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Abstract. In this paper a generic information broker agent for
intelligent Websites is introduced. The agent architecture has been
designedusing the compositional developmentmethod for multi-agent
systems BSIRE The useof the architectureis illustrated in an Electronic
Commerce application for a department store.

1 Introduction

Most current business Websites are mainly bagedavigationthroughthe available
information acrosshyperlinks. A closer analysis of such conventional Websites
reveals some of theshortcomingsFor example,customerrelationsexpertsmay be

disappointed about thenpersonal treatmerf customersat the Website;customers
arewanderingaroundanonymouslyin an unpersonavirtual environmentand do not

feel supported by anyont. is asif customersarevisiting the physicalenvironment
of a shop (that has been virtualised), without any serving personnel.

Marketing experts may also not be satisfied by the Website; they may
disappointedin the lack of facilities to support one-to-one marketing In a
conventional Website only a limited number of possibiliaesprovidedto announce
new productsandspecialoffers in such a mannerthat all relevantcustomersearn
about them. Moreover, often Websitgs not acquireinformation on the amountsof
articles sold (salesstatistics).It is possibleto build in monitoring facilities with
respecto the amountof productssold over time, but also the numberof times a
request is put forward on a product (demand statistics). If for some aatidbzEseasing
trend is observed, then the Website could even warn employees so that these trends can
be taken into account in the marketing strategy. If on thepectsa more active role
would be taken by the Website, the marketing qualities could be improved.

The analysisfrom the two perspectives(marketing and customer relations)
suggestdghat Websitesshouldbecomemore active and personalisedjust as in the
traditional casewhere contactswere basedon humans.Intelligent agentsprovide the
possibility to reflect at leasta numberof aspectsof the traditional situation in a
simulatedform, and,in addition,enableso usenew opportunitiesfor, e.g., one-to-
one marketing, integrated in the Website.

In this paper it is shown howa genericbrokeragentarchitecturecan be exploited
to designan intelligent Websitefor a departmenstore.In Section2 the application
domain is discussed; twypesof information agents participatingh the application
are distinguished.In Section 3 their characteristicsand required properties are
discussed. In Section 4 the generic broker agent architecture is destidlzabliedto
obtain the internal structure of the agents involved in the application.



2 Application: an Intelligent Website for a Department Store

The applicationaddressethe designof an active, intelligent Websitefor a chain of
departmenstores.The system should support customersthat order articles via the
Internet. Each of the departmestoressells articlesaccordingto departmentsuchas
car accessoiresaudio and video, computer hardware and software, food, clothing,
books and magazines, music, household gaant$so on. Eachof thesedepartments
has autonomy to a largextent; the departmentgonsiderthemselvesmall shops(as
part of a larger market). This suggests a multi-agenspectivebasedon the separate
departments and the customers. Four types of agents are distinguished:

e customerghuman agents)

< Personal Assistant agenfan own software agent for each user)

« Department Agentsoftware agents within the department store’s Website)

« employeeghuman agents)
A Personal Assistant agent serves as an interface agent for the custosmrnAsa
customer visits the Website, this agent is offered and instantiated to the cudtoener.
Personal Assistant is involved in communication to both its own user avéeb#ite
agents.From the userit canreceiveinformation abouthis or her profile, andit can
provide him or her with information assumednteresting. Moreover, it can receive
information from any of the Website agents,and it can ask them for specific
information. The Website agents communicate not aitla all PersonalAssistants,
but also with each other and wigdmployeesThe customeronly communicatesvith
his or her own Personal Assistant.

3 Requirements for the Department Agents

The departmentsshould relate to customerslike small shops with personal
relationshipsto customers.The ideais that customersknow at least somebody(a
Department Agent) related sodepartmentas a representativef the departmentand,
moreover,this agenteknows specific information on the customer.Viewed from
outsidethe basic agentbehavioursautonomy responsivenessro-activenessand
social behaviour such as discussed,for example in [10] provide a meansto
characterisghe agents(see Table 3). In addition the interaction characteristicsas
shown in Tables 1 and 2 have been specified.

