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Abstract

In this paper one of the informally described models of agent co-ope(adéinnings,1995) hasbeenused

to developandformally specifya genericmodel of a co-operativeagent(GCAM). The compositional
development method for multi-agent systems DESIRE supported the principled design of this model of co-
operation.To illustrate reusability of the genericmodel,two applicationdomainshave beenaddressed:
collaborative engineering design, and Call Center support.
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I ntroduction

In current engineeringpractice well-structuredhierarchicalmanagemenand decentralisedoroject
(virtual) organisatiorare often combined.The combinationof traditionalmanagemenstructuresand
virtual organisations result idiynamicorganisationaktructuresliable to considerablechangeduring
the life span of a project. Distributed project co-ordination is essential.

The types of interaction encountered in sddtributedreal-life designsituationsshow how intricate
such processes can be. Although the problem of distributed project co-ordiveslmeenrecognised
only a few attempts have been made to support the development of syspemssee,for example
(Dunskus,Grecu, Brown and Berker, 1995; Petrie, 1994; Goldman,1996; Gupta, Chionglo and
Fox, 1996; Maurer, 1996). Jennings(1995) has proposedan informal multi-agent model for
cooperativeproblem solving. Essentialelementsof this model are the dynamic organisationand
managemenbf joint activities, susceptiveto changedue to unexpectedevents.As describedby
Jenningsthe model,however,doesnot provide enoughdetail to supportanalysis,modelling and
implementationof design co-ordinationsystemsin specific domains.To acquire a more precise
descriptionof this modelmore detailedanalysisis required.The DESIRE developmenimethodand
environment provides support at this level; @ezier,Jonkerand Treur, 1998) for the underlying
principles, and (Brazier, Dunin-Keplicz, Jennings, anelur, 1995) for a real-world casestudy. In
this paper ayenericmodelfor a co-operativeagent(GCAM) is presenteda modeldevelopedon the
basisof an existinggenericagentmodel (GAM) andJennings’'model. To assesghe value of the
generic model of a co-operative agent, the model is applied to the analgsisadtistributeddesign
processin the domain of aircraft design,and then usedto designa new systemin a completely
different domain, namely the domain of call centre support.

The compositionalapproachto the developmeniof multi-agentsystems,DESIRE, is describedin
Section2. The useof genericmodelsis briefly discussedn Section3. An existing genericagent
model is described in Section 4. This model is extended and refingatie co-operationn Section



5. In Sectiorb areal-life designprojectis analysedor a situationin which traditionalmanagement
and virtual organisations are combined: the design of part of the interigpetdicaircraft. Section
7 describeghe applicationof the genericmodel of the co-operativeagentmodel to the designof a
multi-agent system to support distributed scheduling for a call centre.

2. Compositional Development of Multi-Agent Systems

The compositionaldevelopmenmethodDESIRE for multi-agentsystemgDEsign and Specification
of InteractingREasoningcomponentscf. (Brazier, Dunin-Keplicz, Jennings,and Treur, 1995),
supportsthe designand developmentof multi-agent systemsfrom conceptualdesign through to

(prototype)implementation supportedby an environmentthat includesgraphicaldesigntools and
automatedsupport for the translationof a specificationto an operational system; the software
environmentincludesimplementatiorgeneratorsvith which formal specificationscan be translated
into executablecode of a prototypesystem.In DESIRE, a design consistsof knowledgeof the

following three types: processcomposition,knowledgecomposition,the relation betweenprocess
compositionand knowledgecomposition.Thesethree types of knowledgeare discussedin more
detail below.

2.1. Process Composition

Process composition identifiéise relevantprocessest differentlevels of (processbstractionand
describes how a process can be defined in terms of (is composed of) lower level processes.

2.1.1. ldentification of Processes at Different Levels of Abstraction

Processesanbe describedat different levels of abstractionfor example,the processof the multi-
agentsystemas a whole, processedefined by individual agentsand the external world, and
processeglefined by task-relatedcomponentsof individual agents.The identified processesare
modelled agomponents. For each process tleput and output information types are modelled.The
identified levels of processabstractionare modelledas abstraction/specialisation relations between
components: components maydoenposed of other componentsr they may be primitive. Primitive
components may be either reasoning components (i.e., basekhowledgebase),or, components
capableof performingtaskssuchas calculation,informationretrieval, optimisation.Theselevels of
process abstraction provide process hiding at each level.

2.1.2. Composition of Processes

The way in which processesit one level of abstractionare composedof processest the adjacent
lower abstractionlevel is called composition. This compositionof processeds describedby a
specificationof the possibilitiesfor information exchange betweenprocessegqdatic view on the
composition), and a specificationtask control knowledge used to control processes and information
exchangedynamic view on the composition).

2.2. Knowledge Composition

Knowledge composition identifies the knowledge structuresat different levels of (knowledge)
abstraction,and describeshow a knowledge structurecan be defined in terms of lower level



knowledgestructures.The knowledgeabstractionevels may correspondo the processabstraction
levels, but this is often not the case.

2.2.1. ldentification of Knowledge Structuresat Different Abstraction Levels

The two main structuresusedas building blocks to model knowledgeare: information types and
knowledge bases. Knowledge structurescan be identified and describedat different levels of
abstraction. At higher levels details can be hiddeninformation type definesan ontology (lexicon,
vocabulary) to describe objects or terms, their sorts, and the relatimetionsthat can be defined
on theseobjects. Information types can logically be representedn order-sortedoredicatelogic. A
knowledge base definesa part of the knowledgethat is usedin one or more of the processes.
Knowledge is represented by formulae in order-sgotedicatelogic, which canbe normalisedby a
standard transformation into rules.

2.2.2. Composition of Knowledge Structures

Informationtypescanbe composedof more specific information types, following the principle of
compositionalitydiscussedabove. Similarly, knowledgebasescan be composedof more specific
knowledge bases. The compositional structure is basedon the different levels of knowledge
abstraction distinguished, and results in information and knowledge hiding.

2.3. Relation between Process and Knowledge Composition

Eachprocessn a processcompositionusesknowledgestructures Which knowledgestructuresare
usedfor which processess definedby the relation betweenprocesscompositionand knowledge
composition.

3 Generic Models and Reuse

Within the development method DESIRE , instead of designing each and eveagemapplication
from scratch, existing genemoodelscanbe used.Genericmodelscanbe distinguishedor specific
types of agents, agent tasks and multi-agent organisation. The use of a generic magjgblinadion
structures the design process: the acquisition of a conceptual modeldpplicationis basedon the
generic structures in the model. A model can be generic in two senses:

* generic with respect to thpeocesses or tasks
* generic with respect to theowledge

Genericity with respect to processes or tasks refers to the level of process abstrgetiencenodel
abstracts from processes at lower levelsaéye specificmodelwith respecto processess a model
within which a number of more specific processesat a lower level of processabstractionare
distinguishedThis type of refinementis called specialisation. Genericitywith respectto knowledge
refersto levelsof knowledgeabstractiona genericmodel abstractsfrom more specific knowledge
structures. Refinement of a model with respect to the knowledge in specific domaomdicetion,is
refinement in which knowledge ati@wver level of knowledgeabstractions explicitly included.This
type of refinement is calladstantiation.



In Section 4 a generic agent model for wegkncyis presentedThe genericmodelfor co-operative
agentspresentedn Section5 of this paperis a refinementof this genericagentmodel. The generic
model for co-operativagentscanbe usedfor a wide variety of more specificagentmodelsthrough
refinementand composition.Reuse assuch, reduceshe time, expertiseand effort neededo design
and maintainsystemdesigns.Which componentslinks and knowledgestructuresfrom the generic
modelare applicablein a given situationdependson the application.Whethera componentcan be
used immediately, or whether instantiation, modification and/or specialisatieqused,dependon
the desiredfunctionality. Other existing (generic)modelscan be usedfor specialisationof a model;
existing knowledge structures (e.g., ontologies, thesauri) can be used for instantiationmdtdeth
and structuresare used dependson the problem description: existing models and structuresare
examined, rejected, modified, specialised and/or instantiated in the context of the problem at hand

4 A Generic Agent Model

For the design of a generic agent model the following main aspectsare considered:process
composition, knowledge composition, and relations between knowledge @resscomposition,as
discussedn Section2. In this sectiona compositionalgenericagentmodel (GAM), supportingthe
weak agencynotion (cf. (Wooldridge and Jennings,1995a))is briefly presented At the highest
abstraction level within an agent, a numbeprocessesanbe distinguishedhat supportinteraction
with the other agents (see Figure 1).

