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Abstract.  Agent technology is often claimed to be the most natural

approach for automating e-commerce business processes. Bwpite these
claims, up till now, the most successful e-commerce systemsare still

based on humans to make the most important decisions in various stages
of an e-commerce transaction. Consequently, it is dicultt o nd suc-

cessful actually implemented and working large-scale agen-based e-com-
merce applications to con rm agents superiority. Here, we d iscuss an ab-
stract e-commerce environment that allows agents of di ere nt types to

interact with each other and operate with an overarching goa | of support-

ing an e-commerce transaction. A prototype system that impl ements this
vision using JADE agent platform is also described. Finally , we report

on experiments with the implemented system skeleton.

1 Introduction

E-commerce involves complex processes with many facets, aming areas that
cover business modeling, information technology and sociaand legal aspects
(I9])- A recent survey ([8]) pointed out to useful applications of intelligent and
mobile agents in support of advanced e-commerce. The main msage perme-
ating his (and other) work is that agent technology is expecetd to bring e -
ciency to businesses and thus improve its pro tability (e.g. by improving the
rate of successful transactions from the total number of atempted transactions,
or by decreasing the total time required to complete a transation), but also to
bene t individual users (e.g. by assuring "price-optimality" of purchases or by
increasing customer satisfaction). However, taking into @count the high diver-
sity of e-commerce activities involving electronic paymets, business document



processing (orders, bills, requests for quotes, etc.), a@vtising, negotiation, user
mobility, delivery of goods, security etc., it is clear that a lot more work needs
to be done to achieve the vision of a global distributed e-comerce environment
supported by intelligent software agents. This claim is futher supported by the
fact that it is almost impossible to point out to an existing ( and used in day-
to-day operation) large-scale implementation of an e-comrarce agent system.
While a number of possible reasons for this situation have ben suggested (see,
for instance, [10]), one of them has been recently dispelledt was shown that
modern agent environments (e.g. JADE, [7]) can easily scal®o 1500 agents and
300000 messages ([3]). Since these results have been obtdliron a set of 8 anti-
quated Sun workstations, it is easy to extrapolate the true galability of JADE
on modern computers and thusit is possible to build and experiment with large-
scale agent systemsThis is the general direction of agent system development
that will be addressed in this paper. If mobile and intelligent software agents
are to become an important part of the e-commerce infrastruture, we have to
start implementing such systems that involve large number @ agents interacting
in a way that is to model realistic scenarios arising in an e-rarketplace. This
process has to have at least two goals in mind: (1) to focus onhe technical
aspects of the system, such as agent functionalities, theiinteractions and com-
munication, agent mobility etc., and (2) to focus on modeling the economical
processes occurring in an e-marketplace, such as: e ects pficing strategies, of
negotiation protocols and strategies, ow of commodities ¢c. The rst goal at-
tempts to address the problem of lack of large-scale agent syems implemented
using agent environments (we are aware of large bio-inspickagent simulations
written in C, but this is not what we are interested in). Witho ut being able to
show that it is actually possible to implement such systemsusing tools that are
apparently designed with this goal in mind, agent research Wi never be able to
reach beyond academia. The second goal points to a possiblgg@lication of the
system. While we do not try to convince anyone that as systemike ours will be
immediately usable in real-life e-commerce, we can point t@an interesting way to
utilize our system. This possible application is e-commere modeling. Due to the
agent exibility it will be relatively easy to experiment wi th the above described
as well as other factors appearing in various e-commerce staios. While both
of these developmental paths are very closely related to eamther in this paper
we are more concerned with the former.

In this broad context, our goal is to create a system with a mutitude of
agents that play variety of roles and interact with each-other in an abstract
e-commerce environment. Currently, we follow our earlier verk, where rst, we
have implemented a set of lightweight agents capable of addje behavior in con-
text of price negotiations (by dynamically loading appropriate software modules;
see [11] and work referenced there). Second, we have implembed a simplistic
skeleton for an e-commerce simulation ([2]). Third, we haveeombined these two
developmental threads into a uni ed e-commerce environmen[12]. One of the
important limitations of our work reported thus far was the f act that we have
experimented only with a very limited number artifacts populating our system



(products, negotiation mechanisms and strategies, agentsf various types, com-
puters). The aim of this paper is to report on the results of ou experiments
when the size of the system has been increased considerablly. the remaining
parts of this paper we, rst, present the top level description of the system. We
follow by a summary of the implementation-speci ¢ information as well as an
example illustrating its work in a larger-scale setting.

