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INTRODUCTION

It can be derived from the empirical works [1; 2; 8] and some behavioural
models [6; 7] that the negotiation strategy the parties use is one of the most
important factors influencing the negotiation process and its outcome. Therefore
the determination of the negotiation strategies that allow the negotiating
subjects to best satisfy their goals is the major task for the mediator or the
negotiation support system in the externally supported negotiations. We propose
describing the negotiation situation as a two-person game, the strategies
of which correspond to all the possible negotiation strategies that the parties can
apply during the negotiation process. This way we find, by determining the
solution of the game, the efficient mix of negotiation strategies which
maximises the negotiation outcomes for both parties. To compare the payoffs
given as the vectors of value distribution we apply the model of multi-attribute
stochastic dominance proposed by Zaras§ and Martel [11; 12] and to find
the game solution we apply the procedure for determining the negotiation set
of the game with the combination of the Zara§ and Martel model. The general
procedure for determining the negotiation game solution and a numerical
example of its application based on the Inspire empirical dataset are also
presented.

1. INSPIRE E-NEGOTIATION SYSTEM

We consider bilateral business negotiations conducted via Web,
as described in Inspire eNS' [5]. Inspire is a simple Internet tool, most
frequently used for training and learning negotiations by means of which
the hypothetical negotiations between buyer (bicycle manufacturer) and seller

! www.inerneg.org/inspire
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(bicycle parts producer) can be conducted. It is assumed that the parties wish
to sign a new contract and therefore they negotiate four different issues: price
of the bicycle parts, time of delivery, time of payment and conditions
of spoilage returns. All the issues have predefined values, the only ones that
the negotiators can consider during the negotiation process. Inspire helps
negotiators evaluate the offers by means of the utility functions that are
individually determined in the pre-negotiation phase. In this phase the parties
are also asked to fill the pre-negotiation questionnaires in which they describe
their psychological profiles, the expectations towards the negotiation
atmosphere, the expected behaviour of their opponents and the compromise
they are going to achieve.

In the negotiation phase Inspire acts as a communication platform used
by the parties to send the offers, arguments and comments. It also presents
the history of the process in a graphical way, which helps negotiators analyse
and evaluate the scale of concession.

In the post-negotiation phase Inspire analyses the compromise — if
achieved — and searches for a better one, if the compromise is outside of the set
of Pareto-optimal solutions. In this phase negotiators can also analyse
the negotiation dance which is a graphical representation of the concessions
made by both parties during the entire negotiation process. Finally, they fill
the post-negotiation questionnaires in which they evaluate the negotiation
process, their own and their opponents’ attitude and behaviour, and the Inspire
system itself. In the questionnaires they also describe the negotiation strategy
which they applied during the bargaining process. To define the negotiation
strategy Inspire users need to evaluate their behaviour on five different
platforms: information, persuasion, honesty, exploitation, and co-operation. For
each platform they assign a grade between 1 and 5. For example, assigning
the grade 1 to the platform of information means that the user consider himself
to be extremely informative, while assigning the grade 5 shows him or her to be
extremely uninformative.

Gathering of all the detailed information about negotiation processes
makes Inspire a powerful tool whose database can be used for many formal
analyses. In Section 5 we will use the Inspire data to show an example
of the application of the procedure for determining an efficient mix
of negotiation strategies.

2. NEGOTIATION GAME

The recent behavioural works in the field of negotiation analysis point
to a few factors that influence the negotiation process and its outcome.
In summarising the results of these works we can consider the three major
determinants of the negotiation outcome, namely: negotiation context, nego-



APPLICATION OF MULTIPLE ATTRIBUTE STOCHASTIC DOMINANCE... 321

tiators’ psychological profiles and negotiation strategies used by the parties.
The negotiation context describes the present and future relationships between
the negotiating subjects and the level of conflict [8]. The negotiators’ psycho-
logical profiles consist of their intrinsic, personal and demographical characte-
ristics [1;2; 3; 9] like sex, background, experience etc. Some characteristics
cannot be changed (e.g. race and background); others can (e.g. emigration
or education) but in the vast majority of situations they remain stable during
the negotiation process. The negotiation strategies are defined as sets of rules
guiding the negotiation process and determining the selection of tactics [6; 7].
Strategies can be perceived as the negotiators’ particular ways of acting
and behaving during the negotiation process and are purposely selected to fulfil
their negotiation goals best.

