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ABSTRACT

Software agent technology is dill an emerging technology, and as such, agent based software design is
still inits infancy. Software agents have just started to be used in the ecommerce domain, and they are
already beginning to crede aseries of new passibilities for this arena. Agents can be used to automate, as
well as to enhance many stages of the traditional consumer-buying behavior process This paper propcses
a software engineering approach to the design of agent mediated e-commerce systems, through the
definition of an odbject-oriented framework. The paper presents the underlying concepts, and the
architedure of the environment, showing how it al ows devel opers to customize virtual marketplaces, and
to define transaction categories on demand, incorporating many passble products and services that can be

traded online.
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1. INTRODUCTION

Software aent technology is darting to create aseries of new possibilities for the aea of electronic
commerce [Bradshaw 1997]. Agents can be used to automate, and enhance many stages of the traditional
consumer-buying behavior process Through the minimization o transadion costs, eimination o
geographic barriers and time isales, many new markets, not viable before, are now being created,
traditional markets are beaoming more dficient, and the role of the middeman has been changing

drasticdly [Guttman 1997.

This paper proposes a software engineering approadh to the design of agent mediated e-commerce
systems, through the definition and implementation of an object oriented (OO) framework. This
framework focus mainly on e-commerce aplications based on virtua marketplaces. A virtua
marketplaceis an Internet based system, in which software agents interact and negotiate, on behalf of
their respective users, to buy, sell or find specific goods and services [Leebaert 199§. In this type of

system, all users can be potential buyers, sellers or both, depending on their specific interests.

The main goa of V-Market is to facilitate the creation of this type of applications, as well as to make
them more robust and flexible. It is expected that this approach will grealy enhance the process of
experimentation, and reseach on the new possibilities brought about by software aents to the e

commerce gplication danain.

V-Market gives developers the ability to customize virtual marketplaaes, and define transadion caegories
on demand, incorporating many possgble products and services that can be traded online. Its users can
create new transaction types and items based onindividua needs, defining customized software agents
adapted to the new products and offered services. Software ajents in V-Market pro-adively broker and
negotiate with interested buyers and sellers represented by their respective agents. They can be created
with any set of desired behaviors, thereby enabling the cnsumer to have avirtual presence in the
marketplaceto further his or her interest, while freeing the consumer from constant monitoring of market

progress

The next sections of this paper are organized as follows: Section 2 dfines oftware agents through the



presentation of their properties; Section 3describes the concepts underlying agent-mediated e-commerce,
and also describes related systems which have been studied for the definition d V-Market; Sedion 4
presents the OO framework, highlighting its design and implementation issues; finally, section 5presents

our conclusions and future research drections.

2. SOFTWARE AGENTS

A software ggent is neither a new concept nor a well-defined one. Althowgh not clearly defined, agents
have been used for quite some time in many different fields of computer science, and depending on the
field of study, its definition may vary. For the purpases of this work, an agent is defined as a piece of
software (not dependent on its implementation language) used to automate specific tasks [Bradshaw
1997). This piece of software dso needs to be proactive, to be apable of personalization, and to have a
certain level of autonamy. Other features, such as mobility and collaboration, might be desirable for some

applications, but are not considered as prerequisites for this definition.

» Personalization: The ability of the agent to be austomized through information provided, explicitly or
implicitly, by its user. Examples of such persondization are different parameters or domain

restrictions for a search agent, or a maximum price and a negotiation strategy for a shopping agent.

» Proactive: Agents sould na simply ad in response to externa events. An agent should have amain

goal, and shoud take the initiative, whenever necessary, to accomplish its goal.

e Autonamous or semi-autonamous: An autonamous agent has the aility to complete its tasks without
the intervention of its users, which means that agents should have a onsiderable degree of control

over itsown actions.

Although concepts such as intelligence, adaptability, mobility and cooperation are, many times, closely
related to agents, we do ot consider them prerequisites for defining an agent, but orthogonal concepts of
the agent definition. These concepts are going to be seen as desirable fedures depending uponthe task to

be performed by the agent.



