PAC-Expert:Towards an Automatic Generation of Dialogue ControllersL. Nigay, J. CoutazLGI-IMAG, University of GrenobleBP 53 X38041 Grenoble, Cedex, FranceMai 1992paru �galement comme Document D18, Projet BRA Amodeus 3066

R�sum�Ce rapport d�crit PAC-Expert, un syst�me expert qui inclut une m�thode de conceptiond�architecture logicielle r�pondant au mod�le PAC-AMODEUS. A partir de la description ducomportement externe d�un syst�me interactif, PAC-Expert produit l�architecure PAC-AMODEUS correspondante. La repr�sentation graphique de l�architecture constitue lasp�cification interne du syst�me qui doit, selon les pr�ceptes du g�nie logiciel, pr�c�der laconception interne d�taill�e.Mots-cl�sMod�le PAC-AMODEUS, PAC-Expert, mod�lisation d�architecture logicielle, interfacehomme-machine.SummaryThis report describes PAC-Expert, an expert system that embeds a method for designingsoftware architectures according to the PAC-AMODEUS model. From the description of theexternal behaviour of an interactive system, PAC-Expert is able to generate a PAC-AMODEUS software architecture for that system. The graphical expression of thisarchitecture constitutes the internal specification of the system before detailed internalspecifications of the system must be produced.KeywordsPAC-AMODEUS model, PAC-Expert, Software architecture modelling, computer-humaninteraction.

PAC-Expert: Towards an Automatic Generation of Dialogue Controllers________________________________________________________2

PAC-Expert: Towards an Automatic Generation of Dialogue Controllers________________________________________________________3Table of contentsIntroduction................................................................................................................... 51. PAC-Expert and the software engineering life cycle............................................ 52. Model and Method with PAC-AMODEUS and PAC-EXPERT......................... 63. PAC-AMODEUS, a software architecture model for interactive systems......... 74. Specifications of PAC-Expert................................................................................. 104.1. General presentation..................................................................................... 104.2. External Specifications................................................................................. 104.2.1. Input to PAC-Expert...................................................................... 114.2.2. Output from PAC-Expert............................................................... 124.3. Internal specifications: the rules................................................................... 144.3.1. Window Existence......................................................................... 144.3.2. Window Content............................................................................ 154.3.3. Window Links............................................................................... 175. Validating PAC-Expert............................................................................................ 17Conclusion...................................................................................................................... 17References...................................................................................................................... 18Appendix A, The Mobile Robot Examplar................................................................. 20A.1. Brief presentation of the system.................................................................. 20A.2. Effective Architecture................................................................................. 20A.3. The Architecture Produced by PAC-Expert................................................ 21Appendix B, PAC-Expert experiments....................................................................... 26

PAC-Expert: Towards an Automatic Generation of Dialogue Controllers________________________________________________________4

PAC-Expert: Towards an Automatic Generation of Dialogue Controllers________________________________________________________5IntroductionThe process of designing and constructing user interfaces is critical to building systems thatsatisfy the customer’s needs, both current and future. This process includes the original designof the interface, the implementation of the system, and the modifications to the operationalsystem. These modifications are endemic in interactive systems. Since the user interface canaccount for approximately 50 per cent of total life cycle costs [Myers 89], the softwareengineer has a vested interest in constructing a user interface that both satisfies the customerand is constructed using the best available tools and techniques.Tools that support the development of user interfaces vary widely in complexity and powerranging from user interface toolkits to user interface generators. Although powerful, userinterface generators cannot produce everything. Therefore, the user interface must be tuned tothe specific case at hand. In turn, customization requires programming, and goodprogramming practice necessitates an architectural framework such as PAC-AMODEUS.PAC-AMODEUS, based on PAC [Coutaz 87] and refined in the AMODEUS project, is amulti-agent model that represents the organization of the components of an interactivesoftware. PAC-Expert is the companion tool which embeds a method for designing PAC-AMODEUS architectures. Based on the description of the external behaviour of an interactivesystem, PAC-Expert is able to generate the representation of the software architecture for thatsystem in terms of the PAC-AMODEUS model.The structure of this working paper is as follows: Section 1 presents the life cycle of aninteractive system and indicates where in the design process PAC-Expert comes into play.Section 2 discusses the complementary roles of models and methods. This dictinction will beused to relate PAC-AMODEUS with PAC-Expert. Section 3 summarizes the main features ofPAC-AMODEUS and Section 4 is devoted to the description of PAC-Expert per se. Anexample of a session with PAC-Expert is given in Appendix A. Appendix B summarizes ourtest experiments using the AMODEUS examplars. 1. PAC-Expert and the software engineering life cycleIn software engineering, design and implementation are structured into 6 phases: definition,specification, implementation, testing, installation and maintenance [ANSI 83]. Basically,1.Requirements definition is a formal or semi-formal statement of the problem to besolved. It specifies the properties and services that the system must satisfy for a specificenvironment under a set of particular constraints. Requirements are defined incooperation with the customer.2.Specification consists of high level design (i.e., external specifications) and internaldesign (i.e., internal specifications). High level design is concerned with

