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Abstract

This study investigates the impact of the number of fixed constraints on automated negotia-
tion outcomes in a multi-issue negotiation scenario. Specifically, we analyze how the vari-
ation in the fixed constraints set by each negotiating agent influences social welfare, agree-
ment frequency, and negotiation time. The negotiation protocol considers fixed constraints
and evaluates their effects on the efficiency and feasibility of reaching agreements. Sim-
ulation results reveal that as the number of fixed constraints increases, social welfare and
agreement frequency tend to decrease while negotiation time remains relatively unchanged.
These findings highlight the importance of understanding the role of fixed constraints in op-
timizing negotiation outcomes and provide insights for designing more effective automated
negotiation protocols.
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1 Introduction

Automated negotiation systems have gained attention as a critical technology for efficiently
forming agreements in negotiation scenarios characterized by multiple interests and con-
flicting concerns [1, 2, 3]. These systems are increasingly significant in business transac-
tions, resource allocation, healthcare, and public policy, where swift and fair agreements are
essential [4, 5]. Negotiation protocols define the interaction rules between agents, including
mechanisms for proposing, evaluating, accepting, or rejecting offers [6, 7]. Among them,
the Alternating Offers Protocol [8] is widely used. However, in multi-issue negotiation,
prolonged negotiation time and deadlocks in reaching agreements remain key challenges
[9, 10]. Furthermore, constraints imposed on negotiating agents significantly affect negoti-
ation outcomes and efficiency [11, 12, 13]. Previous studies have proposed protocols focus-
ing on the constraints set by negotiation agents. However, many of these studies are limited
to evaluating the types of constraints and negotiation procedures [14, 15]. While some
research has analyzed the effects of constraints on negotiation outcomes using mathemat-
ical models and simulations, these studies are often conducted under idealized conditions
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[16, 17]. There is a lack of research addressing how differences in the number of fixed con-
straints impact negotiation outcomes. This study focuses on the fixed number of constraints
set by negotiation agents and evaluates their effects on social welfare, agreement frequency,
and negotiation time. Specifically, we aim to examine how variations in the fixed number of
constraints influence the quality of agreements and negotiation efficiency through simula-
tions. Additionally, this study analyzes the impact of fixed constraints on the relationships
between negotiation agents and agreement formation under realistic negotiation scenarios.
This study aims to clarify the effects of variations in fixed constraint numbers on negoti-
ation outcomes and to provide guidelines for the future design of automated negotiation
protocols. This paper first provides an overview of existing research on automated nego-
tiation and negotiation protocols, followed by an explanation of the experimental methods
proposed in this study. Finally, the simulation results are analyzed to evaluate the impact of
fixed constraints on negotiation outcomes.

2 Concepts and Mathematical Models of Automated Negotia-
tion

In automated negotiation, mathematical formulas are essential for negotiation agents to
calculate optimal proposals and responses. Here are some key elements of these formulas.

2.1 Multi-Issue Negotiation Problems with Constraints

In multi-issue negotiation problems [18], we consider the scenario where M agents A =
{A1,A2, . . . ,AM} negotiate within a common negotiation domain. The negotiation domain
defines the issues at stake and the options available for each issue, represented by a set
of n issues I = {I1, I2, . . . , In} and a set of options for each issue Ii, containing ki elements
Vi = {vi1,vi2, . . . ,viki}. The proposed agreement candidates (Bids) during negotiation are
determined by selecting options from each issue and can be expressed in the form (1):

ω = (v1c1 ,v2c2 , . . . ,vncn) (1)

where vici is the option chosen for issue Ii, and ci ∈ {1,2, . . . ,ki}. The total set of
agreement candidates Ω (2) is represented as:

Ω = {(v1c1 , . . . ,vncn) | ci ∈ {1, . . . ,ki}, i ∈ {1, . . . ,n}} (2)

The total number of agreement candidates in the negotiation domain is referred to as
the domain size and is represented as |Ω|.

Each negotiating agent has a utility associated with each option, reflecting their prefer-
ences. Generally, these utilities are private, meaning that other agents cannot access them.
Agent a holds its own utility function Ua(·) to calculate the utility value for any Bid. The
objective function for each agent is often assumed to be maximizing its utility value ob-
tained from the negotiation, maintaining individual rationality.

When negotiations break down, each agent has a reservation value (Reservation Value)
or a disagreement point D = {d1,d2, . . . ,dM}, representing the minimum utility value ob-
tainable. The interaction between agents follows a set of rules known as the negotiation
protocol P.
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Constraints C

In addition to the above structure, the negotiation is subject to a set of constraints C =
{C1,C2, . . . ,Cl}. These constraints can represent a variety of conditions, including but not
limited to:

• Feasibility Constraints: Certain combinations of options may be infeasible due to
domain restrictions.

• Resource Constraints: Limited resources may prevent certain agreements from be-
ing achievable.

• Fairness Constraints: Agreements must meet fairness criteria, such as equal utility
distribution.

• Dependency Constraints: The value of one issue may depend on the selection of
options in another issue.

