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ABSTRACT
This paper takes the first steps towards a generic theory
of strategy in negotiation interactions between autonomous
computational agents. Previous efforts at defining and study-
ing negotiation strategies have done so within the context
of a particular interaction protocol, or class of protocols. In
order to develop a protocol-independent theory of strategy,
we first identify the factors which may influence the cre-
ation of a strategy for a rational agent, and then consider
some of these in more detail. As an example, we apply our
generic approach to the Zeuthen strategy of the Monotonic
Concession Protocol and a particular strategy from the In-
ternational Trading Agent Competition.

Categories and Subject Descriptors
I.2.11 [Artificial Intelligence]: Distributed Artificial In-
telligence—intelligent agents, multiagent systems

General Terms
Theory, Design, Economics

Keywords
Negotiation, Strategy, Trading Agent Competition, Mono-
tonic Concession Protocol, Zeuthen Strategy, Interaction
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1. INTRODUCTION
In multi-agent applications, autonomous, self-interested

agents often need to interact in order to fulfill their objec-
tives. Such interaction may take numerous forms, and dif-
ferent types of interaction may be best suited for different
environments or application domains. Following Walton and
Krabbe [33], we take negotiation to be a form of interaction
in which a group of agents, with a desire to cooperate but with
potentially conflicting interests, seek to reach a mutually-
acceptable division of a scarce resource or resources. These
resources may be, for example, the free time or the future
actions of the agents concerned. We assume that each agent
engages in a negotiation interaction with a particular goal
or goals in mind. For instance, an agent may seek to achieve
the largest possible share of the resource in question, or it
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may seek the maximum possible share for itself and some
subset of the agents engaged in the negotiation, or it may
seek an equitable share for all participants, etc. Such in-
dividual agent goals may conflict with the goals of other
agents, in the sense that not all goals can be achieved simul-
taneously. In this sense a negotiation interaction involves,
at least potentially, some conflict between the participants.
However, the participants are also co-operative, at least to
the extent that they are willing to enter into joint interaction
to agree on a division of the resource at issue.

To automate such processes, a number of interaction and
decision mechanisms have been proposed and studied. These
include: game-theoretic and auction-based mechanisms [10,
22, 25]; heuristic-based bilateral offer exchange (i.e., bar-
gaining) mechanisms [2, 3, 9]; and argumentation-based ap-
proaches [11, 19, 28]. When we use the term “negotiation
framework” in this paper, we refer to any of these models.

A central feature of all these mechanisms is that agents
have some choice of what they may utter, and possibly when
they may make these utterances. Open-cry auction partic-
ipants, for example, choose both the content of their ut-
terances (within the constraints of the particular auction
protocol) and the timing of their utterances; participants in
a sealed-bid, single-round auction may only choose the con-
tent. In argumentation-based approaches, participants have
greater freedom in their choice of content and timing of ut-
terances. A participant in a negotiation framework therefore
faces an important question:

What should an agent say, and when, in a particular nego-
tiation interaction?

A negotiation strategy may be defined as a rule or algorithm
which provides an answer to this question. In this paper we
aim at identifying the factors which could guide the design
and selection of strategies for agents engaged in negotiation
interactions. Of course, a strategy which is effective for one
negotiation framework may be completely ineffective for an-
other, and so the specific nature of the framework and its
rules is an important factor in the design of strategies. How-
ever, despite this particularity, a generic theory of strategy
in negotiation interactions may have value, and our work is
a step in this direction.

This paper is organized as follows: We first present, in
Section 2, a rationale for studying strategies for negotiation
interactions in a framework-independent manner. This is
followed, in Section 3, by a list of the factors which may
guide the design and selection of strategies, and with de-



tailed discussion of some of these in Sections 4, 5 and 6.
Section 7 considers, as examples, two negotiation strate-
gies from the literature: the Zeuthen strategy for the 2-
person Monotonic Concession Protocol; and a strategy used
by one of the agents participating in the International Trad-
ing Agent Competition in 2002. The paper then concludes
in Section 8.