Since the entire analysis to be conducted is based on the dataset obtained
from negotiation experiments conducted in the past, we need to assume that
the context of the supported negotiations is the same as the context
of the negotiation experiments. Thus only the two remaining factors need to be
considered. Therefore the problem under consideration is: how to support two
negotiators, both having a particular psychological profile, in determining
the efficient mixes of negotiation strategies. The analysis of such case needs
to be divided into two separate steps. The psychological profiles of the nego-
tiating subjects have to be identified first. Next, for the negotiators with
the specified psychological profiles, the selection of negotiation strategies must
be conducted.

The identification of negotiators’ psychological profiles comprises a se-
parate analytical problem that can be solved by applying some clustering
methods and was previously discussed by Wachowicz [10]. In this paper
we assume that we have already identified the psychological profiles of both
negotiators and will focus only on the procedure for determining the efficient
mix of negotiation strategies.

Since we introduce a mediator (or a software agent) into a negotiation
process it is justified to propose a symmetric-prescriptive approach to solve
the problem of determining the efficient negotiation strategies. We will
construct a two-person negotiation game whose strategies correspond to nego-
tiation strategies which the parties (of specified psychological profiles) can use
during the negotiations. If the number of all possible negotiation strategies
is too big to consider’, they can be clustered into a few similarity classes [10].
Each mix of game strategies can be perceived as a separate alternative leading
to the outcome described by the payoff value in this matrix cell. The payoffs

2 With regard to the calculations required.
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of such game can be considered as single variables or vectors of variables; they
reflect the criteria used by negotiators to evaluate the negotiation outcome.
The matrix of payoffs is constructed on the basis of the subset of data applied
by the mediator in the analysis’. Since the subset of data is relatively large
it usually consists of more than one record describing the payoff for each matrix
cell. Therefore the payoffs have to be considered not as vectors of deterministic
values, but as vectors of value distributions. Solving such game will allow us
to find the efficient negotiation strategies for both negotiators.

The general scheme of constructing the negotiation game to support
the Inspire users in selection of their negotiation strategies is shown in Figure 1.

Pre-negotiation questionnaires

Supported
negotiators’
psychological
profiles

Possible
strategies
. Adequate Negotiation
Inspire Subset game
dataset of Inspires
data
Outome
distributions

Fig. 1. Construction of the negotiation game for Inspire users

To solve the negotiation game we propose an algorithm of determining
the negotiation set of the game developed originally by von Neumann
and Morgenstern for the bimatrix game with the utility payoffs [4]. It allows
for elimination of the outcomes dominated by individual min-max options
of both players from the set of all possible outcomes comprising the game.
The elimination prevents from suggesting a mutual agreement which payoffs
are worse for one or both the parties that they could assure playing the game
non-cooperatively.

* The subset of the original dataset consisting of data describing the experiments conducted by negotiators
of the same psychological profiles as those of the supported ones.



APPLICATION OF MULTIPLE ATTRIBUTE STOCHASTIC DOMINANCE... 3273

To compare the alternatives presented as vectors of value distribution
we will use stochastic dominance. We propose to apply the Zaras and Martel
model for constructing the global relation of preference [11; 12] which operates
with multiple-attribute stochastic dominance. Furthermore, it operates with
different types of stochastic dominance which allows finding relation of prefe-
rence for decision makers with different risk attitudes”.

We will combine these two procedures to solve the negotiation game,
which allows to determine the mix of efficient negotiation strategies. Having
identified the efficient mix (or mixes) of strategies the mediator knows the most
appropriate way for both negotiators which should suggest to the parties
to apply during the negotiation process in order to assure its efficient outcomes.