Intelli gent/adaptive: An agent’s intelligence is directly related to its developer’s ability to define its
behavior. Therefore, this property is quite subjedive, and most of the researchers prefer to call them
semi-intelligence. There ae two schools of thought on the development of the so called “smart” or
“semi-intelligent agents’: One is in favor of the aeation of a complex set of predefined rules that
defines the agent’s behavior (specialist systems like). The other favors a simpler set of rulesin which
agents are capable of analyzing their actions and their surrounding environment as a way of

“learning” how to be more dficient. Thisis sometimes identified as the aility to be adaptive.

Mobile: Agents can be dassified as mobile or non-mobil e (sometimes referred as anchored agents).
Non-mobhile agents reside dther in aclient or in a server madine, and do al their work on either one
or the other. A mobile aent, on the other hand, hes the aility to “navigate” through servers

collecting information or performing other small actionsin order to complete its task.

Cooperativelinteractive: Agents can act ontheir own, a can cooperate and interact with others agents
to complete their tasks. Buying agents can interact with selling agentsto try to close adeal (likein V-
Market and Kasbah [Chavez et al. 199%; Guttman et al. 198; Guttman 199]). Alternatively, agents
can exchange information about their respective users in order to complete their tasks in
recommendation systems (such as Firefly [Firefly Inc. 1994). Although there is no standard language
or interfacefor this type of agents interaction, some agent based languages and grotocols have been
propcsed, such as KQML (Knowledge Query Manipulation Language) [Finin et al. 1997] and
Ontolingua [Gruber 1992]. These languages have been designed to allow heterogeneous agents and

systemsto cooperate in their tasks.

The above properties provide acommon groundfor understanding what agents are like, and haw they can

automate aseries of tasks, such as those for seaching/filtering, buying and selling products over the

Internet. However, there are some other factors that make them a compelli ng concept, especialy for the e

commercedomain:

Information overload: Too much information available is nat useful for making dedsions if this

information cannot be filtered ontime. The time to absorb all the information avail able when making



dedsionsisvery scarce On the Internet, thereis a scarcity of demand, and rot of supply [Guttman et

al. 197).

* Information ignorance: Useful information relevant for making dedsions are quite often not used,

because the dedasion-maker is unaware of them.

* Closer to “perfed market”: In the digital world, transadions can occur independently of the physicd
location d the participating parties. In addition, other factors that influence the market, such as

transaction cost and duration of transaction, can be grealy reduced by automation.

3. AMEC: AGENT MEDIATED E-COMM ERCE

Given the exporential increase on information resources available on the Internet (World Wide Web),
software agents have been given a lot of attention lately. Agents have the distinguishing ability to
automate repetitive and time consuming tasks, including searching, buying and selling products over the
Internet. Most of the tasks involved in the consumer buying behavior process [Guttman et al. 1998;
Guttman et al. 1998, Moukas et al. 1998] can be aittomated. Stages, such as identification of needs,
product brokering, merchant brokering, and negotiation, can nowv be asisted or automated by many
different agent-based systems. Merchants are airrently struggling to explore new channels to negotiate
their products, looking for opportunities to maximize their profits and, a the same time, to satisfy
consumers. However, most of the electronic commerce stores available on the web today still take the
form of static “catalogs’ of products, in which customers select items manually, and purchase them
online. So far, this model has fallen short on redefining the marketplace[Guttman et al. 1998 Terpsidis et
al. 1997]. It is expected that software agents will turn existing markets into more dficient ones, and will

change the role of the middleman, and make many small niche markets viable [Chislenko 199§.
3.1 CONSUMER BJYING BEHAVIOR MODEL

The consumer-buying behavior model (CBB) [AMEC 1996 defines the decision processes which people
undergo when purchasing a product. Many different models try to capture this behavior through the

definition of a set of conseautive stages. They represent a simplificaion of a very complex behavior, in



which the stages are not discrete antities. Normally, stages can overlap, and even be @ncurrent and

iterative. However, even though limited and simplistic, these models provide an important tool to €licit

under which circumstances agent mediated electronic commerce systems apply to the consumer shopping

experience[Guttman et al. 1997].

