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REFERENCE POINTS-BASED METHODS IN SUPPORTING
THE EVALUATION OF NEGOTIATION OFFERS

Scoring the negotiation template and building a scoring system for negotiation offers is a starting
point for analysis of negotiation. It is usually done by means of a classical additive scoring model.
Recent research confirms, however, that TOPSIS may be a good alternative to SAW-based models,
since it significantly facilitates the processes of template definition and elicitation of negotiator’s
preferences. Fundamental ideas of the TOPSIS, VIKOR and BIPOLAR methods have been analysed
and attempts were made to hybridize some of their notions to propose an alternative method for
evaluating negotiation offers.
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1. Introduction

Multiple criteria decision making methods (MCDM) are often used to support in-
tegrative negotiations [17, 18]. They are applied to structuring a negotiation problem,
building the negotiation template, eliciting negotiators’ preferences and determining
their individual scoring systems for negotiation offers. The standard multiple criteria
decision support tool most commonly used for negotiation analysis is additive scoring
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model (ASM) [7], known also as SAW (Simple Additive Weighting). It is based on
a simple notion of aggregating single-criterion preferences into global preferences de-
scribed by the multiple attribute value function. Due to its simplicity, it is commonly ap-
plied in negotiation support systems and electronic negotiation systems [8, 10, 22].

However, SAW may only be applied to support negotiation problems of a simple
structure. It requires a discrete definition of a negotiation problem, but in a real world
such negotiations rarely happen. Some negotiation issues are quantitative and have
a continuous character. Also, very often, negotiators are not able to identify all the
salient options [8] required by SAW. Moreover, negotiators very often misuse and
misinterpret scoring systems built by means of SAW which was confirmed by the
results of negotiation experiments conducted within the GRIN project [29, 15]. There-
fore, it seems vital to develop some alternative approaches and methods for negotia-
tion support that could be used for structuring negotiation problems and constructing
scoring systems for negotiation offers.

In this paper, we analyze how the three MCDM methods that are based on refer-
ence points may be hybridized to build a tool that helps negotiators in the elicitation of
preferences and evaluation of negotiation offers. We focus on: TOPSIS (Technique for
Order Preferences by Similarity to Ideal Solution) [5], VIKOR (Serb. Vise Kriterijum-
ska Optimizacija i Kompromisno Resenje) [13] and BIPOLAR [9]. In some previous
papers, we explored TOPSIS and found it applicable to negotiation support [19].
However, some drawbacks and limitations were pointed out. Here we show how the
key notions of VIKOR and BIPOLAR may increase the flexibility and functionality of
a TOPSIS-based tool applied to scoring the negotiation template. The final contribu-
tion of this paper is defining a formal, theoretical approach to decision support in ne-
gotiations, which — as opposed to SAW-based approaches, allows us to build a scoring
system for negotiation offers that only requires definition of the reference points, and
does not need the complete specification of the negotiation template.

The paper consists of 5 more Sections. In Section 2, we formulate the negotiation
problem as such and describe it formally. In Section 3, we present the modified
TOPSIS approach, in Section 4, the VIKOR approach and in Section 5, fundamental
elements of BIPOLAR that may be applied to hybridize the TOPSIS and VIKOR al-
gorithms. In Section 6, we present a numerical example of using three different scor-
ing approaches that hybridize TOPSIS, VIKOR and BIPOLAR to score a negotiation
template and build scoring systems for negotiation offers.

2. Negotiation problems — a formal model

To support negotiators in their pre-negotiation tasks such as defining the negotia-
tion space, eliciting negotiators’ preferences and evaluating alternatives to a negotia-
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tion agreement [30, 25], the negotiations should be appropriately structured and for-
malized. To do so, some key important elements of negotiations need to be identified
first [8, 19]:

e negotiation issue — a criterion used by a negotiator to evaluate a negotiation
compromise,

e option — a resolution level of a negotiation issue,

¢ package (complete package) — a negotiation offer that specifies the options for
all negotiation issues.