Interaction with the world || Department Agent

observation passive - its own part of the Website
- product information
- presence of customers/PAs visiting the Website

observation active - economic information

- products and prices of competitors

- focussing on what a specific customer or PA does
- search for new products on the market

performing actions - making modifications in the Website (e.g., change
prices)

- showing Web-pages to a customer and PA

- creating (personal or general) special offers

- modification of assortment

Table 1. World interaction characteristics for a Department Agent



Communication Department Agent

incoming from PA

- request for information
request to buy an article
paying information

customer profile information
customer privacy constraints

from Employee

- requests for information on figures of sold articles
- new product information

proposals for special offers and price changes
confirmation of proposed marketing actions
confirmation of proposed assortment modifications
proposals for marketing actions

proposals for assortment modifications

from other DA
- info on assortment scopes
- customer info

outgoing to PA

- asking whether DA can help

- providing information on products

- providing information on special offers
- special (personal or general) offers

to Employee

- figures of articles sold (sales statistics)

- analyses of sales statistics

numbers of requests for articles (demand statistics
proposals for special offers

proposals for assortment modifications

to other DA
- info on assortment scopes
- customer info

Table 2. Communication characteristics for a Department Agent

The following requirements have been imposed on the Department Agents:

personal approach; informed behaviour with respect to customer

In the Website each department shall be represented by an agent with a name and
face, and who knows the customer and his or her characteristics, and remembers
what this customer bought previous times.

being helpful

Customers entering some area of the Website shall be contacted by the agent of the
department related to this area, and asked whether he or she wants some help. If the
customer explicitly indicates that he or she only wants to look around without
getting help, the customer shall be left alone. Otherwise, the agent takes
responsibility to serve this customer until the customer has no wishes anymore

that relate to the agent's department. The conventional Website can be used by the
Department Agents to point at some of the articles that are relevant (according to
their dialogue) to the customer.

refer customers to appropriate colleague Department Agents

A customer which is served at a department and was finished at that department can
only be left alone if he or she has explicitly indicated to have no further wishes
within the context of the entire department store. Otherwise the agent shall find



out in which other department the customer may have an interest and the customer
shall be referred to the agent representing this other department.

be able to provide product and special offer information

For example, if a client communicates a need, then a product is offered fulfilling
this need (strictly or approximately), and, if available a special offer.

dedicated announcement

New products and special offers shall be announced as soon as available to all
relevant (on the basis of their profiles) customers, not only if they initiate a

contact with the store, but they also shall be contacted by the store in case they do
not contact the store

Basic types of behaviour Department Agent

Autonomy - functions autonomously, especially when no employ
are available (e.g., at night)

Responsiveness - responds to requests from Personal Assistants
- responds to input from Employees
- triggers on decreasing trends in selling and deman

Pro-activeness - takes initiative to contact Personal Assistants

- takes initiative to propose special offers to custome
- creates and initiates proposals for marketing action
and assortment modifications

Social behaviour - cooperation with Employees, Personal Assistants, g
other Department Agents

Table 3. Basic types of behaviour of a Department Agent

analyses for marketing

The Department Agents shall monitor the amounts of articles sold (sales
stastitics), communicate them to Employees (e.g., every week) and warn if
substantially decreasing trends are observed. For example, if the figures of an
article sold decrease during a period of 3 weeks, thenmarketing actions or
assortment modifications shall be proposed.

actions for marketing

Each Department Agent shall maintain the (history of) the transactions of each of
the customers within its department, and shall be willing to perform one to one
marketing to relevant customers, if requested. The Employees shall be able to
communicate to the relevant Department Agents that they have to perform a
marketing campaign. The agent shall propose marketing actions to Employees.
privacy

No profile is maintained without explicit agreement with the customer. The
customer has access to the maintained profile.

3.2 Characteristics and Requirements for the Personal Assistants

For the Personal Assistants the interaction characteristics are given in Table 4, and

their basic types of behaviour in Table 5. The following requirements can be imposed

on the Personal Assistants:



support communication on behalf of the customer

Each customer shall be supported by his or her own Personal Assistant agent, who
serves as an interface for the communication with the Department Agents.

only provide information within scope of interest of customer

A customer shall not be bothered by information that is not within his or her

scope of interest. A special offer that has been communicated by a Department
Agent leads to a proposal to the Customer, if it fits in the profile, and at the
moment when the Customer wants such information

sensitive profiling

Customers are relevant for a special offer if they have bought a related article in the
past, or if the offer fits in their profile as known to the Personal Assistant.
providing customer information for Department Agents

every week the relevant parts of the profile of the Customer is communicated to
the Department Agent, if the Customer agrees.

privacy

The Personal Assistant shall protect and respect the desired privacy of the
customer. Only parts of the profile information agreed upon are communicated.

