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Summary

The design and implementation of adaptive
systems for accessing information is a sophis-
ticated task. Different models have been pro-
posed to build systems that adapt to the user
reducing the complexity in the information
browsing process, saving user time and of-
fering personalized interfaces. The work de-
scribed in this paper, named WAY-Z39.50,
is an example of fuzzy adaptive system spe-
cially built for accessing digital libraries.
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1 INTRODUCTION

Finding and accessing information are complex prob-
lems, due to the inherent difficulty about locating ap-
propriate information servers and the information it-
self; and to the complexity about presenting the in-
formation to the user through an adequate interface
[1, 5].

To help in the design of this kind of systems, WAY [2]
proposes a general model of architecture whose main
goal is to improve information access systems through
the fulfillment of three tasks: adaptation of the in-
terface to the user, help in the searching process, and
extraction and maintenance of updated data about the
available information servers.

One implementation of the WAY general model is
WAY-Z39.50. It is designed to access servers sup-
porting the Z39.50 information retrieval protocol stan-
dard [4], that is being installed in most libraries all over
the world to provide access to their catalogues. WAY-
Z39.50 is based on an agent-decomposition method

where each task of the system is managed by a differ-
ent agent. Figure 1 shows the five agents that comprise
the system, representing by means of dashed ellipses
those agents that are instantiated for each user, and
by solid ellipses those that are instantiated only once
for the whole system.
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Figure 1: WAY-Z39.50 architecture

Three of theses agents implement a fuzzy [7] adaptive
process (the first three ones in the following descrip-
tion), while the other two ones use crisp processing
algorithms:

User Interface Adaptation Agent: The task of
this agent is to spy the user actions to decide the
best way to adapt the interface to the user. The
agent takes decisions and transmits its suggestions
to the user communication agent in order to per-
form them (building the interface). The user can
always decide not to allow the agent to change
anything.

Information Access Agent: The task of this agent
is to spy the user searching process. When a
user makes a query to one information server,



this agent looks for the servers she prefers and
launches parallel searching processes to the ones
considered more appropriate by the agent.

Servers Searching Agent: The task of this agent is
to maintain updated information about the ac-
cessible servers. To perform this task, it can
use sources such as web pages, mailing lists or
USENET news groups. The agent periodically
consults these sources and updates the servers’
list. The period is also updated by the agent it-
self.

User Communication Agent: It is in charge of
building the user interface according to user pref-
erences, as well as transmitting the user’s actions
to the user interface agent following the user in-
terface adaptation agent suggestions.

Servers Communication Agent: It communicates
with the Z39.50 information servers, translating
user inputs into adequate queries and passing the
information retrieved to the user communication
agent.

2 WAY-Z39.50 design and

implementation

One of the requirements for WAY-Z39.50 implemen-
tation was that the software being developed should
be broadly available. In order to fulfill this require-
ment, Java programming language was chosen to make
WAY-Z39.50 available through a web page. A java ap-
plet implements the interface of the application that
is built by the user interface adaptation agent. This
agent communicates with the information access agent
and the servers searching agent using Java-RMI (Re-
mote Method Invocation) technology to support dis-
tribution.

The general model does not force concrete systems to
use one particular mechanism to implement the differ-
ent kinds of adaptability. In WAY-Z39.50, the mech-
anism for deciding which modifications in the user in-
terface are going to be suggested is based on fuzzy de-
cision systems. Suggestions about user interface com-
prise both the layout of the components, and their
appearance. Besides, fuzzy decision systems will also
be used to help the user in the information searching
process, as well as in the classification of the Z39.50
servers available.

Fuzzy Relational Algorithms [6] (FRAs) are the
method used to store the knowledge required to take
the decisions (for instance, which server is going to be
used). FRAs are composed by a finite set of fuzzy
conditional statements (antecedent and consequent).

