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Abstract

Agent-mediated electronic markets have been a grow-
ing area of agent research and development in recent
year. There exist a lot of e-commerce sites on the In-
ternet (e.g. Priceline.com, Amazon.com, etc.). These
e-commerce sites have proposed new business models
for effective and efficient commerce activity. Intelli-
gent agents have been studied very widely in the field
of artificial intelligence. For purpose of this paper, an
agent can act autonomously and collaboratively in a
network environment on behalf of its users. It is hard
for people to effectively and efficiently monitor, buy,
If we intro-
duce agent technologies into e-cornmerce systems, we
can expect to further enhance the intelligence of their
support. In this paper, we propose a new coopera-
tion mechanism among seller agents based on exchang-
ing their goods in our agent-mediated electronic market
system, G-Cominerce. On G-Commerce, seller agents
and buyer agents negotiate with each other. In our
model, seller agents cooperatively negotiate in order to
effectively sell goods in stock. Buyer agents coopera-
tively form coalitions in order to buy goods based on
discount prices. Seller agent’s negotiation is realized
on an exchanging mechanism among selling goods. Our
current experiments show that exchanging mechanism
enables seller agents to effectively sell goods in stock.
Also, we present the Pareto optimality of our exzchang-

and sell at multiple e-commerce sites.

ing mechanism.

keywords: Agent-mediated electronic commerce,

-89-

Cooperation among agents, Seller cooperation mech-
anisms, and Exchanging mechanisms

1 Introduction

Over last few years, the number of electronic com-
merce (e-commerce) sites has been increased tremen-
dously. These e-commerce sites have proposed new
economic models for effective and efficient commerce.
In the field of artificial intelligence and multiagent
systems[18], intelligent agents have been studied very
widely. An agent can autonomously and collabora-
tively act on behalf of its users on the Internet. It
is tedious tasks for people to monitor, buy, and sell
at multiple e-commerce sites. If we can apply agents
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[7]. We can classify
these researches into two categories. One category
is agent-based electronic markets (e.g. Kasbah(3],
Tete-A-Tete[8],  FishMarket[16],  eMediator(17],
AucutionBot[20], etc.). The other is shopping infor-
mation gathering agents([1][5](6][10][11]. The details
of the related work is described in section 5. In this
paper, we focus on the agent-based electronic markets.
On an electronic market, there exist several agents.
Agents try to sell or buy goods on behalf of their
user. The main advantage of agent-based electronic
markets is that agents can reduce user’s work load for
selecting, monitoring, and negotiating. Suppose an
user wants to sell an item (e.g. a computer). 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.

E-commerce sites that can handle volume discount
(e.g.  Volumebuy.com) have been developed very
widely. In these sites, buyers can advantageously ne-
gotiate with sellers and purchase goods at volume dis-
count prices by forning a buyer coalition. In this pa-
per, we propose a new agent-mediated electronic com-
merce scheme based on volume discount. We have de-
velop an electronic market based on volume discount.
In this system, buyer agents can effectively make coali-
tion and can purchase items at the volume discount
price[12]. Yamamoto and Sycara[21] has also pro-
posed a volume discount scheme (called the Group-
BuyAuction scheme) for coalition formation among
buyer agents on an agent-based electronic markets.

If a seller agent does not have enough number of
an item, he misses an opportunity to sell the item.
Buyers also miss an opportunity to purchase the item.
Namely, if a seller agent does not have enough num-
ber of an item, the overall utility for negotiation must
be decreased. In the real world, a seller can try 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 mar-
ket system, G-Cornmerce(a group-based e-commerce
support system), we propose a cooperation mecha-
nisin among seller agents based on exchanging items
in their stock. We have proposed an exchanging proto-
col among agents[9]. In the previous work[9], we apply
the exchanging protocol to a meeting scheduling prob-
lemn. In this paper, we modify the exchanging protocol,
and apply it as a cooperation mechanism among seller
agents on G-Cornmerce.

The rest of this paper consists of the following five
sections. In Section 2, we present the outline of an
agent-based e-commerce system, G-Commerce. Also,
we formalize an agent-mediated market system based
on volume discount. In Section 3, we propose a new
exchanging mechanism among seller agents. In Section
4, we discuss the Pareto optimality of our exchanging
mechanisi, and the result of our current experiments.
In section 5, we compare our approach with the other
approaches. We describe several concluding remarks in
Section 6.

