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ABSTRACT

Multi-issue negotiation has been studied widely. Our work
focuses on the important special case of negotiation with
multiple interdependent issues, in which agent utility func-
tions are nonlinear. In this paper, we propose a Distributed
Mediator Protocol (DMP) for securely finding Pareto opti-
mal agreements . We also propose a measure for selecting
final agreements from the set of Pareto-optimal contracts,
based on “approximated fairness” and the “rate of Nash bar-
gaining solution”. We demonstrate that the DMP finds the
Nash bargaining solution better than previous work in this
area.

Categories and Subject Descriptors

I.2.11 [Artificial Intelligence]: Distributed Artificial In-
telligence - Multi-agent System

General Terms

Algorithm, Design, Experimentation

Keywords

Multi-Issue Negotiation, Non-linear Utility Function

1. INTRODUCTION
Multi-issue negotiation protocols represent an important

field of study. While there has been a lot of previous work
in this area, most of it deals exclusively with simple negotia-
tions involving independent multiple issues. Previous efforts
have also not yet been concerned with minimizing the rev-
elation of agents’ private information. Our aim is to create
a protocol that will find high-quality agreements while con-
cealing agent’s utility information.

We propose the Distributed Mediator Protocol (DMP).
DMP makes agreements while concealing agent utility val-
ues using a multi-party protocol[3]. Existing work[2] on
multi interdependent issue negotiation has focused mainly
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on maximizing aggregate utilities. However, the Nash bar-
gaining solution, which is the most popular agreement point
in game theory, also should be considered. The objective
for our protocol, accordingly, is to find the agreement point
that satisfies the Nash bargaining solution, defined as fol-
lows: arg max�s

Q
i∈N ui(�s).

We also propose an approximated fairness metric that
measures how fair a contract is for each agent, as well as
a rate of Nash bargaining solution that represents how close
the agreement is to the Nash bargaining solution. These
measure are used to select one agreement point from the
Pareto-optimal contract set. We present experimental re-
sults comparing how well our protocol finds the Pareto-
optimal contract set and Nash product, compared with ex-
isting protocols[2].

The remainder of the paper is organized as follows. First,
we describe a model of nonlinear multi-issue negotiation.
Second, we define Pareto optimality and approximated fair-
ness in multi interdependent issue negotiation. Third, we
present the Distributed Mediator Protocol (DMP) with ap-
proximated fairness. Finally, we present the experimental
results and conclusions.

2. APPROXIMATED FAIRNESS
The agreement point that satisfies the following function

fulfills Pareto optimality.arg max�s

P
i∈N ui(�s). To fulfill Pareto

optimality, in other words, the protocol needs to find con-
tracts that maximize social welfare.

We focus on approximated fairness as the measure of how
fairly an agreement divides total utility across agents. This
approximated fairness is used in selecting one agreement
from the Pareto-optimal contract set. We define “approx-

imated fairness” as follows: V (u1, . . . , un) =
Pn

i=1
(ui−u)2

n
(u1, . . . , un : agent′s utility value, u: the average of all
agent’s utility value). As we see, approximated fairness is
defined as the deviation of each agent’s utility. The agent
utilities at an agreement point have a low deviation if each
agent’s utility value is nearly equal.

We propose a rate of Nash bargaining solution that repre-
sents how close an agreement is to the Nash bargaining solu-
tion, and approximate that solution using our approximated
fairness measure. We do this because there is a correlation
between approximated fairness and the Nash bargaining so-
lution.

Figure 1 shows the utility space for a pair of negotiat-
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Figure 1: Pareto-Optimal and Approximated Fairness

ing agents. The Pareto Front in multi interdependent issue
negotiation is usually drawn as the kind of dotted curve, be-
cause it is difficult at best for negotiation protocols to find
all the contracts in the Pareto Front, due to the sheer size
of the agent’s utility spaces. In this case, the protocol needs
to find an agreement point that is as close as possible to the
Nash bargaining solution. By minimizing the approximated
fairness value, the protocol can find an agreement point close
to the Nash bargaining solution.

