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Abstract. The paper attempts to survey the existing research and develop-
ment efforts involving the use of mobile agents and intelligent agents for ad-
vanced e-commerce solutions. In particular it aims at providing a representative
view of the current research trends in developing intelligent and mobile agent-
mediated e-commerce including location-aware, mobile and networked com-
parison-shopping, auction bidding and contract negotiation. A number of se-
lected agent systems are presented with short overviews and then discussed in
the context of agent-mediated e-commerce including the scope and specific so-
lutions they address, provided support for agents’ migration and users’ mobil-
ity, and deployment approaches. Finally, a summary of the considered systems
is presented together with some concluding remarks including the current state
and trends in developing mobile and intelligent agents in advanced agent-
mediated e-commerce.

1  Introduction

Future global information networks are often described as rich collaborative environ-
ments in which intelligent automated services (such as advertising, negotiation, finan-
cial transactions, order placement and delivery) enable enterprises to dynamically dis-
cover, interact and do business with each other. To be competitive in the new “e -
economy” it is vital that researchers and industry alike are able to exploit emerging
technologies that will form the basis of tomorrow’s global information networks and
act as the worldwide infrastructure for automated commerce. There are clearly many
challenges in realizing such environments and today’s technology already provides
many of the tools for creating such dynamic service environments:

» Agent technology as a paradigm for structuring, designing and building systems
that require complex interactions between autonomous distributed components.
The Foundation for Intelligent Physical Agents, FIPA (www.fipa.org), is the lead-
ing international organization in research and development of standards for inter-
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active software systems based on the agent-oriented software engineering para-
digm.

* Novel business-to-business (B2B) technologies such as market places, smart di-
rectories (Universal Description, Discovery and Integration - UDDI), trading stan-
dards (electronic business eXtensible Markup Language - ebXML), novel interac-
tion paradigms (such as peer-to-peer) and web based integration (e.g., Simple Open
Access Protocol - SOAP).

* New web and semantic web standards such as eXtensible Markup Language
(XML), that enrich the semantic content of information published and form the ba-
sis of new interoperability mechanisms.

Following the web-centric paradigm shift [Ulieru, et.al. 2002] enabling the sharing
of information, services and applications among suppliers, employees, partners and
customers, an international effort referred to as the Global Dynamic Service Envi-
ronment (Global DSE), is being conducted to provide an integrated information
framework for inter-enterprise collaboration. This framework creates an environment
by which enterprises can deploy and exchange services as well as create new, com-
pound services. The value of this web-enabling environment extends across many
domains, encompassing e-Business and e-Commerce; Internet-enabled services to so-
ciety (such as e-Health [Ulieru and Geras 2002], e-Education, e-Collaboration);
global communications; distributed manufacturing automation and robotics.

The Global DSE approach is to build upon the FIPA Agent standard as the under-
lying model for services — identifying the concept of a dynamic service with that of an
agent as an autonomous system, capable of interacting with other agents in order to
satisfy its design objectives. Other technologies then build on top of or into the agent
framework to provide a rich/flexible environment. Although the technologies in-
volved are mature enough to create and use an initial functional test bed and begin
exploiting some of its benefits, extensive research is required to address the issues
related to dynamic service composition. Such issues include: architectural require-
ments for interactive software systems, ontologies for multi-agent systems, security
norms for multi-agent collaborative environments, market and other economic models
in agent-systems engineering, gateways technologies for telecommunications net-
works, and coalition formation in multi-agent enabled organizations.

Electronic commerce offers new channels and business models for buyers and
sellers to effectively and efficiently trade goods and services over the Internet. Agent-
mediated e-commerce is concerned with providing agent-based solutions for different
stages of trading processes in e-commerce including need identification, product bro-
kering, merchant brokering, contract negotiation and agreement, payment and deliv-
ery, and service and evaluation (e.g. [Bailey and Bakos, 1997], [Chavez et al, 1997],
[Guttman and Maes, 1998], [Gutman et al, 1998]). As the market quickly evolves,
new advanced dynamic e-commerce (called also negotiated e-commerce or e-
negotiation) solutions emerge to enable mapping more sophisticated and efficient ne-
gotiation models in business transactions to e-commerce, in particular in the contract
negotiation and agreement stage of the trading process. It involves the development of
e-commerce agents with more intelligent decision-making and learning capabilities in
the context of automated contracting that can include comparison shopping, bidding
in auctions and contract negotiations. At the same time the e-commerce environment



also becomes more complex and dynamic due to the business trends to trade in sev-
eral inter-connected marketplaces and use new wireless communication channels and
portable computing devices (e.g. PDAs, mobile phones) in emerging location-aware
mobile e-commerce (m-commerce). Here the mobility aspects of agent technology are
predicted to play a significant enabling role.

The creation of the DSE involves a whole range of technologies ranging from
emerging business-to-business facilitators to web standards and Agent and Artificial
Intelligence technologies. In particular however the Global DSE uses the Foundation
for Intelligent Physical Agents (FIPA) standard as the basis for intelligent
interoperability in the network. Other technologies are then considered to augment
this.

