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Abstract: - Because of the evolution of the World Wide Web, the fields of intelligent agents and
multi -agent systems have become afocus of interest. This intensive research has originated several
frameworks, or todlkits, that are used by the researchers to develop Internet agent-based systems.
Their aim is to help the designers and engineers to buld complex systems based on the ayent
concept. This paper presents a brief description of two o those frameworks: ZEUS and
SkeletonAgent. The aim of this paper isto compare them in a common damain: to search for newsin
several eledronic newspapers. Because every one of those multi-agent toolkits has different feaures,
the effort to design and huil d systems with them, as well as their behavior is expected to be different.
The paper will measure the software effort to deploy the first agent and the global multi-agent system
for each technology. It also studies the software reusability and the empiricd performance
evaluation.
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1 I ntroduction

There ae severa computer research fields very
adive for designing and developing Internet-based
systems. From Software Engineering [3] to
Distributed Avrtificial Intelligence [6], they apply
their theories and models to implement this kind o
systems. Many different companies, research centers,
laboratories, universities, etc... are designing, and
implementing adaptive and intelligent systems that
manage, with more or less siccess the information
stored in Internet. Currently, this increasing interest
in the research and development of intelligent
software aents, has originated the gparition of
different toolkits, frameworks, libraries, etc... for
programming agents and for defining the architecture
of the system. This kind of systems, usually named
Multi-Agent Systems (MAS), is a very adive
research field [6,10]. There are both commercial and
rescarch produwcts. Products like AgentBuilder,
Gossp (Tryllian), Intelligent Agent Factory, Jumping
Beans belong to the former category whereas Jhde,
Jafmas, MadKit, ZEUS' belong to the latter.

Yitis possble to find more information about these (and other)
todsin:
= www.multi agent.com/Software/Tools for_bulding_M
ASs/index.html
= ggents.umbc.edu/Companies/index.shtml

When a designer neals to huild his’her own
MAS for a particular task, it would be useful to have
guidelines to seled the most appropriate [8]. The
main goa of this paper is to evaluate the software
effort to build an Internet-based system when some
of those previous frameworks are used in a specific
common domain.

This paper is divided into 5 sections. Sedion 2
presents a brief description d the frameworks
analyzed. Section 3 describes the MAS implemented
to test the previous frameworks. Section 4 presents
the experimental evaluation of the different toolkits
when the MAS built are used in a specific domain.
Andfinally, section 5 presents the mnclusions of the

paper.

2 Zeus and SkeletonAgent Multi-

Agent Frameworks

Two different frameworks have been considering in

this paper:

= ZEUS. Developed by BT Laboratories in the
Advanced  Applications &  Techndogy
Department. (http://www.labs.bt.com/proj ects/age
nts/zeus/index.htm).



=  SkeletonAgent. Developed by the Systems:
Complex and Adaptive Laboratory (Scalab).
(http:// scalab.uc3m.es/~agente).

Next subsections will describe the main features
for each framework.

2.1 The ZEUS Agent Building Toolkit

The goa of ZEUS project [1,9], is to facilitate the
rapid development of new multi-agent applications
by abstrading into a toolkit the common principles
and comporents underlying some existing multi-
agent systems.

ZEUS makes sveral asaumptions abou the
agents to be built. Agents are deliberative, goal-
directed and rational. They are dways truthful when
deding with ather agents. They can have many goals
and can engage in a variety of tasks. Finadly, they are
Temporally continuous.

The main characteristics in the building process
of a multi-agent system, in ZEUS, could be
summarized in:

1. Thistodkit has user-friendly graphical interfaces
that allow progranmming and debugging the
agents of the system.

2. ZEUS providesto engineasa complete reference
abou the achitecture of the agents and the
specifications abou the multi-agents that could
be devel oped within the framework.

The multi-agent architecture defined by ZEUS is

shown in Fig.1. It usesthe following kinds of agents:

= Agent Name Server (ANS). Any agent in the
system can request to the ANS for the aldress of
other agents.

= Fadlitator Agent. These gyents recave and reply
to queries from agents about the abilities of other
agents. They work by periodically querying al
the agents in the society about their abilities and
storing the returned information in their
Acquaintance Database.

»  Generic Agents. These ayents perform diff erent
tasks and alow the system to adiieve the
designed goals.

The inter-agent communicaion in ZEUS language is
used to communicate with the Agent Name Server,
the Facilitator and other agents. The cmmunicdion
requires a shared representation and understanding of
common tbmain concepts, i.e., a ommon ortology
(ZEUS provides tools to create new ontologies). The

communication protocol used by the aents is
TCP/IP and the language suppated is FIPA ACL [8].
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Fig. 1: Multi-agent architecure defined by ZEUS to
implement a system.

2.2 SkeletonAgent

This framework is built by a set of Java libraries.