Based on the negotiation theory, we assume that within pre-negotiation talks the
negotiators define an initial set of feasible packages [30], denoted by P. A negotiator
faces the problem of evaluating m packages from the set P denoted by B, P, ....P,.
Unfortunately, the evaluation of these packages is not easy, since they are described

by the set of negotiation issues Z ={Z,,Z,, ..., Zn}(tj+1). The set Z consists of two

subsets: Z =1wJ. The subset / consists of all the issues the negotiator considers in
terms of benefits, i.e. the negotiator prefers higher resolution levels to lower ones (if
qualitative issues are considered, we assume the order of the options may be deter-
mined according to increasing preferences). The set J is the subset of the issues that
negotiator considers in terms of costs, i.e. lower resolution levels are preferred to
higher ones.
Any package P; may be represented by the vector
P =[x, Xx,,...., x;,] (1)

> Vin
where x; is the numerical representation of the option of the j-th issue in the i-th

package.

Options may be represented by deterministic values, as well as fuzzy numbers,
linguistic variables or verbal descriptors. If qualitative descriptions of options are
given, we assume that they are transformed into numerical equivalents before the
evaluation procedure.

Negotiators should also define the boundaries of the negotiation space by specifying
BATNA* and aspiration levels. Assuming that both these elements are represented by
complete packages, we obtain two extreme reference points that we will use in our fur-

ther analysis. Thus we identify the ideal package (F, =[x,,, X,,, ..., X, ]) and the anti-
ideal one (P, =[x, X5, --» X4, ]) . If the negotiator finds it difficult to identify P,
and P,,,then we may construct them using the information provided by P and Z.

*BATNA (Best Alternative to Negotiated Agreement) is very often called the reservation level. It is
used to determine the worst packages that negotiators would accept during the negotiation process. Of-
fers, which are worse than BATNA are rejected, since a negotiator would choose BATNA instead.
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Definition 1. The ideal options in P, are determined as follows:

rrllax{x} ifjel
x, =< 2
v mm{x} ifjeJ @

i=l,.

Definition 2. The anti-ideal options in P,, are determined as follows:

r{lm{x} ifjel

= 3
ay max{x} ifjeJ )

i=l,.

Let w=[w,W,,..., w,] be a vector of weights that reflect the importance of each
negotiation issue j, j=1,2,...,n defined by the negotiator. This vector may be de-

fined directly by assigning scores to the issues or some supportive mechanisms may
be applied, such as AHP [21] or a swinging weights procedure [3].
Finally, let S be a set of scores (ratings) determined for the packages from P, i.e.

S={S,,i=1,..,m}. The differences between the packages’ ratings, denoted by
AS,, =S, —Sk, can be interpreted as cardinal measures of concessions made by a ne-
gotiator when moving from package P to F,. The way of constructing the set B de-

pends on the MCDM method applied, usually a simple additive method is used
[8, 22]. However, there are some research papers illustrating the application of AHP
[11,26].

The negotiation problem, defined as the decision problem of the negotiator, may
be thus defined as the following eight-tuple:

znp1,J,w,P,P,,S) “4)

The following elements: Z, I, J, P, are used to define the negotiation template,
while w, P;, P4 and S are the elements of the scoring system that we obtain having
conducted an evaluation of the negotiation template.

When a classical negotiation support approach is applied, such as SAW- or AHP-
-based ones, the complete definition of the problem as stated in (4) is required. In
other words, the negotiation problem is defined in the form of a discrete decision
problem, with a predefined set of alternative negotiation offers (packages) for which
a scoring system is obtained. Such a representation of the problem is very rigid (in-
flexible), since it does not take into consideration the possibility of building and scor-
ing any other negotiation package that might consist of intermediate resolution levels
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of the issues (between P; and P,,). In this paper, we will show that using an alternative
supportive approach which combines the TOPSIS, VIKOR and BIPOLAR methods;
allows the elimination of some restrictions related to the rigid definition of a negotia-
tion problem (4) and reduction in the workload required for the negotiator to define
some elements of (4).