The growing number of research efforts in the areas of mobile e-commerce agents
(e.g. [Kotz and Gray, 1999], [Papaioannou, 2000]) and agent-mediated e-commerce
(e.g. [Bailey and Bakos, 1997], [Chavez et al, 1997], [Faratin et al, 1999], [Guttman
and Maes, 1998], [Gutman et al, 1998], [Kowalczyk and Bui, 2000], [Lomuscio et al,
2000], [Maes et al, 1999], [Sandholm and Lesser, 1995] testify the potential benefits
of integrating mobile agents in more advanced e-commerce applications. Some re-
search has also been directed towards the use of mobile agents in intelligent agent-
mediated e-commerce (e.g. [Dasgupta et al, 1999], [Griffel at al, 1997], [Sandholm,
2000], [Tu at al, 1999]).

The paper attempts to survey the existing research and development efforts in-
volving the use of mobile agents and intelligent agents for advanced e-commerce so-
lutions. It should be stressed that due to the practical and technical reasons the paper
is not intended to be an exhaustive survey of all related research in this area. However
it aims at providing a representative view of the current research trends in developing
intelligent and mobile agent-mediated e-commerce. Some stationary agent-agent-
mediated e-commerce systems are presented in Section 2. A number of selected intel-
ligent and mobile agent systems in agent-mediated e-commerce including location-
aware, mobile and networked comparison-shopping, auction bidding and contract ne-
gotiation are presented in section 3. They are discussed and summarized in Section 4
in the context of agent-mediated e-commerce including the scope and specific solu-
tion they address, provided support for agents’ migration and users’ mobility, and
used deployment approaches. Section 5 presents concluding remarks including sum-
mary of the current state and trends in research and development of integrated intelli-
gent mobile agents for advanced e-commerce.

2 Intelligent Agents in Dynamic E-commerce

There are many challenges in realizing the Global DSE. Highly interdisciplinary
research (e.g., industrial engineering and control systems, distributed artificial intelli-
gence and logic programming, information systems and communication technologies)
is required to develop and implement dynamic services for a Networked Economy.
The Agent paradigm for structuring, designing, and building software systems that
have complex interactions among autonomous distributed components has proven to
be an excellent tool for modeling large-scale distributed information environments
(e.g., factory control and global supply chain coordination).



To enable the deployment of dynamic e-Commerce environments the European
and the US Agentcities initiatives (www.agentcities.org), combined with international
initiatives in FIPA (www.fipa.org), aim to create a global open information-exchange
environment where dynamic services from geographically distributed organizations
can be deployed, tested, interconnected and composed. Examples of such dynamic
services are: B2B (Business to Business) dynamic value chain creation; dynamic
pricing through trading exchange; automatic discovery of business partners; advertis-
ing and marketing. At this time there are large-scale initiatives in Japan, Europe,
USA, Australia and New Zealand. In particular, Europe has two major Projects in-
volving more than 50 organizations that already have been funded through the Euro-
pean Union’s Fifth Framework Program.

Research on intelligent agents for dynamic e-commerce has already resulted in a
number of interesting developments within the scope of agent-mediated e-commerce
in particular for contract negotiation and agreement (e.g. [Bailey and Bakos, 1997],
[Beam and Segev, 1997], [Gutman et al, 1998], [Maes et al, 1999], [Jennings et al,
2001]). A survey on agent-mediated e-commerce including well known early agent
systems for e-commerce developed prior to 1998 such as Kasbhah [Chavez et al, 1997]
and Téte-a-Téte [Guttman and Maes, 1998] was presented in [Beam and Segev, 1997]
and [Gutman et al, 1998 ]. For completeness, in this section we overview some se-
lected new systems that have been proposed or further advanced since the above sur-
vey was conducted. Latest results regarding the implementation of e-Commerce
strategies founded on the Global DSI infrastructure can be found in: [Sadeh et. Al,
2002] and [Dale and Ceccaroni, 2002]

AuctionBot [AuctionBot] is a well-known experimental Internet auction server
developed at the University of Michigan. Its users can create new auctions by choos-
ing from a selection of auction types and then specifying its parameters (such as
clearing times, method for resolving tie bids, and number of sellers permitted). Buyers
and sellers can then bid according to the auction’s multilateral distributive negotiation
protocols. In a typical scenario, a seller bids a reservation price after creating the auc-
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Fig. 1. Visualization of TAC games [TAC]
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Fig. 2. Bid evaluation in MAGNET

tion and lets AuctionBot manage and enforce buyer bidding according to the auction’s
protocols and parameters. AuctionBot also provides an application-programming in-
terface for users to create their own bidding agents to autonomously participate in the
AuctionBot auctions. In particular AuctionBot has successfully been used to host
Trading Agent Competitions [TAC] designed to promote, evaluate and showcase
trading agents competing in a challenging market game consisting of several simulta-
neous auctions. The TAC competitions have resulted in a number of interesting sys-
tems of bidding agents developed by different research groups (e.g. [Greenwald and
Boyan, 2001; Stone et al, 2001])