2  G-Commerce: An
Electronic Market

Agent-mediated

2.1 Outline of G-Commerce

E-Commerce Site:

Information Gathering/
Purchasing goods

Information Gathering/
Selling goods

oY
zﬁfﬂ \
Sellers  Seller agents Buyer agents

An electronic market

negotiation/ \Sge
collaboration

Buyers

Figure 1. Outline of G-Commerce

Figurel shows the outline of our electronic market
system, G-Commerce. In the system, there exist one
electronic market that is a computer on which agents
act coopsratively and autonomously. 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 automati-
cally find seller agents and negotiate with seller agents.
These agents can also access World Wide Web sites and
sell/purchase goods on the Internet.

Unit Price
50,0001"
45,000
40,000 -
] : The number
0] 1-3 4-6 7-9 of Items Sold

Figure 2. An Example of Seller’s Price Table

In G-Commerce, a seller agent can sell multiple
items. Each item has a price table, a deadline, and
the nuraber of the same items in stock. A price ta-
ble represents item’s discount 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. The deadline
represeats the date at which the item must be sold.
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2.2 A Negotiation Scheme on G-Commerce

G-Commerce is a kind of reverse commerce system
(e.g. Priceline.com) where buyer agents can pool their
demands, and seller agents offer discount prices to sell
large volumes of products at once. We define terms
and notations.

Buyer agents: B = {b;,bs,...,b} denotes a set of
buyer agents.

Seller agents: S = {s1,2,...,8m} denotes a set of
seller agents.

Items: G = {g1,92,-..,9n} is a set of items.

Seller’s items: G(s;) = {g(s;)1,9(s5)2:- -, 9(sj)n}
is a set, of seller s;’s items. A seller can sell several
kinds of item. '

Buyer’s desired item: g(by) is a buyer by’s desired
items.

Price table: s,’s price table of g; is represented as
a function p(s;,¢;) : N — R. N and R are the set
of natural number and real number, respectively.
Pu(8,9:) is a unit price when n of g; are sold to-
gether. n denotes the number of g;.

Cost of items: cost(s;, g;) denotes s]-"s cost for pur-
chasing or producing item g;.

Reservation price: r(by, g;) represents buyer agent
by.’s reservation price for g;.

Seller’s number of items: num(s;,g;) denotes
the number of item g, sold by s;.

Buyer’s desired number of items: num(by, ;)
denotes buyer agent by’s desired number of g;.

A Coalition: C(g;) C B denotes a buyer coalition
to purchase g;.

Coalition’s desired number of items:
num(C(g:)) = Lpec(g) numlbe, g:) denotes
coalition C(g;)’s desired number of item g;.

Buyer’s utility: When buyer agent by bought
gi from s;, his utility can be defined as
Ub,, (gl) = 7'(1)}\:;gi)'num(bkagi)_pnum(bk,gi)(sj?gi)'
num{by, g;)- :

Buyer coalition’s utility: Coalition C{g;)’s utility
can be defined as uc(q,)(9:) = Zp,ccgs) 0k 9i) -
”“’”"(bkv g'i) — Puum(C(g;)) (Sja gl) : TIUW(C(QL))
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In G-Commerce, agents negotiate with each other
according to the following steps. The basic idea is that
firstly buyer agents try to buy items directly from seller
agents. If they fail, the seller agents try to exchange
their items so that they have enough items to sell in
their stock.

(Step 1): Buyer agents arrive at G-Commerce. Each
buyer agent declares its demand. The demand of the
buyer agent by, consists of his reservation price r(bg, g;)
and his desired number of items num(bg,g;). Buyer
agents who are trying to purchase the same item g¢;
form the coalition C;.

(Step 2): When the seller agent s; arrives at our
market, if there are coalitions C(g;) and ¢; € G(s;),
he tries to sell the item g;. If not, he tries to wait a
buyer who wants to purchase his items G(s;) until the
deadline given by an user.

(Step 3): If num(sj,g:) = 2.4, co(e) UMbk, 9:),
then seller s; succeeds to sell item g; to coalition
C(g;), and this negotiation finishes. If num(s;, g;) <
D becc(gs) Mum{be, gi), then go to (Step 4).

