
An Agent Architecture For Personalized Web StoresL. Ardissono, C. Barbero, A. Goy, G. PetroneDip. di Informatica, University of TorinoCso Svizzera 185; 10149 Torino, ItalyPhone: +39 - 011 - 7429111;E-mail: fliliana, cris, goy, giovannag@di.unito.itABSTRACTWe describe the architecture of a con�gurable Web storesupporting personalized interactions with users. Our systemexploits user modeling and 
exible hypermedia techniques totailor to the user the suggestion of goods and the descriptionof the store catalog. Customizing the system's behavior re-quires the parallel execution of several complex tasks duringthe interaction (e.g. identifying the user's preferences anddynamically generating the hypertextual pages of the storecatalog). We argue that only an architecture composed ofspecialized agents can successfully carry on these tasks.Our system is developed in a Java-based environment usingtools for building interoperable, agent-based systems (e.g.JDBC drivers for database independence; Voyager for themultiagent architecture). The system architecture includesan instance of each specialized agent and an agent whichenables the communication among the others.1. INTRODUCTIONIn this paper, we describe a tool to build adaptive Web storeswhich tailor the selection and the presentation of productsto the speci�c needs of their customers.With the recent expansion of the Internet, the interesttowards electronic sales has quickly grown and many toolshave been built to help vendors to set up their Web stores:for example, Oracle's Internet Commerce Server, MicrosoftMerchant Server, NetConsult Communications' IntershopOnline, Netscape Merchant [22]. These tools o�er all thefacilities necessary to build the databases of the store andto manage the order processing and secure payment trans-actions. However, they typically do not focus on issues likethe personalization of the interaction with the customers.On the other hand, Web surfers are generally heterogeneousand have di�erent needs and preferences. For this reason,personalizing the interaction with the user and the productpresentation is becoming more and more important.Personalization issues are crucial to improve the usabil-ity of Web sites, to provide the users with descriptions tai-lored to their domain expertise, to select the informationwhich best matches their interests, and even to o�er themdi�erent interaction techniques (e.g. interfaces adaptablec
Copyright 1999 by the Association for Computing Machinery,Inc. Permission to make digital or hard copies of part or all of thiswork for personal or classroomuse is grantedwithout fee providedthat copies are not made or distributed for pro�t or commercialadvantage and that copies bear this notice and the full citationon the �rst page. Copyrights for components of this work ownedby others than ACM must be honored. Abstracting with credit ispermitted. To copy otherwise, to republish, to post on servers, orto redistribute to lists, requires prior speci�c permission and/or afee. Request permissions from Publications Dept, ACM Inc., fax+1 (212) 869-0481, or permissions@acm.org.

to people with special needs [12]). The design of adaptiveWeb systems has however highlighted the fact that complexarchitectures have to be de�ned, where several specializedcomponents cooperate with each other to obtain the overallsystem behavior; see for instance [24, 18].In particular, the customization of a Web store di�erswith respect to the situation of a generic recommender sys-tem for many aspects; most noticeably:� The search space is represented by the store catalog,which is a local information source. So, the descrip-tion of the goods sold in the store can be structuredand detailed, and complex forms of reasoning can beperformed to evaluate their properties and their suit-ability to the user's preferences.� The user accesses the store with the speci�c goal topurchase goods and the system should assist her inthe selection of the products which best match herneeds. On the other hand, the adoption of informa-tion �ltering techniques suited to deal with huge andheterogeneous information sources (as those used bythe information �ltering systems which navigate theWeb to retrieve items for the user [2]) is most suitedto the satisfaction of generic user goals. Therefore, itmay not be the most appropriate means to activelyhelp the user in the selection of goods.For these reasons, we believe that a knowledge-intensiveapproach better achieves the goal of building 
exible andfriendly Web shops.Our analysis of the electronic sales domain, as far asthe customer-to-business side is concerned, has revealed theimportance of several tasks, among which:� Managing the various phases of the interaction withthe customer (e.g. user identi�cation and catalog brows-ing). In each phase, the system has to decide whetherit needs to ask information to the user, which actionsthe user is allowed to perform, and so on. Moreover,it has to monitor the user's actions, in order to col-lect information which can then be used to adapt thesystem's interaction style to the user's speci�c needs.� Deciding how to adapt the system's interaction style tothe user: the contents (and links) of the hypertextualpages have to be tailored to the user's characteristicsand interests, depending on her behavior [12]. For ex-ample, if she follows links in order to get more technicalinformation about the products displayed, the systemmay then autonomously provide such information inthe rest of the interaction; if, in contrast, the userasks for help (e.g. because she does not understandthe terminology used), then the system may continuethe interaction by describing products using simplerwords. Moreover, more or less detailed pages may bedesigned depending on the user's receptivity.1