3. PROCEDURE FOR DETERMINING AN EFFICIENT MIX
OF NEGOTIATION STRATEGIES

Let us denote:
A, B — the negotiating parties (negotiator 4 and negotiator B),
s4 — the negotiation strategy applied by the negotiator 4, where
s4 € Sa and Sy is a set of the feasible strategies of the negotiator A4
(sp € Sp is defined similarly for the negotiator B),
04(s4 sp) — the vector of outcomes obtained by the negotiator 4 using strategy
s4 while the negotiator B is using the strategy sz, where
o4(ss, sp) € O, and O, is a set of feasible outcomes for

the negotiator A4 while using the negotiation strategy
S4 (OSA € O,), (05(s4, sp) is defined similarly for the negotiator B).

The procedure for solving a two-person negotiation game to find
the efficient mix of negotiation strategies for both negotiators can be repre-
sented as follows:

1. Determine the worst outcomes o0,(s,) for each game strategy s,
of the negotiator 4:

5A(SA):{5A(SA’SB)EOS : v e 5A(SA’SB)SD%(IG) 04(5 4,55) A

4 speSp o, (54-55)€0; ,

(1

0,4(s4:58 )EOSA

A 3 OA(SA’SB)SD%(IG) 6A(SA’SB)}

4 Risk attitude of Inspire users can be inferred from the pre-negotiation questionnaires.
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where:

0, — set of feasible outcomes for the negotiator A when he or she uses

the strategy s ,, (0, is defined analogously for the negotiator B),

SDI — is a relation of preference in the sense of Zara§ and Martel,
determined by means of multi-attribute stochastic dominance
with weights of the attributes and the concordance threshold assumed

by the negotiator 4 (SD5Y is defined analogously for the negotiator
B).
The outcomes 0 ,(s,) for all strategies of the negotiator 4 constitute

the set O, of the worst outcomes for this negotiator.

2. Determine the worst outcomes o0,(s,) for each game strategy sp

of the negotiator B:

= _J5 . = (B)
OB(SB)_{OB(SA’SB)EOSB 'S\ZS . (S_S‘E!EO 0p(s,4,55)SDoN 05 (5 4,55) A
A=24 0plSygs5p sB
2)

A 3 OB(SArSB)SDg(l\I?[) 53(5Ar53)}

0p(5,4.53 )EO.VB

The outcomes o0,(s,) for all strategies of the negotiator B constitute the set

0, of the worst outcomes for this negotiator.

3. Identify the best outcomes out of the worst ones from the sets O, i O,

of both negotiators such that:

0, ={5:(sA>eéA o3 04(s.)SDRY 52@)} (3)
0, = {5; (s5) €0y (ﬁ)aé 05(s5)SDYY 67 (s, )} (4)

where 0, and 0, are the equivalents of min-max solutions defined by
von Neumann and Morgenstern.
4. Eliminate all the outcomes from the set of feasible outcomes that are worse

than min-max solutions for each negotiator separately. Thus the sets
of acceptable outcomes O, and O, for both negotiators are created:
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O, =10,(5,,55):0, ~SD%e 0,(s,,55)} (5)

Op ={05(s,,55):0p _‘SDl%(I\]?[) 05(54,55)} (6)

5. Determine the set of acceptable outcomes consisting of outcomes accepted
by both negotiators simultaneously:

0= {(OA(SA,SB),OB(SA,SB))iOA(SA,SB) IS 5A NOg(s,,85) 653} (7

6. Find the non-dominated outcomes in the set O with respect to the attributes
of both negotiators simultaneously:

(07,05 )= {05 (5.050) 05 (5.4551))€ O :

. . 3
.(0 o )—0|E(|S . ))Ea(OA(SA,SB)’OB(SA,SB))SD%(I\/Z,B) (OA(SAasB)aoB(SAﬂsB))}

where:

SDQ(Q’B) — is a relation of preference in the sense of Zara§ and Martel, with
weights of the attributes and the concordance threshold recalculated
with respect to the ones assumed by negotiators 4 and B.