(Step 4): In this step, in order to satisfy buyers’ de-
mand, seller agent s; tries to increase the number of the
item ¢; by using our exchanging mechanism proposed
here. For example, the seller agent s; can get more the
item g;s from another seller agent s;. In exchange for
the item g;s, the seller agent s; give another item g;
to the seller agent s,. The details of the exchanging
mechanism is shown in Section 3.

Firstly, the seller agent s; tries to find a seller agent
who waiting to exchange the item g;. If there is a such
agent, the seller agent s; tries to exchange items. When
there are a lot of agents who can exchange items, he
tries to find most reasonable deal. Secondly, if there is
no agent who waits to exchange items, the seller agent
s; tries to wait that another seller agent will arrive at
this market until the deadline given by an user.

3 An Exchanging Mechanism among
Seller Agents

In the Step 4 in Section 2.2, if a seller agent does not
have enough items, he tries wait another seller agent
who can exchange the items. Then, if they can suc-
ceed to exchange their items, both of seller agents can
increase their utility. Also, even buyer agents can get
more revenue because of a lot of discount based on a
large number of items. Here, we propose a cooperation
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Figure 3. An exchanging mechanism between two seller agents

mechanism among seller agents based on exchanging
their items.

Figure 3 shows an example of exchanging items.
There exist two seller agents, s; and s2. The seller
agent s, has four item gys and two gps. The seller
agent s, has two item gis and three item gos. Sup-
pose that a buyer coalition C(g1) tries to purchase six
¢15 from the seller agent s;. Also, another buyer coali-
tion C(g2) tries to purchase five gos from the seller
agent s». Since the seller agent s; does not have
enough item g5, he tries to negotiate with the seller
agent sp. Firstly, the seller agent s; proposes that
he gives two item g¢ss to the seller agent sz in ex-
change for that sy gives him two item gis. Here, if
pe(s1,91) X 6 — cost(s1,92) — p2(s1,92) x 2 > 0 for s1,
and ps(s2,92) x 5 — cost(se, g1) — pa(s2,91) x 2 > 0 for
sy, we define that both of the seller agents, s; and sg,
can agree this proposal. Since both of the seller agents
can make profit, they can exchange items. We define a
criterion for exchanging items as follows:

Definition 1 (A Criterion for Exchanging Items)
Suppose, there exist two seller agents, sy and s3, and
two kinds of itemn, g1 and gao.

(case 1) In the case that shortage(si,gi)
num(C(g1)) — mnum(s1,g1) > 0 and
shortage(sz, g2) = num(C(g2)) —num(sz, g2) > 0,
if s1’s utility u(s1) = Prum(Clan) {51, 91)
num(C(g)) — cost(sa, g2} X shortage(sa, g2) —
I).wlltJT't(x,g('(SZ,gz)(51792) X shortage(sz,gz) > 0;
and sa’s utility u(se) = pnum(c(gz))(SQ,gg) X
num(C(ga)) — cost{s1,91) X shortage(s1,91) —

X
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pshortagc(sl,gl)(SZagl) X shortage(sl,m) > 0:
these agents can reach an agreement since both of
them can get positive utility.

(case 2) In the case that shortage(s1,gz) =
num(C(g2)) — num(s1,gs) > 0, and
_ shortage(sz, g1) = num(C(g1)) ~num(s2, g1) > 0,
i s1’s atility w(st) = Pawm(Cle))(51,92) X
num(C(g2)) —cost(sz,q1) x shortage(s2,g1)
—pshortage(sz,gl)(slagl) X Shorta’ge(s%gl) > 0,
and s2’s utility u(s2) = Pnum(Cle:))(52,91) X
num(C(g;y)) —cost(s2,g2) X shortage(si,ga)
—pshortage(sl,gg)(‘S?:gZ) X Shortage(31)g2) > 0,
these agents can also reach an agreement since
both of them can get positive utility.

4 Discussion

4.1 Pareto Optimality of Our Exchanging Mech-
anism

Our exchanging mechanism is one of the rules in
bargaining problems in the game theory[15]. In a bar-
gaining; problem, if an outcome (u(s1),u(s2)) satisfies
the fol.owing (1), (2), and (3) conditions, we can say
the outcome is Pareto optimal.

