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Abstract

Electronic commerce is becoming an increasingly im-
portant channel for retail commerce. There are a large
number of e-commerce sites on the Internet. Intelligent
agents have been studied very widely in the field of arti-
ficial intelligence and multi-agent systems. There have
been several researches on agent-mediated electronic
commerce. In particular, we focus on volume discount
mechanism based on agent-mediated electronic com-
merce. In this paper, we propose a new group buy sche-
me for agent-mediated electronic markets. In this
scheme, we introduce the concept of sequential decision-
making for seller agents and buyer agents. Further, we
propose a cooperation mechanism among seller agents
based on exchange items in stock. We implemented an
agent-mediated electronic markets based on the group
buy scheme. The result shows that the new group buy
scheme is effective in supporting electronic commerce
based on volume discount.
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1. Introduction

Electronic commerce is becoming an increasingly impor-
tant channel for retail commerce. There are a large number
of e-commerce sites on the Internet (e.g. Amazon.com[1],
eBay.com[6], etc.). These e-commerce sites have proposed
new business models for effective and efficient commerce
activity. Intelligent agents have been studied very widely in
the field of artificial intelligence and multi-agent sys-
tems[17]. For purpose of this paper, an agent can act
autonomously and collaboratively in a network environ-
ment on behalf of its users. It is difficult for people to ef-
fectively and efficiently monitor, buy, and sell at multiple
e-commerce sites. If we introduce agent technologies into
e-commerce systems, we can expect to further enhance the
intelligence of their support.

There have been several researches on agent-mediated
electronic commerce [8]. We can classify these researches
into two categories. One is agent-based electronic markets
(Kasbah [5], Tete-a-Tete [9],etc.). The other is shopping
information gathering agents (BiddingBot [11] [12], Shop-
Bot [13], etc.). Related works are present in Section 5. We
focus on the former category, agent-based electronic mar-
kets. In agent-based electronic markets, an electronic mar-
ket is prepared. In general, an electronic market is a server
computer. On an electronic market, there exist several
agents. Agents try to sell or buy goods on behalf of their
user. There are two types of agents, seller agents and buyer
agents.

While a seller agent tries to sell goods at higher price, a
buyer agent tries to buy good at lower price. The main ad-
vantage of agent-based electronic markets is that agents
can reduce user's work load for electronic commerce. Sup-
pose an user wants to sell a Palm Pilot. If this user employs
a seller agent on an electronic market, he does not need to
find several buyers, select one buyer, and negotiate with
that buyer. His agent can automatically find several buyer
agents, select the best buyer agent, and negotiate with the
best buyer agent on behalf of him.

There have been a lot of e-commerce sites based on
volume discount (e.g. Volumebuy.com[18]). In these sites,
buyers can advantageously negotiate with sellers and pur-
chase goods at volume discount prices by forming a buyer
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Figure 1 Outline of an agent-based electronic market system

coalition. In this paper, we propose a new agent-mediated
electronic commerce scheme based on volume discount. In
this scheme, we introduce the concept of sequential deci-
sion making for agents. In the real world, sellers/buyers
sequentially enter into a market, and they sequentially
make a decision to sell/buy items. Yamamoto and Sy-
cara[20] has also proposed a volume discount scheme
(called the GroupBuyAuction scheme) for coalition forma-
tion among buyer agents on an agent-based electronic mar-
kets. They do not consider the concept of sequential deci-
sion making.

Furthermore, if a seller agent does not have enough items
in his stock, he tries to find another seller agent that has
extra items in its stock. Then, they try to exchange so that
they can sell enough items for buyers. In our electronic
market system, we propose a cooperation mechanism
among seller agents based on exchanging items in their
stock. We have proposed an exchanging protocol among
agents [10]. In the previous work [10], we applied the ex-

changing protocol to a meeting scheduling problem. In this
paper, we introduce the exchanging protocol as a coopera-
tion mechanism among seller agents on our electronic
market

2. An agent-mediated electronic market system based
on group buy.

2.1. Outline of an agent-based electronic market system
Figure. 1 shows the outline of our electronic market system.
In the system, there exist one electronic market that is a
computer on which agents act cooperatively and autono-
mously. A seller (human) can create a seller agent that can
automatically find buyer agents and negotiate with buyer
agents. A buyer (human) can create a buyer agent that can
automatically find seller agents and negotiate with seller
agents. These agents can also access World Wide Web
sites and sell/purchase goods on the Internet. In our elec-
tronic market, a seller agent can sell multiple items. Each
item has a price table, a deadline, and the number of the
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same items in stock. A price table represents item's dis-
count rate for the number of buyers. Figure. 2 shows an
example of a price table. According to this example, if
buyer agents purchase 5 items, the unit price becomes
45,000 yen. A deadline represents the date at which the
item must be sold.