the external behavior of the computer system. This behavior is described in terms of functionalitiesas perceived by the user of the future system. For each function, valid inputs andoutputs are specified as well as error conditions.

Internal design determines a softwareorganization that satisfies the specification resulting from high level design. Internaldesign covers the definition of data structures, algorithms, modules, programminginterfaces, etc.1

1 In software engineering, the term �design� covers the specification phase. Since we are concernedwith drawing a distinction between designing the user interface (as in HCI) and designing the software

PAC-Expert: Towards an Automatic Generation of Dialogue Controllers________________________________________________________63.Implementation is the expression of the internal specification in terms of a set ofprogramming languages and tools.4.Testing involves debugging individual modules as well as performing their integration.5.Installation consists of placing the software system into production.6.Maintenance deals essentially with changes along with their side-effects in the softwarelife cycle.A more complete description of each phase can be found in [Bass-Coutaz 91, chapter 1, pp. 1-9].PAC-Expert is concerned with the Specification phase of the software engineering life cycle.Its role is to provide help for identifying the software organization of the code thatimplements the user interface portion of an interactive system. Thus, within the specificationphase, PAC-Expert is related to

internal design.PAC-ExpertInternal specifications(User Interface part of the system)

PAC-Expert: Towards an Automatic Generation of Dialogue Controllers________________________________________________________7PAC-AMODEUS is a model applicable to the design of interactive software architectures.Designing a software architecture consists of defining the software units of the interactivesystem that satisfy the external specifications of that system. In PAC-AMODEUS, these unitsare defined based on the notion of agent. An instance of a PAC-AMODEUS architecture is arepresentation of the software architecture of a particular interactive system; this instanceresults from the application of a design method associated with the PAC-AMODEUS model.Our own experience with PAC-AMODEUS reveals that software designers have troubleidentifying the appropriate agents which, at run time, will support the behaviour described bythe external specifications of the interactive system. Although PAC-AMODEUS hasinteresting properties with regard to interaction principles, it is too general to guide thesoftware architecture design process. The goal of PAC-Expert is to bridge the gap betweenexternal specifications and internal specifications. It does so by embedding the PAC-AMODEUS method. 3. PAC-AMODEUS, a software architecture model for interactive systemsAs shown in Figure 2, the PAC-AMODEUS model is a refinement of the Arch/Slinky Model[Bass 91]. In turn, the Arch/Slinky model defines itself as a �Seeheim revisited� model.Presentation Techniques Component

Set of interactive objects provided by a toolboxInterface with the Functional Core