Each of these models has its own characteristic and peauliarities, but they normally agree on a set of

fundamental stages to represent the ansumer buying process The stages defined by the CBB model are:

Nedls identification: Sometimes also called Problem Recognition, this dage represents the awareness

of the mnsumer’'s nedl.

Product brokering: In this dage, the consumer decides what to buy. He or she evaluates a series of

different products, and tries to identify which one would satisfy highers needs.

Merchant brokering: At this stage, the cnsumer already knows what he or she wants, and decides
whom to buwy the product from. The decision is based ona set of criteria, such as price warranty,

avail ability, reputation, and so on.

Negotiation: This stage determines how the transaction is going to occur. Many of the traditional
models do rot identify this stage explicitly, but the separation of this process into a new stage is very

useful for determining agents’ roles.

Purchase and cHlivery: This dage can sometimes signal the end of the negotiation stage. Things, such

as the payment processand delivery, occur here.

Product services and evaluation: This gage includes product services, customer services, and an

evaluation of the satisfaction with the product itself, and with the buying experience & awhole.
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1. need identification
2. product brokering X X X X
3. merchant brokering X X X X X X
4. negotiation X X X X

5. payment & delivery
6. service & evaluation

Table 1. Online shopping systems vs. CBB model.

Most of the agent systems available so far concentrate on automating or assisting mainly three stages:
Product brokering, Merchant brokering, and regotiation, as siown in Table 1. These systems generdly
focus on amly one of these stages, but it is becoming more common for systems to incorporate more than
one stage (such as Kashah [Chavez et al. 1999, T@T [Tete-a-Tete 1997]). This soond generation of
agents g/stems tries to resemble more dosely the rea buying experience, in which the stage transitions

are not completely discrete.
3.1.1 AGENT MEDIATED PRODUCT BROKERNG

As presented above, Product brokering is the stage in which the consumer decides what to buwy. There are
avariety of agent systems that assists consumers deciding how each product fits best his’hers needs, such
as Personalogic [Personalogic 1997], Firefly [Firefly Inc. 1996, and Tete-a-Tete (T@T) [Tete-a-Tete

1997.



There ae many possble approaches to accomplish this task. Personalogic [Personalogic 1997] is a tod
that allows customers to narrow down on products that best fit their needs by guiding them through a
large product feature space The system then filters out unwanted products within a given damain by
letting the austomers gecify constraints about the product’s features. Currently, Personalogic is offered
as a service from merchant to customers, but it can also be used to suggest products from different

vendas.

The approach for Product brokering used by Firefly [Firefly Inc. 1996 consists in filtering a product
based on“word of mouth”, instead of by constraints abou its features. It uses a recommendation engine
cdled automated collaborative filtering (ACM). ACM works comparing customers' product ratings. The
first step taken by ACM is to find users with similar tastes for a specific type of product. Then, Firefly
recommends new items, basef on ratings given by other users with simil ar tastes. This approach has been
used to recommend commodities, suci as bodks and music, in which there is a substantial subjective

factor in their description.

3.1.2 AGENT MEDIATED MERCHANT BROKERING

At this phase, the customer compares diff erent merchant aternatives for a specific product (chosen in the
previous dage). In this category, Andersen Consulting's BargainFinder was one of the first shopping
agents to look for merchants on a price basis. Given a specific product, BargainFinder queries its price

from several diff erent merchants using the HTTP protocol.

Anather system for merchant brokering is Jngo [Chavez et al. 1997]. It represents a more alvanced
version of BargainFinder that integrates both Product and Merchant brokering in a single stage. Users can
specify a series of constrains for specific features of a product category. Jango returns, then, product

offers from different merchants that match the established criteria

One last example of merchant brokering is Media-Lab’s Kasbah [Chavez 1994. Kasbah is a multi-agent
system for consumer to consumer electronic commerce Every user that wants to buy or sell an item
creates an agent with some strategic directions and sends it to a centralized virtual marketplace In this
marketplace agents interact with each ather trying to find potential buyers and sell ers for their respective
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produwcts. The goal of the agent is to make the best passble deal in accordance to a set of user specified

constraints.