� Dynamically generating the hypertextual pages whichrepresent the Web store: only few pages can be pre-compiled, while the others have to be generated onthe 
y, depending on the user's short-term goals (e.g.which products she wants to see and which informationabout the products she requests).� Acquiring and maintaining the user pro�les, which rep-resent the system's hypotheses on the users' needs andcan be used to tailor the layout of the hypertextualpages to each speci�c user.� Managing the customers database to keep their previ-ous purchases and their pro�les available later on.� Managing the database of the items sold in the store.� Tailoring the suggestion of goods to the user's tastes,by evaluating which items best match her preferences.These activities are instances of very di�erent issues,which require di�erent types of expertise (knowledge andinferences) in order to be solved; for example, a descriptionmay be customized by applying personalization strategies[9], while the acquisition of the user pro�le could rely ontechniques like the use of stereotypical information aboutcustomer classes, or the application of dynamic user model-ing rules [26, 17].The presence of heterogeneous problems to be faced andthe fact that many tasks could be carried on in parallel whileinteracting with the user suggests that a monolithic architec-ture, composed of a single agent, cannot manage the overallproblem in a satisfactory way (see also [24, 15]). For thisreason, we have decided to develop several specialized com-ponents, each of them carrying on one of the main tasksoutlined above. In order to allow a harmonic cooperationamong the di�erent components, we designed our system asa multiagent architecture, where agents can be distributedon a network. Each agent o�ers a speci�c set of servicesand knows which ones are o�ered by the other agents of thesystem. We have mainly focused on two problems:� The identi�cation of the subproblems which the generic\personalized sales" task could be decomposed into.� The identi�cation of the domain-dependent / inde-pendent knowledge required to solve such subprob-lems: in our system, the domain-dependent knowl-edge, which concerns information about products andcustomer features, is declaratively represented andclearly separated from the domain-independent com-ponents, which represent the core of the store. Thisseparation has the advantage that our architecture canbe easily instantiated on several sales domains, there-fore obtaining di�erent Web stores out of a single Webstore shell.1In the following sections we present the architecture of oursystem: we will refer to the telecommunication domain (e.g.selling faxes, switchboards, etc.), which is the applicationdomain selected for our prototype; however, the system isdesigned to accommodate other commercial domains, whereservices, or complex products, are massively sold.The Web stores created by our system interact with theuser in a cooperative way; they handle a personalized inter-action with the user, o�ering di�erent views of the catalog on1In order to make the store customization task easier, we havedesigned graphical acquisition tools which help the store designer tointroduce the domain-dependent knowledge.

the basis of her needs and preferences. The system can takethe initiative to suggest certain products, which may di�erfrom those explicitly requested by the user, because, accord-ing to the system's knowledge, they better suit her needs.Each Web store dynamically generates the personalized hy-pertextual pages containing the information to be shown tothe user and the links she can follow next. In such pages, thesystem displays information about the products and lets theuser perform actions, like exploring other products, gettinginformation about a speci�c product and selecting a goodto purchase.2. THE ARCHITECTUREOur Web store shell has been designed as the multiagent ar-chitecture shown in Figure 1. In the �gure, boxes representagents; ovals represent the Users and Products databases,which keep speci�c information about the customers whovisited the store and the items sold there. The parallelo-grams represent the dynamic structures maintained duringeach working session: the user pro�le (User Model - UM)and the knowledge bases used by the agents, i.e. the Stereo-type KB, which describes the characteristics of customerclasses, and the Product Taxonomy, which is a conceptualrepresentation of the products available in the store.The dashed lines relate the knowledge bases to the datastructures initialized on the basis of their contents: for in-stance, at each interaction the user pro�les are generatedand initialized on the basis of a template, de�ned withinthe Stereotype KB. Similarly, the Product Taxonomy View,which represents the personalized hyperspace, is generatedout of the conceptual representation of products representedin the Product Taxonomy.The dotted arrows show the 
ow of the data retrieved andstored by the agents during their activity: e.g. the UserModeling Component (UMC) retrieves the description ofthe stereotypes from the Stereotype KB; moreover, it co-operates with the Users DB Manager to read and store inthe Users DB the information about the speci�c customerswho visited the store.The arrows between agents show the messages exchanged bythem during a working session: the thin arrows denote asyn-chronous messages, while the thick ones denote synchronousmessages. Each arrow has associated the message type sentby the agent; we have labeled the message types with namesderived from the KQML performatives [11].In the following, we brie