Buyer agents arrive at the electronic market sequentially.

Umnit Pnee[yen]
&

50,000 -

45,000 - -~

40 000 | --Jromeerd -]

Figure 3 shows an example of deadline of multiple items
and sequential buyer agents arrival. The starting times and
the deadlines to sell items could be different from each
other.

2.2. Agent's utility
The utility of an item to a buyer can depend on what other
items he buys. We can say that there exists complementar-

The number

0] 1-3 4-8

7 g  ef licms Seld

Figure 2 An example of a price table
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Figure. 3 Deadlines of items and sequential arrivals of buyer agents
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ity between items g and 4 to buyer b if

ub({g,h})< ub({g})+ub({h}), where ”b(G) is the util-

ity to b of acquiring the set of items G. It is also common
for bidders to desire a second item less if they have already
bought a first item. We can say that there exists substi-
tutability between goods g and % to buyer b when

ub({g,h}) < ub({g}) + ub({h}). A common example
of substitutability is for a bidder to be indifferent between

Figure 4 shows an example of agent's utility. Suppose there
exist two items, item a and item b. There is substitutability
between item a and item b. The buyer's preference is like
"In the case of item a, 1 prefer one item at 9,000 yen. In the
case of item b, 1 prefer two items at 4,000 yen." If he can
buy item a and the number of items sold is five, the unit
price of item a becomes 9,500 yen. In this case, his utility
up({item a}) becomes less than 0. We ignore the utility less
than 0. If he can buy item a and the number of items sold is

"In the case of the item a, I prefer 1 item at 9,000 yen.
In the case of the item b, I prefer 2 items at 4,000 yen."

;[
Y
Item a substitutability » Jtem b
Th;elilusn;zig of Unit Price Utility Thﬁellusrglzﬁg of Unit Price Utility
1-3 10,000 yen - 1-2 5,000 yen -
4-6 9,500 yen - 3-4 4,000 yen 0
7-9 9,000 yen 0 5-8 3,500 yen 500
10-12 8,000 yen 1,000 9-12 3,000 yen 1,000

Figure 4 Agent's utility

several items but not to want more than one. In our elec-
tronic market, we assume substitutability for user's prefer-
ence.

We define agent b's utility for the item g, u, ({g}), as the
following equation (1):

Mb({g}) = (Pdesired({g}) - P({g})) XN ysired ({g}) (1)

where P, ., ({ g}) is the desired price for the item g.
P({ g})is the price for the item g. N, ., ({ g}) is the

number of the item g.

ten, the unit price of item a becomes 8,000 yen. In this case,
his utility becomes 2,000( = (9,000 - 8,000) x 2 ). This
means that if he can form a group and the group buys ten
items, his utility becomes 2,000.

3. A group buy protocol among agents

3.1. Definition of terms

In this section, we propose a group buy protocol among
agents. In this protocol, buyer agents try to form coalitions,
and seller agents try to select a coalition to sell larger num-
ber of items.

Firstly we define terms and notations as follows.
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Buyer agents: B= {bl,bz,...,bl} represents a set of buyer
agents.

Seller agents: S ={s1,s2,...,sm represents a set of seller

agents.
Items: G = {gl,gz,... ,gn} is a set of items.

Price Schedules: s/'s price schedule of g; is represented as
a function pj; :N — R; pj,-(n) is a unit price when n of g;
are sold together.

Deadline: d;; denotes seller agent s;'s deadline for selling g;.

Stock: stock _ ., ( gi) denotes the number of g; in stock.

Reservation Price: ry; represents buyer agent b;'s reserva-
tion price for g;.

Desired Number of Items: numy; represents buyer agents
by's desired number of g;.