MAGNET (Multi AGent Negotiation Testbed) [MAGNET] is an experimental ar-
chitecture developed at University of Minnesota to provide support for complex agent
interactions, such as in automated multi-agent contracting, as well as other types of
negotiation protocols. Agents in MAGNET negotiate and monitor the execution of
contracts among multiple suppliers. A customer agent issues a Request for Quotes for
resources or services it requires. In response some supplier agents may offer to pro-
vide the requested resources or services, for specified prices, over specified time peri-
ods. Once the customer agent receives bids, it evaluates them based on cost, risk, and
time constraints, and selects the optimal set of bids that can satisfy its goals. An ex-
ample of the bid evaluation screen shot is shown in Figure 2. Suppliers are then noti-
fied of their commitments, and the Execution Manager is called to oversee completion
of the plan. Plan maintenance includes re-negotiating existing commitments, re-
bidding portions of the plan and re-planning [Collins and Gini, 2000].

eNAs (e-Negotiation Agents) [Kowalczyk and Bui, 2000a] and FeNAs (Fuzzy
eNAs) [Kowalczyk, 2001] are prototypical intelligent trading agents developed at
CSIRO [ITA] to autonomously negotiate multiple terms of transactions in e-



Fig. 4. FeNA agent displaying propagation of fuzzy constraints during negotiation

commerce trading. The agents can engage in integrative negotiations in the presence
of limited common knowledge about other agents’ preferences, constraints and objec-
tives through an iterative exchange of multi-attribute offers and counter-offers.

Fuzzy eNAs can also flexibly negotiate with fuzzy CEE

constraints and preferences (see Figure 3). The
F/eNAs environment can consist of many autonomous
trading agents representing buyers and sellers that can
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engage in concurrent bi-lateral negotiations according
to a number of user-selected negotiation strategies.
The eNAs and FeNAs agents have been demonstrated
with a number of test-beds of e-commerce trading
[Kowalczyk and Bui, 2000a; Kowalczyk and Bui,
2000b].

Casba (Competitive Agents for Secure Business
Applications) [Casba] is an Esprit funded project to

develop a framework for an electronic marketplace
using multi-agent technology. Casbha aims at provid--
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Fig. 3. Casha Agent Interface



ing a set of tools for setting up, administering and managing an electronic agent mar-
ket on the Internet.

Several auction types are supported and automated using agent technology. The
libraries include flexible negotiation strategies that can be adapted to various product
categories. Casba’s toolset incorporates objects and interfaces for interacting with ex-
isting Web servers, database management systems and e-commerce platforms.

i i LAaakidid a MARI (Multi-Attribute Re-
P i il 3o “77. source Intermediaries) [MARI]
is a project initiated at MIT Me-

| dia Lab to develop an intermedi-

ary architecture intended as a

- - generalized platform for the

| specification and brokering of

heterogeneous goods and serv-

ices in e-commerce. It aims at

_____ allowing both buyers and sellers

to specify relative preferences

for the transaction partners and

different  product attributes.

Fig. 5. MARI Visualization MARI facilitates automation in

the brokering process with the agents acting as proxies for buyer/ seller interests. Fig-

ure 5 presents an example of MARI visualization of changing preferences during that
process.

It should be noted that there also are a growing number of other important on-
going research efforts that have already provided several significant contributions to
intelligent agents in e-commerce. For example AgentLinks’ SIG on Agent-Mediated
e-Commerce [AMEC] and ACM SIG on e-commerce [SIGecom], which bringing to-
gether active researchers and research groups from academia and industry working on
different aspects of intelligent negotiation agents, are good reference sites for the lat-
est developments in that dynamic R&D area.

3 The Mobility Aspect in Dynamic and Mobile E-commerce

Mobile agents have been recognized as a very prospective technology for both dy-
namic and mobile e-commerce applications (e.g. [Sandholm, 2000], [Griffel at al,
1997]) but the research in that area is still in very early stages. Although most of the
related research considers mobile communication and location-aware computing,
there is also growing research on deploying mobile and intelligent agents in advanced
e-commerce including location-aware, mobile and networked comparison shopping,
mobile auction bidding and mobile contract negotiation.

3.1 Location-aware shopping

Agora [Fonseca et al, 2001] is a project conducted at HP Labs to develop a test-
bed for applications of agent technology to a mobile shopping mall. A scenario in-
volves mobile shoppers with personal digital assistants (PDA) interacting with store
services while in the mall, on the way to the store, or in the store itself. Mall-wide
services, such as directories and locators are available through the PDA connected to



the wireless network that provides an URL-based ac-
cess to the virtual presence of the mall and its serv-
ices on the Web. Intelligent agents represent both
shoppers and the store, and participate in on-line
auctions to bid for desired products based on shop-

per’s preferences. A lightweight version of a scenario -
involving mall infrastructure agent, store agents, a
shopper personal assistant and bidding agent, and an |~ |
English auction agent has been implemented with a

multi-agent system Zeus from BT Labs [Zeus] and Fig. 6. Display of a mobile
additional Java-based support software. courier agent presenting

Impulse [Impulse] is an on-going research project Product options

at MIT Media Lab that explores a scenario in which

the buying and selling agents can run on wireless mobile devices and engage in multi-
parameter negotiation for comparison-shopping at the point of purchase. The buyer
agent resides on a PDA equipped with a GPS receiver and a wireless Internet connec-
tion that enables the URL access and communication with the seller (provider) agents
(see Figure 6). The agents have been implemented with a Java-based mobile agent
system called Hive [Taylor, 2000] also developed at MIT Media Lab.