2 System Description

In our work we aim at implementing a multi-agent e-commerce gstem that
in a long run will help carrying out experiments with real-world e-commerce
scenarios. In this context, note the exploratory nature of aur work: the system
is based on an abstract e-commerce environment describingnaarti cial world
in which e-commerce agents perform variety of functions tyjcally involved in
e-commerce, rather than on a solution to a speci ¢ businessmpblem in terms of
a limited number of application-speci ¢ agents.

Our e-commerce model extends and builds on the e-commercergttures pre-
sented in [2] and [11]. Basically, our environment acts as aidtributed market-
place that hosts e-shops and allows e-clients to visit themad purchase products.
Clients have the option to negotiate with the shops, to bid for products and to
choose the shop from which to make a purchase. Conversely, s may be ap-
proached "instantly" by multiple clients and consequently, through negotiation
mechanisms (including auctions), have an option to choosehe buyer. At this
stage the system is under development and has a number of litaitions. (1) Only
four negotiation protocols have been implemented: FIPA Endish auction, FIPA
Dutch auction, iterative bargaining and xed price (also known as take-it-or-
leave-it). Note that the rst two are one-to-many negotiati ons while the last two
are one-to-one negotiations (see [1] for a discussion on howrious negotiation
mechanisms can be parameterized). (2) The two strategy modes are trivial and
are there only to show that such modules can be downloaded uporequest. (3)
We have only shops that are allowed to advertise commoditiegclients cannot
advertise products they are seeking). (4) While various stategies could be em-
ployed to decide where to buy from (e.g. the best price, the dast o er, the most
trusted o er, etc.), we are using only the best negotiated piice. (5) We have im-
plemented only single-item negotiations. In the case of mui-item negotiations
there exist a much large number of factors in uencing purchae decision. (6) Our
system can be (but is not) made adaptable through data mining(e.g. history of
buyer-seller interactions can lead to negotiation stratey adjustment). We plan
to address these serious restrictions in the near future.

Shops and clients can be created through a GUI interface thatinks users
(buyers and sellers) with their Personal Agents However, these agents are in
many ways spurious for the operation of our system (especiB in the context
of e-commerce modeling - goal (2) above). Furthermore, &ersonal Agentis
considered to be an envoy of the user that resides on her macte and represents
her interests in all aspects of e-life. Thus, in the context 6 our system its role



is "only" to create Client / Shopagents that will be a part of the e-commerce
system; and therefore thePersonal Agentis not further discussed. Note that it is
also possible to createClient and Shopagents via a command-line line interface.
This facility extremely is useful for preparing experiments via scripting programs.

The top level conceptual architecture of the system illustrating proposed
types of agents and their interactions in a particular con guration is shown in
Figure 1. Let us now describe each agent appearing in that gue and their
respective functionalities.
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Fig. 1. The abstract e-commerce environment (two-client; two-sho p version).

A Client agent (CA) is created by the Personal agentto act within the mar-
ketplace on behalf of a user that attempts to buy "something:' Similarly, a Shop
agent represents user who plans to sell "something" within the e-narketplace.
After being created both Shopand Client agents register with the CIC agent to
be able to operate within the marketplace. Returning agentswill receive their
existing IDs. In this way we provide support for the future goal of agent behav-
ior adaptability. Here, agents in the system are able to recgnize status of their
counterparts and di erentiate their behavior depending if this is a "returning"
or a "new" agent that they interact with.

There is only oneClient Information Center (CIC) agent in the system (in
the future we may need to address this potential bottleneck 3]). It is respon-
sible for storing, managing and providing information abou all "participants"
existing in the system. To be able to participate in the marketplace all Shop
and Client agents must register with the CIC agent, which stores information in
the Client Information Database (CICDB). The CICDB combines the function
of client registry, by storing information about and unique IDs for all users ard
of yellow pagesby storing information about of all shops known in the market-



place. ThusClient agents (new and returning) communicate with the CIC agent
to nd out which stores are available in the system at any given time. In this way

we are (i) following the general philosophy of agent system evelopment, where
each function is embodied in an agent and (ii) utilizing the publisher-subscriber
mechanism based on distributed object oriented systems. Fthermore, this ap-

proach provides us with a simple mechanism of correctly hanikhg the concurrent
accesses to a shared repository without having to deal withytpical problems of
mutual exclusion etc. Actually, all these problems are autanatically handled by

JADE's agent communication service.

