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Abstract. This poster outlines a new approach for decentralized user modelling
using a taxonomy of purposes that define a variety of context -dependent user
modelling processes rather than creating and maintaining a single centralized
user modelling server. This approach can be useful in distributed environments
where autonomous agents develop user models independently and do not
necessarily adhere to a common representation scheme.

1 Introduction
Traditionally user modelling has focused on creating and maintaining a single global
description of the user used internally in an application for some purpose defined at
design time [1]. Knowledge representation is a key issue in this kind of traditional
user modelling. With the emergence of networked applications, user modelling
servers have been proposed [3]. User modelling servers provide a centralized solution:
even if the user data comes from and serves various applications, the representation of
the user model follows a particular centralized schema, which is known in advance to
the applications.
However, in a multi-agent based software environment, a single user model is
typically replaced by user model fragments, developed for particular purposes and
contexts by the various autonomous software agents populating the environment [7,
9]. These fragments cannot be expected to share the same representation scheme (the
same problem arises in distributed databases, see [4]). Therefore the focus of user
modelling shifts from the collection at one place of as many data about a user as
possible to collecting on demand whatever user information is available at this
moment from various agents and interpreting it for a particular purpose. This is called
active user modelling [7].
Our goal is to develop a methodology for active user modeling and a library of
purpose clichés for active user modelling. The representation of each purpose is
procedural and contains a description of the context in which the procedure can be
applied to achieve the purpose. The purposes are retrieved and executed by distributed
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autonomous agents to compute user models “just in time” [6] as they are needed.
Similarly to developing a full ontology of a domain, envisaging all possible purposes
for user modelling in all possible contexts is an impossible task. Therefore, the effort
of the designer should focus on creating a library of important, reusable purpose
clichés.

2 Purposes in a Multi-agent Portfolio Management System
A multi-agent portfolio management system [8] serves as a domain for our
investigations into purpose clichés. There are two kinds of agents: personal agents
(PA) represent investors who need advice, and expert agents (EA) who provide that
advice. A main purpose for a PA is to find an appropriate EA for a given investor, and
for this models of both the investor and the EA are needed. There are many other
typical purposes in this domain.
Each purpose consists of inputs, functions and outputs. The inputs denote the
type of raw data that is relevant to the given purpose. The functions are algorithms
used to compute the desired outputs using the inputs within context -specific resource
constraints. The outputs are the result of this computation, and can be considered to be
context -specific partial user/agent models. These partial models can also form input
to other purposes. The purposes can be organized into hierarchies with respect to
generalization and aggregation (similar to plans produced using hierarchical planning
[2]).
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Fig. 1. The aggregation hierarchy for purpose-1, finding an expert agent

In a generalization hierarchy, the specific purposes inherit information and
procedures from more general purposes in the hierarchy. For example, one specific
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purpose in the stock investment domain is Purpose-1, which is to select an
appropriate expert agent for an investor. The higher-level purpose might be to select
an agent (not necessarily an expert agent) to match the needs of a person (not
necessarily an investor). Two more specific purposes might be to find an expert agent
for an investor who is already retired and to find an expert agent for an investor who
is a student.
Purposes can also aggregate sub-purposes, resulting in aggregation hierarchies
where some sub-purposes can be part of several super purposes . The way subpurposes are aggregated can be defined by the functions of the super purpose. For
example, Purpose-1 matches the model of the investor and the EA by gradually
integrating user/agent model fragments by consecutively aggregating the results of 4
sub-purposes (as shown in Fig.1). The 4 sub-purposes of Purpose-1 can be called in
one by one depending on resource and time availability. The algorithm in Purpose-1
can be stopped at any time and will generate the best answer so far (depending on
which of the sub-purposes were executed). However, the sub-purposes of Purpose1-1
(and the other second level purposes) do not have this anytime aspect, since they
require fully completing each sub-purpose.
Consider one of the sub-purposes of Purpose1-2, Purpose1-2c: to calculate the
rating R2 of each expert agent. This purpose calculates the rating of each expert agent
based on what proportion of a given group of personal agents uses the expert agent.
Let’s denote with ßE ∈ [0,1] the evidence of usage. For example, if EA 1 (Expert
Agent 1) is used by 75% of the personal agents, then ß1 is 0.75. Therefore, the rating
R2 for each expert agent so far can be derived using the rating computed by Purpose11 (Purpose1-1 computes the rating of each expert agent based on the difference
between the advertisement of the expert agent and user type of the investor), i.e. R1 E
and the new evidence ßE . The simple reinforcement learning formula is:
R2 E = ε R1 E +(1 - ε) ßE
where 0 = ε = 1 is a coefficient which denotes how much the agent values the new
evidence ßE . The output from Purpose1-2c is a vector [R2 1 … R2 n ], where R2 i denotes
the rating of the ith expert agent.