First, a processhat managessommunicationwith other agents,modelledby the componentagent

interaction management iN Figure 1. This componentanalysesncoming information and determines
which other processewithin the agentneedthe communicatednformation. Moreover, outgoing
communications preparedNext, the agentneedsto maintaininformation on the other agentswith

which it co-operatesmaintenance of agent information. The componentmaintenance of world information IS

included to store the world information (e.g., information on attribotgsoducts).The processown

process control definesdifferent characteristicof the agentand determinesfoci for behaviour.The

componentworld interaction management IS included to model interaction with the world: initiating

observations and receiving observation results.

The agent processedliscussedabove are generic agent processes.Many agents perform these
processesln addition, often agent-specifipprocessesare neededto perform tasksspecific to one
agent, for example directly related to a specific domain of applic&tigare 1 depictshow the agent
iIs composed of its components.
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Figure 1 Composition at the highest level within the broker agent

5 A Compositional Generic Model of Co-operation

To successfullydevelopa supportsystemfor co-operationin a complex, dynamicand not always
predictableenvironmenta well-definedand transparentnodel of co-operationis required:a model
that is robust and flexible enoughdopewith unexpectedvents.To this aimin (Jennings,1995)a
model for co-operative problem solving using joint intentions was introdbesgdon experiencen

industrial applications. The model describes both the phase of organising (cregdingpejectand
the phaseof performing(executing)the joint project, in which managingunexpectedifficulties is

included. In (Jennings, 1995) details of this model are described for an implementatiospeahe
environmentwith limited focus on possibleapplicability in other environmentsin this section,the
generic co-operative agent model GCAM is described in terms of specificatibecanhceptualevel
as a refinement of the generic agent model GAM discussed in Section 4.



In Jennings'modelof co-operationagentsare capableof organisingprojects.An agentdecidesto

organisea projectto reacha given goal. With respectto the currentstateof the world, an agent
determines a seff activitiesto reachthis goal andthe temporaldependenciebetweenthe activities.
The organisingagentthenidentifies other agentscapableof performingthe activities. In interaction
with these agents, the organising agdgterminesvhich agentsarewilling andableto participatein

the project. On the basisof this information, the activitiesto be performed,the order in which the
activities are to be performed and the deadline, the organising agent tries to put sogeijestteam
anda projectschedulgcalleda recipe). The creationof this recipeis an iterative processrequiring
interaction with the other agents tireir own schedulegrelatedto otherprojects).Whencompleted,
the recipe is communicated to all participants, and the project commences.

Oncecommitted,eachpatrticipatingagent(including the organiser)receivesthe final recipe,and is
committed to theelevanttime interval in the recipe.Eachagenthasthe sameobligationtowardsthe

project: each member monitors the progress of the project and is equally responsible for itslucce:

a team member discoversa problem that endangersthe project, he/she informs all relevant
participants Oneof the agents(e.g., the projectmanager)anthentakethe initiative to modify the

project plan, to create a new project for the same goal or to inform all relevant participants that the

IS unattainable or that it is no longer necessary to reach the goal.

5.1 Refinement of the Generic Agent Model

The genericagentmodel GAM presentedn Section4 canbe extendedo include the componentco-
operation management . ThiS componenexchangesnformationwith the componentswn process control, agent
interaction management, maintenance of agent information, world interaction management, and maintenance of world information. The

information links required for this purpose are depicted in Table 1.

information link source destination

self info for co-operation own process control co-operation management

communicated info to CM agent interaction management co-operation management

observed world info to CM world interaction management co-operation management

world info to CM maintenance of world information co-operation management

other agents info for co- maintenace of agent information co-operation management

operation

co-operation info to opc

co-operation management

own process control

self info request

co-operation management

own process control

info to be communicated

co-operation management

agent interaction management

required observations

co-operation management

world interaction management

required world info

co-operation management

maintenance of world information

other agents info request

co-operation management

maintenace of agent information

Table 1 Information links needed for the component co-operation management




The extensionof the genericmodelto include the componento-operation management iS shown below in
Figure 2.

/ ( agent task control ) \

info to becommunicate

self info reques

cooperation info to OP

@I self info for cooperatio
I communicatec
info to CM

other agents infc
for cooperation

other agents info requ

~

observed world info to CI world info to CM

required world infc

required observatior

- J

Figure 2 Component and interaction structure at the top level of the generic agent

Each of the processes depicted in Figure 2 can be described in more detail (see Figure 3). Refinel
of the componentsesponsible‘or the [Processeswn process control, agent interaction management, maintenance of

agent information, co-operation management, world interaction management, and maintenance of world information are presented

below in the following sections.

5.2 Own Process Control (OPC)

The agent componentOPC is a composedcomponentresponsiblefor determining, planning,
schedulingand monitoring an agent'sactivities. Furthermore,it is responsiblefor maintaining all
relevantinformationon an agent'sactivities and its status. Thesesub-processeare performedby
OPC's sub-componentsSietermine goals and commitments (DPC), assess information (Al), evaluate own processes
(EOP),pIan and schedule (PS) aNdhaintain own activities (MOA).



Determine Goals and Commitments (DGC)

DGC determines goals of an agent on the basis of its motivations, priorities, and deadline®kend its
within a system. Selection of a goal depends on motivation: motivation is a necessary predondition
goal selection. Selection of a goal implies individual commitment to the goal.

—— agent specific tasks

determine goals and commitments

assess information

—— own process control evaluate own processes
plan and schedule

maintain own activities

agent interaction management

maintain agent update agent information

information retrieve capabilities information

; I: prepare project commitments
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Figure 3 Process abstraction levels for a co-operative agent

Assess Information (Al)

The Al componenimaintainsall relevantinformation on an agent'sactivities: which information is
based on its own observations;which on own assumptions;which has been received by
communicationand from which source;and which informationhasbeenderived, and is basedon
which other information.

Evaluate Own Processes (EOP)

This component is responsible file evaluationof the progressof an agent'sactivitieswith respect
to its individual commitments. It involves monitoring relevant activities (its own and other agedts)
analysingmonitoringinformation. For instance the progressof an activity canbe comparedo the
scheduledduration and finishing time of the activity. If a sub-activity is taking more time than
scheduledthe schedulemay haveto be adaptedFurthermore,it is possiblethat due to the delay,
somegoal cannotbe reachedeforethe indicateddeadline.During analysisEOP may, for example,
deduce that the motivation for a goal has disappeared: this goal is then removed.



Plan and Schedule (PS)

The component PS is responsible ptanningand schedulingan agent'sactivities, uponrequestor

participation in a project by another agent or on the lmdsigormation receivedfrom EOPor DGC.

The component PS uses domain-knowledgatba setA of activities, calleda plan, that meetsthe
following criteria: (1) execution of the plan will lead to the fulfilmefta goal G, (2) the plan canbe
scheduled without contradicting prior commitments, (3) the plan matchpsahiéy andthe deadline
of the goal. If no suchplan and schedulecan be found, not evenby requestingthe help of other
agents, thisnustbe communicatedo EOP. Anothergoal canthenbe selectedby DGC. If anagent
cannot reach the goal G itself while respecting the priority and dedollitine goal may possiblybe
reached with théelp of others,thenall relevantinformationis transferredo CM, which will try to

Create a project to reach the goal.

Maintain Own Activities (MOA)
This componentstoresan agent'sown schedule,which actions an agent can perform (domain

dependentand which commitmentsan agenthasmadeto which goals. Commitmentscan be made
with respect to other agents and projects.

5.3 Agent Interaction Management (AIM)

The component AIM manages communication with other agents, in particular with team meingbers
project.It receivesinformation from CM which it transfersto (possible)participantsin a project.
Furthermoreijt receives(communicated)nformation from other agentswhich it transfersto other
relevantcomponentsFor example,upon receiving a new recipe, AIM determinesthe subsetof
recipe-elements that concern its own activities. This subset is passed on as "own priocesgion

to OPC. The whole recipe is transferred to CM.

5.4 Maintenance of Agent Information (MAI)

Upon requestMAI providesotheragentsor other sub-componentwith namesof agentscapableof
performingcertainspecifiedactivities. Two sub-componentareresponsibldor the performanceof
this ProCesSsSipdate agent information (UA|) andretrieve capabilities information (RC|).

