Distributed Scheduling to Support a Call Centre:
a Co-operative Multi-Agent Approach’

Frances M.T. Brazier, Catholijn M. Jonker, Frederik Jan Jindan Treur

Vrije Universiteit Amsterdam
Department of Mathematics and Computer Science, Atrtificial Intelligence Group
De Boelelaan 1081a, 1081 HV Amsterdam, The Netherlands

URL: http://www.cs.vu.nl, Email: {frances,jonker,treur}@cs.vu.nl

Abstract

This paper describess multi-agentsystemarchitectureto increasethe value of 24 hour a day call
centre service. This system supports call centres in making appointmentdievita on the basis
of knowledge of employees and theghedulesRelevantactivities of employeesare scheduledor
employeesn preparationof suchappointmentsThe multi-agentsystemarchitectureis basedon
principled design, using the compositional development meftrochulti-agentsystemsDESIRE.
To schedule procedures in which more than one employee is involved, each emplepesénted
by its own personalassistantagent,anda work managergentco-ordinategshe schedulesof the
personal assistamigents,andclients throughthe call centre.The multi-agentsystemarchitecture
has been applied to the banking domain, in co-operationwith and partially funded by the
Rabobank.

1 Introduction

Over the past few years, more and more companies and organisations have become aware of
potential of a 24 hour market. An increasing nunddetall centresare now providing 24 hour
service to their customers. One of #reasof industryin which this phenomenomasbecome
manifestis finance.To increaseservicelevel, the Rabobank,one of the largestbanksin the
Netherlandsfor example,now providesits bank relations24 hour a day telephoneservice.
Relatively straightforwardclient requestscan be answereddirectly by the call centre.Other,
more complexrequests.are forwardedto the most appropriatelocal bank. Outsideworking
hours this means the request is received and processed the next morning. Within maarksng
the requests receivedand processedmmediately.Processing requestentails decidingon a
procedureto follow within the organisationand schedulingthis procedureand the necessary
resources (mainly employees' time). To increase the lewsdraice,the Rabobanks currently
exploring the option to partially automate this process.
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This paperdescribesa prototypesystem,developedn closeco-operationwith the Rabobank,
that automaticallyschedulegprocedureson the basisof client requestsforwarded by a call
centre. This system, a multi-agent system, asganericmodel of co-operatiorbasedon joint
intentions to model the two types of automated agents involved: the work mandgersonal
assistants. Interaction with the other agents involved: the clierdalleentreemployeeandall
other employees, is also explicitly modelled.

More detail on the Rabobankitself with respectto this applicationis providedin Section2.
Section3 describeshe multi-agentapproachto this problem. Section4 describeshe work
manager. The conceptual model of gegsonalassistants describedn Section5. The role of
the employee is discussed in SectorAn exampleof a designprocesss givenin Section7.
Section 8 discusses the results.

2 Problem Description

The Rabobank is one of the largest bainkihe Netherlandsvith a co-operativestructurewith
autonomousbranch offices, eachresponsiblefor specific geographicalareas. These local
organisations (local banks) all service both the consumer market and industry.

2.1 The Problem

The Rabobank’saim is to achievea stronger position in the financial market by using its
resources more efficiently and effectively, and binding potential clients directly to the bank.

In the past,the Rabobank’sclient advisorswere responsibl€or most client interaction: most

client requests and questions were addressed by client advisors. Teller personnel only dealt wit
relatively simplerequestsThe resultof this strategywas that client advisorswere spendinga

large percentage of their time on relatively simple requests.

As, in today’s society, clients ammbtentialclientsare moreinclined to switch betweenservice
providers than irthe past,dependingon the servicelevel providedandthe costinvolved, this
strategy is not sufficientlgffective. The task of client advisorshasbecomemore proactive:to
focus both on finding new clients and satisfying existing client needs.

2.2 The Organisational Solution

Part ofthe solutionthe Rabobankhasadopteds 24 hour a day availability togetherwith new
procedures aimed at binding clients directly tolthek. The 24 hour a day serviceis provided



by a call centrethat (automatically)takesover the operationof the local banksafter normal
business hours.

Clients’ requests and questions can be divided into three categories:

» simple questions that can be answered dirdxtlieller personnelge.g. a questionaboutthe
current advertised interest rates for the different types of savings accounts the bank offers.

» simple questionsandrequestghat can be handledright away without any further contact
with the client but require further processing, e.g. a request for new cheques.

» complex questions and requests which needitieationof a client advisor,e.g. aninquiry
about a mortgage.

The assumptiobehind24 hour a day serviceis thatclientswill be lesslikely to shoparound
andtaketheir businesslsewhereif their requestsare taken seriously. Operatorsof the call
centre have been trained to deal with the relatively simple céepiests Thesesimplerequests
(the first two types) amount to about 70 percent otcties. This approachreduceshe number
of simplerequestsclient advisorsneedto address)eavingmoretime for other activities such
as, for example, more complex client requestsor client acquisition. Operatorsschedule
appointmentdor clientswith complexrequestswith a qualified client advisor. It is important
that the appointment takes place as soon as possible.