Formally, these constraints can be expressed as:

C(ω) = True, ∀ω ∈ Ω
′ (3)

where Ω′ ⊆ Ω represents the subset of feasible agreements satisfying all constraints C.
Agents must negotiate within this constrained domain, ensuring that their bids and final

agreements comply with the specified constraints. Constraints C add an additional layer
of complexity to the negotiation problem, often requiring more sophisticated negotiation
strategies and algorithms to find feasible and optimal solutions.

2.2 Utility Function with Constraints

The utility function U(x) represents the satisfaction level of an agent with an offer x from
the negotiating partner. The higher the utility, the more satisfied the agent is with the offer.
Typically, the utility function is expressed as follows (4):

U(x) =
n

∑
i=1

wi ·ui(xi) (4)

• xi: Represents each attribute of the offer (such as price, quality, delivery time, etc.).

• ui(xi): The partial utility function for attribute i.

• wi: The weight of each attribute, adjusted so that the total equals 1.

Automated utility and mathematical negotiation models aim to mathematically formal-
ize complex decision-making and interest adjustments to derive rational and efficient so-
lutions. This focuses on defining utility functions and the interactions between agents in
negotiations. Since this study involves two-party negotiation with n = 2 agents, they are
represented as i = 1,2. Here, equation (5) represents the utility maximization function,
where the utility function U(x) is maximized with respect to x, weighted by wi.

argmax
x

U(x) =
n

∑
i=1

wiUi(x) (5)
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The utility maximization problem with constraints can now be formally expressed as:

argmax
x

U(x) =
n

∑
i=1

wiUi(x), subject to C(ω) = True (6)

Where:

• C(ω): Ensures that the selected solution ω satisfies all predefined constraints.

• ω: Represents the set of negotiation outcomes.

The introduction of constraints C ensures that the utility maximization process does not
violate domain rules, resource availability, or any other predefined negotiation conditions.
This adds a layer of realism and robustness to the negotiation model.

2.3 Issues and Constraints with C

In the proposed method, each user submits a fixed number of constraints to reach an agree-
ment [16, 17]. The method then determines whether the submitted proposals can achieve a
consensus by seeking a Nash equilibrium.

For example, consider a scenario where parents are purchasing toys. Their children
discuss among themselves and decide that they want their parents to buy a LEGO block set.
The children have mutually chosen the constraint of limiting their choice to a LEGO toy.

With the introduction of constraints C, the negotiation scenario can now include addi-
tional limiting factors:

• Budget Constraint: The toy must fall within a specific price range.

• Availability Constraint: The selected LEGO set must be available in stock.

• Preference Constraint: The set must meet specific design or feature preferences.

The negotiation process can thus be expressed as a constrained optimization problem,
ensuring that both utility maximization and constraint satisfaction are achieved simultane-
ously:

argmax
x

U(x) =
n

∑
i=1

wiUi(x), subject to C(ω) = True (7)

This formulation ensures that while utility is maximized, all defined constraints C are
respected, leading to feasible, efficient, and mutually agreeable outcomes.

):
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3 Experimental Setting and Result

3.1 Experimental Setting

This study’s experimental setting is as follows: The method of fixing c o nstraints i s  de-
scribed. Constraints are set in equal numbers for each negotiating agent, assigned randomly. 
Two agents participate in each negotiation. Each negotiation session consists of 100 rounds, 
and the simulation is repeated 1,000 times. The agreement condition for the agents is de-
termined by the value that maximizes the Nash bargaining solution. Each agent holds 100 
constraints.

3.2 Experimental Result

The results of the experiment are presented below. In this study, the experimental results are 
evaluated based on the social welfare (sum of the utility values of the AI agents participating 
in the negotiation), and the negotiation time (in seconds).

First, we present the evaluation of social welfare. Figure (1) shows social welfare on 
the vertical axis and the number of fixed constraints on the horizontal axis.

Figure 1: Social Welfare

It was observed that increasing the number of fixed constraints decreased social welfare.
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This indicates that as the number of fixed constraints grows, it becomes more difficult to
reach an agreement.

Finally, we evaluate negotiation time. Figure 2 suggests that there was not a significant
difference in time, indicating that there may be little variation in negotiation time whether
or not an agreement was reached.

Figure 2: Negotiation Time

Considering these three results, we conclude that although changes in negotiation time
were not substantial, both the number of agreements and social welfare decreased as the
number of fixed constraints increased. In certain negotiations, it can be assumed that the
importance of each constraint varies, and understanding the impact of fixed constraints is
essential for examining real-world negotiations.

Copyright © by IIAI. Unauthorized reproduction of this article is prohibited.

S. Okuhara, T. Ito6



4 Conclusion

In certain negotiation scenarios, the relative importance of constraints may vary, making 
it essential to examine the impact of constraint fixation to assess negotiation dynamics ef-
fectively. This study investigates the outcomes of automated negotiation under fixed con-
straints, specifically focusing on social welfare (defined as the aggregate utility values of AI 
agents involved), the frequency of agreements reached, and the negotiation duration. Ex-
perimental results indicate that an increase in the number of fixed constraints correlates with 
a decrease in both social welfare and agreement frequency. Furthermore, the negotiation 
duration demonstrated minimal variation despite the increase in fixed constraints.
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