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Abstract

There is no doubt that agents play an increasingly
predominant role in e-commerce, whether these are
business-to-consumer or business-to-business applications.
However most of the current e-commerce agents only
support a single bid for a product at a fixed price. Although
price is an important factor, it is not the only concern of
both business and consumer. There is doubt as to whether
such agents satisfy both parties. Negotiation on a variety of
issues is needed in order to reach an agreement. In this
paper, a computational agent negotiation (CAN) model is
proposed to facilitate multiple-issue negotiation via an
agent. The main contribution of the CAN model is it enables
agents to participate actively in the negotiation with
various feedback instead of simply an agreement or
rejection.

Keywords: Agent;  Agent  negotiation;,  Electronic
Commerce; Fuzzy Cognitive Map (FCM).

1 Introduction

In the last few years, we have witnessed a surge of e-
commerce systems operating on the Internet. By 2003, the
Internet will become a predominant mechanism for
conducting business, whether it be business-to-consumer or
business-to-business '\ However, a large number of current
e-commerce systems operating on the Internet are nothing
more than electronic catalogues with fixed prices that allow
users to browse, choose and make purchases by means of a
electronic transaction 2. In recent years, a small number of
advanced e-commerce systems called agent mediated e-
commerce systems have emerged.
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Agent technology has become a new paradigm for
developing software applications in the 1990’s ©). There has
been much discussion about the definition of an agent. This
confusion about what an agent is had led to the publication

of the well-known paper “Is it an agent or just a program”
{4]

An agent can be viewed as an encapsulated software
program that acts autonomously to achieve its goal.
Although there is still no universal definition of an agent, it
is well accepted that agents possess characteristics that
clearly distinguish them from other software programs Pl
Unlike traditional software programs, agents are pro-active,
goal oriented and have clear objectives to achieve. Agents
have control over both of their internal state and their
behavior, which make them act autonomously in response
to environmental changes. Agents have been applied to
many application domains, including electronic commerce,
to solve real-world problems ). Moreover, agents have
been advocated as the next generation model for
engineering complex software systems in the new
millennium 9.

Agents can be further empowered by forming multi-agent
systems (MAS). Due to their autonomous characteristics,
agents are independent and decentralized. Therefore agents
in a MAS need to interact with each other. Examples of
these interactions include messaging, information
exchange, request for a particular action and so on. One of
the most advanced and important agent interactions is agent
negotiation . Agent negotiation enables the agents to
negotiate or even argue with each other in order to reach an
agreement. For instance, a buyer agent and a seller agent
need to negotiate with each other in order to reach an
agreement of a business transaction in electronic
commerce.



The term “agent mediated electronic commerce” was first
defined and proposed by the MIT agent group .. They
identified six stages in electronic commerce that agents can
be applied to, including product information identification,
product brokering, merchant brokering, negotiation,
purchase, and product service. It is observed that agents
such as shopping assistants and merchant brokers are now
available in some advanced e-commerce systems. There is
no doubt that agents play an increasingly predominant role
in e-commerce, whether these are business-to-consumer or
business-to-business applications. However most of the
current e-commerce agents only support a single bid for a
product at a fixed price. Although price is an important
factor, it is not the only concern of both business and
consumer. There is doubt as to whether such agents satisfy
both parties. Negotiation on a variety of issues is needed in
order to reach an agreement. In this paper, a computational
agent negotiation (CAN) model is proposed to facilitate
multiple-issue negotiation via an agent. The main
contribution of the CAN model is it enables agents to
participate actively in the negotiation with various feedback
instead of simply issuing an agreement or rejection.

Following this introduction, the next section describes
related work. Section 3 presents the proposed
Computational Agent Negotiation (CAN) model. Finally,
the conclusion is reached in Section 4.

2 Related Work

To overcome the limitations of current agent-mediated
electronic commerce systems, the MIT Agent group
proposed a dynamic attribute-based negotiation approach
through which offers could be selected based on multiple
criteria and not on price alonel”. They used an air ticket
bidding system catlled SARDINE ! (System for Airline
Reservations Demonstrating the Integration of Negotiation
and Evaluation) to demonstrate their approach.