As local banks are autonomous, the agendas of client advisors of the local banksliaeetlyot
available to the call centre. The overall procedure employed is as follows:

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

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

3. If the request of the client is more complex and needs seiécedby a client advisor,the
computer system of the operator contacts a computer system at the localthamkequest
for service.

4. The computersystemat the local bank determinesif this requestcan be servicedand
suggests numberof possibleappointmentswvith the client. The client canchooseone of
theseappointmentsThe computersystemat the local bank can do this by selectingan
appropriate procedure to servitte requestand schedulehe activities of that proceduran
the agendas of the employees of the bank

Within the Rabobankproceduresiavebeendefined for most typesof client requests.These
procedures are all specifi@a a procesgefinition languagegdefining the workflow within the
organisation.n this papera simplified version of the procedurefor dealing with requests



relatedto financing consumerexpendituras usedto illustrate the types of activities (and the

relations between activities) to be scheduled. The procéoludealingwith requestgselatedto

financing consumerexpenditure as specifiedby the Rabobank,consistsof 22 activities of

which 8 are completelyautomatedincluding, for example,information retrieval, calculations
and provision of standard contract conditions). In short three types of loans manvidedfor

consumer expenditure: persot@ns, revolving credit, and studentloans. This paperfocuses
on three (groups of) activities within this procedure:

» Client advise(requiresactivities suchasthe acquisitionof information on credit rating and
financial status (including current income and expenditure), analysis of available
information, decision with respect to maximum loan, overview of possible options)

» Written agreement(requires additional information from the client and possibly other
sources possiblyrequiringapprovalby authorisedpersonsdependingon factors suchas
amount and risk involved)

e Administrative transaction.

Employeesare fully responsiblefor their own agendas.They can refuse or change
appointmentsn their agendasChangego an employee’sagendashould take the profile and
wishesof an employeeinto account,e.g., the employee’spreferencedor specific types of

activities, the employee’scapabilitiesand authorisationwith respectto specific activities, the
employee’spreferencedor allocationof specific activities to specific times of day, or the
employee’s availability (e.g., due to holidays or illness).

3 A Multi-Agent System Approach to the Design of a Call Centre
Support System

The problemdescriptionclearly definesthe problemas a distributed problem: one call centre
services several local banks as depicted below in Figure 1.

Local Bank

Cllenl Work Manager
Agent
CaII Center
Agem
Local Bank
Cllent Work Managel
Agent

Figure 1 One call centre for several local banks



As described above in Section 2, the clients, the local banks and the call-ceatr®aoemous,
distributed entities: entities responsible for theim internal processe interactionwith (and
in response to) other entities. As described the entities involved fulfil the charactefistieak
agency proposed by (Wooldridge and Jennings, 12@Bynomy(all agentsarein full control
of their own processes)social ability (all agentsare ableto communicateand co-operatewith
other agents), pro-activeness (all agents are able to initiate proceegEndentlyandtakethe
initiative to initiate new processesvhen necessarypnd reactivenesgall agentsare able to
respond to new incoming information. In factt@delthe activitiesinvolved, a more detailed
analysis of the actors involved is required: in this example the local banks not onb/\Wavk
Manager but also Employees.A multi-agent system has been designedto provide this
functionality.

3.1 System Design: Additional Requirements

To performthe tasksdistinguishedabovein Section2 appropriately,the systemas a whole,
needs to satisfy the following requirements:

1. The system needs to be able to cope with changes made by employees. An employee cz
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.

2. The system needs to know :
a) the capabilities of the employee.
b) the preference®f the employee(e.g., time periodsduring which the employee
does or 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
profile of the employee.

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

3.2 The Agents and their Interaction

To acquire the functionality required (24 hour availabilihgmelyto effectively and efficiently
be able to scheduleactivities within a procedure,with the agents distinguished above,
employeeswould need to be available 24 hours a day. As this, in practice, is clearly
undesirable,automatedPersonal Assistant agents have been introduced, to support the
Employees.As a result, five types of agentsare distinguishedthe Clients, the Call Centre
Agent, Work Manageragents(one for eachlocal bank), PersonalAssistants(one for each
Employee) and Employees.



Client

Clients (or potential clients) identify a need to consult their banicalhtheir local bankwith a
request.Their calls are automaticallyredirectedto a Call Centre.A client’s requestis either
answered directly by the Call Centre Agent or, if a client’s request can not be andinesthy,
the Call Centre Agent proposesa set of possible appointmentsfrom which the client can
choose. The client’s choice is the agreed appointment.

Call Centre Agent

Relatively simple requests are handled by the Call Cégeat directly. Other,more complex,
requestsareforwardedto the Work Managerof an appropriatdocal bank by the Call Centre.
The Work Manager,in turn, informs the Call Centre Agent of a number of possible
appointmentdor the client with a client advisor.In this casethe Call Centre Agent proposes
these options to the client.

