
University of Crete 

Computer Science Department 

 

 

 

A Semantic Peer-to-Peer Marketplace Hosting 
Trusted Negotiations Among Intelligent Agents 

 

 

 

Ioannis Androulakis 

 

Master’s Thesis 

 

 

 

 

 

 

Heraklion, October 2009



A Semantic Peer-to-Peer Marketplace Hosting Trusted Negotiations Among Intelligent Agents 

 
 

Ioannis Androulakis     i 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



A Semantic Peer-to-Peer Marketplace Hosting Trusted Negotiations Among Intelligent Agents 

 
 

Ioannis Androulakis     ii 
 

University of Crete 
School of Science and Technology 

Computer Science Department 
 

A Semantic Peer-to-Peer Marketplace Hosting Trusted 
Negotiations Among Intelligent Agents 

 

Ioannis Androulakis 

A thesis submitted in partial fulfillment of the 

requirements for the degree of 

      MASTER OF SCIENCE  

Author: 

 

         Ioannis Androulakis, Computer Science Department 

Supervisory  

Committee:  

 

 Dimitris Plexousakis, Professor, Supervisor 

 

 

Christos Nikolaou, Professor, Member  

 

 

         Yannis Tzitzikas, Assistant Professor, Member  

 

Approved by:  

  

       Panos Trahanias, Professor 

Chairman of the Graduate Studies Committee 



A Semantic Peer-to-Peer Marketplace Hosting Trusted Negotiations Among Intelligent Agents 

 
 

Ioannis Androulakis     iii 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



A Semantic Peer-to-Peer Marketplace Hosting Trusted Negotiations Among Intelligent Agents 

 
 

Ioannis Androulakis     iv 
 

ABSTRACT 
 

E-Commerce describes the revolution that is currently transforming the 
way business is conducted, through the use of information technology, and in 
particular the World Wide Web. Brokering and negotiation are fundamental 
stages of e-Commerce. Over the last years, there has been an increasing 
interest for the automation of these two stages. This is partially achieved by the 
use of software agents. As machines start to engage in business processes, 
information must be organized in such a way that is accessible by both humans 
and machines. Additionally, machines must be able to access, process and 
interpret the information in the same way. The Semantic Web vision promises to 
handle these new issues. Electronic Brokering is a good candidate for taking up 
Semantic Web technology. We study the matchmaking problem that is, how a 
requester‘s requirements and preferences can be matched against a set of 
offerings collected by a broker and also check how trustworthy the providers of 
the offerings are. The proposed solution uses the Semantic Web standard of 
OWL to represent the offerings, and reactive rules for expressing the 
requirements and preferences. We also implement a negotiating agent 
architecture in the multi-agent environment JADE following the FIPA 
specifications that uses FIPA ACL messages for the communication between 
agents.  The strategy of each agent is affected by various parameters and can 
change in many different ways from the beginning to the end of the negotiation. 
Agents also have the ability to detect abnormal bidding behavior during the 
negotiation process. 

This thesis also describes a platform that defines and implements all the 
basic stages of the overall process of e-trading, facilitating human users in 
closing deals in an automated manner. The platform is based on a design that 
integrates three prominent technologies for addressing issues of next generation 
e-Commerce applications: autonomous intelligent software agents, peer-to-peer 
networking and the Semantic Web.  

The implementation of our approach is demonstrated in the context of 
auction scenarios. The platform is designed to be highly extensible to allow 
experimentation with the technologies involved. A thorough evaluation of the 
system‘s performance, under various test cases, is demonstrated showing all the 
agent‘s abilities described above.  
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Πεξίιεςε  

O όξνο «ειεθηξνληθό εκπόξην» ραξαθηεξίδεη ηελ επαλάζηαζε ζηνλ ηξόπν 
πνπ δηεμάγνληαη ζήκεξα νη επηρεηξεκαηηθέο δνζνιεςίεο, κέζα από ηελ ρξήζε 
ηερλνινγηώλ πιεξνθνξηώλ θαη ζπγθεθξηκέλα ηνπ παγθόζκηνπ ηζηνύ. Η εύξεζε 
πξντόλησλ θαη εκπόξσλ θαζώο θαη ε δηαπξαγκάηεπζε, είλαη βαζηθά ζηάδηα ηνπ 
ειεθηξνληθνύ εκπνξίνπ. Τα ηειεπηαία ρξόληα, δηαθξίλεηαη έλα απμαλόκελν 
ελδηαθέξνλ γηα ηελ απηνκαηνπνίεζε απηώλ ησλ ζηαδίσλ. Απηό επηηπγράλεηαη σο 
έλα βαζκό κε ηελ ρξήζε εθαξκνγώλ πξαθηόξσλ. Καζώο νη κεραλέο αξρίδνπλ λα 
εηζρσξνύλ ζηηο επηρεηξεζηαθέο δηεξγαζίεο, νη πιεξνθνξίεο ζα πξέπεη ζην εμήο 
λα νξγαλώλνληαη κε ηέηνηνλ ηξόπν ώζηε λα είλαη πξνζπειάζηκεο θαη από ηνπο 
αλζξώπνπο θαη από ηηο κεραλέο. Δπηπιένλ, νη κεραλέο ζα πξέπεη λα κπνξνύλ 
λα πξνζπειάδνπλ, λα επεμεξγάδνληαη θαη λα εξκελεύνπλ ηελ πιεξνθνξία κε ηνλ 
ίδην ηξόπν. Τν όξακα ηνπ ζεκαζηνινγηθνύ ηζηνύ, ππόζρεηαη λα αληηκεησπίζεη ηα 
λέα δεηήκαηα πνπ πξνθύπηνπλ. Η ειεθηξνληθή κεζηηεία είλαη έλαο θαιόο ηνκέαο 
γηα ηελ πηνζέηεζε ηερλνινγηώλ ζεκαζηνινγηθνύ ηζηνύ. Σηελ παξνύζα εξγαζία 
κειεηνύκε απηό ην ζέκα, πνπ αθνξά ην ηαίξηαζκα ησλ απαηηήζεσλ-πξνηηκήζεσλ 
θάπνηνπ πνπ αηηείηαη κηαο ππεξεζίαο, κε ηηο δηαθεκίζεηο απηώλ πνπ πξνζθέξνπλ 
ηελ αληίζηνηρε ππεξεζία θαη επίζεο γίλεηαη έιεγρνο γηα ην πόζν έκπηζηνο είλαη ν 
πάξνρνο. Η πξνηεηλόκελε ιύζε ρξεζηκνπνηεί ην κνληέιν δεδνκέλσλ OWL γηα 
ηελ έθθξαζε ησλ πξνζθνξώλ θαη δπλακηθνύο θαλόλεο γηα ηελ έθθξαζε ησλ 
πξνηηκήζεσλ. Δπίζεο πινπνηνύκε κηα αξρηηεθηνληθή δηαπξαγκάηεπζεο 
πξαθηόξσλ ζην πεξηβάιινλ πξαθηόξσλ JADE ε νπνία αθνινπζεί ην αληίζηνηρν 
πξόηππν ηεο FIPA  ρξεζηκνπνηεί FIPA ACL κελύκαηα γηα ηελ επηθνηλσλία κεηαμύ 
ησλ πξαθηόξσλ. Η ζηξαηεγηθή ηνπ θάζε πξάθηνξα επηξεάδεηαη απν πνηθηιία 
παξακέηξσλ θαη κπνξεί λα αιιάμεη κε δηάθνξνπο ηξόπνπο από ηελ αξρή κέρξη 
ην ηέινο ηεο δηαπξαγκάηεπζεο.  Ο θάζε πξαθηνξαο έρεη ηελ δπλαηόηεηα λα 
εληνπίδεη πάξαινγεο ζπκπεξηθνξέο ζηηο πξνζθνξέο ησλ πειαηώλ. 

Η παξνύζα εξγαζία πεξηγξάθεη κηα πιαηθόξκα ε νπνία νξίδεη θαη 
πινπνηεί όια ηα βαζηθά ζηάδηα ηεο δηαδηθαζίαο ηεο ειεθηξνληθεο αληαιιαγεο. Η 
πιαηθόξκα βαζίδεηαη ζε κία ζρεδίαζε πνπ ελνπνηεί ηξεηο ζεκαληηθέο 
ηερλνινγίεο, γηα ηελ δηεπζέηεζε ζεκάησλ ησλ εθαξκνγώλ ειεθηξνληθνύ εκπνξίνπ  
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επόκελεο γεληάο: ηελ ηερλνινγία απηόλνκσλ, επθπώλ πξαθηόξσλ ινγηζκηθνύ, ηα 
νκόηηκα δίθηπα θαη ην Σεκαζηνινγηθό Ιζηό.  

Η πινπνίεζε ηεο πξνζέγγηζήο καο πεξηγξάθεηαη ζην πιαίζην ζελαξίσλ 
δεκνπξαζηώλ. Η πιαηθόξκα ζρεδηάζηεθε λα είλαη ηδηαίηεξα επεθηάζηκε, ώζηε λα 
επηηξέπεη ηνλ πεηξακαηηζκό κε ηηο ηερλνινγίεο πνπ εκπεξηέρεη. Γηα ην ιόγν απηό 
θαη παξνπζηάδεηαη κηα εθηελήο αμηνιόγεζε ηεο απόδνζεο ηνπ ζπζηήκαηνο ππό 
πνηθίιεο θαηαζηάζεηο ειέγρνπ δείρλνληαο  έηζη όιεο ηηο ηθαλόηεηεο ησλ 
πξαθηόξσλ πνπ πεξηγξάθεθαλ παξαπάλσ.  

Επόπηεο: Πιεμνπζάθεο Γεκήηξηνο  
Καζεγεηήο  
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Επραξηζηίεο 

 

 Καηαξρήλ ζέισ λα εθθξάζσ ηελ επγλσκνζύλε κνπ ζηνλ επόπηε κνπ, 
θαζεγεηή Παλ/κίνπ Κξήηεο θ. Γεκήηξε Πιεμνπζάθε πνπ πξσηίζησο κε 
εκπηζηεύηεθε θαη ζηε ζπλέρεηα κε θαζνδήγεζε δίλνληάο κνπ πνιύηηκεο 
ζπκβνπιέο ώζηε λα νινθιεξώζσ κε επηηπρία ηηο κεηαπηπρηαθέο κνπ ζπνπδέο.  
 Οθείισ λα αλαθεξζώ ζηνλ ππνςήθην δηδάθηνξα Θνδσξή Πάηθν, πνπ κνπ 
πξνζέθεξε αλεθηίκεηε βνήζεηα θαη πιηθό γηα ζεσξεηηθά θαη πξαθηηθά δεηήκαηα, 
θαη κε αλέρηεθε, παξακειώληαο ζπρλά ηηο αθαδεκατθέο ηνπ ππνρξεώζεηο. Η 
βνήζεηα ηνπ απν ηελ ζηηγκή πνπ μεθίλεζε ε ζπλεξγαζία καο ελώ αθόκα ήκνπλ 
πξνπηπρηαθόο θνηηεηήο απνηέιεζε θαζνξηζηίθν παξάγνληα γηα λα ζπλέρηζσ ηελ 
πξνζπάζεηα κνπ θαη λα πίζηεςσ όηη κπόξσ λα ηα θαηαθέξσ.  
 Θα ήζεια επίζεο λα επραξηζηήζσ ηελ πνιύ θαιή θίιε πνπ απέθηεζα 
θαηα ηελ δηάξθεηα ησλ κεηαπηπρηαθώλ κνπ ζπνπδώλ, απόθνηηε κεηαπηπρηαθή 
θνηηήηξηα Μαξία Μίρνπ ε νπνία ήηαλ πάληα εθεί όρη κόλν γηα λα κε ζηεξίμεη 
ςπρνινγηθά αιιά θαη πξαθηηθά έρνληαο πάληα ηελ δηάζεζε λα κε βνεζήζεη ζε 
νπνηαδήπνηε απνξία κνπ. Τν ελδηαθέξνλ ηεο ηνλ ηειεπηαίν εηδηθά ρξόλν ήηαλ έλα 
γεξό ζηήξηγκα γηα λα ζπλερίζσ λα πξνζπαζώ θαη λα νινθιεξώζσ ηελ εξγαζία 
κνπ πάληα κεηώλνληαο ηνπο θόβνπο θαη ηηο αλαζθάιεηέο κνπ.   
 Δπηπξόζζεηα, επραξηζηώ ηνπο Μαξία, Νίθν, Βνύια, Μαλόιε, Γσγώ, Έξε 
θαη γεληθά όινπο ηνπ θίινπο θαη ζύλαδεξθνπο πνπ κνπ πξνζέθεξαλ ςπρνινγηθή 
ππνζηήξημε ηελ θαηάιιειε ζηηγκή θαη έθαλαλ πην επράξηζηε απηή ηε δηαδξνκή. 
 Οινθιεξώλνληαο, ζέισ λα επραξηζηήζσ ηνπο γνλείο κνπ Γηώξγν θαη 
Μαξία θαη ηελ αδεξθή κνπ Διίλα γηα ηελ ζπκπαξάζηαζή ηνπο, πνπ κε ζηήξημαλ 
θαη εμαθνινπζνύλ λα κε ζηεξίδνπλ ζε όια κνπ ηα βήκαηα. Σαο επραξηζηώ. 
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1 Introduction  
 

 

 

 

1.1 Motivations and Goals  
 

In the last years, there has been a great interest in electronic commerce 
(e-commerce) potential [11]. As the number of transactions carried out through 
the Internet increases, the interest for partial or full automation of these 
transactions increases as well. E-commerce describes the revolution that is 
currently transforming the way business is conducted, through the use of 
information technology, and in particular the World Wide Web. In order to 
understand the basic stages of an e-commerce procedure, we must examine a 
consumer‘s buying behaviour model.  

Such a model is described in [11]. According to this, there are six basic 
steps, which appear during the buying process. Need Identification is the 
realization by the buyer, that he needs a particular product. Product Brokering is 
the information gathering by the buyer, so that he is able to decide what to buy. 
The buyer provides some criteria and a filtering mechanism is employed to 
provide him with a set of products. Merchant Brokering combines the products 
set from the previous stage with information for specific merchants and gives the 
buyer a set of potential sellers. Negotiation is the stage during which both 
participants try to reach an agreement, over possible negotiation issues, such as 
the price, the volume or the delivery time of a product. Purchase and Delivery 
follow the negotiation phase and payment or delivery options are examined. 
Finally Product Service and Evaluation is the evaluation of product and customer 
service, made by the buyer in order to estimate his utility.  

Our work is based on the previous work of Patkos Theodoros who as part 
of his work on his master created the SeMPHoNIA  platform [1] for addressing 
many of current e-trading issues. The SeMPHoNIA project attempts to proceed 
one step beyond the state-of-the-art. Our goal is to integrate and exploit all three 
technologies, namely intelligent software agents, peer-to-peer systems and the 
Semantic Web, into a unified platform for demonstrating the many benefits that 
arise from their collaboration. SeMPHoNIA is an architecture for an agent-based 
virtual marketplace and is intended as a platform for research in multi-agent 
systems, ontologies, peer-to-peer networking and automatic negotiation, as well 
as, an application for experimentation with these technologies. The platform 
defines and implements the basic stages of the overall process of e-trading by 
closing deals in a semi-automated manner, utilizing knowledge from queryable 
product repositories in an open peer-to-peer environment. SeMPHoNIA could be 
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considered as what [9] describes as the third key actor in agent-mediated e-
Commerce applications, apart from buyers and sellers; the ―market owner‖, an 
environment that sets and controls the rules, in which buyers and sellers trade.   

The first deference with SeMPHoNIA is that we use JADE[33] to create 
our platform. JADE has an advantage we exploit, the user must not create the 
peers but they are automatically created so this gives as the opportunity to join 
the agent and peer to peer part in one single part. Moreover another of the 
authors‘ suggestions was the creation of graphics representing the auctions 
progress and this is another extra characteristic we gave to the platform. We also 
followed the authors‘ suggestion and use the standardized communication 
language FIPA ACL [75] to allow heterogeneous agents to exchange information 
and knowledge. 

A problem we also wanted a client to be able to solve was shilling. Shills, 
or "potted plants", are sometimes employed in auctions. Driving prices up with 
phony bids, they seek to provoke a bidding war among other participants. Often 
they are told by the seller precisely how high to bid, as the seller actually pays 
the price (to himself, of course) if the item does not sell, losing only the auction 
fees. 

Shilling has a substantially higher rate of occurrence in online auctions, 
where any user with multiple accounts (and IP addresses) can shill without aid of 
participants. Many online auction sites employ sophisticated (and usually secret) 
methods to detect collusion. 

We propose a simple yet expressive framework for giving the ability to 
negotiating agents to find shill behaviours and manage to not be tricked by 
shillers. Specifically, we explore the suitability of reactive rules for expressing the 
decision-making process of negotiating agents in such cases. To validate the 
viability of our approach, we apply it to negotiation scenarios and provide a 
prototype implementation of such agent architecture using JADE multiagent 
framework.  

As an alternative to these techniques we propose the use of a technique 
for brokering. In particular, advertisements are expressed in a web ontology 
language (OWL) and user preferences and requests are captured by the use of a 
dynamic graphic that is created with the help of OWL-API and transformed into a 
reactive rule that searches and gives the results. The brokering process is also 
affected by information the client gathers from other trusted agents and give him 
feedback about the previous actions of Auction Agents that affect the trust of the 
client agent and the money he is willing to give for buying an item in a specific 
auction. We provide a prototype implementation of a brokering system 
architecture again using the JADE multiagent framework.  

A client has the ability to select to begin a number of negotiations at the 
same time either wanting to win all of them re win only one of them. In the former 
case the agents participate in all the negotiations trying to win. In the latter case 

http://en.wikipedia.org/wiki/Bidding
http://en.wikipedia.org/wiki/Online_auction
http://en.wikipedia.org/wiki/IP_address
http://en.wikipedia.org/wiki/Collusion
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an agent is created and follows a strategy that allows him to win in only one 
negotiation, the aggressiveness of the agent is affected by various parameters 
like the trust of the other agents, the maximum amount of money he is willing to 
give to an agent, the remaining time of a negotiation and the number of 
negotiations he is taking part in. 

The implementation of our approach is demonstrated in the context of 
auction scenarios following the example of SeMPHoNIA. On-line auctions 
represent a more specific type of negotiation governed by predefined protocols 
and have rapidly achieved enormous popularity as a common interaction medium 
both for humans and software agents on the internet. Users are offered the ability 
to participate in multiple auctions at the same time, when the result of one 
auction may affect the action taken for the other and the agent follows a dynamic 
strategy that takes under consideration the trust level, the remaining time and the 
number of auctions in order to achieve the best offer. The platform is intended to 
facilitate users in discovering and bidding across multiple auctions with varying 
start and end times and varying protocols, attempting to ensure that at most one 
of the desired items will be purchased agreeing the best, for the customer, deal. 
Our implementation currently supports two types of auctions, namely English and 
Vickrey . The platform utilizes peer-to-peer architecture and semantic 
components as a mechanism for auction discovery, as well as, intelligent agents 
for trust management, participation and automatic negotiation in these auctions. 
Still, auction scenarios are just a paradigm of multi-agent negotiation. Our 
intention is to encourage researchers and application designers to explore and 
experiment with aspects of other domains that go beyond auction theory, such as 
automated negotiation in general, Semantic Web, e-Commerce, publication and 
discovery of resources and Web Services etc. 

 

1.2 Description of the remaining chapters  
 

The rest structure of this thesis is organized as follows: In Chapter 2 the 

background theory is discussed that is needed to understand the main aspects of 

this thesis. In Chapter 3 related work is reviewed in the field of trust management 

and negotiations. In Chapter 4, the system architecture is described and the tools 

we used in order to develop it. In Chapter 5  some interesting characteristics of 

our system are analyzed. Chapter 6 shows how the auctions services are 

created and Chapter 7 gives details about the implementation of the services and 

the characteristics described. In Chapter 8 application scenarios are presented in 

order to highlight the functionalities of the system and in Chapter 9 some 

experiments are analyzed showing the abilities of the negotiation algorithm we 

used and why our approach is better than others. Finally, in chapter 10, we 
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present a final conclusion about our work and future improvements and 

extensions of the system are discussed.  
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2 Background  
 
 

 

 

 

This section reviews the basic terms and principles of technologies used in this 
thesis. It explains the general features of software agents, Semantic Web and 
peer-to-peer systems and describes existing Internet-based auction sites, 
identifying their limitations. In addition, a survey of related work is presented.  

 

2.1 Agent technology  
 

2.1.1 What is it? 

Agent-based systems are one of the most vibrant and important areas of 
research and development to have emerged in information technology in the 
1990s. Put at its simplest, an agent is a computer system that is capable of 
flexible autonomous action in dynamic, unpredictable, typically multi-agent 
domains. In particular, the characteristics of dynamic and open environments in 
which, for example, heterogeneous systems must interact, span organizational 
boundaries, and operate effectively within rapidly changing circumstances and 
with dramatically increasing quantities of available information, suggest that 
improvements on traditional computing models and paradigms are required. 
Thus, the need for some degree of autonomy, to enable components to respond 
dynamically to changing circumstances while trying to achieve over-arching 
objectives, is seen by many as fundamental. Many observers therefore believe 
that agents represent the most important new paradigm for software 
development since object orientation. 
 

The concept of an agent has found currency in a diverse range of sub-
disciplines of information technology, including computer networks, software 
engineering, artificial intelligence, human-computer interaction, distributed and 
concurrent systems, mobile systems, telematics, computer supported 
cooperative work, control systems, decision support, information retrieval and 
management, and electronic commerce. In practical developments, web 
services, for example, now offer fundamentally new ways of doing business 
through a set of standardized tools, and support a service-oriented view of 
distinct and independent software components interacting to provide valuable 
functionality. In the context of such developments, agent technologies have 
increasingly come to the foreground. Because of its horizontal nature, it is likely 
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that the successful adoption of agent technology will have a profound, long-term 
impact both on the competitiveness and viability of IT industries, and on the way 
in which future computer systems will be conceptualized and implemented. Agent 
technologies can be considered from three perspectives, each outlined below, as 
illustrated in Figure 1. 

 

Figure 1 The three perspectives of Agent technologies 

2.1.1.1 Agents as Design Metaphor 
Agents provide software designers and developers with a way of 

structuring an application around autonomous, communicative components, and 
lead to the construction of software tools and infrastructure to support the design 
metaphor. In this sense, they offer a new and often more appropriate route to the 
development of complex computational systems, especially in open and dynamic 
environments. In order to support this view of systems development, particular 
tools and techniques need to be introduced. For example, methodologies to 
guide analysis and design are required, agent architectures are needed for the 
design of individual software components, tools and abstractions are required to 
enable developers to deal with the complexity of implemented systems, and 
supporting infrastructure (embracing other relevant, widely used technologies, 
such as web services) must be integrated. 

2.1.1.2 Agents as a Source of Technologies 
Agent technologies span a range of specific techniques and algorithms for 

dealing with interactions in dynamic, open environments. These address issues 
such as balancing reaction and deliberation in individual agent architectures, 
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learning from and about other agents in the environment, eliciting and acting 
upon user preferences, finding ways to negotiate and cooperate with other 
agents, and developing appropriate means of forming and managing coalitions 
(and other organizations). Moreover, the adoption of agent-based approaches is 
increasingly influential in other domains. For example, multi-agent systems are 
already providing new and more effective methods of resource allocation in 
complex environments than previous approaches. 

2.1.1.3 Agents as Simulation Tool 

Multi-agent systems offer strong models for representing complex and 
dynamic real-world environments. For example, simulation of economies, 
societies and biological environments are typical application areas. 

The use of agent systems to simulate real-world domains may provide 
answers to complex physical or social problems that would otherwise be 
unobtainable due to the complexity involved, as in the modeling of the impact of 
climate change on biological populations, or modeling the impact of public policy 
options on social or economic behaviour. Agent based simulation spans: social 
structures and institutions to develop plausible explanations of observed 
phenomena, to help in the design of organizational structures, and to inform 
policy or managerial decisions; physical systems, including intelligent buildings, 
traffic systems and biological populations; and software systems of all types, 
currently including eCommerce and information management systems. 

In addition, multi-agent models can be used to simulate the behaviour of 
complex computer systems, including multi-agent computer systems. Such 
simulation models can assist designers and developers of complex 
computational systems and provide guidance to software engineers responsible 
for the operational control of these systems. Multi-agent simulation models thus 
effectively provide a new set of tools for the management of complex adaptive 
systems, such as large-scale online resource allocation environments. 
 

We do not claim that agent systems are simply panaceas for these large 
problems; rather they have been demonstrated to provide concrete competitive 
advantages such as: 
Improving operational robustness with intelligent failure recovery; 
 Reducing sourcing costs by computing the most beneficial acquisition policies 
in online markets; and 
 Improving efficiency of manufacturing processes in dynamic environments. 
 

2.1.2 Agent technologies  Levels, Tools and techniques 
It should be clear that there are several distinct high-level trends and 

drivers leading to interest in agent technologies, and low-level computing 
infrastructures making them practically feasible. In this context, we now consider 
the key technologies and techniques required to design and implement agent 
systems that are the focus of current research and development. Because agent 
technologies are mission-critical for engineering and for managing certain types 
of information systems, such as Grid systems ([15]. [16].) and systems for 
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ambient intelligence ([14] ), the technologies and techniques discussed below will 
be important for many applications, even those not labeled as agent systems. 

These technologies can now be grouped into three categories, according 
to the scale at which they apply: 
 Organization-level: At the top level are technologies and techniques related to 
agent societies as a whole. Here, issues of organizational structure, trust, norms 
and obligations, and self-organization in open agent societies are paramount. 
Once again, many of these questions have been studied in other disciplines — 
for example, in sociology, anthropology and biology. Drawing on this related 
work, research and development are currently focused on technologies for 
designing, evolving and managing complex agent societies. 
 Interaction-level: These are technologies and techniques that concern the 
communications between agents — for example, technologies related to 
communication languages, interaction protocols and resource allocation 
mechanisms. Many of the problems solved by these technologies have been 
studied in other disciplines, including economics, political science, philosophy 
and linguistics. Accordingly, research and development is drawing on this prior 
work to develop computational theories and technologies for agent interaction, 
communication and decision-making. 
 Agent-level: These are technologies and techniques concerned only with 
individual agents — for example, procedures for agent reasoning and learning. 
Problems at this level have been the primary focus of artificial intelligence since 
its inception, aiming to build machines that can reason and operate 
autonomously in the world. Agent research and development has drawn 
extensively on this prior work, and most attention in the field of agent-based 
computing now focuses at the previous two higher levels. 

In addition to technologies at these three levels, we must also consider 
technologies providing infrastructure and supporting tools for agent systems, 
such as agent programming languages and software engineering methodologies. 
These supporting technologies and techniques provide the basis for both the 
theoretical understanding and the practical implementation of agent systems. 
 

2.1.2.1 Organization Level 

Organizations 
Dynamic agent organizations that adjust themselves to gain advantage in 

their current environments are becoming increasingly important over the last five 
years. They arise in dynamic (or emergent) agent societies, such as those 
suggested by the Grid, ambient intelligence and other domains in which agents 
come together to deliver composite services, all of which require that agents can 
adapt to function effectively in uncertain or hostile environments. Some work has 
already started on the development of systems that can meet this challenge, 
which is fundamental to realizing the power of the agent paradigm; its relevance 
will remain at the forefront of R&D efforts over the next 10- 15 years, especially in 
relation to commercial efforts at exploitation. In particular, building dynamic agent 
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organizations (including, for example, methods for teamwork, coalition formation, 
and so on) for dealing with aspects of the emerging visions of the Grid and the 
Web, as well as aspects of ubiquitous computing, will be crucial. 

Social factors in the organization of multi-agent systems will also become 
increasingly important over the next decade as we seek ways to structure 
interactions in an open and dynamic online world. This relates to the need to 
properly assign roles, (institutional) powers, rights and obligations to agents in 
order to control security and trust-related aspects of multi-agent systems at a 
semantic level, as opposed to current developments, which deal with them at the 
infrastructure level. These social factors provide the basis on which to develop 
methods for access control, for example, and to ensure that behaviour is 
regulated and structured when faced with dynamic environments in which 
traditional techniques are not viable. In addition to appropriate methods and 
technologies for agent team formation, management, assessment, coordination 
and dissolution, technologies will also be required for these processes to be 
undertaken automatically at runtime in dynamic environments. 