Coalition: C; C B denotes a buyer coalition to purchase g;.
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Buyer Utility: When buyer agent b; bought g; from s, his
utility can be defined as u;, (g,-) = Iy —RUMy; X pﬁ(numk,-) .

Coalition Utility: Coalition $C_{i}$'s utility can be de-

fnedas uc (e1)= Sr ( ]p( )

brEC;
3.2. Coalition formation among agents

In the electronic market, seller agents show the information
on their item. When a buyer agent arrives at this electronic
market, he declares his preferences according to seller's
information. The preference of buyer agent b, consists of
his reservation price ry;, and his desired number of items
numy;. This information on buyer's preference, (7y;numy,),
is stored into the shared memory on the electronic market.
Based on these declared buyers' preferences, when a seller
agent reaches the deadline of his item, he negotiates with
the buyer coalitions based on the following steps.

E num ;
bk EC,’

> numy;
b €C;

Step 1 : When the item g; reaches its deadline, a seller
agent s; selects a coalition of buyer agents C;.

—_

1) x2-ppy(2)x 2> 0"

e

Ll‘% P11(60)%6 - p17(2)x2=0

S

Figure. 5 An exchanging mechanism between seller agents
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(1.1) if Ebk cc, huny; < stock_num&j (gi), then go to

Step 2.
(1.2) else if there is another seller agent that has extra
number of item g;, then s; tries to cooperate based
on the exchanging mechanism. The details of the
exchanging mechanism are described in the next
section. If the exchanging mechanism succeeds, go
back to (1.1). If not, go to (1.3).
(13)else C;<—C'CC;. C(C has

Ebk ec, numy; .

maximum

Step 2 : The seller agent s; informs p ji(zbk ec. numk,-) to

all buyer agents in the coalition C;. Then, the seller agent s;
asks the all buyer agents whether they purchase the item g;
or not.

Step3: A buyer agent b, € C; decides to quit to purchase
the item g; if the following conditions are satisfied:

SR WINT - MevgeaH ntwirat Gaplkoniy

| AR EEIE  EEL BRIAE 0=l D ATl
G - = - g A R EETERAD e

el M I

® m<p ji(zbk €Cpy numki)
® ubk(gi) < ubk(gi'), g 1s the same item of g; which is

on sale by another seller agent.

Step 4:
®  if Nobuy; is empty, then the group C; purchases the
items.

® clse C;''=C;- Nobuy;.
- if C';is empty then the seller agent finishes
selling the item g;.
- else go to Step 1.
Here, Nobuy; denotes a set of the buyer agents that
decided to quit to purchase.

3.3. A cooperation mechanism among seller agents

based on exchanging items in stock

In the Step 1.1, if a seller agent does not have enough items
in his stock, he tries to find another seller agent that has
extra items in its stock. Then, if they can exchange their

Lgent's nare

ey

W Chamert Stabas ]

::'mJ

i B Fhiteing a
TELTiEar

Your desired price and the number of items

Lrtificial Intellizence, & Modem & pproach

#

The Item

| Modifying

THY TETEE
M Cancel

& 30 e

Hovar rroachy cam o pay . TTO00
Hovar marey do o reed? I3 ]
{0

R

Figure 6 Inputting user's preferences
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items in their stock so that they can sell enough items for
buyers, both of seller agents and buyer agents can get more
revenue. Therefore, we propose a cooperation mechanism
among seller agents based on exchanging their items in
their stock.

Figure 5 shows an example of exchanging items. There
exist two seller agents, s; and s,. The seller agent s; has
four item g;s and two item g,s in stock. The seller agent s,
has two item g;s and four item g,s in stock. Suppose that a
buyer group tries to purchase six item g;s to the seller
agent s;. Since the seller agent s; does not have enough
items, he tries to negotiate with the seller agent s,. Firstly,
the seller agent s; proposes that he gives two item g;s to the
seller agent s, instead of that s, gives him four item g;s.

Here, if p11(6)>< 6- plz(Z)x 2>0 for s;, and
p21(2) x2- p22(2) x 2> 0 for s,, we define that both of the

seller agents, s; and s,, can agree this proposal. Since both
of the seller agents can make profit, they can exchange

items.