3.2 Mobile Comparison Shopping

An agent-based framework for mobile commerce has been proposed by [Mi-
hailescu and Binder, 2001] (referred as MB later in this paper). It provides three types
of agents, i.e. device agents, service agents and courier agents. The device agent is a
stationary agent that resides on a mobile device and provides access to wireless serv-
ices such as a location-based comparison-shopping. The service agents are owned by
service providers and handle service requests from the users. They are heavy-
weighted mobile agents operating within the wired network. The courier agents are
single-hop light-weighted mobile agents that can migrate from a service agent to a
mobile device in order to establish communication with the user. Figure 7 shows a
display of a mobile courier agents presenting
product options available for the user. A test-bed
has been developed for a shopping center sce-
nario where consumers can access a web portal
wirelessly via their PDA devices for services
such as product location, product comparison and
store location with the envisaged possibility of
negotiation. The test-bed has been implemented
with the use of Java-based tools including Aglets
SDK for service agents and KVM SDK for the
device agent and courier agents.

3.3 Networked comparison shopping

MAgGNET (Mobile Agents for Networked
Electronic Trading) [MAgNET] is a mobile
agent-based system prototype developed at Uni-
versity of California with Java and IBM Aglets
SDK to enable buyers to comparison shop for

Fig. 7. Impulse displaying user’s
preferences
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Fig. 9. eAuctionHouse bidding agent

Fig. 8. MAgNET’s Cart view: The quotes brought back
by the shopping aglets [MAgNET]

3.4 Mobile Auction Bidding

eAuctionHouse [eAuctionSite] is
a prototype of the Internet auction
server developed as a component of
a dynamic e-commerce platform
eMediator [eMediator] at the Uni-
versity of Washington. It supports
combinatorial auctions with bidding
via quantity-price graphs through
the Web browsers (see Figure 9),
and use the integrated mobile agent
system called Nomad for automated
bidding and auction monitoring in
selected auctions [Sandholm, 2000].
Nomad is based on the Concordia
mobile agents system [Concordia]
and allows the users to generate
mobile agents within the eAuction-
House through the Web browser
and launch them onto the agent
dock within the eAuctionHouse site.
The agents can then be executed lo-
cally to actively participate in two
auction types on the user’s behalf



even when the user is disconnected from the network. In bidding the agents follow
game-theoretical dominant strategies based on the user’s reservation price (English
auctions) and number of bidders (single-item, single-unit, sealed-bid first-price auc-
tions).

BiddingBot [Fukuta el al, &il& & i sovin -
2001] is a multi-agent system & © & % oo % & o= o 0 =2
developed at Nagoya Institute —  F#e@m @ 88 o ems e mmnnnns Lr e
of Technology, which can =
support attending, monitoring,
and bidding in multiple auc- -l;—ﬂ o
tion sites. It consists of sev- - -
eral  cooperative  bidding

agents that have been imple- E ﬂ

e

mented with a mobile Java-

based agent framework called =

MiLog [Fukuta el al, 2001]. In

BiddingBot, multiple bidding =&

agen.ts can aFtend different Fig. 10. An example of BiddingBot

auctions and bid on behalf of

users simultaneously in order to obtain the items at the best price. BiddingBot’s bid-
ding agents can bid according to autonomous and coordinated bidding mechanisms
designed for the agents. Figure 10 shows an example of the user interface of Bid-
dingBot

3.5 Mobile contract negotiation

Electronic contract negotiation has been investigated as an application niche for
mobile agents by [Griffel at al, 1997] in the scope of the OSM project [OSM] at Uni-
versity of Hamburg. In particular, a mechanism for contract document circulation has
been developed to support the contracting parties engaged in the electronic contract
negotiation with contract documents represented as mobile objects. More specifically,
mobile agents are used to circulate the contract data objects between the negotiating
participants who can review and alter the contract terms. A contract-carrying agent
can also have a responsibility and a role for dealing with the contract while avoiding
explicit locking mechanisms. An experimental prototype of a mobile agent system has
been built to allow the users to get involved in the contract negotiation process
through their Web browsers.

DynamiCS [DynamiCS] is an actor-based framework for mobile negotiation
agents proposed by the same group at University of Hamburg [Tu et al, 2000]. It in-
volves integration of intelligent decision-making capabilities into mobile agents based
on plug-in mechanisms enabling dynamic composition of mobile negotiation agents
[Tu et al, 1999]. In particular the DynamiCS framework aims at providing flexibility
in integrating negotiation strategies into mobile agents dynamically. It also uses rule
management mechanisms to manage actors and coordinate plug-ins’ mobility. Dy-
namiCS has been implemented with Java using VVoyager system [Voyager] as the ba-
sic mechanism for distribution and mobility.