The non-dominated outcomes, considered as the solutions of the game,
are related to the specific alternatives representing the mixes of game strategies.
These mixes correspond to the efficient mixes of negotiation strategies which
can be suggested to the supported negotiators.

4. EXAMPLE

We now apply the procedure proposed in Section 3 to the process
of determining an efficient mix of negotiation strategies for Inspire users.
We assume that the mediator has already identified the psychological profiles
of the parties and selected the subset of data to be used in construction
of the matrix of payoffs for the negotiation game. We assume further that she
or he agreed with the parties on the criteria they will use to evaluate
the negotiation outcomes, which are perceived by both parties multi-
attributively. These criteria are:

— utility of the agreement (o'), of importance (weight) equal to 0.5,
— control held over the negotiation process (0%), weight: 0.3,
— satisfaction from their own performance (0®), weight: 0.2.
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For simplification, the mediator will consider only four different feasible
negotiation strategies defined as the four different ways the negotiators
can choose on the honesty platform (see Inspire’s negotiation strategy definition
— section 1)°. We number the strategies; thus “1” means strategy of being
extremely honest, “2” — honest, “3” — indifferent (neither honest nor dishonest)
and “4” — dishonest. The number of records in Inspire’s dataset that we will use
to describe the distributions of payoffs for different mixes of strategies is given
in Table 1.

Table 1

Number of records for the mixes of strategies

Buyer
1 2 3
1 25 29 20
5| 2 25 70 ) 21
3| 3 13 48 39 17
4 5 1 20 12

Since the matrix of payoffs consists of vectors of value distributions
it can not be presented in the traditional game-theoretic way. We will describe
it symbolically as the set of alternatives representing the outcomes for each mix
of strategies (Table 2).

Table 2

Symbolic representation of the matrix of payoffs

Buyer
1 2 3 4

Seller

alternative 1

alternative 2

alternative 3

alternative 4

alternative 5

alternative 6

alternative 7

alternative 8

alternative 9

alternative 10

alternative 11

alternative 12

EEN BLOS T I N 2

alternative 13

alternative 14

alternative 15

alternative 16

’ Originally there were five different possible ways to choose by Inspire users on this platform, but the dataset
we use in the analysis consisted of too few observations to construct a matrix of dimensions 5 x 5. Therefore

we decided to merge strategies number 4 and 5 into a single strategy.
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To find the efficient negotiation strategies for both negotiators
the mediator starts the procedure (see Section 3):

1. Determine the worst outcomes o0,(s,) for each game strategy s,
of the negotiator 4 (seller):

The mediator has to analyse all the alternatives for each feasible strategy
of the negotiator 4 and find the worst ones (giving the worst payoffs for criteria
defined by the negotiator 4) for each of them. First he analyses the strategy
number 1. According to the procedures within the Zara§ and Martel model,
he needs to identify the global relation of preferences by determining
the stochastic dominances between the alternatives 1, 2, 3 and 4 for every single
criterion separately. The results of this procedure are shown in Table 3.

Table 3

Single-attribute stochastic dominances for alternatives constituting the seller’s strategy number 1

Attribute 1 — utility

alternative 1

alternative 2

alternative 3

alternative 4

alternative 1 TISD2 SSD SISD
alternative 2 SSD SSD SISD
alternative 3

alternative 4 SSD

Attribute 2 — control

alternative 1

alternative 2

alternative 3

alternative 4

alternative 1 SISD FSD SISD
alternative 2 TSD FSD SSD
alternative 3

alternative 4 TSD

Attribute 3 — satisfaction

alternative 1

alternative 2

alternative 3

alternative 4

alternative 1 SISD SISD SISD
alternative 2 TSD FSD FSD
alternative 3 FSD

alternative 4

Next, he needs to calculate the explicable (CE) and non-explicable (CN)

concordance rates assuming that the seller is risk-averse (see Table 4).
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Table 4
Explicable (CE) and non-explicable (CN) concordance rates

Alternatives 1 2 3 4

1CE 0 0.8

1CN 1 0.2 1

2CE 1 1 0.5

2 CN 0 0 0.5

3CE 0 0 0.2

3CN 0 0 0

4 CE 0 0 0.8

4 CN 0 0 0

The mediator wants to find an alternative represented by the worst
outcome for the highest possible concordance threshold p. Thus he first
determines the global relation of preferences for p =1, taking into account
the first order, the second order and the third order stochastic dominance only.
The relation of preferences is given graphically on Figure 2.