Work Manager

After interpretation of a request, Work Manager selects an appropriate profoedierequest
and createsa schedulefor the activities in that procedure.The Work Managercommunicates
requests for commitment to the Personal AssistargelettecEmployeesThe Work Manager
may have to adaptits schedule(or even choose another procedure) dependingon the
information receivedrom the PersonalAssistantsif the proposedschedulds acceptedy all
relevantPersonalAssistantsthe Work Managerdetermineswvhen appointmentsan be made
and proposed this set of possible appointments

Personal Assistant

Given a requestfor commitmenta PersonalAssistantchecksthe agendaand profile of the

Employeeit representsand (possibly) rescheduleshe Employee’s agenda.The Personal
Assistantinforms the Work Managerof the degreeto which it is possibleto reschedulehe

Employee’sagendao meetthe schedulethe Work Managerhas proposed.As a result of a

request from the Work Manager the Personal Assistant infiisr&snployeeof the contentsof

his/her agenda and of changes made in the agandamployeecanalso decideto changethe

contentsof his/her agendaand/or profile for other (self-imposed)reasons.Based on the

information the Personal Assistant receifresn the Employee the PersonalAssistantupdates
the Employee profile and the agendgpriéviouscommitmentamadeby the PersonalAssistant
cannotbe metdueto new appointment®r modificationsmadeby the Employeethe Personal
Assistant informs the Work Manager.



Employee
Employees chectheir agendaregularly, makechangedo it accordingto their own needsand
preferences, and execute the activities as scheduled in their agenda.

The initial, prototype multi-agent system designed to support the call centre approach is depictet
in Figure 2. Note that , in addition to teevenagents(one Client, one Call CentreAgent, one

Work Manager, two Personal Assistants and two Employees), this model also irctjiolesl

clock to ensurethat the schedulesof the Personal Assistantsare synchronisedwith the
schedules of the Work Manager.
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Figure 2 A multi-agent system for a local bank
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Not only doesFigure 2 depicttheseagents,it alsodepictsinformation exchangebetweenthe
individual agents,as describedbelow. More detailed descriptionsof a Work Manager, a
Personal Assistant and (an interface for) an Employee, are provided in Sections 4, 5 and 6.

Communication between the ageigtsnodelledexplicitly on the basisof the informationlinks

(the arrowsin Figure 2) betweenthe agents.The languageemployedin the interfacesof the

agents (the small boxes on the left and right side of the agents)is the basis for the
communicationlanguage.lt is basedon order-sortedpredicatelogic, similar to standard
knowledge interchange formats such as KIF (Geneseretrikas, 1992). The ontology used
for communication can make usepredefinedgenericcommunicatiorpredicatesput also can
be defined dependingon the application. In Section 4 more details are given on this

communication language.

4 Work Manager

To successfullydevelopa supportsystemfor co-operationin a complex, dynamic and not
always predictableenvironment,a well-defined and transparentmodel of co-operationis
required: a model that is robust and flexible enoughto cope with unexpectedevents. In



Jennings'model of co-operation(Jennings,1995), agentsare capable of organising and
monitoring projectsto reachgiven goals. To this purpose,one agentfirst determinesa set of
activities to reacha given goal and the temporaldependenciebetweentheseactivities. The
organising agent theidentifieswhich otheragentsare capableof performingwhich activities.
In interactionwith theseagentsthe organisingagentdeterminesvhich agentsarewilling and
able to participate in the project. On the basis of this informatioraftingtiesto be performed,
the orderin which the activitiesareto be performed,and the deadline),the organisingagent
tries to put together a projeltamand a projectschedulgcalleda recipe). The creationof this
recipe is an iterative processquiring interactionwith the otheragentson their own schedules
(including, for exampleinformationon commitmentgo other projects).When completedthe
recipe is sent to all participants, and the project commences.

Once committed, each participating agent (including the organiser) retteafe®ml recipe,and

is committedto the relevanttime interval in the recipe. Eachagenthasthe same obligation
towards the project: each member monitors the progressof the project and is equally
responsibléor its successlf ateammemberdiscoversa problemthat endangershe project,
s/he informs all relevant participants. One of the agents (e.g., the project manager) takethen
the initiative to modify the project platg createa new projectfor the samegoal, or to inform

all relevant participants that the goal is unattainable or that the goal is no longer valid.

How the informally describedco-operatiormodel of (Jennings,1995) was formally specified
within DESIRE is shown in (Brazier, Jonker and Treur, 1997); an application of this
formalized co-operatiomodelto projectco-ordinationwas presentedn (Brazier,Jonker,and
Treur, 1996). The multi-agent systemstapporta Call Centrepresentedn this paperis based
on this genericco-operationmodel. At the top level of the Work Manageragentonly four
components of the generic agent model from (Brazier et al., H98udyed;seeFigure 3: agent
interaction management, own process control, maintenance of agent information, and cooperation

management. Each of these components is discussed in more detail below.
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Figure 3 The part of the generic agent model reused

As described in Sections 2 and 3Nark Manageris free to decidewhetheror not to accepta
requestcommunicatedoy a Call Centre Agent. If, after interpretationof a request,a Work
Managerdecidesto acceptthe request,this requestis translatedinto a goal for the Work
Manager to adopt. This past the processof the Work Manageris modelledwithin the Work
Manager'scomponentown process control. TO achievethe adoptedgoal, co-operationwith
Personal Assistants is required. Within the compog@pdration management the WorkManager
selectsan appropriateplan (the procedureto which the Bank’s descriptionof the application
domain referred) for this goal and determines a schedutedactivitiesin the procedureThe
Work ManagerasksPersonalAssistantof thoseEmployeesselectedto executethe schedule
(this communications managedy its componenkgent interaction management) Whetheror not
they can commit to specific activities. If a proposed schedule is accepted by all relevant Persone
Assistants,the Work Managerselectsa set of possibleappointmentswith the client and
communicates this set to the Call Centre Agent. If thetWWork Managemeedsto eitheradapt
its scheduleor chooseanotherproceduredependingon the informationcommunicatedy the
Personal Assistants. This process is discussed in more detail in this section.