3. Extension of the TOPSIS approach to the context of negotiations

TOPSIS was proposed by Hwang and Yoon [5] as a ranking method for discrete de-
cision problems with a predefined decision matrix. Some introductory research has al-
ready been carried out by Roszkowska and Wachowicz [19], which confirms TOPSIS to
be an effective tool for negotiation support. However, appropriate modifications need
to be introduced into the original TOPSIS algorithm to make it applicable to various
negotiation problems. As mentioned before, this modified TOPSIS algorithm does not
require a complete definition of the set P (decision matrix) to build a scoring system
for feasible negotiation offers. Consequently, it seems to be more suited to real-world
negotiation problems, in which the parties are not usually able to predefine the full set
of alternatives, since some negotiation issues are usually quantitative or represented by
means of continuous variables. However, according to pre-negotiation theory [30, 23],
we allow the negotiator to define the initial set of alternatives as a part of their nego-
tiation strategy but this will not influence the scoring system that will be determined
by means of a TOPSIS-based scoring approach.

In modified TOPSIS the set S is constructed solely on the basis of the reference
points P, and P,,. This approach only requires the negotiator to define the negotiation

space by means of BATNA and aspiration levels. These reference points are the basis
for normalization of the issues’ options of the package under evaluation required by
the TOPSIS algorithm (step 1), while using standard TOPSIS for this normalization,
the full decision matrix defined by P is used. Here the options are normalized in the
following way [27, 19]:

X. — X,
X, =" )

Xy = X

where x, (x,;,) is the option for the j-th issue in package P, (P,)).
Then (step 2), for each package P, the distances between P, and P,, are deter-

mined (d; and d;, respectively) using the following formulas:
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where p is the parameter of the distance measure. For p =2, we obtain the Euclidean
distance, the most commonly used in the classical TOPSIS algorithm.

Finally (step 3), the global score (evaluation), S;, of each package P is deter-
mined, being the ratio of the distance of a package to P,, to the sum of the distances
to P, and P,;:

5, == ®)

where S, €[0,1].

The higher the value of S, the better the package is. When S, =1, the package P
is equivalent to F,. Similarly, when S, =0, the package P, is the worst (anti-ideal)
one.

The modified TOPSIS method of scoring described above is quite straightforward

and easy to perform (from the computational point of view) but its applicability is
limited to the negotiation space declared by means of the P, and P,, packages. To

score offers outside the feasible space, further modifications are required [19].

4. VIKOR - setting an alternative evaluation criterion

VIKOR is another MCDM method based on the notion of reference points, that
aims to choose the best alternative out of a predefined set [13]. It differs from TOP-
SIS, since it does not measure the distances to P; and P,/*. Instead, VIKOR deter-
mines two ranking measures:

*Differences between TOPSIS and VIKOR have been described in detail by Opricovic and Tzeng [13].
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S, = Z bz ©)

‘x,/ xfw‘
which reflects the average weighted distance between £ and P,, and

‘xli B xi/"

R, = max (10)
7 b=
which reflects the maximum, single-criterion distance between F, and P,. These two
measures are then used to calculate a global ranking measure Q,, that takes into con-

sideration the decision maker’s (DM) evaluation strategy formulated by means of the
tuning coefficient ¢ € [0, 1].

Formally Q, is determined as follows

Qi:qSi+(l_q)Ri (11)

The higher the parameter ¢, the more important the multiple criteria distance
measure S, and consequently the less important the single criteria deviations R,.

The classical VIKOR algorithm determines the best alternative out of the set P by
sorting the packages according to increasing Q, values. Let B, and P, denote the first

and the second package in the ranking. If the following condition holds

1
m-—1

Q1 _Qz > (12)

then the VIKOR algorithm recommends alternative £ as the best one (most pre-
ferred). If condition 12) is not satisfied, but P, is still first in another ranking built
according to increasing S; and/or R,, it is still considered to be the best one.