Complex Systems and Self Organization 
Self-organization refers to the process by which a system changes its 

internal organization to adapt to changes in its goals and environment without 
explicit external control. This can often result in emergent behaviour that may or 
may not be desirable. Due to the dynamism and openness of contemporary 
computing environments, understanding the mechanisms that can be used to 
model, assess and engineer self organization and emergence in multi-agent 
systems is an issue of major interest. 

A self-organizing system functions through contextual local interactions, 
without central control. Components aim to individually achieve simple tasks, but 
a complex collective behaviour emerges from their mutual interactions. Such a 
system modifies its structure and functionality to adapt to changes to 
requirements and to the environment based on previous experience. Nature 
provides examples of self-organization, such as ants foraging for food, molecule 
formation, and antibody detection. Similarly, current software applications involve 
social interactions (such as negotiations and transactions) with autonomous 
entities or agents, in highly dynamic environments. Engineering applications to 
achieve robustness and adaptability, based on the principles of self-organization, 
is thus gaining increasing interest in the software community. This interest 
originates from the fact that current software applications need to cope with 
requirements and constraints stemming from the increased dynamism, 
sophisticated resource control, autonomy and decentralization inherent in 
contemporary business and social environments. The majority of these 
characteristics and constraints are the same as those that can be observed in 
natural systems exhibiting self-organization. 

Self-organization mechanisms provide the decision-making engines based 
on which system components process input from software and hardware sensors 
to decide how, when and where to modify the system‘s structure and 
functionality. This enables a better fit with the current requirements and 
environment, while preventing damage or loss of service. It is therefore 
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necessary to characterize the applications in which existing mechanisms, such 
as stigmergy (or the means by which the individual parts of a system 
communicate with one another by modifying their local environment, much like 
ants), can be used, and to develop new generic mechanisms independent of any 
particular application domain. 

In some cases, self-organization mechanisms have been modeled using 
rule-based approaches or control theory. Furthermore, on many occasions the 
self-organizing actions have been inspired by biological and natural processes, 
such as the human nervous system and the behaviour observed in insect 
species that form colonies. Although such approaches to self-organization have 
been effective in certain domains, environmental dynamics and software 
complexity have limited their general applicability. More extensive research in 
modeling self-organization mechanisms and systematically constructing new 
ones is therefore needed. Future self-organizing systems must accommodate 
high dimensional sensory data, continue to learn from new experiences and take 
advantage of new self-organization acts and mechanisms as they become 
available. 

A phenomenon is characterized as emergent if it has not been exactly 
predefined in advance. Such a phenomenon can be observed at a macro system 
level and it is generally characterized by novelty, coherence, irreducibility of 
macro level properties to micro-level ones and non-linearity. In multi-agent 
systems, emergent phenomena are the global system behaviours that are 
collective results originating from the local agent interactions and individual agent 
behaviours. Emergent behaviours can be desirable or undesirable; building 
systems with desirable emergent behaviour capabilities can increase their 
robustness, autonomy, openness and dynamism. 

To achieve desired global emergent system behaviour, local agent 
behaviours and interactions should comply with some behavioural framework 
dictated by a suitable theory of emergence. Unfortunately, too few theories of 
emergence are currently available and existing ones still require improvement. In 
consequence, therefore, new theories of emergence need to be developed 
based on inspiration from natural or social systems, for example. 

An important open issue in self-organizing systems relates to modeling the 
application context and environment. In this respect, a key question is the 
definition of the relevant environmental parameters that need to be considered in 
determining the evolving structure and functionality of self-organizing software. 
Additional open questions relate to: how context can be captured, processed and 
exploited for adjusting the services provided by the application in a given 
situation; how the self-organizing effects occurring from participation of the 
application in different contexts can be synchronized; how to effectively model 
user preferences and intentions; and the amount of historical information that 
should be recorded by the system and considered in determining its evolution 
over time. 
 

Trust and Reputation 
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Many applications involving multiple individuals or organizations must take 
into account the relationships (explicit or implicit) between participants. 
Furthermore, individual agents may also need to be aware of these relationships 
in order to make appropriate decisions. 

The field of trust, reputation and social structure seeks to capture human 
notions such as trust, reputation, dependence, obligations, permissions, norms, 
institutions and other social structures in electronic form. 

By modeling these notions, engineers can borrow strategies commonly 
used by humans to resolve conflicts that arise when creating distributed 
applications, such as regulating the actions of large populations of agents using 
financial disincentives for breaking social rules or devising market mechanisms 
that are proof against certain types of malicious manipulation. The theories are 
often based on insights from different domains including economics (market-
based approaches), other social sciences (social laws, social power) or 
mathematics (game theory and mechanism design). 

The complementary aspect of this social perspective relating to reputation 
and norms is a traditional concern with security. Although currently deployed 
agent applications often provide good security, when considering agents 
autonomously acting on behalf of their owner several additional factors need to 
be addressed. In particular, collaboration of any kind, especially in situations in 
which computers act on behalf of users or organizations, will only succeed if 
there is trust. Ensuring this trust requires, for example, the use of: reputation 
mechanisms to assess prior behaviour; norms (or social rules) and the 
enforcement of sanctions; and electronic contracts to represent agreements. 

Whereas assurance deals primarily with system integrity, security 
addresses protection from malicious entities: preventing would-be attackers from 
exploiting self-organization mechanisms that alter system structure and 
behaviour. In addition, to verify component sources, a self-organizing software 
system must protect its core from attacks. Various well-studied security 
mechanisms are available, such as strong encryption to ensure confidentiality 
and authenticity of messages related to self-organization. However, the 
frameworks within which such mechanisms can be effectively applied in self-
organizing systems still require considerable further research. 

In addition, the results of applying self-organization and emergence 
approaches over long time periods lead to concerns about the privacy and 
trustworthiness of such systems and the data they hold. The areas of security, 
privacy and trust are critical components for the next stages of research and 
deployment of open distributed systems and as a result of self-organizing 
systems. New approaches are required to take into account both social and 
technical aspects of this issue to drive the proliferation of self-organizing software 
in a large range of application domains. 
 

2.1.2.2  Interaction Level 
 

Coordination 
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Coordination is defined in many ways but in its simplest form it refers to ensuring 
that the actions of independent actors (agents) in an environment are coherent in 
some way ([13]). The challenge therefore is to identify mechanisms that allow 
agents to coordinate their actions automatically without the need for human 
supervision, a requirement found in a wide variety of real applications. In turn, 
cooperation refers to coordination with a common goal in mind. 

Research to date has identified a huge range of different types of 
coordination and cooperation mechanisms, ranging from emergent cooperation 
(which can arise without any explicit communication between agents), 
coordination protocols (which structure interactions to reach decisions) and 
coordination media (or distributed data stores that enable asynchronous 
communication of goals, objectives or other useful data), to distributed planning 
(which takes into account possible and likely actions of agents in the domain). 
 
Negotiation 

Goal-driven agents in a multi-agent society typically have conflicting goals, 
in other words, not all agents may be able to satisfy their respective goals 
simultaneously. This may occur, for example, with regard to contested resources 
or with multiple demands on an agent‘s time and attention. In such 
circumstances, agents will need to enter into negotiations with each other to 
resolve conflicts. Accordingly, considerable effort has been devoted to 
negotiation protocols, resource-allocation methods, and optimal division 
procedures. 

This work has drawn on ideas from computer science and artificial 
intelligence on the one hand, and the socio-economic sciences on the other. 

For example, a typical objective in multi-agent resource allocation is to find 
an allocation that is optimal with respect to a suitable metric that depends, in one 
way or another, on the preferences of the individual agents in the system. Many 
concepts studied in social choice theory can be utilized to assess the quality of 
resource allocations. Of particular importance are concepts such as envy-
freeness and equitability that can be used to model fairness considerations ([12]. 

[19].). These concepts are relevant to a wide range of applications. A good 
example is the work on the fair and efficient exploitation of Earth Observation 
Satellite resources carried out at ONERA, the French National Aeronautics 
Research Centre ([20].). 

While much work on resource allocation has concentrated on centralized 
approaches, in particular combinatorial auctions ([21].), many applications are 
more naturally modeled as truly distributed or P2P systems where allocations 
emerge as a consequence of a sequence of local negotiation steps ([22].). 

The centralized approach has the advantage of requiring only 
comparatively simple communication protocols. Furthermore, advances in the 
design of powerful algorithms for combinatorial auctions have had a strong 
impact on the research community ([23].). A challenge in the field of multi-agent 
resource allocation is to transfer these techniques to distributed resource 
allocation frameworks, which are not only important in cases where it may be 
difficult to find an agent that could take on the role of the auctioneer (for instance, 
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in view of its computational capabilities or its trustworthiness), but which also 
provide a test-bed for a wide range of agent-based techniques. To reach its full 
potential, distributed resource allocation requires further fundamental research 
into agent interaction protocols, negotiation strategies, formal (e.g. complexity-
theoretic) properties of resource allocation frameworks, and distributed algorithm 
design, as well as a new perspective on what ―optimal‖ means in a distributed 
setting. 

Other negotiation techniques are also likely to become increasingly 
prevalent. For example, one-to-one negotiation, or bargaining, over multiple 
parameters or attributes to establish service-level agreements between service 
providers and service consumers will be key in future service-oriented computing 
environments. In addition to approaches drawn from economics and social 
choice theory in political science, recent efforts in argumentation based 
negotiation have drawn on ideas from the philosophy of argument and the 
psychology of persuasion. These efforts potentially provide a means to enable 
niches of deeper interactions between agents than do the relatively simpler 
protocols of economic auction and negotiation mechanisms. Considerable 
research and development efforts will be needed to create computational 
mechanisms and strategies for such interactions, and this is likely to be an 
important focus of agent systems research in the next decade. 
 
Communication 

Agent communication is the study of how two or more software entities 
may communicate with each other. The research issues in the domain are long-
standing and deep. One challenge is the difficulty of assigning meaning to 
utterances, since the precise meaning of a statement depends upon: the context 
in which it is uttered; its position in a sequence of previous utterances; the nature 
of the statement (for example, a proposition, a commitment to undertake some 
action, a request, etc); the objects referred to in the statement (such as a real 
world object, a mental state, a future world-state, etc); and the identity of the 
speaker and of the intended hearers. Another challenge, perhaps 
insurmountable, is semantic verification: how to verify that an agent means what 
it says when it makes an utterance. In an open agent system, one agent is not 
normally able to view the internal code of another agent in order to verify an 
utterance by the latter; even if this were possible, a sufficiently-clever agent could 
always simulate any desired mental state when inspected by another agent. 

Key to this area is the need to map the relevant theories in the domain, 
and to develop a unifying framework for them. In particular, a formal theory of 
agent languages and protocols is necessary, so as to be able to study language 
and protocol properties comprehensively, and to rigorously compare one 
language or protocol with another. In addition, progress towards understanding 
the applicability of different agent communication languages, content languages 
and protocols in different application domains is necessary for wider adoption of 
research findings. 
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2.1.2.3 Agent Level 
 

Reasoning is a critical faculty of agents, but the extent to which it is 
needed is determined by context. While reasoning in general is important, in 
open environments there are some specific concerns relating to heterogeneity of 
agents, trust and accountability, failure handling and recovery, and societal 
change. Work must be continued on the representation of computational 
concepts for the norms, legislation, authorities, enforcement, and so forth, which 
can underpin the development and deployment of dynamic electronic institutions 
or other open multi-agent system. Similarly, current work on coalition formation 
for virtual organizations is limited, with such organizations largely static. The 
automation of coalition formation may be more effective at finding better 
coalitions than humans can in complex settings, and is required, for example, for 
Grid applications. 

One enabler for this is negotiation, yet while there have already been 
significant advances and real-world applications, research into negotiation 
mechanisms that are more complex than auctions and game-theoretic 
mechanisms is still in its infancy. Research into argumentation mechanisms, for 
example, and the strategies appropriate for participants under them, is also 
needed before argumentation techniques will achieve widespread deployment. In 
addition, many virtual organizations will be required to make decisions 
collectively, aggregating in some fashion the individual preferences or decisions 
of the participants. Research on the application to agent societies of social 
choice theory from political science and sociology is also relatively new, and 
considerably more work is needed here. Both these topics were considered in 
the discussion on negotiation above. 

Even though learning technology is clearly important for open and 
scalable multi-agent systems, it is still in early development. While there has 
been progress in many areas, such as evolutionary approaches and 
reinforcement learning, these have still not made the transition to real-world 
applications. Reasons for this can be found in the fundamental difficulty of 
learning, but also in problems of scalability and in user trust in self-adapting 
software. In the longer term, learning techniques are likely becoming a central 
part of agent systems, while the shorter term offers application opportunities in 
areas such as interactive entertainment, which are not safety-critical. 
 

2.1.3 Infrastructure and Supporting Technologies 
 

Any infrastructure deployed to support the execution of agent applications, 
such as those found in ambient and ubiquitous computing must, by definition, be 
long-lived and robust. 
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In the context of self-organizing systems, this is further complicated and 
new approaches supporting the evolution of the infrastructures, and facilitating 
their upgrade and update at runtime, will be required. Given the potentially vast 
collection of devices, sensors, and personalized applications for which agent 
systems and self-organization may be applicable, this update problem is 
significantly more complex than so far encountered. 

More generally, middleware, or platforms for agent interoperability, as well 
as standards, is crucial for the medium-term development of agent systems. 

 

2.1.3.1 Interoperability 

 
At present, the majority of agent applications exist in academic and 

commercial laboratories, but is not widely available in the real world. The move 
out of the laboratory is now starting to happen, but a higher degree of automation 
than is currently available in dealing with knowledge management is needed for 
information agents. In particular, this demands new web standards that enable 
structural and semantic description of information; and services that make use of 
these semantic representations for information access at a higher level. The 
creation of common ontologies, thesauri or knowledge bases plays a central role 
here, and merits further work on the formal descriptions of information and, 
potentially, a reference architecture to support the higher level services 
mentioned above. 

Distributed agent systems that adapt to their environment must both adapt 
individual agent components and coordinate adaptation across system layers 
(i.e. application, presentation and middleware) and platforms. In other words 
interoperability must be maintained across possibly heterogeneous agent 
components during and after self-organization actions and outcomes. 
Furthermore, agent components are likely to come from different vendors and 
hence the developer may need to integrate different self-organization 
mechanisms to meet an application‘s requirements. The problem is further 
complicated by the diversity of self-organization approaches applicable at 
different system layers. In many cases, even solutions within the same layer are 
often not compatible. Consequently, developers need tools and methods to 
integrate the operation of agent components across the layers of a single 
system, among multiple computing systems, as well as between different self-
organization frameworks. 

 

2.1.3.2 Agent Oriented Software Engineering 

 
Despite a number of languages, frameworks, development environments, 

and platforms that have appeared in the literature, implementing multi-agent 
systems is still a complex task. In part, to manage multi-agent systems 
complexity, the research community has produced a number of methodologies 
that aim to structure agent development. However, even if practitioners follow 
such methodologies during the design phase, there are difficulties in the 
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implementation phase, partly due to the lack of maturity in both methodologies 
and programming tools. There are also difficulties in implementation due to: a 
lack of specialized debugging tools; skills needed to move from analysis and 
design to code; the problems associated with awareness of the specifics of 
different agent platforms; and in understanding the nature of what is a new and 
distinct approach to systems development. 

In relation to open and dynamic systems, new methodologies for 
systematically considering self-organization are required. These methodologies 
should be able to provide support for all phases of the agent-based software 
engineering life-cycle, allowing the developer to start from requirements analysis, 
identify the aspects of the problem that should be addressed using self-
organization and design and implement the self-organization mechanisms in the 
behaviour of the agent components. Such methodologies should also 
encompass techniques for monitoring and controlling the self-organizing 
application or system once deployed. 

In general, integrated development environment (IDE) support for 
developing agent systems is rather weak, and existing agent tools do not offer 
the same level of usability as state-of-the-art object-oriented IDEs. One main 
reason for this is the previous unavoidable tight coupling of agent IDEs and agent 
platforms, which results from the variety of agent models, platforms and 
programming languages. This is now changing, however, with an increased trend 
towards modeling rather than programming. 

With existing tools, multi-agent systems often generate a huge amount of 
information related to the internal state of agents, messages sent and actions 
taken, but there are not yet adequate methods for managing this information in 
the context of the development process. This impacts both dealing with the 
information generated in the system and obtaining this information without 
altering the design of the agents within it. Platforms like JADE provide general 
introspection facilities for the state of agents and for messages, but they enforce 
a concrete agent architecture that may not be appropriate for all applications. 
Thus, tools for inspecting any agent architecture, analogous to the remote 
debugging tools in current object-oriented IDEs, are needed, and some have 
started to appear the last 5 years. Extending this to address other issues related 
to debugging for organizational features, and for considering issues arising from 
emergence in self organizing systems will also be important in the longer term. 
The challenge is relevant now, but will grow in importance as the complexity of 
installed systems increases further. The inherent complexity of agent applications 
also demands a new generation of CASE tools to assist application designers in 
harnessing the large amount of information involved. 

This requires providing reasoning at appropriate levels of abstraction, 
automating the design and implementation process as much as possible, and 
allowing for the calibration of deployed multi-agent systems by simulation and 
run-time verification and control. More generally, there is a need to integrate 
existing tools into IDEs rather than starting from scratch. At present there are 
many research tools, but little that integrates with generic development 
environments, such as Eclipse; such advances would boost agent development 
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and reduce implementation costs. Indeed, developing multi-agent systems 
currently involves higher costs than using conventional paradigms due to the lack 
of supporting methods and tools. 

The next generation of computing system demands large numbers of 
interacting components, be they services, agents or otherwise. Current tools 
work well with limited numbers of agents, but are generally not yet suitable for 
the development of large-scale (and efficient) agent systems, nor do they offer 
development, management or monitoring facilities able to deal with large 
amounts of information or tune the behaviour of the system in such cases. 

Metrics for agent-oriented software are also needed: engineering always 
implies some activity of measurement, and traditional software engineering 
already uses widely applied measuring methods to quantify aspects of software 
such as complexity, robustness and mean time between failures. However, the 
dynamic nature of agent systems, and the generally non-deterministic behaviour 
of self-organizing agent applications deem traditional techniques for 
measurement and evaluation inappropriate. Consequently, new measures and 
techniques for both quantitatively and qualitatively assessing and classifying 
multi-agent systems applications (be they self-organizing or not) are needed. 
 

2.1.3.3 Agent Programming Languages 

 
Most research in agent-oriented programming languages is based on 

declarative approaches, mostly logic based. Imperative languages are in 
essence inappropriate for expressing the high-level abstractions associated with 
agent systems design; however, agent-oriented programming languages should 
(and indeed tend to) allow for easy integration with (legacy) code written in 
imperative languages. From the technological perspective, the design and 
development of agent-based languages is also important. Currently, real agent-
oriented languages (such as BDI-style ones) are limited, and used largely for 
research purposes; apart from some niche applications, they remain unused in 
practice. However, recent years have seen a significant increase in the maturity 
of such languages, and major improvements in the development platforms and 
tools that support them ([26].). 

Current research emphasizes the role of multi-agent systems 
development environments to assist in the development of complex multi-agent 
systems, new programming principles to model and realize agent features, and 
formal semantics for agent programming languages to implement specific agent 
behaviours. 

A programming language for multi-agent systems should respect the 
principle of separation of concerns and provide dedicated programming 
constructs for implementing individual agents, their organization, their 
coordination, and their environment. However, due to the lack of dedicated agent 
programming languages and development tools (as well as more fundamental 
concerns relating to the lack of clear semantics for agents, coordination, etc), the 



A Semantic Peer-to-Peer Marketplace Hosting Trusted Negotiations Among Intelligent Agents 

 
 

Ioannis Androulakis     18 
 

construction of multi-agent systems is still a time-consuming and demanding 
activity. 

One key challenge in agent-oriented programming is to define and 
implement some truly agent-oriented languages that integrate concepts from 
both declarative and object oriented programming, to allow the definition of 
agents in a declarative way, yet supported by serious monitoring and debugging 
facilities. These languages should be highly efficient, and provide interfaces to 
existing mainstream languages for easy integration with code and legacy 
packages. While existing agent languages already address some of these 
issues, further progress is expected in the short term, but thorough practical 
experimentation in real-world settings (particularly large-scale systems) will be 
required before such languages can be adopted by industry, in the medium to 
long term. 

In addition to languages for single agents, we also need languages for 
high-level programming of multi-agent systems. In particular, the need for 
expressive, easy-to-use, and efficient languages for coordinating and 
orchestrating intelligent heterogeneous components is already pressing and, 
although much research is already being done, the development of an effective 
programming language for coordinating huge, open, scalable and dynamic multi-
agent systems composed of heterogeneous components is a longer term goal. 

 

2.1.3.4 Formal Methods  

 
While the notion of an agent acting autonomously in the world is intuitively 

simple, formal analysis of systems containing multiple agents is inherently 
complex. In particular, to understand the properties of systems containing 
multiple actors, powerful modeling and reasoning techniques are needed to 
capture possible evolutions of the system. Such techniques are required if agents 
and agent systems are to be modeled and analyzed computationally. 

Research in the area of formal models for agent systems attempts to 
represent and understand properties of the systems through the use of logical 
formalisms describing both the mental states of individual agents and the 
possible interactions in the system. The logics used are often logics of belief or 
other modalities, along with temporal modalities, and such logics require efficient 
theorem-proving or model-checking algorithms when applied to problems of 
significant scale. Recent efforts have used logical formalisms to represent social 
properties, such as coalitions of agents, preferences and game-type properties. 

It is clear that formal techniques such as model checking are needed to 
test, debug and verify properties of implemented multi-agent systems. Despite 
progress, there is still a real need to address the issues that arise from 
differences in agent systems, in relation to the paradigm, the programming 
languages used, and especially the design of self-organizing and emergent 
behaviour. For the latter, a programming paradigm that supports automated 
checking of both functional and non-functional system properties may be needed. 
This would lead to the need to certify agent components for correctness with 
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respect to their specifications. Such a certification could be obtained either by 
selecting components that have already been verified and validated offline using 
traditional techniques such as inspection, testing and model checking or by 
generating code automatically from specifications. Furthermore, techniques are 
needed to ensure that the system still executes in an acceptable, or safe, manner 
during the adaptation process, for example using techniques such as 
dependency analysis or high level contracts and invariants to monitor system 
correctness before, during and after adaptation. 
 

2.1.3.5 Simulation 

As mentioned earlier, agent-based computing provides a means to 
simulate both natural and artificial systems, including agent-based computational 
systems themselves. Such simulation modeling is increasingly providing 
guidance to decision-makers in areas of medicine, social policy and industrial 
engineering, and assisting in the design, implementation and management of 
artificial and computational systems. However, for the full potential of agent-
based (or individual-based) simulation models to be realized, a number of 
research and development challenges need to be met. First among these is the 
development of a rigorous theory of agent-based simulation. When should one 
stop refining a simulation model, for example? How many iterations of a 
randomized simulation model or scenarios are required in order to have 
confidence in the results? How much detail is required to be simulated in a 
model? How much trust should be placed in the results? How can we avoid over-
interpretation of results with abstract or vague terms? The answers to these 
questions are likely to depend on the application domain, so a single, unified 
theory may be impossible to achieve. But efforts towards this goal are needed, 
not least because of the increasing reliance placed on simulation models in 
important public policy decisions. 

Another major challenge relates to the development of agent-based 
simulation models involving cognitive and rational agents. In economic systems, 
for example, it has long been known that the expectations of individual actors 
may influence their behaviour, and thus the global properties of the system. How 
may these anticipatory and reflective aspects of real-world societies be modeled 
by agent based simulation models? The rapid growth of online resource 
allocation systems, such as Grid systems, makes this an important issue. If a 
computational Grid comprises intelligent computational users, many of whom 
base their decisions on their own economic models of the Grid operation itself, 
then the task of management is complicated immensely: statements and actions 
by the system manager may impact the beliefs and intentions of the participants, 
and thus impact system operations and performance. The challenge of managing 
user expectations in this way is well-known to governors of central banks, such 
as the European Central Bank, as they try to manage national monetary policy. 
The theory and practice of agent simulation models are not sufficiently mature to 
provide guidance to managers in this task. 
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2.1.3.6 User Interaction Design 

In future complex system environments, human involvement is likely to 
become more important, yet this requires the exploration and understanding of 
several new possibilities, including: autonomy and improvisation (to deal with 
unforeseen events, such as those caused by the behaviour of human users); a 
standardized agent communication language with a powerful semantics to drive 
some of agent behaviour and facilitate integration of human users; social and 
organizational models for multi-agent systems, in which programs and humans 
can naturally interact (hybrid systems). In addition, as software becomes self 
organising to fit in a variety of contexts, a new set of issues concerning the 
interaction with users is created. A key question here is how people can interact 
with continuously changing software. Additional questions concern whether it 
would be valuable to try to design implicit interaction with applications operating 
on indirect sensor-based input and in that case how could users migrate from 
traditional explicit to future implicit interaction. In addition, questions of decision-
making authority, responsibility, delegation and control arise with systems of 
agents acting on behalf of, or in collaboration with, human decision-makers in 
mixed initiative systems. If agents or multi-agent systems are themselves 
responsible for decisions, these issues become more problematic ([27]). 
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2.2 Peer-to-Peer Networks  
 
In a P2P every participating node acts both as a client and as a server (―servent‖) 
and ―pays‖ its participation by providing access to some of its resources, most 
frequently, processing power and/or disk space. Although this idea is common to 
all P2P systems they differ considerably in their underlying architecture. A coarse 
but intuitive definition of P2P is given by Clay Shirkey (The Accelerator Group) 
[24]: 

Peer-to-peer is a class of applications that take advantage of resources 
storage, cycles, content, human presence available at the edges 

of the Internet. Because accessing these decentralized resources means 
operating in an environment of unstable connectivity and unpredictable 

IP addresses, peer-to- peer nodes must operate outside the DNS and have 
significant or total autonomy of central servers. 

Thus a P2P system can be viewed as an application-level Internet on top of the 
Internet. To quickly decide whether a given system is P2P in Shirkey‘s sense the 
following ―litmus test‖ can be applied: 
• Does the system give the nodes at the edges of the network significant 
autonomy? 
• Does the system allow for variable connectivity and temporary network 
addresses? 
More conceptually we can identify several principles underlying P2P systems: 
• The principle of sharing resources: all P2P systems involve an aspect of 
resource sharing, where resources can be physical resources, such as disk 
space or network bandwidth, as well as, logical resources, such as services or 
different forms of knowledge. By sharing of resources applications can be 
realized which could not be set up by a single node. This was the driving 
motivation behind a P2P system such as Napster. 
• The principle of decentralization: this is an immediate consequence of sharing 
of resources. Parts of the system or even the whole system are no longer 
operated centrally. Decentralization is in particular interesting in order to avoid 
single-point-of failures or performance bottlenecks in the system. Examples of 
fully decentralized systems are Gnutella and Freenet. 
• The principle of self-organization: when a P2P system becomes fully 
decentralized then there exists no longer a node that can centrally coordinate its 
activities or a database to store global information about the system centrally. 
Therefore nodes have to self-organize themselves, based on whatever local 
information is available and interacting with locally reachable nodes (neighbors). 
The global behaviour then emerges as the result of all the local behaviours that 
occur. 
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In addition P2P system often take into account other qualitative requirements 
such as the interest of participants of remaining anonymous or the fact that 
nodes in a P2P system are usually unreliable. 
 

 

 

Figure 2 peer to peer and server/clients example 

To understand better how and why an enhanced peer-to-peer architecture 
can play a better role in data communication and the Internet, an introduction to 
the traditional client/server architecture is presented.  

Peer-to-peer (P2P) computing covers a wide range of infrastructures, 
technologies and applications that share a single characteristic: they are 
designed to create networked applications in which every node (or deployed 
system) is in some sense equivalent to all others, and application functionality is 
created by potentially arbitrary interconnection between these peers. The 
consequent absence of the need for centralized server components to manage 
P2P systems makes them highly attractive in terms of robustness against failure, 
ease of deployment, scalability and maintenance [18]. The best known P2P 
applications include hugely popular file sharing applications such as Gnutella and 
Bit Torrent, Akamai content caching, groupware applications (such as Groove 
Networks office environments) and Internet telephony applications such as 
Skype. While the majority of these well-known systems are based on proprietary 
protocols and platforms, toolkits such as Sun Microsystem‘s JXTA provide a wide 
array of networking features for the development of P2P applications, such as 
messaging, service advertisement and peer management features. 
Standardization for P2P technologies is also underway within the Global Grid 
Forum (GGF), which now includes a P2P working group established by Intel in 
2000. 

