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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. Furthermore, e-
commerce systems should ensure correctness properties and a given level
of quality of service that meets users expectancy. Therefore, we need to
analyze such systems before implementation. This paper presents a high
level Petri net modeling and analysis approach for e-commerce systems
based on multi-agent technologies.
Keywords: E-commerce, Modeling, Multi-agent system, Hierarchical
colored Petri net.

1 Introduction

Nowadays, traditional business trading has evolved to a more flexible technolog-
ical mean, relying on electronic exchanges between customers and sellers. This is
the essence of e-commerce systems, where a great number of participants com-
municate to achieve selling transactions. In such systems, main characteristics
are exponential growing of information, information transparency, information
overloading and different negotiation scenariis. To sustain these characteristics,
multi-agent systems have been proposed to design e-commerce systems, for their
ability to deal with complex properties.

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 prop-
erly 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 improve e-commerce services when used
in design and implementation of e-commerce platforms, however, companies en-
gaging 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
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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 chal-
lenges, or to improve solutions that are already in place. 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 using 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
deriving statistical results from interviews and questionnaires. In the context
of pure e-commerce systems analysis, most proposed works [12][13][14], relied
on simulations, testing and benchmarking to analyze e-commerce systems per-
formances . 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 eas-
ily 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, [15]and [16]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.

Our primary objective is define a new e-commerce MAS based on three agents
types, and to highlight the interest and principle of using PN in the context of
e-commerce analysis. Therefore, we propose, in this paper, a formal method-
ology for modeling and analysis e-commerce MAS, using high level Petri nets.
This methodology starts by distinguishing different agents interacting. Then, we
model the different agent interactions using hierarchical CPN and finally, we
check a number of qualitative properties.

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 hierarchical CPN concepts and details our methodology for modeling of
e-commerce multi-agent systems. In section IV we present our results and finally
section V, discusses the obtained results and presents future work.

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:
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• A communication language, like KQML (Knowledge Query Manipulation Lan-
guage) 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

According to Vladimir Zwass [17], electronic commerce is synonym of sharing
business information, maintaining business relationships and conducting busi-
ness transactions by means of telecommunications networks. With the dynamics
of Internet, electronic commerce has been re-defined[17]. The wide range of busi-
ness activities related to e-commerce brought a new terms to describe the In-
ternet 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 of such systems.

3 Using CPNs to Model 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.

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.

For our modeling, we choose to use hierarchical CPNs[18], which are CPNs,
where special transitions may represent sub-models given separately. Each sub-
model models a sub-component of the studied system. The interest in such CPNs
is to give a compact manageable not cumbersome global model. To go into
details, the special transitions are replaced by their corresponding sub-models.
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3.2 E-commerce MAS Modeling

E-commerce MAS description An e-commerce MAS is a MAS that con-
nects multiple sellers and buyers agents on a single electronic marketplace called
E-marketplace, where many interactions take place [19]. Agents involved are
cognitive agents, able to communicate intentionally:
• Buyer Agent (BA): The BA interfaces the customer with other agents in
the system: It connects to the system, understands the customer behavior, then
launches its requests. For that purpose, the agent allows the customer to send
his requests and see results after processing and filtering them. This agent is
seen as somehow the Front-office system.
• Seller Agent (SA): It models a merchant who has information that should
be offered or announced to buyers agents.
• Mall Agent (MA): It is responsible for responding to BA requests, receive
and record customer orders. The MA provides a list of BAs corresponding most
to the customer’s request, by comparing the customer’s request with product
features contained in the common database of the MA.

System environment: Our e-commerce MAS environment contains:
• The common compagny database (internal product database and catalog).
• The local databases of customers and sellers.

E-commerce MAS system organization When BA wants to find a product, it
sends a request to the MA, which responds by sending the corresponding sellers
agents list. The BA can then establish a process of direct negotiation with the
selected seller agents.

To distinguish between the different agents and the different exchanged mes-
sages (which vary depending on the purpose of agents communication), we choose
for Colored Petri nets to model the system described above.

CPN Modeling We model our e-commerce MAS with an hierarchically CPN
model, to get a compact view of the global system and model subcomponents
by separate sub-models for readability. So, we begin modeling by defining main
parameters characterizing our CPN model: the structural representation, tokens
coloration, the global model and its different sub-models.

Structural representation In our modeling, we consider:

– Places represent either agents states (before and after sending or receiving
operations), or resources (ie the database, the buyer agent cart,etc).

– 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.AGENT,INT, etc) indicate the color (or type)

of tokens in these places.
– The symbols IN/OUT indicate that the place is as an input or output port.
– The symbol Fusion in places indicates that marks in these places are merged.
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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.

– The color agent, noted AGENT contains information record about an agent:
1. The agent identifier denoted ID.
2. The agent state denoted STATE (Waiting, Ready, blocked).
3. The agent type denoted TYPE (Mall (M) Seller (S), Buyer (B)).
So, an AGENT color is defined by the triplet (ID, STATE, TYPE). An
example is (1, B, Ready).