3.1.3 AGENT MEDIATED NEGOTIATION

Negotiation is the processof determining the terms of a transaction (e.g. price). The main advantage of
dynamicdly negotiating price for products or services is that the merchant is free from the burden of
predefining the value of the products/services. Rather than that, this responsibility is transferred to the

market itself. Therefore, limited resources tend to be allocated more fairly [AmMEC 1994.

One of the main problems with negotiation is that it often requires all parties to share the same physical
location, which is especialy true for most of the traditional auctions. In addition, regotiation can be too
complex or frustrating for the average wnsumer, since some negotiation protocols take place over an
extended period, eliminating its usefulnessto time-constrained users. Besides al that, transaction costsin

negotiations may be too Hgh for either the ansumers or the merchants most of the time.

However, fortunately most of the issues and li mitations described above disappear in the digital world.
Things, such as geographica location, are not that important anymore in this new paradigm. Agents
systems can assist the customers on the negotiation terms, and onthe process of a transaction, making

them fast, easy, and extremely cheap.

Both AuctionBot from University of Michigan and E-bay [Ebay Inc. 1995 are Internet clasdfied auction
servers. Users can create online auctions to sell a desired item by spedfying some parameters. Examples
of parameters normally used include auction start and end times, minimum bid, and reserved price Once
the auctionis created, the seller’ s negotiation processis completely automated by the system, which uses

the auction protocol, and parameters chosen by its creator.

Kashah [Chavez et al. 1996 automates both the merchant brokering, and regotiation stages. The agents
created to buy and sell items under the virtual marketplace ae provided with dfferent parameters,
including negotiation strategies: Anxious, cod headed, and frugal (correspording to a linear, quadratic,
and exponential function for increasing/decreasing its bid for a product over time). Figure 1 illustrates

these parameters.
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Figure 1. Kashah's =lling agents control parameters.

3.2VIRTUAL MARKETPLACES

Derek Leebaert defined virtua marketplaces as follows. “The marketplace is the place of exchange
between buyers and sellers. Once one rode amule to get there; now one rides the Internet. An eectronic

marketplacecan span two rooms in the same building or two continents” [Leebaert 1998].

For the purposes of this work, this definition will be restricted a little further. From VMarket's
perspective, virtual marketplaces are Internet based systems that allow software agents to interact and
negotiate, on behalf of their respective users, to buy, sell, or find specific goods. However, these systems

must have some aditional fedures:

*  Customer to customer: All users can be potential buyers, sellers or both, depending on their specific
interests, which means it is a market for customers to customers, in which there are no predefined

product offer or merchant entities.

e Centralized: It is a semantically centralized system, which means that althouwgh the systems can be
internally distributed (run an more than ore madine), to the outside user, it is a unique centraized

marketplace in which all participants med to broker and negotiate their belongings.



This allows the use of a centralized hanogeneous ontology for the items being traded on the marketplace,
allowing more alvanced brokering and regotiating strategies that would nd be possble with a
heterogeneous ontology. Also, centralizing the marketplace #ows the eistence of a single
“owner/administrator” of the marketplace who is resporsible for specifying the rules that al users must
follow under the marketplace Things, such as the type of agents, negotiation strategies, and protocol, will
be dl standardized, greatly facilitating the integrity, and cortrol of the marketplace This alows the
underlying structure of the marketplaceto be more forgiven over integrity and seaurity isaies, and more

flexible, alowing high levels of customizations.

Kashah [Chavez et al. 1994 is a perfect example of a system based on a virtual marketplace. Its users go
to the marketplace (represented through a web site) to find, buy or sdll their items. This is done through
the creation of agents that can be seen as “smart ads’ that will not only broker correspording ads, but also

negotiate the item.

V-Market is an doject-oriented framework for the virtua marketplacedomain which follows the &ove
definitions. All systems instantiated by V-Market are semanticadly centralized, and there is no intrinsic
distinction between buwyers and sellers. One last restriction added is that al brokering and negotiation
process happens asynchronously, which means that users create their agents with their respective antrol
parameters and item description at a specific time and the brokering and negotiation process starts at that
moment, but continues over time, completely independent of the users presence not requiring any type

of real-time interaction.

