The Role of Explanation Systems in MultiAgentApplicationsCec�lia Kremer Vieira da Cunha and Clarisse Sieckenius de SouzaDepartamento de Inform�tica - PUC-RioRua Marqu�s de S�o Vicente 225 - 22453-900 - Rio de Janeiro,RJ - Brazil{ceciliak,clarisse}@inf.puc-rio.brPUC-RioInf.MCC05/97ABSTRACTThis paper discusses the role of Explanation Systems inmultiagent applications. Our starting point is an ActiveDesign Documentation (ADD) [8] tool. Its typicalexplanation facility is adapted in order to explore theresources available in multiagent environments.Following a Semiotic Engineering approach [4],explanations in MultiADD (Multiagent ADD) are usedas a means of communication between system designerand system user, and provide a common linguisticembedding for user-user communication duringnegotiation and conflic mitigation.Keywordsnatural language explanations, multiagentcommunication, semiotic engineeringRESUMOEste artigo discute o papel de Sistemas de Explica�oem aplica�es multiagente e multiusu�rio. Nosso pontode partida � uma ferramenta de Documento Ativo deDesign (Active Design Document - ADD) [8]. Suafacilidade de Explica�o t�pica � adaptada de forma aexplorar os recursos dispon�veis em ambientesmultiagente e multiusu�rio. Seguindo a abordagem daEngenharia Semi�tica [4], explica�es no MultiADD(ADD Multiagente) s�o usadas como meio decomunica�o entre o designer do sistema e o usu�rio dosistema, e prov�em um recurso ling�stico padr�o paracomunica�o usu�rio-usu�rio durante a negocia�o eresolu�o de conflito.Palavras-Chaveexplica�es em linguagem natural, comunica�o entreagentes, engenharia semi�ticaINTRODUCTIONExplanation systems are an important resource forknowledge-based applications. They provide a morecooperative environment between users and application,once users can understand system’s automaticallygenerated solutions and therefore commit to them. Usersare also able to keep track of their own (usuallycomplex) work and rationale. This way, an Explanationfacility is responsible for showing the system’s modeland functioning so that the user can make use of all thebenefits provided by the application.Moore[14] describes criteria for evaluating explanationsystems, which are: naturalness, responsiveness,flexibility, sensitivity, fidelity, sufficiency andextensibility (pp.7-8). In the application that will bepresented in this paper, we will be concentrating onnaturalness (explanations should be structured accordingto natural discourse strategies); sensitivity (users andtasks models should determine the type of knowledgeand information presented in explanations); fidelity(explanations should reflect the system’s knowledge andreasoning); and extensibility (explanations facilitiesshould be easily expandible to account for noveldemands and needs for information).Applications’ designers apply the concepts of User-Centered System Design (USCD) [15] in order todevelop good user interface languages. A user, from aUSCD point of view, is communicating directly with acomputer system. In a semiotically-motivated approachthe system is a means of communication betweensystem designer and the system user [2,4]. The followingfigure depicts the Semiotic Engineering [4] Framework(already adapted to support our multiagent applicationand the interesting points that will be presented). USCDproper is a kind of "zoom-in" on the arrows that reachthe users.In this article we will present an Explanation facility fora multiagent system, elaborated according to thesemiotic engineering framework. We first discloseMultiADD’s Explanation Model and then describe theroles that MultiADD’s explanations are supposed tosupport. We then conclude the paper describing ourplans and future work.

Designer

Interface Message

User 1

Application�s Model

Abstracted Conceptual Modelof the Application

Conceptual Usability Model ofthe Application - User 1

User N

Conceptual Usability Model ofthe Application - User N

Figure 1: Semiotic Engineering Framework adapted to support MultiADD applicationMULTIADD EXPLANATION MODELOur research is embedded in an existing multiagentActive Design Documentation tool [8] which consists of20 collaborating knowledge based systems dedicated todesigning offshore oil platform process plants. Eachknowledge system is MultiADD’s artificial counterpart ofan engineer who uses the system to design anddocument his solutions and rationale for the tasks athand. MultiADD offers its users a variety of resourcessuch as:1.a knowledge-based environment for design2.a knowledge-based explanation environment3.an annotation database system4.a knowledge acquisition tool5.a database query systemFollowing Moore’s requirements for fidelity [14], ourExplanation Environment presents MultiADD’sknowledge bases and reasoning strategies, along witheach subsystem’s Design History and User Annotations.A typical explanation in MultiADD is depicted1 inFigure 2.Users can ask a set of pre-selected questions aboutdesign rationale (at this point: What is (the value ofthis)? Why (this value)? Why Not (some other value)?),which are answered in textual form (natural language -NL). The NL text is meant to meet three major goals:(a) to answer the question; (b) to teach users about theother explanatory resources derived from the system