Fig. 2. Relation of preferences for p = 1

There are two worst alternatives for the strategy number 1 of negotiator
A. Since the sum of the explicable and non-explicable concordance rates
calculated for the alternative 1 over the alternative 3 is equal to 1, the mediator
can explain the relation between these alternatives directly with the negotiator
A. If the negotiator considers the alternative 1 better than 3, the latter would be
chosen as the worst one. The mediator can also lower the concordance threshold
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p, if he wants to distinguish a single alternative as the worst one. For the level
p = 0.8 the alternative 1 dominates the alternative 3 (see Table 4), thus the latter
can be considered the worst of all for the strategy number 1. We assume that
the mediator considers both alternatives 1 and 3 as equally bad, thus:
o,()= {o LLD),0, (1,3)}. A similar analysis must be provided for all
the remaining strategies of the negotiator 4. We obtain then:

— for strategy number 2: alternative 7 (5 1(2)=0, (2,3)),

—  for strategy number 3: alternatives 11 and 12

6,3=1{0,33.0,64) .

— for strategy number 4: alternative 15 (5 (D=0, (4,3)).

2. Determine the worst outcomes o0,(sz) for each game strategy sz

of the negotiator B (buyer):
The mediator finds the alternatives that give the worst outcomes
(evaluated by criteria defined by the negotiator B) for every feasible strategy
of the negotiator B. He conducts the same procedure as in step 1 and obtains:

— for strategy number 1: alternatives 9 and 13 (5 (D= {0 33D, (4,1)}),
— for strategy number 2: alternative 10 (5 () =0, (3,2)).

— for strategy number 3: alternative 11 (5 2(3) =0, (3,3)),

— for strategy number 4: alternative 16 (5 (B =0, (4,4)).

3. Identify the best outcomes out of the worst in sets O 1 53 of both
negotiators:

The mediator needs to find the best alternative (giving the best outcomes)

out of the six alternatives o ,(s,), defined in step 1 as the worst for each

strategy of the negotiator 4, that constitute the set 0 - He determines the global

relation of preferences for different concordance thresholds p, looking for
the most satisfying order®. The mediator obtains the results shown in Table 5.

® As the most satisfying order we will consider the one with the highest possible value of concordance
threshold p that allows to find a single alternative at the first level of hierarchy or giving the fewest
alternatives at the first level of hierarchy.
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Table 5
Relations of preferences for different concordance thresholds (negotiator 4)
Concordance Order of alternatives — levels of preferences
threshold 1 2 3 4 5
1 1,3,11, 12 7,15
1+CN 1 7 3,11 12 15

For p=1+CN the mediator obtains 0, =0,(1)=0,(L1). Thus the

alternative 1 is the best out of the worst ones for the negotiator 4 (the equivalent
of min-max option). The 0,, corresponding to the best alternative out of the

worst ones of the negotiator B is determined in a similar way. The global
relation of preferences for the alternatives from the set 53 is shown in Table 6.

Table 6

Relations of preferences for different concordance thresholds (negotiator B)

Concordance Order of alternatives — levels of preferences
threshold 1 P 3
1 9,10, 11 13,16
1+CN 10 9,11 13,16

For p=1+CN the mediator obtains 0y =0,(2) =04(3,2). Thus

the alternative 10 is the best out of the worst ones for the negotiator B.