Domain adaptatorFunctional Core

Domain specific componentLow Level Interaction Component

Windowing System

Conceptual ObjectsPresentation Objects

Domain Objects

Interaction Objects

Dialogue Controller

Hierarchy of PAC agents

PAC-Expert: Towards an Automatic Generation of Dialogue Controllers________________________________________________________8A more detailed description of PAC-AMODEUS can be found in [Nigay 91a]. The followingparagraphs provide a synthesized definition of the various components illustrated in Figure 2.The Functional Core (FC) implements the domain specific concepts. Ideally, therepresentation used to model domain concepts in the functional core is independent from therendering of these concepts to the user. In general, this representation is driven bycomputational considerations.The Interface with the Functional Core (IFC) serves as a domain adaptor between thefunctional core and the dialogue controller. Data exchanged with the functional core are thedomain objects that the functional core exports towards the user [Coutaz 91]. Data exchangedwith the dialogue controller are conceptual objects, that is perspectives on domain objects.Such perspectives are supposed to match the user�s mental representation of domain concepts.They transform comptutational objects into abstractions driven by considerations for theuser�s conceptual model.At the other end of the spectrum, the Low Level Interaction Component (LLIC) denotes theunderlying platform, both software and hardware. The LLIC includes basic interactionfacilities such as a windowing system, a spoken language shell, and toolkits such as Motif“and OpenLook“. It manages the physical interaction with the user: physical actions from theuser are modelled as typed events which are time-stamped, queued, and analysed. Thoseevents that are part of lexical tasks such as window moving and window resizing, areprocessed locally by the LLIC. In the case of spoken-utterances, the LLIC may includemechanisms for confirmation allowing the user to intercept wrong recognitions or alleviateambuiguities. From the developer’s perspective, the LLIC is an unavoidable component. Itexists just like a constraint exists.The Presentation Techniques Component (PTC) serves as an adaptor between the DialogueController and the Low Level Interaction Techniques. Whereas the Interface with theFunctional Core performs transformations at the conceptual level, the PTC performs adaptionat the rendering level. The communication with the Dialogue Controller is expressed in termsof Presentation objects. Presentation Objects convey data to be rendered to the user.Presentation objects are translated in terms of interaction objects. The distinction betweenpresentation objects and interaction objects is subtile. A presentation object may be modelledas an abstract interaction object or may be a new interaction technique built from LLICcomponents. Thus, the PTC defines a layer for portability between LLIC�s components aswell as a layer for extending LLIC services.For example, when the user interface of a system is expressed in terms of ready for useinteraction objects, then the mapping between presentation objects and interaction objects is1-to-1: presentation objects exist to ensure portability with regard to the LLIC component. Onthe other hand, if the user interface of the system has very specific requirements, then newclasses of interaction techniques must be defined: presentation objects are used as extensionsof interaction objects.As an example of extension performed inside the PTC, let us consider the Presentation Objectthat renders the concept of temperature in the form of a thermometer. The LLIC componentincludes graphic primitives, buttons and menus but does not provide thermometers. Thus, anew class (thermometer) will be defined in the PTC layer. This presentation object class willbe expressed in terms of the basic interaction objects such as Draw-Line, Draw-Rectangle. Itmay as well be mapped into a voice message such as: "Current temperature is x… degreesCelsius".The Dialogue Controller (DC) is the keystone of the model. It has the responsibility for task-

PAC-Expert: Towards an Automatic Generation of Dialogue Controllers________________________________________________________9level sequencing. Each task or goal of the user corresponds to a thread of dialogue. Thisobservation suggests the choice of a multi-agent architecture. An agent or a collection ofcooperating agents can be associated to each thread of the user’s activity. Since each agent isable to maintain its own state, it is possible for the user (or the functional core) to suspend andresume any thread at will.The dialogue controller receives events both from the functional core via the Interface withthe Functional Core (IFC), and from the user via the Presentation Technique Component(PTC). In addition to task sequencing, bridging the gap between an IFC and a PTC requiresdata transformation and data mapping:1) A IFC and a PTC use different formalisms. One is driven by the computationalconsiderations of the functional core, the other is toolkit/media dependent. In order to matchthe two formalisms, data must be transformed inside the dialogue controller.2) State changes in the IFC must be reflected in the PTC (and vice versa). Therefore linksmust be maintained between IFC conceptual objects and PTC presentation objects. Aconceptual object may be rendered with multiple presentation techniques. Therefore,consistency must be maintained between the multiple views of the conceptual object. Suchmanagement is yet another task of the dialogue controller.Experimental results suggest that task sequencing, formalism transformation, and datamapping must be performed at multiple levels of abstraction and distributed among multipleagents. Levels of abstraction reflect the successive operations of abstracting and concretizing.Abstracting combines and transforms events coming from the presentation objects into higherlevel events until the IFC is reached. Conversely, concretizing decomposes and transformshigh level data from the IFC into low level information. The lowest level of the dialoguecontroller is in contact with presentation objects. Since agents should carry task sequencing,formalism transformation, and data mapping at multiple levels of abstraction, it is tempting todescribe the dialogue controller at multiple grains of resolution combined with multiplefacets.At one level of resolution, the dialogue controller appears as a "fuzzy potato". At the nextlevel of description, the main agents of the interaction can be identified. In turn, these agentsare recursively refined into simpler agents. This description applies the usualabstraction/refinement paradigm used in software engineering. In addition to therefinement/abstraction axis, we introduce the "facet" axis. Facets are used to express thedifferent but complementary and strongly coupled computational perspectives of an agent.These perspectives are similar to those identified for the whole interactive system:1) the functional core or Abstract facet (i.e., the A facet) defines the competence of the agentin the chain of abstracting and concretizing. It may be related to some conceptual objects inthe IFC;2) the dialogue controller facet (i.e., the C facet) controls event sequencing inside the agent,maintains a mapping between the IFC facet and the presentation facet of the agent;3) the presentation facet (i.e., P facet) is involved in the implementation of the perceivablebehaviour of the agent. It is related to some presentation object in the PTC component.Having presented the main features of the PAC-AMODEUS model, we are now able todescribe its companion tool: PAC-Expert.