2. RATIONALE FOR STUDYING STRATE-
GIES

In this section, we argue for the need for a generic char-
acterization of strategy in negotiation. On a very abstract
level, a strategy specifies what the agent should utter and
when, in a negotiation interaction. We make the standard
distinction between strategies, which govern an entire inter-
action or large parts of it, and tactics, which govern just
a small number of utterances in an interaction. Posing a
direct question to another participant at a particular point
in a negotiation may be viewed as a tactic, for example,
which implements a strategy to gather information about
that participant’s preferences.

In the automated negotiation literature, analysis of nego-
tiation strategies has been conducted using methods based
on game-theoretic analysis, heuristic experimentation, and
argumentation-based studies. In game-theoretic analysis,
researchers usually attempt to determine the optimal strat-
egy by analyzing the interaction as a game between iden-
tical participants, and seeking its equilibrium [8, 22, 29].
The strategy determined by these methods is optimal for a
participant, given the game rules, the assumed payoffs, and
the goals of the participants, and assuming that the par-
ticipants have no knowledge of one another not provided by
introspection. On a further assumption that participants be-
have according to the assumptions of rational-choice theory,
then this approach can guide the design of the interaction
mechanism itself, and thus force such agents to behave in
certain ways [32]. Of course, in the real world, agents may
be resource-constrained, malicious or whimsical, or simply
badly-coded, so that participant behaviour may not conform
to the assumptions of rational choice theory. Recently, re-
search on bounded-rationality in game theory has started to
address some of these issues [23].

In cases where it is not possible to reach the optimal out-
come (for example due to resource limitations), some heuris-
tics have been devised. Heuristics are rules of thumb that
produce ‘good enough’ outcomes, and are mainly based on
empirical testing and evaluation. In heuristic-based frame-
works, strategies have been proposed which are based on
the underlying utility model, or on decay functions of fac-
tors such as utility and time [2, 10]. Finally, argument-based
frameworks are negotiation frameworks that allow agents to
exchange, in addition to proposals and indications of their
acceptance or rejection, meta-information about them, such
as the reasons for their proposal, and for accepting or re-
jecting them. Strategies have been presented for some of
these frameworks also; for example, Sierra and colleagues
[28] consider the execution of an authoritarian strategy in
which an agent makes an appeal to its authority over oth-
ers in order to exert pressure on its negotiating counterpart.
Similarly, Sadri and colleagues [24] describe agents negotiat-
ing over scarce resources who are always willing to share re-
sources which are not currently needed for their own goals, a

rule which partly determines the utterances each agent may
make in the interaction.

However, most existing frameworks in the literature fo-
cus on particular strategies under specific negotiation frame-
works. The frameworks are typically defined as specific in-
teraction protocols and communication languages; the de-
cision making mechanisms of the participants may also be
specified. Analysis of strategies may then be undertaken
in controlled settings under various conditions, for exam-
ple, under time constraints or with incomplete information.
Very specific bargaining strategies have been analyzed, for
example, by investigating their optimality [4], their perfor-
mance in multiple negotiation rounds [2], or the resulting
social welfare [8]. There has been little work, to our knowl-
edge, which looks at strategies in negotiation interactions in
a generic way.

There may be good reasons for this. One reason is that,
as we mentioned above, effective strategies are likely to be
protocol-dependent. However, there is still no formal theory
of interaction protocols covering all types of mechanism. It
is to be expected therefore that such work will focus first on
defining the protocols and exploring their properties, before
devising strategies for their participants. Another reason
for the absence of a generic theory of strategy is that the
study of negotiation mechanisms, broadly construed, is still
immature. In particular, there is no broad understanding
of the factors that could influence the design of strategies.
This paper takes a step towards characterising such factors.