Update Agent Information (UAI)
UAI maintains models of other agents known to an agent isatiodel of anotheragentconsistsof

statementshat expresshow co-operativethe otheragentsss, its availability (thatit normally hasno
time to help other agents, or normally is able to help), punctweilityrespecto deadlinesgt cetera.
UAI storesandupdatesits knowledgeby maintainingwhich activities other agentsare capableof
performing, the projects in which they participate and the goals to which they are committed.

Retrieve Capabilities Information (RCI)
RCI provides, for each activity, the names of all agents known to be capable of perfanactiyity
and the available meta-information concerning the exhaustiveness of the information.



5.5 Co-operation Management (CM)

The componentCM is a composedcomponentresponsiblefor all processesconcerningprojects,
projectcommitmentsand co-operation.The interactionbetweenthe componentof CM and CM's
environment is organized through the links depicted in Figure 2.

The componendooperation management needs the following types of information:
» goal, deadline, and necessary activities:  to create a new project

 capabilities of other agents: to find participants for a project
» commitments of other agents: to build a joint recipe

» observation information: to monitor existing projects

» communicated project information: to monitor existing projects

The componeniooperation management provides the following types of information:

* recipe elements relevant for possible participants
* joint recipe relevant for all participants
* monitoring information relevant for all participants

If a new projectis to be createdthe relevantinformation entersthe componeniGP through the link
(see Figure 4pquired project (Which transferghe information alsotransferredoy link seif info for co-operation
in Figure 2). The information GP needson otheragentsentersGP throughlink info on other agents (See
also links other agentsinfo for co-operation@Nd communicated info to cM IN Figure 2) and this information is
requested through linkguired info on other agents (S€€ also liNksfo to be communicated @Ndself info request iN Figure
2). The commitmentsmade in the createdproject and the information on the joint project are
transferredhroughlink commitmentgo output (seealsolinks info to be communicated @Nd co-operation info to
opc in Figure 2). The generated projéestransferredo MP to be monitoredthroughlink own generated

project.
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Figure 4 Composition of the component co-operation management

1C



If GP is activatedbecausea monitoredprojectis to be reconsideredihe relevantinformation is
transferredhroughlink monitoring info. Thelinks incoming project info (seealso link communicated info to cM N
Figure 2) an@wn generated project transfer the necessairnfformation on projectsthat MP hasto monitor.
For this purpose MP needs information which is requested through thediskmonitoring info (See also
links required observations andrequired world info iN Figure 2) and entersMP throughlink incoming project info (see
alsolinks observed world info to cM @andworld info to cM IN Figure 2). If necessarythe resulting monitoring
informationis transferredhroughthe links monitoring info &Nd monitoring info to output (Se€also links info to be
communicated @N0co-operation info to OPC IN Figure 2).

Generate Project (GP)

Giventhe goal G, motivationM, priority p, deadlineT, all possiblesetsA of activities with which
goal G can be reached, aadagent'sown capabilities,the componentGP hastwo main processes:
to prepare project commitments, and to generate and modify project recipes.

Links are definedto regulatethe interactionbetweenGP's componentsand its environment,see
Figure 5. Recipes ent®PC throughthe links recipe to be repaired (S€ealsolink monitoring info in Figure 4)
andrecipe to be prepared S€€ alSO linkequired project iN Figure 4). To preparethe commitmentsPPCrequests
information on other agents. These requastdransferredhroughthe link needed info on other agents info
on other agents (see also ligdgired info on other agents iN Figure 4), the answersenterthroughlink info on
other agents to PPC (@Nd linkinfo on other agents iN Figure 4). The informationproducedby PPCis transferred
to GMR through linkprepared project. While making therecipe GMR interactswith otheragentsthrough
the linksinfo for agents (and linkcommitments to output iN Figure 4) andinfo on participants (Seealsolink info on other
agents in Figure 4). The final recipe is transferred to the participants throughrditakagents..
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( Generate Project - task control )
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Prepare Generate
recipe to > PTOJ ect an(']. MOdlf}./e ‘
be repaired Commitments Project Recipe »
—»

recipe to

be prepared
info on other
agents to PPC

prepared project

info for agents

info on participants

- J

Figure 5 Composition of the component generate project

The componenPrepare Project Commitments (PPC) determinesa preferredsetA of activities
with which goal G can be reached. Usohgmain-knowledgé¢he dependenciebetweerthe activities
in A are determined, for example Byitical PathMethods.This (partial) orderingof the activitiesin

11



A (seeFigure6) is importantin the developmenbf arecipeR for goal G. Given this dependency-
graphPPC determinesvhich agentscanandarewilling to performactivitiesto help reachgoal G.
The dependency-grapfor A, the information(G, M, p, T), the relevantcapabilitiesof the willing
participants(including the agent'sown relevantcapabilities)and the correspondingnamesof the
agents, are transferred to GMR.

Figure 6 Dependency graph for a set of activities

Using PPC's information, the componentGenerate and Modify project Recipe (GMR)

designs a recipe R that conformghe interdependencidsetweenthe activitiesin A (thusleadingto

G's fulfilment). TherecipeR is interactivelydesignedby iteratively generatingand communicating
proposedecipeelementdo agentsinterestedn participation.For one activity more than one agent
may be approachedafterwardsa choice can be madeamongthe agentsthat respondedoositively.

Criteria for sucha choice can be, for example,the startingtime or whether the agentis already
involved in other activities.

A recipe element consists of an activity of Aydling participantcapableof performingthat activity,
a priority p anda deadlineT for that activity. At any stagea recipe elementis only selectedif all
activities on which it depends have already been scheduled. Therefore the generic model is instant
with a ‘wave model’ for the generationand communicationof recipe-elemenproposalsto other
agents(seeFigure 7). With a wave the processingof a (sub)setof activities that are still to be
scheduleds meant: generationof recipe elementsschedulingthese activities and simultaneously
communicatingheserecipeelementgo the agentsinvolved. Sucha waveis only finishedwhen all
proposedrecipe elementshave been confirmed by the agents executing them (possibly after
modification). A wave only containsactivitiesfor which all activities they dependon alreadywere
scheduled by recipe elements generated and confirmed (by the agents involved)fithemeevious
waves. To start with, the first wave containsall tasksthat can be executedimmediately, without
depending on previous tasks.

For example, in a third wave, only tasks octhat temporallydependon at leastone task (treatedin
the second wave) that depends on another task (that is treated in thavesand do not dependon

12



longer chains of tasks. In orderranimize the numberof participantst might be necessaryo send
several recipe elements of one wave to the same agent.

Figure 7 Four waves in a dependency graph

The willing participants accept, adapt or reject the proposed recipe eleAm@gtanceor adaptation

of a recipe elementimplies that an agentcommitsto this element. GMR adjuststhe partial recipe
dependingon the repliesfrom participatingagents. A recipe may be found that is acceptableo all
participants and that will reach goal G before its deadline. The duration of the recipe and team builc
is estimated on the basi$ the numberof activitiesinvolved, the numberof willing participantsand

the time neededfor communicatingrequestsand responsesThe time requiredfor communication
(dependingon the situation)is assumedo be known. In addition,communications assumedo be
error free. The resulting recipe is communicated to all participants.

Monitor Project (MP)

The component MP is responsible for the detection of the need for alterations to the project or the |
to stop the project. MP monitors the progress of the prdjecttderto performits task MP hastwo
sub-componentgssess viabilty @Nddetermine consequences.

The components and the links for interactwathin MP are depictedin Figure 8. Informationon the
projectto be monitoredandthe necessarynonitoringinformation entersAV through link project info.
The requestfor monitoring information and the resulting assessmerninformation is transferredto
CM's output interface through linkgssessment info to output @NOmonitoringifo to output (S€€Figure 4). Through
link assessment info to DC this information is also transferred to DC, whigkesit to determinechangedo
the joint project. Information on changes is transferred through thentinkSroject changes @nd monitoring
info to output (See Figure 4) to CM's output interface.From CM's output interfacethe information is
transferred to AIM through the linko to be communicated (See Figure 2).

13
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Figure 8 Components and Communication within the monitor project component

Assess Viability (AV) monitors the viability and validity of the recipe. To check the validitthef
project recipe, AV usesthe same considerationsas the sub-componentvaiuate own processes Of the
componenbwn process control. TO Monitor the process it usiegormation receivedfrom OPC, WIM and
MWI (its other components)lt can also actively formulate requestsfor observationainformation
from WIM, MWI or information of other agents via MAI and AIM.