4.1 Agent Interaction Management



The componentagent interaction management IS composed of two components:incoming
communication management and outgoing communication management. A Work Manager can
communicate with either the Call Centre Agent or a Personal Assistant.

4.1.1 Management of incoming communication

Within the componentincoming communication management iNCOMing communicationis analysed
and communicated information identified. For examgble following typesof informationcan
be identified:

* anew request (from a Call Centre Agent)

« commitment: a Personal Assistant commits to activity A, with deaBljnariority P, earliest
starting time E, and latest starting time L.

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

» refusal: a Personal Assistant cannot commit to activity A, with deadline D, prioasrliest
starting time E, and latest starting time L.

» aprogress report on already scheduled activities (from a Personal Assistarg)eported
delay.

Monitoring information communicated by a Personal Assistatite form of a progressreport
specifieswhetherthe PersonalAssistantexpectsits employeeto be ableto perform a specific
activity A (within a given time slot). A Personal Assistant can report, e.g., twahaitmentA
cannot be kept because no start has been/will be made at time L, the deadlineot be met,
or the necessary information/material regarding A is not available.

Depending on the type of information receividd implicationsfor informationto be provided
to appropriate component(s)within the Work Manager are identified. For example,
communicated informatioon a new requestfrom a Call CentreAgentis neededoy the Work

Manager'scomponentown process control, Whereasthe other two types of communicated
information listed aboveare neededoy the componentcooperation management. Conclusionsof

the form new_own_process_info(l:INFO_ELEMENT, S:SIGN) are transferredto the componentown

process control by the information link communicated info to oPc, and conclusionsof the form

new_cooperation_info(l:INFO_ELEMENT, S:SIGN) are transferred to the component cooperation

management by the information linkommunicated info to CM.

10



4.1.2 Management of outgoing communication
The componentoutgoing communication management preparesthe following types of outgoing
information:

» appointment proposals (to a Call Centre Agent)
» commitment requests (to a Personal Assistant)

» commitment confirmations (to a Personal Assistant)

The information to be communicatexprovidedby the componentooperation management, and
transferredto agent interaction management through the information link cooperation info to AIM.
Preparation of communication includes, for examigleelling outgoingcommunicatiorso that
the agents thateceivethe information canrefer to this informationin their reply. Conclusions
of the formto_be_communicated_to(l:INFO_ELEMENT, S:SIGN, PA:PERSONAL_ASSISTANT, I:CID) drawn
by agent interaction management are transferredto the output interface of the Work Manager
through the information linkfo to be communicated, and from the agent’'soutputinterfaceto the
input interfacesof the agentsto which the communications directed(asdiscussedn Section
3).

4.2 Own Process Control

The componenbwn process control hastwo sub-componentstetermine goals and commitments and
maintenance of own characteristics. Within the componentdetermine goals and commitments requests
communicated by the Call Centre Agent are analysed and the decision whether acoept
request(and as a consequencadopta goal to respondto the requestas one of the Work
Manager’s own goals) is made. The agent’'s own characteristics are explicitly represented withir
the componentaintenance of own characteristics. Examples of specific agent characteristic #rat
arequestfor a certaintype of client (e.g., for a known client) is to be given priority, or that
requests for credit card services are processed with higher priority than student loan services.

4.3 Maintenance of Agent Information

Within the componentaintenance of agent information the Work Manager maintains information on
the capabilities and preferenceslu otheragents.One exampleof information maintainedby
the Work Manageris the information a Work Managerhas on the activities for which each
Personal Assistant can be approached.

11
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Figure 4 Cooperation Management

4.4 Co-operation Management

The componentooperation management iS @ composedcomponentesponsibleor all processes
concerning projects, project commitments and co-operation. It consists cotmmonentspne
for the generation of projects and one for the monitoring of existing projects (see Figilre 4).
interaction betweenthe componentsof cooperation management and cooperation management'sS
environment, and between the componentsdpgration management is definedby the links (the
arrows) depicted in Figure 4.

cooperation 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

cooperation 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

Each of its components is discussed in more detail in this section.

4.4.1 Generate Project

12



The componendenerate project iS composedf two componentSprepare project commitments, and
generate and modify project recipes. Links aredefinedto regulatethe interactionbetweengenerate
project'S components and its environment, see Figure 5.