4. Eliminate all the outcomes from the set of feasible outcomes that are worse
than min-max solutions of each negotiator separately.
The mediator needs to order all the alternatives constituting the game to

find the worse ones than min-max options 0, and 0, of both negotiators. First
he analyzes the outcomes of the negotiator 4. For the concordance threshold

p=0.8+CN’ he finds ten different alternatives dominated by o > shown in
Table 7 (shaded).

7 In determining the global relation of preferences we consider the concordance threshold to be acceptable
as long as it is greater than 0.5, which means that more than 50% of all criteria were taken into consideration
in determining the relations of preferences.
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Table 7

Alternatives dominated by 0 4

Buyer
1 2 3 4

alternative 4

Seller

alternative 1

alternative 2

alternative 3

alternative 5

alternative 6

alternative 7

alternative 8

alternative 9

alternative 10

alternative 11

alternative 12

alternative 14 alternative 15 alternative 16

AW N | —

alternative 13

The sets of acceptable outcomes:

0, =lo,0.D;0,0,2);0,(1,4);0,(2.1);0,,(3.1);0,(4,2)}

Next, the mediator analyses the outcomes for the negotiator B. For
the concordance threshold p =0.8 + CN he finds seven different alternatives

dominated by 0, , shown in Table 8 (shaded).

Table 8

Alternatives dominated by 53

Buyer
1 2 3 4

Seller

alternative 1

alternative 2

alternative 3

alternative 4

alternative 5

alternative 6

alternative 7

alternative 8

alternative 9

alternative 10

alternative 11

alternative 12

AW [N | =

alternative 13

alternative 14

alternative 15

alternative 16

The sets of acceptable outcomes:

53 = {OB (151)’ OB (152)3 OB (174)a OB (2>1), OB (2,2), OB (2,3)a

05(2,4);0,(3,2);0,(4,2)}.

5. Determine the set of acceptable outcomes consisting of outcomes accepted

by both negotiators simultaneously.

The set O of outcomes accepted by both negotiators simultaneously
can be derived from the alternatives which are accepted by the parties
individually. If the outcomes of one particular alternative are accepted by

the negotiator 4 (that is, they belong to the set 9] ) and by the negotiator B (that
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is, they belong to the set 53 ), they comprise the outcome accepted

simultaneously that comprise the set O . The alternatives whose outcomes
belong to the set O are shown in Table 9 (shaded).

Table 9
Alternatives outside the set O
Buyer
1 2 3 4
1 alternative 1 alternative 2 alternative 3 alternative 4
B 2 alternative 5 alternative 6 alternative 7 alternative 8
@ 3 alternative 9 alternative 10 alternative 11 alternative 12
4 alternative 13 alternative 14 alternative 15 alternative 16

6. Find the non-dominated outcomes in the set O with respect to the attributes
of both negotiators simultaneously:

The mediator must now find the global relation of preferences for the five
alternatives comprising the set O .He analyses the outcomes of both negotiators
simultaneously, thus he needs to change weights of all the attributes whose sum
must be equal to 1. We assume that the mediator wants to act fairly, thus
he decides to divide the initial weights specified by both negotiators by 2. Due
to that the criteria of each negotiator will have an equal share in the sum of 1
(both of 0.5).

According to Zara§ and Martel model the mediator needs now
to determine the stochastic dominance between the alternatives for every single
criterion separately. The results are given in Table 10.

Table 10
Single-attribute stochastic dominances for alternatives from the set 5
Attribute 1 — utility of negotiator 4 Attribute 2 — control of negotiator 4
alternative| 1 2 4 5 14 Jalternative| 1 2 4 5 14

