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Abstract

In our work we have proposed an agent-based
model e-commerce system. In this system buyer agents
negotiate prices with seller agents. Thus far our atten-
tion was devoted “one sided” price negotiation mech-
anisms, i.e. mechanisms in which one side is active,
while the other side is passive (possibly other than ini-
tiating the process). Examples of such negotiations are,
among others, English and Dutch Auctions, as well as a
number of sealed-bid auctions. Here, we focus our at-
tention on auctions in which both sides take active part.
We discuss how these auctions can be incorporated
into our system and present their UML formalizations.

1. Introduction

Currently, we are developing a complete model
agent-based e-commerce system ([2]). In this sys-
tem Buyer Agents, representing User-Clients partici-
pate in price negotiations with Seller Agents represent-
ing User-Merchants. While agents representing User-
Clients attempt at selecting the best offer, Seller Agents
attempts at maximizing profits resulting from product
sales. Within the project we implemented a price ne-
gotiation subsystem based on the framework proposed
in [7]. However, our work on price negotiations has
been pursued separately from the design of the system
itself. The main reason was that the system has been
completely re-designed after the initial implementation

and thus work on its core remained behind other work-
streams. It is only now, when a number of specific deci-
sions related to the system itself have been made, when
we can re-evaluate our approach to price negotiations.

Let us note that we follow a classic understand-
ing of price negotiations as a process by which agents
come to a mutually acceptable agreement on a price
([14]). Furthermore, we distinguishnegotiation mecha-
nismsthat define “rules of encounter” between negotia-
tion participants; andnegotiation strategiesthat specify
behavior of participants aiming at achieving a desired
outcome (typically, to maximize their “gains”).

In this context, auctions are one of the best-
understood forms of automated negotiations ([19]) and,
recently, parameterizations of the auction design space
with the goal of facilitating negotiations in multi-agent
systems have been observed ([7, 8, 9, 13, 19, 14]).
Among them, the Foundation for Intelligent Physical
Agents—FIPA ([11]), defined a set of standard specifi-
cations of negotiation protocols including English and
Dutch auctions. Authors of [7] analyzed the existing
approaches to formalizing negotiations (including FIPA
protocols) and argued that they do not provide enough
structure for the development of truly portable systems,
and outlined a complete framework comprising: (1)
negotiation infrastructure: defining roles of negotiation
participants and of a host, (2) a generic negotiation
protocol: defining the three phases of a negotiation:
admission, exchange of proposals and formation of
an agreement, in terms of how, when and what types
of messages should be exchanged, and (3) set of



declarative rules used for enforcing the negotiation
mechanism. Specifically, rules have been organized
into a taxonomy matching the identified phases of
negotiations: rules for admission to negotiations, rules
for checking the validity of negotiation proposals,
rules for protocol enforcement, rules for updating the
negotiation status and informing participants, rules
for agreement formation and rules for controlling the
negotiation termination. Finally, they introduced a
negotiation templatethat contains parameters specific
to a given form of price negotiations.

With a large number of existing results concerning
agent systems appearing in autonomous price negotia-
tions, let us delineate what makes our approach unique
(in the context of this paper; for more details see [2]).

1. In most, if not all, papers only a “single price ne-
gotiation” is considered. Specifically, negotiation
of a single item (e.g. using an English Auction)
or a single collection of items (e.g. using a
multi-item Dutch Auction) is contemplated. Once
the negotiation is over, agents (agent system)
that participated in it complete(s) its(their) work.
We are interested in a different (more realistic)
scenario when a number of items of a given
product are placed for sale one after another.
Taking into account that this situation closely
resembles what happens in any Internet store, it
is interesting that it is practically omitted from
research considerations.

2. Since a sequence of items is sold we decided
to organize price negotiations as a “discrete
process.” Here, except of a specific case of
fixed prices, buyer agents are “collected” and
released together in a group to participate in a
price negotiation. While the negotiation takes
place buyer(s) communicate only with seller(s)
(they can be envisioned as being placed in a closed
negotiation room). At the same time the next
group of buyer agents is collected (as they arrive)
and will participate in the next negotiation.