/ ( Generate Project - task control ) \
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info on other project | >

agents to PPC  nfo on participants

- J

Figure 5 Generate Project

Within the componengenerate project the componertrepare project commitments receives tha\Vork
Manager’'s own goals. The componentprepare project commitments’s aim is to determine
procedureghat canbe followed to achievea given goal. This is performedusing knowledge
relating requests to procedures, for example of the following form:

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

To determinewhich activities are requiredto executethe procedure knowledgeis usedthat
relates procedures to activities)d knowledgethat definesdurationof activities,andtemporal
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 componendenerate project the componenienerate and modify project recipe receivesthe
selectedactivities, their duration and temporalrelations betweenthem. It determineswhich
Personal Assistantis capableof taking responsibility for a given activity (using agent

13



information maintained imaintenance of agent information) and proposesa scheduleThis process
involvesintensiveinteractionwith the PersonalAssistantsand may iteratea numberof times,
until the proposed schedule is accepted by all participating Personal Assistants.

4.4.2 Monitor Project

Progressof the procedureis monitoredwithin the componentmonitor project. The component
monitor project IS cOmposed ofwo componentSassess viability and determine consequences. These
componentsand the links for interaction within monitor project are depictedin Figure 6. If
substantiabeviationsfrom the committedscheduleare identified, this componentdetermines
which actionsareto be undertakenThe componentassess viability monitors the viability and
validity of the procedure.To monitor the processassess viability Uses information on the
progressof the activities of the participants;it can also actively formulate requestsfor
information. The componentdetermine consequences INterprets assess viability's mMonitoring
results. The componentetermine consequences issuesrequestdo find new recipesor to adapt
existing recipes,to the componentproject generation Of cooperation management. The component
determine consequences also determines when a goal shobéwithdrawn (for example because

the goal is unattainable, or the goal has been reached) and prepares and issues communicatior

that effectto eachparticipatingPersonalAssistant.The processof monitoring is describedin
more detail in Section 7.

/ ( Monitor Project - task control ) \
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Figure 6 Monitor Project

5 Personal Assistant
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All Personal Assistants are also modelled as a refinement of (thefpté genericmodel of a
co-operative agent depict@d Figure 3, consistingof the four componentsown process control,
agent interaction management, cooperation management, andmaintenance of agent information. A Personal

Assistant communicates with both the Work Manager and the Employee.

5.1 Interaction with the Work Manager

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

1. acommitment 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.

5.1.1 Requests for commitment and cancellation

Incoming communication in the form of requests for commitnfieat the Work Manager),is
analyzed and the relevardmmunicatednformationis identified and classified(comparableo
the process described in Section 4.1). An identified redaesbmmitments transferredrom
the componenkgent interaction management t0 the componenbwn process control. The component
own process control decides whether or not to accept a requestgasbfor the PersonalAssistant
(seeSection4 for further explanation).If a requestis accepted.the requestinformation is
transferredto componentcooperation management. The componentcooperation management IS
composedas depictedin Figures4, 5, and 6. The componentprepare project commitments
determineswhether or not the Employee the Personal Assistant representsis capable of
performing the activity, and the componestierate and modify schedule determines whether a new
schedulecan be generatedn which the requestedcommitmentcan be awarded.If a new
schedulecan be generatedthis scheduleis forwardedto the componentmonitor project. The
componentmonitor project Uses information about the schedule, commitmentsto identify
contradictions and to take appropriate action.

If a new schedulecannotbe generatedby the componentgenerate project without changing
existing commitments (with information acquirleyl the componenbprepare project commitments),
information aboutthe natureof the conflict is transferredto the componentagent interaction
management. cCOMmitment can only be acquired if a commitmeaith lower priority is cancelled,
otherwise given the current priorities and schedule, commitment is not possible. The componen
agent interaction management manages the communication on the issue with the Work Manager.

5.1.2 Requests for monitoring information

15



A PersonalAssistantalso receivesrequestsfor monitoring information. Theserequestsare
identified by the componentagent interaction management and transferredto the component
cooperation management. Within the componentcooperation management, the componentmonitor
project IS responsible for monitoring a project, and providing the necessary inforn{thtiongh
the outputinterfaceof the componentooperation management) to the componentagent interaction
management t0 communicatdo the Work Manager.To monitor a projectthe componeninonitor
project requires information on the current statusastheduleThis is transferredo the output
interface of the componettoperation management, andfrom thereto agent interaction management,
which manages the communication with the Employee.

5.2 Interaction with the Employee

The Personal Assistant requests information about current commitments and sdhatiules
Employee.Theserequestsare devisedby the componentmonitor project Within the component
cooperation management. In addition, the componentreceivesinformation communicatedoy its

Employeewithout having initiated interaction. An Employee may provide information on

changes in his/her schedule without having been explicitly requestiedstn This information

is identified in agent interaction management and transferredto the component cooperation

management. Within the componentooperation management the componentmonitor project detects
possible new conflicts.

6 The Employee

Within the multi-agentsystemthe Employeeonly interactswith his/herPersonalAssistant,as
shown in Figure 2. Interaction with tliemployeeis modelledby the interfacein the prototype
system.The interface,seeFigure 7, presentghe contentsof the agendaas receivedfrom the
PersonalAssistant. The interfaceallows for the Employeeto make changesto the agenda.
These changes are communicated to the Personal Assistant. In addition, the Employsdescan
changes to the Employee profile maintained by the Personal Assistant.