P2P applications display a range of agent-like characteristics, often 
applying selforganisation techniques in order to ensure continuous operation of 
the network, and relying on protocol design to encourage correct behaviour of 
clients. (For example, many commercial e-marketplace systems, such as eBay, 
include simple credit-reputation systems to reward socially beneficial behaviour). 
As P2P systems become more complex, an increasing number of agent 
technologies may also become relevant. These include, for example: auction 
mechanism design to provide a rigorous basis to incentivize rational behaviour 
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among clients in P2P networks; agent negotiation techniques to improve the level 
of automation of peers in popular applications; increasingly advanced 
approaches to trust and reputation; and the application of social norms, rules and 
structures, as well as social simulation, in order to better understand the 
dynamics of populations of independent agents. 

 

2.2.1 Traditional Client/Server Architecture  

Most Internet services are distributed using the traditional client/server 
architecture. In this architecture, clients connect to a server using a specific 
communications protocol to obtain access to a specific resource. Most of the 
processing involved in delivering a service usually occurs on the server, leaving 
the client relatively unburdened. Most popular Internet applications, including the 
World Wide Web, FTP, telnet, and email, use this service-delivery model.  

For a harmonic and synchronized communication and data transferring 
among members on a network there must be some protocol to be followed. 
Some of the most common network protocols are:  

 TCP/IP: It is the basic protocol used for data communication on the 
Internet and is used for implementing many other protocols. In 
TCP/IP data are split and coded into small ―packets‖, which can be 
sent and received in a point-to-point architecture.  

 HTTP: It is a convention in which Hypertext files (such as HTML files) 
can be downloaded from a server by clients. In Hypertext files each 
component (sentence or image) can point to other components and 
can also carry a runnable code as attachment (e.g. Java script files). 
These types of files should obey HTML for their structure. This 
method is very suitable for users with unreliable connections and 
also when the traffic is high, because clients change the server fast.  

 FTP: This is a protocol designed for file transfer on the Internet. In 
this protocol any kind of file can be transferred between two nodes 
regardless of its content. An FTP server works faster than an HTTP 
server but it gives much less options to users.  

 
Distributed systems, most of which currently work based on the client/server 

architecture, are an important means of data communication. Their main 
characteristic is that the components (hardware and software) are scattered on 
the network, offering resource sharing, parallel processing, higher reliability, 
extensibility etc. Some of the most popular technologies for developing 
distributed systems today involve socket, Remote Procedure Call (RPC), Java 
Remote Method Invocation (RMI), Common Object Request Broker Architecture 
(CORBA), Distributed Component Object Model (DCOM), Java Database 
Connectivity (JDBC), JINI.  
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Figure 3 Peer to peer VS Client Server 

2.2.2 Peer-to-Peer Architectures  
 

Peer-to-peer (P2P) is one of the networked applications that users, called 
peers, can retrieve objects directly from each other without mediation of servers. 
Peers organize a logical network with logical links that correspond to the 
relationship among two peers that are in a neighborhood. In the view of client-
server model, each peer is a server, a client, and a node at the same time. For 
example, when a peer permits other peers to download an MP3 file from its hard 
disk, the peer plays the role of a server. The peer also obtains files from other 
peers as a client. When messages exchanged among peers are relayed on 
logical P2P networks, a peer behaves as a node. For a peer to obtain an object, 
it must first find a peer that can provide it with the desired object. Thus, we need 
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mechanisms for a peer to discover other peers and determine which peers have 
the desired objects. Current P2P applications, most of which are P2P file sharing 
systems, have different mechanisms for dealing with such peer discovery and 
content location problems. 

Here we employ the way in [25] to classify P2P applications into three 
basic architectures. 

1. Centralized Directory 

In this architecture, a central server provides a directory service for the all 
of peers. When a peer launches a P2P file-sharing application, the application 
first summarizes a list of objects in a local hard disk. Then it registers the list with 
a peer ID, IP address, and other type of information into a well-known central 
server, to which it establishes a permanent TCP connection. The server 
maintains a directory database that maps an object name to a set of IP 
addresses of provider peers. The directory database is kept up-to-date by 
receiving transaction messages. When a peer adds or removes an object, it 
informs the directory server of such changes. When a peer leaves the P2P 
network, the server detects the disappearance through the termination of the 
TCP connection. 

To find an object, a peer sends a query message including some 
keywords and the maximum number of results it expects to the directory server. 
The server examines its directory database to find records of the object that 
contains the specified keywords. If there are, the server generates a list of 
records that match the query. On receiving the list, the peer selects a peer from 
which it directly retrieves objects. 

Napster, OpenNap, and instant messaging applications such as ICQ, 
Yahoo messenger, and MSN messages are typical examples of this class. 

2. Decentralized Directory 

In this architecture, peers are clustered into groups. The entire logical P2P 
network consists of groups. A newly launched peer first inquires from a group 
whether it can join a bootstrapping node. Then, it becomes a member of the 
specified group. In a group, there is a leader that plays the role of a directory 
server of the group. It maintains information of the objects deposited by peers in 
the group. Thus, the mechanisms including registration, query, object retrieve in 
a group are similar to the ―Centralized Directory‖ architecture. Additionally, to 
achieve more results, one leader peer can forward queries from its client peers to 
another leader peer. Of course, some mechanisms are needed to decide who 
becomes the leader of a group. A leader peer is chosen statically among peers in 
a group, or dynamically by an algorithm taking peer‘s performance into account. 
Morpheus, KaZaA, eDonkey2000, and WinMX are typical applications of this 
class. 
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3. Query Flooding 

In this architecture, all peers are equal. Since there is no directory server, 
this architecture is also called ―pure P2P‖ while the others are called ―hybrid 
P2P‖. There is no hierarchical structure in a P2P network. To join a P2P network, 
a peer first sends a request to a bootstrapping node to provide it with a list of IP 
addresses of peers that have already participated in the network. Then the new 
peer advertises its address to those peers. Consequently, a neighborhood is built 
among them. 

To find an object, a peer conducts ―query flooding‖. A peer begins flooding 
all its neighboring peers with query messages. To restrict the range in which the 
message propagates, a TTL (Time To Live) is appropriately set. Each of the 
neighboring peers first examines its local disk to determine whether it has the 
requested object. If it does, the peer sends back a response message to the 
requesting peer through an inverse way that a corresponding request message 
traversed. Before further relaying the query message, it decreases TTL. If TTL is 
larger than zero, the peer sends the message to all of its neighboring peers 
except for one from which the message originated. Gnutella and Freenet are 
typical applications using the query flooding mechanism. 

Table 1 summarizes some advantages and disadvantages of the above 
three typical P2P architectures. 

We can see the fact that all of today‘s P2P architectures require some 
always-up nodes. Independent of architectures, there are still bottlenecks and 
single points of failure. 
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P2P architectures  Advantages Disadvantages 

 

Centralized 
directory 

 

1. A peer can easily 
locate an object by 
sending a query to a 
directory server. 
2. It is easy to 
manage and 
maintain 
the directory. 

 

1. A directory server is a single point 
of failure. 
2. A directory server is a performance 
bottleneck. 
3. The architecture lacks scalability. 

 

Decentralized 
directory 

 

1. The load of 
directory service is 
distributed. 
2. Failure of a 
directory server only 
affects a group of 
peers. 

 

1. A complex algorithm and mechanism 
are necessary to construct a 
hierarchical 
network. 
2. Distributed directory servers are 
single points of failure of their groups 
and bottlenecks. 
3. A bootstrapping node is necessary 
and is a single point of failure. 

Query 
flooding 

 

1. All peers are 
equal. 
2. No server is 
needed for 
searching. 

 

1. A search involves much 
communication 
and traffic. 
2. A bootstrapping node is necessary 
and is a single point of failure. 
3. A complex protocol is needed to 
maintain a logical P2P network. 

Table 1 advantages and disadvantages of P2P architectures. 

 

2.3 Semantic Web  

As discussed in [17], the Semantic Web is not a separate Web but an 
extension of the current one, in which information is given well-defined meaning, 
better enabling computers and people to work in cooperation. The first steps in 
weaving the Semantic Web into the structure of the existing Web are already 
under way. In the near future, these developments will usher in significant new 
functionality as machines become much better able to process and "understand" 
the data that they merely display at present.  

 The essential property of the World Wide Web is its universality. The 
power of a hypertext link is that "anything can link to anything." Web technology, 
therefore, must not discriminate between the scribbled draft and the polished 
performance, between commercial and academic information, or among cultures, 
languages, media and so on. Information varies along many axes. One of these 
is the difference between information produced primarily for human consumption 
and that produced mainly for machines. At one end of the scale we have 
everything from the five-second TV commercial to poetry. At the other end we 
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have databases, programs and sensor output. To date, the Web has developed 
most rapidly as a medium of documents for people rather than for data and 
information that can be processed automatically. The Semantic Web aims to 
make up for this.  

Like the Internet, the Semantic Web will be as decentralized as possible. 
Such Web-like systems generate a lot of excitement at every level, from major 
corporation to individual user, and provide benefits that are hard or impossible to 
predict in advance. Decentralization requires compromises: the Web had to 
throw away the ideal of total consistency of all of its interconnections, ushering in 
the infamous message "Error 404: Not Found" but allowing unchecked 
exponential growth. 

The aim of the Semantic Web initiative is to advance the state of the 
current Web through the use of semantics. More specifically, it proposes to use 
semantic annotations to describe the meaning of certain parts of Web 
information. For example, the Web site of a hotel could be suitably annotated to 
distinguish between hotel name, location, category, number of rooms, available 
services etc. Such meta-data could facilitate the automated processing of the 
information on the Web site, thus making it accessible to machines and not 
primarily to human users, as it is the case today.  

However, the question arises as to how the semantic annotations of 
different Web sites can be combined, if everyone uses terminologies of their own. 
The solution lies in the organization of vocabularies in so-called ontologies. 
References to such shared vocabularies allow interoperability between different 
Web resources and applications. For example, an ontology of hotel 
classifications in a given country could be used to relate the rating of certain 
hotels. And a geographic ontology could be used to determine that Crete is a 
Greek island and Heraklion a city on Crete. Such information would be crucial to 
establish a connection between a requester looking for accommodation on a 
Greek island, and a hotel advertisement specifying Heraklion as the hotel 
location.  

The development of the Semantic Web proceeds in steps, each step building 
a layer on top of another. The layered design is shown in Fig. 4, which is outlined 
below.  

 At the bottom layer we find XML, a language that lets one write structured 
web documents with a user-defined vocabulary. XML is particularly 
suitable for sending documents across the Web, thus supporting syntactic 
interoperability.  

 RDF is a basic data model, like the entity-relationship model, for writing 
simple statements about Web objects (resources). The RDF data model 
does not rely on XML, but RDF has an XML-based syntax. Therefore, it is 
located on top of the XML layer.  
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 RDF Schema provides modeling primitives, for organizing Web objects 
into hierarchies. RDF Schema is based on RDF. RDF Schema can be 
viewed as a primitive language for writing ontologies.  

 But there is a need for more powerful ontology languages that expand 
RDF Schema and allow the representations of more complex relationships 
between Web objects. Ontology languages, such as OWL, are built on the 
top of RDF and RDF Schema.  

 The logic layer is used to enhance the ontology language further, and to 
allow writing application-specific declarative knowledge.  

 The proof layer involves the actual deductive process, as well as the 
representation of proofs in Web languages and proof validation.  

 Finally trust will emerge through the use of digital signatures, and other 
kind of knowledge, based on recommendations by agents we trust, or 
rating and certification agencies and consumer bodies.  

 
Figure 4 Semantic Web Layer Tower 

For an easy, yet comprehensive introduction to the Semantic Web refer to [45]. 
In the following subsections we describe XML, RDF, RDF Schema and Ontology 
layers a bit further.  

2.3.1 XML Basic Features  

XML [28], stands for eXtensible Markup Language. It is a mark-up 
language much like HTML. XML was designed to describe data and its tags are 
not predefined. The user must define his own tags by using a Document Type 
Definition (DTD) or an XML Schema to define the legal building blocks of an XML 
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document, that is, define elements and attributes that can appear in a document, 
which elements are child elements, what is the order of child elements etc. XML 
with a DTD or XML Schema is self-descriptive. We must say that XML is not a 
replacement for HTML. They were designed with different goals: The former was 
designed to describe data and to focus on what data is and the latter was 
designed to display data and to focus on how data looks. HTML is about 
displaying information, while XML is about describing information. XML was 
created to structure, store and share information.  

2.3.2 RDF Basic Features  

RDF [29] stands for Resource Description Framework and its purpose is 
to describe resources on the Web. RDF is designed to be read by computers. 
The basic RDF data model consists of three fundamental concepts: Resources, 
Properties and Statements.  

Resources are the central concept of RDF and are used to describe 
individual objects of any kind, for example Web pages, people, hotels, flights etc. 
Every resource has a URI, a Universal Resource Identifier, which can be a Web 
address or some other kind of unique identifier.  

Properties express specific aspects, characteristics, attributes, or relations 
between resources. For example, properties might be the number of rooms in a 
hotel, proximity to the beach etc.  

Finally statements are composed of a specific resource, together with a 
named property and the value of that property for that resource. The value can 
be a resource in turn; for example, the manager of Agapi Beach hotel is Alexis 
Zorbas. Alternatively, the value can be a literal, a primitive term that is not 
evaluated by an RDF processor. For example, the number of rooms of Agapi 
Beach is 117.  

A statement consists of three parts (subject, predicate, object) and is often 
referred to as an RDF triple. A triple of the form (x, P, y) corresponds to the 
logical formula P(x, y), where the binary predicate P relates the object x to the 
object y; this representation is used in our system for translating RDF statements 
into a logical language ready to be processed automatically in conjunction with 
rules.  

Another possible representation is the graph based. The graph is directed 
with labeled nodes and arcs. The arcs are directed from the resource (the subject 
of the statement) to the value (the object of the statement); see Fig. 5. This kind 
of graph is known as a Semantic Net in the artificial intelligence community.  

 

Figure 5 graph based representation 
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Lastly, there is a third representation based on XML. This representation 
is compatible with the layered design of the Semantic Web, and facilitates 
exchange of RDF information among applications. Such a representation is 
depicted in Fig. 6.  

 

Figure 6 XML based representation 

 

2.3.3 RDF Schema Basic Features  

RDF is domain-independent, in that no assumptions about a particular domain 
of use are made. It is up to the users to define their own terminology in a schema 
language called RDF Schema (RDFS) [30]. In doing so, they actually define a 
simple ontology, a conceptual model of the domain at hand. The basic features 
of RDF Schema are the following.  

In RDF, Web resources are individual objects. In RDFS, objects sharing 
similar characteristics are put together to form classes. Examples for classes are 
hotels, airlines, employees, rooms, excursions etc. Individuals belonging to a 
class are often referred to as instances of that class. For example, John Smith 
could be an instance of the class of employees of a particular hotel.  

Binary properties are used to establish connections between classes. For 
example, a property works_for establishes a connection between employees and 
companies. Properties apply to individual objects (instances of the classes 
involved) to form RDF statements, as seen above.  

The application of predicates can be restricted through the use of domain and 
range restrictions. For example, we can restrict the property works_for to apply 
only to employees (domain restriction), and to have as value only companies 
(range restriction). This way, nonsensical statements due to user errors, for 
example that Crete works for Agapi Beach, can be automatically detected.  

Classes can be put together in hierarchies through the subclass relationship: a 
class C is a subclass of a class D if every instance of C is also an instance of D. 
For example, the class of island destinations is a subclass of all destinations: 
every instance of an island destination (e.g. Crete) is also a destination.  

The hierarchical organization of classes is important due to the notion of 
inheritance: once a class C has been declared a subclass of D, every known 
instance of C is automatically classified also as instance of D. This has far-
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reaching implications for matching customer preferences to service offerings. For 
example, a customer may wish to make holidays on an Indonesian island. On the 
other hand, the hotel Noosa Beach advertises its location to be Bali. It is not 
necessary (nor is it realistic) for the hotel to add information that it is located in 
Indonesia and on an island; instead, this information is inferred by the ontology 
automatically.  

2.3.4 OWL Basic Features  

OWL (Web Ontology Language) [31] comes to fill the missing features of RDF 
and RDFS. According to [32], OWL deals with the following issues that RDF 
cannot express:  

 • Local scope of properties: rdfs:range defines the range of a property, 
say teaches, for all classes. Thus in RDF Schema we cannot declare 
range restrictions that apply to some classes only. For example, we 
cannot say that cows eat only plants, while other animals may eat 
meat, too.  

 • Disjointness of classes: Sometimes we wish to say that classes are 
disjoint. For example, male and female are disjoint. But in RDF 
Schema we can only state subclass relationships, e.g. female is a 
subclass of person.  

 • Boolean combinations of classes: Sometimes we wish to build new 
classes by combining other classes using union, intersection and 
complement. For example, we may wish to define the class person to 
be the disjoint union of the classes male and female. RDF Schema 
does not allow such definitions.  

 • Cardinality restrictions: Sometimes we wish to place restrictions on 
how many distinct values a property may or must take. For example, 
we would like to say that a person has exactly two parents, and that a 
course is taught by at least one lecturer. Again such restrictions are 
impossible to express in RDF Schema.  

 

 • Special characteristics of properties: Sometimes it is useful to say 
that a property is transitive (like ―greater than‖), unique (like ―is mother 
of‖), or the inverse of another property (like ―eats‖ and ―is eaten by‖).  
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2.4 Rules and Rule Engines 
In computer programming, too, it‘s important to choose the right tool for 

the right job. Some problems can be solved easily using traditional programming 
techniques, whereas writing a rule-based system is the easiest way to solve 
others. Other problems are in the middle, and either technique will work equally 
well.Much of the programming we do is procedural. Rule-based programming, 
however, is declarative. 

In procedural programming, the programmer tells the computer what to 
do, how to do it, and in what order. Procedural programming is well suited for 
problems in which the inputs are well specified and for which a known set of 
steps can be carried out to solve the problem. Mathematical computations, for 
example, are best written procedurally. Note that here procedural is used in a 
slightly different way than is conventional. 

Although object-oriented programming is traditionally contrasted with the 
older procedural programming, for the purposes of this discussion, the two are 
equivalent. In both procedural and object-oriented programming, the programmer 
writes all the logic that controls the computer, although it is partitioned differently 
in an object-oriented program. A purely declarative program, in contrast, 
describes what the computer should do, but omits much of the instructions on 
how to do it. Declarative programs must be executed by some kind of runtime 
system that understands how to fill in the blanks and use the declarative 
information to solve problems. Because declarative programs include only the 
important details of a solution, they can be easier to understand than procedural 
programs. Furthermore, because the control flow is chosen by the runtime 
system, a declarative program can be more flexible in the face of fragmentary or 
poorly conditioned. Declarative programming is often the natural way to tackle 
problems involving control, diagnosis, prediction, classification, pattern 
recognition, or situational awareness— in short, many problems without clear 
algorithmic solutions.  

A rule-based program doesn‘t consist of one long sequence of 
instructions; instead, it is made up of discrete rules, each of which applies to 
some subset of the problem.  In a rule-based program, you write only the 
individual rules. Another program, the rule engine, determines which rules apply 
at any given time and executes them as appropriate. As a result, a rule-based 
version of a complex program can be shorter and easier to understand than a 
procedural version. Writing the program is simpler, because you can concentrate 
on the rules for one situation at a time. Modifying the program is also simpler—if 
you‘ve ever had to work on a program containing a dozen levels of nested if 
statements, you‘ll understand why. In the following paragraphs, we‘ll formalize 
some of the ideas behind rulebased systems and see how they are constructed. 
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2.4.1Expert systems 
Expert systems, rule-based computer programs that capture the 

knowledge of human experts in their own fields of expertise, were a success 
story for artificial intelligence research in the 1970s and 1980s. Early, successful 
expert systems were built around rules (sometimes called heuristics) for medical 
diagnosis, engineering, chemistry, and computer sales. One of the early expert 
system successes was MYCIN,2 a program for diagnosing bacterial infections of 
the blood. Expert systems had a number of perceived advantages over human 
experts. For instance, unlike people, they could perform at peak efficiency, 24 
hours a day, forever. There are numerous dramatic examples in the computer 
science literature of these early systems matching or exceeding the performance 
of their human counterparts in specific, limited situations. Predictions were made 
that someday, sophisticated expert systems would be able to reproduce general 
human intelligence and problem-solving abilities. Over time, of course, the drama 
receded, and it became clear that researchers had vastly underestimated the 
complexity of the common-sense knowledge that underpins general human 
reasoning. Nevertheless, excellent applications for expert systems remain to this 
day. Modern expert systems advise salespeople, scientists, medical technicians, 
engineers, and financiers, among others.  

Today, general rule-based systems, both those intended to replace human 
expertise and those intended to automate or codify business practices or other 
activities, are a part of virtually every enterprise. These systems are routinely 
used to order supplies, monitor industrial processes, prescreen résumés, route 
telephone calls, and process web forms. Many commercial application servers 
incorporate a rule engine, and most others explicitly or implicitly offer integration 
with one. Expert systems really have become ubiquitous—we just don‘t call them 
by that name anymore. 

 

2.4.2 Architecture of a rule-based system 
The rules in the first expert systems were intertwined with the rest of the 

software, so that developing a new expert system meant starting from the ground 
up. The folks who wrote MYCIN, recognizing this fact, created a development 
tool named EMYCIN.3 EMYCIN (Empty MYCIN) was developed by removing all 
the medical knowledge from MYCIN, leaving behind only a generic framework for 
rule-based systems. EMYCIN was the first expert system shell. An expert system 
shell is just the inference engine and other functional parts of an expert system 
with all the domain-specific knowledge removed. Most modern rule engines can 
be seen as more or less specialized expert system shells, with features to 
support operation in specific environments or programming in specific domains. 
This book is about this kind of rule engine. 

A typical rule engine contains: 

■ An inference engine 
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■ A rule base 

■ A working memory 

The inference engine, in turn, consists of: 

■ A pattern matcher 

■ An agenda 

■ An execution engine 

These components are shown schematically in figure 7 

 

Figure 7 The inference engine 

 2.4.2.1 The inference engine 

If you wanted to write your own rule engine, where would you start? You might 
begin with the most important component. The primary business of a rule engine 
is to apply rules to data. That makes the inference engine the central part of a 
rule engine. 

The inference engine controls the whole process of applying the rules to the 
working memory to obtain the outputs of the system. Usually an inference engine 
works in discrete cycles that go something like this: 

1 All the rules are compared to working memory (using the pattern matcher) to 
decide which ones should be activated during this cycle. This unordered list of 
activated rules, together with any other rules activated in previous cycles, is 
called the conflict set. 
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2 The conflict set is ordered to form the agenda—the list of rules whose right-
hand sides will be executed, or fired. The process of ordering the agenda is 
called conflict resolution. The conflict resolution strategy for a given rule engine 
will depend on many factors, only some of which will be under the programmer‘s 
control. 

3 To complete the cycle, the first rule on the agenda is fired (possibly changing 
the working memory) and the entire process is repeated. This repetition implies a 
large amount of redundant work, but many rule engines use sophisticated 
techniques to avoid most or all of the redundancy. In particular, results from the 
pattern matcher and from the agenda‘s conflict resolver can be preserved across 
cycles, so that only the essential, new work needs to be done. 

Many beginning rule programmers have difficulty with the idea that the rule 
engine will decide the order in which the rules will be fired, but this is actually one 
of the great strengths of rule-based programming. The rule engine can more or 
less create a custom program for each situation that arises, smoothly handling 
combinations of inputs the programmer might not have imagined. 

 

2.4.2.2 The rule base 
 

The rule base contains all the rules the system knows. They may simply be 
stored as strings of text, but most often a rule compiler processes them into 
some form that the inference engine can work with more efficiently. Jess‘s rule 
compiler builds a complex, indexed data structure called a Rete network. A Rete 
network is a data structure that makes rule processing fast. In addition, the rule 
compiler may add to or rearrange the premises or conclusions of a rule, either to 
make it more efficient or to clarify its meaning for automatic execution. 
Depending on the particular rule engine, these changes may be invisible to the 
programmer. Some rule engines allow (or require) you to store the rule base in 
an external relational database, and others have an integrated rule base. Storing 
rules in a relational database allows to select rules to be included in a system 
based on criteria like date, time, and user access rights. 

 

2.4.2.3 The working memory 
We also need to store the data the rule engine will operate on. In a typical 

rule engine, the working memory, sometimes called the fact base, contains all 
the pieces of information the rule-based system is working with. The working 
memory can hold both the premises and the conclusions of the rules. Typically, 
the rule engine maintains one or more indexes, similar to those used in relational 
databases, to make searching the working memory a very fast operation. It‘s up 
to the designer of the rule engine to decide what kinds of things can be stored in 
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working memory. Some working memories can hold only objects of a specific 
type, and others can include, for example, Java objects. 

 

2.4.2.4 The pattern matcher 
The inference engine has to decide what rules to fire, and when. The 

purpose of the pattern matcher is to decide which rules apply, given the current 
contents of the working memory. In general, this is a hard problem. If the working 
memory contains thousands of facts, and each rule has two or three premises, 
the pattern matcher might need to search through millions of combinations of 
facts to find those combinations that satisfy rules. Fortunately, a lot of research 
has been done in this area, and very efficient ways of approaching the problem 
have been found. Still, for most rule-based programs, pattern matching is the 
most expensive part of the process. Beginning rule programmers often overlook 
this fact, expecting the procedural right-hand sides of their rules to represent all 
the computational effort in their program.  Often the pattern-matching technique 
used by a particular rule engine will affect the kinds of rules one writes for that 
engine, either by limiting the possibilities or by encouraging to write rules that 
would be particularly efficient. 

 

2.4.2.5 The agenda 

Once the inference engine figures out which rules should be fired, it still 
must decide which rule to fire first. The list of rules that could potentially fire is 
stored on the agenda. The agenda is responsible for using the conflict strategy to 
decide which of the rules, out of all those that apply, have the highest priority and 
should be fired first. Again, this is potentially a hard problem, and each rule 
engine has its own approach. Commonly, the conflict strategy might take into 
account the specificity or complexity of each rule and the relative age of the 
premises in the working memory. Rules may also have specific priorities 
attached to them, so that certain rules are more important and always fire first. 

 

2.4.2.6 The execution engine 
Finally, once the rule engine decides what rule to fire, it has to execute 

that rule‘s action part. The execution engine is the component of a rule engine 
that fires the rules. In a classical production system such as MYCIN, rules could 
do nothing but add, remove, and modify facts in the working memory. In modern 
rule engines, firing a rule can have a wide range of effects. Some modern rule 
engines (like Jess) offer a complete programming language you can use to 
define what happens when a given rule fires. The execution engine then 
represents the environment in which this programming language executes. For 
some systems, the execution engine is a language interpreter; for others, it is a 
dispatcher that invokes compiled code. 
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2.5 Online Auctions 

 

2.5.1 Agent and Multi-agent Systems 
 

The steadily increasing interconnection of devices raises many research 
issues with regards to the ways in which all these distributed machines can 
interact effectively with other humans or machines. Artificial intelligence and 
software engineering have a role to play in how the computers can interact in a 
‖rational‖ way.  Indeed, agent technology is a significant area of interest for such 
applications as telecommunications, information management, Internet search 
engines, electronic commerce, computer games, interactive cinema, information 
retrieval and filtering, user interface design, industrial process control, planning 
and logistics, etc. The successful adoption of this technology in all these areas 
will have a profound impact both on industry, and also on the way in which future 
computer systems will be conceptualized and implemented. 

At present, there is much debate about what agent-hood is exactly, and 
there is nothing approaching a consensus as it is generally the case for any new 
field. However, an increasing number of researchers define agents as being: 

1. situated or embedded in a particular environment; 

2. designed to fulfil specific roles; 

3. clearly identifiable entities with well-defined (and limited) resources and 
interfaces; 

4. autonomous in the sense that they have control over their behavior; 

5. capable of exhibiting flexible behavior which can be reactive, proactive, 
sociable or persistent. 