The basic idea and process of the dynamic attribute-based
negotiation is described as follows:

e to collect the buyer preferences: the buyer agent
asks the buyer to indicate his/her preferred
parameters of the target product and how flexible
he/she is on each parameter. The flexibility rating
of “very flexible”, “somewhat flexible” and “not

flexible” is used by the buyer agent to determine .

an acceptable range of each parameter.
Additionally, this flexibility metric is used as an
indicator of how important each parameter is to
the buyer. For instance when a buyer is very
flexible on a certain flight attribute such as ‘time-
of-the-day’, this indicates that he/she is willing to
consider any time of the day for the flight. Hence,
‘time-of-the-day’ is not considered an important
attribute to this person.

e Based on the preference and flexibility rating, the
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buyer agents locate the offers and calculate the
distance from ideal value to available value of all
parameters.

‘o The buyer agent locates the best one for the buyer
by minimizing the above-mentioned distance and
submits the bids to the appropriate Seller agent.

e The seller agent will analyze the flight bids and
determine if they should be accepted or rejected.

e  Once all bids have been returned, the buyer makes
the final decision as to which is the best choice.

The advantage of the dynamic attribute-based negotiation is
it allows the buyer to express to a buyer agent preferences
for multiple factors relating to a target product instead of
the single price issue. However, with current approaches,
after receiving a bid from a buyer agent, the seller agent
can only response with either an “accept” or a “reject”. The
seller agent does not have the ability to make an counter-
offer, which means the seller agent has to “reject” the bid
even if it can partially satisfy the buyer’s requirement.

Chhaya Mudgal al etc. 'Y propose an influence diagram
model for multiple issue agent negotiation. Based on the
model, the agent can be in an Offer or Counter-offer state
repeatedly during the negotiation, which means the
response from the seller agent could be “accept”, “reject”,
or “counter-offer”. The buyer agent takes into account
multiple preferences of the buyer, which includes the
preferred price, urgency of demand, the importance
attached to price, and the user’s risk behavior. These
preferences are represented by nodes that may affect the
decision in the influence diagram. In addition to the above
preferences, a conditional node which represents a Seller or
Competitor’s action will also influence the agent’s decision
making. The main contribution of the influence diagram
model is that it contains a chance node for modeling the
Competitor’s action instead of only considering the buyer’s
preferences. Nevertheless, during the negotiation, both
parties may be faced with the need to consider a variety of
issues. Hence, many other parameters also play important
roles in the negotiation. Unfortunately, the preferences
modeled by the inference diagram are fixed and very
limited.

3 Computational Agent Negotiation (CAN)
Model

‘Some researchers have suggested that a new generation of

electronic commerce systems based on automatic agent
negotiation'I"” will emerge in the next few years.
Automatic negotiation can significantly reduce negotiation
time, and can also remove some of the reticence of humans
to engage in negotiation. This reticence may arise from
embarrassment, personality, etc. Therefore, the research on
mechanisms for agent negotiation has received a great deal
of attention in the multi-agent systems community!?.



Motivated by this background, we propose a computational
agent negotiation model to enable the automatic negotiation
of multiple issues and to facilitate both parties to play an
active role during the negotiation.

3.1 Modeling the Life Cycle of Agent Negotiation

[Definition 1] Agent negotiation is a process in which
agents initiate a proposal and negotiate with each other (e.g.
make offers or counter-offers), in order to reach an
agreement

The life cycle of agent negotiation includes the following
stages:

1) Initiate a negotiation
2) Propose the negotiation

3) Get offers or counter-offers from counterpart
agents that may include Sellers, Competitors and
SO on.

4) Negotiate

5) Close negotiation (reach agreement or time out)

[Definition 2] The Computational Agent Negotiation
(CAN) model is represented by a directed graph. It consists
of a set of negotiation items (represented by nodes) and a
set of negotiation weights (represented by directed edges).
The negotiation items describe the factors an agent takes
into account during the negotiation, and the negotiation
weights specify the relationships between negotiation items
and indicate how important the relationships are.

The CAN model is based on the Fuzzy Cognitive Map
(FCM) theory """ FCMs are signed and directed graphs
with feedback that model the world as a collection of
concepts and casual relationships between concepts.