InterMarket [InterMarket] is a research project proposed to develop an Intelligent
Mobile e-Marketplace System at Intershop Research and Fredrich Schiller University



based on a mobile agent system

Networked Wireless - )
e-commerce m-commerce Trac_y [Tracy]. It aims at enabling
mobile access and automated
trading in e-marketplaces based
2 K_?s@b?h on integration of mobile agents
% TR and intelligent decision-making
> MAGNET Agora agents offered as an add-on com-
§ FeNAs ponent to a commercial e-
= Casba marketplace platform. InterMar-
b} MARI ket proposes stationary (or net-
worked mobile) intelligent trad-
2 ing agents to automate the users’
o MAgNET Impulse decision-making and negotiation
Py eAuctionHouse MB tasks in e-marketplaces, and mo-
% BiddingBot InterMarket bile agents to support deploy-
S OSN_I ment of the trading agents and
DynamiCs provide mobile access and com-

munication to e-marketplaces
from mobile devices such as Per-
sonal Digital Assistants (PDA) or

Fig. 11. The extended scope of AMEC with mobile
agents and m-commerce

mobile phones.

4  Discussion

The systems presented in the previous section aim at providing new capabilities
for advanced e-commerce solutions with the use of the approach based on agent tech-
nology. The mobility factor adds several aspects to the scope of agent-mediated e-
commerce and specific solution they address, provided support for agents’ migration
and users’ mobility, and their implementation and deployment approaches that are
briefly discussed in the remainder of this section.

E-commerce solutions

The e-commerce application areas mobile agents considered in this paper include
comparison shopping, auction monitoring and bidding, and contract negotiation that
are common application areas in agent-mediated e-commerce. They extend however
the scope of the previous agent-mediated e-commerce applications to wireless m-
commerce (Agora, Impulse, MB, InterMarket) and mobile agent-mediated networked
e-commerce (MAgNET, eAuctionHouse, BiddingBot, OSM/DynamiCS). Figure 11
summarizes the extended scope of agent-mediated e-commerce with the agent sys-
tems considered in the paper including also stationary agents e-commerce systems
from section 2.

Agent support

The intelligent agents aim at providing automation support for decision-making
tasks in e-commerce. The mobile agents extend that support by allowing for partici-
pation in several marketplaces in networked e-commerce and enabling users’ mobility



and wireless participation. The agents’ mobility add ubiquity power to the participants
to the e-Commerce game. In particular it allows the agents to quicker respond to local
changes in marketplaces and make trading decisions faster than remote agents or hu-
man participants could. The agents can move across the network to reduce network
traffic and communication latency and can also perform their trading tasks when the
users are disconnected from the network. In addition some of them enable portable
devices that support users’ mobility, i.e. they allow the users to access, move and dis-
connect from the wireless network while the agents perform trading tasks on their be-
half. Figure 12 summarizes the scope of decision support and mobility in the consid-
ered agent systems.

Deployment approach

Most presented systems have been deployed with general-purpose mobile agent
systems that have been extended with decision-making (intelligent agent) capabilities.
Typically they have used commercial agent development tools such as Concordia in
eAuctioHouse, IBM Aglets in MB and MAgNET, and Voyager in OSM/Dyna-miCS.
Some systems have also used prototypical mobile agent systems such as Hive in Im-
pulse, Tracy in InterMarket and MiLog in BiddingBot. The use of third-party systems
provides specific mobility and communication capabilities, and permits implementa-
tion of some high-level application specific functions. The use of proprietary systems
typically allows for more flexible implementation at the expense of the development
costs. However in almost all cases an additional Java-based software component has
been required even when commercial tools have been used. Figure 13 summarizes the
used deployment tools.

Most efforts focus on developing intelligent trading agents to automate the users’
decision-making and negotiation tasks, and mobile agents to support deployment of
the trading agents and enable

agents’ mobility and users’
access from mobile de-
vices. However there is a
AMEC trade-off between deci-

Product and Merchant Bidding
Brokering Negotiation

sion-making  capabilities
> that make the agents
= IAgo:a Agora “heavy” and mobility of
g ml\rjluBse (Impulse) agents that requires the
- InterMarket InterMarket agents to be “light
3 weighted” due to the lim-

ited network bandwidth
- and device computational
8 MB eAuctionHouse resources. For example
g MAgNET BiddingBot eAuctionHouse  deploys
= InterMarket DynamiC$ mobile agents that are cre-
< InterMarket ated  within the e-
;8{ marketplace by the users

through the Web browser

Fig. 12. . Mobility/migration and decision support for participation in the
Fig. 13. Deployment tools used in agent-mediated e-commerce bidding processes on the



users’ behalf. InterMarket also deploys intelligent trading agents within the e-
marketplace with a mobile agent system, but it enables mobile access with the use of
mobile communication agents that can reside on the users’ personal computers and
mobile devices, and move to the e-marketplace to deliver the users’ instructions to the
trading agents. [MAgNET] integrates some decision-making capabilities into mobile
agents that allow the shopping agents to compare quotes from different seller sites
they can visit. DynamiCS proposes plug-in decision-making capabilities for mobile
agents that permit flexible change of the decision-making capabilities within the
agents keeping them reasonable small. To cope with the limited computational re-
sources of the mobile devices and wireless network bandwidth, some systems like
MB and InterMarket adopt “light weighted” mobile communication agents to deliver
instructions to “heavier” decision-making agents operating within the networked envi-
ronment.