In the context of concurrent and distributed systems, it becomes obvious 
that a single agent is insufficient. Many applications, if not most of them, require 
multiple agents, called also multi-agent systems (MAS). In such systems, 
knowledge, action and control are distributed among the agents, which may 
cooperate, compete or coexist depending on the context in which they operate. 
According to Weiss [89], there are two main reasons which drive forces behind 
the growth of the MAS paradigm in recent years. 

The first is that multi-agent systems have the capacity to play a key role in 
current and future computer science and its application. Modern computing 
platforms and information environments are distributed, large, open, and 
heterogenous. Computers are no longer stand-alone systems, but have become 
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closely connected both with each other and their users. The increasing 
complexity of applications often lead to the design of ‗individual‘ software agents 
instead of a large entity which is in general less flexible. The technology that 
MAS promises to provide, are among those that are urgently needed for the 
Internet, telecommunications, TV-web, e-commerce, e-business, etc. 

The second reason is that multi-agent systems have the capacity to play 
an important role in developing and analyzing models and theories of interactivity 
in human societies. 

These two reasons combined show the relevance of MAS for 
understanding, implementing and operating complex socio-technical systems as 
represented by e-business systems. 

 

2.5.2 Auctions: From Economy to the Automatic Negotiation 

 
Auctions are a market mechanism already introduced in the ancient world. 

Traditionally, they allow selling rare and unusual goods, and apply in situations 
where a more conventional ‖market‖, in which buyers consider the price as given, 
do not exist. A large informal body of knowledge on auctions has been in 
existence for centuries, and a more formal, game theoretic analysis of auctions 
began in the 1960‘s with the pioneering work of Vickrey [50]. The field of micro-
economics and game theory that studies these and related issues is often called 
‘mechanism design‘ or ‘implementation theory‘. An introduction to this field can 
be found in the text books [51, 52]. 

With the widespread availability of the Internet and e-commerce 
technologies, economists have started to consider auctions as an important 
economic model. Indeed, the theory of auctions exhibits many interesting 
features at the practical, empirical and theoretical level. Paul Klemperer [53] 
gives three reasons why the theory of auctions is relevant to economists: 

1. A growing number of large volume transactions are realized through auctions. 
Examples include the many auctions organized by governments [54], the 
enterprise wide electronic procurement systems for all sorts of goods, or the 
electronic auction markets such as EBay [55, 56]. 

2. Auctions offer relatively simple mechanisms in a well defined economic 
environment. They offer thus to economists a vast field for experimental research 
allowing to obtain empirical results that can be suitably validated. 

3. The theory of auctions has already revealed many scientific results in 
economy, which have allowed to develop new methods for pricing in competitive 
markets. Moreover, it has also helped to further understand complex negotiation 
mechanisms between vendors and buyers. 
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Recently, we have noted a great rise in the popularity of auctions of 
various types [57]. This development occurred in many settings: in governments 
privatizations and rights allocation [58, 59]; in the many Internet auction sites [55, 
56]; in the usage of techniques from auction theory for computational resource 
allocation [60]; in computerized agent systems [61, 62]; and trends in B2B e-
commerce [63]. 

Besides the research on auction mechanisms undertaken in economics 
and operations research, the technology necessary to implement electronic 
auctions [64, 65, 66] is a research issue on its own. Agent technology has 
already been applied in different work [67, 68, 69, 70].  The application of a multi-
agent paradigm to auctions can be viewed from two different points of view: 

1. The mechanisms of an auction can be defined as a resource allocation 
problem to a set of agents. The available resources are limited with regard to the 
number of demands. The problem may thus be described as a market in which 
there are vendor agents and buyer agents which trade on items represented by 
the resources. These agents exhibit different acquisition capabilities which let 
them act differently depending on the current context or situation of the market. 
For example, the ‖richer‖ an agent is, the more items it can buy, i.e. the more 
resources it can acquire. 

2. The auctions can be viewed as a process of automatic negotiation 
implemented as a network of intelligent agents. Buyer and vendor agents interact 
in an electronic market environment to trade items. Such an approach is for 
example represented by AuctionBot [71]. Alternatively, auctions may form an 
integral part of a multi-agent architecture. An example is an architecture where 
supervisor agents associated with institutions offer a same product in competition 
with each other applying auction mechanisms in order to offer to a user agent the 
best price for the product. 

 

2.5.3  Auctions for automatic negotiation 

2.5.3.1 Market framework 

An environment where vendors and buyers meet with the goal to sell and 
buy goods is commonly called a market. As there are many different 
interpretations of what a market is, such an environment should rather be called 
a market framework. Figure 8 shows an example of such a framework . There 
are four cases presented: 

1. One vendor and one buyer directly negotiate in the classical sense; 

2. Multiple vendors and one buyer are engaged in a reverse auction; 

3. Multiple buyers and one vendor are engaged in a classical auction (English, 
Dutch, Vickery, etc.); 
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4. Multiple buyers and vendors trade in a market. 

 

Figure 8 Market framework 

 

 

The most usual form is number 3 with popular ones being the English, 
Dutch, first-price sealed bid and second-price sealed bid (Vickrey). In an English 
auction, the auctioneer begins with the lowest acceptable price and bidders are 
free to raise their bids successively until there are no more offers to raise the bid. 
The winning bidder is the one with the highest bid. The Dutch auction is the 
converse of the English one; the auctioneer calls for an initial high price, which is 
then lowered progressively until there is an offer from a bidder to claim the item. 
In the first priced sealed bid, each bidder submits his offer for the item 
independently without any knowledge of the other bids. The highest bidder gets 
the item and he pays a price equal to his bid amount. Finally, a Vickrey auction is 
similar to a first-price sealed bid auction, but the item is awarded to the highest 
bidder at a price equal to the second highest bid. 

The distinction between negotiations, auctions and markets is, however, 
not so strict. This rough classification leaves therefore room for variations such 
as combined negotiations [72], synchronous open auctions, and combinatorial 
auctions. Moreover, combinations are also possible: one can imagine a model 
where auctions are used as a mechanism for automatic negotiation in electronic 
markets. 
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2.5.3.2 Auctions and automatic negotiation 

Economic models have been adopted in various works on the problem of 
negotiation and resource allocation in multi-agent systems. Ferguson [73] 
justifies this choice by the availability of the many mathematical tools related to 
numerical economics. Evidently, these tools are of great value when resolving 
the resource allocation problem in complex information systems. 

Negotiation is central to any commerce and market. It can be defined as 
―Mechanism that allows a recursive interaction between a principal and a 
respondent in the resolution of a good deal‖ [74]. 

In [61], S. Rosenchein and G. Zlotkin propose five attributes that are 
necessary for a ‘good‘ negotiation mechanism: efficiency, stability, simplicity, 
distributivity and symmetry. These characteristics can all be found when 
considering an auction model for automatic negotiation: 

Efficiency. To show the efficiency of an auction is often very difficult, if not 
impossible to undertake without imposing severe restrictions such as 
independent private evaluations, risk neutrality, homogeneous buyers, 
independent products to sell, etc. However, these restrictions are quite 
straightforward to implement in a multi-agent system. Indeed, the agents are 
often considered as rational entities seeking to maximize a well defined utility 
function based on precise rules. By imposing on an architecture strict social 
relations between the different buyers, a simple auction model can be designed, 
which follows the simplifying restrictions. This will assure the efficiency of the 
proposed auction mechanism. 

Stability. An obvious method to achieve stability is to forbid an agent to cancel or 
reconsider offers once they have been submitted. 

Simplicity. Auction mechanisms are in general quite simple to implement. This is 
in fact one of their strength. Considering the number of messages to 
communicate, the only communications necessary are the offers and the 
responses of the vendor. 

Distributivity. At first sight, distributivity is only partially fulfilled: while there are 
multiple (independent) buyers, the vendor or auctioneer is a central entity. 
However, in a more complex environment, i.e. a market, different buyers and 
vendors may negotiate. In such an environment there is no global central entity 
anymore. The vendors may either act independently or coordinate their activities. 
This allows for multiple simultaneous auctions. 

Symmetry. The symmetry is easily achieved by assuring that all participating 
agents have access in the same way to all information available to them. No 
agent will thus be privileged with regard to others. 

There are other characteristics of auctions supporting the application of 
auction mechanisms for automatic negotiation. An auction restricts the 
negotiation variables essentially to the price and the quantity in case of multiple 
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items. Moreover, an open auction allows the agent to review his offers, and if the 
auction is public, to refine them by analyzing the offers of other participants and 
by considering the auction‘s evolution. The negotiation strategy may thus be 
adapted according to the rules of the market. Finally, an auction negotiates a 
mutually acceptable solution for both the vendor and the buyer while the market 
forces alone decide on the negotiation termination 

The previous discussion shows that auctions are appropriate for automatic 
negotiations. Auctions may also be applied to efficiently design a market 
framework. However, some differences between negotiations and auctions with 
regard to electronic commerce applications can be identified [68]. The 
participants of an electronic auction cannot make mutual concessions or 
agreements. Such an auction is thus not considered as a mechanism for 
negotiation. This is however only true, if the negotiation is restricted to only one 
dimension, i.e. the current price of the item in the auction. If more dimensions 
such as quantity and quality are considered ,  auctions may be considered as 
negotiation mechanisms where the buyers might make concessions on one or 
the other dimension in order to favor one specific dimension. Dually, the vendor 
might operate on the different dimensions and dynamically adjust the selling 
strategy in the auction.  
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3 Literature Review 
 
 
 
 
 

3.1 Trust management 
 

Trust management using reputation models are based on prior history of 
users and/or feedback gathered from other entities. Shmatikov and Talcott 
proposed a formal model that precisely defined the notion of reputation, and can 
be used to reason about trust [6]. Based on the license-based digital rights 
language, they used licenses to formalize both ―good‖ and ―bad‖ behaviors, 
which specify obligations and forbidden actions, respectively. Selcuk and his 
colleagues proposed a reputation based trust management protocol for P2P 
networks, where users rate the reliability of other parties, and share this 
information with their peers [7]. Recently, reputation based trust management 
has been applied to sensor networks. For example, Ganeriwal and Srivastava 
proposed a reputation-based framework for sensor networks (RFSN), which 
allows development of a community of trustworthy sensor nodes based on their 
behaviors, and can maintain the reputation for sensor nodes and evaluate their 
trustworthiness [8]. 

Trust and reputation management has been a promising approach to 
building trustworthiness in networked systems. However, many reputation 
models suffered from a major drawback – there is no effective mechanism to 
prevent users from giving false information when making a recommendation. In 
addition, this approach fails to evaluate the trustworthiness of new users or those 
who have not yet received enough reputation feedback. As a result, reputation 
based trust management models are usually not sufficient to ensure the 
trustworthiness of a system. 

On the other hand, policy-based trust relies on trusted certification 
authorities (CA) and signed certificates as well as access control policies to 
determine whether a requester is trusted or should not be allowed to access a 
certain resource [38]. Declarative policy rules are well suitable for specifying 
access control conditions for access permissions to certain resources. Policy 
languages such as REFEREE [39] and KeyNote [40] can support authorizing the 
trustee automatically by determining whether certain credentials are sufficient for 
performing a certain action or accessing a certain resource. At the authentication 
level, trust is bound to a certain identity or membership, which is not changeable 
during a period of time. The focus of such an approach is on credential matching 
policy. 
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However, no research has yet emerged for updating the level of trust 
based on evidence of actual behaviors in real-time [41]. In some recent work, 
Bonatti and his colleagues proposed an integrated trust management framework 
that combines rule-based and credential based trust, which is capable of 
addressing the complexity and the variety of semantic web scenarios with both 
structured organizational environments and unstructured user communities [38]. 
Most of the existing work on trust management emphasized defining static 
mechanisms or algorithms to calculate users‘ trustworthiness value. The 
evolution of trust has been seldom discussed in detail in practical contexts due to 
the difficulty in reconfiguring the trust management model based on newly 
acquired evidence [41]. In contrast, we propose an agent-based trust 
management (ATM) module that facilitates real-time trust re-evaluation by not 
remaining in the initial trust result but watching all the auctions progress and 
finding shilling behaviours. As a result, our approach provides a better foundation 
towards building a trustworthy networked system. We introduce our module in 
the context of online auction systems, which require strong trustworthiness of the 
auction house with true and timely evaluation of users‘ bidding activities. 
Previous trust management models only consist of a security agent that is 
responsible for all tasks of shill detection, which is not scalable when the number 
of users increases dramatically. To solve this problem, in our work, we define the 
ATM module as a multi-agent system where each client is responsible for finding 
shilling behaviours on its own. In order to efficiently detect shill bidders, 
monitoring agents can run concurrently and use real-time auction data to search 
for shill suspects based on patterns of shilling behaviors. When a shill suspect is 
detected, the  agent can use available user information and auction data to verify 
whether the shill suspect is an actual shill. Furthermore, unlike previous work, the 
ATM module introduced in this paper is a generic module that can be applied in 
both agent-based online auction systems and conventional online auction houses 
such as eBay and Yahoo!Auctions. 

Two models that really affected our approach are further analyzed in the 
following paragraphs. 

 

3.1.1 Abdul-Rahman and Hailes Reputation Model 
Abdul-Rahman and Hailes [43] have proposed a reputation model which 

draws in part from prior work defining trust in a computational manner [46]. Their 
main objective is to allow trust decisions based on a variable scale, not the binary 
decision usually employed by cryptographers, but more a subjective degree of 
belief by which agents make choices. 

Their working definition of reputation relies on the experiences of the 
agent themselves, part of which may be information gathered from other agents. 
This allows them to generalize reputation information from the agent and also the 
agents‘ neighbors. 
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In their definition, an experience is either information gathered in a 
personal experience or reliance on a recommendation from another agent. The 
first is known as direct trust while the second is referred to as recommender trust. 
Direct trust is associated with agent‘s name, a context, and a degree of trust, 
which is defined as one of the following: Very Trustworthy, Trustworthy, 
Untrustworthy, or Very Untrustworthy. Evaluation of recommender information is 
defined in a similar way. 

The agent then is able to keep a set Q of 4-tuples of information related to 
their own experiences, where Q is a set of cross products of contexts, agents, 
and subjective reputation ratings. Likewise, the agent keeps a set R of 
information related to recommenders. The algorithm allows the agent to keep 
adjustment values on recommenders which do not see the world as they do (i.e. 
the recommender‘s ―very trustworthy‖ is only a ―trustworthy‖ to the agent). This 
set R consists of cross products of contexts, agents, and adjusted 
recommendation information. Information from Q and R are combined using a 
statistical formula, and a single evaluation of trust is obtained. 

Abdul-Rahman and Hailes account for a number of the design concerns 
associated with reputation systems. They provide for context, they consider that 
not all recommender information will be reliable, so they allow adjustments when 
evaluating it. Also, they allow a means of bootstrapping new agents into the 
network, by providing them with a number of pre-trusted entities to provide them 
with recommender information as they build their own set of experiences. 

 

3.1.2 Mui, Mohtashemi, and Halberstadt’s Reputation Model 
Mui, Mohtashemi, and Halberstadt [44, 45] provide a rather different 

notion of reputation than ARH. Their idea is based on the concept of reciprocity 
and its role in cooperation as described by social scientists. Additionally, they 
differentiate between trust and reputation, since reputation is one measure 
whereby trust can be gained, i.e. a good reputation is not always sufficient to 
inspire trust. The following diagram depicts the relationship that Mui et.al. see 
between reputation, trust, and reciprocity. 

The following definitions are given in the paper for these three concepts: 

• Reciprocity: mutual exchange of deeds (such as favor or revenge) 

• Reputation: perception that an agent creates through past actions about its 
intentions or norms. 

• Trust: a subjective expectation an agent has about another‘s future behavior 

based on the history of their encounters. 

Mathematically, this system is represented using Bayesian probability 
theory. Each agent keeps track of a set of encounters, along with their results. 
Reputation is a probability measure from 0 to 1 on the likelihood of another agent 
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to reciprocate. Reputation scores are kept for each pair of agents in the model. 
Observed encounters count equally with experienced encounters, and are kept in 

the same set of encounter data. Trust,  , is defined as an agent‘s a 
expectation for reciprocation by a particular agent b in a given context. Agent a 

uses its encounter history with agent b to calculate a reputation αb using a Beta 
prior distribution. This process is as follows: 

The encounter history Dab is the set of individual encounters {xab(1), xab(2), 

...,xab(n)}. The prior probability uses a Beta distribution function, p( )=Beta (c1 , 
c2) where c1 and c2 are parameters determined by prior assumptions such that 
0≤c1≤1 and 0≤c2≤1 . An estimator for reputation is the proportion of successful 

encounters p to total encounters n, so αb=  

Assuming that the probability of successful encounters is independent, the 
likelihood of p cooperations in n attempts (probability of cooperation) can be 
modeled as 

L(Dab| ) = p (1−  n- p 

After combining the prior and the likelihood, we get a posterior estimate of 

p(  |Dab)=Beta (c1+p , c2+n−p) 

Trust  is defined as the probability of cooperation on encounter n+1, or 
the probability that xab (n+1)=1 . This means that at a's next encounter with b, 
agent a will estimate the probability of cooperation from agent b to be 

 =p( xab (n+1)=1|Dab)=  

Mui‘s model accounts for different levels of confidence, however, it does 
not differentiate between observed encounters and real encounters, assuming 
that all observations are first hand and not transferred by ―word of mouth.‖ For 
the case in which two unknown agents do not have any encounter history, Mui 
chooses a uniform distribution with c1=1 and c2=1, so that  =0.5 initially. 

 

 

In [82], Wolfgang et all have discussed the PeerTrust policy language and 
how to use it for negotiating and establishing trust in a distributed elearning 
environment. The limitations of their work is that there are no formal guarantees 
that trust negotiations will always terminate and will succeed. Our system follows 
the FIPA Specifications for the negotiations between the agents  and although 
the trust of an agent is also monitored during the negotiation we always 
guarantee that the negotiation will terminate. Moreover a single resource and a 
single type of access to that resource but agents in our platform have different 
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level of access according to their trust level and they can participate in different 
auctions that have different access levels. 

In [83] Almendra et al explore the idea of trust delegation, i.e. using trust 
information from other agents. Nonetheless, their proposed methods not 
adequate to express some conditions, e.g. those based on quantity constraints 
and on statistical calculations. The problems are the result of expressiveness of 
the language they use but we solve them with the use of JESS. 

In [86] Golbeck et al offer an approach to calculate trust on a web-based 
social network, grounded on the concept of trust as reliance among agents in the 
network. Each agent states trust on some other agents; this leads to a social 
network whose directed edges express trust of an agent on other. This trust 
attitude has degrees, which are weights of the graph edges. From this model, 
Golbeck proposes algorithms to infer trust among people connected only 
indirectly through the network. We adopt a different approach to trust 
measurement, as we believe that assigning numbers to trust relationships and 
then making computation with these numbers can be misleading, as the 
semantics of the result is not clear, even if it obeys some kind of intuition about 
how trust works in real life. We use the idea of trust as reliance among agents 
but only direct reliance not reliance through others. 

In [84] Haiping Xu et al use an agent-based trust management (ATM) 
module to monitor, analyze and detect shill bidders dynamically. They plan to 
build a bidder‘s intention model and make decisions on detection of actual shills 
with a Bayesian network learned from historical auction data and information 
about users. Their work focuses on the auctioneers side and all the monitoring is 
done from the Auction house‘s side but our work does this work form the clients‘s 
side allowing him to be independent and so he doesn‘t have to base his actions 
on the Auction house. Moreover in their work the Clients taking part are humans 
and no intelligent agents as in our work and the negotiation level is not 
automated so this set many limits in their efford to detect shilling behavior. Our 
System builds a bidder‘s intention model that takes shill decisions by monitoring, 
analyzing and detecting shill bidders dynamically but also taking under 
consideration bidder‘s previous information and data about the auction.  

In [85] Uzun et al describe a protocol to distinguish the malicious 
responses from benign ones by using the reputation of the peers providing them. 
Since in P2P networks a central server is typically not available, their protocol 
relies on the P2P infrastructure to obtain the necessary reputation information 
when it is not locally available at the querying peer. But their protocol does not 
distinguish between malicious peers and the peers that spread that do malicious 
actions due to their carelessness, which we believe is the right way to deal with 
careless peers from a practical point of view.  In our work the agent‘s strategy 
implementation is designed in such a way that there is no possibility an agent will 
accidentally do shilling. If it is sure that there is a better offer for the exact same 
item the CL-agent stops bidding. 

http://portal.acm.org/author_page.cfm?id=81309482242&coll=GUIDE&dl=GUIDE&trk=0&CFID=49895753&CFTOKEN=92226058
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3.2 Negotiation 
 

At this moment, many research works about automated negotiation are 
being developed.  The model proposed by Faratin [Faratin et al. 1998] is 
consistent and really near of the idea to automate negotiations in the e-
commerce. For example, it is already possible to give to negotiating agents the 
capacity to make decisions in an independent way. Moreover, the idea of 
introducing negotiation capacity is another advance.  

In the other hand, some important cognitive aspects linked to negotiation 
activities have not been boarded yet. The first one is the ‖reflection capacity‖, 
because in the end of each negotiation it would be important to a negotiator to 
evaluate how efficient was the interaction with his opponent, identifying the 
positive points and the negative ones. After that, another important characteristic 
would be ‖EMPATHY‖, what means the attempt to understand the real 
necessities or preferences of his opponent, in order to decrease the divergences 
between them. And at last, add to the agent the capacity to do many negotiations 
at the same time, enabling the agent to have a real vision about the negotiation, 
because is supposed that he faces different opponents who have different 
proposals. Another factor to be considered is the decision to send an alternative 
product that could have an individual and automated connotation. Actually, the 
decision to send an alternative product does not consider the aspects of the 
opponent. There is no mechanism to send or to displace a product in a current 
negotiation for a more acceptable one.  

Another aspect to be considered is the fact that the substitution of a 
product in the negotiation is restricted only for another of the same kind, but not 
with different specifications. In a negotiation, it would be interesting to substitute 
a product that is being negotiated for another one that satisfies the interests of 
the two participants, even with different specifications. The method of evaluation 
of the proposals has a subtle problem: it restricts a function in just one attribute of 
the negotiation. This is not interesting, because a criterion may be connected to 
more than one attribute, or the opposite. 

The works proposed by [76, 77] introduced important advances in the 
topic of Automated Negotiation in e-commerce, however some points must be 
improved. First, [77] proposes an open environment for automated negotiation. 
This environment is based on mechanisms of central negotiation which controls 
the functioning of a negotiation environment and also the necessary conditions to 
realize agreement. This is a problem because the circumstances of the 
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negotiation that both agents have to face to make a deal may have different 
conditions and extremely variable aspects. 

The work proposed by [77] has no support for agents. In fact, the 
designers need to know the rules for negotiation and implement them directly in 
their agents for each possible negotiation mechanism. The conditions of an 
agreement are all predefined and there is only one negotiation object involved 
which is previously specified. So, the bargaining power between the two agents 
is reduced, because it will not be possible to negotiate the specifications of the 
products on different negotiation conditions.  

Bartolini [76] tries to overcome this problem connecting a definitive agent 
to a specific business domain using ontology. Bartolini [76] proposes that only 
one ontology may be responsible for all the protocols of negotiation, so when one 
agent joins one electronic market it will be able to negotiate with no need to make 
some type of previous adjustment. The first problem is that if an electronic 
market has a different negotiation protocol the agent will not be able to negotiate, 
because the protocol was not implemented. The second problem is that some 
business domains need a bigger expressive power with many different terms and 
intentions, what may turn the ontology unable due to the big amount of terms and 
subjects. 

In the work of Faratin [78], there is an attempt ‖to understand‖ the 
opponent and offer proposals that are good for both parts. Moreover, a model of 
negotiation was simplified in order to deal with agents of any mechanism of 
negotiation. The result of this work is satisfactory when the set of ‖opponents‖, 
which the agent will have to deal with, is homogeneous and previously well 
described. Therefore, individual proposals for unknown environments are not 
satisfactory. Besides, if it is necessary the interaction with dynamic environments 
where the preferences of negotiating agents may change, this model is not able 
to solve the difficulties. So, mechanisms that can adapt to the environment 
became extremely necessary. 

In [80] Bădică, et al conceptualized agent negotiations as consisting of: (i) 
negotiation participants and a host where the negotiations take place; (ii) a 
generic negotiation protocol, and (iii) a taxonomy of rules for enforcing a specific 
negotiation mechanism. They provide implementation details using JADE and 
JESS and by presenting a scenario involving multiple English auctions performed 
in parallel. In particular, in our implementation, the rule-based sub-agents of the 
negotiation host share a single JESS rule engine, rather than having separate 
rule engines within each sub-agent. 

They suggest that they need to assess the generality of their 
implementation by extending it to include other price negotiation mechanisms as 
the simple scenario they use is sufficient for the purpose of their paper, i.e. to 
illustrate how multiple rule-based automated negotiations can be performed in 
parallel but it has the disadvantage that the same client participates as active 
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member in many auctions at the same time having the possibility to win in more 
than one auction. 

In our system there is no such possibility according to the strategy we 
follow and our scenario makes the agents follow different mechanisms according 
to the parameters they take under consideration. 

In [81] Lochner et al describe a scripting language which is one important 
facility of their configurable auction server, AB3D. Although the system as a 
whole remains a work in progress (e.g., we are currently working to extend it to 
support multiattribute auctions), they have implemented and used several 
mechanisms specified by AB3D scripts, for example the three auction types 
employed in the TAC Classic travel market [18], so their work covers a wide 
range of negotiation issues but the system as a whole remains a work in 
progress and is not fully operational. 
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4 System’s architecture 
 
 
 
 
 
 

This section describes our platform in detail. It starts with a layered model 
of the system‘s structure, presents its basic components, explaining their 
features and, finally, analyzes the platform‘s architecture, along with examples of 
interaction.  

 

4.1 Design 
In describing the structure of our platform, we take a layered approach. 

The platform‘s basic component diagram is shown in Figure 9. The platform 
integrates two preexisting technologies; JADE [33] for configuring the peer-to-
peer network and planning and managing the multi-agent character of the 
system, JESS [34] for the declarative rules used in the trust level and for finding 
clients that try to raise price of an item. Details about these systems are further 
discussed in the following sections. For analyzing the items and auctions 
ontologies we used the owl-API. No distinction is being made between the 
customer and the auctioneer roles in the diagram, because the system 
components support the same operations and information flows regardless of the 
user‘s role.  

The top layer, called platform layer, encapsulates the essential 
mechanisms for controlling the basic service modules and managing their inputs 
and outputs, in order to receive, process, filter and forward information among 
them. It provides core functions and unites the basic modules of the platform.  

Under the platform layer the three basic modules are defined. These 
modules are not interconnected, but communicate through the platform layer 
instead. JADE is responsible for implementing protocols to allow the application 
to function as a peer, collaborate with other peers and deploy peer-to-peer 
services. It also takes the role of automating the negotiation procedure of 
auctions by creating, controlling and monitoring software agents that represent 
human users. Furthermore, the Semantic Analysis facilitates semantic publish 
and discovery of products on the network.  
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Figure 9 The platforms Layers 

At the bottom layer, the user interface is defined, which contains the group 
of modules that work together to provide an integrated user interaction with the 
system. It offers graphical control over the platform‘s functions and presents 
responsive information and graphical charts about the progress of the user‘s 
running auctions.  

The following example illustrates a general interaction between the 
aforementioned elements. A human user participates in the platform environment 
by initiating the application, either as a bidder or as a supplier. The platform layer 
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activates the basic components and presents the UI main frame. It also instructs 
JADE to submit an admission request for joining the network and obtaining an 
identity as a new room. Acting as auctioneer, the user publishes an OWL 
ontology describing the selling products and their auction specifications while the 
system contacts the JADE agent platform, with the intervention of the 
corresponding middleware, to create an agent to govern the auction. As a 
customer, the user searches the network for products. He can choose the 
domain of the items he wants and then see from the list of results all the items 
details and choose which ones he is interested in. Once the desired items are 
found the customer‘s agent gather information about the auctioneers and sets 
their level of trust. The agent also gets users preferences and calculates their 
matching result with his choices. Then the JADE middleware constructs the 
agents that will participate in the auctions on behalf of the user and directs them 
to the appropriate auction places. The interface updates information in real time 
to inform the user about the progress of all running sessions.  