One might argue that the game-theoretic notion of strat-
egy may be sufficient for a generic theory of strategy. How-
ever, while mathematical game theory has been applied to
auction mechanisms for half a century, the articulation of
other types of negotiation protocols is a recent phenomenon.
Several researchers have argued that game-theoretic nego-
tiation mechanisms fail to provide systematic means that
allow participants to persuade one another to change their
preferences and beliefs, or to reshape the negotiation object
itself, and so on. As a result, new negotiation protocols are
emerging, building on notions of persuasion and logical ar-
gumentation [17, 19, 11, 31, 30]. It is not clear yet whether
the game-theoretic characterisation of strategy is suitable
for these frameworks. It is also not obvious that strategies
which are optimal under assumptions of participant ratio-
nality and common knowledge of participant rationality will
also be optimal when these assumptions are violated.

Why would a protocol-independent theory of strategy be
useful? In addition to potentially providing an understand-
ing of the nature of strategy, a generic theory of strategy
may also provide a common framework for comparison of
strategies across negotiation frameworks. This should then
provide assistance to agents (or their designers) in select-
ing between strategies. For example, why should an agent
adopt a particular decay function for conceding on its util-
ity rather than a linear concession strategy? Why should
an agent choose to include time, trust, or the history of the
interaction in the design of strategies? Why should an argu-
mentative agent resort to making threats rather than seek-
ing to learn more about its negotiating counterpart? Why
should an agent always share resources it does not currently
need? It is hoped that a general theory of strategy design,
assessment and selection would provide a means to answer
these questions.

Another potential value of a generic theory of strategy is



related to the types of generic conclusions and analytical re-
sults we can make about strategic interaction. In particular,
it may be easier to produce general conclusions about the
design and selection of strategies by generic approaches, in
a top-down manner, than by generalizing the conclusions of
protocol-specific investigations, in a bottom-up manner.

Finally, it is not obvious before an investigation of a generic
theory of strategy that nothing useful will be discovered by
it. This, we believe, is a sufficient motivation to move for-
ward in our attempt.

3. STRATEGY DESIGN
What factors may influence the design of strategies for

an agent in a negotiation interaction? In asking this ques-
tion, we are not seeking to be descriptive — what factors
do influence strategy? — nor seeking to be prescriptive —
what factors should influence strategy? Rather, we seek to
identify the possible factors which may inform strategy de-
sign for an agent engaged in purposeful behaviour.1 The
following factors may influence the design of strategies for
a computational agent engaged in a negotiation interaction
with other agents:

Goals: What objectives or goals the agent wishes to achieve
from undertaking a negotiation interaction over these
resources with these other agents at this particular
time. As mentioned earlier, an agent’s goals may per-
tain only to itself, or may have an altruistic element.
Moreover, an agent may have multiple goals, some of
which may be made explicit and some not. Indeed, an
agent may enter into an interaction with no intention
of seeking a division of the resources in question, but
merely to confuse, distract, or otherwise delude the
other participants, or even non-participants.

Domain: Strategies may differ according to the nature of
the resources under negotiation. Jeffrey Rosenschein
and Gilad Zlotkin [22], for example, distinguish be-
tween task-oriented and state-oriented domains.

Protocol: The nature of the interaction protocol used for
the negotiation. A strategy of providing supporting
information, for example, makes no sense for a protocol
which does not allow such information to be presented
in the negotiation interaction.

Capabilities: The capabilities of the agent within the in-
teraction. Actions or utterances may be legally valid
under a given protocol, but not be in the repertoire of
the agent concerned.

Values: The values of the agent. Some actions may be per-
mitted by the protocol, and within the capabilities of
the agent, but not be actions which the agent would
ever execute. An agent may refuse to tell lies, for ex-
ample. Mark Young [34] has recently argued persua-
sively that most human negotiators seek to maintain a
coherent personality profile through their business life,
and thus do not even consider actions or utterances in
a negotiation which are inconsistent with their under-
standing of this profile.

1We are therefore excluding strategy design for agents en-
gaged in random behaviours or whimsy, except insofar as
such behaviours have a higher purpose.