Table 1 summarizes the intelligent mobile agent systems presented in this paper in
the context of the all aspects considered in the paper.

5 Conclusion

This paper presents a survey of the existing research and development efforts in-
volving the use of mobile agents and intelligent agents for advanced e-commerce so-
lutions. A number of the selected agent systems have been overviewed with an aim to
provide a representative view of the current research trends in developing intelligent
and mobile agent-mediated e-commerce including location-aware, mobile and net-
worked comparison shopping, auction bidding and contract negotiation.

In general the considered systems aim at providing new capabilities for advanced
e-commerce solutions with the use of an approach based on agent technology, in par-
ticular focusing on integration of the complementary capabilities of the intelligent and
mobile agents. The intelligent agents aim at providing automation support for deci-
sion-making tasks in e-commerce. The mobile agents extend that support by allowing
for participation in several marketplaces in networked e-commerce and enabling us-
ers” mobility and wireless participation. It extends the scope of the agent-mediated e-
commerce to wireless m-commerce and mobile agent-mediated networked e-
commerce.



Application areas Agent support Implementation

Networked Wireless Decision Mobility | Stationary [ Mobile
e-commerce | m-commerce Tasks and Agent Agent
Migration System System
Product and
Agora Comparison | Merchant Bro- User Zeus
shopping kering Java
Bidding
Product and
Impulse Comparison | Merchant Bro- User
shopping kering
(Negotiation)
Product and Aglets SDK
MB Comparison shopping Merchant Bro- User KVM SDK
kering Agents Java
(Negotiation)
Product and Aglets SDK
MAgNET Comparison Merchant Bro- | Agents Java
shopping kering
Auction Concordia
eAuctionHouse Bidding Bidding Agents Java
Auction
BiddingBot Bidding Bidding Agents MiLog
Contract Nego-
OSM Dynam- tiation Negotiation Agents Voyager
iCS
Product and Tracy
InterMarket Comparison shopping Merchant Bro- User KVM SDK
and negotiation kering Agents Java
Negotiation

Table 1. Summary of Intelligent Mobile Agent E-commerce Systems

In most cases a considerable software development effort was required to imple-
ment decision-making capabilities and support software enhancing the agent systems
used during the development. It is consistent with several views on the early stage of
maturity of agent development tools available today. Therefore there is still a need for
agent development tools that can support efficient deployment of both agents’ mobil-
ity and decision-making in e-commerce applications.

Recently a number of standards and technologies have emerged in relation to
electronic business-to-business trading processes. Dominant examples are ebXML,
RosettaNet, eCo and WFMC standards. They cover the interoperability spectrum
from the data exchange to business process collaboration, and are becoming widely
used as business process infrastructures. Agent technology can augment these existing
standards and frameworks to enable truly open and flexible trading processes with re-
duced negotiation and transaction costs. The end result of this fusion will be an intel-
ligent infrastructure for cross-organisational business processes that enables e-
Commerce service to interact dynamically to discover each-other to form new, com-
pound, more complex services.

The focus of our future research and collaboration with the Global Agentcities
Task Force will be to demonstrate the value added by agents in dynamic e-Commerce




by focusing on service level agreements and trading contracts. We thus hope to
stimulate work on agent-based prototypes which can demonstrate dynamic and open
trading processes.

References

[Advice] www.advice.iao.fhg.de

[AMEC] http://www.iiia.csic.essAMEC/

[AuctionBot] http://auction.eecs.umich.edu/

[Bailey and Bakos, 1997] J. Bailey and Y. Bakos. An Exploratory Study of the Emerging Role
of Electronic Intermediaries. International Journal of Electronic Commerce, vol. 1, no. 3,
Spring 1997.

[Baruceanu and Lo, 2000] M. Baruceanu and W. Lo. A multi-attribute utility theoretic archi-
tecture for electronic commerce. Proceedings of 4™ Int. Conf. On Autonomous Agents, Bar-
celona, Spain, pp. 239-247.

[BargainFinder] bf.cstar.ac. com/bf

[Beam and Segev, 1997] C. Beam and A. Segev. Automated Negotiations: A Survey of the
State of the Art. CMIT Working Paper 97-WP-1022. May, 1997,
http://haas.berkeley.edu/~citm/wp-1022.pdf

[Braun et al, 2001] P. Braun, J. Eismann, C. Erfurth, W. Rossak. Tracy - A Prototype of an Ar-
chitected Middleware to Support Mobile Agents. Proceedings of the 8th Annual IEEE Con-
ference and Workshop on the Engineering of Computer Based Systems (ECBS), Washing-
ton D.C. (USA), April 2001, pp. 255-260.

[Casba] http://www.casba-market.org/

[Chaves and Maes, 1996] A.Chavez, P. Maes. Kasbah: An Agent Marketplace for Buying and
Selling Goods, Proceedings of the First International Conference on the Practical Applica-
tion of Intelligent Agents and Multi-Agent Technology, London, UK, April 1996..