– The color denoted by MSG contains information about exchanged messages:
1. The message sender and receiver represented by their identifiers,
2. The message type which may be a query response (Accept, Reject), an

offer, a contract or a call for Proposals.
Indeed, a MSG color is defined by the triplet (Rec, Sen, Type). As example
is (id1, id2, CFP).

The global model of an e-commerce MAS The global e-commerce MAS model
(top-level page of our model) is shown in figure 1. The overall CPNmodel consists
of sub-models refereing to: agents creation, registration of sales agents, product
research, negotiation, and purchasing. These sub-models are supervised by the
main model.

Fig. 1. The global model

Agent creation model When a client initiates the system to make a purchase,
the transition Connection( figure 2, left.) is fired, the place BA receives a new
color token, which involves the creation of BA. When SA offers a new products,
the place SA receives a new color token (SA creation).
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Products Registration model Figure 2, right, depicts the agent registration. The
registration of products, offered by the seller agent in the common database
(CDB), is represented by the transition Seller Inscription, which requires the
availability of seller and Mall agents. Products registration increases the SA
storage size.

Fig. 2. Agents creation (left) and Registration (right)

Products Search model We assume that communication between agents during
a product search conforms to the FIPA request protocol [20]. This protocol
allows an agent to ask another agent to perform an action. In our context, BA
asks the MA to do a search request. This query is modeled by the transition
Generate Query(figure 3). Then, the request will be sent to the Mall by the
transition Send Req. The availability of the common database is necessary to
search product. If the products exist, the MA returns a list of seller agents
Send Res adapted to the products.

Negotiation model E-commerce MAS are becoming more and more autonomous
to make decisions. They are based on the level cooperative protocol FIPA Contract

Net Interaction Protocol [21], which allows negotiation and decision-making
between two or more agents, each of which tries to achieve its objective. In our
case, the requesting agent is the BA, which negotiates for products based on
certain criteria, and the contractors are seller agents.

Consequently, we represent negotiation with the model of figure 4: So, the
places PP1, PP2, PP3, PP4, PP5, PP6, PP7 and PP8 model shared spaces
that describe the sending of messages. Whereas, all the places (SA, SA Wait,
BA, BA Wait) represent the BA and seller agents states:
• BA announces a ”call for proposal” on a seller agents network.
• Seller Agents who receive the announcement can answer by either an offer(via
the transition Send Proposal.), a reject(via the transition Send reject), or an
not understood response (via the transition Send notU ), indicating they did not
understand the announcement.
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Fig. 3. Research Products

• BA receives and evaluates proposals, sends an Accept to seller agents whose
proposals are accepted (hrough the transition send contract)and a Refuse to
other agents (via the transition Send Refuse).

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

Fig. 4. Negotiation model

Model of adding products to the cart The cart is the set of products selected by
the BA for possible order. Modeling the adding products to the cart gives the
model of figure5, left. Adding products to the cart depends on the negotiation
outcome saved in (Res nego) places: if the negotiation result is positive, BA
adds the product to the cart. Otherwise, there is no buying, leading to firing the
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transition NoPurchase. At the end of negotiation, the BA is activated (its state
becomes ready).

Purchase model The figure 5, right, shows the purchase model. After adding
products in the cart, BA can then validate the cart through the transition Val-
idate Cart leading to the purchase.

Fig. 5. Adding product (left) and Purchase model (right)

4 Experimental results

To experiment our models, we designed a website representing the main e-
commerce functionalities.

4.1 Editing models with the CPN TOOl

We use CPN Tools software [22], to create and analyze our models. and we con-
nect our MAS website with CPN tool using the library COMMS/CPN, developed
to enable communication between CPN Tools and Java applications

4.2 Analyzing models

• Boundedness: The generated reports show that all places are bounded (see
figure 6). 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 show a non-live model and
existing dead markings. After analysis, we found that blocking appears in two
cases: no proposal made by sellers or all proposals rejected by buyers. To address
this, we added the assumption that: at least one proposal is always accepted by
buyer agents. Therefore, we get the report of figure 6.
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Fig. 6. Boundeness(left) and Liveness (right) properties report

5 Conclusion and future works

In this paper, we have presented a first modeling proposal for e-commerce MAS,
using colored PNs. The long-term goal is to allow analyze such systems, to ensure
correctness and performances expected by users. The models were connected
with CPN Tools to visualize agents behavior and analyze the system.

Modeling e-commerce functionalities within the MAS field highlights the fact
that all underlying concepts make it a very rich behavioral approach. Moreover,
it provides e-commerce enterprises a new tool to analyze their systems.

However, still more research work is required in several directions. We target
mainly to extend our modeling and analysis by introducing the temporal dimen-
sion for being able to perform a quantitative analysis and compute e-commerce
system performances(average waiting time, average connection number, etc). 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.
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