This section illustrates how the CAN model can be built
and used in the life cycle of agent negotiation. An example
scenario consists of a buyer agent who helps a buyer to
purchase an air ticket from airline agents. To initiate a
negotiation, the buyer agent will collect the factors that the
user will take into account when purchasing an air ticket.
These factors are defined as negotiation items, and
represented by nodes in the CAN model. A variable number
of such factors may be stipulated. After all the negotiation
items have been defined, the agent will specify the
relationships between the items, and assign the weights
according to the buyer’s preferences. )

In this scenario, the buyer agent takes into account the
following concerns from the buyer: ticket price, number of
connection, airline, and level of satisfaction. It is assumed
that the airlines are ranked by their track record which
includes safety, service and so on. There is a direct
correlation between the rank and the price of the ticket. In
other words, the higher the rank is, the more expensive the
air ticket will be.
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Based on the factors shown in Figure 1, the buyer agent
defines the set of negotiation items as: {ticket price,
number of connection, airline rank, level of satisfaction}.
The item level of satisfaction is the item upon which the
final decision is made. In this paper, it is termed “decisional

item”,
1. Ticket Price

Wiz (=)

3. Airline

2. Number
of

Figure 1. Computational Agent Negotiation Model

The CAN model of the buyer agent can be built as shown in
Figure |. Item; — Item; with weight wjj indicates that ltem;
influences Item; by weight wj; . Item; is called as causal
item, and ltemj is called as effect item. The weight wji
indicates how strong the influence is. The plus (+), and
minus (-) sign followed by weight wjjin the graph indicates
that the influence is positive or negative. For instance, wy;
indicates that the ticket price is inversely proportional to
level of satisfaction. This is shown by the wy; (-) symbol.
In other words, the higher the Ticket Price is, the less the
buyer is satisfied.

The double-circled node (e.g. the Level of Satisfaction in
the example) is named the decisional node. The agent will
make cecisions based on the value of this node using a
decision making function.

When the negotiation is initiated, both the items and the
weights will be assigned a value that is termed item state
value and weight value respectively.

[Definition 3] The Value Set of the Computational Agent
Negotiation (CAN) model, Vcan is defined as a 3-element
tuple, Vean = {1 E, W}:

o I={n | ri; i=1, 2, ...n} represents state value set
of negotiation items;

o E={x|x;€[-11]:i=12 ..n&xisareal
number } represents evaluation value set of
negotiation items;

o W= Awy| wj €[] 1];i=12, .0 j=12, .n&
wij is a real number } represents value set of
weights;

The item state value is initialized to the expected ideal
value. The item evaluation value is intitialized to zero. It



represents a value that compares the expected ideal value of
the item and the offered item value received. The item
evaluation value will be mapped onto a member value of
the fuzzy set in the range [-1, 1], i.e., a fuzzy distance
value, upon receiving offers from counterparts. The value
of the weight is initialized to a fuzzy value that reflects how
strongly one item influence another.

To specify how much one item influences another, people
often use fuzzy expressions such as {highest, very high,
high, a bit high, average, a bit low, low, very low, lowest}.
All these fuzzy expressions can be mapped onto a member
value of the fuzzy set in the range [-1, 1], through
fuzzification methods. Such mapping is called fuzzification
['1 For instance, the fuzzy expression set {highest, very
high, high, a bit high, average, a bit low, low, very low,
lowest} can be mapped to {0.9, 0.8, 0.7, 0.6, 0.5, 0.4, 0.3,
0.2, 0.1} after fuzzification. Therefore the weight value in
the CAN model is in the range [-1, 1].

The initiation of an agent negotiation is considered
completed after the CAN model is built and the item values
and weight values are assigned. Based on the CAN model,
the buyer agent will propose the negotiation with the
negotiation items and their values. In the CAN model, the
decisional node is considered a private node, which will not
be accessible by counterparts agents. The rest are
considered as public nodes. Therefore, when preparing the
negotiation proposal, only public items and its value set
will be included.

[Definition 4] A proposal of negotiation consists of a set
of negotiation items and a set of expected values
corresponding to the negotiation items.

Once the negotiation is proposed, the agent will obtain
responses from the seller agents. In our example, the seller
agent (or counterpart) of the buyer agents are airline agents.
Similarly, the airline agents also have set up their CAN
model based on their own considerations. They will
evaluate the proposals and respond with an “accept”,
“reject”, or propose a counter-offer.

[Definition 5] A counter-offer consists of a set of
negotiation items and a set of new values corresponding to
the expected value set of negotiation items given by the
negotiation proposal.

For instance, although the airline agent could not provide
airline 4 requested in the negotiation proposal, the airline
agent had no difficulty in satisfying all the other
requirements. Therefore, the airline agent would like to
make a counter-offer instead of simply rejecting the
proposal. For example, it may offer airline B which has a
relatively competitive record with airline 4, to replace
airline A.