3. Since multiple subsequent auctions (of the same
product) take place, we can go beyond one more
“limitation” of known to us agent systems. While
negotiations may involve complicated mecha-
nisms, e.g. mixed auctions ([17]), since only a
single item is sold, only a single mechanism is uti-
lized. In our case, price negotiation mechanisms
can be dynamically adjusted. For instance, first 12
items may be sold using a Dutch Auction, while
the next 52 use second-price sealed bid auction.

The remaining part of this paper is devoted to the

effects that these features of our system have on price
negotiations. There is also an important difference be-
tween this and our earlier work, where we have been
conceptualizing only “one-sided” auctions; i.e. auction
in which one side is active, while the other is passive
(except possibly initializing of the process). Note that,
for instance, in an English Auction, the Seller Agent re-
mains passive while Buyer Agents submit a sequence of
bids. This time we focus our attention on auctions that
involve active Buyer and Seller agents. To provide the
context, we start with a brief description of agent system
under development. We follow with conceptualization
of two types of one-to-one auctions: Iterative Bargain-
ing, and Double Dutch Auction, as well as two variants
of a Double Auction: the Two-Round version and the
Continuous Double Auction. Each of these auctions is
formalized with the help of an UML Activity Diagram.

2. System Description

Our system acts as a distributed marketplace in
which e-shops are represented to the outside world by
Gatekeeper and Seller agents, while e-buyers are rep-
resented by Client and Buyer agents. In Figure 1 we
present Use Case diagram of the complete system. Out-
side of its bounds we can see aUser-Clientwho will
attempt at buying products and aUser-Sellerwho tries
to sell products in her e-store.

Let us now very briefly summarize the most
important agents appearing in the system and their
functionalities (for a complete discussion of the system
see [2, 4, 5, 6, 10]). User-Client is represented by
the Client Agent(CA). TheCA is assumed to be fully
autonomous and as soon as the decision to purchase
product P is communicated by theUser-Client, it
will work until either P is purchased or purchase is
abandoned (e.g. because prices are too high). The
CA communicates with theClient Information Center
(CIC) agent which contains complete information
which e-stores sell which products. For each store that
sells the requested product, theCA delegates a single
Buyer Agent(BA) to participate in price negotiations
and if successful, possibly attempt at making a pur-
chase (successful price negotiations result in a product
reservation for a specific time period). Since multiple
BAs representing the sameCA can win price negotia-
tions and report to theCA, it is theCA that makes the
decision if either of available offers is good enough to
make a purchase.Buyer Agentscan participate in nego-
tiations only if theGatekeeper Agent(GA) admits them
(if they are trusted; e.g.BA that wins multiple price
negotiations but does not make purchase may be barred
from subsequent negotiations). TheGA represents a



Figure 1. Use Case diagram of the proposed system

given e-store and is created by theShop Agent(SA). The
SAis the central manager of the e-shop. Facilitating the
selling process, theSA utilizes the (GA), as well as a
Warehouse Agent(WA) that is responsible for inventory
and reservation management; and a set ofSeller Agents
(SeA) that negotiate price with incomingBAs.

3. Negotiation organization—general con-
siderations

In our work we continue to follow the proposal put
forward in [7]. However, the way that our system and
processes that take place in it are structured allows us
to modify and simplify their proposals. In [7] three ne-
gotiation roles have been proposed:buyer(s), seller(s)
and thenegotiation host(namedhostthereafter). While
in the description and in the way that the negotiations
were actually coded, as well as in our earlier work the
distinction between thehostand theseller was some-
what fuzzy, here we make it clear. Thehostprovides
theinfrastructurewhere the negotiations take place and
are managed. Thehostcan be facilitated locally by the
e-store, or can be located within a certified authority (to
assure that the negotiation process is not being tainted
by thehost—for instance, in the case of a multi-item
Dutch Auction it is enough to “pretend” that two
messages arrived in a reverse order to favor a certain
participant over another). It is the latter setup that is
used in the case of many-to-many versions of the Dou-
ble Auction. Furthermore, we assume that thehostis a