A Client agent is created for each customer that is using the system. &h
Client agent creates an appropriate number of "slave" negotiationagents with
the "buyer role" ( Buyer agents hereafter). OneBuyer agent is created for each
store, within the marketplace, selling sought goods.

On the supply side, a singleShopagent is created for each merchant in the
system and it is responsible for creating a slave negotiatimagent with the "seller
role" (Seller agent hereafter) for each product sold by the merchant withih her
e-store.

Finally, Databaseagents are responsible for performing all database oper-
ations (updates and queries). For each database in the syste we create one
database agent (in the future we may need to address this podse bottleneck
[3]. In this way we decouple the actual database managementcéivities from the
rest of the system (i.e. the database management system caretmodi ed in any
way without a ecting the agent side of the system and vice-vasa). Currently,
there are two databases in the system: a singl€ICDB database (operated by
the CICDB agent containing the information about clients, shops and pod-
uct catalogues, and a singleShop Databasg ShopDB) operated by the ShopDB
agent storing information about sales and available suppks for each merchant
registered within the system.

The central part of the system operation is comprised by pri@ negotiations.
Buyer agents negotiate price with Seller agents For this purpose Buyer agents
migrate to the e-stores known by theCIC agent to carry sought after commodity.
In case of multiple Buyer agents attempting at purchasing the same item, they
may compete in an auction. Results of price negotiations aresend by the Shop
agent to the Client agent that decides where to attempt at making a purchase.
Note that the system is fully asynchronous and thus an attemp at making a
purchase does not have to result in a success as by the time tloeer is made other
Buyer agents may have already purchased the last available item.n this way we
proceed with an e-commerce model similar to the airline tickt reservation where
until an actual purchase is made item is reserved, but may nobe available at a
later time. Note that once the complete system is created, canging this policy
will require only a limited amount of work. Furthermore, it w ill be possible to
add di erent scenarios of completing negotiations to the sytem and build a
mega-system, where all of these strategies will exist togher. Ability to achieve
this goal by simply adding new agents with new behaviors illstrates the power
of agent-based system design.



3 Implementation and Experiments

3.1 System Implementation

The current implementation of the proposed environment hasbeen made within
the JADE 3.3 agent platform ([7]). The main reason for this sdection was the
fact that JADE is one of the best modern agent environments. ADE is open-
source, it is FIPA compliant and runs on a variety of operating systems including
Windows and Linux (and, as illustrated below, it is also poséble to run JADE in
a mixed environment). Furthermore, as reported above, in [3 we have observed
its very good scalability.

JADE provides a exible and con gurable architecture that m atches well
with our requirements. Negotiations betweenSeller and Buyer agents take place
in JADE containers. There is one Main container that hosts the CIC agent.
Users (customers and merchants) can create as many contaireethey need to
hold their Client and Shop agents (e.g. one container for each e-storeBuyer
agents created byClient agents use JADE mobile agent technology to migrate
to the Shopagent containers to engage in negotiations. In this contexta con-
tainer simulates a marketplace where variousSeller and Buyer agents meet and
negotiate. Moreover, all these containers linked via the agnt platform simulate
a bazaar lled with marketplaces lled with trading agents.

The current implementation is based on several Java classesrganized into
several categories. Each category is implemented as a sept& Java package.

{ Agent classes Classes of this package are used for describing various age
types used in the system. Each agent class incorporates a ssdt of agent
activity classes, also called behaviors. Behaviors are udeas an abstraction
that represents an atomic activity performed by an agent.

{ Database classesClasses of this package are used for describing agents that
are responsible for management of database connections.

{ Negotiation classes Classes of this package implement a simple framework
for describing various negotiation protocols. This frameverk uses the Initia-
tor and Participant roles, as de ned by the FIPA Contract Net Interaction
protocol ([5]).

{ Reasoning classesThese classes used for the implementation of the vari-
ous reasoning models employed by the negotiation agents; e¢l11] for more
details concerning model of negotiation agents. Our implerantation sup-
ports agents that dynamically load their negotiation proto cols and reasoning
modules. The implementation combines the Factory design piern ([4]) and
dynamical loading of Java classes ([11]).

{ Ontology classes These classes are necessary for implementing agent com-
munication semantics, using concepts and relations. Curnet implementation
uses an extremely simple ontology that de nes a single cong for describing
Client and Shoppreferences including prices, product names and negotiain
protocols.