4. V-MARKET: DESIGN AND IMPLEMENTATION

Based onathroughout study, and onan implementation d different agent mediated e-commerce systems,
specialy those previousy described [AMEC 1996 Chavez et al. 1996; Tete-a-Tete 1997], we have
developed an dbject-oriented framework for the development of applicaions based on virtual
marketplaces. It is intended to fadlitate the development of such applications, enabling its users to focus
on the higher level aspects of agent mediation. The framework has been developed using the modeling
approach proposed in [Fontoura 1999], in which the variation pants are explicitly represented in the

10



design dagrams.

The framework proposed is greatly inspired on Media Lab's Kasbah [Chavez et al. 196] and
concentrates mainly on the aility to creae gplications based onvirtual marketplaces, in which buying
and selling agents interad. Its implementation makes use of lower level agent services provided by some
of the agent toolkits mentioned earlier, and builds uponthese tools to create ahigher level design solution

for this gpedfic gplication damain. The gpli cations are created from V-Market through instantiation.

4.1 DESSGN MODEL

One of the most common roblems in framework design is to find a balance between generality and ease
of use. Normally, the more generic and flexible aframework is, the harder it is to use, and most of al, the
harder it is to build. After participating on the development of some ayent based e-commerce systems,
such as Kasbah [Chavez et al. 1994, Tete-a-tete [Tete-aTete 1997, and the AMEC infrastructure
[AmEC 1994, it was possible to identify some spedfic points in the design of these applications that are
critical to their flexibility. These specific variation points (or hot-spots [Fontoura 1999]) alow the
ingtantiation o a wide range of different applications without requiring any fundamental change in the

framework design.

V-Market alows the aedion of marketplace @plications, which are the framework instances. These
instances are aeated through the alaptation of each framework hot-spot. The most important hot-spots in

the V-Market architecture ae summarized below.

Multiple item support, and structured item ontology: One of the main problems facead with the arrent
implementation of Kasbah [Chavez et al. 1996] isthat it is completely tied to the two types of goods that
it now supports (books and CDs). To add a new type of product, it is necessary to make amajor change to
the system’s gructure. The current implementation of the buying and selling agents, and the persistence

scheme ae extremely tied to the specific description of eadh item.

V-Market addresses these isaues by alowing for new types of goods to be easily added to the virtual
marketplace In order to make it possible, the goods' definitions sould be generic enough to support not

only commodity type goods, such as bodks and CDs, but also intangible type of goods, such as
11



knowledge dou a specific subject, skills, or services. Also, a standard item description/structure must be

developed, so that agents do ot need to be redesigned for every new item added to the marketplace.

Eadh item in the framework must be dle to store and compare its attributes. Figure 2 illustrates this hot-
spot using the UML-extended design language proposed in [Fontoura 1999]. The keywords {variable,
dynamic} indicate hot-spot methods that may have implementation defined during runtime. In this case, it
means that methods write() and compare() have to be defined by the user that adapts V-Market, and that

this definition may take place during runtime.

Item

+write()
{variable, dynamic}
+compare()

{variable, dynamic}

Figure 2. Item hot-spat.

Multiple negotiation dimensions and strategies. Kasbah [Chavez et al. 199%] alows only one
negotiation dmension (price), and three negotiation strategies for this gecific dimension: Anxious,
greedy/frugal, cool-headed. These negotiation strategies are basically price decay functions over time in

the case of selling agent, or priceincrease functionsin the case of buying agents (Figure 1).

Although these negotiation strategies are quite simple, and donot necessarily obtain the best deals in a
given virtual marketplace they have been chosen because dter some experiments, it has been identified
that users normally do rot fully trust their agentsif they do na completely understand what their rationale

is. Therefore, these strategies have been simplified for the sake of user understanding and trust.

Once these trust barriers are overcome, it will be important to experiment with different and more
complex strategies. Some of them might even take market statistics to ogtimize eat deal. In order to
make it possible, the agent negotiation needs to be spedfied as a separate entity in the agent comporent,

making it easier to “plug” different negotiation strategies, even at runtime. This type of approac also

12



allows the creation o negotiation processes for systems that negotiate over more than ore dimension’, as

well asto create many diff erent strategies for them.