 

4.1.1 JADE 
For the development of our negotiating agent architecture we chose JADE 

[35], [33]. According to [36], it exhibits very interesting features compared to 
other multiagent system frameworks. In addition, a review on the literature of 
multiagent applications reveals an increasing popularity and acceptance of 
JADE.  

From the functional point of view, JADE provides the basic services 
necessary to distributed peer-to-peer applications in the fixed and mobile 
environment. JADE allows each agent to dynamically discover other agents and 
to communicate with them according to the peer-to-peer paradigm. From the 
application point of view, each agent is identified by a unique name and provides 
a set of services. It can register and modify its services and/or search for agents 
providing given services, it can control its life cycle and, in particular, 
communicate with all other peers.  

Each running instance of the JADE runtime environment is called a 
Container as it can contain several agents. The set of active containers is called 
a Platform. A single special Main Container must always be active in a platform 
and all other containers register with it as soon as they start. It follows that the 
first container to start in a platform must be a main container while all other 
containers must be ―normal‖ (i.e. non-main) containers and must ―be told‖ where 
to find (host and port) their main container (i.e. the main container to register 
with). JADE uses RMI technology for intra-platform communication and CORBA 
or HTTP technology for inter-platform communication.  

Besides the ability of accepting registrations from other containers, a main 
container differs from normal containers as it holds two special agents who are 
created automatically. The AMS (Agent Management System) that provides the 
naming service (i.e. ensures that each agent in the platform has a unique name) 
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and represents the authority in the platform (for instance it is possible to 
create/kill agents on remote containers by requesting that to the AMS) and the 
DF (Directory Facilitator) that provides a Yellow Pages service by means of 
which an agent can find other agents providing the services he requires in order 
to achieve his goals.  

Fig.10 illustrates the above concepts through a sample scenario showing 
two JADE platforms composed of 3 and 1 container respectively. JADE agents 
are identified by a unique name and, provided they know each other‘s name, 
they can communicate transparently regardless of their actual location: same 
container (e.g. agents A2 and A3 in Figure 10), different containers in the same 
platform (e.g. A1 and A2) or different platforms (e.g. A4 and A5).  

 

 

Figure 10 JADE platform example 

 

JADE Agents communicate by exchanging asynchronous messages, a 
communication model almost universally accepted for distributed and loosely 
coupled communications, i.e. between heterogeneous entities that do not know 
anything about each other. In order to communicate, an agent just sends a 
message to a destination. Agents are identified by a name (no need for the 
destination object reference to send a message) and, as a consequence, there is 
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no temporal dependency between communicating agents. The sender and the 
receiver could not be available at the same time. The receiver may not even exist 
(or not yet exist) or could not be directly known by the sender that can specify a 
property (e.g. ―all agents interested in football‖) as a destination. Because agents 
identify each other by their name, hot change of their object reference are 
transparent to applications.  

Despite this type of communication, security is preserved, since, for 
applications that require it, JADE provides proper mechanisms to authenticate 
and verify ―rights‖ assigned to agents. When needed, therefore, an application 
can verify the identity of the sender of a message and prevent actions not 
allowed to perform (for instance an agent may be allowed to receive messages 
from the agent representing the boss, but not to send messages to it). All 
messages exchanged between agents are carried out within an envelope 
including only the information required by the transport layer. That allows, among 
others, to encrypt the content of a message separately from the envelope.  

The structure of a message complies with the ACL language defined by 
FIPA [37] and includes fields, such as variables indicating the context a message 
refers-to and timeout that can be waited before an answer is received, aimed at 
supporting complex interactions and multiple parallel conversations. To further 
support the implementation of complex conversations, JADE provides a set of 
skeletons of typical interaction patterns to perform specific tasks, such as 
negotiations, auctions and task delegation. By using these skeletons 
(implemented as Java abstract classes), programmers can get rid of the burden 
of dealing with synchronization issues, timeouts, error conditions and, in general, 
all those aspects that are not strictly related to the application logic. To facilitate 
the creation and handling of messages content, JADE provides support for 
automatically converting back and forth between the format suitable for content 
exchange, including XML and RDF, and the format suitable for content 
manipulation (i.e. Java objects). This support is integrated with some ontology 
creation tools, e.g. Protégé, allowing programmers to graphically create their 
ontology.  

JADE is opaque to the underlying inference engine system, if inferences 
are needed for a specific application, and it allows programmers to reuse their 
preferred system. It has been already integrated and tested with JESS and 
Prolog.  

To increase scalability or also to meet the constraints of environments with 
limited resources, JADE provides the opportunity of executing multiple parallel 
tasks within the same Java thread. Several elementary tasks, such as 
communication, may then be combined to form more complex tasks structured 
as concurrent Finite States Machines. In the J2SE and Personal Java 
environments, JADE supports mobility of code and of execution state. That is, an 
agent can stop running on a host, migrate on a different remote host (without the 
need to have the agent code already installed on that host), and restart its 
execution from the point it was interrupted (actually, JADE implements a form of 
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not-so-weak mobility because the stack and the program counter cannot be 
saved in Java).  

The platform also includes a naming service (ensuring each agent has a 
unique name) and a yellow pages service that can be distributed across multiple 
hosts. Federation graphs can be created in order to define structured domains of 
agent services.  

Another very important feature consists in the availability of a rich suite of 
graphical tools supporting both the debugging and management/monitoring 
phases of application life cycle. By means of these tools, it is possible to remotely 
control agents, even if already deployed and running: agent conversations can 
be emulated, exchanged messages can be sniffed, tasks can be monitored, and 
agent life-cycle can be controlled.  

The described pieces of functionality, and particularly the possibility of 
remotely activating (both from code and from console), even on mobile terminals, 
tasks, conversations and new peers, makes JADE very well suited to support the 
development and execution of distributed, machine-to-machine, multi-party, 
intelligent and proactive applications.  

 

4.1.2 Jess 
 Jess is a rule engine and scripting environment written entirely in Sun's 
Java language by Ernest Friedman-Hill at Sandia National Laboratories in 
Livermore, CA. Using Jess, Java software can be built that has the capacity to 
"reason" using knowledge that is supplied in the form of declarative rules. Jess is 
small, light, and one of the fastest rule engines available. Its powerful scripting 
language gives access to all of Java's APIs. 

Jess, or the Java Expert System Shell as it was first known, is rather more 
than the name suggests, comprising a general-purpose programming language 
which can access all Java classes and libraries. Mainly, Jess is a rule engine for 
the Java platform and in order for it to function; some logic must be specified in 
the form of rules using one of two formats: the Jess rule language or XML. When 
the rule engine runs, the rules are carried out. Rules can create new data, or they 
can do anything that the Java programming language can do. Although Jess can 
run as a standalone program, usually the Jess library is embedded in Java code 
and is manipulated it using its own Java API or the basic facilities offered by the 
javax.rules API.  

Jess uses an enhanced version of the Rete algorithm to process rules. 
Rete is a very efficient mechanism for solving the difficult many-to-many 
matching problem 0. A typical rule-based program has a fixed set of rules while 
the working memory changes continuously. However, it is an empirical fact that, 
in most rule-based programs, much of the working memory is also fairly fixed 
from one rule operation to the next. Although new facts arrive and old ones are 
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removed at all times, the percentage of facts that change per unit time is 
generally fairly small. For this reason, the obvious implementation for the rule 
engine is very inefficient. In the Rete algorithm, the inefficiency described above 
is alleviated by remembering past test results across iterations of the rule loop. 
Only new facts are tested against any rule LHSs. Additionally, new facts are 
tested against only the rule (their left-hand-sides) LHSs to which they are most 
likely to be relevant. 

Jess has many unique features including backwards chaining and working 
memory queries, and of course Jess can directly manipulate and reason about 
Java objects. Jess is also a powerful Java scripting environment, from which can 
create Java objects, call Java methods, and implement Java interfaces without 
compiling any Java code. 

A Jess rule is something like an ―if...then‖ statement in a procedural 
language, but it is not used in a procedural way. While ―if...then‖ statements are 
executed at a specific time and in a specific order, according to how the 
programmer writes them, Jess rules are executed whenever their ―if‖ parts (their 
left-hand-sides or LHSs) are satisfied, given only that the rule engine is running. 
This makes Jess rules less deterministic than a typical procedural program.  

     Jess> (defrule welcome-toddlers 

        "Give a special greeting to young children" 

                 (person {age < 3}) 

          => 

           (printout t "Hello, little one!" crlf)) 

 

The above rule has two parts, separated by the "=>" symbol (which can be 
read as "then"). The first part consists of the LHS pattern (person {age < 3}). The 
second part consists of the RHS action, the call to println. The LHS of a rule 
consists of patterns which are used to match facts in the working memory, while 
the RHS contains function calls. 

Jess can be used in many ways. Besides the different categories of 
problems Jess can be applied to being a library and used in many different kinds 
of Java programs. Jess can be used in command-line applications, GUI 
applications, servlets, and applets. The reactive rules used for catching user‘s 
deviation and the obstacle report were written in Jess language and triggered by 
Jess rule engine. 
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4.1.3. Ontology Web Language (OWL) 
  

 The Web Ontology Language (OWL) is a family of knowledge 
representation languages for authoring ontologies, and is endorsed by the World 
Wide Web Consortium. OWL is intended to be used when the information 
contained in documents needs to be processed by applications, as opposed to 
situations where the content only needs to be presented to humans Error! 

eference source not found.. OWL can be used to explicitly represent the meaning 
of terms in vocabularies and the relationships between those terms. OWL has 
more facilities for expressing meaning and semantics than XML, RDF, and RDF-
S, and thus OWL goes beyond these languages in its ability to represent 
machine interpretable content on the Web. OWL is a revision of the DAML+OIL 
web ontology language incorporating lessons learned from the design and 
application of DAML+OIL. OWL provides three increasingly expressive 
sublanguages designed for use by specific communities of implementers and 
users Error! Reference source not found.. 

OWL Lite supports those users primarily needing a classification hierarchy and 
simple constraints. For example, while it supports cardinality constraints, it only 
permits cardinality values of 0 or 1. It should be simpler to provide tool support 
for OWL Lite than its more expressive relatives, and OWL Lite provides a quick 
migration path for thesauri and other taxonomies. Owl Lite also has a lower 
formal complexity than OWL DL. 

OWL DL supports those users who want the maximum expressiveness while 

retaining computational completeness (all conclusions are guaranteed to be 
computable) and decidability (all computations will finish in finite time). OWL DL 
includes all OWL language constructs, but they can be used only under certain 
restrictions (for example, while a class may be a subclass of many classes, a 
class cannot be an instance of another class). OWL DL is so named due to its 
correspondence with description logics, a field of research that has studied 

the logics that form the formal foundation of OWL.  

OWL Full is meant for users who want maximum expressiveness and the 

syntactic freedom of RDF with no computational guarantees. For example, in 
OWL Full a class can be treated simultaneously as a collection of individuals and 
as an individual in its own right. OWL Full allows an ontology to augment the 
meaning of the pre-defined (RDF or OWL) vocabulary. It is unlikely that any 
reasoning software will be able to support complete reasoning for every feature 
of OWL Full.  

Each of these sublanguages is an extension of its simpler predecessor, both in 
what can be legally expressed and in what can be validly concluded. The 
following set of relations hold. Their inverses do not.  

Every legal OWL Lite ontology is a legal OWL DL ontology.  

http://www.w3.org/TR/2004/REC-owl-features-20040210/#DescriptionLogics
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Every legal OWL DL ontology is a legal OWL Full ontology.  

Every valid OWL Lite conclusion is a valid OWL DL conclusion.  

Every valid OWL DL conclusion is a valid OWL Full conclusion.  

 

  

For the needs of the current thesis the language selected is OWL-dl for 
the reasons described in the following paragraph. 

First of all the creation of disjointness of classes which guarantees that an 
individual that is a member of one class cannot simultaneously be an instance of 
a specified other class. We used it to show that the classes Statue and Painting 
are disjoint. Moreover our platform is designed to work for every domain and not 
only the Artifacts domain we used so with the use of the OWL-API all the 
graphics concerning the representation and retrieval of information concerning 
the domain are dynamically designed. This results in the ability to be able to use 
any domain one can imagine and it can be represented using a more complex 
OWL ontology but the platform will not face any difficulty or problem when trying 
to get the information it needs from it. In order to be able to use any domain 
without difficulty we also used a Protégé plug in (called beangenerator) 

implemented by C.J. van Aart from Department of Social Science Informatics 
(SWI) University of Amsterdam, it is possible to define the ontology using 
Protégé and then let the beangenerator automatically create the ontology 
definition class and the predicates, agent actions and concepts classes.  This 
process is very convenient as it allows working with an ad-hoc graphical tool (as 
Protégé is) instead of writing Java code in the ontology definition process so the 
java beans for any OWL ontology can be generated automatically. This add on is 
one more reason we used OWL as the equivalent plug in for RDF creates java 
beans with many errors that cannot be used directly.  

 

4.1.4. Protégé 3.4 beta 

 

Protégé 3.4 beta is the platform used to design the User Tracking & 
Location Modeling ontology. Protégé is a free, open-source platform that 
provides a growing user community with a suite of tools to construct domain 
models and knowledge-based applications with ontologies 0. At its core, Protégé 
implements a rich set of knowledge-modeling structures and actions that support 
the creation, visualization, and manipulation of ontologies in various 
representation formats. Protégé can be customized to provide domain-friendly 
support for creating knowledge models and entering data. Furthermore, Protégé 
can be extended by way of a plug-in architecture and a Java-based Application 
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Programming Interface (API) for building knowledge-based tools and applications 
0. 

The Protégé platform supports two main ways of modelling ontologies - 
frame-based and OWL, each with its own user interface. The Protégé-OWL 
editor is an extension of Protégé that supports the Web Ontology Language 
(OWL), which is selected to develop our ontology. An important difference 
between Protégé and OWL is that OWL does not use the Unique Name 
Assumption (UNA). This means that two different names could actually refer to 
the same individual. 

Protégé is a flexible, configurable platform for the development of arbitrary 
model-driven applications and components. Protégé has an open architecture 
that allows programmers to integrate plug-ins, which can appear as separate 
tabs, specific user interface components (widgets), or perform any other task on 
the current model. The Protégé-OWL editor provides many editing and browsing 
facilities for OWL models, and therefore can serve as an attractive starting point 
for rapid application development. Developers can initially wrap their components 
into a Protégé tab widget and later extract them to distribute them as part of a 
stand-alone application. 

In addition to providing an API that facilitates programmatic exploration 
and editing of OWL ontologies, Protégé-OWL features a reasoning API, which 
can be used to access an external DIG compliant reasoner, thereby enabling 
inferences to be made about classes and individuals in an ontology. 

A DIG (DL Implementation Group) compliant reasoner is a Description 
Logic reasoner that provides a standard access interface (a.k.a. the DIG 
interface), which enables the reasoner to be accessed over HTTP, using the DIG 
langauge. The DIG language is an XML based representation of ontological 
entities such as classes, properties, and individuals, and also axioms such as 
subclass axioms, disjoint axioms, and equivalent class axioms. The DIG 
langauge contains constructs that allow clients to "tell" a reasoner about an 
ontology and also "ask" a reasoner about what it has inferred, such as subclass 
releationships. 

It is generally admitted that Protégé is not bug-free, but there is a lively 
mailing list which can help resolve issues and to which anyone can also submit 
bug reports or improvement suggestions. 

 

 

4.1.5. Protégé-OWL API 
 

The Protégé-OWL API is an open-source Java library for the Web 
Ontology Language (OWL) and RDF(S). The API provides classes and methods 
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to load and save OWL files, to query and manipulate OWL data models, and to 
perform reasoning based on Description Logic engines 0. Furthermore, the API is 
optimized for the implementation of graphical user interfaces.The API is designed 
to be used in two contexts:  

 For the development of components that are executed inside of the Protégé-
OWL editor's user interface. 

 For the development of stand-alone applications (e.g., Swing applications, 
Servlets, or Eclipse plug-ins). 

The Protégé-OWL API is centered around a collection of Java interfaces 
from the model package. These interfaces provide access to the OWL model and 
its elements like classes, properties, and individuals. Application developers 
should not access the implementation of these interfaces (such as 
DefaultRDFIndividual) directly, but only operate on the interfaces. Using these 
interfaces programmer doesn‘t have to worry about the internal details of how 
Protégé stores ontologies. Everything is abstracted into interfaces and the code 
should not make any assumptions about the specific implementation. The most 
important model interface is OWLModel, which provides access to the top-level 
container of the resources in the ontology. OWLModel can be used to create, 
query, delete resources of various types and return objects for specific 
operations.  

OWL and RDF resources are globally identified by their URIs, such as 
http://www.owl-ontologies.com/travel.owl#Destination. However, since URIs are 
long and often inconvenient to handle, the primary access and identification 
mechanism for ontological resources in the Protégé-OWL API is their name. A 
name is a short form consisting of local name and an optional prefix. Prefixes are 
typically defined in the ontology to abbreviate names of imported resources. The 
Protégé-OWL API makes a clear distinction between named classes and 
anonymous classes. Named classes are used to create individuals, while 
anonymous classes are used to specify logical characteristics (restrictions) of 
named classes. 
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4.2 The Platform  

 4.2.1 Semantic Character  

Traditional Web-based product searching based on keywords searching 
seems insufficient and inefficient in the ‗sea‘ of information. Ontologies have 
shown to be the right answer to knowledge structuring and different approaches 
are presented for modeling and sharing a particular domain by a group of people. 
Until now, systems based on centralized ontology schemes suffer from difficulties 
concerning development and maintenance. Our infrastructure takes advantage of 
local ontologies, allowing participants to build and maintain their own OWL 
ontologies for describing products for sale. Every retailer who wishes to trade 
one or more products on the network builds an OWL ontology following the 
conventions of the public OWL Schema for the particular domain of the 
corresponding product, stores it locally and publishes its location, so that other 
members of the network can view its descriptions.  

 
Figure 11 Auctioneer Ontology Description 

In our project we have developed an ontology which has a part that is 
specifically about auction-related concepts and relations, and a part that 
represents product descriptions and enriches them with valuable metadata to 
better describe their features. The former part serves transactional needs, while 
the latter covers informational needs for product specifications.  

More specifically, each item auctioned should be related with a specific 
domain. A retailer describes metadata about products in the corresponding 
domain ontology of that product. An example of such an ontology concerning the 
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domain of artifacts is shown in figure 12. Similar schema descriptions can be 
structured for other product domains, such as books, tickets, clothing etc.  

 

 
Figure 12 Artifact Concept Relationships 
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The auction ontology, on the other hand, captures the characteristics of a 
particular auction session combining knowledge from auction protocols and other 
common trading concepts to specify the context in which the system operates. 
Roughly speaking, it is used to model all information needed for an auctioneer to 
initiate a new auction session and for a customer to determine a desired session 
based on criteria, such as the broker‘s identity, starting and ending time etc. 
Figure 13 presents a representation of the auction OWL Schema.  

 
Figure 13 AuctionDetails Concept Relationships 
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4.2.2 Multi-Agent Character  

Agent technology represents a potentially novel way of conceptualizing and 
implementing e-Commerce transactions. The capability of agents to offer, among 
others, automation in job delegation and execution, coordination and advanced 
communication with other agents, mobility and monitoring is exploited in our 
platform to reduce the tremendous time and human resources invested in on-line 
trading. Specifically, agents are used to facilitate the connection of buyers and 
sellers and to automate the process of negotiation in the context of auction 
scenarios. Users may decide to participate in multiple auctions at the same time, 
when the result of one auction may affect the action taken for the other. Agents 
automate bidding actions and make inferences for determining the optimum path, 
when interrelated auctions are involved, based on the human user‘s preferences 
and on their local knowledge. The platform currently supports two types of 
auctions; English and Vickrey.  

We recognize four basic types of agents operating in the platform: G-,A-, C- 
and CL-agents  

 
Auctioneer Agent (A-agent)  

The A-agent is the auctioneer‘s representative in the platform‘s network. It 
manages and coordinates the execution of a specific auction and is responsible 
for the enforcement of rules governing the negotiation among all conversing 
parties. Upon initialization, the agent accepts its user‘s preferences concerning 
the auction it will conduct, such as the type of the auction, it‘s code name, the 
start and end time, the reserve price, the bid increment value, etc. This 
information is captured in the product‘s domain ontology that the user has 
published on the network. As the auction progresses, the A-agent contacts both 
the participant agents and the G-Agent to exchange data via a standard set of 
messages, whose format is specified by the negotiation interface (see also 
section). Finally, the A-agent declares auction termination and announces 
winning offers according to the negotiation rules.  

 
Customer Agent (C-agent)  

Customers may initiate one or more auction sessions, participating 
concurrently in one or more auctions in each of them. Each session has one 
coordinator agent, the C-agent, whose role is to manage the distinct sub-tasks 
that a session is decomposed into, which involve the different auctions that the 
customer has selected to bid in. This agent represents the user‘s intelligent 
interface to the platform because it performs the necessary actions to achieve 
the goal of purchasing the desired product with the best to its owner profit among 
all auctions that it monitors and it also checks for shill behaviour. The C-agent 
controls the allocation of bids across the auctions, relying on information about 
their progress and on its internal strategy for pursuing and maintaining its goal, 
but does not participate in any of them directly.  

 
Clone Agents (CL-agents)  
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The CL-agents are the actual participants in auctions conducted in the 
marketplace. These agents are created by the C-agent inheriting the initial 
knowledge concerning their user‘s preferences, i.e. the level of trust , the 
maximum price they are allowed to spend for an item, the number of items they 
should intend to acquire etc. They react to stimuli by both the A-agent, informing 
them about the progress of the auction they participate in, and the C-agent, 
instructing them to continue bidding or postpone their execution in case this 
serves best the session‘s evolution (for example when another auction shows 
better prospects or in case of shilling behaviour). CL-agents are not specialized 
according to the type of the auction that has been assigned to them (English CL-
agent, Vickrey CL-agent) the only difference between those two cases is in the 
auction‘s behavior for contacting the auction all the other characteristics and 
behaviours of the agent stay the same. The CL-agent follows the bidding strategy 
that the trust level decided he must follow but the strategy is also affected by 
parameters like time and remaining auctions (aggressive, passive, greedy, last-
minute bidding etc.). They also have two roles they either just watch the auction‘s 
progress and inform the C-agent or take place in the auction and inform the C-
agent at the same time. They all possess the same initial characteristics and 
knowledge with their corresponding C-agent, but present differentiations in their 
behavior, which explains the reason for their characterization as clones of their 
C-agent.  
Graphical Agents(G-Agent) 

 The G-agents are the agents that remain at the place where the human 
Client started creating his agents. This agent is responsible to keep 
communicating with the user interface and updating it according to the agent‘s 
(C-agent or A-agent) working progress. This agent was created because all other 
agents leave the place they were created and move to other destinations after 
their initiation and this resulted in the loss of communication with the user 
interface so the G-agent came to solve this problem. The G-agent also creates 
and updates the progress charts dynamically.  

As it has already been described, the multi-agent layer of the platform‘s 
infrastructure is devoted in the realization of the negotiating part of the system. 
The platform combines the elements of agents and agent-rooms to structure a 
well-organized morphology for the entities that comprise this layer. The design of 
this structure, along with the fundamental interactions between the various 
components, is presented in figure 14. Agents are instantiated and interoperate 
in the rooms.  

For each new auction that an auctioneer initiates, a new room/container is 
created at the pc where the human user sites, named after her/his identifier 
followed by the code name of the session and ending with the word ―temp‖. This 
place hosts the G-agent permanently and the A-agent until he is fully initialized. 
After the A-agent is fully initialized he is moved to another room which is named 
after her/his identifier followed by the code name of the session and begins with 
the prefix ―Room-for‖  that is where the agent is going to preside the auction and 
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all the CL-agents that will register in it. The room of the A-agent is going to be in 
a host that we assume will always be available.  

 

Figure 14 Types of Agents and their communication 

Respectively, when a customer starts a new session, a room is created 
having as name the identifier of the user followed by the name of the session and 
ending with the word ―temp‖. In this place the G-agent permanently and the C-
agent until he is fully initialized and the first trust level is complete. After that the 
C-agent is moved to another room which is named after her/his identifier followed 
by the code name of the session and begins with the prefix ―Room-for‖  that is 
where the agent generates the appropriate CL-agents and routes them to the 
places, where the auctions are actually conducted. This technique grants 
flexibility and efficiency to the structure, because it takes advantage of local 
interactions between agents during the process of negotiation in an auction.  

The following example illustrates the five basic steps of communication 
among the platform‘s agents and the actions that are involved (see also figure 
14).  

1st Step: An auctioneer decides to create a new auction. The platform creates a 
room where it creates the G-agent and an A-agent that operates under its 
owner‘s preferences (i.e., the auction type that the user desires, the starting and 
ending time of the auction, the reserve price, the increment bid step, etc.).  

2nd Step: Another room is created where the A-agent is moved and where the 
auction for the specific artifact will be contacted 
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3nd Step: A customer decides to find some auctions to participate in. The 
platform creates a room where it creates the G-agent and a C-agent A the 
domain the client is interested in is given and the results appear. The customer 
selects two auctions in the network that s/he is willing to participate in and then 
he gives the matching criteria he wants the items to have. The Client gathers 
information about the auctioneer and decides on a level of trust. 

4th Step: The platform creates a new room for the c-Agent where he is moved. 
The C-agent creates two CL-agents, who get from the C-agent information about 
the auction that they will be appointed to and the bidding strategy decided. The 
CL-agents possess the knowledge concerning their owner‘s preferences. After 
their initialization, the C-agent routes the clones to the auction place that 
corresponds to each one of them.  

5th Step: The CL-agents register in the auction and negotiate locally with the 
other participants and the A-agent, informing their C-agent about their progress.  
The C-agent checks for shilling behavior. 

 

4.2.3 Peer-to-Peer Character  
 

The peer-to-peer layer is the cornerstone of our platform, upon which all 
its functionality is structured. Its peer-to-peer network is a computing resource 
sharing, knowledge sharing and asynchronous message passing system that 
implements the virtual auction marketplace environment. The network‘s topology 
promotes scalability, while its flexible design makes it a useful device for 
researchers to experiment with other trading scenarios, as well (for example Web 
Service discovery and composition).  

Two are the basic types of peers: customer and auctioneer peers.  

As said, in 4.1.1, the DF (Directory Facilitator) is a mandatory component 
of an agent platform that provides a yellow pages directory service to agents. 
Every agent that wishes to publicize its services to other agents, should find an 
appropriate DF and request the registration of its agent description. There is no 
intended future commitment or obligation on the part of the registering agent 
implied in the act of registering. For example, an agent can refuse a request for a 
service that is advertised through a DF. 

Additionally, the DF cannot guarantee the validity or accuracy of the 
information that has been registered with it, neither can it control the life cycle of 
any agent. An object description must be supplied containing values for all of the 
mandatory parameters of the description. It may also supply optional and private 
parameters, containing non- FIPA standardized information that an agent 
developer might want included in the directory. Due to the fact, that one can 
implement their own DF agent, JADE offers the freedom to make peer selection 
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as complex as one wishes. Thus like in JXTA, there is a standard DF delivered, 
however one can choose to use another. 

 

Customer Peers  

Customer peers serve as single end users, allowing participants to obtain 
an identity on the platform and gain access to its knowledge space. Every node 
on the network, including customer peers, contributes to increasing the level of 
connectivity to the overall network, due to its ability to cache locally DF 
advertisements of published resources and automatically deliver them to 
interested peers upon request without any need for human involvement.  

Auctioneer Peers  

Auctioneer peers are equivalent to customer peers in matters of platform 
status, but present different functionality. They provide auction services to the 
platform and share their underlying ontologies for common use. Therefore, they 
are always accompanied by an ontology database, describing the selling 
products. They publish the domain and the address by subscribing to the DF. 

 

One deference of our work from SeMPHonia in which ours is based is that 
the peer to peer Character of the platform is not managed seperately but is 
managed from JADE too. 

All the human user has to do when joining the network is give the IP of the 
Main Container of the JADE platform and the ip of the place where he wants the 
agent to move after its initiliazation has finished. The peer groups that where 
created in  SEMPHONIA are now replaced by the agent rooms we described in 
the previous section. 

 

 

4.2.4 The platform  

 

All the previously described entities, components and features are 
integrated in the platform to implement a complete and well-defined e-trading 
environment. This section presents the overall system infrastructure.  