[Chavez et al, 1997] Chavez, A., Dreilinger, D., Guttman, R., and Maes, P. A real-life experi-
ment

in creating an agent marketplace. In Proceedings of the Second International Conference on the
Practical Application of Intelligent Agents and Multi-Agent Technology PAAM’97 (Lon-
don, U.K., Apr.). Practical Application Company, London, 1997.

[Collins and Gini, 2000] J. Collins and M. Gini, "Exploring decision processes in multi-agent
automated contracting”, Technical Report, TR 00-53, University of Minnesota, 2000. An
edited version appeared in IEEE Internet Computing, pp 61-72, March/April 2001.

[Concordia] http://www.meitca.com/HSL/Projects/Concordia/,
http://www.concordiaagents.com/

[Dale and Ceccaroni, 2002] J. Dale and Ceccaroni L. ‘Pizza and a Movie: A Case Study in Ad-
vanced Web-Services’, Proceedings of the First International Workshop on Agentcities —
Challenges in a Open Environment — AAMAS 2002, Bologna, Italy.

[Dasgupta et al, 1999] P. Dasgupta, N. Narasimhan, L. Moser, P.M. Melliar Smith, "MAgNET:
Mobile Agents for Networked Electronic Trading", IEEE transactions on Knowledge and
Data Engineering, Special Issue on Web Technologies, vol. 24, no. 6, July/August 1999, pp
509-525 [eAuctionSite] http://ecommerce.cs.wustl.edu/

[Erfurth et al, 2001] C. Erfurth, P. Braun, W. Rossak. Migration Intelligence for Mobile
Agents. Artificial Intelligence and the Simulation of Behaviour (AISB) Symposium on




Software mobility and adaptive behaviour. University of York, United Kingdom, 21st - 24th
March 2001. pp. 81-88

[Faratin et al, 1998] P. Faratin, C. Sierra, and N. Jennings. Negotiation decision functions for
autonomous agents. International Journal of Robotics and Autonomous Systems 24 (3-4),
pp. 159-182

[Faratin et al, 1999] P. Faratin, C. Sierra, N. Jennings and P. Buckle. Designing Flexible Auto-
mated Negotiators: Concessions, Trade-Offs and Issue Changes, 1999, Institut d'Investiga-
cio en Intelligencia Artificial Technical Report, RR-99-03

[Fonseca et al, 2001] FonsecaS., Griss M., Letsinger R. An Agent-Mediated E-Commerce En-
vironment for the Mobile Shopper. HP Technical Report HPL-2001-157, 2001.

[Foroughi, 1995] A. Foroughi. A Survey of the Use of Computer Support for Negotiation.
Journal of Applied Business Research, Spring 1995, 121-134.

[Fukuta el al, 2001] N. Fukuta, T. Ito, T. Ozono, and T. Shintani. A Framework for Cooperative
Mobile Agents and Its Case-Study on BiddingBot," In the Proceedings of the JSAI 2001 In-
ternational Workshop on Agent-based Approaches in Economic and Social Complex Sys-
tems (AESCS 2001), pp.91—98.

[Greenwald and Boyan, 2001] A. Greenwald and J. Boyan. Bid Determination in Simultaneous
Auctions-A Case Study. In the Proceedings of the Third ACM Conference on Electronic
Commerce., Tampa, October, 2001.

[Griffel at al, 1997] F. Griffel, M. Tuan, M. Munke, M. da Silva. Electronic contract negotia-
tion as an application niche for mobile agents. Proc. EDOC - International IEEE Workshop
on Enterprise Distributed Object Computing, Australia 1997.

[Gutman et al, 1998] R. H. Guttman, A. G. Moukas, and P. Maes. Agent-mediated Electronic
Commerce: A Survey. Knowledge Engineering Review, June 1998

[Guttman and Maes, 1998] Guttman, R., and Maes, P. Agent-mediated integrative negotiation
for retail electronic commerce. In Proceedings of the Workshop on Agent-Mediated Elec-
tronic Trading AMET’98 (Minneapolis, May 1998).

[Impulse] agents.www.media.mit.edu/groups/agents/projects/impulse

[ITA] http://www.cmis.csiro.au/aai/ITA.htm

[Jango] jango.excite.com

[Jennings] http://www.ecs.soton.ac.uk/~nrj/neg-arg.html

[Jennings et al, 2001] N. Jennings, P. Faratin, A. Lomuscio, S. Parson, C. Sierra and M.
Wooldridge. Automated Negotiation: Prospects, Methods and Challenges (to appear in
Journal of Group Decision and Negotiation)

[Keeney and Raiffa, 1976] R. Keeney and H. Raiffa. Decisions with Multiple Objectives: Pref-
erences and Value Trade-offs. John Willey and Sons, 1976.

[Kotz and Gray, 1999] D. Kotz and R. Gray. Mobile Agents and the Future of the Internet.
ACM Operating Systems Review, August 1999, pp. 7-13.