{ Other classes This package contains various helper classes.



In our system, agent communication is implemented using FIR ACL mes-
sages [5]. We have used the following messages: SUBSCRIBEEQUEST,
INFORM, FAILURE, CFP, PROPOSE, ACCEPT-PROPOSAL, REJECT-
PROPOSAL, REFUSE. SUBSCRIBE messages are used by the Shop dn
Client agents to register with the CIC agent and for the Buyer agents to
register (to participate in auctions) with the Seller agent. REQUEST mes-
sages are used by Client agents to query the CIC agent about vé&t shops are
selling a speci ¢ product and for Client agents to ask the Shp agent for a
nal con rmation of a transaction. INFORM messages are usedas responses
to SUBSCRIBE or REQUEST messages. For example, after subsitying to
the CIC agent, a Client agent will get an INFORM message that mntains its
ID, or after requesting the names of the shops that sell a spéc product,
a Client agent will receive a list of the Shop agent IDs in an INNORM mes-
sage. Buyer agents are using FAILURE messages to inform the aster Client
agents about the unsuccessful result of an auction. FinallyCFP, PROPOSE,
ACCEPT-PROPOSAL, REJECT-PROPOSAL and REFUSE messages are
being used by negotiating agents.

3.2 Experiments

The system can be run in a simple setting for demonstration paposes by manu-
ally creating Shopand Client agents via the GUI, or directly from command-line
when a large number of agents, containers, products etc. isotbe created [6].

For the purpose of this paper we have utilized experiments isolving multiple
agents residing on multiple computers. First, Client agents resided on a single
computer and Buyers migrated to Shop agents residing on the remaining 19
machines. SecondClient agents resided on 4 computers, while the remaining
16 machines containedShop agents. Furthermore, to illustrate heterogeneity of
the environment in which our system can run, in both experimental settings the
Main container of the agent platform resided on a computer running Linux, while
the remaining 20 computers run Windows. In addition JADES Sni er agent also
was executed, on the Linux PC,. This agent is provided by JADEand its role
is to report on communications between agents in the systemiigure 2 presents
agent communication captured with help of this agent (note Linux environment).

In the experiment shown in Fig 2 every Shophad three di erent products.
Thus, at the beginning of an experimental run every Shopregistered with the
CIC agent, then created 3 Sellers (one Seller for each product). Seller agents
also registered with the CIC agent and then waited for the incoming Buyer(s).
Communication involved in these operations can be seen in i 2. There exist
two events which are necessary for to start negotiations: gpearance of at least
one Buyer and an interrupt caused by the timer (see Figure 3).

After creation, Client registered with the CIC agent. Upon user request,
it obtained list of Shops where product(s) of interest were sold and created
Buyer agents and sends them to the selecte&hops When Buyer arrived at the
marketplace it asked about current negotiation protocol, @mmunicated with
its Client and obtained a corresponding strategy module and waited forstart



Fig.2. The beginning of work of the system | registration with CIC an d CICDB
agents

Fig. 3. The beginning of work of the system | DOS window



of negotiations. After nishing negotiations, Seller informed Shop agent about
their results and Shop agent noti ed appropriate Client about successful result
of negotiations (see also Fig 2).

In the experiment represented in Fig 2 and Fig 3 we used three noducts,
which Client could buy. Thus, we had a total of more than 200 agents populdhg
the system. It should be pointed out that the most time-consuming operation
is system initialization (creation of containers). Howeve, since containers are
created once, they have only minimal impact on the operatios of the system.

We have run multiple experiments, changing the number of (a)containers,
(b) computers, (c) Clients, (d) Shops (e) negotiation protocols, (f) products
(g) mixture of Linux and Windows environments, etc. In each case experiments
run smoothly and supported our general claim that the propogd system, when
further developed can: (1) can be scaled to a truly large sizeand (2) be used
for e-commerce modeling.

4 Concluding Remarks

In this paper we have introduced an agent-based e-commercgstem that has ac-
tually been implemented and show to ful Il the basic promises of agent systems.
The most important of them were: (1) system scalability, (2) exibility, and (3)
heterogeneity. Obviously, the proposed system has a numbeof shortcomings
that we are aware o, and we will work vigorously to remove them and develop
and implement a truly comprehensive system. We will report o our progress in
subsequent reports.
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