4. Discussion

4.1. An example of user interface

Figure 6 and Figure 7 show the user interfaces of the elec-
tronic market system. The system has been implemented
by using MiLog (Mobile intelligent agents using Logic
programming)[14]. MiLog has been implemented by using
Pure Java. To realize an efficient mobile agent develop-
ment environment, Milog provides a hybrid programming
environment in which a mobile agent can be designed by
logic programming and Java programming. In MiLog, we
can create mobile agents that have an anytime migration
mechanism, web-service/access functions. Anytime migra-
tion enables agents to infer during migration from one
computer to another. A MiLog agent can behave as a CGI
program and can access to other web servers via HTTP.
Further, MiLog provides user interface development tools,
iML and MiPage. Using iML, users can create MilLog
agents that have Java-based user interfaces. MiPage en-

Il EBRED RSO BRCA oD AsTH -
Sl - = - @ ) A Bax ahmcio R O -G el
Lgent's name
| gyt C]_]-ITEI].t Statl.]—s
M Chooert Stabis Itern List
B hiteing o @ EBock: Artificial Baellizawe O rmodem Spproach
| .
MW Modifying IVomtoring items
m @& EBEock; Artificial Baellizerwe, O modem Spproach
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| & GO [terns wou hought
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Listritasted Srtificial Baelligere
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| #® Eook : The Proceedings of 15th btematioral Toint
I Cordersrce on Srtificial Bdellizerwe
|
I.
il [ g = Ty

Figure. 7 Presenting the current status
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ables users to create web-based user interface for MiLog
agents.

The window in Figure 6 shows an user interface for putting
user's preferences. A user can access his agent via a web
browser. A MiLog's agent has a function to behave as a
web server. We utilize this function to allow users to ac-
cess to their agent. A user can input his desired item and
desired price in the text box in the middle of the interface.
In Figure 6, user’s desired item is a book, “Artificial Intel-
ligence, A Modern Approach”. Also, a user inputted that
his reservation price is 1,000 yen and he needs three books.

The window in Figure 7 presents a user interface for
showing a current status. Users can know which item is
now monitored, which item is now on sale, which item is
purchased via this user interface. In Figure 7, a book “Arti-
ficial Intelligence: A Modern Approach” is monitored.

4.2. Features of our electronic market based on the

group buy protocol

The followings are the main features of the electronic mar-

ket based on the group buy protocol:

1. Buyer agents and seller agents can sequentially
make a decision
In the real world, sellers/buyers can sequentially en-
ter into a market, and sequentially make decisions.
Therefore, in this scheme, we introduce the concept
of sequential decision making for agents. For exam-
ple, in the real world, each seller has different dead-
lines to sell his items. Also, buyers can enter into a
market anytime. In GroupBuyAuction[20], agents try
to make a deal by one-shot style. They do not con-
sider sequential deals. In this sense, we can say that
our group buy model can reflect real world sequen-
tial deals more effectively.

2. Sellers can cooperatively exchange items
In our electronic market, seller agents can cooperate
to make profit. Existing agent-mediated electronic
markets do not handle cooperation among seller
agents. By employing an exchanging mechanism,
seller agents can effectively exchange their items in
stock. Subsequently, they can sell more items as a

group.

5. Related work

In this section, we present related work on our study.

We can classify related work into the following two cate-
gories: agent-based electronic markets and shopping in-
formation gathering agents.

Agent-based electronic markets: AuctionBot, eMediator,
Kasbah, FishMarket, and Tete-A-Tete can be classified

into this category. AuctionBot[19] is an auction server.
Users can create auctions to sell their item. In the auctions,
agents can bid according to the pre-defined protocol. Auc-
tionBot provides API for users to create agents.

Kasbah[5] provides a market place on the Web. Users can
create agents that can buy and sell in the market place. In
Kasbah, deals between agents are conducted based on a
simple protocol.

FishMarket[15] provides an electronic auction site. Users
can encode several bidding strategies to their agents.
Although FishMarket is an experimental system, virtual
tournaments have been conducted several times.

Tete-A-Tete[9]provide an electronic market. In Tete-A-
Tete, agents cooperatively negotiate with each other based
on arguments.

eMediator[16] is an electronic commerce server and con-
sists mainly of eAuctionHouse and eCommitter. eAuc-
tionHouse is a configurable auction place that supports
many auction types. eCommitter is a leveled commitment
contract optimizer which can solve the Nash equilibrium
thresholds.