1 TISD2| SISD TISD2 1 SISD | SISD

2 SSD SISD | TSD | TSD 2 TSD SSD

4 4

5 SSD | SISD | SISD SISD 5 FSD | FSD | FSD FSD
14 SSD | SISD | SISD 14 SSD | FSD | SSD
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Attribute 3 — satisfaction of negotiator 4 Attribute 4 — utility of negotiator B
alternative| 1 2 4 5 14 |alternative| 1 2 4 5 14
1 SISD | SISD 1 SSD | SISD
2 TSD FSD 2 TISD2 SSD | SISD
4 4 SSD | SSD SSD | SISD
5 FSD | SISD | FSD SISD 5 TISD2 SISD
14 SSD | SISD | FSD 14 TSD
Attribute 5 — control of negotiator B Attribute 6 — satisfaction of negotiator B
alternative| 1 2 4 5 14 |alternative| 1 2 4 5 14
1 FSD | FSD | SSD | FSD 1 SISD | FSD
2 SSD | FSD 2 TISD1 SISD | FSD
4 TSD SSD | FSD 4 FSD | SSD FSD | FSD
5 TISD2 SISD 5 SSD
14 14

Having analysed the single-attribute dominances, the mediator, using
the weights of the attributes, calculates the explicable (CE) and non-explicable
(CN) concordance rates (Table 11).

Table 11
Explicable (CE) and non-explicable (CN) concordance rates

Alternative 1 2 4 5 14
1CE 0.15 0.15 0.4 0.25
1 CN 0.5 0.5 0.1 0.25
2CE 0.5 0.25 0.65 0.5
2 CN 0.35 0.25 0.2 0.35
4CE 0.35 0.5 0.5 0.25
4 CN 0.5 0.25 0.25 0.5
5CE 0.5 0.15 0.25 0.25
5 CN 0.1 0.2 0.25 0.5
14 CE 0.5 0.15 0.25 0.25
14 CN 0.25 0.35 0.5 0.5

Based on these concordance rates the mediator affirms that all
the alternatives from the set O are equally good for the parties for the threshold
p =1 (there is no alternative that dominates another one). But the mediator
can determine the most satisfying global relation of preferences by lowering
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the concordance threshold to the value of 0.75 and analysing the non-explicable
concordance rates. In that case she or he obtains the relation of preferences
as shown in Figure 3.

Fig. 3. Global relation of preferences for alternatives from the set 5 (»=0.75+CN)

Since we have determined the alternative 4 to be the most preferable
(the best), we obtain (07,05 )= (0%(s,.55).0}(s,.55))= (0% (14).05 (1.4)).
Hence an efficient mix of negotiation strategies for both parties
is (54, sp) = (1, 4). It is the strategy number 1 for the seller (negotiator 4), which
recommends acting in a very honest way, and the strategy number 4
for the buyer (negotiator B) — acting in a dishonest way.

Knowing the efficient strategies for the negotiating parties, the mediator
has to convince them, using some method of persuasion, to apply such stra-
tegies, since they assure the most satisfying and efficient outcomes for both
parties.

CONCLUSIONS

From the recent behavioral research and studies we concluded that
the strategies applied by the negotiators during the negotiation process are
the key factors (along with the negotiation context and negotiators’ psycho-
logical profiles) determining the outcomes achieved by the parties. Therefore
in the paper we proposed the concept of supporting mediator helping with
the selection of the negotiation strategies for parties negotiating by means
of an e-negotiation system. We suggested a symmetric-prescriptive approach for
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solving such decision problem. The two-person negotiation game, whose
strategies correspond to the feasible negotiation strategies, was constructed.
To solve the game we applied the Von Neumann and Morgenstern procedure
for determining the negotiation set of the game. It allows for reducing the num-
ber of feasible solutions to the individually non-dominated ones. Although
the game theory requires the decision problem to be simplified, such a struc-
tured problem can be easily implemented as a software module in a negotiation
support system.

Since the game payoffs are defined as vectors of value distributions,
to compare all feasible alternatives we apply the Zara§ and Martel model
for determining the global relation of preferences based on multi-attribute
stochastic dominance. It allows for construction of the relation of preferences
for decision makers (negotiators) with different risk attitude. By combining
these two procedures we obtain the game solution which is a mix of efficient
negotiation strategies. The mediator knows then how the parties should act
to achieve the efficient outcomes for both and a mutually most satisfying
agreement.
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