1All examples in this paper are only layout schemas ofthe actual screens of the system because of languageproblems. MultiADD is fully implemented for Brazilianusers and all textual elements are in Portuguese.knowledge bases (for example, the Dependency Networkgraphic); and (c) to support negotiation by helping usersunderstand each other’s scenarios in decision-making.Rhetorical Structure Theory (RST) [12] is used toorganize content into coherent intertextualrepresentations [9, 10] and to provide varying strategiesof communication according to the goal an explanationis striving to meet (see Figure 3). For example: If anExplanation is provided during conflict resolution, thetext structure should favor conciliation among thecontending parts, whereas if it is provided duringindividual design the focus of infomation should becentered on constraints and criteria leading to better orworse solutions.QuestionsTextual AnswerGraphical Representationof ArtifactDesign HistoryDependency NetworkEvaluation of AlternativesRelated AnnotationsFigure 2: Explanation Resource Interfaces in MultiADD

MULTIADD EXPLANATION SYSTEM ANDT H E S E M I O T I C E N G I N E E R I N G FRAMEWORKAI technology is critical in terms of maintenancebecause of its potential for transforming the nature ofwork in a relatively short term. As soon as work istransformed, new knowledge and requirements emerge,generating a heavy design backlog for maintenanceteams. Moreover, the tight connection between typicalKB system modules causes a propagation of updatesthroughout the whole system. For instance, when newkind of knowledge is acquired, a whole new interface forit is required - a knowledge acquisition, an explanation,and a problem-solving interface.ExplanationContent TreeUser Question

ScreenConfigurationRST TextPlanTextLinearization

Figure 3: General Schema for Generating an ExplanatoryTextUser-centered explanation design is typically geared bya thorough analysis of users needs and knowledge. Fromit, designers derive a set of alternative explanatorypatterns that are meant to clarify a predicted set ofdoubts and misconceptions. Whenever extensions to thisset are needed, new explanation strategies as well asnew question formulation patterns must be included inthe system.In order to face the maintenance challenges above, aSemiotic Engineering approach shifts the focus ofattention from a user-system to a designer-usercommunication framework. In it, designers are awarethat their major goal is to "teach" users two basic things:(1) how and why they think their software meets majoruser needs; and (2) how to express and interpretmessages about the system’s model in a given designedlanguage. Goal (1) is typically met by resorting toexplanatory text and other graphic representation thatdiscloses the system’s model and reasoning (and itspotential range of applications). Goal (2) is achieved bya careful selection of cohesive communicative codesand modes that can be understood and wielded bysystem users.This change in focus may contribute to postpone (orperhaps eliminate) some of the needs for immediatemaintenance, since users may themselves do some sortof "knowledge mining" in search of a way to solveunpredictable (or at least unpredicted) usage situations.Thus, explanations in KB systems become first andforemost an expressive resource for system designers,which users will resort to in a "virtual dialogue" withanother human agent, rather than with an artificial agent.In MultiADD the role of explanations is to tell users howthe software works and how it can help a designing teamachieve an efficient and effective product with lowercosts. For this, MultiADD explanatory resources providethem with the ability to see:(a) what is the value of the various parameters involvedin the design of process plants(b) when the parameter value was assigned and bywhom (human user or expert system)(c) when and where conflicts have arisen and how havebeen resolved (if at all)(d) why a certain parameter has a certain value (logic ofdecision-making)(e) how certain decisions compare to certain otheralternative decisions about the same parameter(f) the graphic representation of the process plant for agiven sub-system of an oil platform(g) annotations made by other design team members onspecific decisions, alternatives, or deviations fromexpected values and configurationsExplanatory text is designed to take all the availableopportunities to relate the various knowledge sources inorder to help users understand the global functioning ofMultiADD. Thus, a typical question-answering sessionmight go on as following:User: Why not parameter X = val(X)?

MultiADD text: Although MultiADD would also derive val(X) for this parameter, the user accepted and imposed val(Y) instead of val(X) in order to resolve conflict with user of subsystem Z. Search Design History for the moment when this decision was made and know more about its context and impact.

orUser: Why [is this subsystem design] based on Platform

X?MultiADD text: Because the user accepted and imposed

Platform X in order to resolve conflict with user of subsystem Z. However, MultiADD would have chosen alternative Platform Y, as can be seen in the Evaluation

Table. MultiADD’s decision is based on parameters shown on the Dependency Network.