generic infrastructure that can handle any form of price
negotiations. To start the negotiations process theSeA
sends to thehostthe list of participants as well as the ne-
gotiation template, containing all necessary parameters.
This information is used to initialize aninstance of a
host, to handle a specific negotiation. Upon completion
of the initialization process thehost informs theSeA
that it is ready to support negotiations. In this way, in
turn, theSeAknows that thehost initialization process
has been successfully completed. As a result, in all auc-
tions it will be theSeAthat will make the “first move.”
Interestingly, this turns out to be a purely technical
decision that does not affect on the negotiation process.

SinceBAs are admitted to negotiations in groups,
we can assume that the product to be auctioned is
established beforehand. It is theGA that learns which
product a givenBA would like to buy and makes sure
that only theseBAs that are interested in that product
are released to the same “negotiation room.” This
means that it is not necessary to check the “product
name” during the negotiation process. It could be
possible to assume that it is not necessary to check if a
given agent was allowed to send a proposal to a given
negotiation. Observe that negotiations are handled
by one of the pool ofSeAs (unknown in advance)
and unknown in advance instance of thehost. This
being the case, onlyBAs that are admitted to a given
negotiation (and theSeA) know where to send their
bids to. However, in the case of some negotiations
(e.g. multi-item Dutch Auction), winningBAs are not
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Figure 2. Activity diagram of an Iterative Bargaining Auction

allowed to bid again. This being the case, for the sake
of uniformity, we have decided that validity of sending
a proposal to a given negotiation by a given participant
has to be checked in all auctions. Unfortunately, due to
the lack of space we had to omit further details related
to rule-based mechanisms and focus our attention on
the UML-introduced structure of negotiations.

4. Negotiation organization—one-to-one
negotiations

Let us start our considerations from two cases of
one-to-one interactive negotiations. First, we focus our
attention on Iterative Bargaining. While for this, as for
most other auctions, there exist multiple variants, we
have decided to utilize our personal experience in the
market. After being initialized thehostsendCall For
Proposalsto Seller Agent(see above for the argument
why theSeAis the first to submit a bid). After theSeA
submits the first proposal, it is checked by thehost
(see [5], where we have described the way in which
the host is organized and works). If the proposal has
been successfully validated, thehost posts it on the
Blackboard (the place where information available
to participants is posted [5]) and sends a CFP to the
BA. This process continues until (1) time is over—no
agreement was reached, or (2)SeAand BA proposals
“meet” (one of participants issues a bid that matches the
information posted on the Blackboard). Note that our
version of iterative bargaining requires that both sides

submit their bids in turns. Thus it is impossible for the
BA to submit a series of bids to the “silentSeA.” While
this assumption may seem somewhat limiting, we
believe that the general spirit of Iterative Bargaining is
kept. In Figure 2 we present the UML Action Diagram
of our version of iterative bargaining. Note that roles
of BuyerandSellerare symmetric and thus they can be
subsumed under a single role (Participants).

The second one-to-one negotiation that we have de-
cided to model is the, so called, Double Dutch Auction,
which has been proposed in [15]. This auction is rela-
tively counterintuitive and in its basic version works like
this (based on [1]): abuyerprice clock starts ticking at
a very high price and continues downward. At some
point thebuyerstops the clock and bids on the unit at
a favorable price. At this point aseller clock starts up-
ward from a very low price and continues to ascend un-
til stopped by aseller(who offers product at that price).
Then thebuyerclock resumes in a downward direction,
followed by theseller clock moving upward. Trading
is over when the two prices cross (purchase is made at
the crossover point). In figure 3 we present the UML
Activity Diagram of the Double Dutch Auction.