Counterparts: The nature of the other participants in the
interaction, as perceived by the agent. Clearly, a strat-
egy appropriate for one type of counterpart may be in-
appropriate for another, and so the agent’s models of
its counterparts may well influence its strategy design.
Experiences of past interactions with the same or sim-
ilar agents may inform these counterparty models, and
thus also strategy design.

Resources: The time and resources available to the agent,
including computational, memory, and other resources,
such as expert advice. For example, in legal disputes,
participants may delay resolution in order to force an
opponent with fewer resources to settle the dispute or
to withdraw from the interaction [1].

Alternatives: The nature of any alternatives to resolution
available to the agent. One popular book on nego-
tiation [6] advises participants to develop their “Best
Alternative to a Negotiated Agreement”, so as to guide
their negotiation strategy.

In the next three sections, we discuss some of these influ-
encing factors in more detail.

4. NEGOTIATION GOALS
Since we are dealing only with purposeful agents, then

each party to a negotiation may be assumed to have some
goal or goals which leads it to enter into the negotiation in-
teraction itself. These goals may be at the highest level of
an agent’s stack of goals or they may not be, in which case
they may support some other, even higher, goals. How-
ever, for the purposes of analysis of negotiation strategy we
may assume this goal is at the top-most level of the agent’s
hierarchy of goals. Entering into a particular negotiation
interaction over certain resources with particular agents at
a particular time, will, the agent believes, assist it in seeking
to achieve these goals.

An agent’s negotiation goals may be a particular agree-
ment to divide the scarce resources under discussion. Such
an outcome is not the only goal an agent may have. For
example, an agent may engage in a negotiation interaction
to acquire information about a new domain, as when po-
tential house-buyers participate in auctions in order, not to
purchase a house, but to learn about prevailing house prices,
or even to learn about the auction process itself. Similarly,
an agent may enter into a particular negotiation interac-
tion in order to establish or maintain a larger relationship
with the other agents concerned, or to gain knowledge about
such agents and their negotiating behaviours. As an exam-
ple, John Lukacs [15] argues that, during May 1940, Prime
Minister Winston Churchill of Britain pretended to enter-
tain the possibility of a negotiated peace deal with Nazi-led
Germany in order to strengthen his base of political support
with key members of his own Conservative Party; Lukacs ar-
gues that Churchill was not serious about these possibilities,
but in the early days of his Premiership he needed political
support from people who were.

Agents may even enter into a negotiation interaction with
one counterpart in order to have a stronger negotiation po-
sition relative to another counterpart in a separate inter-
action; business-to-business negotiations often involve such
parallel, competitive negotiations [14, Chapter 3]. These
objectives are all valid — and, by any definition, rational



— objectives from a negotiation interaction. We make no
judgment on their wisdom, feasibility, or ethical content.

5. CAPABILITIES
A key influence on strategy design will be the interaction

capabilities of the agent negotiator — what is the agent
capable of doing in the interaction.2 We first present a set
of essential capabilities, then discuss some constraints that
may limit the agent’s ability to execute its capabilities.

At the bottom level, an agent engaged in a negotiation
interaction must be able to make utterances which are legal
according to the rules of the protocol. Above this level are
some higher-order capabilities, which may, depending on the
specific protocol, require utterance of a sequence of locutions
to be effected:

1. Making proposed deals.

2. Accepting proposed deals.

3. Rejecting proposed deals.

4. Presenting information proactively to a coun-
terparty. An agent may present information in order
to influence a counterparty’s beliefs or intentions; for
example, describing the alternative deals in such a way
that a particular proposed deal appears as the most
attractive.

5. Seeking information from a counterparty. Par-
ticipants may have varying capabilities to extract in-
formation from their counterparties, for example, due
to differing levels of authority in a social structure.

6. Providing information reactively to a counter-
party. Agents may have differing capabilities to pro-
vide information to one another; some agents may not
be able to lie, or to answer evasively, for example.

7. Seeking to exert pressure on a counterparty.
Depending on some factors, such as the social struc-
ture between the participants, an agent might have
the ability to threaten or reward other participants for
adopting particular intentions or behaviours. Inter-
action protocols allowing such capabilities have been
proposed in [11, 28].