Multiple communication protocols: Kasbah [Chavez et al. 199%] agent communication protocol isfairly
simple. Both buying and selling agents can make buying or selling offers basically composed of a price
offer for a specific item and the answer for this offer. The answer can be of two types: Positive, in which
case the dedl is closed, a negative, in which case the ayents ke looking for other agents and adapting
their prices over time. This type of protocol is well suited for simple negotiation, tut for more than one
dimension and more complex strategies this protocol would probably not work, or at least it would be
very inefficient. It is desirable to support a scdable communicaion protocol, in which agents could
suppat more amplex protocols, and in which more daborated proposals and courter-propasal s would be

possible.

Figure 3 models the last two hot-spats, in which the doThing(), createProposal(), sendPropasal(),
processProposal(), and processAnswer() methods are used to define the communicaion protocol.
Whenever creding a propcsal, a negotiation strategy must be selected. All of them are marked as

dynamic, indicating that they may be instantiated during runtime.

! An example of two-dimension negotiation may be anegotiation involving price and quality of abodk, in a used
bodk marketplace

13



Agent

+doThing()
{variable, dynamic}

+creaeProposal () +Stra{teg¥2\bl 9
variable, static

NegotiationStrategy

{variable, dynamic}
+sendProposal ()
{variable, dynamic}
+processProposal ()

{variable, dynamic}

+processAnswer()

{variable, dynamic}

AN

BuyAgent Sell Agent

Figure 3. Negatiation strategies and communication protocols.

4.2 V-MARKET IMPLEMENTATION

Once the hot-spats have been precisely described in the design dagrams, they need to be implemented

using current OO technology. This subsection discussesthe V-Market implementation issues.

V-Market is composed of two main subsystems: a front-end and a badk-end. The front-end is nor really a
part of the aore framework (belongs to the goplications created from V-Market, and hes to be defined by
the framework user), but it is extremely necessary in order to allow the creation d a fully functional,
complete instance. This front-end is basicdly responsible for the user interface, which in the case of V-
Market’s current implementation is compased of a set of server-side scripts that dynamicdly generate V-

Market’ s web-site. This architectureisillustrated in Figure 4.

14
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\
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I
N
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\

THREAD Family 1:
Listen to client requests

Figure4. V-Market high-leve architedure.

The badk-end subsystem is a one hurdred percent Java program that can be @ther on the same or on a
separate machine & the front-end. The back-end is basically the virtual marketplace, and everything
within it. It uses two different database technologies for its persistence requirements (relational, to store

the item definitions, and oljed-oriented, to store the agents).

The front-end communicates with the Java bad-end through the use of a Java object (M essager) wrapped
into a COM object [Rogers 1997]. This COM object serves as a unique interface to the back-end that can
be aldressed from within the server side script's code (JavaScript). All requests made through this
messager object are forwarded to a proxy object that dispatches the messages to the V-Market appropriate

message hand er.

V-Market execution is highly concurrent, and it is compaosed of two famili es of execution threads. The

15



first family is dedicated to exeauting clients' requests. These threads li sten to messages sent by the front-
end, and dispatch them to their respective message handers that will then execute in individual threads.
The other family of threads is responsible for the mntinuaus execution d the marketplaceitself. These
threads are controlled by a @mncurrent agent scheduling processthat assigns a fair amourt of processing

time to each agent.

The item haot-spat is the most important one, and should be instantiated easily. The solution adopted to
implement it was based on meta-object protocols (MOPs) [Kiczdes 1991. MOPs allow meta-level
concepts to be dynamicdly defined in terms of base-level ones. Thus, the use of MOPs is a good

aternative for modeling variation pantsthat require runtime instantiation.

In this example, a MOP was developed to allow the runtime definition d new items. This lution is

shown in Figure 5, in which ore Itemis defined as alist of Metaltem objects.

Item Metaltem

+write() < >—— +writeAttribute()

+compare() +compareAttribute()
+addAttribute()

Figure 5. Item MOP.