GroupBuyAuction[20] is an agent-based electronic market
on which agents automatically negotiate with each other on
behalf of their users. In particular, in the GroupBuyAuction,
buyer agents can form coalitions in order to buy goods at
volume discount price. The difference between out ap-
proach and this approach is the concept of sequential deci-
sion making to sell/buy items and exchanging items among
seller agents.

Shopping information gathering agents: Sherlock 2,
AuctionWatch, BargainFinder, ShopBot, Jango can be
classified into this category. Apple's[2] Sherlock 2 is a
meta-search engine which can access several search engi-
nes on the Internet. Additionally, Sherlock 2 can search a
desired item on online auction sites.

AuctionWatch[3] is a search engine for items in several
auction sites. Users can search their desirable items by
providing some keywords.

BargainFinder[4] is a shopping agent for on-line price
comparisons. Given a specific item, BargainFinder re-
quests its price from the pre-specific merchant Web sites.

ShopBot[13] evolved from BargainFinder. ShopBot can
automatically determine how to represent information and
queries in the online merchant sites.
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Jango[7] is an advanced ShopBot, and helps a user decide
what to buy and where to buy it.

BiddingBot[11] is one of the shopping support agents that
can actually attend, monitor, and bid in real auction sites.
For the BiddingBot we have proposed several cooperative
bidding mechanisms among agents [12].

6. Conclusion and future work

In this paper, we proposed a new group buy scheme for
agent-mediated electronic markets. In the real world, sell-
ers/buyers can sequentially enter into a market, and se-
quentially make decisions. Therefore, in this scheme, we
introduce the concept of sequential decision making for
agents. Furthermore, we proposed a cooperation mecha-
nism among seller agents based on exchanging items in
stock. By using this mechanism, seller agents can effec-
tively cooperate to sell their goods. We implemented an
agent-mediated electronic markets based on the group buy
scheme. The result shows that the new group buy scheme
is effective in supporting electronic commerce based on
volume discount.

Current implementation employs one central server on
which several seller agents and buyer agents can negotiate
with each other. In the future work, we will employ a Peer
to (P2P) Peer connection method. By using a P2P method,
people do not need to do find the central server. If a seller
wants to sell something, he just put items on his own com-
puter. Also, a buyer just put information on their desired
item into his agent on his own computer. Then, a P2P con-
nection mechanism tries to match such seller agents and
buyer agents. Thus, the system can be a free market system
on the Internet.

Reference
[1]JAmazon.com, http:// www.amazon.com/

[2]Apple, http:// www.apple.com/
[3]AuctionWatch, http:// www.auctionwatch.com/.
[4]BargainFinder, http:// bf.cstar.ac.com/ bf/

[5]Anthony Chavez and Pattie Maes, "Kasbah: An agent
marketplace for buying and selling goods," In Proceedings
of First International Conference and Exhibition on The
Practical Application of Intelligent Agents and Multi-
Agents (PAAMY96), pp. 75--90, April 1996.

[6] eBay, http:// www.ebay.com.
[7]10ren Etzioni, *"Moving Up the Information Food Chain:

Deploying Softbots on the World Wide Web," In the A/
magazine, Vol. 18, No. 2, pp.11--18, summer, 1997.

[8] Robert H. Guttman, Alexandros. G. Moukas, and Pa
ttie Maes, ''Agent-mediated electronic commerce: A sur-
vey," The Knowledge Engineering Review, Vol.~13, No.~2,
pp. 147--159, 1998.

[9] Robert. H. Guttman and Pattie Maes, *"Agent-mediated
integrative negotiation for retail electronic commerce," In

the Proceedings of the Second International Workshop on
Cooperative Information Agents (CIA'98), 1998.

[10] Takayuki Ito and Toramatsu Shintani,: "'Persuasion
Based on Exchanging for Cooperative Scheduling," Sys-
tems and Computers in Japan, John Wiley & Sons, Inc.,
Vol.30, No.7, pp.1-8, June 30, 1999.

[11]Takayuki Ito, Naoki Fukuta, Toramatsu Shintani, and
Katia Sycara. " BiddingBot: A multiagent support system
for cooperative bidding in multiple auctions," In Pro-
ceedings of the 4th International Conference on Multi-
Agent Systems (ICMAS-2000),pp. 399--400, 2000.