Determine Consequences (DC) interpretsAV's monitoringresults. The componentDC issues
requests tdind new recipesor to adaptexisting recipes,to the componenkproject generation of CM and
issuescorrespondingnessageso the participants.DC also determineswhen a goal G should be
withdrawn (for examplebecausehe goal is unattainablethe goal hasbeenreachedpr becausehe
motivationfor the goal no longer exists) and preparesand issuesa messagdo that effect to each
participant.

5.6 Maintenance of World Information (MWI)

MWI contains the current world state as knowth®agent. MWI storesall information obtainedby
monitoring the world (also the material aspects of all agents including the agent itself).

5.7 World Interaction Management (WIM)

The component WIM is responsible for the executionldervationsand actions.An importantsub-
task of this component is the observation of the effects owadhiel of the processegxecutedoy the
other agents and by the agent itself.

Prepare Action Execution (PAE)
This component prepares the execution of actions determined by A&himgunicatingo the world
which actions should be taken.

Prepare Observation Execution (POE)

14



WIM preparespecificobservationsThe observationalnformation is transferredvia DOI to those
sub-components that analyse this information.

Distribute Observation Information (DOI)

Upon request,observationainformation is transferredfrom DOI to other components(including
MWI). DOI can also take the initiative to inform other componentgincluding MWI) of (domain-
dependent) important changes in the world.

6 Application to Project Co-ordination in Distributed Design

Co-ordination of complexngineeringorojectsoften entailsco-ordinationof individuals but also co-
ordinationof groups,often somehowrelatedto departmentsand/or project groups. Theseentities,
whether departments, project groups or individualgy be modelledas agents:eachwith their own
responsibilitiesand autonomy. In this sectionthe genericmodel of a co-operativeagent GCAM

presented above in Sectibns usedasa building block to modelthe co-operativedesignof aircraft
interior.

6.1 Design and co-ordination

Co-ordination of adesignprojectentailsco-ordinationof all phasesf designsuchasinitial design,
feasibility studies,designdefinition, and validation.In essencedesignentails co-ordinationof (1)
modification of requirements(2) modification of a designobject description,and (3) the design
strategy.In this sectiona simplified exampleof the co-ordinationof a routine design project is
addressed: the design of aircraft interior. Agents refer to individoagroupsof individuals) with a
specific task irnthe project. Requirementsre specifiedat the level of detail requiredfor verification,
including specification of the verification procedures.

A DesignProjectManager(DPM) is assignedhe task of co-ordinatingall designactivities for the
interior of an aircraft, foexamplethe designof the toilet unit, luggagebins, wardrobe,gallies, side
panels,andthe floors, oftenin closecollaborationwith the financial departmentThe responsibility
for the designof eachof the individual units is delegatedo a unit manage(UM) who, in turn co-
ordinatesthe designof more specific aspectsof that unit to specific engineers.The designproject
managerinteractswith a number of specialists:financial specialists,styling specialists,logistic
specialists tooling specialists,et cetera,to co-ordinatethe projectas a whole. At this level, co-
ordinationis clearly hierarchicallyorganised.Although relatively well-defined, the frequencyand
content of interaction and co-operation is not as easily specified.

Detailed design at the level ofe of the units, however,will be usedto illustrate the approachThe
unit managerconsideredreceivesrequirementdor the aircraft as a whole, togetherwith technical
specifications for a specific unit, in our example the toilet unit. He/she is responsibleifdetnated
designof the unit, but also for interactionwith other unit managersand the project manager,in
particularwith respectto control and configuration managementThe unit managerco-ordinates
detailed design of the unit: he/she examifpestial) designsproducedby designengineerseglectrical
engineers, and systems engineers, identifies inconsistencies, and interacts with the
designers/engineer® find solutions. The unit manageris responsiblefor the provision of
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information within his/heunit group; for example the mostrecentversionof the integrateddesign,
relevant guidelines and decisions taken within the project management group.

The engineersjn turn, co-ordinatetheir own design processesDesign engineers,for example,
interact not only with electrical engineers and systems engiregglsowith otherexperts,suchas
product specialists, purchasing department, tooling specialists and styling specialists, when
necessary. When and how otlspecialistsareinvolved, is left up to the discretionof the individual
engineers: they themselves define virtual organisations

For the sakeof simplicity, the aboveexampleof designwill be modelledfor one unit, with one
engineerof each signature. These engineerswill most often representa group of engineers
responsibleor the tasksassignedn this model. The patternsof communicationbetweenengineers
are, however, comparable.

Interaction between agentsmodelledby informationlinks, controlledby the agentfrom which the
links originate. The double-arrowed lines in FiguBeand 9 depictthe informationlinks that specify
the exchange of these types of information between agents.

To describethe interactionbetweenagentstwo scenarioswill be sketched.First the creationof a
project is sketched from the perspective of a design project manggection6.2. A systemtraceis
presentedor the creationprocess sketchingthe activationof agents,component®f agentsandthe
information communicated througime. As an exampleof projectexecutionthe designof a unit is
describedrom the perspectiveof a designengineerin Section6.3, partof which is presentedn a
system trace.

6.2 Communication during project creation

In this sectiona scenariofor projectcreationis described An agentdecidesto organisea project to
reacha given goal: in the examplethe goal of the designproject organisedby the Design Project
Manager (DPM) is to design the interiofr the aircraft, in particularthe designof the toilet unit. The
DPM, for instance considersdependenciebetweenactivities such as co-ordination,designof the
construction,design of electrical systems, design of other systems, styling, and tooling. The
organisingagentDPM thenidentifies otheragentscapableof performingthe activities (e.g., a Unit
ManagerUM, a DesignEngineerDE, an Electrical EngineerEE, a SystemsEngineerSE, a Styling
SpecialistSS, a Tooling SpecialistTS, et cetera).Each of theseagentsis modelledas a specific
instantiation of the generic co-operative agent model GCAM described in Section 5. The
communication patterns are depicted in Figure 9. A trace of a process of project formation imshow
Table 2.
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Figure 9 Communication during project creation

Project creation scenario

Table 2 depictshow, in this scenario(for eachagent)eachof the instantiatedcomponentf the

generic co-operativeagent model GCAM is involved in the processof project creation. The

component OPC of the design project manager (DPM) has the giedigman aircraft (1). To reach
this goal, DPM needs help. Thus, his component GP (part of CM) is activajedei@atehe project.

Immediately, PPC (part of GP) is activatedigierminewhich activities are neededo reachthe goal

and whichpossibleteammemberdor the project(2) canbe found. For this purposeDPM requests
possible participation from design engineers,electrical engineers, systems engineersand unit

managers. The requests are initiated by DPM's AIM component (3). Each chdleesgeceivesthe

request through its own AIM component (4), and each considers the reayasssibleparticipation
in its own componeniOPC(5). Eachagent'sAIM componenteturnsan answerto the request(6).

DPM receives the agents' respon@asoughthe AIM component)7). The repliesareforwardedto

the PPC component,which doesthe administrationof project activities and commitments.This

informationis transferredo GMR, the componentresponsiblefor the creationof the final recipe.
Both PPC and GMR interact frequently with possible participants (iterating steps 3 through 9).

The OPCsof the willing participantscheckto seeif the activitiesassignedo themfit in their own
schedules (12). Informatioon the succesr failure of their schedulings transferredoy their AIM
componen{13) to the AIM componenbf DPM (14), which forwardsit to GMR (15). By iterating
steps 1ahrough15, GMR createsa final recipe.The resultingrecipeincludesthe global goal (i.e.,
aircraftto be designedgiven global requirementsand specifications)and recipe elements.A recipe
element related to the design of a unit includes the following information:

» general requirements and specifications

« the specific requirements and specifications for thetarbe designedbasedon the initial
design of the whole aircraft),

* one unit manager (UM),
» one design engineer (DE),
» one electrical engineer (EE), and

e one systems engineer (SE).
The resulting recipe is communicated to each otitiemanagersy AIM (16). The CM component
of DPM makes sure that the resulting recipe will be monitored by its sub-component MP (16).
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After the unit groupshavebeenformed the unit managerschedulethe designprocessof their unit,
following a similar pattern. For example, the unit manager responsible fdesignof the toilet unit

(i.e., toilet basin, countertop, sink and cabinetcombination,et cetera)decidesthat the design
engineer involved shoulchakean initial designfor the electricalengineerand the systemsengineer.