3. DISTRIBUTED MEDIATOR PROTOCOL
We assume n mediators (M0, . . . , Mn) who can calculate

the sum of all the agent utility values if k mediators get to-
gether, and there are m agents (Ag0, . . . , Agm). All media-
tors share q, which is preliminarily a prime number. (Find-
ing the Pareto-optimal contract set) The mediators
divide the utility space and choose a mediator who manages
each portion. Each mediator searches his/her search space
with a local search algorithm. The local search implements
an objective function that aims to maximize social welfare.
During the search, the mediator declares a Multi-Party Pro-
tocol if he/she is searching for the first time. After that, the
mediator selects k mediators from all mediators and asks
them to generate v(shares) from all agents. Ai randomly
selects a k dimension formula, which fulfills fi(0) = xi, and
calculates vi,j = fi(j). (xi: agent’s i’s utility value). After
that, Ai sends vi,j to Mj . Mj receives v1,j , . . . , vm,j from
all agents. Mj calculates vj = v1,j + · · · + vm,j mod q and
reveals vj to the other mediators. The mediators calculate
f(j), which fulfills f(j) = vj by Lagrange’s interpolating
polynomial. At the end, s, which fulfills f(0) = s, is the
sum of all agent utility values. This step is repeated until
they fulfill the at-end condition in the local search algorithm.
(Selecting the Nash bargaining solution) Each medi-
ator communicates the maximum value (alternative) to all
mediators. After that, the mediators select the maximum
value from all alternatives. The mediators find the contract
point which has the optimal approximated fairness, and thus
the maximum Nash product. When they calculate the vari-
ance, they use the Multi-party protocol to protect agent
privacy.

4. EXPERIMENTS
We conducted several experiments to evaluate the effec-

tiveness of our approach. The settings for the experiments
are similar to those in [1]. (A), (B) and (C) are the dis-
tributed mediator protocol, using simulated annealing, hill-
climbing, and genetic algorithms, respectively, as the local
search procedure. (D) is the hybrid secure protocol[1], and
the search algorithm in the distributed mediator step is the
hill-climbing algorithm. (E) is the protocol proposed in [2].

Figure 2: Comparison of the Nash product

Figure 2 compares the Nash product for the 4 methods.
Our key metric was (The maximum Nash product calculated
by each method) / (The Nash bargaining solution). (A) ∼
(C) show higher values than (E). This is because they are
better at finding Pareto optimal contracts and selecting the
agreement that maximizes approximated fairness. More-
over, DMP produces higher performance than previous pro-
tocols.

Figure 3: Finding Pareto-optimal contracts

Figure 3 shows the difference in the number of Pareto-
optimal contracts found by the proposed methods. (C) finds
a higher percentage of Pareto-optimal contracts for all num-
ber of issues. There are two reasons. One is that GA
is inherently suitable for finding sparse solutions, like the
Pareto-optimal contract set, in nonlinear spaces. Also, in
this experiment, if (C) found one Pareto-optimal contract,
then nearby Pareto-optimal contracts are also found as its
children. For all methods, however, when the number of is-
sues increases, the ability to find Pareto-optimal contracts
decreased drastically.

5. CONCLUSION
In this paper, we have presented a Distributed Mediator

Protocol (DMP) that uses an approximated fairness metric
to select the agreement point closest to the Nash bargain-
ing solution from the Pareto-optimal contract set, while con-
cealing agent’s utility information, in negotiation with multi
interdependent issues and thus nonlinear utility functions.

6. REFERENCES
[1] K. Fujita, T. Ito, and M. Klein. Preliminary result on

secure protocols for multiple issue negotiation
problems. In Proc. of PRIMA-2008, 2008.

[2] T. Ito, H. Hattori, and M. Klein. Multi-issue
negotiation protocol for agents : Exploring nonlinear
utility spaces. In Proc. of IJCAI-2007, pages
1347–1352, 2007.

[3] A. Shamir. How to share a secret. Commun. ACM,
22(11):612–613, 1979.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 36
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 36
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 36
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings with Distiller 7.0 or equivalent to create PDF documents suitable for IEEE Xplore. Created 29 November 2005. ****Preliminary version. NOT FOR GENERAL RELEASE***)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