3 Purpose Re-use
A library of purposes forms a repository of clichés, which can be plugged into any
application where there is a correspondence between the application’s needs and the
reuse purposes. There are several ways to reuse the purposes:
• Generalization: A purpose can be generalized into a higher-level purpose, which
can be used in different domains.
• Specialization: A purpose can be specialized into a more specific purpose by
specifying more constraints in additional sources of information that can be used in
a specific context.
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• Modification: A purpose can be modified in order to adapt to a new domain where
the available input data are of different types. For example, Purpose-1 could be
adapted for the domain of peer help [5] to choose a helper for a student who needs
some help.
• Sharing a purpose: A sub-purpose can be shared in aggregation by several super
purposes. For example, Purpose1-2a is to pick the personal agents of investors
who are of similar user type. This purpose can be re-used by three super purposes.
Once this purpose is created, designer effort is saved when other super purposes reuse this sub-purpose.
Purpose re-use is valuable from a software engineering point of view and critical to
the active user modelling approach. The basic motivation of re-using purposes is to
save time and effort. If an existing solution can be reused, this saves time that would
otherwise be spent on the creation of similar or identical software components.
Another motivation is flexibility in response to new requirements. Purposes can be
selected and tailored to the designer’s needs by changing some parameters, such as
inputs and context information, etc. A library of purposes could thus be designed to
provide the clichés that makes the engineering of a new system much easier.

4 Possible multi-agent system architectures
There are several options to place the purpose hierarchies within a multi-agent system
architecture:
• On board of each agent. This, however, can result in complex and “fat” agents
leading to scalability and performance issues.
• On a centralized “server”. When an agent needs a particular purpose, it fetches it
from the server. This contrasts with centralized user modelling where the server
collects and computes the user modelling data and the applications are clients,
which receive and use the data. In this case, the data is kept by the personal agents.
Each agent retrieves from the server the purpose that is relevant to its user
modelling need at the moment and uses it to compute the new user model data. The
computation and data are distributed, only a library of purposes is centralized.
• On specialized user modeling (UM) agents associated with each purpose.
Distributed application agents subcontract UM tasks to be done by specificallytasked UM purpose agents. Each of these specialized UM purpose agents is like a
UM server, but strongly specialized. Such agents don’t store any data, but perform
computation upon request.
Which of these options is chosen depends on the application and the designer.
Important criteria are how complex the purpose hierarchies are, how often
computation is needed, how much communication is involved (influencing network
traffic, performance, response time), and how important is privacy.
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5 Conclusions and Future Work
We are currently implementing a comprehensive purpose hierarchy to support active
user modelling in the portfolio management system. The quality of decisions made by
the agents will be evaluated with simulated users. However, demonstrating that user
modelling helps achieve better decisions, is only a “proof of solution existence”, and
doesn’t show the advantages of active user modelling versus centralized modeling.
The strongest argument for the active approach is that it implies less constraint on the
agents (with respect to shared representation scheme, reliance on a connection to a
server etc.) and is more robust (no central point of failure). We feel that the weakest
point for the active approach is the practicality of developing comprehensive reusable
purpose hierarchies. Our hope is that in the future, much as ontology research is
leading to comprehensive shared vocabularies for many domains, over time a set of
overlapping user modelling purpose cliché hierarchies will be devised for many
domains and will be used to carry out active user modelling by heterogeneous
software agents.
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