SkeletonAgent tries to wrap the "agent concept” into

a set of reusable libraries [5]. Once the agents have

been huilt by means of the libraries, it is possible to

develop the MAS that will be used to solve the

problems. SkeletonAgent requires a set of predefined

agents
Control agents. the SkeletonAgent architecture is
based in the "team" concept. All the agentsin the
system belong to ore team, which is managed by
the CoachAgent. All of the CoachAgents are
managed by the ManagerAgent. The antrol
agents manage different problems, like the
insertion or deletion d them in the system.

= Exeaution agents. these agents are involved in
solving the task. It is possible to define different
kinds of agents, like UserAgents (that deds with
the users), WebAgents (specialized in retrieving
information from the Web), etc...
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Fig. 2: Multi-agent architecure defined by SkeletonAgent
to implement a System.




The architecture provided by SkeletonAgent (see
Fig.2) divides the management problem in aMAS in
two ways.
=  First, with a vertica control of the insertion and

deletion problems
* Sewmnd, with a horizontal relation among the

exeaution agents that belong to a specific team.

This architecture tries to minimize the problems
when any agent in the system is unreachable. At this
point, its main disadvantages are:

» The framework does not have graphicd
programming interfaces, and the debugging of
the agentsis hard.

* Thereisapoor documentation about the reusable
libraries.

The concept of agent is well encgpsulated and it
is possble to reuse alot of code. The inter-agent
communication in Skeleton implements a reduced
version of KQML [7]. This language provides to the
system agents flexible protocols that alows them to
coordinate and to share information and tasks in a
cooperative way. The communicaion protocol used
by the agentsis TCP/IP likein ZEUS.

3 SimpleNews. A Meta-Search Web
Engine

The aim of this section is to present the generic
description of a MAS, named SimpleNews. This
MAS will be implemented in the two frameworks
that they can be compared.

3.1 SimpleNews: MAS Ar chitecture

SimpleNews is a smple meta-seach engine that
allows, by means of a UserAgent, to seach for news
in a set of electronic newspapers”. In this paper a
very simple topdogy was used (seeFig. 3), where all
of the Web agents slve the queries ent by the
UserAgent. The SmpleNews engine is built using a
set of specialized agents that are able to retrieve
information from a particular eledronic newspaper.
SimpleNews can retrieve from all the previous
electronic sources, filter the different answers from
the speciali zed agents and show them to the user. The
meta-seach engine includes a UserAgent and six
specialized WebAgents. The Web spedalized agent

2 All the dedronic newspapers used are Spanish
newspapers. Www.expansion.es, www.cincodias.es,
www.marcaes, www.futvol.com, www.elpais.es,
www.elmundo.es.

can be dassified in the next categories. Two of them
offer information supplied by newspaper specialized
in financial information (Expansion_WebAgent,
CincoDias WebAgent). Two in sports information
(Marca_WebAgent, Futvol WebAgent). And finaly
two agents gecialized in general information
(ElPais_WebAgent, EIMundo_WebAgent).

This multi-agent system uses the six previous
specialized agents and a UserAgent that make up the
meta-seach engine. The UserAgent has a graphical
user interface (Fig.4) for making queries. The
number of solutions requested, and the agents that
will be cnsulted. The interface used by this agent
allows to the user to know: The actual state of the
agents (active, suspended, searching, finished), and
the messages and contents nt between the agents.
Finally the entire requests retrieved by the ayents are
analyzed (only different requests are taken into
acount) and the UserAgent builds an HTML file,
whichis subsequently displayed to the user.
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Fig. 3 Multi-agent architedure of the meta-search
news engine.
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Fig. 4: UserAgent Interfacefor interading with the
specialized Web Agents



3.2 Meta-sear ch engine differences

Because the previous meta-seach engine has

been huilt using the different multi-agent

frameworks, they have different features. All of
them need ore UserAgent and the six Web
agents, but the different architectures may need

to use other different agents to work correctly.

The man dfferences are summarized as

follows:

» ZEUS meta-seach engine needs to use the
ANServer agent that implements the yellow
pages for al the conrected agents, and a
Facilitator agent that provides the abilities of the
agents. Other visual agents could be used like:
the Agent Viewer, Society Viewer, etc... But for
the experimental evaluation mly the esentia
agents will be used.

= SkeletonAgent, as we describe briefly in the
previous sction, two control agents are needed:
the ManagerAgent and the CoachAgent. Only
one team will be used, so orly two control agents
will be necessary to test SimpleNews.

4 Multiagent System Analysis

The purpose of this ction is to compare severa

charaderigtics from the previous frameworks, to do

that SimpleNews will be used like a benchmark
system. The charaderistics that will be evaluated
shoud be summarized in:

* Development time: it includes both the design
and implementation effort, for the development
of thefirst agent, and for the whole MAS.

* Reusability of the Software: the lines of code
(LOC) and the number of classes which can be
reused will be measured.

= Performance evaluation: a simple performance
evaluation of SimpleNews will be dore for each
framework.