To enhancethe ingtantiation of this hot-spat, an extratool has been defined. It parses an XML description
of the new instances and generates the HTML files that will interface with the end user and creates the

new items using the MOP methods. Figure 6 illustrates the DTD used to instantiate the items.
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<! ELEMENT | TEM ( NANME, DESCRI PTI ON, ATTRI BUTE+) >
<! ELEMENT NAME (#PCDATA) >
<! ELEMENT DESCRI PTI ON (#PCDATA) >
<! ELEMENT VALUE (#PCDATA) >
<! ELEMENT LABLE (#PCDATA) >
<! ELEMENT DI RECTI ONS (#PCDATA) >
<! ELEMENT ATTRI BUTE (NAME, LABEL, DI RECTI ONS?, DESCRI PTI QN, PRESETS*) >
<! ATTLI ST ATTRI BUTE ATYPE (text|number) "text">
<! ATTLI ST ATTRI BUTE COVPARI SON
(equal | sim | ar| no| nureri cal Bi gger | nuneri cal Snal | er) #REQUI RED>
<! ATTLI ST ATTRI BUTE | NPUT_TYPE
t ext |t ext ar ea| conbobox| r adi o] checkbox) #REQUI RED>
<! ATTLI ST ATTRI BUTE BRONSEBLE (yes| no)#REQUI RED>
<I ATTLI ST ATTRI BUTE REQUI RED (yes]| no)#REQUI RED>
<! ATTLI ST ATTRI BUTE SI ZE CDATA "45">
<! ELEMENT PRESETS ((VALUE, LABLE) +| ( VALUE) +) >

Figure 6. Item DTD.

The other two hot-spots have been modeled through the Strategy and State design petterns [Gamma et al.
1995, as dwown in Figure 7. New negotiation strategies and the protocol methods are defined in
subclasses of Strategy, and Sate, respedively. The {incomplete, restricted} keywords, defined in

[Fontoura 1999, indicate the places where new subclasses neadl to be alded, in order complete the

instantiation.
Sate
Agent _ { static}
+doThing() ] NewSiae
+doThing() ~ +creaeProposal()
+sendProposal {incomplete,
+creaeProposal () sendProposal () restricted)
+sendProposal () +processAnswer()
+processAnswer()
| Srategy
l | {static} | NewStrati
BuyAgent Sell Agent +strategy() il
r
o {incomplete,
restricted}

Figure 7. Using Srategy and State to implement hot-spots.
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4.30THER ARCHITECTURAL ISSJES

Although the hot-spats described above are the most important points to be aldressed by the framework,
and are the esence of its flexibility, there are till some other isales that had to be addressed in the

current V-Market implementation:

Persistence and scalability: The airrent implementation of Kasbah supports a very limited number of
agents (no more than 10@). This limitation is due, mainly, to the fad that the system is completely
centralized, and all agents interact with each ather. Even agents that deal with digtinct items interact with
ead other, making agent scheduling a process of complexity O(n?), where n is the number of agentsin
the marketplace take, in this way, an enormous amourt of time to process the aitire marketplace Also,
the current database structure requires that, for each transaction, the whole database must be locked,
creating a big battlened into the system. These ae serious issues that were aldressed by V-Market, by

having a better structuring of the exeauting threads, and of the database schema used.

Support for logging medhanisms: One of the main puposes of this framework is to fadlitate the
processof creating application based onvirtua marketplaces, as well as to make these gplications more
flexible. But the ultimate goal is to provide a tod that allows researchers to focus on the higher level
aspects of agent mediation. Thus, it is fundamental that the gpplications created by this framework have
its execution tracked very closely, so that a detail ed analysis of exeaution can be made, and conclusions
can be taken about different agent mediation roles. For this purpose, V-Market supports many types of
data logging, such as the number of agents, at any given time, strategies used by any given agent, and

number of transactions closed by ead agent.

Support for reputation mechanisms: Reputation is one of the biggest issues in e-commerce, and it
bemmes even a bigger issue when we are dealing with virtual marketplaces, in which every user is a
potential seller or buyer of goods. There are many ways of implementing these mechanisms, and much
research is going on right now on this subject. Most of the proposed solutions use some sort of reputation
rating associated with each user of the virtual marketplace These ratings are normally cdculated based on

his’her transaction hstory. Examples of these systems are Media Lab’'s Histos and Ebay proprietary
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reputation medhanism [Ebay Inc. 1995.