As previously, theSeAsends information to the
host, which becomes initialized. Interestingly, as in the
case of Iterative Bargaining, actions of both participants
are symmetric and they can be represented as a single
entity (Participants). For the same reasons as above, it
will be theSeAthat will receive the first CFP and watch
its clock move. Let us note that the negotiation ends in a
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Figure 3. Activity diagram of a Double Dutch Auction

failure if in the first round of bidding the acceptable sale
price is above the acceptable purchase price. Since the
“price clock” moves only in one direction, this situation
cannot be reversed and the negotiation ends. The only
other way that the negotiation can fail is if either par-
ticipant issues as invalid bid. We have decided that the
price negotiation mechanism is so delicate, that there is
no reasonable way to “remedy” such situation and the
best way is to end the process. In all remaining cases
negotiation ends with a success when sale and purchase
prices “cross” due to the action of the “price clock.”
This situation is recognized by thehostthat accordingly
informs both participants.

5. Negotiation organization—many-to-
many negotiations

In the previous section we have described the
Double Dutch Auction. This form of price negotiations
belongs to a family of Double Auctions. Let us
now describe two more members of this family: the
Two-Round Auction and the Continuous Auction. Let
us note that for the first time we will deal with many-to-
many auctions and this fact has important consequences
for our system. While double auctions are a well known
price negotiation mechanism [1] their introduction into
our system requires further considerations. Let us
observe that all auctions that involve a representative
of a single store can be organized within this store. As
the clients arrive that store organizes price negotiations
for them. The situation changes when representatives

of multiple stores are to interact with multiple buyers.
Here, it is unreasonable to expect that a given store
would host such negotiations (why to invite competi-
tion into “their own” price negotiations?). What helps
us is the assumption of a complete separation of the
host from participants. This allows us to envision
that there would exist “auction e-houses” that would
provide infrastructure for price negotiations. From the
technical standpoint anauction housewould consist of
aGatekeeperresponsible for admittingbuyersandsell-
ers and organizing the pre-negotiation processes and a
hostagent that will be instantiated to manage individual
negotiations. Since such a situation occurs often in real-
life (consider eBay as an example of an e-auctioning
infrastructure), this assumption seems quite reasonable.

However, we have also to consider the question
of trust management (see [4]). Thus far in our system
it was assumed that each store and each client utilizes
its own knowledge to deal with incoming clients and
stores, respectively (we have used only notion of trust,
while omitting the concept of reputation). The question
that arises is: how will trust management be handled if a
neutralauction housefacilitates price negotiations. Ob-
serve that in such a situation incoming agents have zero
knowledge who they are negotiating with (agents can-
not be rejected due to their past behaviors). There are
multiple ways of dealing with such a situation. One of
them would be that theauction housewould also man-
age trust. In a similar way that the eBay/Allegro (a Pol-
ish e-auctioning platform) clients can rank each-other,
we could envision that theauction housewould provide
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a similar service (based on reputation). However, we
have decided, for the time being, to reject this solution.
First, this would mean that, for all practical purposes,
we would have to abandon the framework proposed in
[7] and this is not a step that we would like to make.
Second, while trust/ reputation management mech-
anisms can be build into the auction house, making
such a move would not introduce anything particularly
novel over and above the material already discussed in
[4]. Instead we have decided to simplify the proposed
solution. Theauction housewill not take part in any
form of trust management. Its only role will be to fairly
/ neutrally facilitate price negotiations. Specifically,
it will gather incomingbuyersandsellersand release
them into price negotiations. After negotiations are
over, it will announce to the winning pair(s) that they
have been matched. It is then up to the matched pairs to
decide if they are interested in consummating the deal
with the partner. Specifically, after being informed that
they have been matched with the specific agent, both
theSeAand theBAwill utilize their trust information to
evaluate “the other.” TheBA will use the trust informa-
tion to see if the shop that it is to make a purchase from
is trustworthy, while theSeAwill access the trust infor-
mation to establish if a givenBA is trustworthy enough

to deal with it, and if this is the case, then what should
be the length of reservation (see [4] for more details).