Interaction characteristics || Personal Assistant

A. Interaction with theworld

observation passive - notice changes and special offers at the Website
observation active - look at Website for articles within the customer nee

performing actions

B. Communication with other agents

incoming from Department Agent
- product info
- special (personal and general) offers

from Customer

- customer needs and preferences
- agreement to buy

- privacy constraints

outgoing to Department Agent
- customer needs

- payment information
- profile information

to Customer
- product information
- special offers

Table 4. Interaction characteristics for the Personal Assistant

Basic types of behaviour Personal Assistant

Autonomy autonomous in dealing with DAs on behalf of customg

Responsiveness responsive on needs communicated by customer




Pro-activeness " initiative to find and present special offers to custome

Social behaviour || with customer and DAs

Table 5. Basic types of behaviour for the Personal Assistant

4 The Internal Design of the Information Broker Agents

The agents in the application presented in the previous sections hawiebigeredn
the basisof a genericmodelfor a broker agent. The processof brokering as often
occurs as a mediating process in electronic commerce invalrasberof activities.
For example,respondingto customerrequestsfor productswith certain properties,
maintaininginformation on customers building customerprofiles on the basis of
such customer information, maintaining information on products, maintaining
provider profiles, matchingcustomerequestsand productinformation (in a strict or
soft manner), searching for information on the WWW, and responding to new offers of
productsby informing customersfor whom these offers fit their profile. In this
sectiona genericbrokeragentarchitecturas presentedhat supportssuch activities.
This generic model has beesedas a basisfor both the DepartmentAgentsandthe
Personal Assistant agents.

4.1 A Generic Broker Agent Architecture

For the design of thgenericbroker agentthe following main aspectsare considered:
processcomposition,knowledgecomposition,andrelations betweenknowledgeand
process composition, as discussed in Section GrApositionalgenericagentmodel
(introduced in [2]),supportingthe weak agencynotion (cf. [10]) is used;seeFig. 1.
At the highestabstractionlevel within an agent, a number of processescan be
distinguishedthat supportinteractionwith the other agents.First, a processthat
manages communication with other agents, modelled by the compgaemteraction
management iN Fig. 1. Thiscomponentanalysesncoming information and determines
which other processeswithin the agent need the communicatedinformation.
Moreover,outgoing communications prepared.Next, the agentneedsto maintain
information on the other agentswith which it co-operates:maintenance of agent
information. The COMpoNENimaintenance of world information IS includedto store the world
information (e.g., information on attributes of products). The progessocess control
definesdifferent characteristicof the agentand determinesfoci for behaviour.The
componentvorid interaction management IS includedto modelinteractionwith the world
(with the World Wide Web world, in the exam@eplication):initiating observations
and receiving observation results.

The agentprocessedliscussedabove are genericagent processeddany agents
perform theseprocessesln addition, often agent-specificprocessesare needed:to
perform tasks specific to one agent, for example directly related to a specific domain of
application.The broker agentmay haveto determineproposalsfor other agents.In
this process,information on available products (communicatedby information
providing agentsandkept in the componenimaintenance of world information), and about
the scopes of interests of agents (kepghiemcomponeninaintenance of agent information),
is combined to determine which agents migétinterestedn which products.Fig. 1
depicts how the broker agent is composed of its components.

Part of the exchange of information withime genericbroker agentmodel can be
describedas follows. The broker agentneedsinput about scopesof interests put



forward by agentsand information about attributes of available productsthat are

communicatedyy information providing agents.lt producesoutput for other agents
aboutproposedproductsandthe attributesof theseproducts.Moreover,it produces
output for information providers about interests. In the informatypesthat express
communicationinformation, the subjectinformation of the communicationand the

agent from or to whom the communicatisndirectedare expressedThis means that
communicationinformation consistsof statement@boutthe subjectstatementshat

are communicated.
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Fig. 1. Composition within the broker agent model

Within the broker agenthe componeniwn process control US€Sas iNput belief info,
i.e., information on the world and other agents,and generatesocus information: to
focus on a scopeof interestto be given a preferential treatment,i.e., pro-active
behaviourwill be shownwith respectto this focus. The componentagent interaction
management has the sameinput information as the agent (incoming communication),
extended withbelief info andfocus info. The output generatedncludespart of the output
for the agent as a whole (outgoing communication), extendedwith maintenance info
(information on the world and other agentghat is to be storedwithin the agent),
which is used to prepare the storage of communicated world and agent information.