Since VIKOR was developed for choosing the best alternative out of a set of pre-
defined alternatives (P), it cannot be directly implemented to construct a scoring sys-
tem for negotiation offers. What is interesting in the VIKOR algorithm, is that it ap-
plies an original global scoring formula Q,. VIKOR is not based on the distance to

iP,/*, but on the single-criterion distance R, instead. The aggregation of O, and R, is

*Taking into account the fact that VIKOR applies the Manhattan distance, the distance to PAI is
equal tol1—d;". Thus, there is no gain from using P;.
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additive and weighted by the ¢ coefficient. This makes the global scores more sensi-
tive and specific to the subjective judgments of a DM and — in the context of negotia-
tions — the global scoring system, being the strategic information of the focal negotia-
tor, cannot be so easily discovered by their counterparts. Moreover, it allows some
advanced post-negotiation analysis, which aims to find improvements in the negoti-
ated agreement. Such an analysis cannot be so easily and unequivocally conducted
when the standard TOPSIS aggregating criterion (Eq. 8)) is applied [28].

We should note that a similar linear aggregating criterion was also proposed by
Chen et al. [1]. However, the authors propose a score based on the d;" and d; dis-

tances:
Sl.‘" =ad; +(1—a)(1—d[+) (13)

where « is a parameter that describes how aggressive (or conservative) the DM’s deci-
sion strategy is. The higher ¢, the more conservative the DM is (i.e. the more oriented
to/afraid of the worst solution).

We will use the VIKOR aggregate criterion, as well as Chen’s modification of the
classic TOPSIS §, criterion to construct a scoring system for negotiation offers and try

to examine what are the consequences of different choices of ¢ and «.

5. BIPOLAR - defining an alternative reference space

The BIPOLAR method [9] is a MCDM outranking method based on the notion of
a synthesizing preference relational system [20]. It is used as a supportive tool for prob-
lems involving sorting and ranking, for which limited compensation between issues
is assumed. In contrary to TOPSIS and VIKOR, it is not based on single reference
alternatives (ideal and anti-ideal ones), but uses sets of reference alternatives: a set of

good solutions (G ={G,, G,, ..., G, }) and a set of bad ones (B={B,B,,...B,}).
These two sets comprise the reference space R U B, where R={R,, R,, ...,R,,,,,}
and R, =(x;,,Xg 55, X, ). The BIPOLAR procedure is similar to other outranking

methods and requires: determining the outranking relations for each P with respect to

each reference alternative, testing concordance and discordance, identifying types of
preference relations and conducting BIPOLAR-sorting and BIPOLAR-ranking analy-
sis to find a final ordering of alternatives within the set P. As a result of BIPOLAR-
ranking, we obtain a partial ordering of alternatives like the one shown in Fig. 1.
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Category 1 Category 2 Category 3

decreasing preferences

Fig. 1. An Example of BIPOLAR-sorting

As we see, BIPOLAR-sorting allows assigning the alternatives to the categories
resulting from the reference space, and then ordering them within each of these cate-
gories (indifference may occur), but it gives no information about the strengths of
preferences. From a negotiator’s point of view, such information may be insufficient.
They cannot effectively compare two different offers or find the scale of concession
when moving from one to another, since there is no cardinal score assigned to any
offer. Consequently, it is impossible to track the progress of negotiations or visualize
concession paths that could inform negotiators whether there is a chance to achieve
a satisfactory compromise or not [16].

However, the key concept of BIPOLAR may be applied to negotiation support
provided by means of a modified TOPSIS algorithm. BIPOLAR may help negotiators
to conduct a pre-negotiation analysis and make the process of eliciting preferences
easier, since it is not as restrictive in defining the reference system as TOPSIS is. It
may be the case that negotiators cannot precisely declare the ideal and anti-ideal solu-
tion, since these two alternatives may be too abstract for them (utopian points that
could never be reached). BIPOLAR allows them to define sets of alternative offers
(which a party is indifferent between) that would represent the ideal (most wanted)
and anti-ideal (least wanted) solutions instead. It may be easier for negotiators to give
a few examples of offers, since in such a case they may take into consideration possi-
ble tradeoffs between the issues.