8. Retracting Commitments. Depending on the rules
of the protocol, agents may have ability to retract com-
mitments or proposals they have made previously. Re-
traction has been studied, for example, in argumenta-
tion theory [33] and in game-theoretic studies of bar-
gaining [26].

9. Withdrawal. Under an assumption of true agent au-
tonomy, agents have the ability to withdraw from any
interaction at any stage. Depending on the protocol,
they may also have the ability to threaten to withdraw.

Of course, an agent may be said to also have capabilities
which are complex combinations of these. For example, an
ability to prevaricate may be constructed from abilities to:

2Here we are not referring to the agent’s internal capabili-
ties, such as its ability to evaluate an offer.

request irrelevant information; provide irrelevant, mislead-
ing or confusing information; or repeat previous questions
or statements.

In discussion of the influence of an agent’s capabilities
on strategy design, we also need to take account of con-
straints on the exercise of any potential capabilities. Such
constraints include:

Interaction Protocol: The rules of the negotiation inter-
action protocol may preclude or require certain ut-
terances or certain types of utterances by agents at
particular times in an interaction. The FIPA Agent
Communications Language, FIPA ACL, for example
[5], requires agent sincerity: only statements which are
believed by an agent may be uttered using the inform
locution. In principle, such a condition must severely
limit the use of FIPA ACL for negotiations.

Values: As mentioned earlier, the agent’s values may pre-
clude or require certain behaviours, and so constrain
the potential capabilities of the agent.

Resource Constraints: Time, memory or processing lim-
itations on an agent may limit its capabilities in a ne-
gotiation interaction.

6. TACTICS
As stated earlier, we assume an agent enters a particu-

lar negotiation interaction over particular resources using a
particular interaction protocol with particular counterpart
agents at a particular time, in order to achieve its negoti-
ation goals. Having decided to so enter a particular nego-
tiation, an agent may adopt sub-goals for portions of the
interaction, with the belief that such sub-goals assist in re-
alizing the overall negotiation goals. Sub-goals themselves
may be further decomposed into lower-level goals, and so
on.

For example, a potential buyer entering into a negotiation
with a car-dealer aiming to buy a car may seek to achieve
this negotiation goal by realizing each of the following sub-
goals (in sequence):

A. Learning about the alternative models available from the
dealer;

B. Establishing a preference ordering over some or all of
these models; and

C. Getting the cheapest price for the most-preferred model.

The buyer might achieve the first sub-goal by posing a series
of questions to the car dealer. The second sub-goal may be
achieved by introspection, perhaps involving a process of
comparison of the expected utilities of different models [21].
To achieve the third sub-goal, the buyer may seek to achieve
two lower-level goals:

C.1 Informing the dealer about an offer made by a compet-
ing dealer; and

C.2 Bargaining with the dealer through an exchange of of-
fers.

Each of these sub-sub-goals may be achieved directly by
making a series of utterances, or through decomposition into



further sub-goals, and so on. The hierarchical goal struc-
ture we have outlined here has a structural similarity to the
landmarks theory of conversation protocols of Sanjeev Ku-
mar and colleagues [12]. However, our approach concerns
only the goals of an individual agent and not the joint goals
of all participants to an interaction.

We now list a number of possible higher-level sub-goals
that may contribute to an agent’s achievement of its negoti-
ation goals. Following standard English usage, we call these
sub-goals, tactics. To our knowledge, no comprehensive list
of all possible applicable negotiation tactics is available in
the multi-agent literature or in the literature on human ne-
gotiation. Therefore, we list those tactics inspired by our ex-
perience with the multi-agent negotiation literature as well
as informal advice to negotiation participants [6, 34, 13].