The following example illustrates a typical transaction in the platform 
environment. Let‘s assume that a retailer desires to auction a copy of Da Vinci‘s 
Mona Liza. The first action would be to create one ontology for capturing all the 
necessary information concerning the specification of the painting (for example, 
size, technique, theme, etc) and describing the auction template (for example, 
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auction type, start and end time etc.). This ontology should be stored on a 
database. Once the preparatory work is completed, the user initiates the 
Auctioneer Application for registering with the network. A new room/container is 
created and connected with the platform to obtain global access. In order for the 
system to generate the new auction session, the only information required by the 
human user is the IP address of the Main Container and the IP address where he 
wants the auctions room to be created; all the rest are performed automatically. 
These include the following actions: first of all, the G-agent is created then the A-
Agent is created and he sends a DF advertisement to the DF agent where he 
describes the ontology of the products that the auctioneer supplies (Ontology 
Advertisement). This advertisement is characterized by the domain of the product 
(artifact) and holds as only information the URL of the ontology in order for 
customer peers to contact the ontology and get the auctions and the artifacts 
details. Then another room is created at the second IP the user gave and the A-
agent is moved there as that is the place where the auction will actually take 
place. So now the A-agent is ready waiting for participants to take place in his 
auction. 

At some other place on the network, a customer is interested in 
purchasing a copy of Da Vinci‘s Mona Liza. In order for him to register with the 
network, he initiates the Customer Application and he gives the IP of the main 
container and the IP of the place where he wants his C-agent to be moved and 
automatically a new room is created locally that is connected with the platform 
and where the G-agent and the C-agent exist. The customer‘s first action would 
be to discover ontologies describing ‗copy of Da Vinci‘s Mona Liza‘ auctions and, 
among the available, search and locate the auctions that interest him most. The 
first task is accomplished by searching the DF for Ontology Advertisement, while 
the second by searching among the available results that appear in the user 
interface. In order to initiate the search, the only information needed is the 
domain of the products he is interested in. The C-Agent constructs and sends to 
the DF a DFAgentDescription which contains information about the domain he is 
interested in and so he seeks for advertisements that refer to that specific 
domain. All responses received contain information about the Ontologies of the 
agents that the customer should contact in order to access and get the auction‘s 
data. Using the Semantic Engine graphical user interface, he is free to view the 
details to all the ontologies he wants to and select the ones he wants. The 
information and details are presented to him with the use of OWL-API. 

Once the customer concludes on which auctions he prefers, the next step 
is to see how trusted the auctioneers are. So he contacts all the agents he trusts 
and gets information about those auctioneer and also the user gives his 
preferences about how the artifacts wants to be(size, technique etc). From these 
information with the use of JESS the agent decides how trusted or not the 
auctions are and how much they match his criteria. After this step the C-agent 
moves to a new room that is created for him in the second IP the user gave. The 
final step would be to contact the auctions running for these paintings, join them 
and start a new bidding session. These tasks are performed automatically by the 
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application, requiring as sole input the user‘s preferences, concerning that 
session (i.e., the maximum price his is willing to pay etc.). The C-agent created 
CL-Agents for each of the selected auction and gives it information about the 
level of trust the max price given and how aggressive or not the clone must be. 
Then the C-agent sends the clones to the remote rooms, where the auctions are 
conducting. At frequent time intervals, the agents inform the user about the 
progress of their auctions through the user interface and the G-agent.  

From that point on, communication is conducted by the agents. The A-
agent informs all CL-agents registered in its auction about new bids, which in turn 
inform their C-agent. The last tries to find shilling behaviors and decides on the 
strategy that should be followed during the session, when multiple auctions are 
involved, and informs the customer‘s application and also interacts with the G-
agent in order to keep the user interface updated. The customer is free to 
terminate this session at any time, instructing his agents to stop placing bids. He 
is also given the ability to initiate new bidding sessions with the same or other 
auctions.  

At any given time, peers can leave the network without causing any 
damage to their sessions. The agents that have been assigned the task of 
representing their owner‘s interests on the negotiations exist on rooms that 
operate on remote hosts, which are presumed to be available at most times. 
Even when a peer is not connected with the network, its running agents continue 
to live and interact at those remote rooms. Peers can reconnect at any time in 
the future to update their knowledge about the progress of their sessions. In 
addition, all the published DF advertisements remain present in the network, 
independent of their agent‘s connection status.  
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5. Other important features  
 
 
 
 
 
 

Our platform is a multi-purpose virtual market architecture that includes 
numerous advanced features for supporting human users in accomplishing 
electronic negotiation tasks. This section discusses some additional facilities that 
the platform integrates, which provide the supplementary infrastructure needed to 
become a complete and innovative system.  
 

5.1 Flexible Agent Design  
 
In chapter 4 we have described the design of the platform‘s agent 

architecture for multiple auction participation, according to which one agent (C-

agent) is responsible for managing the session, while a number of other agents 

(CL-agents) register in the auctions and place bids. It has been made clear that 

the client‘s negotiation strategy in each individual auction is expressed 

exclusively by the CL-agents and their inference mechanism. Therefore, a CL-

agent is invoked and has different behavior according to the type of the auction 

(English CL-agent, Vickrey CL-agent) the trust level and the bidding strategy that 

depends on the remaining time and the number of remaining auctions 

(aggressive, passive, greedy, last-minute bidding etc.). The C-agent‘s role is to 

pursue the purchase of the desired product in a manner consistent with the 

client‘s preferences and agreeing a good deal among the auctions.  

This design is based on the design of SeMPHoNIA and can provide high 

levels of flexibility and scalability to the platform. The C-agent has the ability to 

custom CL-agents; any agent is offered the ability to employ effective and novel 

strategies that match its strategy and method. Custom-made CL-agents can be 

used by agent researchers to experiment with new AI tactics and bidding 

algorithms without having to re-design the whole negotiation scene; the 

modification of the agent‘s reasoning function is adequate. The only compromise 

that must be made is to preserve the interoperability between CL-agents and the 

other components of the platform network (user application, C-agent, A-agents). 

For users with no programming background on the other hand, CL-agents could 

be handled as black boxes, characterized by their codified features (i.e., protocol 

support, implemented strategy), and exchanged between other users as 

separate packages to enhance their application‘s capabilities. 
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The important thing to note is that the extension of the platform with new 

negotiation protocols, even when they present such vast differences in their 

operation requires no modification in the platform as a whole or in any of its 

elements. Only the creation of a special Agent Behaviour that will be added to 

the CL-Agent for this auction is needed. Neither the C-agent nor the A-agent 

needs to have the protocol hard-coded explicitly beforehand.  

5.2 Setting level of trust 
After the client selects the auctions he wants to participate in follows the 

phase of trust management. The first two actions the C-agent does in parallel is 
create JavaBeans from the OWL ontologies and Contact the Group-Agents he 
trusts in order to get information about the auctioneers he is going to interact 
with. 

The group agents give him the following information about the auctioneer 

Trust 
voters 
ratio 
avgSalesPrice 

 Trust is the level of trust of this agent and can be from level 1 which 
is the lowest to level 5 which is the higher. If we don‘t know the 
level of trust it is assumed to be level 3 

 Voters is the number of users who have given feedback about this 
auctioneer 

 Ration is the grade the auctioneer has gotten from the users and 
can be from 0 to 10  

 avgSalesPrice is the average sale price of the items the auctioneer 
has sold 

 

If the A-agent trusts more than one group the average value of all the 
answers is calculated. 

We also take for granted that there exists a Price-agent that gives to the 
C-agent the average price items are sold. 

After that information is gathered they are added to the JavaBeans the C-
agent has created for each one of the auctions. 

But the user must not always blindly accept the facts the groups provide 
him. So this is where rules come to check these facts and how valid they are. 

There are two different types of rules in this level 

 Rules about the Ratio and the Number of Voters of the auctioneer 
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 Rules about the AvgSalingPrice   

Rules are implemented using JESS and described in paragraph 7.3 

5.3 Finding Shilling Behaviour 
 

Shills, or "potted plants", are sometimes employed in auctions. Driving 
prices up with phony bids, they seek to provoke a bidding war among other 
participants. Often they are told by the seller precisely how high to bid, as the 
seller actually pays the price (to himself, of course) if the item does not sell, 
losing only the auction fees. Shilling has a substantially higher rate of occurrence 
in online auctions, where any user with multiple accounts (and IP addresses) can 
shill without aid of participants. Many online auction sites employ sophisticated 
(and usually secret) methods to detect collusion. 

In our Platform as we have described a client can take part in many 
auctions he chooses to monitor together and win only one. As we explained he 
takes active role in one auction at the time starting from the one that finishes 
earlier and finishing with the one that finishes later.  

A client could be accused of shilling only if he monitors two or more 
auctions that sell the exact same items (e.g. two copies of a painting that are 
exactly the same and sold in different auctions) and insists on bidding in the 
auction that has the highest price. Because if a client monitors auctions that offer 
different items (e.g. two copies of a painting created from different artist and with 
different size) and he insists on bidding in one of them only he cannot be 
accused of shilling because his preferences may match more with the one he 
bids in. 

In order for our approach to be able to detect shill we made the following 
assumption. If the client monitors auctions with the exact same items and the 
price of the active auction exceeds the price of another auction with the exact 
same item the CL-agent of the active auctions goes to monitoring mode until the 
active auctions price becomes lower than the others again. 

We needed to take under consideration that the C-agent is responsible to 
find shilling agents as he is the one that has information from all the CL-agents. 
Each CL-agent is only in contact with his creator C-agent and the A-agent of the 
auction he is responsible about. So the user must know that from the moment the 
C-agent receives a bid information that will fire the rule that makes him want to 
take the active CL-agent from active to monitor mode until the moment he 
informs actually his CL-agent to go to monitor mode the CL-agent may have 
placed other bids too. This number of bids is one and this bid will be thought from 
the C-agent as shilling bid so an agent may be wrongly accused to be a shiller. In 
order to face this problem each agent taking part in an auction has the right to do 
up to two shilling bids in the specific auction. After he exceeds this number he is 
officially thought to be a shiller.   

http://en.wikipedia.org/wiki/Bidding
http://en.wikipedia.org/wiki/Online_auction
http://en.wikipedia.org/wiki/IP_address
http://en.wikipedia.org/wiki/Collusion
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Another problem we faced when detecting a shilling agent and wanting to 
stop taking part in an auction was that there is always the possibility that if the 
CL-agent responsible for this auction is active and just monitoring he may be 
winning the auction. So the problem would be that if the C-agent stop 
participating in that auction after finding the shiller and started taking part in the 
remaining auctions he might win in more than one auctions (the one that he 
found the shilling and another one). In order to solve this problem the C-agent 
instead of making his CL-agent abandon an auction the moment he finds a shiller 
he just sets the CL-agents max price offered to 0 and so it is sure that either he is 
winning or not in the next round of bids he is going to refuse to offer more and so 
he will stop taking part in the auction.  

If the CL-agent of the auction where the shiller was found is just 
monitoring an auction. The A-agent is removed from the C-agent‘s list and the 
CL-agent responsible for this auction starts taking part in the auction and is 
deleted.   

 

5.4 Synchronization Policies  
For systems, such as ours, that instantiate open distributed environments 

or manage many simultaneous auctions, synchronization between peers is a 

critical issue. The nature of such applications necessitates a design that tolerates 

network and system disruptions and realizes cross-platform accuracy utilizing 

careful timekeeping procedures. The policies we followed to ensure to ensure 

synchronization and accuracy at a satisfactory level are the ones that were 

followed on SeMPHoNIA. This section explains them briefly. 

JADE which was used in our platform is an asynchronous environment; 

therefore a global reference time is a compulsory requirement to keep track of 

the flow of messages exchanged between remote entities. So all agents refer to 

Greenwich Mean Time (GMT), while all messages are timestamped to ensure 

the platform‘s fidelity. Thus, auctioneers are able to schedule events and 

determine the validity of message sequence occurring during them.  

All applications invoke the appropriate Java objects to implement local 

timekeeping. Time reflection using Java classes, though, depends on the host 

environment of the Java Virtual Machine [47]. This approach introduces an 

important side-effect; peers across the network are not synchronized and even 

agents created by the same user, but running on different machines, maintain 

different time images for the same snapshot. A synchronization algorithm has 

been developed for that purpose that is invoked during the phase of agent 

creation and aims at determining the time interval between the agent‘s runtime 

environment and the host system that initiated the agent. The algorithm is based 
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on the Ping/Pong procedure, according to which the agent sends a ping 

message to the user‘s platform and measures the time needing for the response 

to arrive, estimating network delays and the declination between the two clocks.  

Besides that, even the design of the agent negotiation scheme supports 

accuracy during auction execution. The ability of CL-agents to migrate to the 

place, where the actual auction is conducted, provides them with the flexibility to 

exploit local interactions. All unpredictable message delays due to network traffic 

are avoided, but, most important, all agents refer to the same system clock, since 

they operate on the same room. In addition to this, they are able to apply 

accurate algorithms for dynamically calculating the length of their bidding 

determination cycle and improving their strategy. To do so, they take into account 

variables and parameters of their local host that are considered to be more 

stable, because they always depend on the same computing resource.  

 

5.5 Autonomous execution 
 

Great emphasis has been given in generating user-independent sessions 

that automate most of human procedures, even the ones that require a certain 

degree of intelligence. The platform has been designed to support human 

interference in sophisticated tasks and to preserve user-created executions in an 

autonomous manner, even when the user is not connected on the network.  

Automation is accomplished by exploiting certain features of agent 

technology. Intelligent agents are able to inference, deliberate and communicate 

without the need of human guidance but rather based on a set of start-up 

parameters, on changes occurring in their world and on a set of inborn 

knowledge or beliefs [48]. Such agents are utilized here to fully automate the 

user‘s participation in multiple auction creation, monitoring and bidding. Users 

(either customers or auctioneers) are free to go offline, after initiating a new 

session, and trust the execution on the ―hands‖ of software agents. The platform 

offers a mechanism for connecting and disconnecting with the system, 

maintaining profile information locally for all users, so that they can keep track of 

their sessions‘ progress and recover execution whenever they desire to.  

This chapter presented a number of additional functionalities of our 

platform. Their intention is to provide the means for assisting users in 

accomplishing electronic trading task and enhancing their interaction with 

advanced techniques. The next chapter describes the steps for the creation and 



A Semantic Peer-to-Peer Marketplace Hosting Trusted Negotiations Among Intelligent Agents 

 
 

Ioannis Androulakis     78 
 

execution of auction services in SeMPHoNIA, providing extensive walkthrough 

examples and screenshots.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



A Semantic Peer-to-Peer Marketplace Hosting Trusted Negotiations Among Intelligent Agents 

 
 

Ioannis Androulakis     79 
 

6 Creation of the auction services  
 
 
 
 
 
 

This chapter contains directions for participating in the platform‘s 
environment. It outlines the steps users must take and the information needed to 
play the role of the operator, auctioneer or customer in the system. Extensive 
guidelines and screenshots are presented, concerning all available functions 
offered to the user. The screenshots are taken from the Windows XP 
Professional platform, therefore minor differences, regarding the window layout 
might be present, compared to other systems (i.e. UNIX).  
 

6.1 Requirements 
In order for the platform to work there are three main requirements 

 The Main container of the JADE platform must be created in a 
specific host who‘s IP the users know in order to connect with it. 

 Some trusted agents are needed that will give the information 
needed in the trust management level. 

 We also need to suppose that we know the IPs of some hosts that 
always remain active. They will be used as the hosts well the room 
that the A-agents and C-agents move after they are initiated. 

 
 

6.1.1 Setting the Main Container  

 

 
Figure 15 Main Container 
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The jade platform is initiated in a specific host that the users will know and 

use to connect to the platform. At this host with the initiation of the platform as we 
can see in figure 15 two agents are created the AMS (Agent Management 
System) agent that is responsible for providing the naming service (i.e. ensures 
that each agent in the platform has a unique name) and represents the authority 
in the platform (for instance it is possible to create/kill agents on remote 
containers by requesting that to the AMS) and the DF (Directory Facilitator) agent 
that provides the Yellow Pages service by means of which an agent can find 
other agents providing the services he requires in order to achieve his goals. 

 

6.1.2 Group Agents 

We also create agents that are responsibly to give information to C-agents 
about the reputation of auctioneers their activity up until know and the level of 
trust they have according to other users. 

So it is also assumed that such agents exist in the network all the time and 
provide the information given but also get feedback from the C-agents that they 
trust.  

 
Figure 16 Group Agents 
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6.2 Auctioneer Application  
In our platform the same facilities and privileges are offered both to 

auctioneers and customers, therefore the interaction with the system and the 
mechanisms triggered by human users follow similar patterns. The auctioneer 
application connects to the JADE platform, creates a new room in the users host 
and inside the room one can find the G-agent. The application is able to publish 
one or more OWL ontologies, each containing metadata about one or more 
products. In addition, supports users in initiating, monitoring and terminating 
auction sessions. For each ontology published a different A-agent is created. The 
A-agent that is responsible for shriveling and protecting the auction execution on 
behave of the human user is capable of handling two types of auction; English 
and Vickrey (please refer to section 4.2.2 for information about A-agents and the 
corresponding auction types).  

The first time the auctioneer application is launched the user is requested 
to specify the communication IP address of the main container and the IP of the 
host where he wants to create the auction‘s room. He also gives the URL of the 
ontology he wants to publish.  

The next time the user logins to monitor his auctions he want need to give 
the IP of the main host as it is kept in a file along with the A-agents AIDs he has 
created in order for the G-Agent to regain communication with them. 

 

Figure 17 Auctioneer Login 

Before any person can interact with the platform, s/he must first be 
appropriately registered, by providing a unique identifier through the process of 
login (figure 7). This identifier is kept by the DF agent at the main container. After 
the user logs in the environment, if the file with his past actions is not empty the 
system seeks to regain communication with the agents he had left active. The 
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application knows where to look for, because it keeps information about A-agents 
AIDs that a user had created in the past, which show all of her/his remote 
auctions. Then, it informs the user about the result and triggers the A-agents‘ 
―reconnection‖ function, in order to inform the application about the auctions‘ 
current status. Respectively, the user may choose to either logoff or exit at any 
time, leaving all of her/his sessions running at the remote rooms.  

The process of creating an auction is fully automated and human users 
are completely relieved of unnecessary and complicate procedures. Indeed, 
initiating a new auction is accomplished in one step, provided that the product‘s 
OWL ontology has already been created and we have its URL. To construct a 
new auction service, users are just prompted to indicate the URL of the ontology 
(figure 18). On receiving a new ontology, the system initiates a set of actions that 
involves:  

 

Figure 18 Auction Creation Step 1 

The application takes the URL and with the use of OWL API extracts all 
the necessary information for structuring the new auction, such as the resources 
of the items that are for sale, the type of auction (English, Vickrey), the start and 
end times of the session, the increment bid step, the reserve price etc. The 
system presents the results to the user and waits confirmation before proceeding 
to the following steps (figure 19). 

Then, the application constructs the room where the A-agent will be sent 
using the remote IP host the user gave him and initiates the A-Agent for this 
auction with the information it got from the previous step 

After its initiation the A-agent automatically moves to its room (figure 20). 

When it arrives there the auction starts taking place there and the agent 
sends to the DF service an advertisement containing its items domain and the 
auction ontology URL. 
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The aforementioned steps are repeated for every product the user wants 
to sell and has OWL ontology with its details.  

 

Figure 19 Auction Information 

 

 

Figure 20 after Auction Initiation 
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Additionally, users are free to terminate an auction, after it has ended, by 
selecting the Remove Active Tab choice on the Available Options menu. This will 
cause the deletion of both the room and the A-agent at the room and, also, the 
invalidation of the advertisement that was stored in the DF.  

 

6.3 Customer Application  
 

Customers constitute the central point of interest in auction systems and in 

commercial systems in general, therefore our goal is to make the tedious process 

of search, trust, participation, monitor and analysis of auctions as simple and 

complexity-free as possible. The platform offers several combinations of choices 

to users; they can be active bidders in an auction or passive observers extracting 

statistical data used in various ways; they are allowed to initiate one or more 

sessions in parallel and follow their progress; in one session they can participate 

in one or more auctions, aiming at winning only one of them, when the result of 

one auction may affect the action taken for the other. The system supports users 

in following the optimum path, when interrelated auctions are involved.  

As with auctioneer applications, the first time the auctioneer application is 

launched the user is requested to specify the communication IP address of the 

main container and the IP of the host where he wants to create the auction‘s 

room. 

 

Figure 21 Client Login 

The next time the user logins to monitor his auctions he won‘t need to give 

the IP of the main host as it is kept in a file along with the C-agents AIDs he has 

created in order for the G-Agent to regain communication with them. 
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Before any person can interact with the platform, s/he must first be 

appropriately registered, by providing a unique identifier through the process of 

login (figure 21). This identifier is kept by the DF agent at the main container. 

After the user logs in the environment, if the file with his past actions is not empty 

the system seeks to regain communication with the agents he had left active. 

The application knows where to look for, because it keeps information about C-

agents AIDs that a user had created in the past, which show all of her/his remote 

auctions. Then, it informs the user about the result and triggers the C-agents‘ 

―reconnection‖ function, in order to inform the application about the auctions‘ 

current status. C-agents preserve information about the state of their CL-agents 

at all times. Respectively, the user may choose to either logoff or exit at any time, 

leaving all of her/his sessions running at the remote rooms.  

 

6.3.1 Semantic Analysis 

The first and most important step for a customer, when creating a new 
session, is to search among available products, conclude about their 
specifications and discover auctions offering the ones that satisfy her/his 
preferences. We offer a Semantic Analysis Engine and a graphical user interface 
to assist clients in locating auctions, by getting the ontologies that describe the 
products offered and appearing their characteristics in the user interface.  

On the JADE network, numerous Ontology Advertisements are published 
to the DF characterized by their domain. Once the user decides on the domain 
that s/he is interested in, the Semantic Analysis Engine window is displayed 
(figure 23). At the same time, a DFAgentDescription message is sent to the DF 
seeking for advertisements that refer to that specific domain. All the responses 
received are cached locally, containing information about the ontology that the 
customer can contact, in order to learn the auctions details. A response is 
received containing all the available auctions at that time.  

 

Figure 22 Choosing Domain 
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Figure 23 Semantic Analysis Engine 

The customer can select a specific auction and view its URL in the text 
area located at the top of the Semantic Analysis window by pressing the show 
details button. Then by pressing the view details button he can see the auctions 
details and if he wants to take part in this auction press add or otherwise press 
cancel. 

 

Figure 24 Selected Auction URL's Details 
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Whenever the user finds a product of interest, s/he should place it in the 
right text area titled ―Products‖. The number of resources entered in that box 
indicates the number of auctions, in which s/he will participate in parallel. If the 
user is only interested in one product, then only one resource should be at the 
―Products‖ box. On the other hand, if the user has located multiple products, but 
would like to acquire only one of them, then selects the resources and places 
them in the box. The system will follow the progress of all of them, while the 
intelligence of its agent design will ensure that at most one of the products will be 
obtained, scoring the best utility factor possible.  

 

 

Figure 25 User's selection 

6.3.2 Trust management  

After the client sellects the auctions he wants to participate in and presses 
the next button the C-agent communicates with the group-Agents he trusts and 
get available information about the auctions he wants to partisipate in.  

The same time the C-agent with the use of the OWL-API creates the 
following pop up window and transfers all the ontologies into javabeans that will 
be used to create JESS facts 



A Semantic Peer-to-Peer Marketplace Hosting Trusted Negotiations Among Intelligent Agents 

 
 

Ioannis Androulakis     88 
 

 

Figure 26 User's preferences 

 

Which contains all the characteristics of the artifact extracted from its 
ontology and the characteristics of the auction. In the second coloumn  This is 
the window where the client gives his preferences for the artifact he sicks. The 
characteristics whose tick box is selected are pbligatory to match whereas those 
who have in their fourth coloumn a value difeerent from 0 are optional but 
desirable. 

After pressing the finished button the preferences dynamic rule is created 
and along with the trust rules they are applied on the javabeans representing the 
auctions. The result that comes from that is the trust level for each auction and 
the max bid that will be applied in each auction. 

After this work is done the client can select the auction bidding to begin. 
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Figure 27 User's Preferences II 

 

Figure 28 trust rules fired 
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6.3.3 Bidding in Auctions  

The basic functionality that the Customer Application offers to users is to 
automate the process of biding in one or more auctions. To initiate a bidding 
session the user selects the ―Register in Auction…‖ choice of the ―Auction 
Options‖ menu. In each bidding session, the user may participate in one or more 
auctions and the system will attempt to win one of them, at most. Moreover, the 
user is free to start as many sessions as s/he desires. The first step in creating a 
new auction session is to specify the type of products that s/he is interested in 
(figure 24). This will trigger the system‘s analysis mechanism to start searching 
the network for Ontology Advertisements dedicated to the domain that the user 
has specified. The next step will be the Semantic analysis described previously 
followed by the trust management. 

After finishing the previous steps, the customer presses the ―Monitor 
Auctions‖ button and the application activates the following set of actions:  

Since the user has nothing else to do it is time for the agent to move so 
first of all the A-agents room is created at the host who‘s IP the user gave. 

Then the C-agent moves to the new room this way it is guaranteed that 
even if the user logs out of the system and closes hic pc the C-Agent will remain 
active. 

After the C-agent has moved, it creates the appropriate CL-agents and 
routes them to the remote places, where the auctions are conducting. Figure X 
presents how the agency will look after the creation of the place and the 
existence of the C- and CL-agents. CL-agents may need to travel to remote 
agencies, as well.  

 

Figure 29 Agency after agents’ creation 
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Finally, the graphical user interface is updated, with the help of the G-agent that 
communicates all the time with the C-Agent presenting information about the 
auctions the user participates in (figure 30,31) and the session as a whole (figure 
32). The CL-agents inform the user about the progress of bidding in their auction, 
while the C-agent‘s tab displays general messages, such as which CL-agent is 
currently active, which is holding the maximum offer in its auction, etc. Data are 
updated in real time, whenever a change occurs and the user is free to browse 
through all of her/his auctions by clicking the corresponding tab.  

 

Figure 30 Specific Clone 

 

Figure 31 Client 
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Figure 32 Auction progress 

6.3.4 Abandoning Auctions  

The user is free to terminate a session, either bidding or monitoring, and 
abandon the auctions involved. For that purpose, the ―Remove Active Auctions 
tab‖ choice of the ―Auction Options‖ menu is granted. Terminating a session will 
cause the corresponding place to be erased and the C-agent along with their 
clones to be deleted. In addition, the graphical user interface is updated 
removing the current tab from the main frame. There are certain restrictions that 
one should consider, though:  

To terminate a session, the user must remove the tab of the C -agent. In 
such a case, a warning message appears, to prevent any unintentional actions. 

Removing the tab of a CL-agent will only erase the corresponding tab. The 
agents continue to exist and operate. This means that a user is only allowed to 
terminate a session as a whole and not one of its auctions. Users can use this 
function to lighten their interface from multiple auction tabs. When the user 
reconnects with the system, all the tabs will re-appear.  

Abandoning an auction will cause the user‘s registration to be invalidated. 
However, if at that particular moment s/he was the maximum bidder in the 
auction, her/his offer continues to exist, until someone else outbids it. If the 
auction ends with no other offer, the user is considered the winner, despite the 
fact that the session has been terminated.  

This chapter summarized the way users can interact with the platform and 
explained the basic steps, along with the procedures triggered, for executing 
auction services. Next, we are going to explain some implementation principles 
followed in the creation of the system.  
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7 Implementation  
 

 

 

 

 

The platform is entirely programmed in Java, in order to minimize 
dependencies on the underlying operating system and to be consistent with 
existing software. JDK 1.5 or higher is required for most of its components. The 
customer and auctioneer applications, as well as, the JADE and JESS 
components have been implemented on Windows XP platform. All forms and 
modules used for user interface have been implemented mainly using Java‘s 
Swing toolkit and, in less extent, Java‘s Abstract Windowing Toolkit (AWT) 
elements. The Ontology and its instances where created using Protégé 3.4.Beta. 

 

7.1 Agent Communication  
A set of standard messages that are exchanged between our agents is 

implemented to describe the minimum required communication needs of the 
multi-agent layer of the platform. The message invocation is triggered by events 
occurring in the auction world (auction opening or termination etc.) or by 
inferences of their own or their master‘s reasoning mechanism. The description 
of those messages and their parameters are provided in the context of interfaces 
that the agents implement in order to ensure cross-platform interoperability, 
necessary for building a unifying framework. The messages formulate a 
negotiation core for defining auction activities and are always independent of the 
particular type of the auction.  