The idea of reference sets cannot be applied directly to the formal model of nego-
tiation as presented by Eq. (4), in which the set .S is obtained by means of a modified
TOPSIS algorithm. In step 2 of this algorithm, the distances are determined for each
alternative P; to the unique alternatives P; and P, (Egs. (6) and (7)). Similarly in
VIKOR, the criteria S; and R, are determined on the basis of the unique ideal and
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anti-ideal options. When introducing concepts from the BIPOLAR algorithm into the
TOPSIS algorithm, we need to handle the problem of measuring the distance between
a set (reference system) and a single alternative (an offer under consideration). The
easiest way to solve this problem is to apply solutions proposed by statistical multi-
variate analysis, in particular, methods for determining the intra-class distance [4, 2].
The most frequently proposed methods are: the single-link method, complete-link
method and the group average link method, the basic idea of which are presented in
Fig. 2.

............... Single-link method ———  Group average-link method
————  Complete-link method d. = di +dy +dp
iR
3

Fig. 2. Examples of intra-class distances

Let us denote by d(a,b)the distance between two objects a and b. According to

the notions of distance shown above, the new forms of TOPSIS distances are deter-
mined as follows:
Single-link method:

= i, .G} 0
d- = Sg@gb{d(e, B)} (15)
Complete-link method:
d = g%g{d(e, G,)} (16)
d = max {d(P,B)} (17)
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Group average-link method:

Lg
>.d(P,G,)
+ — s=1

di = 18
, Iz (18)
Lb
> d(P,B,)
d- === 19
, 0 (19)

For some reasons it may be desirable to implement another form of intra-class dis-
tance measure, namely the centroid method [21]. The major advantage of this method
is that within the reference set it fixes a stable and exogenously independent reference
point, the same for each alternative under consideration. The centroids are determined
in the following way:

1 &

£ = ':xb]Vj=l,2,...,n ’ where Xy = E;xcsj (20)
- y 5 1 Lb
Py = [xf”/' :'VjZI,Z,.“,n ’ where Xay = L_bz:l:st/ 1)

6. Example

We will now demonstrate the process of building a scoring system for negotiation
offers conducted by means of the methods presented in the previous sections. We will
compare the scoring systems obtained using (S1) modified TOPSIS, (S2) modified
TOPSIS using « as the weighting factor (a~-TOPSIS) and (S3) VIKOR; a hybrid algo-
rithm using the BIPOLAR notion of a reference space.

To make the results comparable, in TOPSIS we will use the distance measure re-
quired by the VIKOR algorithm, i.e. the Manhattan metric (L) Furthermore, for all the
methods we will use the same issue weights. In the VIKOR procedure we will use the
O, measure for determining the global ranking of the alternatives.

Let us consider business negotiations with the template defined by means of three ne-
gotiation issues (Z = {Price, Time of delivery, Time of payment}), where Z,,Z, el
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and Z, € J. The negotiator declared the following vector of weights* w=[0.5,0.3,0.2]

and then defined six alternatives as part of their negotiation strategy (we will assume that
they constitute the set P), that are listed in Table 1.

Table 1. Set of considered alternatives P

Alternative Z Z, Z3
Py 300 14 7
P, 450 7 14
Ps 270 31 2
P, 380 20 10
Ps 290 15 15
P 420 25 5

Let us assume further that the negotiator has declared the following reference sets,
according to the requirements of the BIPOLAR algorithm:

o the set of ideal packages: G = {(470, 34, 0); (510, 31, 0); (520, 28, 0)},

o the set of anti-ideal packages: B = {(220, 14, 18); (260, 7, 20); (270, 0,25)}.