16



Agenda

Monday, November 3 Tuesday, November 4 Wensday, November 5

09.00 Preparing mortgage 09.00 Check Mr. Pepper 09.00  Acquire information

contract for Mrs. on Mrs. Martelli
Robinson
13.00 Lunch 13.00 _unch 13.00 Lunch
14.00 Check Mr. Pepper 14.00 Acquire information 14.00 Check Mrs. Martelli
on Mrs. Martelli

18.00 18.00 18.00
Thurs day, November 6 Friday, November 7 > your profile
09.00 Check Mrs. Martelli 09.00  Authorize student 3 next week
| oan for Mrs. Martelli b .
previous week
> month overview
13.00 Lunch 13.00 -unch
} help
14.00 Authorize student 14.00 Appointment with
loan for Mrs. Martelli Mrs. Robinson for
I Jer mortgage
15.00
18.00 18.00

Figure 7 Interface to Employee

By doubleclicking on an agendatem moreinformation becomesavailable.For example,by
double clicking on the item Monday, November3, a new window pops up displaying the
deadlinefor the activity, the priority, the latest possiblestarting time, which other Employee
will provide the necessaryinformation, and the client’s identification (e.g., bank account
number).

The item in the bottom right rectangle can also be opened. For exéaypleking on the item
“your profile” the window in Figure 8 pops up.

Employee profile

Capabilities Preferences Authorizations
business loan contract Between 09.00 and 11.00: only activities of type S Signing of contracts up to Level 2
morgage contract Rather not activities of type X Access to information up to level 2
client appointments No appointments with Mr. Brute

Figure 8 Employee profile

The Employeeprofile canbe modified by pull-down menus.For example,the Employeecan
choose from a standard list of capabilities of bank employees.
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7 Description of an example process

An appointmentor aclientis scheduledn two phasesin thefirst phasethe Work Manager
decidesuponan appropriateprocedurefor the preparationof an appointmentiIn the second
phase, Personal Assistants are asked to perform activities of the selected pr&estiore’. 1
discusseshe 2 phasesSection7.2 discussesnonitoringand control, i.e., detectingpotential
and actual risks to the schedule and eliminate these risks.

7.1 The Selection of a Procedure

The Work Manager receives a request from the Call Centre in the following form:

appointment_request(cl, service(student_loan), urgency(high), priority(low))

The Call Centre Agent requests an appointment for eiesincerning a studetaan, which is
highly urgent for the client has a low priority fitre bank. The Work Managerfirst determines
its intentions with respect to this request. If it decides to honouetheestthe Work Manager
creates a goal for itself that represehisrequest.The following goal of the Work Manageris
an example:

goal(arrange_appointment(cl, service(student_loan), urgency(high), priority(low)))

Reasons to honour the request could, for example, be:

To servicethe client (which is the main reasonto be co-operativetowardsrequestsof the
Call Centre Agent)

Low workload

Increase profit for the part of the organisation for which the Work Manager is responsible

Reasons not to honour the request could, for example, be:

Very high workload and low priority request

Lack of expertisein the requestarea (anotherWork Managerwould perhapsbe more
gualified to deal with the request)

As soon as the goal has been set, an appropriate procedure needs to bé@ethaetgdal. To
service a request,the bank can use different procedures.These proceduresvary in, for
example, costs, required resources, and duration. Wineziedures chosenwill dependon a
number of factors, including workload, cost/benefit,urgency of the client. The example
procedure describeid Section2 is usedin this trace.The procedureselecteds the consumer
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finance procedure, instantiated to service a student @arethe componenbwn process control
hasderivedthe goal for the Work Manager.the componentooperation management selectsand
instantiates the proper procedure.

The goal is acceptedby the Work Managerand transferredto the componentcooperation
management. The compone@tpare project commitments first selects a procedure that achieves the
goal. The following rule is used to this purpose.

if own_goal(arrange_appointment(C: Clients, service(student_loan), U: Urgencies, priority(low)))
then selected_procedure_instance(consumer_finance, student_proc)

The selection of the procedure implies a number of activities that need to be performed:

if selected_procedure_instance(consumer_finance, student_proc)
then selected_activity(activity(advise_client), duration(30), role(client_service_emp))
and selected_activity(activity(close_deal), duration(30), role([client_advisor, client]))
and selected_activity(activity(administrative_closure), duration(30), role(client_service_emp)

and precedence(activity(advise_client), activity(close_deal), finish_start)
and precedence(activity(close_deal), activity(administrative_closure), finish_start)
and ultimate_deadline(deadline(1440))

Note that this procedure only includes the activities to be exebytttk relevantlocal bank. It
consists of three half-hour activities that need to be finished within 3 days. The roles thgecify
capabilities and authorisation that people need to have to perform the activitiethdtlfate the
activity close_deal, the client needs to be present. The compamneration management needsto
find employees whom can fulfil the roles required by the proceahuleueriesits agentmodel