To ensure that the electrical engineer and the systems engineer can start as quickly as possible, tt
manager initiallygivesthe toilet basinthe highestpriority comparedo the top counter,the sink and

the cabinet combination.

time agent agent sub sub-sub-
point component component component
1. DPM OPC
2. DPM CM GP PPC
3. DPM AlM
4. other AM
5. other OPC
6. other AIM
7. DPM AlM
8. DPM CM GP PPC
9. DPM CM GP GMR
10. DPM AlM
11. other AM
12. other OPC
13. other AIM
14. DPM AlM
15. DPM CM GP GMR
16. DPM AlM
CM MP

Table 2 System trace: project creation

6.3 Communication during project execution

The unit managemreceivesrequirementsand specificationsfrom the design project manager.This
information is forwarded to the design engineer, the electrical enginetressystemsengineer.The
communication patterns between team members and other experts are depicted in Figure 10.
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Figure 10 Communication patterns between design agents

7

A

The communicatiorbetweenteammembersncludesboth objectand meta-levelinformation. Object
level information includes information on, e.g., the design object description, thedalilarouting,
switch dimensionsand positions, the initial design, product information. Meta-level information
includesrequestdor information, evaluationinformation on the designobject description,conflicts
between routing of cables and the initial design, and information on the design process (e.g., plan
and scheduling). Requirements sad(fire) safetyrequirementsare not specifiedexplicitly but are
assumed to be known to the managers and engineers.

In addition, the unit manager provides each engineer with relevant guidelines and planning
information (e.g., deadlines ampdiorities). Guidelines,suchas, ‘Use aluminuminsteadof stainless
steel if at all possible’, may evolve during the design processat unit managementevel. Such
guidelinesare forwarded immediately to the engineers- often causing modificationsto existing
(partial) designs.

The design engineer first analyshs information on the position of the unit. The initial contoursof

the unit and planeswithin the unit areidentified. This initial sketchis given to the other engineers.
This sketch roughly indicates where electrical, air-conditioning and water systems should be

positioned.The electricalengineerand the systemsengineerstart working on a first draft of their

systems, roughly following the priorities provided by the unit manager.

Expectations of théme involved in manufacturingguide the designstrategyand thus schedulingof
sub-tasks. The unit manager had initiglyen the toilet basinhighestpriority. The designengineer,
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however, expects the counter-top, sink and cabinet combination to be more c@hplieskorms the
unit manager of her intention to wook the counter-top sink and cabinetcombinationfirst, andthe
reasons for this decision. One of the reasons is the fa¢ch#éh@quirementgliffer considerablyfrom
previousdesigns,implying that extensiveinteractionwith suppliers,product specialistsand tooling
specialistsis required. The unit manageragreeswith the argumentationand informs the other
engineers of the change in priority.

The design engineer designs and positions the cabinets, the sink and the counter top. Different og
are explored:propertiesof material,appearancefunctionality, et cetera,are analysedin interaction
with specialists. An example of the types of interactioiolved is illustratedfor the requirementhat

the overflow in the sink should not be immediately visible. This requirementmandates,n our
example,

* interactionwith the purchasingdepartmento determinewhethersinks exist for which the
overflow is closer to the user than to the wall (so that it cannot be seen),

* interactionwith the productspecialistto determinewhetherandhow a sink can be madeto
fulfil this requirement (if possible using standard components),

* interactionwith the tooling specialistto determinewhetherspecifictooling is requiredin the
production process.

The design engineer discusses the different options with the systems engineer (pabiionaif is
of importance), and thelectricalengineer(the position of the sensorto activatethe waterflow is of
importance), and proposes a solution. If the unit manager agrees, the solution is accepted.

A similar pattern of communication is required for the counteataghthe cabinetsjn which casethe
styling expertis consultedfor input on the preciseshapeof the combination.The processsketched
above is described below in more detail, with a system trace as shown in Table 3.

Project execution: design scenario

Table 3 shows how, in this scenario(for eachagent)eachof the instantiatedcomponentsof the
generic co-operativagentmodel GCAM is involved in the processof projectexecution.During the
design process for the counter top and the cabinetothponentAST of the designengineemmakes
a partial initial design(1) which is communicatedby its AIM component(2) to the unit manager
(UM), the electrical engineer (EE) and the systems engineer (SE).

The AIM components of the electrical and systems engineer (3) forward the initial thetsigit own
AST components (4). Th&lM componentg5) of theseagentsthensendthe initial designsof their
systemsto the unit managerand the design engineer.Their AIM components(6) transferthese
designsto the respectiveAST componentg7). The electricalengineersendsan initial designof the
electrical cable routing, the system design sends an initial design of all other systems.

The design engineer's AST component positions the eleatabldrouting in her currentdesignand
discovers a problem: the cable routohigectly crossesmountingpoints of the cabinet(7). Using her
AIM component (8), thelesignengineerinforms the electricalengineerand the unit manageiof this
problem.The informationarrivesin their AIM componentq9) andis transferredon to their AST
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components (10). The AST component of the electrical engswdessthe problemby re-routingthe
cable.

time agent agent time | agent agent
point component point component
1. DE AST 11. EE AlM
2. DE AIM 12. DE AM
UM AlM
3. EE AlM 13. DE AST
ISE AIM
4. EE AST 14. DE AM
SE AST
5. EE AlM 15. EE AlM
SE AlM SE AlM
UM AlM
6. DE AM 16. EE AST
uMm AlM SE AST
7. DE AST SE AlM
UM AST
8. DE AM 18. EE AlM
9. uMm AlM 19. DE AlM
EE AlM
10. EE AST 20. DE AST
UM AST

Table 3 System trace: project execution

The solution is communicatedoy the AIM component(11) to the design engineerand the unit
manager;they receive the solution in their AIM component(12). With the solution, the AST
component of DE can resume its work (13).

To finalise the designof the countertop, sink and cabinetcombinationthe AST componentof the
design engineer needs more detailed information on switches, light points, sensors, et cetera, fror
electricalengineerthusa requestis communicatedby the designengineer'sAIM component.The
design engineer also needs more detailed information on pipes and drains (size, mounting
specifications, screws, et cetefem the systemsengineeragaina requestis communicatedy the

AIM componentln both caseghe unit manageis informedaswell (14). The AIM component®f

the EE, SE and UM receive the request (15).

The AST component of EE has to reschedule some of its sub-processes totpisunfiermationas
soonaspossible(16). This is importantfor the acquisitionof the necessarymaterialsand tooling.
After rescheduling, the information is communicated by EE's AIM to the design engineer (18).

In the mean time, the AST component of SE (16) is able to provide the information imme@&i&taly,
AIM component (17) sends the information to DE. The design engineer rett@wermationfrom
EE and SE, and via AIM (19) am&ST (20) proceedgo designthe toilet basin,requiringinteraction
with both the electrical engineer and the systems engineer.
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7 Application to Distributed Scheduling for Call Center Support

In this section another applicationtbk genericco-operatiormodelis describeda distributedmulti-
agentschedulingsystemto supporta Call Center.An increasingnumberof Call Centresare now
providing 24 hour service to their customers. One oftleasof industryin which this phenomenon
has become manifest is finance. iloreaseservicelevel, the Rabobankpne of the largestbanksin
the Netherlands, for example, now provides its bank relations 24 hour a day telephone service.

This sectiondescribesa prototypesystem,developedn closeco-operatiorwith the Rabobank that
automaticallyschedulegrocedure®on the basisof client requestsforwardedby a call centre.This
system, a multi-agent system, uses a generic model of co-operation basediotefdiohsto model
the two typesof automatedagentsinvolved: the work managerand personalassistantsinteraction
with the otheragentsnvolved: the client, the call centreemployeeand all other employeesjs also
explicitly modelled.

More detail on the Rabobank itself with respect to dpiglicationis providedin Section7.1. Section
7.2 describes the multi-agent approach to this problem. Sectiale3cBbedhe work managerThe
conceptuaimodel of the personalassistants describedn Section7.4. The role of the employeeis
discussed in Section 7.5.

7.1 Problem Description

The Rabobankis one of the largestbanksin the Netherlandswith a co-operativestructure with
autonomous branch offices, each responsible for specific geographical areas. These local
organisations (local banks) all service both the consumer market and industry.