[12]Takayuki Ito, Naoki Fukuta, Ryota Yamada,
Toramatsu Shintani, and Katia Sycara, “Cooperative Bid-
ding Mechanisms among Agents in Multiple Online Auc-
tions,”  Lecture Notes in Artificial Intelligence 1886, PRI-
CAI2000 Topics in Artificial Intelligence, Springer, 2000,
pp- 810.

[13] Robert B. Doorenbos, Oren Etzioni, and Daniel S.
Weld, ""A Scalable Comaprison-Shopping Agent for the
World-Wide Web," In the Proceedings of Autonomous
Agents 97, pp.39-48, 1997.

[14] Naoki Fukuta, Takayuki Ito, and Toramatsu Shintani,
"MiLog: A Mobile Agent Framework for Implementing
Intelligent Information Agents with Logic Programming,"
In the Proceedings of the Ist Pacific Rim International
Workshop on Intelligent Information Agent s(PRIIA'2000),
pp-113-123,2000.

[15]Juan A. Rodriguez, Pablo Noriega, Carles Sierra and
Julian Padget, “'FM96.5:A Java-based Electronic Auction
House," In the Proceedings of Second International Con-
ference on the Practical Application of Intelligent Agents
and Multi-Agent Technology (PAAM97), 1997.

[16]Tuomas Sandholm, ““eMediator: A next generation
electronic commerce server," In the Proceedings of the
Sixteenth National Conference on Artificial Intelli-
gence(AAAI-99). AAAI Press, pp.923-924, 1999.

[17] Katia Sycara, "Multiagent systems," Al Magazine,
19(2):79-92, 1998.



International Journal of Computer & Information Science (1JCIS))

[18]Volumebuy, http:// www.volumebuy.com/

[19] Peter R. Wurman, Michael P. Wellman, and William
E. Walsh,"'The michigan internet auctionbot: A configur-
able auction server for human and software agents," In the
Proceedings of the Second International Conference on
Autonomous Agents (Agents-98), 1998.

[20] J.Yamamoto and K. Sycara, "A Stable and Efficient
Buyer Coalition Formation Scheme for E-Marketplaces,"
In Proc. of the 5th International Conference on Autono-
mous Agents (Agents'2001), 2001.

Biography

Dr. Takayuki ITO received the B.E.,
M.E, and Doctor of Engineering
from the Nagoya Institute of Tech-
nology in 1995, 1997, and 2000,
respectively. From 1999 to 2001, he
was a research fellow of the Japan
" Society for the Promotion of Science
P (JSPS). From 2000 to 2001, he was a
visiting researcher at USC-ISI (Uni-
versity of Southern California - In-
formation Sciences Institute). He joined Japan Advanced
Institute of Science and Technology (JAIST) as an associ-
ate professor of Center for Knowledge Science in April
2001. His main research interests include multi-agent sys-
tems, intelligent agents, group decision support systems,
agent-mediated electronic commerce, and information eco-
nomics.

Hiroyuki Ochi received the B.E
degree from the Nagoya Institute of
Technology in 2000. He is currently
in the Department of Computational
Intelligence and Systems Science,
Interdisciplinary Graduate School of
Science and Engineering (Master's
Program), Tokyo Institute of Tech-
nology. He is a student member of
JSAI (Japanese Society for Artificial
Intelligence) and IEICE (Institute of Electronics, Informa-
tion and Communication Engineers). His main research
interests include multi-agent systems, agent-mediated
electronic commerce and knowledge management.

Prof. Toramatsu Shintani received
the B.E., M.S., and Doctor of Engi-
neering degrees from the Science
University of Tokyo in 1980, 1982,
and 1993, respectively. From 1982 to
1994, he was a Research Staff at the
International Institute for Advanced
Study of Social Information Science

- (ITAS-SIS), FUJITSU LABORTO-
RIES LTD. Since 1994, he has been a professor of depart-
ment of Intelligence and Computer Science at Nagoya In-
stitute of Technology. From 2000 to 2001, he was a visit-
ing professor of Robotics Institute at Carnegie Mellon
University (CMU). His research interests include logic
programming, decision support systems, multi-agent sys-
tems, and case-based reasoning.