Antecedent of conditional statements are conjunctions
of fuzzy variables defined over inputs. For instance:

IF Time Server 1 is Long and Errors Server 1 is

High THEN Accessibility Server 1 is Bad

The operation named fuzzyfication transforms a non-
fuzzy quantity into a fuzzy variable. This operation
is made using the definition of those variables, that
in WAY-Z39.50 has been done using trapeziums [8].
For instance, a value as T ime server 1 = 10msec will
be translated into activation levels of fuzzy labels as
Fast, Slow, etc.

An extension of the modus ponens [3] is used as the
inference mechanism to assign values to the fuzzy out-
put variables. These values can be translated into non-
fuzzy quantities using a defuzzyfication process. The
adopted defuzzyfication operation is a version of the
“Center of Gravity” procedure [8].

2.1 Designing the fuzzy relational algorithms

Several automatic methods such as neural networks
or genetic algorithms have been proposed to gener-
ate FRA in different domains. The heuristic method
has been the one used in the design of WAY-Z39.50.
“Heuristic” means that a human designer will use her
experience in order to define the fuzzy subsets (trapez-
iums in the current implementation) and to write the
rules. The main reason for using this approach was to
take advantage of the designers’ experience.

Three different FRAs have been designed in the cur-
rent implementation. Each one is used as the pro-
cessing mechanism of each of the main WAY-Z39.50
agents.

First, the User Interface Adaptation Agent uses a FRA
to adapt the user interface taking as inputs the de-
tailed actions of the user during the sessions. The
input of this FRA is any action performed by the user
on the interface, that is, using one particular searching
field, visiting first one kind of records or visiting only
the records written in one language. Its output also
affects interface aspects as, for instance, placing the
searching fields in a different way, ordering the records
in a special manner or showing only the records writ-
ten in the user mother tongue.

Second, the Information Access Agent uses the FRA
to decide how many simultaneous searches in different
servers are going to be made to speed up the search-
ing process. The agent has to take into consideration,
as inputs of this decision system, issues such as the
interest of the user for previously proposed searches
in that server, the current load of the machine or the
accessibility of the alternative servers.



Third, Servers Searching Agent uses a FRA to keep
an ordered list of available Z39.50 servers taking into
account aspects such as the speed of the communica-
tion with that server, its accessibility -as some servers
are not available the whole day- or the quality of the
results obtained by the user from that server.

2.2 Implementation issues

The software developed is implemented in Java 1.1.5
and it is structured into a hierarchy of packages. The
root of this hierarchy is the way package, whose main
elements are the subpackages way.interfaz, that im-
plements the interface building facilities, way.z3950,
that implements the client side of the Z39.50 pro-
tocol, and way.agents, that implements the agents
of the system. The most relevant java subpackage,
that concerns fuzzy issues in WAY-Z39.50 code, is
way.agents.reasoning which implements the FRA.
This implementation of FRA comprises the definition
of fuzzy input variables, by means of their name and
their membership functions (defined as the four points
of a trapezium of height 1) defined in their range. The
same format is used to describe fuzzy output variables
and their labels.

Fuzzy rules are also represented as a separate java
class made up by the antecedent and the consecuent.
Each of them is composed by a set of conditions

(represented by another class). These conditions cor-
respond to membership relations. The rule class in-
cludes a method to implement evaluation which in-
vokes the fuzzyfication of the components, then per-
forms the modus ponens, and finally invokes the de-
fuzzyfication process.

Given this implementation, the definition of FRA con-
sists of the enumeration of the inputs, describing the
labels using four points which define the trapezium;
the enumeration of the outputs in the same way; and
the specification of the fuzzy rules which describe how
the outputs are modified depending on the inputs.

3 A session with WAY-Z39.50

When a user first enters the system, she is asked to
enter a user name and a password. These data do
not have a security purpose, since the system may be
freely accessed, but they are only used to identify the
user and the agents that are assigned to her (a user
adaptation agent and an information access agent).
These agents are in charge of the adaptation process
and the storage of the user preferences that are used
in the reasoning process.