7.1.1 The Problem

The Rabobank’saim is to achievea strongerpositionin the financial marketby using its resources
more efficiently and effectively, and binding potential clients directly to the bank. As, in today’s
society, clients and potential clients are more inclitweslvitch betweenserviceprovidersthanin the
past,dependingon the servicelevel providedandthe costinvolved, the task of client advisorshas
become more proactive: to focus both on finding new clients and satisfying existing client needs.

7.1.2 The Organisational Solution

Part of the solution the Rabobankhas adoptedis 24 hour a day availability togetherwith new
proceduresaimed at binding clients directly to the bank. Clients’ requestsand questionscan be
divided into three categories:

» simple questionghat canbe answereddirectly by teller personnel,e.g. a questionaboutthe
current advertised interest rates for the different types of savings accounts the bank offers.

» simple questionand requestghat canbe handledright away without any further contactwith
the client but require further processing, e.g. a request for new cheques.
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complexqguestionsandrequestsvhich needthe attentionof a client advisor, e.g. an inquiry
about a mortgage.

The assumption behind 24 hour a day service is that clients will be less likely tarshopgand take
their business elsewhelrié their requestsare takenseriously.Operatorsof the call centrehavebeen
trainedto dealwith the relatively simple client requestsThesesimplerequestgthe first two types)
amount to abouf 0 percentof the calls. This approachreduceshe numberof simple requestslient
advisors need to addre$saving moretime for otheractivitiessuchas, for example,more complex
client requestsor client acquisition. Operatorsscheduleappointmentsfor clients with complex
requestswvith a qualified client advisor. It is importantthat the appointmenttakesplace as soon as
possible.

As local banksare autonomousthe agendasof client advisorsof the local banksare not directly
available to the call centre. The overall procedure employed is as follows:

1
2.
3.

A client or a potential client calls the local bank and the call is redirected to the call centre.

If the request of the client is relatively simple, the operator deals with it right away.

If the requestof the client is more complexand needsto be servicedby a client advisor, the
computer systerof the operatorcontactsa computersystemat the local bankwith a requestfor
service.

The computersystemat the local bank determinesf this requestcanbe servicedand suggestsa
number of possible appointments with the client. The client can choose one of these appointme
The computer system at the local bank can do this by selecting an appmocaidureo service

the requestand schedulethe activities of that proceduren the agendasof the employeesof the
bank

Within the Rabobankprocedureshave been defined for most types of client requests.These
proceduresare all specifiedin a processdefinition language,defining the workflow within the
organisation. In this section a simplified versamfnthe procedurefor dealingwith requestgelatedto
financing consumer expendituieusedto illustrate the typesof activities (andthe relationsbetween

acti

vities)to be scheduled.The procedurefor dealingwith requestsrelatedto financing consumer

expenditure as specified by the Rabobank,consistsof 22 activities of which 8 are completely
automated(including, for example,information retrieval, calculationsand provision of standard
contract conditions). In short three types of loans can be provided for consypeaditure personal
loans, revolving credit, and studentloans. This paperfocuseson three(groupsof) activities within
this procedure:

Client advise (requiresactivities such as the acquisitionof information on credit rating and
financial status(including currentincomeand expenditure) analysisof availableinformation,
decision with respect to maximum loan, overview of possible options)

Written agreemen(requiresadditionalinformationfrom the client and possiblyother sources,
possiblyrequiring approvalby authorisedoersonsdependingon factors such as amountand
risk involved)

Administrative transaction.
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Employeesarefully responsibldor their own agendasThey canrefuseor changeappointmentsn
their agendasChangedo an employee’sagendashouldtakethe profile andwishesof an employee
into account,e.g., the employee’s preferencesfor specific types of activities, the employee’s
capabilitiesand authorisationwith respectto specific activities, the employee’s preferencesfor
allocationof specificactivitiesto specifictimesof day, or the employee’savailability (e.g., due to
holidays or illness).

7.2 A Multi-Agent Perspective

The problem description clearly defines the problera distributedproblem:one call centreservices
several local banks as depicted below in Figure 11.

Local Bank
Client Work Manager
Agent
[ ] [ ]
Call Center
. .
[ ] [ J
Local Bank
Client Work Manager
Agent

Figure 11 One call centre for several local banks

As describedabovein Section7.1, the clients, the local banksand the call-centreare autonomous,
distributedentities: entities responsiblefor their own internal processesn interactionwith (andin
response to) other entities. As described the entiedved fulfil the characteristice®f weakagency
proposed by (Wooldridge and Jennin§895): autonomy(all agentsarein full control of their own
processes), social abilifall agentsare ableto communicateand co-operatewith otheragents) pro-
activeness (all agents are able to initptecesseindependentlyandtake the initiative to initiate new
processesvhen necessaryyand reactivenesgall agentsare able to respondto new incoming
information. In fact, to model the activities involved, a more detailed analysis of theiactdved is
required: in this example the local banks not only have a Work Manager b&nafdoyeesA multi-
agent system has been designed to provide this functionality.

To perform the tasks distinguished abové&attion7.1 appropriatelythe systemasa whole, needs
to satisfy the following requirements:

1. The systemneedsto be able to copewith changesmadeby employeesAn employeecan
change his/her agenda, s/he can:
a) refuse to perform a specific activity.
b) refuse to perform it within a specific period of time.
C) reschedule his/her agenda.
d) delay some of the activities.
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2. The system needs to know :
a) the capabilities of the employee.
b) the preferences of the employee (e.g., time periods during which the emgtmyses
does not want to perform specific kinds of activities).
C) the availability of the employee (e.g., holidays).

3. The system may only reschedule the agenda of an employee in a way that respects the pro
of the employee.

4. The system needs to be able to interact with the each and every employee’s agenda.

The prototype multi-agentsystemdesignedto supportthe call centreconsistsof the sevenagents
Client, Call Centre Agent, Work Manager, two Personal Assistants anfinywtoyeesandincludes
a global clock to ensurethat the schedulesf the PersonalAssistantsare synchronisedwith the
schedules of the Work Manager. More detailed descriptions of a Mankager,a PersonalAssistant
and (an interface for) an Employee, are provided in Sections 7.3, 7.4 and 7.5.

7.3 Work Manager

To successfullydevelopa supportsystemfor co-operationin a complex, dynamic and not always
predictableenvironmenta well-definedand transparentnodel of co-operationis required:a model
thatis robustand flexible enoughto cope with unexpectecevents.In the genericmodel of a co-
operativeagentGCAM specifiedin Section5, agentsare capableof organisingand monitoring
projects to reach given goals. This section describes how this generic model has been refined to ¢
an instantiatednodel of the Work Manager.How the genericco-operativeagentmodel GCAM was
tuned (specialised and/or instantiated) to this application is discussed for each of its components.

As describedn Sections7.1 and 7.2, a Work Manageris free to decidewhetheror not to accepta
requesttcommunicatedy a Call CentreAgent. If, after interpretationof a requesta Work Manager
decides to accept the request, this request is translated into a goal for the Work Manager to adopt.
part of the processof the Work Manageris modelledwithin the Work Manager'scomponentown
process control. TO achieve the adopted goal, co-operation with Perggssastantds required.Within

the componenooperation management the Work Manageselectsan appropriateplan (the procedureo
which the Bank’s descriptionof the application domain referred) for this goal and determinesa
scheduldor the activities in the procedure.The Work Managerasks PersonalAssistantsof those
Employeesselectedo executethe schedulgthis communicatioris managedy its componentagent
interaction management) Whether or not they catommitto specificactivities.If a proposedschedules
accepted by all relevant Personal Assistants, the Work Manager sedetts possibleappointments
with the client and communicates this set to the Call Centre Agent. If né/dHeManagemeedsto
either adapt its schedule or choose another procedure, depending on the information comrbynicate
the Personal Assistants. This process is discussed in more detall in this section.

7.3.1 Agent Interaction Management

The componentagent interaction management IS composedof two componentSincoming communication
management and outgoing communication management. A Work Managercan communicatewith eitherthe
Call Centre Agent or a Personal Assistant.
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Management of incoming communication

Within the componentincoming communication management inCOMing communicationis analysedand
communicatednformation identified. For example, the following types of information can be
identified:

* anew request (from a Call Centre Agent)

« commitment:a PersonalAssistantcommitsto activity A, with deadlineD, priority P, earliest
starting time E, and latest starting time L.

» conditional commitment: a Personal Assistant commits to the request under the condition that
Work Managerrelievesit of the commitmentto activity A’ that hasa lower priority P’ than
activity A.