1. u(s1) > u(s1)* and u(s2) > u(sz)*. Here, u(s1)*
and u(sz)* mean the current status. Essentially,
this means u(s1) and u(s2) maximize the utilities.

2. (u(s1),u(s2)) is a point of R. R denotes the set of
all possible points.



3. There is no (u(s1),u(s2)) in R, different from
(u(s1)’,u(s2)"), such that u(s;) > wu(s;)’ and
u(sg) > u(sg)’

In our exchanging mechanism, agents have two
strategies. One is to try to exchange. The other
is to do nothing. Thus, two strategies are called
str. 1 and str. 2. Obviously, when agents can
get an agreement by exchanging, the utilities,
u(s1) and wu(sy) maximize their utilities.  This
satisfies the condition (1). Also, in our exchang-
ing mechanism, the set of all possible strategies is
{(str.1,str.1), (str.1, str.2), (str.2, str.1), (str.2, str.2)}.
Here (str.1, str.2) means s;’s strategy and sy’s strategy
are str. 1 and str. 2, respectively. The set of all
possible utilities is {(u(s1),u(s2)), (0,0),(0,0),(0,0)}.
(u(s1),u(s2)) is the utilities that results from
(str.l,str.1). Obviously (u(s1),u(s2)) is a point of
R. This satisfies the condition (2). In terms of the
condition (3), agents can get positive utilities only
when they use the (str.1, str.1). When they use other
strategies their utilities are (0,0). This means the
condition 3 is satisfied. Therefore, we can say an
outcome by using our exchanging mechanism satisfies
the Pareto optimality.

4.2 Experimental Results

In order to show how effectively the exchanging
mechanism we proposed can work, we conducted sev-
eral experiments in the following setting.

e Number of sellers: 5

o Number of buyers: 500

e Prices of an item: 200 to 300

e Number of kinds of items: 10

e Seller’s maximum number of items: 10

e Distribution for buyer’s desired item: Normal dis-
tribution

e Distribution for seller’s utility for an item: Uni-
form distribution

o Distribution for seller’s number of items: Uniform
distribution

The traditional method consists of (Step 1) to (Step
3). Our method method consists of (Step 1) to (Step
4). Essentially, the traditional method does not use
the exchanging mechanism we proposed here. We tried
varying the parameters in order to make comparisons
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Figure 4. Comparison between seller’s utility
and number of sellers
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Figure 5. Comparison between rate of items
sold and number of sellers

between several settings. 1 setting consists of 1000 tri-
als. 1 trial consists of 1000 intervals. 1 interval consists
of one cycle of the traditional method or our method.
Buyer agents and seller agents arrive at this electronic
market every n intervals. n is an inversely proportional
number to the number of agents.

The followings show results of our experiments. Fig-
ure 4 shows comparison between seller’s utility and
number of sellers. Figure 5 shows comparison between
rate of items sold and number of sellers. As these
graphs indicate, our method can gain more utilities
and the rate of items sold than the traditional method.
In particular, if the number of sellers is within 10 to
25, our method can gain about twice utilities that the
traditional method can gain. In terms of of the rate
of items sold, our method can gain it about three to
five times as much as that the traditional method can



Comparison between seller's utility and
seller's maximum num. of Items

Seller's utility

! w 5 i S SR
. S . ... —*—Ourmethod
X 3 - st . i —* Trad. method

10 12 14 16 18 20 2 24
Seller's maximum num. of items.

Figure 6. Comparison between seller’s utility
and seller’s maximum number of items
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Figure 7. Comparison between rate of items
sold and seller’s maximum number of items

gain. The reason why the seller’s utility and the rate
of items sold is low when the number of sellers is low is
that since there is not enough sellers and buyers, there
are less deals.

Figure 6 shows comparison between seller’s utility
and seller’s maximum number of items. Figure 7 shows
comparison between rate of items sold and seller’s max-
imum number of items. As these graphs show, obvi-
ously, our method can gain more utilities and the rate
of items sold than the traditional method.