1. Seek to change a counterpart’s beliefs. One par-
ticipant in a negotiation may judge it to be in its inter-
ests to have other participants believe certain proposi-
tions about the beliefs, intentions, preferences, or con-
straints of the first participant, or about the domain
in question. These propositions may be true or false.
Providing information to the counterparts may enable
an agent to explain the reasons for its beliefs, prefer-
ences, etc. It has been argued [6, 20] that agreement
is more likely in negotiation interactions when partic-
ipants understand each others’ interests (desires, pref-
erences, goals, etc.) rather than their current posi-
tions.

2. Gain a better understanding of a counterpart.
Counterparts may be seeking to mislead a participant
about their beliefs, intentions, preferences, constraints,
etc., or about the domain. An agent may then seek to
gain a better understanding of its counterparts’ true
mental states or constraints.

3. Seek to discuss a particular issue. By moving
the interaction towards particular issues, a participant
may be able to frame the problem in certain ways, and
thus influence the mental states of its counterparts. A
seller of a particular make of car, for example, may seek
to turn the topic of discussions with potential buyers
towards attributes on which this make of car scores
highly.

4. Seek to avoid discussion. For the same reasons,
a participant may wish to steer discussion away from
particular issues.

5. Seek fast termination. An agent with time or pro-
cessing resource constraints might seek a fast resolu-
tion or termination of the negotiation.

6. Seek to delay. An agent who believes it has greater
time or other resources than other participants may
seek to delay resolution of the interaction beyond the
perceived resource limits of its counter-party.

7. Resist a counterpart. An agent may resist attempts
by a counterpart to achieve one of the above tactics.

Note that an agent may change its tactics and even its goals
in the course of negotiation. An agent might abandon a goal
or a tactic if the agent perceives that this goal or tactic is not
currently achievable or is counter-productive, for example.

As with any other intentions, the defeasibility of goals in
a computational agent requires some structure of intention-
reconsideration, e.g., [27].

7. EXAMPLES
In this section, we present two examples from the multi-

agent negotiation literature and analyse them from the per-
spective presented above. Our aim is to demonstrate that
the strategic criteria adopted by agent designers in these
frameworks fall within our proposed sketch. This, we hope,
would support our claim that a general theory of strategy
may by applicable in a top-down fashion to inform the de-
sign and improvement of strategies in specific settings.

7.1 Monotonic Concession Protocol
We now consider the Monotonic Concession Protocol [22,

pp. 40–49] for negotiation between two agents. Under this
protocol, the two agents make proposed deals to one an-
other in a sequence of rounds, where the deal space can be
described by some single real- or integer-valued dimension
(call it utility). The protocol begins with each participant
simultaneously proposing a deal to the other. If these pro-
posed deals overlap, the interaction terminates successfully
with a deal. If not, the interaction continues to a subse-
quent round. At each subsequent round, participants may
repeat the offer they have just made, or make a new offer
which is closer to the opponent’s end of the single dimension
(i.e., they may concede). Again, if the proposed deals at any
round overlap, the interaction ends with a deal. If neither
agent concedes at a given round, the interaction terminates
without a deal, a situation called the conflict deal.

When should a participant concede, and, if so, by how
much? In [35], Frederick Zeuthen proposed a strategy, now
commonly called the Zeuthen strategy, for an agent to decide
these questions. Subsequently, John Harsanyi [8] showed
that the Monotonic Concession Protocol ends in a Pareto-
optimal deal if both agents use the Zeuthen strategy. The
Zeuthen strategy assumes that each agent knows its own
utility of each proposed deal and the utility of the conflict
deal, and that each agent also knows these utility values for
the other agent. The strategy requires an agent to calculate
its degree of willingness to risk a conflict at any round on the
basis of the difference between its loss of utility in fully con-
ceding at this round and accepting the other agent’s current
offer, relative to its loss of utility in not conceding at this
round and causing a conflict deal. The agent then compares
its own risk at this round with that of the other agent. If its
own risk is greater than that of its opponent, then the agent
should not concede; if its own risk is less than or equal to
that of its opponent, it should concede just enough to shift
the balance of risks between the two agents.