» refusal:a PersonalAssistantcannotcommitto activity A, with deadlineD, priority P, earliest
starting time E, and latest starting time L.

» aprogresseporton alreadyscheduledactivities (from a PersonalAssistant);e.g., a reported
delay.

Monitoring information communicatedoy a PersonalAssistantin the form of a progressreport
specifies whether the Personal Assistant expects its emptopeableto performa specific activity
A (within a giventime slot). A PersonalAssistantcanreport, e.g., thata commitmentA cannotbe
kept because no start has been/will be made at time L, the deadline D will not bethehecessary
information/material regarding A is not available.

Dependingon the type of information received,the implicationsfor information to be providedto
appropriatecomponent(s)within the Work Managerare identified. For example, communicated
information on a new request from a Call Centre Ageneededoy the Work Manager'scomponent
own process control, Whereas the other twgpesof communicatednformationlisted aboveare needed
by the componertboperation management.

Management of outgoing communication

The component outgoing communication management preparesthe following types of outgoing
information:

» appointment proposals (to a Call Centre Agent)

e commitment requests (to a Personal Assistant)

» commitment confirmations (to a Personal Assistant)

The information to be communicateds provided by the componentcooperation management, and
transferred tagent interaction management through the information linkooperation info to AIM. Preparation
of communicationincludes,for example,labelling outgoing communicationso that the agentsthat
receive the information can refer to this information in their reply.

7.3.2 Own Process Control

26



Within the componendwn process control requests communicated by the Call Centre Agenaiaatysed
and the decision whether or not to acaeptquestandasa consequencadopta goal to respondto

the requestas one of the Work Manager’'sown goals)is made.The agent’'sown characteristicare
explicitly representedvithin this component Examplesof specific agent characteristicare: that a

request for a certain type of client (e.g., for a known client) is to be given priority, oethestsor

credit card services are processed with higher priority than student loan services.

7.3.3 Maintenance of Agent Information

Within the componeninaintenance of agent information the Work Managermaintainsinformationon the
capabilities and preferences of the other ag@ns.exampleof information maintainedoy the Work
Manager is the information a Work Manager has on the activities for which aRgvsanalAssistant
can be approached.

7.3.4 Co-operation Management

As discussed in Section 5, the componesderation management CONSistsof two componentspne for
the generationof projectsand one for the monitoring of existing projects (see Figure 3). The
refinementof eachof its componentdo the applicationdomainis discussedn more detail in this
section.

Generate Project

As presentedn Section5, the componentgenerate project iS composedof two componentSprepare
project commitments, aNdgenerate and modify project recipes (SeeFigure5). Within the componengenerate
project the componentprepare project commitments receivesthe Work Manager's own goals. The
componenprepare project commitments’S aim is to determine procedurtit can be followed to achieve
a given goal. This is performaging knowledgerelatingrequestdo proceduresfor exampleof the
following form:

if own_goal(appointment_request(service(credit_card)))
then selected_procedure(procedure(cp2))

To determinewhich activitiesare requiredto executethe procedure knowledgeis usedthat relates
proceduredo activities, and knowledgethat definesdurationof activities, and temporal relations
between them; for example knowledge of the form:

if selected_procedure(procedure(cp2))

then selected_activity(activity(al), duration(5))
and selected_activity(activity(a2), duration(3))
and precedence(activity(al), activity(a2))

Within the componentgenerate project the componentgenerate and modify project recipe receivesthe
selectedactivities, their durationandtemporalrelationsbetweenthem. It determinesvhich Personal
Assistant is capable of taking responsibility for a given activity (using agent infornmagioiainedn

maintenance of agent information) and proposesa schedule.This processinvolves intensiveinteraction
with the PersonalAssistantsand may iterate a number of times (accordingto the wave model
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introducedin Section5), until the proposedscheduleis acceptedby all participating Personal
Assistants.

Monitor Project

Progressof the procedureis monitored within the componentmonitor project. For example, this
componentdetermineswhen a goal should be withdrawn (for example, becausethe goal is
unattainablepr the goal hasbeenreachedjand preparesandissuescommunicationto that effect to
each participating Personal Assistant.

7.4 Personal Assistant

All PersonalAssistantsare also modelledas a refinementof (the part of) the genericmodel of a co-

operative agent GCAM. This sectidescribehow this genericmodelhasbeenrefinedto obtainan

instantiated model of theersonalAssistant.For eachof the component®f the genericco-operative
agent model GCAM it is discussed how this componentturzexd (specialisecand/orinstantiated}o

this application. Only four componentsare used: own process control, agent interaction management,

cooperation management, and maintenance of agent information. A PersonalAssistantcommunicateswvith

both the Work Manager and the Employee.

7.4.1 Interaction with the Work Manager

A Personal Assistant (PA) receives requests from a Work Manager for:

1. a commitment to a specific activity A before a certain deadline

2. (possiblywith) additionalinformation on the importanceof the activity (priority P), the earliest
starting time (E) and the latest starting time (L).

3. cancellation of a commitment

4. monitoring information on a specific activity A.

Requests for commitment and cancellation

Incoming communicationin the form of requestsfor commitment(from the Work Manager),is
analyzedandthe relevantcommunicatednformation is identified and classified (comparableto the
processdescribedn Section7.3.1). An identified requestfor commitmentis transferredfrom the
componenkgent interaction management t0 the componersivn process control. The componenbwn process
control decides whether or not to accept a request as a goal for the Personal Assistant (seef&@ection
further explanation). If @equestis acceptedthis informationis transferredo componentooperation
management. The componentcooperation management IS composedas discussedin Section5. The
componenprepare project commitments determinesvhetheror not the Employeethe PersonalAssistant
representss capableof performing the activity, and the componentgenerate and modify schedule
determinesvhethera new schedulecan be generatedn which the requestedcommitmentcan be
awarded.If a new schedulecanbe generatedthis scheduleis forwardedto the componentmonitor
project. The componenimonitor project usesinformation aboutthe schedule,commitmentsto identify
contradictions and to take appropriate action.

If a new schedulecannotbe generatedby the componentgenerate project Without changingexisting

commitmentgwith informationacquiredby the componentprepare project commitments), information
about the nature of the conflict is transferred to the compage@iinteraction management: commitment
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canonly be acquiredif a commitmentwith lower priority is cancelled,otherwisegiven the current
priorities and schedule,commitmentis not possible. The componentagent interaction management
manages the communication on the issue with the Work Manager.

Requests for monitoring information

A Personal Assistant also receiveguestdor monitoringinformation. Theserequestsareidentified
by the componernigent interaction management andtransferredo the componentooperation management.

Within the componentcooperation management, the component monitor project iS responsible for

monitoring the execution of a procedure, and providing the necessary inforiglatarghthe output
interfaceof the componentcooperation management) to the componentagent interaction management tO

communicatdo the Work Manager.To monitor a procedure the componentmonitor project requires
information on the currentstatusof a procedure.This is transferredto the output interfaceof the
componentooperation management, and from thereto agent interaction management, Which manageshe
communication with the Employee.

7.4.2 Interaction with the Employee

The PersonalAssistantrequestsinformation about current commitmentsand schedulesfrom the
Employee. These requestsare devised by the componentmonitor project within the component
cooperation management. In addition, the componentreceives information communicatedby its
Employee without havingnitiated interaction.An Employeemay provide informationon changesn
his/herschedulewithout having beenexplicitly requestedo do so. This informationis identified in
agent interaction management and transferredto the componentcooperation management. Within the
componentooperation management the componentonitor project detects possible new conflicts.

7.5 The Employee

Within the multi-agent system the Employee onlgractswith his/herPersonalAssistant,asshown
in Figure 11. Interaction with the Employee is modelled byirttexfacein the prototypesystem.The
interfacepresentghe contentsof the agendaasreceivedfrom the PersonalAssistant.The interface
allows for the Employeeto make changego the agenda.Thesechangesare communicatedo the
Personal Assistant. laddition,the Employeecan makechangedo the Employeeprofile maintained
by the Personal Assistant.

More details of this multi-agent system for distributed agenda schedulingaarttextof Call Centre
support can be found in (Brazier, Jonker, Jingen and Treur, 1998).