4.3 An example of user interface
Figure 8 and Figure 9 show examples of the user

interfaces of G-Commerce. The system has been im-
plemented by using MiLog (Mobile intelligent agents
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using Logic programming) [14]. MiLog has been im-
plemented by using Pure Java. To realize an efficient
intelligent agent development environment, Milog pro-
vides a hybrid programming environment in which an
agent can be designed by logic programming and Java
programming. In MiLog, we can create agents that
have web-service and access functions. A MiLog agent
can behave as a CGI program and can access to other
web servers via HTTP.

yrice and the number of items -

1 Agent's wane: -
agamt >

' Theltem
Antificial Intelligence, & Modem.Approach

wowd Wmfﬁmbt&'-’-'n.._._.ﬂ“’”f“f o
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Figure 8. In'putting User’s Desired Price and
Number of Items
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Figure 9. Presenting the Status of Purchasing

The window in Figure 8 shows an user interface for
putting user’s preferences. An 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 access to their agent. An user can input
his desired item and a reservation price in the text box
in the middle of the interface.

The window in Figure 9 presents an 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. Also, an user
who wants to sell some items can input information
on items via a web browser. If an agent could make
an agreement, he informs the details of the agreement
to his user in order to ask the user whether he should
actually make a contract or not.

5 Related Work

In this section, we present related work on our study.
We can classify related work into the following two
categories: agent-based electronic markets, and
shopping information gathering agents.

Agent-based electronic markets: AuctionBot,
eMediator, Kasbah, FishMarket, and Tete-A-Tete can
be classified into this category. Our system pro-
posed in this paper is also classified into this cate-
gory. AuctionBot[20] is an auction server. Users can
create auctions to sell their item. In the auctions,
ageuts can bid according to the pre-defined protocol.
AuctionBot provides API for users to create agents.
Kasbah([3] provides a market place on the Web. Users
can create agents that can buy and sell in the mar-
ket place. In Kasbah, deals between agents are con-
ducted based on a simple protocol. FishMarket[16] pro-
vides an electronic auction site. Users can encode sev-
eral bidding strategies to their agents. Although Fish-
Market is an experimental system, virtual tournaments
have been conducted several times. Tete-A-Tete[8] pro-
vide an electronic market. In Tete-A-Tete, agents co-
operatively negotiate with each other based on argu-
ments. eMediator[17] is an electronic commerce server
and consists mainly of eAuctionHouse and eCommit-
ter. eAuctionHouse 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[21] is
an agent-based electronic market on which agents au-
tomatically 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 exchanging mechanism
among seller agents.
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Shopping information gathering agents: Sher-
lock 2, AuctionWatch, BargainFinder, ShopBot,
Jango, BiddingBot, Preist’s work, and Anthony’s work
can be classified into this category. Apple’s Sherlock
2 is a meta-search engine which can access several
search engines on the Internet. Additionally, Sherlock
2 can search a desired item on online auction sites.
AuctionWatch({2] is a search engine for items in several
auction sites. Users can search their desirable items by
providing some kerwords. BargainFinder[4] is a shop-
ping agent for on-line price comparisons. Given a spe-
cific item, BargainFinder requests its price from the
pre-specific merchant Web sites. ShopBot[5] evolved
from BargainFinder. ShopBot can automatically de-
termine how to represent information and queries in
the online merchant sites. Jango[6] is an advanced
ShopBot, and helps a user decide what to buy and
where to buy it. BiddingBot[10] is one of the shop-
ping 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[11]. Preist{13] and Anthony[1] proposed
a SINGLE autonomous agent that can participate in
simultaneous multiple auctions.

6 Conclusions

In this paper, we proposed an exchanging mecha-
nism among seller agents for agent-mediated electronic
markets, G-Commerce. On G-Commerce, seller agents
and buyer agents negotiate with each other. In our
model, seller agents cooperatively negotiate in order to
effectively sell goods in stock. Buyer agents coopera-
tively form coalitions in order to buy goods based on
discount prices. By employing an exchanging mecha-
nism, seller agents can effectively exchange their items
in stock. Subsequently, they can sell more items as a
group. We implemented an agent-mediated electronic
markets based on the negotiation schema we proposed.
The results of our current experiment demonstrate our
exchanging mechanism can effectively facilitate agent’s
deals. Furthermore, we present the Pareto optimal-
ity of our exchanging mechanism. Since our exchang-
ing mechanism can satisfy the Pareto optimality, our
agents can rationally reach an agreement in our elec-
tronic market.
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