PAC-Expert: Towards an Automatic Generation of Dialogue Controllers________________________________________________________10 4. Specifications of PAC-Expert 4.1. General presentationPAC-Expert supports the software designer in devising the Dialogue Controller portion of theuser interface. From the external specifications of the system, PAC-Expert produces therepresentation of a hierarchy of PAC agents which composes the Dialogue Controller for thatparticular system. This representation is not an executable code nor a formal description but agraphical representation of the architecture. As discussed in Section 2, PAC-Expert isintended to bridge the gap between software design and software implementation. Thegenerated picture can be used as the representation which comes before detailed (formal)internal specifications can be performed. As a result, PAC-Expert is independent fromimplementation issues.

Acquisition of data: system’s descriptionText display of the hierarchy

Process of producing the hierarchy of agentsProcess of reducing the hierarchy of agentsPAC-ExpertFigure 3: The different computation phases in PAC-Expert.Figure 3 shows the various computation phases that structure the execution of PAC-Expert.These phases operate in a pipe-line manner: from inputs provided by the software designer, ahierarchy of agents is generated. This hierarchy is displayed in a third phase. Consequently,PAC-Expert consists of three sequential separate processes:1. Acquisition of the system description,2. Generation of a Dialogue Controller in terms of PAC agents,3. Layout of the PAC hierarchy.Paragraph 4.2 describes the external specifications of PAC-Expert i.e., the behaviour of PAC-Expert as perceived by the software designer. Paragraph 4.3 discusses its internalorganization. 4.2. External SpecificationsThe perceivable behaviour of PAC-Expert is concerned with the nature of input commands aswell as with the layout of the results. Note that the HCI design of PAC-Expert was out thescope of RP2. The intention was to test the feasibility of the approach, not to develop a full-fledge tool devoted to teach the PAC-AMODEUS method.

PAC-Expert: Towards an Automatic Generation of Dialogue Controllers________________________________________________________114.2.1. Input to PAC-ExpertInput acquisition is driven by PAC-Expert. Questions, expressed in natural language, areasked to the software designer (let�s call him �Soft-D�). In general, Soft-D is requested toanswer �yes� or �no� or to provide names to denote interaction techniques such as windowsand domain concepts. Although the interaction is system-driven, Soft-D is able to detour themain dialogue through escape commands.

PAC-Expert: Towards an Automatic Generation of Dialogue Controllers________________________________________________________12that the Functional Core of the system is to export towards the user. Knowledge aboutconceptual objects is necessary to identify intermediate agents which do not necessarilyhave all of the facets advocated by the PAC model. One can find in [Nigay 91a] ataxonomy of PAC agents that can be found in a Dialogue Controller.Figures 4a and 4b give an example of a dialogue between PAC-Expert and Soft-D. Thisdialogue is structured into three successive steps: window existence, window content, andwindow links.1. Window existence allows Soft-D to declare the existence of the set of windows that willbe used for the future system. For each window, Soft-D is requested to provide awindow name and to specify whether the window can be cloned multiple times. Oncethe set of windows has been set up, the description of windows content can start.2. Windows content is specified through a set of questions about the presence/absence of amenu-bar, the presence/absence of complex concepts such as compound conceptswhose structure must be made explicit to the user of the future system. Once windowscontent has been specified, links between windows must be described.3.Basically, links between windows indicate how windows are opened from otherwindows. They express the structure of the task space of the user at the interactionlevel.4.2.2. Output from PAC-ExpertAs discussed above, PAC-Expert generates a hierarchy of PAC agents. This hierarchy is laidout textually or graphically. Figures 5a and 5b show examples of textual layout. The layoutcan be performed for the complete hierarchy (as in Figure 5a) or at a specific level ofabstraction (as in Figure 5b).