Let us now consider this strategy against the list of eight
factors presented in Section 3 which may influence the de-
sign of a strategy. Factor 1: The negotiation goal of the
agent is assumed to be the achievement of the best possible
deal with utility above that of the conflict deal. If the only
deals possible have utility less than the conflict deal, then
the agent would prefer conflict. Factor 2: The domain is
assumed to be representable by a single utility dimension.
Factor 3: The Zeuthen strategy is specific to the Monotonic
Concession Protocol, and so is informed by the utterances
legal under this protocol, namely, repeating the most recent
offer or making a concession. Factor 4: The interaction ca-



pabilities of an agent are assumed (implicitly) to be identical
with the legal utterances. Factor 5: The only agent value
which informs the design of the Zeuthen strategy is an as-
sumption that each agent seeks to maximize its own utility
in the negotiation, without regard to the utility achieved by
the other agent in any deal. However, Harsanyi’s result [8]
may be seen as evidence of an invisible hand at work, so
that a socially desirable outcome is achieved through purely
selfish behaviour, provided both opponents use this strategy.
This result may provide solace to a self-interested agent with
a social conscience.

Factor 6: The Zeuthen strategy takes explicit account
of the agent’s opponent, making the (unrealistic) assump-
tion that the agent knows its opponent’s utilities. Factor 7:
The strategy takes no account of the time, computational or
other resources available to the participants. It would be an
interesting question to determine the circumstances under
which the strategy is sensible for resource-bounded agents.
Factor 8: Finally, the Zeuthen strategy does consider the
alternatives each agent has available via consideration of its
utility loss arising from a conflict deal. However, the incor-
poration of alternatives in this summarized way would be
considered insufficiently subtle by negotiation advisors such
as [6, 34].

Note that the design of the Zeuthen strategy is influenced
by a number of strong assumptions about the agents’ capa-
bilities, values, rationality and common knowledge. More-
over, the interaction protocol is fairly simple and only allows
agents to either make proposed deals or concede. This is one
reason why the analytical tools of game-theory were able to
establish interesting properties of the negotiation process
(e.g., Pareto-optimality of the outcome). Hence, given these
assumptions about the agents involved and given common
knowledge by agent designers of game theory, the strategy
which designers will adopt becomes deterministic. In other
words, strategy designers have no room for deviating from
the Zeuthen strategy without risking a worse outcome than
they could expect with the Zeuthen strategy.

7.2 Trading Agent Competition
When agent designers relax some of their assumptions,

particularly regarding unbounded rationality and common
knowledge, they immediately fall outside the region of pre-
dictability of classical game-theory. In such cases, approxi-
mate strategies (or heuristics) must be devised and analyt-
ical results become hard to achieve. Instead, experimenta-
tion through simulation becomes a more viable option. The
Trading Agent Competition (TAC) (see [7] for an overview),
of which three annual competitions have been conducted to
date, involves multiple competing agents bidding in simul-
taneous auctions. In this subsection, we consider a strategy
adopted by Thalis, the 3rd top scorer in TAC-02.

Eight agents participated in each TAC-02 game. Each
agent performed the role of a travel agent attempting to
provide booking for eight clients travelling from TACtown
to Tampa and back during a five-day period. Each client
was characterised by a random set of preferences for ar-
rival and departure dates, hotels and entertainment tickets.
Utility was gained by purchasing a complete package and
was calculated based on comparison with the correspond-
ing client’s preferences. Package constituents were sold in
separate simultaneous auctions, each with certain price dy-
namics. Airline tickets were sold in single round continuous

auctions with biased random pricing that was more likely
to increase. Hotel bookings were sold in ascending English
auctions clearing every minute, while entertainment tickets
were traded in continuous double auctions. The score of an
agent was the difference between the total utility gained for
its clients and the agent’s expenditure.