At this point, the user interface adaptation agent
builds a particular interface for that user. If this is

the first time the user enters the system, a default in-
terface is shown. This first interface depends on the
kind of machine the user is connecting from and on
the default language selected in the navigator used to
access the system. During the session, the user inter-
face adaptation agent is also active and spying user
actions. The observation process generates informa-
tion that is used as input for the fuzzy systems. For
instance, the fuzzy reasoning process performed by the
user interface adaptation agent can obtain through the
fuzzy process a higher value for the importance vari-
able of the field title than for the field author. If the
field author is displayed in the first position and the
field title in the second one, this agent would sug-
gest to interchange their positions. Some of the inputs
that affect the importance of a field are, for instance,
the use of the field and its success_rate. The use

of the field is the percentage of times that the field
is used to make a query and the success_rate de-
pends on variables such as searching_success that
again depends on other variables as response_time or
long_records_visited.

Figure 2: WAY-Z39.50 user interface

The user can always accept or refuse proposed changes,
as some users do not want computers to take decisions
that affect their work without their permission. Let’s
show a couple of examples about the possible adapta-
tion. A user may have visited only books records so,
as the books_records_frequency would have a very
high value, the agent would propose the user to or-
der the records beginning with the ones corresponding
to books. If the same user consults mainly records
in Spanish, the spanish_records_frequency would
get a higher value than the English or French ones, so
the agent would propose to order the records begin-
ning with books in Spanish and following with books
in English and so on. Figure 2 shows a WAY-Z39-50
customized interface where the user has made a query



and is visiting the extended records.

When the user makes a bibliographical query to the
system, the first result obtained is the number of
records satisfying the query. The user can consult a
summary of the results as short records (upper right
area of figure 2) meaning that she finds acceptable the
number of records obtained. If the information shown
in these records seems interesting, she can visit their
extended version (bottom right area of figure 2). In
this case, it can be supposed that she has found some
of the information required or, at least, an interesting
part of it, so variables as server_usage are increased.

While the user is querying the system, the informa-
tion access agent is spying the process, which means
that it is getting the values of the input variables
to the fuzzy reasoning process. This way, the agent
has information about the servers that the user vis-
its more frequently or give her back the best results
-where “best results” depends on the server_delay

and long_records_visited. While the request is
being sent to the Z39.50 server by our system, this
agent is deciding and launching new searches on
the servers considered more suitable for that user.
Among others, variables as server_accesses, the
number of times that the user has accessed a server,
server_success, the percentage of successful connec-
tions to that server, server_speed, the speed of the
connection, long_records_visited, the number of
long records looked up in that server, etc. serve as in-
put variables from which the server_qualification

is obtained.

The searches launched by the agent are suggested to
the user indicating the number of records found match-
ing her query in other servers. This way, the user saves
the time that she would have employed in making an-
other query in the same server or going to another
server and repeating the query, as it should be done
in the classical systems that integrate many library
servers.

Finally, the user can choose to go deeper into one of the
proposed searches, refine the query or choose another
server, beginning the whole process again. From any
of these decisions, the agents will collect information
that will be used as inputs for future operation as input
variables to the fuzzy reasoning process that affect,
among others, the server_qualification.

4 Conclusions

One of the main advantages of using WAY based sys-
tems, and particularly the advantages provided by
WAY-Z39.50, is that their interface adapts to the user
actions while she uses the system. To do that, the only

information source are the user actions themselves,
which means that there is no need to ask the user
in any moment. They also offer alternative searches in
the servers preferred by the user that respond best to
information requests, saving user time.

The use of fuzzy logic in the adaptive process has made
easier the task of specifying the rules to modify the
user interface and to participate in the searching pro-
cess. The logic rules are written in almost natural lan-
guage, and the variables and labels involved in those
rules have also got a well-known meaning, which makes
them easy to design. These rules are also easily acces-
sible as they can be stored on a text file or on a data
base. A debugging process makes sure that the rules
are correct and notifies the user if they are not. Fi-
nally, the reasoning process is really lighter than other
mechanisms that require heavy computations, such as
genetic algorithms or neural networks.
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