Information on attributes of products is stored in the compaon@fiénance of world
information. In the same mannethe beliefs of the agentwith respectto otheragents’



profiles (orovider attribute info andinterests) arestoredin maintenance of agent information. The
agent specific task uses information mmeductattributesand agentinterestsas input
to generateproposalsas output. For reasonsof spacelimitation the generic and
domain-specific information types within the agemdel are not presentedfor more
details; see [5].

4.2 The Department Agent: Internal Design

The broker agent architecture provides an appropriate means to establish the internal
design of the two types of agents involved.

For the Department Agent, the internal storage and updating of infornuatithe
world and on other agents (théeliefs of the agent)is performed by the two
componentsnaintenance of world information andmaintenance of agent information. In Table 6 it
is specified which types of information are used in these components.Profile
information on customeris obtainedfrom PersonalAssistants,and maintainedwith
the customer’spermission. Also identified behaviour instancesof the Personal
Assistantscangive input to the profile. Profile information can be abstractedrom
specific demands, using existing datamining techniques.

Maintenance of Information Department Agent

world information - info on products within the DA’s assortment
- info on special offers

- info on customer profiles

- info on customer privacy constraints

- info on MA’s needs for figures

- info on customer preferences in communication

- info on which products belong to which other DA's
assortments

- info on providers of products

agent information

Table 6. Maintenance information for the Department Agent

The componentagent interaction management identifies the information in incoming
communicationand generatesoutgoing communicationon the basis of internal
information. For example,if a PersonalAssistantagentcommunicatests interests,
thenthis informationis identified as new agentinterestinformation that is believed
and has to be stored, so that it can be recalled later.
In the componenigent specific task Specific knowledge is used such as, for example:
 if the selling numbers foan article decreasdor 3 weeks,then makea special
offer with lower price, taking into account the right season
» if acustomerasksfor a particularcheapproduct,andthereis a special offer,
then this is proposed
« if anarticleis not sold enoughover a longer period, then take it out of the

assortment

Within this componenton-strict(or soft) matchingtechniques cabe employedto
relate demands and offers.

4.3 The Personal Assistant: Internal Design

In this section some of the components of the Personal Assistant are briefly discussed.



For the PersonalAssistant, as for the DepartmentAgent, the internal storageand
updatingof information on the world andon other agentss performedby the two
componentsnaintenance of world information @N0maintenance of agent information. 1N Table 7 it
is specified which types of information are used in these components.

Maintenance of I nformation Per sonal Assistant

world information - product information
- special offers

agent information - customer needs and profile

- customer privacy constraints

- offers personal to the customer
- DAs assortment scopes

Table 7. Maintenance information for a Personal Assistant

As in the previous section, the component agent interaction management identifies the
informationin incoming communicationand generate®utgoing communicationon

the basis of internal information. Fexample,if a DepartmentAgent communicates

a specialoffer, thenthis informationis identified as new agentinformation that is
believed andhasto be stored,so that it canbe recalledlater. Moreover,in the same
communicationprocess,information about the productto which the special offer

refers can be included; this is identified and stored as world information.

6 Discussion

In this paper a multi-agent architectdoe intelligent Websitesis proposedbasedon
information broker agents.A Website, supportedby this architecturehas a more
personallook and feel than the usual Websites. Within the architecture, also
negotation facilities (e.g., as in [8]) can be incorporaidek broker agentarchitecture
hasalso beenappliedwithin a projecton virtual marketenvironmentsn Electronic
Commerce, in co-operation with the Internet application company Crisp.

Applications of broker agents (addressede.qg., [3], [4], [6], [7], [8], [9]), often
are not implemented in a principled manner: without an explicit designatceptual
level, and without support maintenandéwe broker agentarchitectureintroducedhere
was designedand implementedin a principled manner, using the compositional
development method fonulti-agentsystemsDESIRE [1]. Due to its compositional
structureit supportsreuseand maintenancea flexible, easily adaptablearchitecture
results. Moreover, within the agentmodel facilities can be integratedthat provide
automatedsupportof the agent'sown maintenancg5]. Therefore,the agentis not
only easily adaptableput, if in such a manneradaptationis automated;jt shows
adaptivebehaviourto meet new requirementgeither in reactionto communication
with a maintenance agent, or fully autonomous).
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