We now consider the strategy adopted by Thalis, which
was developed at the University of Essex, UK, for buying
hotel bookings against the factors we presented in Section
3. Thalis started bidding for hotels only after the start
of the fourth minute in the game, and bid relatively high
(based on statistics it had collected thus far) [7]. Factor 1:
The negotiation goal of each agent is to maximize the total
score as described above. Factor 2: The domain is rep-
resentable in terms of multiple interrelated attribute, with
a corresponding preference function used to derive utility.
Factor 3: The strategy operates in an ascending English
auction protocol. Factor 4: All agents have symmetric abil-
ities of making bids or skipping turns. In this particular
strategy, Thalis exploits the ability to wait in order to ob-
tain information about average hotel bidding prices. Factor
5: The only value in consideration is assumed to be the
maximization of the overall score (as opposed to the hotel
specific score).

Factor 6: It is hard to assess the extent to which the de-
signers of the Thalis agent considered strategies of counter-
parts in determining their agent’s strategy. It may be that
the designers believe, perhaps through previous experience,
that the data gathered in the first four minutes would be
sufficient to give a good estimate of prices and price dynam-
ics. Alternatively, the designers may be assuming that hotel
booking prices are not likely to increase significantly over
this initial period, and so there is no need to bid. Factor 7:
The strategy takes account of the time resources needed to
gather the statistics needed to estimate the average bidding
price. Factor 8: Finally, assessment of an agent’s alterna-
tives enters only indirectly and incompletely, via the agent’s
utility function. There appears to be no allowance, for ex-
ample, for opportunity costs, such as the cost of having an
airline ticket but no hotel reservation, and so having to travel
without a guaranteed room.

From this example, it is clear that as the trading mecha-
nism becomes more complex, the factors that may influence
the design of a strategy also increase in complexity. This can
be seen by comparing the analyses we have undertaken of
the Zeuthen and Thalis TAC-02 strategies. We believe that
our proposed list constitutes a comprehensive set of classes
of strategic factors which could guide strategy analysis and
generation. In particular, this structure allows us to see how
strategies may be extended or refined.

8. CONCLUSIONS
In this paper, we have defined a number of factors which

may influence the generation of strategies for agents en-
gaged in negotiations with one another over the allocations
of potentially-scarce resources. Previous work on defining
and studying negotiation strategies has done so within the
context of a particular interaction protocol, or class of pro-
tocols. In order to develop a protocol-independent theory
of strategy, we have identified the factors which may influ-
ence the creation of a strategy for a rational agent, and then
considered some of these in more detail. As an example, we
applied our generic approach to the Zeuthen strategy of the



Monotonic Concession Protocol and a particular strategy
exercised by an agent participating in the Trading Agent
Competition in 2002.

Every science begins with a classification. The research
reported here is at a very preliminary stage, and much re-
mains to be done before a full theory of strategy can been
developed. For example, we have not attempted yet to for-
malize these notions. It may be the case that a formal,
protocol-independent theory of strategy is impossible with-
out a formal, generic theory of protocols. While formal the-
ories of some types of negotiation protocols exist — e.g., of
auction mechanisms [18], or of dialogue game protocols [16]
— there is as yet no formal theory of interaction protocols
in general.

An interesting question to raise is: how would it be pos-
sible to evaluate a theory of strategy? We believe that one
answer lies in the usefulness of the theory. Such a theory
would potentially allow comprehensive analysis of strategies
across different protocols, and so provide a better under-
standing of the differences between protocols and between
strategies. The theory would thus be useful to the study
of protocols in a manner similar to Ariel Rubinstein’s view
of the usefulnes of modeling to economics: “Models of eco-
nomic theory are meant to establish “linkages” between the
concepts and statements that appear in our daily thinking on
economic situations” [23, p. 191]. In addition, a theory of
strategy may aid the construction of a repertoire of strate-
gies and tactics available to agent strategy designers. As a
further possible development, an associated compositional
theory of tactics, structuring the process of constructing
complex tactics and strategies from other, simpler tactics,
may potentially lead to the automation of the strategy de-
sign process. This would extend the application of the agent
paradigm from automated negotiation agents to automated
negotiation agent designers.
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