8 Discussion

Multi-agent literature focuseson modelling interactionbetweenagents, most frequently basedon
informal modelsof interaction; see (Wooldridge and Jennings,1995). In this paperone of the
informally describedmodelsof agentco-operationJennings,1995) has beenusedto developand
formally specifythe genericmodelof a co-operativeagentGCAM. The compositionaldevelopment
method for multi-agent systemsDESIRE supportedthe principled design of this model of co-
operation.
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To illustratereusabilityof the genericmodel GCAM, two applicationdomainshavebeenaddressed:
collaborative engineering design, and Call Centers. Collaborative, concemgnéeringprojectsare
complex. The co-ordination of these projects in virtual environments, in particular the co-ordination
conflicting (partial) designs, interests, models, requirements (@g.requirementsmposedduring
design), et cetera, requires extensive knowlexfghe designprocess of the availableexpertiseand
skills, of dependencies and, in particular, of the consequercasdification. Recentlya numberof
tools and serviceshavebeendesignedo supportspecific aspectsof the co-ordinationprocess;for
example,(Bahler, Dupont and Bowen, 1994; Cutkosky, Engelmore,Fikes, Gruber, Genesereth,
Mark, Tenenbaunand Weber,1993;Klein, 1995; Petrie,1994; Goldman,1996; Gupta, Chionglo
and Fox, 1996; Maurer,1996). In Section6 a multi-agentperspectiveto project co-ordinationwas
presented in which each agent is obtained as an instantiation of GCAM.

Another applicationof the co-operationmodel has been developedin the domain of Call Center
support. Moreand more organisation®offer a 24 hour a day telephoneserviceusinga call centreto
co-ordinatethe serviceprovided. Without supportto really supportclients, by, for example,being
able to schedule appointments wétlelient, sucha serviceis of limited value: only simple questions
can be answered. Thimperhaspresenteda multi-agentsystem,introducedto increasehe value of
24 hour a day service Igupportingcall centresin making appointmentsand schedulingactivities of
employees in preparation of such appointments. This multi-agent system architecheenzgplied
to the banking domain,in co-operationwith (and partially funded by) the Rabobank,one of the
largestbanksin the Netherlandsin this systemschedulingis a co-operativedistributedeffort: each
Employeeis representedy its own PersonalAssistantagent(that also maintainsthe Employee’s
agenda),and a Work Manageragent co-ordinatesthe schedules,and the client's requirements
(through the Call Centre Agent). Each of the agentsdeaslopedas a refinementof the genericco-
operative agent model GCAM.

As shown in this paper compositiofaESIRE modelsspecify processesand knowledgeat different
levels of abstractiorinformation exchangebetweenprocessesnd processsequencingare explicitly

defined at eachof the levels distinguished.Different levels of abstractionwithin the knowledge
composition structure information types and knowledge bases.Reuseof generic models within

DESIRE is supportedby their transparentcompositionalstructure. This paper shows how the
compositionalgenericspecificationsof the model GCAM can be usedin a variety of situations,
instantiatedor the specificdomainof application.By formally specifying not only the knowledge
involved, but alsothe typesof interactionand co-ordinationpatternsrequiredduring thesetypes of

projects, more detailed insight is acquired in the required support for project co-ordination.

The compositional approach to agent design followed in this papsphasaspectsn commonwith

objectorienteddesignmethods;e.g., (Booch, 1994; Coleman,Arnold, Bodoff, Dollin, Gilchrist,

Hayes,and Jeremaes] 994; Rumbaugh,Blaha, Pelerlani,Eddy, and Lorensen,1991). However,
therearedifferencesaswell. Examplesof approacheso object-orientecagentspecificationscan be
found in (Aridor and Lange, 1998; Kendall, Murali Krisna, Pathak,and Suresh,1998). A first

interesting point of discussida to what the differenceis betweenagentsand objects.Sometendto

classify agentsas different from objects.For example,Jenningsand Wooldridge (1998a)compare
objects with agents on the dimension of autonomy in the following way:
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‘An objectencapsulatesomestate,and hassomecontrol over this statein thatit canonly be

accessed amodified via the methodsthat the objectprovides.Agentsencapsulatstatein just

the same way. However, we also think of agents as encapsulating behavior, in talditde.
An object does not encapsuléghavior: it has no control over the executiohmethods- if an

objectx invokes a methooh on an objecy, theny hasno control over whetherm is executed
or not —it justis. In this sensepbjecty is not autonomousasit hasno control over its own

actions.In contrast,we think of an agentas having exactly this kind of control over what
actions it performs. Because of this distinction, wendtthink of agentsasinvoking methods
(actions) on agentsrather,we tendto think of themrequesting actionsto be performed.The

decision about whether to act upon the request lies with the recipient.’.

Some others consider agents as a specific type of objects that are able to decide by themselves w
or not they executa method(objectsthat cansay ‘no’), andthat caninitiate action (objectsthat can

say ‘go’).

A differencebetweenthe compositionaldesignmethodDESIRE and object-orienteddlesignmethods

in representationof basic functionality is that within DESIRE declarative, knowledge-based
specificationforms are used,whereagnethodspecificationgwhich usually havea more procedural
style of specification) are used in object-oriented design. Another difference is that within DESIRE -
composition relation is defined in a more specific mannerstiitec aspectdy informationlinks, and

the dynamic aspectsy (temporal)task control knowledge,accordingto a prespecifiedformat. A
similarity is the (re)useof genericstructuresgenericmodelsin DESIRE, and patterns(Alexander,
1977, Gamma, Helm, Johnson, and Vlisside&¥95; Fowler, 1997; Grand, 1998)in object-oriented
design methods, althoudheir functionality and compositionalityare specifiedin different manners,

as discussed above.

Other approaches include the useanfgentco-ordinationlanguage an informal architecturefor the
designof hierarachief co-operativeagentsand an informal architecturefor a generic agent, as
described below.

COOL (Barbuceanu & Fox, 1995) is an agent co-ordination language that focukespecification
of co-ordination between agents (such as the co-ordination required in a supplyRdnrdncean&
Fox, 1996)). It usesfinite statemachinesto describethe flow of communicationbetweenagents
basedon a fixed numberof speechacts, such as propose,accept,and reject. The main difference
betweenDESIRE and COOL is that COOL focuseson a specific way of modelling co-ordination
between agents and not on the architecture afgentitself, while DESIRE providesgenericmodels
to specify agentarchitectureswithout prescribingspecific protocolsfor specific functionality, such
as, for example interaction between agents. mbethodusedby COOL to describethe co-ordination
between agents could be used to mdldeco-ordinationin the CooperationManagementomponent
of the DESIRE agent. The designer is however free to chose another coordination method.

The ADEPT architecture (Advanced Decision Environment for Process Bas{dennings Faratin,

Norman, O'Brien, Wiegand, Voudouris, Alty, Miah, and Mamdani, 1996)) is, in some ways,
comparableto the model presentedin this paper, althoughit was not formally specifiedto our
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knowledge. It models businessprocessesyy a hierarchy of co-operativeagents.The hierarchy
ensureghat communicatioroverheadbetweenagentsand the autonomyof the agentsare balanced.
Within this architecture, agents have the following modules:

* acommunication module

* an interaction management module (IMM)
» a situation assessment module (SAM)

* aservice execution module (SEM)

» aself model (SM)

» acquaintance models (AM)
Thesemodulescorrespondo the componentsvithin the genericDESIRE agentmodel: the module
IMM may be viewed as the componesdperation management, the SAMmay be viewed as part of the
componenbwn process control, the SEM is clearly relatedto the Agent Specific Task. The SM is also
part of the componentown proces control and the module AM can be viewed as the component
maintenance of agent information.

Also the ZEUS architecture of a generic agent (Nwana, Ndumu and Lee, 1998) is, to alegrezen
comparableto the generic DESIRE agent model, but was also not specified (at least to our
knowledge). The ZEUS model distinguishes:

* Mailbox

* Message Handler

» Co-ordination Engine
» Execution Monitor

» Acquaintance Model

» Planner and Scheduler
» Task/Plan Database

* Resource Database

The Mailbox and the MessageHandler together correspondto the componentagent interaction
management Within the genericDESIRE agentmodel. The Co-ordinationEngineis modelledby the
componentooperation management. The ExecutionMonitor with the Plannerand Scheduler,and the
Task/Plan Databagegetherprovide the functionality providedby the componenbwn process control.
The Acquaintance Model is comparable to the component maintenance ahémemation. Although
interactionwith the ExternalWorld is not explicitly modelledwithin a ZEUS agent,the Resource
Database may include some of this information. The ZEUS agent does not includeforosigdsific
types of tasks, but focuseson reusablecomponentsfor interaction basedon standardinterface
protocols.
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