On the other hand, the buyer agents will review all the
offers made by the airline agents. If there is an ideal offer
that matches the buyer’s preference, the buyer agent will
accept this ideal offer, and reject the counter-offers.
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Otherwise, the buyer agent will evaluate all the counter-
offers based on the CAN model, and decide which is the
best choice on behalf of the buyer. In the worst case, the
negotiation may be timed out without any agreement being
reached.

3.2 Evaluation and Decision Making

This section describe how an agent evaluates the offers and
determines the best offer based on the CAN model.

Assume that a counter-offer has been proposed in respohse
to an initial proposal:

ICounter-offer represents the new value set of negotiation
items given by the counter-offer and /proposql represents
the expected value set of negotiation items given by the
negotiation proposal. The evaluation value set of
negotiation items EQffer-Evaluation can be obtained by
comparing ICounter-offer and IProposal » and mapping the
distance between them into a member value of the fuzzy set
in the range [-1, 1], through the fuzzification methods.

If there are n items nodes in the CAN model, a n*n Weight
Matrix (W) can be built:

Wi Wi Wi Wy
Wap Way Wyt Wy
Wy Wi WipooW,

(Wot Wi Wi W

A 1*n Item Item Evaluation Matrix (C) can be also built:

[xl,xz,x_,, ...xn]

By multiplying Matrix (C) and Matrix (W), a new 1*n
Matrix (C*W) is obtained:

n Wi Wi Wy,

W, Wo, Wo....W
*W = 21 W W 2n =
C [x],xz,x_‘, Xy ]'

Wiy Wy Wiaeo oWy,

[Y1’Y2’Y3’ e ¥Yn ]

Note that

Yi = Z Wy

j
1)
where y; is the sum of the products of the item evaluation

value of all the causal items that influence Jtem; and the
weight values between the two item nodes.

Assuming the ftem i represents the decisional jtem, the
agent will then make decisions based on this value. In the
above example, y; rtepresents the value of Level of



Satisfaction. Taking y; as the input of the decision making
function of the /rem i, the state value of the ltem i can be
further computed as:

x, = fily,)= f,(z W,','x_,')
)]

where x; is the new state value of the item i, wij is taken
from the weight matrix W and f; is the decision making
function of ltem i.

The causal item value may affect the weight of the
influence on the effect item in the real world problem. In
the CAN model, the weight value is not limited to a fixed
value in a fuzzy set. There may be a relationship function
with the evaluation value of its causal items. This is termed
dynamic weight and is illustrated in Figure 2. Dynamic
weight allows its value to be calculated automatically by

the state value of its causal item.

Item |

ltem ltem j

ltem 3,

Figure 2. Illustration of Dynamic Weight

Assume that the weight wj; represents the causal
relationship from ltem; to Item;. The state value of Item; is
determined by the effects from other items. This can be
shown in the following equations:

xi:fi(wi]s Wi2,--->Win )’

wisfij 05) s =12 n

where x; is the state value of the item i, wj; is the weight
value from ltem j to ltem i. fjj is the relationship function
between the weight wj; and its causal item ftem j.

By using the above formulae, the value of the decisional
node (i.e. the value of item Level of Satisfaction in the
example) can be obtained. The best choice will be
determined by evaluating all the received counter-offers.

In the example shown in Figure 1, the higher the Ticket
Price is, the lower the Level of Satisfaction will be; the
better the Airline Rank is, the higher the Level of
Satisfaction will be; and an increased No. of Connections
will lead to a lower Level of Satisfaction. For example, the
weight values may be defined as follows:

W4= -05, Wa™= '02, W43~ 0.3

where wy; represents the influence from ticket price to
level of satisfaction, w4, represents the influence from no.
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of connections to level of satisfaction, and w43 represents
the influence from airline rank to level satisfaction.