Hence it isimportant for this framework to be flexible enough to be extended by such systems, oncethey
bewmme available. This was accomplished by leaving placéolders to extend user comporents with extra
information about their reputation, and giving agents the ability to accesspart of this information, when

making negotiation decisions.

Support for user profiling: One of the main strengths of software ajents is their customization
cgpability. Software agents sould change their behavior depending on wser preferences. In this way,
many agent-based systems capture some user preference and create user profiles based onthem. Agents
shoud use this info to customize themselves, and better serve their users. Although V-Market currently
does not directly implement any user profiling facilities, the “user” comporent was designed with these
cgpabilities in mind, alowing future extensions, or integration with third parties with user profiling

systems, such as the Firefly’s pasgoort [Finin et al. 1997].

User interface (Ul) independence: Both Kashah [Chavez et al. 1996] and T@T [Tete-a-Tete 1997] are
divided into two main sub-systems: one bad-end, in which the virtual marketplace resides and the agents

exeaute, and ane front-end, which is responsible for the user interfaceportion.

In Kasbah, the front-end is basicdly a set of CGI files responsible for dynamicaly generating HTML
pages where most of the input and ouput of the system takes place. Unfortunately, there is still code
responsible for the Ul in the back-end, making the system’s Ul highly couded with the back-end. Also,
al the pages are completely hard-coded, and generated by C code, making it very hard to update any of

the pages’ look-and-fed. T@T, onthe other hand, has an applet based UI.

Analyzing these two systems, it became dear that our proposed V-Market framework shoud make a ¢ear
digtinction ketween the Ul comporents and the rest of the system. The Ul portion should reside
exclusively in a front-end subsystem (be it HTML, pager, email, or applet based), leaving al the others
virtual marketplace omporents on the badk-end subsystem, which makes it easier to change the Ul
comporents technology being used independently of the back-end subsystem. This type of flexibility

alows the system to have more than one interface such as a pager interface for monitoring agent
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performance, and a more detailed HTML interface to change ayent control parameters.

The proposed solution for this problem was based, mainly, ontwo common design petterns normally used
in these situations: Observer and Facade [Gamma et al. 1995], which were used to minimize the coupling

between the front-end and badk-end, define astrong interfacefor accessing the badk-end functionality.

5. CONCLUSIONSAND FUTURE WORK

This paper described the principles underlying V-Market, as well as the problems and flexibility
requirements addressed by the V-Market framework. The architecture and implementation solutions
adopted were also described. We have used the design solution proposed in [Fontoura 1999] to assst the
explicit definition d the framework hot-spots. A more complete description of V-Market architecture, as

well as the implementation approaches chosen, can be foundin Ripper’'s[1999 MS Thesis.

Currently, we are evaluating V-Market by testing two framework instances: Books and CDs marketplaces
(Figure 8). Through this experience, we want to test the framework usability and performance restrictions.
We are now planning to extend the system to allow mobile agents, and to allow the easy incorporation of
new front-end architectures, such as pagers and smart cards. We believe that V-Market is a powerful
experimentation and reseach todl, which alows the fast development of new robust marketplace

applicationsin afairly simple way.
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DVmarkerCom

Home: > 1:[Check Agents)

Welcome user10 , here are your current agents:

ACTIVE:

Agent BuyAgent10 is trying to buy the CD:
Condition: Tsed but in good condition
Genre: Jenred
Artist: ArtistS
Title: Title>
Description: Description
with a Greedy strategy and the follwing parameters:
Current Price:E$18.24
Desired Price:R$5 0
Limit Price:E$32.0
Date Created:7-IMay-29 (Fri) at 04:26:11 PI GIIT-03:00
Expiration Date:13-1{ay-9% (Thu) at 04:26:11 P GIMT-032:00
Number of Negotiations: 14
Best offer:E$20.00

Figure 8. V-Market CD instance
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