Let us now define the Two-Round version of
the Double Auction. Here we have severalSeAs and
severalBAs that submit their proposals (sealed), to the
host. They can do it during some specific time. After
the time is over, thehost checks submitted bids and
notifies participants whose bids match and the auction
completes. Otherwise (if there were no matching pairs)
the host—changes the status of invisible proposals to
visible and starts second round. In this way all partic-
ipants can analyze available data and adjust their bids.
Note that bids that were posted reflect the vision of the
market-value of sold commodity as it is represented by
participants of negotiations. This approach is based on
results presented in [18], where it was shown that the
second round is characterized by a substantially higher
number of matches. Note that this mechanism can be
used not only to facilitate single-item, but also multiple-
item auctions. For a single-item auction, a bid indicates
a desire to buy or to sell at a specific price. In a multi-
item auction, bid specifies the number of items and the
price per item. We assume that ifBAsubmits a proposal
where it specifies 3 items of some product at $5 per
item and there is aSeAthat submitted a bid for 6 items
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of the same product at $5 per item, these proposals are
matching and three items will be sold. Taking all of
this into consideration, in Figure 4 we present the UML
Action Diagram of the Two-Round Double Auction.

Process of making visible, within the Blackboard,
proposals from the first round (theChange Visibility
Rulesbox, is followed by some delay (T)) before the
second round of proposals is invited. If the second
round, no matches occurred the auction is over. Let us
stress, however, that proposed formalization allows for
any number of rounds to take place. In some versions
of Double Auction it is assumed that when no exact
matches were found, offers that are “close enough” will
be matched and the price differential will be used to pay
for the operation of the auction house (see [16, 15]).
Obviously, our formalization is capable of supporting
such an approach. This will be taken care off by the
hostthat will act on the basis of the received template.

Let us now move to the next version of the Dou-
ble Auction, the Continuous Double Auction (CDA),
which is actually used by stock exchanges, e.g. the
NASDAQ and the NYSE (see [1]). The main differ-
ence between the Two-Round Double Auction and its
Continuous variant is that bids are being matched as

soon as they are submitted. Here,BAs andSeAs submit
their bids over a certain period of time. When there is a
match, winners are notified and the information posted
on the Blackboard. We have decided to utilize the ver-
sion of the CDA proposed in [20]. Here each new bid
from a given agent replaces the previous bid. In this
way if a bid was unsuccessful after some time the par-
ticipant may send an updated one hoping for a match. In
Figure 5 we present an Action Diagram of Continuous
Double Auction.

The final issue that has to be resolved is: who will
organize processes that take place before and after ne-
gotiations. As noted above, it will be theauction house
GA that will manage flow of incomingparticipants. At
this stage, we will omit the question, how will theauc-
tion housedecide which products are worthy trading.
Theauction housesimply registers with theCIC prod-
ucts that it would like to auction. This offer is included
in the list that theCA receives from theCIC as well as
distributed to all pertinentSAs that are registered with
theCIC. Upon arrival,BAs andSeAs meet theauction
house GAand from there the process resembles that de-
scribed above and in [2].



6. Concluding remarks

In this paper we have considered the question, how
interactive auctions (involving active participation of
BuyersandSellers) can be introduced into our model
agent-based e-commerce system. We have specified
a number of features of our system that influence the
way the negotiations have to be organized. We have
followed by UML based formalizations of four forms
of negotiations. Two one-to-one auctions: Iterative
Bargaining and Double Dutch Auction, and two many-
to-many auctions: Two Round Double Auction and
Continuous Double Auction. In the near future, all four
price negotiation mechanisms will be included in our
system.
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