y describe the various agents,focusing on the services they o�er and providing some ex-amples of the messages they exchange. More informationabout the activities of the agents can be found in [4, 5].2.1 Session ManagerThe Session Manager handles the communication with thebrowsers and creates all the agents of the architecture. Eachtime a user connects to the store, the Session Manager sendsa synchronous \tell" message to the Dialog Manager, tocommunicate the user's action (e.g. she wants to follow anhypertextual link or she has �lled a form). We will describethe Session Manager in more detail in Section 3.2.2 Dialog ManagerThe Dialog Manager handles the interaction with the userand maintains the contextual information. The interaction2
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eFigure 1: The Web store architecture: rectangles denote agents; parallelograms denote knowledge bases. Bold (thin) arrowsrepresent synchronous (asynchronous) messages between agents.is composed of three main phases:1. During the identi�cation phase, new customers areidenti�ed and their personal data are collected.2. During the selection-browsing phase, the user may cy-cle selecting products she wants to examine and brows-ing the catalog:(a) Selection: the user may choose one or more prod-ucts she wants to analyze. The system keeps trackof her selections to describe their features lateron. The user is also allowed to select products forother bene�ciaries than her.(b) Browsing: the user browses the portion of thevirtual catalog describing the products previouslyselected. During this phase, the user can see thedescription of the main product features and ofthose related to the speci�c items included in theProducts DB. Moreover, the user can select someitems to purchase, putting them into the shoppingcart.3. The user may close the interaction: when she pressesthe \Exit" button, the system asks her if she allowsher data to be permanently stored in the Users DBand, depending on her answer, it records or discardsthem.The Dialog Manager monitors the user's actions, by inter-preting the generic events caught by the Session Manager.We have identi�ed a set of events relevant to dynamic usermodeling purposes; when these events occur, the DialogManager sends the information to the UMC, which exploitsit to update the user pro�le.The Dialog Manager also guides the user's browsing activ-ity within the Product Taxonomy View. On the basis ofthe link followed by the user, the Dialog Manager asks thePersonalization Agent for a new page and the interactioncontinues along the same line.

2.3 User Modeling ComponentThe UMC creates and maintains the pro�les of the cus-tomers of the on-line store.2 It also triggers the constructionof the Product Taxonomy View by (asynchronously) invok-ing the Product Extractor, when the contents of the userpro�le change (\tell" message): in this way, the view can beupdated during the session.At the end of a session, if the user agrees, the UMC makesthe Users DB Manager store the user pro�le into the UsersDB (by means of an asynchronous \insert" message).Each user pro�le contains:� Descriptive information about the user; this informa-tion concerns personal data, like the user's age, educa-tion level and job, which are provided by the user by�lling a registration form. This information is repre-sented as <feature, value> pairs.� Predictive information, concerning the user's prefer-ences towards the properties of goods, like quality andease of use, and the user's personality traits (e.g. herreceptivity).Each user preference is represented by means of a pa-rameter, structured as follows:3Parameter Name: String;Importance: Integer [0..1];Values: <Linguistic Value, Probability> pairs;The Importance slot represents how much the propertyis considered important by the user and takes valuesin the range [0..1].Each <Linguistic Value, Probability> pair contains a2For each user session, the UMC keeps a pro�le for the direct userand one for each bene�ciary of the selected products (e.g. see Figure3, which shows a products presentation page relative to a user sessionwhere the user is searching for a phone for a bene�ciary named Paul).The direct user pro�le is used to tailor the presentation of items; theother pro�les are used to select the goods suited to the person theyare directed to.3We leave apart the representation of personality traits, which isvery similar to that of preferences (but has no importance slot). Thisrepresentation is derived from [25].3
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.....Figure 2: A portion of the Product Taxonomy. The double arrows represent generalization links. The solid lines relateproducts to their features. The dashed lines are links to the Products DB.linguistic value that the parameter can assume and theprobability that the user prefers that linguistic valuefor the related product property. For instance, theuser's preference towards the products quality mightbe instantiated as follows:<Low, 0>, <Medium, 0.3>, <High, 0.7>.When a user accesses the store, her user pro�le is initializedeither by retrieving the user's record from the User's DB (bymeans of a synchronous \ask-one" message to the Users DBManager, which replies with a \tell" message), or by exploit-ing stereotypical information about customers, available inthe Stereotype Knowledge Base.The Stereotype KB contains a hierarchical taxonomyof stereotypes which cluster typical properties of customergroups [21]. The stereotypes are characterized by a classi�-cation part and a predictive part. The classi�cation partconcerns socio-demographic characteristics, correspondingto the personal data asked to the user when she �rst ac-cesses the Web store. The predictive part concerns person-ality traits and user preferences towards product properties.The user is classi�ed by matching her personal data withthe classi�cation part of the stereotypes. Then, the user'spersonality traits and preferences are initialized by merg-ing the predictions of the best matching stereotypes. Thecontribution of each stereotype is weighted on the basis ofthe degree of match between the user's personal data andthe classi�cation part of the stereotype. In this way, strictlymatching stereotypes in