Different evaluations have been dbtained from the

experience of several undergraduate students that

built the multi-agent system.

4.1 Development time

This subsection analyzes the time dfort to implement
(for the different development phases considered)
SimpleNews agents.

4.1.1 Development Time: The First Agent

The measured phases considered were:

* Analyss and Design. To implement the
SimpleNews multi-agent architedure for each
technology.

= Code generation for the first agent. It measures
the time required to modify the aents provided
by the tools, so that it is adapted to the required
MAS. For instance, the code necessary to extract
the information from the Web, o to build the
graphical interfaces for the UserAgent.

= Integration with external code. It evaluates the
effort to integrate previous code (which
implements the specific skills) in the agents.

= Tests and debugging.

Table 1 shows the measured time for the first

agent  implementation using ZEUS and
SkeletonAgent frameworks respectively.
Phase ZEUS SkeletonAgent
Analysisand Design 10h 10h
Code generation 12h 30h
Integration o external 12h 30h
code
Test and debugging 6h 15h
TOTAL 40h 85h
Tablel. Development Time (first agent) for ZEUS and
SkeletonAgent

As Table 1 shows, the development time for
the first agent is more than twice for SkeletonAgent
tedhnology. This is due to the poa documentation
that the latter framework provides.

4.1.2 Time Development: Rest of the Agents

When the first agent is built and is fully deployed,

other characteristics were measured. When the new

agents appear in the multi-agent system it is

necessary:

= To modify the graphical UserAgent interface,
now it is neassry to display the information
abou the new agents.

= To generate the ade (specific skills or abilities)
for the new agents.

= Tointegrate the new code.

Table 2 shows the measured time for the
development of the new agentsin SimpleNews.

Phase ZEUS SkeletonAgent
Modification of GUI 0.5h 05h
(UserAgent) ’
Modificetion of UserAgent 1h 1h
New agent code generation 0.5h 2h
Integration d external code 2h 2.5h
TOTAL 4h 6h

Table2. Development Time (new agents) for ZEUS and
SkeletonAgent.



The previous tables show how when the different
technologies are understood by the engineers, the
time dfort to implement simil ar agents reduces to 10
percent or less.

4.2 Softwar e Reusability

This subsection measures the LOC (lines of code),
the new Java dasses and the reusable dasses that
will be necessary to implement the UserAgent and
the six specialized Web agents. These tharacteristics
measure the programming eff ort for the technologies
evaluated. Figures 5 and 6 show the LOC and the
number of reused and generated classs for the seven
SimpleNews agents.

Generated LOCs for SimpleNews
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Fig.5. LOC comparation for the seven agents
implemented.
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Fig.6. Implemented and reused Java dasses for the seven
agents implemented.

4.3 Performance Evaluation

The following performance measures will be taken

into accourt:

*  Number of requested documents: from only one
document to fifty documents to any adive aent
in the system (1, 5, 10, 15,20, 30, 40 and 50
news).

*  Request time: thisisthe time the user has to wait.

=  Number of articlesretrieved.

4.3.1 Empirical Evaluation

The experiments in this sedion dsplay the average
time to answer questions and the number of articles
retrieved for each of the architectures.

Figures 7 and 9 display the performance for
ead architecture when any (but only one) of the Web
agents implemented is used. Figures 8 and 10 show
the MAS performance when the number of Web
agents grows.
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Fig. 8. Performance with several Web agentsin ZEUS.

From Figures 7 and 8, it can be concluded
that the ZEUS architecture has an irregular behavior
when more than two Web agents are used. This is
due to ZEUS communicaion techndogy. When a
Web agent finds in the retrieving process any non
alowed character, the communication fails and the
system forgets those results.
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Fig. 10. Performance with several Web agentsin
SkeletonAgent.

Figures 9 and 10show that the evaluation of MAS
built with SkeletonAgent has a similar performance
to ZEUS. However, its behaviour is more regular
(linear) because the fault tolerance to passible
mistakes in those agentsis more robust.

5 Resultsand Conclusions
Although there ae many different frameworks to
build multi-agent systems, na much effort has been
spent in comparing them empiricaly to help
engineas choose the most appropriate todkit for a
given task. In this paper, we present the SimpleNews
domain (retrieving news from Web newspaper
servers). By using it as common ground, two multi-
agent frameworks (ZEUS and SkeletonAgent) have
been tested in a common damain:. Our conclusions
arethat:

1. The ZEUS architecture alows a quick
implementation of MAS and provides excdlent
helping tods and dacumentation. However the
agents built show alow fault tolerance.

2. SkeletonAgent has a similar performance to
Zeus, bu displays a more regular (linear)
behavior, and a good fault tolerance. However,

currently development is slower because of its
poa documentation and development support
todls.

In the future, we will use the SimpleNews domain to
compare other architedures. We @aixcourage other
reseachers to test their architedures in this domain to
have comparative resultsin ared task.
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