For the agent communication through messages we used the FIPA ACL 
language. A FIPA ACL message contains a set of one or more message 
elements. Precisely which elements are needed for effective agent 
communication vary according to the situation; the only element that is 
mandatory in all ACL messages is the performative, although it is expected that 
most ACL messages will also contain sender, receiver and content elements. 

If an agent does not recognize or is unable to process one or more of the 
elements or element values, it can reply with the appropriate not-understood 
message. 

Specific implementations are free to include user-defined message 
elements other than the FIPA ACL message elements specified in Table 1. The 
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semantics of these user defined elements is not defined by FIPA, and FIPA 
compliance does not require any particular interpretation of these elements. 
Some elements of the message might be omitted when their value can be 
deduced by the context of the conversation. However, FIPA does not specify any 
mechanism to handle such conditions, therefore those implementations that omit 
some message elements are not guaranteed to interoperate with each other. 

The full set of FIPA ACL message elements is shown in Table 1 without 
regard to their specific encodings in an implementation. FIPA-approved 
encodings and element orderings for ACL messages are given in other 
specifications. Each ACL message representation specification contains precise 
syntax descriptions for ACL message encodings based on XML, text strings and 
several other schemes.  

Table 2 FIPA ACL message elements 

 

For the messages exchanged between agents we followed the directions of the 
FIPA specifications for these types of auctions (English, Vickrey). 
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Figure 33 FIPA specification for English Auction 

  

The messages are classified according to the negotiating parties involved 
as follows:  

 

7.1.1 Auctioneer Generated Messages  

A-agent to CL-agents  

Messages that the A-agent broadcasts to all participants of an auction to initiate it 
and manage its execution.  

StartOfAuctionNotification(OpeningPrice):  

Informs the participants that the auction session has opened with the given 
opening price.  

EndOfAuctionNotification(Winner, WinningBid):  

Informs about the termination of an auction, along with the winning agent and the 
winning offer.  



A Semantic Peer-to-Peer Marketplace Hosting Trusted Negotiations Among Intelligent Agents 

 
 

Ioannis Androulakis     96 
 

NewBidNotification(MaxBidAgentAID, NewBid):  

Whenever a new offer is accepted and verified as valid, the auctioneer informs 
the rest of the participants. In auction, like Vickrey, that the offers are private, the 
auctioneer passes the null value as the corresponding parameter.  

A-agent to G-agents  

Messages that the A-agent broadcasts to its G-Agent In order to update its 
Interface 

 

NewActionNotification(sender, item, message, price, participants) 

 Each message includes  

the localName of the sender which is used to find the right tab in the interface 

the name of the Item that is sold 

the message describing the action that just happened 

the current price of the item 

the number of participants in the auction  

This type of message is sent to the G-Agent about every action that takes Place 
in the A-Agent like 

A new bid that was accepted 

A new CL-agent joining the auction 

A CL-agent leaving the auction etc 

 

7.1.2 Customer Generated Messages  

C-agent to CL-agents  

Messages sent by the C-agent to each clone individually for managing a session 
and instructing the course of action that they should follow.  

Activate():  

Activates a monitoring CL-agent to place new offers.  

Deactivate():  

Deactivates a previously active CL-agent, setting its state to monitoring mode.  
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Abandon():  

Instructs a CL-agent to permanently abandon an auction in case shilling behavior 
was detected or the C-agent won in another auction.  

 

CL-agent to G-agents  

Messages that the A-agent broadcasts to its G-Agent In order to update its 
Interface 

 

NewActionNotification(sender, message, price, clone) 

 Each message includes  

the localName of the sender which is used to find the Wright tab in the interface 

the message describing the action that just happened 

the current price of the item 

the AID of the clone agent 

This type of message is sent to the G-Agent about every action that takes Place 
in the A-Agent like 

A new bid that was accepted 

A new CL-agent joining the auction 

A CL-agent leaving the auction etc 

 

 

CL-agent to A-agent  

Messages sent by CL-agents to the A-agent for interacting in an auction. The 
message format is always independent of the type of the particular auction. 
Clones are characterized by the name of the C-agent that creates them and the 
name of the A-agent in which they participate.  

 

RegisterInAuction(AgentName, CLidStr):  

Message sent by a clone to register as a bidder in an auction session.  

The auctioneer will never know if a CL-agent is active or monitoring. 
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ProposeNewBid(AgentName, newmaxbid):  

Placement of a new bid.  

RefuseNewBid(AgentName) 

 Refuse to place a new bid. 

 

 

CL-agent to C-agent  

Messages sent by CL-agents to their master C-agent to inform it about the 
progress of the auction that they participate in.  

ArrivalConfirmation(CLname, CLstate):  

Informs the master agent that the migration to the remote room, where the 
auction is conducted, was successful along with its current state.  

InformAboutStartOfAuction(CLname, StartingBid):  

Informs the master agent about the initiation of the session that the clone 
participates in.  

InformAboutNewBid(CLname,MaxBidAgentName, MaxBidAgentNameParent,  
NewBid, auctionItem,  message):  

A new offer has been accepted in the corresponding auction and the reply the 
CL-agent gave.  

InformAboutEndOfAuction(CLname, Winner, WinningBid):  

Informs about the termination of the corresponding auction session.  
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7.2 Implementation of multi-auction bidding logic  
An important component of any intelligent software agent is its inference 

engine. In our platform as we have described before the client can select a 
number of auctions whose types may be different (English, vickrey), their starting 
and ending time may also be different, from all these auctions the Agents must 
manage to get the best result and at the best price. The bidding process for each 
auction is managed by its own CL-agent but yet the C-agent continues having 
communication with all the CL-agents, maintaining knowledge about all of them 
and  has a well-defined dynamic plan about which is the priority of each auction 
taking also under consideration the results of the trust level, the matching of the 
auctions characteristics with the clients preferences and the Maximum bid 
decided for each auction. 

Our current approach is indicative and can be used as a reference point 
for implementing more advanced strategies. The C-agent is designed to manage 
multiple CL-agents and decide which of them should bid and which should wait, 
according to the progress of their auction. Four are the basic constraints that the 
C-agent‘s logic mechanism is designed to comply with:  

Singularity Constraint. Among all clone agents, only one is allowed to be active 
at any particular moment and, thus, permitted to place bids in its auction. The 
rest of them are set at a monitoring mode, just getting the new bids from their 
auctioneer and passing them to the C-agent.  

Exclusiveness Constraint. While the active clone holds the maximum bid in its 
auction, no other clone can be set active. Only after the first has been outbidded, 
another one is eligible to become active. We have also said that even if the user 
stops a clone, if the clone was winning at that moment the C-agent will wait for 
another better bid at that auction before taking place in another auction 

Pass from All Constraint. One approach could be to first participate in the 
auction that‘s matches more with the users criteria. But this approach has the 
drawback that the user may lose the chance to participate in other auctions that 
take place before the auction that has the best match. So in our approach the C-
agent takes the auctions from the first to the last chronologically according to 
their finish time. 

Conservative to aggressive Constraint. The purpose of this constraint is to 
prompt active agents to adopt a behavior that follows their chances of getting the 
item from one of the auctions. The C-agent always takes under consideration the 
remaining auctions before deciding the maximum bid the clone will give to the 
currently active auction. The active clone always watches the remaining time in 
order to decide how aggressive he will be and when he will give his maximum 
offer limit. This way at the first auction the CL-agent are more conservative 
whereas in the last more aggressive.  



A Semantic Peer-to-Peer Marketplace Hosting Trusted Negotiations Among Intelligent Agents 

 
 

Ioannis Androulakis     100 
 

These constraints are the core principles of the agent‘s logic reasoning 
mechanism that ensure single auction winning and potentially best deal 
agreement for the customer. They guarantee that no surplus items would be 
bought or purchases exceeding the user‘s offer limit would be made.  

Figure 34 summarizes the general framework of the algorithm that implements 
the aforementioned C-agent logic. This algorithm is triggered either by events 
occurring in the active auction or by a shilling behavior found. No other events 
affect the progress of the session and, therefore, necessitate no alteration at the 
state of the CL-agents.  

 

 

IF a change occurs in the active auction  
CHECK the state of the active clone  
        CASE the active clone has won the auction  
                THEN abandon all other auctions  
        CASE the active clone does not hold the maximum bid AND (the active      
        clone has reached its offer limit OR the active clone has lost the auction ) 
                THEN among all clones activate the next one and turn the currently        
                active one‘s mode to monitoring 
        CASE the active clone does not hold the maximum bid  
                 THEN make new bid 
        CASE the active clone holds the maximum bid  
                THEN do nothing  
IF a shilling behaviour occurs in the active auction  
CHECK the state of the active clone  
       CASE the active clone does not hold the maximum bid  
             THEN among all clones activate the next one and abandon this one 
       CASE the active clone holds the maximum bid  
             THEN do nothing until another better bid comes and then abandon 
 
 
 
Figure 34 C-agent Logic 

It should be noted that many other tactics can be easily created from this 
approach, by enhancing the reasoning mechanism with new constraints the user 
may want to use/ Since no optimal solution can be traced due to the variety of 
auction start and end times, the performance of each tactic is a variable that can 
change depending on the conditions of the environment encountered and can be 
greatly influenced by the personal style of its user.  
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7.3 Reactive Rules (Jess Definition Rules) 
Reactive rules are used for programming rule-based, reactive systems, 

which have the ability to detect events and respond to them automatically in a 
timely manner. Such systems are needed on the Web for bridging the gap 
between the existing, passive Web, where data sources can only be accessed to 
obtain information, and the dynamic Web, where data sources are enriched with 
reactive behaviour. 

A category of reactive rules is the Jess definition rules. A Jess rule is 
something like an ―if...then‖ statement in a procedural language, but it is not used 
in a procedural way. While ―if...then‖ statements are executed at a specific time 
and in a specific order, according to how the programmer writes them, Jess rules 
are executed whenever their if parts (their left-hand-sides or LHS) are satisfied, 
given only that the rule engine is running. This makes Jess rules less 
deterministic than a typical procedural program. In other words, Jess rules are of 
the type: ―on event, if condition is satisfied, then action is triggered‖. The basic 
Jess rules designed in user tracking system are described below. They are 
targeting to cover two main theme categories, user feedback and user deviation. 
More information about Jess rules and Jess rule engine is presented in chapter 
4.    

 

 

7.3.1 Rules about the Ratio and the Number of Voters of the 

auctioneer 

 

There are cases that the level of trust might be very low but if a great 
number of users have given a very good ratio to this auctioneer the C-agent 
might want to raise the level of trust. 

Or contrary the group may have given a very good trust level but only a 
small number of users has voted this auctioneer and raised its ratio. This is 
usually a case where the auctioneer himself tries to raise his ratio. In these cases 
the C-agent has rules that lower the level of trust. 

In the rules following we make use of the information we get from the Price agent 
we mentioned before. 

(defrule fromlevel1tolevel2user 

   ?auct <- (DefaultAuctionDetails (hasString ?name) (hasArtifact ?m) (hasStartingPrice ?v) 
(hasArtifactID ?tau){(hasTrust == "level1") && (hasRatio > 6) && (hasVoters > 100)}  )   

 => (printout t "Reactive Rule fromlevel1tolevel2user: " ?name crlf)  

    (retract ?auct) 
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    (calling levelChange ?name level2 ?m) 

) 

Description : If the trust level of the auctioneer is level 1 but over 100 users have 

rated him with average rate over 6 then the fact representing the description of 
this auction is retracted and the jessfunction levelchange is called. In the function 
the javabean representing the auction Details of the specific auction is changed 
having now trust level 2 and the fact is asserted again.  

(defrule fromlevel2tolevel3user 

    ?auct <- (DefaultAuctionDetails (hasString ?name) (hasArtifact ?m) (hasStartingPrice ?v) 
(hasArtifactID ?tau){(hasTrust == "level2") && (hasRatio > 7) && (hasVoters > 200)}  ) 

      

 => (printout t "Reactive Rule fromlevel2tolevel3user: " ?name crlf)  

    (retract ?auct) 

    (calling levelChange ?name level3 ?m) 

) 

 

Description : If the trust level of the auctioneer is level 2 but over 200 users have 

rated him with average rate over 7 then the fact representing the description of 
this auction is retracted and the jessfunction levelchange is called. In the function 
the javabean representing the auction Details of the specific auction is changed 
having now trust level 3 and the fact is asserted again.  

 

(defrule fromlevel3tolevel4user 

    ?auct <- (DefaultAuctionDetails (hasString ?name) (hasArtifact ?m) (hasStartingPrice ?v) 
(hasArtifactID ?tau){(hasTrust == "level3") && (hasRatio > 9) && (hasVoters > 200)}  ) 

      

 => (printout t "Reactive Rule fromlevel3tolevel4user: " ?name crlf)  

    (retract ?auct) 

    (calling levelChange ?name level4 ?m) 

) 

Description : If the trust level of the auctioneer is level 3 but over 200 users have 
rated him with average rate over 9 then the fact representing the description of 
this auction is retracted and the jessfunction levelchange is called. In the function 
the javabean representing the auction Details of the specific auction is changed 
having now trust level 4 and the fact is asserted again.  
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(defrule fromlevel4tolevel5user 

    ?auct <- (DefaultAuctionDetails (hasString ?name) (hasArtifact ?m) (hasStartingPrice ?v) 
(hasArtifactID ?tau){(hasTrust == "level4") && (hasRatio >= 10) && (hasVoters > 400)}  ) 

      

 => (printout t "Reactive Rule fromlevel4tolevel5user: " ?name crlf)  

    (retract ?auct) 

    (calling levelChange ?name level5 ?m) 

) 

 

Description : If the trust level of the auctioneer is level 4 but over 400 users have 

rated him with average rate 10 then the fact representing the description of this 
auction is retracted and the jessfunction levelchange is called. In the function the 
javabean representing the auction Details of the specific auction is changed 
having now trust level 5 and the fact is asserted again.  

 

(defrule fromlevel5tolevel4user 

    ?auct <- (DefaultAuctionDetails (hasString ?name) (hasArtifact ?m) (hasStartingPrice ?v) 
(hasArtifactID ?tau){(hasTrust == "level4") && (hasRatio < 10) && (hasVoters < 400)}  ) 

      

 => (printout t "Reactive Rule fromlevel5tolevel4user: " ?name crlf)  

    (retract ?auct) 

    (calling levelChange ?name level4 ?m) 

) 

 

Description : If the trust level of the auctioneer is level 5 but under 400 users 
have rated him with average rate below 10 then the fact representing the 
description of this auction is retracted and the jessfunction levelchange is called. 
In the function the javabean representing the auction Details of the specific 
auction is changed having now trust level 4 and the fact is asserted again.  

 

(defrule fromlevel4tolevel3user 

?auct <- (DefaultAuctionDetails (hasString ?name) (hasArtifact ?m) (hasStartingPrice ?v) 
(hasArtifactID ?tau){(hasTrust == "level3") && (hasRatio < 9) && (hasVoters < 200)}  ) 
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 => (printout t "Reactive Rule fromlevel4tolevel3user: " ?name crlf)  

    (retract ?auct) 

    (calling levelChange ?name level3 ?m)     

) 

 

Description : If the trust level of the auctioneer is level 4 but under 200 users 

have rated him with average rate below 9 then the fact representing the 
description of this auction is retracted and the jessfunction levelchange is called. 
In the function the javabean representing the auction Details of the specific 
auction is changed having now trust level 3and the fact is asserted again.  

 

(defrule fromlevel3tolevel2user 

?auct <- (DefaultAuctionDetails (hasString ?name) (hasArtifact ?m) (hasStartingPrice ?v) 
(hasArtifactID ?tau){(hasTrust == "level3") && (hasRatio < 7) && (hasVoters < 200)}  ) 

      

 => (printout t "Reactive Rule fromlevel3tolevel2user: " ?name crlf)  

    (retract ?auct) 

    (calling levelChange ?name level2 ?m)     

) 

 

Description : If the trust level of the auctioneer is level 3 but under 200 users 

have rated him with average rate below 7 then the fact representing the 
description of this auction is retracted and the jessfunction levelchange is called. 
In the function the javabean representing the auction Details of the specific 
auction is changed having now trust level 2 and the fact is asserted again.  

 

(defrule fromlevel2tolevel1user 

?auct <- (DefaultAuctionDetails (hasString ?name) (hasArtifact ?m) (hasStartingPrice ?v) 
(hasArtifactID ?tau){(hasTrust == "level3") && (hasRatio < 6) && (hasVoters < 100)}  ) 

      

 => (printout t "Reactive Rule fromlevel2tolevel1user: " ?name crlf)  

    (retract ?auct) 
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    (calling levelChange ?name level1 ?m)     

) 

 

Description : If the trust level of the auctioneer is level 3 but under 100 users 

have rated him with average rate below 6 then the fact representing the 
description of this auction is retracted and the jessfunction levelchange is called. 
In the function the javabean representing the auction Details of the specific 
auction is changed having now trust level 1 and the fact is asserted again.  

 

 

7.3.2 Rules about the AvgSalingPrice   

 

Another parameter that must always affect the trust level of an auctionner 
is the average selling price of the items he auctions. That is because the agent 
may have great trust level but for selling cheap things and if a user wants to buy 
something expensive he must be cautious. Anyone can understand that if a user 
wants to buy a laptop for instance he is going to be willing to give more money to 
a user with trust level 3 and avg sales price 2000 euro than a user with trust level 
5 and avg sales price 20 euro. 

 

(defrule fromlevel5tolevel3 

     

?auct <- (DefaultAuctionDetails (hasString ?name) (hasArtifact ?m)  

{  

        (hasTrust == "level5") && ( hasAVGPrice < (* (/ 20 100) hasPrice))}  ) 

 => (printout t "Reactive Rule fromlevel5tolevel3: " ?name crlf)  

    (retract ?auct) 

    (calling levelChange ?name level3 ?m) 

) 

Description : If the trust level of the auctioneer is level 5 but its average sales 

price is under 20% of the average sale price of the product he is selling then the 
fact representing the description of this auction is retracted and the jessfunction 
levelchange is called. In the function the javabean representing the auction 
Details of the specific auction is changed having now trust level 3 and the fact is 
asserted again.  
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(defrule apolevel4selevel3 

     

?auct <- (DefaultAuctionDetails (hasString ?name) (hasArtifact ?m) 

 {  

        (hasTrust == "level4") && ( hasAVGPrice < (* (/ 60 100) hasPrice))}  ) 

 => (printout t "Reactive Rule apolevel3selevel4: " ?name crlf)  

    (retract ?auct) 

    (calling levelChange ?name level3 ?m) 

) 

 

Description : If the trust level of the auctioneer is level 4 but its average sales 
price is under 60% of the average sale price of the product he is selling then the 
fact representing the description of this auction is retracted and the jessfunction 
levelchange is called. In the function the javabean representing the auction 
Details of the specific auction is changed having now trust level 3 and the fact is 
asserted again.  

 

(defrule apolevel3selevel4 

       ?auct <- (DefaultAuctionDetails (hasString ?name) (hasArtifact ?m)  

{  

 (hasTrust == "level3") && ( hasAVGPrice > (* (/ 500 100) hasPrice))}  )  

 => (printout t "Reactive Rule apolevel3selevel4: " ?name crlf)  

    (retract ?auct) 

    (calling levelChange ?name level4 ?m) 

) 

Description : If the trust level of the auctioneer is level 4 but its average sales 
price is over 500% of the average sale price of the product he is selling then the 
fact representing the description of this auction is retracted and the jessfunction 
levelchange is called. In the function the javabean representing the auction 
Details of the specific auction is changed having now trust level 4 and the fact is 
asserted again.  
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(defrule apolevel2selevel3 

     

    "Testing the rule." 

  ?auct <- (DefaultAuctionDetails (hasString ?name)  (hasArtifact ?m)  

{  

(hasTrust == "level2") && ( hasAVGPrice > (* (/ 200 100) hasPrice))}  ) 

   => (printout t "Reactive Rule apolevel2selevel3: " ?name crlf)  

    (retract ?auct) 

    (calling levelChange ?name level3 ?m) 

)   

Description : If the trust level of the auctioneer is level 2 but its average sales 
price is over 200% of the average sale price of the product he is selling then the 
fact representing the description of this auction is retracted and the jessfunction 
levelchange is called. In the function the javabean representing the auction 
Details of the specific auction is changed having now trust level 3 and the fact is 
asserted again.  
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7.3.3 Customer’s Preferences 

 

Another function of our system that we described earlier is the ability of 
the user to give his preferences about the characteristics of the item he is going 
to buy. After creating all the auctions Javabeans using the last ontology given the 
C-agent with the help of OWL API extracts all the artifacts properties and creates 
a Pop up window like the one in the figure. Next to each property there is a text 
field the user can fill with the desired values (by default it contains the type of the 
property). Then the user must select if it is optional or not that this property 
should match that.  

 If it is not optional he must select the tick box 
 If it is optional he must give a value in the last column showing how 

important for him it is that the property matches his preference. 

 

Figure 35 Example of rule when only obligatory fields are filled 

(defrule elegxosprotimisewn  

(DefaultAuctionDetails (hasString ?name) (hasArtifact ?m) (hasArtifactID ?tau) {  

(hasStartingTime >= 1.238576400953E12) && (hasStartingPrice <= 3000)  }) 

(DefaultSculpture (hasID ?tau1) {hasID == ?tau}  {(hasArtist == "Picasso") && 
(hasRegionOfOrigin == "france")}) 
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=> (printout t "Reactive Rule elegxosprotimisewn: " ?name crlf) (calling 
elegxosprotimisewn ?name ?m)) 

 

 

Figure 36 Example of rule when only optional fields are used 

defrule elegxosprotimisewn  

(DefaultAuctionDetails (hasString ?name) (hasArtifact ?m) (hasArtifactID ?tau) { 
(hasStartingPrice <= 30000) || (hasStep <= 1000)  }) 

(DefaultSculpture (hasID ?tau1) {hasID == ?tau}  {(hasArtist == "dali") || 
(hasRegionOfOrigin == "england") || (isOriginal == "true")}) 

=> (printout t "Reactive Rule elegxosprotimisewn: " ?name crlf) (calling 
elegxosprotimisewn ?name ?m))| 
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Figure 37 Example of rule when both are used 

(defrule elegxosprotimisewn  

(DefaultAuctionDetails (hasString ?name) (hasArtifact ?m) (hasArtifactID ?tau) {  

(hasEndingTime <= 1.259661600171E12) && (hasStartingTime >=  

 1.230804000171E12)  } { (hasStartingPrice <= 25000) || (hasStep <= 400)  }) 

(DefaultSculpture (hasID ?tau1) {hasID == ?tau}  {(hasArtist ==  "Picasso") && 
(hasSize == "small") && (hasSubject == "woman")} 

 {(hasRegionOfOrigin == "England")||(isOriginal == "true")}) 

=> (printout t "Reactive Rule elegxosprotimisewn: " ?name crlf) (calling 
elegxosprotimisewn ?name ?m)) 
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The way the matching result is counted examples is shown in the following 
examples 

 

 First example 

When there are only optional fields 

 

Figure 38 When there are only optional fields 

(defrule elegxosprotimisewn  

(DefaultAuctionDetails (hasString ?name) (hasArtifact ?m) (hasArtifactID ?tau) { 
(hasStartingPrice <= 3000) || (hasStep <= 200)  }) 

(DefaultSculpture (hasID ?tau1) {hasID == ?tau}  {(hasRegionOfOrigin == 
"england")||(hasSubject == "nature")}) 

 (printout t "Reactive Rule elegxosprotimisewn: " ?name crlf) (calling 
elegxosprotimisewn ?name ?m)) 

 

hasStartingPrice20%  

hasStep10%  
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hasRegionOfOrigin30%  

hasSubject40% 

 

In order to find the matching percent of each property that is optional the 
following action are taken: 

We first find the sum of the values entered (in the example 2+1+4+3=10) 

Then we find each ones percent by using the type value/sum*100 where value is 
the value entered in the last coloumn and sum the result we found before(in the 
example for hasStep 1/10*100=10) 

If an artifact satisfies the first two fields (hasStartingPrice and hasStep) the 
matching result is  30% 

If it satisfies the first three fields (hasStartingPrice , hasRegionOfOrigin and 
hasStep)the matching result is  70% 

So for each matching combination the results is the sum of the matching percent 
of the fields included in the combination. 

 Example of rule when both optional and non optional fields are used 

 

 

Figure 39 when both optional and non optional fields are used 
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(defrule elegxosprotimisewn  

(DefaultAuctionDetails (hasString ?name) (hasArtifact ?m) (hasArtifactID ?tau) { 
(hasStartingPrice <= 140000) || (hasStep <= 6000)  }) 

(DefaultSculpture (hasID ?tau1) {hasID == ?tau}  {(hasArtist == 
"Dali")&&(hasRegionOfOrigin == "France")&&(isOriginal == "true")} {(hasSubject 
== "woman")}) 

=> (printout t "Reactive Rule elegxosprotimisewn: " ?name crlf) (calling 
elegxosprotimisewn ?name ?m)) 

 

The exact match has value 100 and from this 100% each non optional value get 
1 share and all the optional parts together 1 share so 

First we find the number X of the non optional parts  (in our examples 3) and if 
there exist optional parts increase X by one  (in our examples 3+1) 

Then we divide 100/X in order to find the part of the 100% each part gets(in our 
examples 100/4=25) 

If there exist optional parts their percent that we find in the previous step is 
shared to each one using the method we described in the previous example. 

 

So in our example 

hasRegionOfOrigin25%  

isOriginal25%  

hasArtist25%  

hasSubject5/15*25% 

hasStartingPrice5/15*25% 

hasStep5/15*25% 

 

If an artifacts matches in hasRegionOfOrigin and isOriginal it gets 50% 

If it matches in hasRegionOfOrigin, has Artist and hasStep it gets 
(25+25+5/15*25) % 

etc 
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7.3.4 Shilling rules 

To manage to implement the shilling logic described in paragraph 5.2 we created 
the following JESS templates  

(deftemplate SameAuctionItems 

     (slot Item) (slot similar) (slot diafora)) 

 

This template keeps pairs of items that are the same 

Item : the URL of an auction 

Similar: the URL of an auction that sells the exactly same item as the previous 
one 

Diafora: the time difference (in seconds) between the ending times of the two 
auctions. It is a positive number if similar ends after item and is a negative 
number if item ends after similar. 

 

(deftemplate Bid  

    (slot Client) (slot AuctionUrl) (slot Time) (slot Price)  

    (slot Sender) (slot Active)   ) 

 

For each bid notification the C-agent receives from the CL-agents he stores 

Client: the name of the winning C-agent for that auction until now 

AuctionUrl: the URL of the auction 

Time: the time the bid notification was sent 

Price: the current time of the auction 

Sender: the clone that sent the notification 

Active: the URL of the client‘s active auction 

 

 

(deftemplate SleepReason  

     (slot AuctionUrl) (slot Reason)  ) 
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If a C-agent has gone into monitoring mode into monitoring in the auction he is 
active we keep here the URL of the Active auction(slot AuctionUrl) and the URL 
of the auction that is the reason(slot Reason) he entered monitor mode. 

 

(deftemplate Participates  

     (slot AuctionUrl)  (slot Agent) ) 

 

Here we keep information about which C-agents participate in each one of the 
auction we chose to monitor.  

 

(deftemplate FakeBid  

    (slot Client) (slot AuctionUrl) (slot Times)) 

This template keeps the number of shilling bids an agent has done in an auction.  

 

The rules we use in order to keep up to date the rule engine instance that 
is responsible for keeping track of the bids exchanged and monitoring the CL-
agents and the A-agents auctions they participate in are the following ones. 