uence the initialization of the userpro�le more heavily.Recent developments of our system include the exploita-tion of dynamic user modeling techniques to update the userpro�les on the basis of the actions the user performs duringthe interaction. The UMC maintains in its working memorythe history of all the relevant events delivered by the DialogManager. The events may regard clicks to hypertextual linksand clicks on buttons to perform speci�c tasks (e.g. puttingan item into the shopping cart, creating a comparative tableto compare items on the basis of a set of features). The sys-tem periodically analyzes the event history to evaluate howfrequently the user performs the various actions. On thebasis of these data, the user's characteristics are updated bythe system, so that the interaction style may be modi�ed.44For instance, if the user often requests more information aboutproducts (by clicking on the \more features" links, see Figure 3),her receptivity is upgraded and, as a consequence, the system willprovide the user with more information in the subsequent steps ofthe interaction.

Moreover, the set of items contained in the shopping cartis exploited to update the user's preferences so that theyre
ect the properties of the chosen items.2.4 Product ExtractorThe Product Extractor Agent dynamically builds a ProductTaxonomy View to o�er the user a personalized, constrainedview on the complete static hyperspace represented by theProduct Taxonomy. This view is used by the Dialog Man-ager to guide the user in a rational, assisted exploration ofthe catalog, instead of directly accessing the item descrip-tions in the Products DB. Figure 2 shows a portion of theProduct Taxonomy built for our prototype and shows theproduct attributes within rectangles.The Product Extractor also assists the user's selectionof the products she wants to see: it checks the ProductTaxonomy View, looking for possible integrated solutionswhich satisfy her needs; for instance, if the user asks for aphone and a fax, the system proposes a \fax-phone" as anintegrated solution. Note that this behavior displays a sys-tem initiative, since the system reacts to the user's requestsshowing products which serve her needs better than the onesshe explicitly asks for.At last, the Product Extractor retrieves from the Prod-ucts DB Manager the internal description of all the itemswhich might be suggested to the user (by means of a syn-chronous \ask-all" message to the Products DB Manager,which replies with a \tell" message) and selects the oneswhich best match the bene�ciary's preferences, by compar-ing the properties of the retrieved items with the preferencesof the bene�ciary taken from the UMC.2.5 Personalization AgentThe Personalization Agent dynamically generates the HTMLcode for the hypertextual pages which it is required to pro-duce. Although this agent only works when invoked by theDialog Manager, it has a certain autonomy of action: infact, the Dialog Manager only speci�es the type of page tobe produced and which product must be described; on thebasis of such data, the Personalization Agent takes all thedecisions regarding the layout and the contents of the page.After having produced the page, this agent sends it to theDialog Manager by means of a synchronous \tell" message.In the page generation process, the Personalization Agentrequests the data of the user pro�le from the UMC; then it4



Figure 3: A product presentation page dynamically generated by our system.applies a set of personalization rules which, on the basis ofthe user pro�le, suggest the page layout and the amountand surface form of the page contents. Therefore, di�erentpages are produced when describing the same product tousers characterized by di�erent pro�les.Figure 3 shows a page produced by the PersonalizationAgent, describing the \Super Slim" phone: while the cen-tral area of the page describes the features of this item, thelefthand side area keeps a memory of the user's previous se-lections and the upper part allows the user to inspect themain product classes described in the catalog (it can be usedin order to select new products to examine). The rest of thepage contains links and buttons which allow the user to per-form actions, like adding goods to the shopping cart andbrowsing the catalog.2.6 Shopping Cart ManagerThe Shopping Cart Manager keeps track of the items se-lected by the user to purchase during an interaction. Tothis purpose, it stores the chosen items into a structuredshopping cart, keeping track of the various bene�ciaries anduses (home vs. business use).When the user picks up a good to purchase, the Dia-log Manager sends to the Shopping Cart Manager an asyn-chronous, one-way message (\insert"), reporting the selecteditem, its bene�ciary and use. At each time during the inter-action, the user can consult the state of the shopping cart(in order to display such information, the PersonalizationAgent asks the list of items to the Shopping Cart Manager):the goods in the shopping cart are displayed, together withtheir bene�ciary, use and price. If the user removes a goodfrom the shopping cart, the Dialog Manager sends to theShopping Cart Manager an asynchronous, one-way message(\delete").