(maintenance of agent information):

request(role(client_service_emp))
request(role(client_advisor))

These requests result in the following knowledge:

role_of(PA1, client_service_emp)
role_of(PA2, client_service_emp)
role_of(PA2, client_advisor)

l.e., the employee represented®grsonalAssistantral hasthe role client_service_emp andthe
employeerepresentedy PersonalAssistantpA2 hasboth roles. It is obvious that the Call
Centre Agent has information about the client, thus no role information abalietiteneedsto
be retrieved.
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All of this information is transferred to tt@mponenf cooperation management, andthento its

internal componengenerate and modify project recipe. There,the selectedactivities are instantiated
and commitmentrequestsare generated.Theserequestsare communicatedto the Personal
Assistantstogetherwith the entire procedureif the PersonalAssistantsknow the entire plan

and can schedule moiatelligently. Instantiationsof activities are denotedoy an activity name
followed by a number;e.q., advise_client-1. The Work Managercommunicatesa commitment
request teA1 andpA2:

commitment_request(PA1, activity(advise_client-1), duration(30), role(client_service_emp))
commitment_request(PAL, activity(administrative_closure-1), duration(30), role(client_service_emp))
commitment_request(PA2, activity(advise_client-1), duration(30), role(client_service_emp))
commitment_request(PA2, activity(close_deal-1), duration(30), role(client_advisor))
commitment_request(CC, activity(close_deal-1), duration(30), role(client))
commitment_request(PA2, activity(administrative_closure-1), duration(30), role(client_service_emp))

Theserequestsare communicatedto both PersonalAssistantsand the Call Centre Agent,

together with the entire instantiated procedure.All agenttharecompletelyinformed. Eachof

the agentstransfersthis knowledgeto its own cooperation management cOmponent.The agents
look in their agendas and reply (again to all parties involved):

commitment_reply(PA1L, activity(advise_client-1), earliest_start(300), earliest_finish(400))
commitment_reply(PA1L, activity(administrative_closure-1), earliest_start(430), earliest_finish(460))
commitment_reject(PA2, activity(advise_client-1))

commitment_reply(PA2, activity(close_deal-1), earliest_start(100), earliest_finish(130))
commitment_reply(CC, activity(close_deal-1) earliest_start(200), earliest_finish(230))
commitment_reply(PA2, activity(administrative_closure-1), earliest_start(130), earliest_finish(160))

The Personal Assistants and tball CentreAgent obviously answeredvithout knowing what
the otherswould do. No valid scheduleis yet possible. The first step, however,is clear:
advise_client-1 Will need to be done bya1. The Work Manager confirms this by communicating:

commitment_accept(PA1l, activity(advise_client-1), earliest_start(300), earliest_finish(400))
With this new information, the agents provide the following replies:

commitment_reply(PAL, activity(administrative_closure-1), earliest_start(430), earliest_finish(460))
commitment_reject(PA2, activity(advise_client-1))

commitment_reply(PA2, activity(close_deal-1), earliest_start(400), earliest_finish(430))
commitment_reply(CC, activity(close_deal-1), earliest_start(400), earliest_finish(430))
commitment_reply(PA2, activity(administrative_closure-1), earliest_start(430), earliest_finish(460))

The Work Manager acceptsthe commitmentsof pa2 and the Call Centre Agent by
communication of:

commitment_accept(PA2, activity(close_deal-1), earliest_start(400), earliest_finish(430))
commitment_accept(CC, activity(close_deal-1), earliest_start(400), earliest_finish(430))
commitment_accept(PA2, activity(administrative_closure-1), earliest_start(430), earliest_finish(460))
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After this the scheduleis fixed. Note that pA2 again rejected advise_client-1. This is not
necessary. lts evenpossiblethatpa2 changests mind if it seesthat the procedurecannotbe
scheduledunlesshe takeson this activity. Thesechangesof mind are allowed and cause
backtracking to occur.

7.2 Monitoring and Control

What happens when an employssnotmeethis or her deadline,dependon monitoringand
control. The employee knows the schedulethe entire procedurethus he or shecanseethe
effectson otheractivitieswithin the procedure For example,if the employeerepresentedy
PA1 is delayed with the activityavise_client-1, the activityclose_deal-1 will needto be delayedas
well, and this impactsboth the client and the client advisor (representedy the Call Centre
Agent andpA2). Supposefor example that at time 340 (an hour beforethe appointment)the
employee represented by1 becomes ill and goes home. this point in time, PA1 notifies the
Work Manager anda2 (note that the clientepresentedby the Call CentreAgentis not on line
and would need to be called if the appointmende deal-1) needs to be delayed).

commitment_fail(PA1, activity(advise_client-1))

Basically, schedulingstartsfrom scratch;all partiesinvolved try to maintain their original
commitmentsas much as possible and especiallyif appointmentsare involved. The Work
Manager repeats its requesbia:

commitment_request(PA2, activity(advise_client-1), duration(30), role(client_service_emp))

PA2 replied in the first scheduling round that it did not want taddige_client-1. Now, PA2 again
must decide whether or not to agree to taking on this actasgyminghereis time for it. pA2
accepts, not wanting to move the existing appointment with the client.