PAC-Expert: Towards an Automatic Generation of Dialogue Controllers________________________________________________________13

PAC-Display

Figure 7: Link between PAC-Expert and the utility program PAC-Display.4.3. Internal specifications: the rulesPAC-Expert is available on the Macintosh. It is implemented in CLIPS, a language designedfor developing Expert Systems [Giarratano 88]. A CLIPS program consists of rules and facts.Given the current facts, the CLIPS inference engine determines which rules to fire.In this section we discuss the rules programmed in CLIPS that generate PAC architectures fordialogue controllers. These rules model our expertise as software designers in applying thePAC-AMODEUS model. In [Nigay 91b] paragraph 4.2, we provide a set of rules that help inidentifying the agents appearing in dialogue controllers.There is a mapping between the rules and the questions that organize the dialogue with Soft-D. The rules drive the questions. Consequently, there are rules concerned with windowexistence, window content, and links between windows.

Remark:We are aware that the following presentation and justifications suffer from a lack of rigor.This is acceptable for the purpose of an internal working paper. In the near future, we will beworking on formalizing these definitions.4.3.1. Window ExistenceGenerally speaking, a window is a rendering surface for displaying information on thephysical screen. In our modelling technique, we make a distinction between main-dialogue-thread windows which display concepts exported from the functional core from conveniencewindows such as dialogue boxes and forms used in subdialogues to inform the user that anabnormal condition has occurred or to offer him the opportunity to enter the parameters of acommand.

ENVIRONMENTSPECIFICATIONMISSIONEXECUTION

Top LevelPresentation

Top LevelControl

MultiWork Space MultiWork Space PAC Multi Work Space for ENV1MISSIONSPECIFICATION

PACPALETTEAPPACWorkSpacefor ENV1P

PACEnvironmentfor ENV1APPACPALETTEPACPALETTE

PACPALETTEAAPACPALETTEAPPACWorkSpacefor ENV1APPACPALETTEAPACPALETTEA

PACPALETTEAAAAAAAPPACWall for Wall1AP

PACZonePACWall forWall2AP

PACWall for Wall2AP

PACRoute for Route1AP

PACWall for Wall1APPACWall for Wall2

APPACRoute for Route 2APAP

APPACZoneAP

PACEnvironmentfor ENV1AP

(empty)Figure 8 : The PAC architecture implemented for the environment specification part of the mobile robot system.A.3. The Architecture Produced by PAC-ExpertFigure 9 shows the dialogue between PAC-Expert and the software designer to enter adescription of the external behaviour of the system. Figure 10 presents a picture of theresulting architecture. We observe that result is identical to the architecture designed by hand.

PAC-Expert: Towards an Automatic Generation of Dialogue Controllers________________________________________________________26Appendix B, PAC-Expert experimentsThe table of Figure 11 summarizes our experiments with PAC-Expert applied to theAMODEUS examplars as well as to private exemplars and systems. Columns show the rulespresented in section 4 whereas lines correspond to the test examplars. A �bomb� at theintersection of a column C and a line L indicates that PAC-Expert has fired Rule C to generatethe architecture for examplar L.

RulesSystemsWindowMultiple ViewPaletteMenubarWorkspaceComplex ConceptOpening LinkSemantic LinkReduceRoot AgentSyntactic CementThermoPacMobile Robot:EnvironmentsMobile Robot:MisssionsConferencing System: What does Undo do ?The Macintosh FinderRenault project:Applications generatorRenault project:Authoring langage1022447106

3652114

2111343

111311

411211Figure 11: Validation of PAC-Expert using examplars. The number at the bottom right corner of each squareindicates the number of times the rule has been fired.