As described, the range of the item evaluation value is [-1,
1]. An item may be computed and mapped to [-1, 1]
according to the difference of ideal value and the offer
value received. When the buyer agent receives an offer
which is exactly the same as what the user expects, then the
item evaluation value equals zero:

ys= (-0.5%0) + (-0.2*0) + (0.3*0) =10

where yy4 is the sum of the products of the item evaluation
value and the weights of all the causal items that influence
level of satisfaction. So the level of satisfaction remains
unchanged. On the other hand, a buyer agent may receive
an offer where the offered ticket price is higher than
expected, while the rest of the item values are the same as
expected. Assuming that due to the difference, the item
evaluation value of ticket price is mapped to 0.2, then:

ya=(-0.5%0.2) + (-0.2*0) + (0.3*0) = -0.1

This indicates that the /evel of satisfaction is decreased. The
decision function will determine whether this level of
satisfaction is acceptable to the buyer.

This section illustrates that the CAN model provides a
practical and simple way to equip agents with the ability to
negotiate and make decisions on behalf of human beings.

4 Implementation

A proof-of-concept prototype is now being implemented
using Java to enable the negotaition via agents based on the
CAN model. Figure 3 shows the class diagrams of the

prototype system. MAS

EventChannel Agent Environment

| |

Communication Actions Perception
Goal Intelligence
CAN
ltem Weight

Figure 3. The Agent Class Diagrams



The multi-agent prototype system consists of agents, its
environment, and an event channel. An agent possesses a
goal as well as intelligence to act autonomously towards its
goal. Therefore it can infer and determine the action to be
taken based on its goal and knowledge. Agents have the
ability to perceive within its environment and to negotiate
(communicate) based on the knowledge represented by the
CAN model.

The agent negotiation is carried out via an event channel.
The event channel provides event services that enable the
agents to negotiate with each other. Event channel receives
negotiation proposals from supplier agents and delivers the
negotiation proposals to consumer agents. In the prototype
system, the event channel is implemented by CORBA event
services using Visibroker for Java 3.2. Figure 4 shows the
relationships between consumer agents, supplier agents and
the event channel.

Consumer
Agents

Supplier
Agents

Event
Channel

Figure 4. The Agent Negotiation Event Channel

The supplier agent is an event generator, who delivers an
event (e.g. a negotiation proposal) to the event channel. The
consumer agent is an event receiver who receives the event
(e.g. a negotiation proposal) from the event channel. In our
example, both the buyer agent and the seller agent can act
as the consumer agent or the supplier agent. When the
buyer agent proposes a negotiation proposal, it is regarded
as a supplier agent. When the buyer agent received a
counter offer made by the seller agent from the event
channel, it becomes an consumer agent. On the other hand,
when the seller agent receives a proposal made by the buyer
agent from the event channel, it is regarded as a consumer
agent. Similarly, when the seller agent makes a counter
offer, it becomes a supplier agent.

After the supplier agents and consumer agents
subscribe to the event channel, they can look for
negotiation partners and negotiate with each other based on
the CAN model via different push-pull modes.

Consumer
Agents

Supplier
Agents

Event
Channel

Figure 5. The Push —Push Communication
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As shown in Figure S, the push supplier agent pushes the
events to the event channel whenever it initiates an
negotiation proposal. In turn, event channel pushes the
events to all consumer agents when and only when the
events are pushed by supplier agents, which forms a push-
push communication of agents.

Instead of receiving the negotiation proposals from the
event channel passively, a consumer agents also can pull
the events from the event channel actively. Meanwhile, a
supplier agent may also allow the event channel to pull
events continuously from it to get the available negotiation
proposals, which forms a pull-pull communication of
agents. Besides push-push, and pull-pull communications,
agents can use push-pull, or pull-push communication
depending on different situations. As it has been shown,
both the buyer agent and the seller agent are able to look
for negotiation partners and negotiate with their partner
agents via the event channel through different combinations
of pull/push communications. Moreover, the negotiation
partner is able to propose counter offers and negotiate with
the proposal initiator through the communication mode it
prefers.

5 Conclusion

In this paper, we have proposed a new approach for
automatic agent negotiation using the Computational
Agent Negotiation (CAN) model. Compared with existing
approaches of agent negotiation, the CAN model has the
following advantages: 1) It supports automatic agent
negotiations with multiple issues; 2) It models the whole
life cycle of agent negotiation; 3) It enables both parties to
play an active role during the negotiation; 4) It facilitates
various feedback by counter-offers instead of a simple
acceptance or rejection; 5) It provides flexibility for agents
to adjust negotiation weights dynamically, and to represent
fuzzy thinking during the negotiation. A further case study
will be done in the future work to prove the practicability of
the CAN model in life-like agent mediated electronic
commerce applications.
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