2.7 DB ManagersThe database managers (Products DB Manager, Users DBManager) handle the Products and Users databases, whichcontain, respectively, the information about the goods soldin the store (e.g. price, technical features, etc.) and therecords of the customers who have accessed the store, in-cluding the goods that they purchased in previous visits.3. IMPLEMENTATION DETAILSOur system is implemented in Java as a Three Tier Appli-cation Architecture (see Figure 4).� The First Tier can use any Java-enabled browser;5� The Second Tier contains the Web Server and most ofthe agents of our system. The interface between theagents and the Web is supported by a Servlet (the Ses-sion Manager). Our store is based on the JavaSoft JavaWeb Server 1.1, which we initially chose because it wasthe only Web Server supporting the Servlet API.6� The Third Tier consists of data repositories and canbe accessed using relational database interfaces, likeJDBC. Both the Products and Users DB Managersuse JDBC to communicate to the DBMS: JDBC is theJava API that allows the developer to write a singleinterface to the most popular relational databases.75The complex user interface tasks, like the initial selection of theproduct types the user is interested in, are handled by Java appletsdownloaded from the second Tier servers; the simpler tasks are han-dled using standard HTML, dynamically generated by the Personal-ization Agent.6Currently, also the Netscape, Microsoft and Apaches Servers sup-port Servlets.7In our system, the independence from the structure of thedatabase is enhanced by the existence of the Product Taxonomy: infact, this structure represents an interface which allows the system'scomponents to refer to the product descriptions using a rich, concep-5
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data. Moreover, each agent maintains a private tablewhere it stores the references to those objects, whichare retrieved by the associated userIds.Figure 5 sketches the parallel sessions handled by the UMC;the other agents work in the same way, but the �gure doesnot show their sessions for simplicity.The presence of agents which handle multiple user ses-sions might lead to think that they represents bottleneckswithin the architecture. However, the multithread environ-ment supported by Voyager overcomes this problem. In fact,while synchronous messages are handled by the main threadof an agent, the agents are spawned when they receive asyn-chronous messages which, therefore, are handled in parallel.In this way, we can handle in a homogeneous way an al-most complete parallelization of the activity of the variousagents within a user session (see the asynchronous messagesin Figure 1) as well as di�erent sessions.3.1 CommentsWe have studied several tools for building multiagent sys-tems in a Java-based environment: all these tools o�er com-munication and distribution facilities, and introduce an ab-straction level with respect to the communication protocol(which might be RMI, DCOM, CORBA, or other). Wehave selected Objectspace Voyager [19], which best suitedthe needs of our architecture, allowing a convenient objectdistribution: objects created by the Voyager compiler areable to be remotely executed. Moreover, Voyager supportsan almost seamless transformation of a Java object, whichcan only exchange synchronous messages, into an agent ableto send and receive various types of messages (noticeably,although di�erent message synchronization types are sup-ported, the Java method declaration does not change). Voy-ager o�ers synchronous, oneWay, oneWayMulticast and \fu-ture" messages (\future" messages correspond toasynchronous messages, which do not involve the senderand the receiver in a rendez-vous). Messages are exchangedamong agents by method invocation; however, the objectinvoking a method has to specify in which way it wants tosynchronize with the receiver. While synchronous commu-nication corresponds to traditional Java method invocation,the other types of messages can be delivered by objects byinvoking speci�c Voyager methods.Other systems, like JAFMAS [10] and JATLite [1], wouldallow our agents to be distributed on a network and commu-nicate in a standard agent communication language basedon Speech Acts [23, 11, 20]. However, following KQML, theyimpose that the contents of the speech acts are represented6
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ow of data between agents and objects in general.(in an appropriate content language) as strings. Therefore,they make the exchange of messages containing structuredinformation a complex task.8 On the other hand, in the de-velopment of our system we have experienced that a hugeportion of the information which the agents need to sendto each other is embedded into complex objects and a con-version of such data into very general String patterns wouldmake the communication among the agents ine�cient.Since we need 
