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Abstract. E-commerce systems are important systems widely used by
internauts. To automate most of commerce time-consuming stages of the
buying process, software agent technologies proved to be efficient when
employed in different e-commerce transaction stages. The FIPA Contract
Net Protocol was developed to facilitate contract negotiation in Multi-
Agent Systems, it is therefore important to analyse the protocol to en-
sure that it terminates correctly and satisfies other important properties.
In this paper we focus on agent interactions in e-commerce oriented au-
tomated negotiation based on FIPA Contract Net Protocol.

Keywords: E-commerce, FIPA Contract Net, negotiation, Multi-agent
system, colored Petri net.

1 Introduction

A Multi-Agent System (MAS) [1]consists of a set of agents interacting with each
other to achieve a common goal. Generally, MAS are known to work properly
in a dynamic large-scale complex environment (open environment), thanks to
autonomy, adaptability, robustness and flexibility.

In the context of e-commerce, several multi-agent systems were developed
for the mediation of e-commerce, such as Kasbah [2], Amazon [3] and eBay
[4]. Several interaction patterns were defined, ranging from collaboration be-
tween agents, to competition for resources, requiring some negotiation level in
e-commerce multi-agent system [5].

Although multi-agent technologies facilitate e-commerce oriented negotiation
at the operative decision marking level. This automation can save labor time of
human negotiators, but in addition, other savings are possible because compu-
tational agents can be more effective at finding beneficial short-time contracts
than humans are in combinatorial and strategically complex settings.

However, companies engaging in e-commerce are faced to a wide variety of
challenges: how should the company be structured to profit in the marketplace,
what are main required correctness and safety properties, what is the quality
of service which should be offered to satisfy users. As a result, a qualitative
and quantitative analysis of such systems must be undertaken to build solutions
adequate to targeted challenges, or to improve solutions that are already in place.
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In the field of MAS analysis, several studies have been proposed for modeling
these systems by Petri nets. In [6], a model was proposed for a promotional game
of viral marketing on the Internet. Specifically, authors used stochastic Petri nets
for modeling a multi-agent wish list. As well, [7] used colored Petri nets (CPN)
as a formal method to model a containerized transport system, then simulate
and solve the storage problem. [8] applied a multiagent model formalization us-
ing CPN, to study a hunting management system. Elfallah-Segrouchni, Haddad
and Mazouzi in [9] also proposed to use the CPN formalism to model interaction
protocols. They described in [10] transcriptions of AUML diagrams into CPN
models.
Besides, [11] analyzed e-commerce systems based on agents technology by deriv-
ing statistical results from interviews and questionnaires. In the context of pure
e-commerce systems analysis, most proposed works [12][13], relied on simula-
tions, testing and benchmarking to analyze e-commerce systems performances.
However, these techniques usually require long time periods to get performance
results.
Moreover, the e-commerce system should be in operation in the two last methods
to be able to test it, and important bugs cannot be easily corrected in those cases.
It would be interesting to predict performances of e-commerce systems a priori
during the design phase. Among proposals having based their work on formal
methods, [14] and [15] having used timed automatas and PNs. The two works
allow the modeling of the different interactions and documentation circulating
but without focusing on the buyer and seller entities, which are an important
part in market establishing. The autors of [16], presented the first CPN model
of the Contract Net Protocol, other works have also been proposed for the same
purpose as [17]. In [18], we defined a new e-commerce MAS based on three
agents types and we proposed a formal methodology for modeling and analysis
e-commerce MAS, using high level Petri nets. However, Our primary objective
in this paper, is to improve our previous work cited above and in particular the
negotiation module. Where The new negotiation is based on two types of agents
(instead of three), what allows to reduce the complexity of the system. The sec-
ond point of difference is the use of the random functions to calculate the agents
answers, what solved the problem of the liveness, posed in the former work. The
agents use FIPA interactions protocol for their communication and we use CPN
to model the different interactions.
This document is organized as follows. Section II gives a brief introduction to
MAS as well as a description of interactions in e-commerce MAS. Section III
recalls CPN concepts and details our methodology for negotiation modeling in
e-commerce multi-agent systems based on FIPA interaction protocol. In section
IV we present our results and finally section V, discusses the obtained results
and presents future work.
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2 Multi-agent systems and E-commerce

2.1 Multi-agent systems (MAS)

There are two main aspects in MAS framework: agents architectures and agents
interactions. Most implemented MASs will have a set of software components
that provide:

– A communication language, like KQML (Knowledge Query Manipulation
Language) and/or ACL (agent communication language);

– A syntax for the protocol (e.g. FIPA Contract-Net Interaction Protocol);

In order to support the communication language, a MAS have at least one
communication channel (i.e. TCP/IP or CORBA, ...).