[Kowalczyk and Bui, 2000a] Kowalczyk R. and Bui V. On Constraint-based Reasoning in e-
Negotiation Agents. In F. Dignum and U. Cortés (Eds.) Agent Mediated Electronic Com-
merce |11, LNAI (2000), Springer-Verlag, pp. 31 - 46.

[Kowalczyk and Bui, 2000b] R. Kowalczyk, V. Bui (2000). On Fuzzy e-Negotiation Agents:
Autonomous negotiation with incomplete and imprecise information. DEXA Workshop on
e-Negotiation, UK, 2000.

[Kowalczyk, 2001] R. Kowalczyk. Fuzzy e-Negotiation Agents (to appear)

[Maes et al, 1999] P. Maes, R. Guttman and A. Moukas. Agents That Buy and Sell. Communi-
cations of the ACM, March 1999/Vol. 42, No. 3, pp. 81-91.



[MAgQNET] http://alpha.ece.ucsb.edu/~pdg/magnet/

[Milojicic, 1999] D. Milojicic. Trend Wars: Mobile agent applications. A review article in
IEEE Concurrency, July-September 1999, pp. 80-90.

[MAGNET] http://www.cs.umn.edu/Research/airvi/magnet/

[Mihailescu and Binder, 2001] Mihailescu P. and Binder W. A Mobile Agent Framework for
M-Commerce

[Lomuscio et al, 2000] A. Lomuscio, M. Wooldridge and N. Jennings. A classification scheme
for negotiation in electronic commerce. In F. Dignum and C. Sierra (Eds.). Agent-Mediated
Electronic Commerce: A European Perspective, Springer Verlag 2000, pp. 19-33.

[Oliveira and Rocha, 2000] E. Oliveira and A.-P. Rocha. Agents advanced features for negotia-
tion in electronic commerce and virtual organisation formation process.

[OSM]. http://osm-www.informatik.uni-hamburg.de/

[Papaioannou, 2000] T. Papaioannou. Mobile Information Agents for Cyberspace — State of the
Art and Visions. In Proc. of Cooperating Information Agents (Cl1A-2000)

[Rosenschein and Zlotkin, 1994] J. Rosenschein and G. Zlotkin. Rules of Encounter: Designing
Conventions for Automated Negotiation among Computers. MIT Press, 1994

[Sandholm and Lesser, 1995] T. Sandholm and V. Lesser. Issues of Automated Negotiation and
Electronic Commerce: Extending the Contract Net Framework. Proc. 1st International Con-
ference on Multiagent Systems (ICMAS’95), San Francisco, 1995

[Sandholm, 2000] T. Sandholm and Q. Huai. Nomad: Mobile Agent System for an Internet-
Based Auction House. IEEE Internet Computing, March-April 2000, pp. 80-86.

[SIGecom] http://www.acm.org/sigecom/

[Stone et al, 2001] P. Stone, M. Littman, S. Singh and M. Kearns. ATTac-2000: An adaptive
autonomous bidding agent. In the Proceedings of the Fifth International Conference on
Autonomous Agents (Agents-01).

[Sadeh, et.al., 2002] N. Sadeh, E. Chan and Van L. ‘Open-Agent Environment for Context-
Aware M-Commerce, Agentcities Workshop —at AAMAS 2002, Bologna, Italy, July 2002.

[TAC] http://auction2.eecs.umich.edu/

[Taylor, 2000] D. Taylor. Agents that move for things that think. IEEE Intelligent Systems,
March/April 2000, pp. 4-6.

[Tete-a-Tete] http://ecommerce.media.mit.edu/Tete-a-Tete/

[Tu et al, 1999] M. Tu, F. Griffel, W. Lamersdorf. Integration of Intelligent and Mobile Agents
for E-commerce — A Research Agenda. in: St. Kirn, M. Petsch. Workshop ‘Intelligente
Softwareagenten und betriebswirtschaftliche Anwendungsszenarien', TU limenau, FG Wirt-
schaftsinformatik 2, Arbeitsbericht

[Tu et al, 2000] M. Tu, C. Seebode, F. Griffel and W. Lamersdorf. DynamiCS: An Actor-based
Framework for Negotiating Mobile Agents.

[Ulieru, et.al. 2002] Mihaela Ulieru, Robert Brennan and Scott Walker, “The Holonic Enter-
prise — A Model for Internet-Enabled Global Supply Chain and Workflow Management”,
Int. Journal of Integrated Manufacturing Systems, No 13/8, 2002, ISSN 0957-6061.

[Ulieru and Geras 2002] Ulieru, M and Geras, A., Emergent Holarchies for e-Health Applica-
tions — A Case in Glaucoma Diagnosis, IECON 2002 — 28" Annula Conference of the IEEE
Industrial Electronics Society, November 5-8, 2002, Sevilla, Spain (accepted).

[Wurman et al, 1998] PR Wurman, WE Walsh, MP Wellman Flexible double auctions for
electronic commerce: Theory and implementation. Decision Support Systems 24:17-27,
1998.




[Zeus] Nwana Hyacinth, Divine Ndumu, et al., ZEUS: A Tool-Kit for Building Distributed
Mutli-Agent Systems, Applied Artificial Intelligence Journal, VVol. 13(1), 1999, 129-186