exibility in agent communication, we ex-cluded other well known agent building tools, which are ex-plicitly focused on the management of agent mobility, at theexpense of agent communication, that is handled at a ratherlow level: e.g. MOLE [8], and IBM Aglets [13]. At the sametime, other tools for building multiagent systems which alsoprovided primitives to enable an active cooperation betweenthe agents proved to exceed our needs: e.g. COOL [6]. Infact, in our system, the agents o�er �xed services, and thereis no need to dynamically distribute tasks among them.4. CONCLUSIONSWe have described a con�gurable Web store architecturewhich can be used to build stores o�ering personalized inter-actions to customers, on the basis of their domain expertise,preferences and needs. In order to achieve the personal-ization of the interactions with the user, we have appliedseveral techniques, developed within the Knowledge BasedSystems, Flexible Hypermedia and User Modeling researchareas, and adapted them to the characteristics of the elec-tronic sales application.We have designed our Web store shell as a multiagentsystem, in order to allow the creation and coordination ofseveral, specialized agents, who are responsible for carryingon the activities necessary to the management of the person-alized interactions with customers. In a Web store instance,these agents can be distributed over di�erent computers andinteract with each other by exploiting the communicationfacilities o�ered by the Voyager tool to build agent-basedsystems.Following the described architecture, we have built a pro-totype store shell and we have instantiated it on the telecom-munication domain: the resulting system can be used tobrowse the catalog of a store selling phones, faxes, and other8Object serialization could be used to transmit messages contain-ing object parameters, but a sensible e�ort is required to decode andparse the content of messages on the receiver's side.

similar products. No real purchasing can be performed, butthe hypertextual pages of the catalog are generated by thesystem by consulting a real database of goods, which con-tains all the information about the items available in thestore.During the interaction with a customer, the system builds auser pro�le by classifying the user in stereotypical customerclasses, on the basis of a set of socio-demographic parame-ters (which we selected for the telecommunication domain).The system dynamically generates the hypertextual pagesdescribing the catalog, tailoring the product presentationand the hypertextual links to the user's preferences. More-over, the system tailors the selection of items to the user'scharacteristics: within a product class selected by the user,the system recommends the items which best match thepreferences of the bene�ciary to which they are directed.In the design of our system, we have adopted a knowledge-intensive approach: this fact requires that, when a newstore instance is created, detailed information has to be in-troduced to describe the product features, as well as themain characteristics and preferences of customers (stereo-typical information). Moreover, the system builds and ex-ploits rather complex user pro�les in order to select theproducts to suggest and to tailor their description to theuser's needs. Clearly, we could adopt such an approach be-cause the information sources used by the system to processthe user's requests are well-structured and constrained. Onthe contrary, other recommender systems, which search forinformation spread all over the Web, must face the hetero-geneity of the information sources; therefore, they use sim-pler customer pro�les and more generic matching techniquesto identify items of interest to the user (e.g. [2, 16, 14, 3, 7]).Future work includes a �eld trial of the system and theresolution of several issues, among which:� The enhancement of the system's initiative during theinteraction with the users: e.g. more personalizationtechniques will be added, among which a help facilityfor non-expert users.� The enhancement of the system's con�gurability: weare currently separating the di�erent capabilities of thesystem in order to support the selection of the func-tionalities required within a store instance. For ex-ample, the User Modeling Component can currentlywork in static user modeling, stereotypical user mod-eling and dynamic user modeling modality.99The dynamic user modeling activity is currently only partially7
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