2.2 E-commerce system

Electronic commerce is synonym of sharing business information, maintain-
ing business relationships and conducting business transactions by means of
telecommunications networks [19]. With the dynamics of Internet, electronic
commerce has been re-defined[19]. The wide range of business activities related
to e-commerce brought a new terms to describe the Internet phenomenon in
business sectors. Some of these focus on purchasing from on-line stores on the
Internet. Since transactions go through the Internet and the Web, the terms
I-commerce (Internet commerce) and even Web-commerce have been suggested
but are now very rarely used.

These novel e-commerce characteristics changed the functioning of business
enterprises majority, even purchasing and selling habits, during the last decades.
To get much success in their business, enterprises are interested in ensuring
correctness and offer users expected performances and quality of service.

In this objective, our interest is focused on multiagent e-commerce systems,
and particularly, on modeling and analysis negotiation module.

3 Using CPNs to Model Negotiation in E-commerce
multi agent systems

Petri Nets (PN) and Colored Petri Nets (CPN) provide a framework for modeling
and analyzing distributed and concurrent systems.

3.1 CPNs

Definition : A CPN is defined by a 9-tuple (
∑

, P, T, A, N, C, G, E, I), where∑
a set of non-empty types (called Colored sets); P a set of Places; T a set of

Transitions; A a set of Arcs; N a node function; C a color function; G a guard
function; E an arc expression function; and I an initialization function.
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In contrast to ordinary PNs, CPNs have data associated with tokens. A token
color is a schema or specification. Places in CPNs contain multi-sets of tokens.
Arcs exiting and entering a place can have an associated constraint function to
determine which multi-set elements are to be removed or held. Transitions of
CPNs are associated with guard functions enforcing constraints on tokens.

3.2 Negotiation protocol description

An e-commerce MAS is a MAS that connects multiple sellers and buyers agents
on a single electronic marketplace called E-marketplace, where many interactions
take place [20]. Agents involved are cognitive agents, able to communicate inten-
tionally. Contract Net creates a means for contracting as well as subcontracting
tasks (or jobs), in this sense Initiators are managers and Participants are con-
tractors. An Initiator could be an agent willing to buy some good or wanting to
sell the right to supply some good. Participants, in each case, would be agents
wanting to sell the good or willing to buy the right to supply the good. The
Interaction Protocol is composed of a sequence of four main steps, illustrated
by the sequence diagrams shown in figure 1. The agents must go through the
following loop of steps to negotiate each contract.

1. The Initiator announces a ”call for proposal” (CFP).
2. Participant Agents who receive the announcement can answer by either a

Proposal, a reject or an not understood response, indicating they did not
understand the announcement.

3. Initiator receives and evaluates proposals, sends an Contract to participant
agents whose proposals are accepted Refuse to other agents.

4. At the end of interaction, the participant sends to the buyer agent, an Inform
message to confirm the action achieving, or a failure message in a failure case.

3.3 CPN Modeling

We begin modeling by defining main parameters characterizing our CPN model:
the structural representation and tokens coloration. We present a model of the
protocol in CPN Tools [21].

Structural representation In our modeling, we consider:

– Places represent agents states (before and after sending or receiving opera-
tions).

– Transitions model sending and receiving actions or some processing actions.
– Tokens express the different agents and the various exchanged messages.
– Incoming arcs labels specify data required for firing the associated transition.
– Outgoing arcs labels specify data produced by a firing.
– Italic symbols above places (i.e.AGT,MES, etc) indicate the color (or type)

of tokens in these places.
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Fig. 1. Fipa Contract-Net Sequence Diagram

Token Coloration To differentiate tokens, we use color sets: we associate with
each place the set of colors tokens that can mark it, and with each transition
the color sets for which it is fired. Figure 2, taken directly from CPN Tools,
shows the declarations for the CPN model of the Contract Net Protocol. These
definitions give us the following declarations:

– The constant n (integer) defines the number of agents in the system.

– The constants reject, notund, proposal, cfp, rej prop, contract, failure and
done represent the different answers which circulate between the agents.

– The colour set AGT defines the set of agents such as AGT = a1, a2, · · · , an.
where the initiator i and the participant p are two different agents.