 

(defrule DeleteOlder 

   ?temp <- (Bid  

 (AuctionUrl ?au1) (Time ?t1) (Sender ?sen1)  

     )  

    (Bid  

 (AuctionUrl ?au2) (Time ?t2) (Sender ?sen2)  

        {AuctionUrl == ?au1 && Sender == ?sen1 && (Time > ?t1) } 

         

     ) 

    => 
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    (printout t "Reactive Rule DeleteOlder: " crlf)  

    (retract ?temp)  

) 

 

For each Auction we keep only the last bid information. Previous bids are 
retracted as they are no longer of any use since they are not valid any more 

(defrule foundBetterPrice 

     

      (SameAuctionItems  

        (Item ?it1) (diafora ?diaf1) (similar ?sim1)  

        { Item == ?au1 && diafora < 0 } 

     ) 

 

    (Bid  

        (AuctionUrl ?au1) (Time ?t1)  

        (Price ?p1) (Sender ?sen1) (Active ?act1)  

        {AuctionUrl <> Active  } 

     ) 

    (Bid  

        (AuctionUrl ?au2) (Time ?t2)  

        (Price ?p2) (Sender ?sen2) (Active ?act2)  

        {(AuctionUrl == ?sim1) && (AuctionUrl == Active) && (Price >      ?p1)  && 
(Time > ?t1) } 

        ) 

     

    => 

     (printout t "Reactive Rule foundBetterPrice: " crlf)  

    (assert (SleepReason (AuctionUrl ?au2) (Reason ?au1))) 
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    (send (assert (ACLMessage (communicative-act INFORM) (receiver ?sen2) 
(content "sleep") )))  

    ) 

If the C-agent takes part in two auctions that sell the exact same item and the 
last bid he received from the auction that is not his active one right now and ends 
later than the active one has lower price than the last bid he received from his 
active one the C-agents keeps monitoring the active auction but does not send 
bids for the time the other auctions price is better. He manages that by informing 
the CL-agent of the active mode to go to monitor mode. Also the C-agent asserts 
a fact containing the active auctions URL and the auction that made him stop 
bidding URL. 

 

(defrule ReactivateAuction 

      ?temp<-(SleepReason 

          (AuctionUrl ?au3) (Reason ?au4) 

         ) 

    (Bid  

        (Client ?cl1) (AuctionUrl ?au1) (Time ?t1)  

        (Price ?p1) (Sender ?sen1) (Active ?act1) (Mode ?mod1) 

        {AuctionUrl != Active && AuctionUrl == ?au4} 

     ) 

     

    (SameAuctionItems  

        (Item ?it1) (diafora ?diaf1) (similar ?sim1)  

        { Item == ?au1 && diafora < 0 } 

     ) 

     

 

     (Bid  

        (Client ?cl2) (AuctionUrl ?au2) (Time ?t2)  

        (Price ?p2) (Sender ?sen2) (Active ?act2)  
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        {AuctionUrl == ?au3 && AuctionUrl == ?sim1 && AuctionUrl == Active && 
Price < ?p1  } 

        ) 

     

    => 

    (printout t "Reactive Rule ReactivateAuction: " crlf)  

    (retract ?temp) 

    (send (assert (ACLMessage (communicative-act PROPOSE) (receiver ?sen2) 
(content "wake") ))) 

    ) 

 

This is the rule that reactivates the auction when the other auction‘s price 
becomes greater than the auction that the C-agent is taking place at the moment. 

 

(defrule ShillBid 

   (Participates (AuctionUrl ?au4) (Agent ?ag1))     (1) 

     

    (Participates (AuctionUrl ?au5) (Agent ?ag2)     (2) 

        {Agent == ?ag1 && AuctionUrl != ?au4} 

        ) 

     

   ?temp2<-  (Bid          (3) 

        (Client ?cl1) (AuctionUrl ?au1) (Time ?t1)  

        (Price ?p1) (Sender ?sen1) (Active ?act1) (Mode ?mod1) 

        {AuctionUrl == ?au4 && Client == ?ag1 } 

     ) 

     

    (SameAuctionItems         (4) 
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        (Item ?it1) (diafora ?diaf1) (similar ?sim1)  

        { Item == ?au1 && diafora > 0 } 

     ) 

     

     (Bid           (5) 

        (Client ?cl2) (AuctionUrl ?au2) (Time ?t2)  

        (Price ?p2) (Sender ?sen2) (Active ?act2) (Mode ?mod2) 

        {AuctionUrl == ?sim1 && AuctionUrl == ?au5 && Price < ?p1  && Time < ?t1 
} 

         

        ) 

     

   ?out<-( FakeBid          (6) 

   ( Client ?fb1) (AuctionUrl ?fb2) (Times ?fb3) 

        {Client == ?cl1 && AuctionUrl == ?au1} 

        ) 

     

    => 

    (printout t "Reactive Rule ShillBid: " crlf)  

    (retract ?out) 

    (retract ?temp2) 

    (calling ShillBid ?fb1 ?fb2 ?fb3) 

     

     

    ) 

The C-agent takes part in two auctions ((1), (2)) and these two auctions offer the 
two item with the same characteristics(4). The C-agent send a bid (4) to an 
auction (3) but there exists an auction that will end later and has a better price (5) 
then the bid the C-agent made is considered a shilling bid. The shilling bid is 
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removed from the knowledge base and the number of shilling bids (6) the C-
agent has made in this auction is changed. 
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7.4 Auction Implementation  
The implementation of the auction protocols follows formalisms of 

traditional auction regulations and principles. Concerning the English auction, the 
auctioneer accepts offers greater than the running Maximum Offer and 
broadcasts the new bid to all participants along with information about the bidder. 
After the termination of the auction, only one of the participants wins at a price 
equal to the value of the maximum proposed bid. The Vickrey auction on the 
other hand is different, because all participants place their bids, but none of them 
is publicly announced. Only the auctioneer knows the candidate offers and 
informs the participants whenever a new offer has been accepted. After the end 
of the session, the participant that has placed the highest offer wins and pays the 
price of the second highest bid. No other information is broadly announced.  

Another different approach from the SeMPHoNIA is that there is no 
distinction between C-agent and statistical Agent. In SeMPHoNIA when an agent 
wanted to take part in many auction and win only one of them only one clone was 
active at the time and the others were just waiting. But in our approach we need 
to monitor all auctions for shilling behavior so the Clone does both jobs and 
monitor and bid whenever needed. The creation of two deferent agents would 
result in two clone agents for each auction and would load the network with a 
number of agents double than now.  

Concerning bid acceptance and withdrawal we followed the same tactic followed 
in SeMPHoNIA auctions. All bidders are allowed to withdraw their offers taking 
into account an important detail. A withdrawal of the winning bid during the 
progress of an auction will provisionally not be accepted, until another bidder 
matches the price of that offer and releases it. This policy has been implemented 
in other auction applications as well ([24], [23]).  

In cases where the information is private (for example, offers in Vickrey 
auctions), when we create messages that contain fields about those information 
the corresponding slots are filled with the null value. Thus, all registration data 
required by agents to begin interacting in an auction are provided by an auction-
type-independent element promoting the uniformity of the platform.  

 

7.4 .1The strategy followed in the bidding process 

 

The bidding strategy of our agent has three different phases 
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PHASE 1 SETTING THE MAX BID 

After the trust level of the auctionner is set the C-Agent decides the maximum bid 
he is willing to give for the specific auction taking under consideration the 
following three parameters 

The trust level   A. 

The maximum price the Clinet said he is willing to pay B. 

The average price in which items like the one auctioned are sold C. 

The matching result of the users preferences and the auctioned item‘s 
characteristics D%  

 

In case of low level trust (level 1 or level 2) the agent find which is the smallest 
between B and C so 

He chooses to do this because the auctioneer is not trusted and so if he was 
willing to give a Max price much bigger than the average price he used to give 
this should not happen. Instead in this case the Max price is replaced with the 
average price this type of items are sold. 

If(B>C) 

 X=C 

Else 

 X=B 

 

And then 

 

If A=1 

 MAXBID= X*55/100 + D/10*X/100; 

 

So the MAXBID will be from 55% to 65% of X and this depends on the matching 
result 

If A=2 

 MAXBID= X*75/100 + D/10*X/100; 
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So the MAXBID will be from 75% to 85% of X and this depends on the matching 
result 

      

In case of levels trust 3, 4, 5 the agent is willing to give the MAXBID that is 
counted from the following rules 

If A=3 

MAXBID= B*75/100 + D/10*B/100; 

So the MAXBID will be from 75% to 85% of the maximum price the Client said he 
is willing to pay and this depends on the matching result 

If A=4 

MAXBID= B*80/100 + D/10*B/100; 

So the MAXBID will be from 80% to 90% of the maximum price the Client said he 
is willing to pay and this depends on the matching result 

If A=5 

MAXBID= B*90/100 + D/10*B/100; 

So the MAXBID will be from 90% to 100% of the maximum price the Client said 
he is willing to pay and this depends on the matching result 

 

 PHASE 2 The Remaining Time Tactic 

This tactic [90] determines the recommended bid value based on the amount of 
time remaining for the agent. Assume that the agent is bidding at time  0≤ t ≤ t max 
. The agent bids closer to pr as t approaches t max , and it eventually bids at pr 
when t = t max. To calculate the bid value at time t , the following expression is 
used: 

f rt =a rt (t) pr 

where art(t)  is a polynomial function of the form: 

art(t)=krt+(1- krt)( )1/β 

k rt is a constant that when multiplied by the size of the interval determines the 
value of the starting bid of the agent in any auction. By varying the value of  a rt 
(t), a wide range of time dependent functions can be defined from those that start 
bidding near pr quickly, to those that only bid near pr  right at the end, to all 
possibilities in between. The only condition is that 0 ≤ a rt(t)≤1,  a rt (0) = k rt, 
art(tmax) = 1 , and 0 ≤ k rt ≤1. 
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Using the polynomial function defined earlier, different shapes of curves can be 
obtained by varying the values of β . This represents an infinite number of 

possible tactics, one for each value of β . In this tactic, β is drawn from + , 
where 1/ 200 ≤ β ≤ 1000 . When β < 1 , the tactic maintains a low bid value until 
the deadline is almost reached, where this tactic concedes by suggesting the 
reservation price as the recommended bid value. The other extreme is when β > 
1; the tactic starts with a bid value close to the reservation price and quickly 
reaches the reservation value long before the deadline is reached. 

When The C-agent creates the CL-agents according to their trust level he sets 
the value of β making the agent more aggressive when the A-agent is trusted 
and more conservative when the A-agent is untrusted. 

 

PHASE 3 The Remaining Auctions Tactic  

This tactic is broadly similar to the remaining time tactic; the agent bids closer to 
pr  as the number of remaining auctions approaches 0 (since it is running out of 
opportunities to purchase the desired good) [90]. 

f ra has the same form as f rt and a ra is defined as follows: 

a ra= kra+(1- k ra)(
1/β 

 

Most of these terms are similar to a rt , the only difference being that c(t) is the list 
of all the auctions that have been completed between time 0 and time t . β is 
again drawn 

from R+ , where 1/ 200 ≤ β≤ 1000 . 

 

Selecting Potential Auctions and the Target Auction 

 

The agent participate in an auction if and only if it is not holding the 
highest bid in another English auction, or it has not placed a bid in a Vickrey 
auction. This is to ensure that the agent does not acquire more than one of the 
target items.  

The agent selects the potential auctions by considering values for the 
remaining time for each active auction. The agent‘s new bid value for an auction 
is the current bid plus the bid increment. The choice to follow the auctions 
according to their end time is taken for the following reason. If the agent currently 
holds a bid in an English auction that still has a long time to complete, it will not 
be able to participate in other auctions until it loses out to another bidder or until 



A Semantic Peer-to-Peer Marketplace Hosting Trusted Negotiations Among Intelligent Agents 

 
 

Ioannis Androulakis     125 
 

the auction terminates and so he misses the chance to participate in auctions 
that end before that. There are two potential outcomes when an auction 
terminates; the agent loses out to another bidder or the agent wins. If the first 
occurred and we had followed a different tactic, the agent would have lost out in 
that it wasted a lot of time in one auction, thus reducing its chances of 
participating in other auctions but with our strategy he knows he will take part in 
all the auctions. The potential Vickrey auctions in which the agent may bid are 
those that are terminating at the current time and the agent‘s bid value is its 
current maximum bid value. This selection of timing is based on the same 
reasoning as that of the English auction.  

So if there is only one auction in the potential auction list, that auction is 
picked as the target auction. If there are multiple auctions, the agent calculates 
the remaining time for each of these potential auctions. The auction which ends 
earlier for the agent's bid value is picked as the target auction. Here, the 
probability of winning is highly dependent on the type of auction and the agent‘s 
bid value. 

In the end all the auctions the user selected will at some time be active 
and none of them will be overlooked by the C-agent. But as we said what makes 
the difference is the trust level of each auction and the matching result that affect 
the max bid the agent is willing to give. 

 

 

After explaining, in this chapter, certain implementation aspects of our 
platform, we are going to present in the next two chapters some examples and 
results of performance evaluation carried out through numerous real-condition 
test cases. We compare the performance of different methods and, also, attempt 
an interpretation of the findings obtained.  

 

 

 

 

 

 

 

 

 



A Semantic Peer-to-Peer Marketplace Hosting Trusted Negotiations Among Intelligent Agents 

 
 

Ioannis Androulakis     126 
 

8 Platform scenarios 
 

 

The purpose of the first scenarios is to show how the system works when users 
take part in multiple auctions and how the agents move from auction to auction. 
The second scenario shows the reaction of the C-Agent when it find a shill agent 
taking part in an auction. 
 

8.1 Agents Participating in many auctions 
 
In order to show how the agents work when taking part in many auctions we 
initiated 3 A-agents mary, manolis and petros. Mary ends first then manolis and 
finally petros. 

 
Figure 40 A-agents Initiated 

Then we created Client1, Client2 and Client3 all taking part in the tree Auctions. 

The agents begin being active in the A-agent mary until its end time. When mary ends it 

notifies Client1‘s clone that he won and the other two Clients‘ that they lost and they 

inform the C-agents that created them. 
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Figure 41 Client1 wins in mary 

 

Figure 42 Notifications sent when mary ends 
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After mary ends Client2 and Client three become active in the next auction which is the 

auction of A-agent manolis. When manolis A-agent‘s ending time arrives it notifies 

Client2 that he is the winner and Client3 that the auction ended. 

 

Figure 43 manolis ends 

 

After manolis‘s end Client3 becomes active in the final Auction of A-agent petros. 

 

Figure 44 Client3 becomes active in A-agent petros 
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Finally we show some figures of the charts created during the example‘s progress 

 

Figure 45 chart of Clien1's clone for mary 

 

 

Figure 46 Chart of Client1 showing the Average selling price of all the auctions he takes part in 
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Figure 47 chart of Client2 showing the Average selling price of all the auctions he takes part in 

 

Figure 48 chart of Client3 showing the Average selling price of all the auctions he takes part in 
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8.2 Auction with shilling – Agent in it 
In order to show how a C-agent reacts when it finds shilling behavior we 
executed the following scenario. 
We initiated two agents that sell the same item 

 
Figure 49 Action Details for A-agent mary1 
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Figure 50  Auction Details for A-agent mary5 

 
Figure 51 Auctions ready 
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Figure 52 Client1 

 
Then we initiate Client 1 (figure 43) that is going to take part only in the auction of 
the A-agent  mary1 
The same way we initiate Client 2 (figure 44) that is going to participate both in 
the auctions contacted by mary1 and mary2. 
Client2 begin being active in mary1 as it is the auction that will end first but also 
monitor mary5 and so he finds out that mary 5 sells the item in a lower price so 
he starts monitoring both auctions waiting for the item sold in mary1 to become 
cheaper than the one sold in mary5. 
We can see that from the moment the C-agent finds the cheaper auction mary5 
until the time he informs CL-agent for mary1 to go to monitor mode the CL-agent 
sent 1 bid that is considered shilling bids by the C-agent. That is the reason an 
agent is though a shiller after he makes 2 shilling bids.  
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Figure 53 Client 2 

And finally we initiate shiller who is an agent that participates both in mary1 and 
mary5 but his only purpose is to raise the price of the item sold in mary1. 
 
 
As we can see in figure 45 the C-agent of client2 finds that the bids of the shiller 
agent are shilling bids. As we said he forgives the first one but when the second 
happens he is sure the shiller is trying to raise the price of the auction. 
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Figure 54 Finding shilling bids 

 
When the shiller agent exceeds the number of shilling bids allowed Client2 stops 
taking part in the first auction and becomes active in the second auction. 
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9 Experimental Evaluation 
 
 
 
 
 
To evaluate the performance of our agent using the bidding algorithm 

described in 7.4, we followed the authors‘ example and made an empirical 
evaluation. Here we defined three control models as a basis for comparison. 
These models simulate three plausible modes of behaviour in online auctions. In 
the first model (control C1), the agent randomly joins one auction and stays there 
until its reservation price has been reached or until the auction‘s end time is 
reached. The agent does not move to any other auction.  Our second control 
agent deploys a greedy strategy (control C2). This agent picks the auction that 
has the closest end time where the current bid value for the item does not 
exceed the reservation price. If there is more than one possibility, it makes a 
random choice. The agent stays there until the reservation price has been 
reached or until the auction is over. If it has not purchased the item, it then 
moves to another auction using the same selection technique and repeats the 
process until its allocated time is over. In fact this is the model we follow in our 
work. In the last model (control C3), an agent picks an auction randomly from all 
the active auctions and bids in that auction. It stays there until its reservation 
price is reached or until the auction is over. If the agent is not successful, it 
randomly picks another auction and repeats the process until the allocated time 
is over or it successfully purchases the item. 

We made 150 runs for the following experiments. These experiments were 
run in an environment with Tmax = 120 seconds, between 10 English auctions 
running concurrently, and for each auction, there are between 2 and 12 
participants. So each time we initiated 4 C-agents from each model (C1, C2, and 
C3)   and they randomly chose 4 of the 10 auctions to take part in. The C-agents 
of model C1 took part only in the first of the four auctions they chose, those of 
model C2 took part in all of them randomly and those of model C3 followed our 
strategy. The shilling detection ability was removed from the agents. We made 
sure that all the clients subscribe in the auctions they are interested in before the 
auction begins and so they are all there from its beginning. Also all the agents 
have the same max bid value (1000000). All auctions have 10 seconds 
difference in their starting time (Auction 1 begins at 0, auction2 at 10 auction3 at 
20 etc). Although we have this starting time difference all agents have the same 
Tmax as each clone calculates as Tmax the difference between the auctions 
ending time and the time he got the first bid and since all agents are subscribed 
in their auctions before the beginning of the auction they will all receive the 
beginning bid at the same time when the auction starts. 
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Figure 55 Experiment 1 Success rate results 

 

In the first 50 runs β= 0.3 giving a low level desire for bargain behaviour. 
In runs 51-100 β= 2 making the bid value quickly reach max bid and in the final 
50 β=50 making the bid value reach max bid even faster. 

Figure 55 shows the performance of all the agents in terms of their 
success rate. The success rate is defined as the number of times, as a 
percentage, the agent is successful in obtaining the item. We run the experiment 
150 times and divided the result into 3 groups as you can see in the diagram. 

The performance of C2 is very good, since it takes every opportunity to bid 

in a terminating auction without considering other issues like payoff and time left 

to bid. C1 and C3 perform poorly due to their simplified behaviour of picking any 

auction randomly. C1 takes part only in one auction and so the chances of 

winning are much smaller than the chances of the other two models. C3 takes 

part randomly and so looses the chance to participate in all the auctions that end 

before his current selection. 

It shows the agents final bid values (the bid values at which they acquired 
the item) as percentages of the average closing prices for all the auctions in the 
marketplace that closed within the period that the agents were active. The final 
bid value is considered as a very important factor in auctions analysis since it 
determines the closing price of a particular auction and the resulting payoff that 
the agent expects to get upon acquiring the item. This result leads us to conclude 
that our agents successfully acquire the item at a price lower than or equal to the 
reservation price, which is subsequently lower than the average closing price in 
all the auctions that closed within the period that they were active. 
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Figure 56 Closing Price Comparison 

As we can see again from figure 56 in series 1 which shows the first 50 
experiments when the agents are more conservative the closing prices average 
are lower whereas in the other two that are more aggressive they are higher. 

Figure 57 shows the average payoff for each agent participating in the 
experiment. Payoff is calculated by subtracting the agent‘s bid value (when it 
successfully acquired the item) from the reservation price. The average payoff is 
the summation of all the payoffs divided by the number of times the agent 
successfully acquires the item. The performance of the three control models is 
poor because of their disregard for the payoff issue. Their main goal is to get the 
item at a price lower than or equal to the reservation price. As described in the 
experiments of [90] there are other beter compiations of the parameters of the 
algorithm that result in better payoff values. 
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Figure 57 Average Payoff 

 

Finally, Figure 58 shows the average time taken by the agents to acquire the 
item. The control models spend between t = 40 and t = 110. This indicates that 
the control models try to take any opportunity to bid in a particular auction as 
soon as possible. We can see that in cases where the agent is more aggressive 
he wins in less time than in the cases he is conservative. 

 

 

Figure 58 Average Time taken 

 

To sum up we can see that our auction behavior has about the same behavior as 
the auctions in the experiments of [90] and in all the experiment‘s different views 
we presented method C2 which we used in our system appears to have the 
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better results. In [90] a variety of other cases of agents is tested and other better 
abilities of the bidding algorithm are described that our system cannot support 
directly but they can appear in it if the algorithm‘s parameters take the right 
prices. In fact further exploration and development of strategies for our bidding 
agent that make him show the behaviors the other agents in experiments of [90] 
show could be part of our future work. 
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10 Conclusions and future work 
 

 

 

 

 

We have presented the design and implementation of a system that 
integrates three emerging technologies; intelligent software agents, peer-to-peer 
networking and the Semantic Web. It is an architecture for an agent-based virtual 
marketplace and is intended as a platform for research in multi-agent systems, 
ontologies, peer-to-peer networks and automatic negotiation, as well as an 
application for experimentation with these technologies. One of our motivations in 
creating this platform has been to demonstrate the power of combining the three 
technologies in facilitating the participation of human users in next-generation e-
Commerce transactions. The system realizes a number of auction scenarios as a 
general negotiation framework among users, while maintaining a flexible design 
that allows it to be easily extended with new scenarios and techniques.  

Our project deals with many issues concerning most of e-Commerce 
phases and proposes novel and feasible solutions. Semantic languages and 
formalisms are being used for conceptualizing negotiation protocols and 
providing product domain characterization. They are also used for semantically 
publishing and discovering available resources on the network. Local ontologies 
capture concepts and relations of products and allow retailers to add metadata to 
their descriptions, following a common schema definition, while customers 
analyze those ontologies and find the matching result between their preferences 
and the items offered using a reactive rule that is dynamically created according 
to the user‘s preferences. The agents also gather information about the A-agents 
and from that information with the use of reactive rules they take trust decisions 
that affect their behavior towards the A-agents.  

Moreover during the progress of an auction the C-agents have the ability 
to detect agents that attempt to do shilling. It is important to point out that both 
setting the trust level and detecting the shilling agent is done form the clients part 
and the user does not have to base his actions and trust to information the 
auction house gives to him but acts individually and independently from the A-
agent. 

Software agent skills are exploited to automate human user‘s participation 
in multiple, possibly interrelated, auctions and to provide advanced means of e- 
Commerce transactions. The multi-agent architecture is flexible enough to allow 
experimentation with various negotiation protocols, bidding algorithms and job 
allocation techniques. We have shown how our agents segment the job of 
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participating into multiple auctions into subtasks and cooperate appropriately to 
accomplish them in a manner consistent with their owner‘s preferences. 
Intelligent software agents perform various functions, such as auction bidding 
and monitoring, statistical analysis of auction data from the C-agent, background 
execution and more.  

We have also described the peer-to-peer infrastructure that is utilized to 
provide the medium for remote users to contact and negotiate, while at the same 
time distributes computational and knowledge resources. The architecture of our 
peer-to-peer network is scalable, permitting various alternative models to be 
implemented, enhancing its capabilities.  

In addition, two auction protocols have been implemented that cover many 
issues of multi-party negotiation; the English auction, which is a multi-round open 
model and the Vickrey auction, which is single-round and sealed-bid. We have 
shown that extending the platform with new negotiation protocols is a non-trivial 
task, affecting only specific components of the system.  

The user interface was implemented in such a way that it can dynamically 
adjust to any domain ontology the user may use as all the pop ups concerning 
the domain ontology are not static but are dynamically designed with the use of 
the OWL-API. So if the user decided to use a different or more complicated 
domain ontology this could not be a problem. The same happens with the JESS 
rules as with the use of the Ontology Bean Generator the JavaBeans of any new 
ontology used will be created automatically and the user would have to make 
some little changes in the function that calculates the matching result. 

The users can also see charts that represent the progress of their auctions 
dynamically. In the charts we can see the progress of each auction separately, 
the average price of all the auctions one participates in, who made each bid in an 
auction and other statistical results. 

The auctions strategy during the negotiation process is affected by many 
parameters; the information he gathers from other agents he trusts and the level 
of trust he decides for each A-agent, the matching result of the clients 
preferences and the items characteristics, the maximum bid he is willing to give 
in each auction, the number of auctions he takes part in and the remaining time 
in each auction. All these parameters affect how aggressive or conservative the 
clone will be and so clones of the same agent can show different behaviours. 

The agents‘ communication is contacted following the FIPA specifications 
and with the use of FIPA-ACL messages. This gives our agents the ability to be 
able to communicate with agents others have created that also follow the same 
specifications and use ACL messages. We can see this in our platform as the 
shilling agent we created follows a completely different logic but manages to 
communicate with our agents and takes part in auctions. 
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Our algorithms implementation quarantines that we will always come to an 
end. First of all the user knows that the auctions he chose will be taken as target 
auctions one after the other according to their ending time beginning from the 
one that ends first and finishing with the one that ends last. It is also clear that 
only one CL-agent is active each time and the rest are just monitoring until their 
turn comes so there is no chance of winning in more than one auctions. Inside 
each auction negotiation from which the C-agent will pass it is assured that the 
negotiation will begin and end whether the CL-agent wins or loses as we follow 
the FIPA specifications for the implementation of the auctions‘ (English, Vickrley) 
and so all the cases are taken under consideration. The Design of the agent 
negotiation also assures that the CL-agent and the A-agent will never lose 
contact as they negotiate in the same room and so there is no way for those two 
to lose contact. The only problem that could happen is the CL-agent to lose 
contact with the C-agent that crated it but we consider that all agents are moved 
to host that will always be available and so the agents will not lose contact but 
even if they lose the CL-agent is completely independent in his negotiation logic 
and will vontinue until the contact with his C-agent is restored. So the algorithm 
starts with the beginning of the first auction and ends either when an auction is 
won or with the end of the last auction the user selected. 

Nevertheless, the approach we have presented is open to further 
improvement and modifications.  

As we described each agent auction is held in a room, which the user 
must join to become eligible to participate and bid in the auction. Certain 
authorization mechanisms could be utilized to control the process of joining. As a 
result, various alterations of auction sessions can be generated by this pattern; 
private auctions or secure auction sessions could be implemented by extending 
the authorization process for a peer to join the corresponding peer group.  

Another interesting suggestion is to create a graphical interface where a 
user could place his own preferences about the level of trust he wants to have 
towards another agent and according to these preferences the rules that decide 
the level of trust would be created. But this is a rather complicated work because 
the user could easily make mistakes and create rules that retract each other and 
this could create an endless circle of retractions. So the system must have the 
ability to find such cases and warn the user. 

More complicated negotiation algorithms can be implemented and easily 
adapted from our system. And this way the clients could have the ability from 
various algorithms to select which one they want to follow. But our main line of 
work is to further explore the development of strategies for our bidding agent. 
Since the environment in which the multiple auctions are running is highly 
dynamic, we could extend this work by using an evolutionary approach based on 
genetic algorithms (GAs). GAs will be used to determine the relative success of 
these strategies and how these strategies can evolve over time to better fit their 
environment. The performance of the agent is very much influenced by the 
strategy employed which, in turn, relates to the values of k and β in the given 
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tactics and the weights for each tactic when combined. Different strategies may 
perform well in some environments but may perform poorly in another. The 
numbers of strategies that can be employed are endless and the search space is 
huge. To address this issue, we intend to use GAs to search for the most 
successful strategies in predefined environments in an off-line fashion. This 
knowledge can then be codified into an agent‘s online reasoning behaviour so 
that it can determine the best strategy to employ in the prevailing circumstances. 

Finally, an important aspect of our future objectives is to enhance the 
graphical user interface with graphics and diagrams not only for following the 
progress of auctions and for viewing the statistical information gathered by C-
agents but showing more complicated results and metrics that can be 
mathematically and statistically calculated from the information CL-agents and C-
agents gather.  
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