Thus we apply the centroid method to determine the new forms of the ideal and
anti-ideal solutions according to Egs. (20) and (21) and obtain:

1

5 [470+5;0+520’34+331+28’0+(3)+0}=[500’3L0]

P [220+260+27O 14+7+0 18+20+25
3 3

Al 5 s 3 } = [250, 7, 21]

Having defined the basic elements of the negotiation problem given by Eq. (4), we
may now determine the set of scores S using some alternative approaches based on
TOPSIS and VIKOR. The form of the distance measure needs to be chosen to conduct
the calculations of scores in TOPSIS. Note, the form of the distance function will
heavily influence the final scoring system we obtain, so it is recommended to interact
with the negotiator to adapt the distance function that describes their preferences in the
best possible way [28]. For its simplicity, we will apply here the L, distance measure,

which combined with the normalization Eq. (5) results in the following relation be-
tween the distances d;" and d; :

*These weights might be assigned directly by means of support mechanisms such as AHP or the
swinging weights method.
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d*=1-d- (22)

Therefore, for each version of the TOPSIS algorithm presented, the global score
S, of the i-th package is equivalent to the multiple criteria distance between this pack-

age and P,

._IV S, =d; (23)
Unfortunately, using the L, distance measure, a-TOPSIS becomes insensitive to

the strategy parameter. We obtain

v S =8 (24)

a'a"e[0,1],i=l,...m ' !

and o-TOPSIS scoring is equivalent to modified TOPSIS scoring. The scoring sys-
tems obtained for S, S, and S; with g =1 are shown in Table 2.

Table 2. The scores for predefined alternatives when L is used

. Modified | o-TOPSIS (5%) | VIKOR (Q;
Alternative | 16p015(S) | for o e [0,( 1']) forq=(1Q)
P, 0.32 0.32 0.68
P, 0.47 0.47 0.53
P, 0.52 0.52 0.48
P, 0.53 0.53 0.47
P 024 0.24 0.76
Pg 0.72 0.72 0.28

As noted above, the two rankings built by means of modified TOPSIS and
a-TOPSIS are equivalent. Moreover, the VIKOR ranking is the same as the TOPSIS
one (the scores have different interpretations: TOPSIS — the higher the score, the bet-
ter, VIKOR — the lower the score, the better). In fact, the VIKOR ranking is equivalent
to the TOPSIS ones, since it preserves the same strengths of preferences as the TOP-
SIS-based ones. Note that for ¢ =1 VIKOR operates solely with the multiple criteria

distance to P, while TOPSIS operates with the distance to P,,. Since we apply the
Manhattan distance L, the VIKOR score of the i-th package is equal to 1 minus the
TOPSIS score of this package. Interpreting these scores for package F,, we say that its
distance from P,, is 0.32 (TOPSIS scoring), which means its proximity to P, is 0.68
(VIKOR scoring).
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The results will naturally differ if another distance measure is used. If we apply
the Euclidean distance (L,), the following results are obtained (Table 3).

Table 3. The scores for predefined alternatives when L, is used

, Modified a-TOPSIS (S5%) VIKOR ()
Alternative
TOPSIS(S) [ =1 [ =075 [ @=0.5 | forg=1
P, 0.29 0.19 | 029 0.37 0.46
P, 0.54 0.41 0.48 0.53 0.34
P; 0.43 0.35 0.41 0.45 0.46
P, 0.53 032 | 044 0.52 0.29
Ps 0.22 0.14 | 025 0.33 0.49
Pq 0.70 044 | 055 0.63 0.18

We should note, however, that VIKOR scoring will differ when the ¢ coefficient
changes, even when using the L, distance measure. Examples of different VIKOR

scorings for different strategy parameters ¢ are presented in Table 4.