– The colour set MES (MESsage) defines one part of the messages communi-
cated. Each agent is allowed to make a CFP, by sending a message to all the
other agents. In this work we are not interested in the content of the mes-
sage but only in the header information, which describes the sender and the
receiver. Thus we have the following set of messages: MES = {(i, p) | i, p ∈
AGT∧i 6= p}. When an initiator i makes a CFP, it must send a message to all
other agents, i.e., the following messages: Mes(i) =

∑
{p∈AGT−{i}} 1‘(i, p).

where the summation indicates that we form a multi-set, with n − 1 ele-
ments, by adding the multi-sets 1‘(i, p)AGT − i , each of which contains
a single element. The resulting multi-set contains one appearance of each
message which has i as sender.
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Fig. 2. CPN model declarations

– The colour set RES (RESponse) defines the second part of the messages
communicated. In addition to the sender and the receiver, such messages
contain, the answer to the request which is codified by an integer.

– The random functions: ResCFP (Response CFP), ResPro (Response Pro-
posal) and ResPer (Response Performing), allow to calculate the various
answers of the agents

– e is an uncoloured token used to ensure synchronisation.

Negotiation model Initially all agents are Inactive and all messages are Un-
used. This is indicated by the initialization expressions AGT.all() generates the
multi-set which contains exactly one appearance of each colour in the colour set
AGT . Analogously, MES.all() generates the multi-set which contains exactly
one appearance of each colour in the colour set MES (figure 3). When an agent,
i, decides to send CFP its state changes from Inactive to Waiting, while the
state of its messages Mes(i) changes from Unused to Sent. Now the agent has
to wait until all other agents have acknowledged the CFP. When one of these
other agents, p, receives a message, can answer by either a proposal (via the
transition Send Proposal.), a reject (via the transition Send Reject), or an not
understood response (via the transition Send Notund), indicating they did not
understand the call. The initiator i receives and evaluates proposals and sends
an Accept to seller agents whose proposals are accepted (through the transition
Send Contract) and a Refuse to other agents (via the transition Send Refuse).
At the end of interaction, the participant agent sends to the initiator, an Inform
message to confirm the action achieving, or a failure message in a failure case.
When all the messages Mes(i), which were sent by the initiator i, have been
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Fig. 3. CPN model for Fipa Contract-Net Protocol

Acknowledged, the the initiator i may receive all Acknowledgments (Ack) and
its state changes from Waiting back to Inactive, while the state of its messages
Mes(i) changes from Acknowledged back to Unused. To ensure consistency be-
tween the different CFPs a simple synchronisation scheme only allows one CFP
at a time. In other words, when an agent has initiated a CFP, this has to be
processed by all the agents before another CFP can be initiated. This mutual
exclusion is guaranteed by the place Passive (which is marked when the system
is passive), initially Passive contains a single e− token.

4 State Space Analysis Results

The state space analysis results are presented in figure4. It shows the properties
of the state space as a result of varying the parameter n from 3 to 5.
• Boundedness: The generated reports show that all places are bounded. As
can be seen, this limit is equal to n ∗ (n− 1) for all the cases considered, which
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Properties/n 3 4 5

State Space Nodes 99 5954 39618

State Space Arcs 150 15129 75418

Time (hh:mm:ss) 00:00:00 00:00:05 00:07:02

Scc Graph Nodes 1 1 1

Scc Graph Arcs 0 0 0

Dead Markings None None None

Home Markings All All All

Live Transition Instances All All All

Best Upper Bounds 6 12 20

Fig. 4. State space analysis results

represents the generated messages for n agents. This can be explained by the
fact that the number of requests and messages generated by agents are processed
consistently.
• Liveness and dead marking: The generated reports (shown in Figure 5)
show that the system is live and there is no dead marking and all transitions
are live. This means that all the specified actions are executed, also at any time
agents can return to their initial state as all states are home states.

Fig. 5. Generated report
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5 Conclusion and future works

Negotiation Protocols are basis of automated negotiation which can carry out in
an open system between agents come from different organizations if they follow
the specifications. In this paper, we have presented a colored PN model for
negotiation protocol in MAS using FIPA Contract Net Protocol. The long-term
goal is to allow analyze such systems, to ensure correctness and performances
expected by users.

Multi-agent systems on Internet, is a topic of research in such diverse areas
as marketing, e-commerce, artificial intelligence or computer and operational
research. The high complexity of these systems forces designers to use formal
methodologies associated with automated tools to analyse their behavior.

We are interested in our future work to analyze a large-scale multi-agent sys-
tems. We plan also to analyze other e-commerce systems such as auction systems,
which are more elaborated and complex than market place that we modeled and
extend our modeling and analysis by introducing the temporal dimension for
being able to perform a quantitative analysis and compute e-commerce system
performances(average waiting time, average connection number, etc).
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