Explanation Content is decided by a process illustratedin Figure 4. Depending on the context in which a requestemerges, MultiADD Explanation System decides on thetypes of information that an answer must include and fitsthis context into a Rhetorical Structuring environment ofthe kind shown in Figure 3 above.What’s the value of?questiontype:type ofparameter:Primitive

parameterstate:Not InitializedCould Not Be CalculatedDefault Value was usedValue wascalculatedaccording toa formulaaccording toheuristicsValue was informed by the userValue was set asconflict resolution

explanationrequestcontext:Reconciling ADD’s valuesWhy this is the value?Why X is not the value?Conflict ResolutionQuery RationaleDerivedDecidedFigure 4: An Example of the Decision Tree for Deciding on Explanation ContentROLES OF EXPLANATIONS IN MULTIADDAs discussed in the previous section, MultiADD’sdesigners use Explanations to convey to MultiADD’susers all the knowledge they judge necessary to warrantextensive usability to the system. Thus, the languagethey choose to express such knowledge is a crucialresource in the application. We mentioned before,Natural Language is complemented by graphicrepresentations and visual diagrams of various kinds, sothat the pertinent abstractions are induced.When the overall communicative environment is well-designed, abstractions and representations appearing oninterface screens evoke correct and useful interpretationson the minds of the users. As a result, productiveperformance is achieved and a natural "abstractiontrack" emerges to help users keep focus on a smallamount of issues, carefully selected from the context ofusage by the software designers themselves.For instance, although MultiADD offers users a verywide spectrum of knowledge and information aboutdesign rationale [8], excessive offer may cause loss offocus and understanding. When trying to evaluate why acertain parameter value is not the one he/she expected,a user may not know where to find the relevant data thatdirectly caused divergence [7]. Browsing the DesignHistory may lead the user off the right track and giverise to "false issues" and misconceptions.When explanatory text and rhetorical multimodeorganization of knowledge and information is present,the user’s attention is driven to a certain point or region

of interest from which he/she may eventually proceed toother knowledge sources. However, the initial focusingstrategy determines this interpretation process in that itsets a priority of associations and inferences that wasmotivated by the MultiADD’s designer (for purposes ofteaching the user the designer’s intellectual model of thesoftware tool).

Q: Why [is] not alternative A thebase platform?A: Although MultiADD would alsochoose A, alternative B,whichdidn�t satisfy restricition R1, waschosen in order to solve a conflictwith Project Coordinator, as can beseen in the Design History.Graphical Representationof ArtifactDesign HistoryDependency NetworkEvaluation of AlternativesStep 1Step 2

Restricition1

Criteria 1

Overall Evaluation

Alternative A

Alternative B

YesNo1.0---1.0---Related Annotations:As you can see in the Design History, me and the user of subsystem Y havebeen trying to solve this conflict for a long time. Since we couldn�t agree ona specific value, our coordinator suggested that we both use alternative BFigure 5: MultiADD’s Explanation System, complemented with user annotationsIn multiagent environments, focusing is a major issue.Coordinating a team of people around a common goalinvolves a lot of focused communication andmanagement of divergences from the points beingdiscussed. Although MultiADD does not mitigateconflicts alone (i.e. does not resolve who is right orwrong about decisions made), it does provide anenriched communication platform for conflict mitigation.The central resource for conflict mitigation is preciselyits explanation capacity.Our assumption is that cooperative behavior is broughtup if team participants are encouraged to understandeach other’s rationale and to keep focus on key issues.Explanations provide a means for engineers tounderstand each other’s decisions in that any oneparticipant may ask why and why-not questions to theartificial representative (actually the Active DesignDocument generated by the queried user) of his/hercolleague without bothering him/her (if not needed oronly when needed). It is hoped that this feature willpromote mutual understanding and optimize face-to-facecommunication.An important design issue in the Explanations System isthe language in which explanations are requested andprovided. As in every artificial language, arbitraryconcept clusterings and abstractions are embedded in itssyntax and semantics. Thus, the communicative codeitself prevents users from slipping into "undesirable"paths and details. What is "desirable" or not is decidedby the explanation language designer in terms of factorsthat improve cooperation (instead of competition) andfocus.Because MultiADD designers may have made badchoices along the way (i.e. users may actually need toexpress and communicate ideas that are not accountedfor by the provided linguistic environment), anannotation tool is offered as a complement toMultiADD’s Explanation facility. Engineers mayannotate a series of decisions and rationale they do notsee how to express in the limited set of abstractionsautomatically computable by expert systems. Theseannotations are incorporated in MultiADD’s explanatorytexts, as in the following.