commitment_reply(PA2, activity(advise_client-1), earliest_start(370), earliest_finish(400))
The Work Manager accepts this commitment:

commitment_accept(PA2, activity(advise_client-1), earliest_start(370), earliest_finish(400))

8 Discussion

More and more organisations offe4 hour a day telephoneserviceusinga call centreto co-
ordinate the service provided. Without support to really supierits, by, for example,being
able to scheduleappointmentswith a client, sucha serviceis of limited value: only simple
guestionscan be answered.This paper has presenteda multi-agent system, introducedto
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increase the valuef 24 hour a day serviceby supportingcall centresin making appointments
and schedulingactivities of employeesn preparationof such appointmentsThis multi-agent
system architecture has been applied tddrekingdomain,in co-operatiorwith (and partially

funded by) the Rabobank,one of the largest banks in the Netherlands.In this system
schedulings a distributedeffort: eachEmployeeis representedby its own PersonalAssistant
agent (that also maintains the Employee’s agenda)a &idrk Manageragentco-ordinateshe

schedules, and the client’s requirements (through the Call Centre Agent).

The multi-agentsystemarchitecturedescribedin this paperis basedon a principled design,
using the compositionaldevelopmentnethodfor multi-agentsystemsDESIRE. Jennings’co-

operation model (Jennings, 1995) for projects based onifwerttions,formalisedin (Brazier,

Jonkerand Treur, 1997), and appliedto projectco-ordinationin (Brazier, Jonkerand Treur,

1996), provided the generic model upon which systemdesignis based.DESIRE models
specify processesand knowledge at different levels of abstraction.Information exchange
between processesand processsequencingare explicitly defined at each of the levels
distinguished.Different levels of abstractionwithin the knowledge composition structure
information types and knowledgebases.The more specific model developedin this project
refinedthe genericco-operatiormodelboth by extendinggenericknowledge,and by adding
domain specific knowledge for the application at hand.

COOL (Barbuceanu& Fox, 1995) is an agent co-ordinationlanguagethat focuseson the
specificationof co-ordinationbetweenagents(suchas the co-ordinationrequiredin a supply
chain, (Barbuceanu& Fox, 1996)). It usesfinite state machinesto describethe flow of

communicationbetweenagentsbasedon a fixed numberof speechacts, such as propose,
accept, and reject. The main difference between DESIRE and COOL @Qft focuseson a
specific way of modelling co-ordination between agamgnot on the architectureof an agent
itself, while DESIRE provides generic models to specify agent architectures, without

prescribing specific protocols for specific functionality, such as, for example interaction
between agents. The method used by COOL to describe the co-ordbeti@enagentscould

be used to model the co-ordinationthe CooperatiorManagementomponenbf the DESIRE
agent. The designer is however free to chose another coordination method.

The ADEPT model (Advanced Decision Environment for ProcessTasks; see (Jennings,
Faratin, Norman, O'Brien, Wiegand, Voudouris, Alty, Miah, and Mamdani, 1996)) is, in some
ways, comparableto the refined model presentedn this paper.The ADEPT model models
business processesby a hierarchy of cooperative agents. The hierarchy ensures that
communication overhead betweagentsand the autonomyof the agentsare balanced Within

this model, agents have the following modules:
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* acommunication module

* an interaction management module (IMM)
* asituation assessment module (SAM)

» aservice execution module (SEM)

» aself model (SM)

* acquaintance models (AM)

Thesemodulescorrespondo the componentswithin the genericDESIRE agent model: the
module IMM may be viewed as the compon®aperation management, the SAM may 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 compon®ntproces control and the module AM can bgewed
as the componemtaintenance of agent information.

Also the ZEUS architecture of a genesigent(Nwana,NdumuandLee, 1998)is, to a certain
degree, comparable to the generic DESIRE agent model. The ZEUS model distinguishes:

» Mailbox

* Message Handler

» Co-ordination Engine
» Execution Monitor

» Acquaintance Model

* Planner and Scheduler
» Task/Plan Database

* Resource Database

The Mailbox andthe MessageHandler togethercorrespondo the componentagent interaction

management Within the generidESIRE agentmodel. The Co-ordinationEngineis modelledby

the componeniooperation management. The ExecutionMonitor with the Plannerand Scheduler,
andthe Task/PlanDatabasdogetherprovide the functionality providedby the componentown

process control. The AcquaintanceModel is comparabldo the componenmaintenancef agent
information. Although interactionwith the ExternalWorld is not explicity modelledwithin a

ZEUS agent,the ResourceDatabasamay include someof this information. The ZEUS agent
doesnot include modelsfor specifictypesof tasks, but focuseson reusablecomponentsor

interaction based on standard interface protocols.

The current DESIRE environment does not explicitly support standard communication
languages, such as KQMEinin, Labrou,and Mayfield, 1997) andthe FIPA communication
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language (FIPA, 1998), but allows thgstemdesignerthe freedomto specify the languagen
which communicationand co-ordination are expressed,as desired. The specification of
standardcomponentsto support standardcommunicationlanguagesis possiblewithin the
environment.
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