research Note RN/95/24, Department of Computer Science,University College London, London, UK, April 6, 1995.[Oatley 92] Keith Oatley. Best Laid Schemes: The Psychology of Emotions. Cambridge,England: Cambridge University Press, 1992.[Ortony, Clore & Collins 88] Andrew Ortony, G. L. Clore & Allan Collins. The CognitiveStructure of Emotions. Cambridge, England: Cambridge University Press, 1988.[Roseman 91] Ira J. Roseman. Appraisal Determinants of Discrete Emotions. Cognition andEmotion, 5, 161-200, 1991.[Scherer 88] Klaus R. Scherer. Criteria for Emotion-Antecedent Appraisal: A Review. In V.Hamilton, G. H. Bower & N. H. Frijda, editors, Cognitive Perspectives on Emotion andMotivation, pages 89-126, Dordrecht: Kluwer, 1988.[Searle 79] John R. Searle. Speech Acts. Cambridge, England: Cambridge University Press,1969.[Shoham 93] Yoav Shoham. Agent-Oriented Programming. Artificial Intelligence, 60, 51-92,1993[Smith & Ellsworth 85] Craig A. Smith & Phoebe C. Ellsworth. Patterns of CognitiveAppraisal in Emotion. Journal of Personality and Social Psychology, 48, 813-838, 1985.[Toates 86] Frederick Toates. Motivational Systems. Cambridge, Cambridge University Press,1986.[Vanderveken 90] Daniel Vanderveken. On the Unification of Speech Act Theory and FormalSemantics. In Philip R. Cohen, Jerry Morgan & Martha E. Pollack, editors, Intentions inCommunications, pages195-220, Cambridge: MIT Press, 1990.[Weiner 85] Bernard Weiner. An Attributional Theory of Achievement Motivation and Emotion.Psychological Review, 92, 548-573, 1985.[Winograd & Flores 86] Terry Winograd & Fernando Flores. Understanding Computers andCognition, New York: Addison Wesley, 1986.[Wooldridge & Jennings 94] Michael J. Wooldridge & Nicholas R. Jennings. Formalizing theCooperative Problem Solving Process. In Mark Klein, chair, Distributed ArtificialIntelligence: Papers from the Thirteenth International Workshop, July 27-29, LakeQuinalt, Washington, pages 378-392, Menlo Park, California: AAAI Press, 1994.