The power of explanations, allied to annotationresources, is thus to constitute a means of focused andperspicuous communication between agents. Wheneveragents must negotiate about their decisions, thay maysend to each other a piece of communication that is -itself - the rationale (explanation) for their stand in theissue. This is a way to help negotiators ponder abouteach other’s motivations and reasons to commit tocertain decisions, as well as a means about the impactof requests for changes upon somebody else’s project.Most of all, the observation of exchangedcommunications that include explanations about whystands are taken may reveal important patterns ofnegotiation in team work.The present model has been recently implemented in areal application and a project is just starting to bedeveloped in this new technological environment. Thus,our proposed model has no empirical evidence of itsimpact upon the workflow. Nevertheless, the ideaspresented here all derive from theoretical knowledgefrom the fields of Natural Language Explanations [3, 11,13, 14] and Computer Semiotics [1, 2, 4, 6]. We firmlybelieve that a change in perspective may give rise tointeresting alternatives in computer-human interaction,especially in applications that involve group work anddesign.CONCLUSIONS AND FUTURE WORKFrom a Semiotic perspective, Explanation enables usersto comprehend how a piece software works andconsequently helps them to evaluate the designer’sabstracted conceptual model of the application (his/herinterpretant, in semiotic terms). Validation of the systemmay be accomplished through explanations, by spottingmisconceptions in the designer’s application model or aneed to choose better means that can express his/hermessage to users.Besides, explanations offer a communication languagefor users. The language supports argumentation andconflict mitigation as long as it provides enoughinformation to permit other users to realize the contextand rationale that led to the conflicting situation. Webelieve that this new working environment will enhanceproductivity (of each individual user and of the group) aswell as increase collaboration among the team members.We are now beginning to test the system in real usesituations in order to validate our hypothesis. We willalso be evaluating usage of the Annotation System,since it reflects what could not be represented in theExplanation language provided.We plan to study Design Histories of different projectsfor we believe that they can show design strategiesapplied by our users as well as reveal aspects of systempotential (for example whether a user feels comfortablewith automatic generated values or if he/she alwaysinforms values, no matter what the system suggests).REFERENCES[1] Andersen, P. B. (1990) "A Theory of Computer Semiotics".Cambridge. Cambridge University Press.[2] Andersen, P. B. (1993) "Computers as Media". Andersen,Holmqvist and Jensen (Eds.). Cambridge. CambridgeUniversity Press.[3] Cawsey, A.(1992). �Explanation and Interaction�.Cambridge Mass. MIT Press.[4] de Souza, C. S. (1993) "The Semiotic Engineering of UserInterface Languages". International Journal of Man-MachineStudies. No. 39. pp. 753-773.[5] de Souza, C. S. (1994) "Testing Predictions of SemioticEngineering in Human Computer Interaction". Anais doSimp�sio Brasileiro de Software�. Curitiba, Pr. Oct�94. pp. 51-62.[6] de Souza, C. S. (1996) "The Semiotic Engineering ofConcreteness and Abstracteness: From User InterfaceLanguages to End User Programming Languages". DagstuhlSeminar on Informatics and Semiotics. Schloss Dagstuhl.[7] de Souza, C. S. & Garcia, A. C. B. (1994) "Towards aRhetoric of Active Design Documents". Proceedings ofSBIA’94. Fortaleza, Ce. Oct�94. pp. 523-534.[8] Garcia, A. C. B. (1992) "Active Design Documents: A NewApproach for Supporting Documentation in PreliminaryRoutine Design" PhD Dissertation. Stanford University.Stanford,Ca.[9] Garcia, A.C.B. and de Souza, C.S. (1995) �RhetoricalStructures in the Delivery of Design Intent�. Proceedings of.ASCE�95. Atlanta,Ga. Jun�95. pp 1443-1452.[10] Garcia, A.C.B. and de Souza, C.S. �ADD+: IncludingRhetorical Structures in Active Documents�. Forthcoming.[11] Mellish, C., Dale, R., Zock, M. (1990) �Current Researchin Natural Language Generation�. London. Academic Press.[12] Mann, W. C. and Thompson, S. A. (1987) �RhetoricalStructure Theory: A Theory of Text Organization�. InformationScience Institute. University of Southern California.[13] Maybury, M. T. (1993). �Intelligent MultimediaInterfaces�. Menlo Park, Ca. AAAI Press / MIT Press.[14] Moore, J. (1995) "Participating in ExplanatoryDialogues: Interpreting and Responding to Questions inContext.". Cambridge, Mass. MIT Press.[15] Norman, D. A.& Draper, S. W. (1986). "User CenteredSystem Design". Hillsdale, NJ. Lawrence Erlbaum.