Tabela 4. VIKOR scores and rankings for different ¢ parameters and L, distance

Strategy g
Alternative q=0 q=0.25 qg=0.5 q=0.75 qg=1
0O; | Ranking | O; | Ranking | O; | Ranking | O; | Ranking | O; | Ranking
P, 0.80 3 0.77 3 0.74 4 0.71 5 0.68 5
P, 1.00 6 0.88 6 0.77 5 0.65 4 0.53 4
P; 0.92 5 0.81 4 0.70 3 0.59 3 0.48 3
Py 0.48 2 0.48 2 0.48 2 0.47 2 0.47 2
Ps 0.84 4 0.82 5 0.80 6 0.78 6 0.76 6
Py 0.32 1 0.31 1 0.30 1 0.29 1 0.28 1

It is easy to see that the successive changes of ¢ (from 1 to 0) result in worsening
the global scores (O, increases). Together with these changes, the ranking varies (e.g.
see rankings for ¢ =0.75 and ¢ =0.5). Thus it seems crucial to find an appropriate
value of the L,, a coefficient that describes the negotiator’s strategy in the most pre-

cise way at the pre-negotiation phase. Changes made at later stages of the negotiation
process may make our raking unstable and discourage the negotiator from using the
scoring system elicited, since they may perceive it as unreliable or false.

Of key importance are g values from the range [0, 0.5]. Any value taken from this
range reflects a strategy in which the negotiator’s attention is focused on a single crite-
rion (the worst option according to this criterion), instead of focusing on the potential
gains, based on the multiple criteria, produced by each package (an average weighted
gain). This changes the perspective from which the whole negotiation problem is per-
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ceived. The multiple criteria negotiation problem changes to a quasi-multiple criteria
problem, and in extreme situations — to a single criterion one (when ¢ = 0). However,
we need to remember that the initial definition of the negotiation was multi-criterial,
so the negotiator should not set the value of ¢ too low and be aware of the potential
results they obtain by decreasing ¢ too much.

7. Conclusions

In this paper, we presented an alternative approach to negotiation support that ap-
plies MCDM methods based on reference points. Apart from modified TOPSIS which
had been previously exploited in the negotiation context [19], we have also analyzed
the fundamental concepts of VIKOR and BIPOLAR that could be hybridized with
a TOPSIS-based supportive algorithm. An alternative way of defining the global crite-
rion — proposed by VIKOR or by various TOPSIS extensions [1] which requires the
use of some variants of additive aggregation with the aid of a strategy parameter,
g or o — results in easier interpretation of the score, as well as creating the possibility
for conducting post-negotiation analysis of the negotiated agreement. It is thus possi-
ble to draw the negotiation set of the game, and — assuming that one can randomize
between alternatives (which is possible only if an additive evaluation function is used)
— to find an improvement in the final contract by applying notions of fair bargaining
solutions [12, 6]. Moreover, these individual parameters of the subjective decision
strategies of negotiators make the scoring system more appropriately adapted to the
preferences, interests and positions of the negotiators.

Furthermore, the fundamental idea of BIPOLAR, the construction of reference
sets, makes the definition of BATNA and reservation levels during pre-negotiation
easier and more flexible. The negotiators are no longer forced to declare abstract ideal
and anti-ideal points, but they may give examples of some alternative packages that
are comparable, being equally good or bad. It might be worth trying to examine the
possibility of applying a classical BIPOLAR algorithm to construct a complete scoring
system for negotiation offers. This will require introducing new concepts and exten-
sions, like the ones proposed for ELECTRE TRI that were successfully used for con-
structing such a scoring system by Wachowicz [27]. However, such a scoring system
would have an advantage over the ones prepared by means of TOPSIS and VIKOR,
since it would allow analyzing negotiation problems when the idea of compensation is
rejected by the negotiators.

The approach proposed in this paper is only a technical and theoretical design of
a negotiation support mechanism that could be used as an alternative to SAW-based
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ones. It requires tests for its applicability and usefulness, that would allow us to meas-
ure users’ level of acceptance for this tool, which we plan for future work.

Acknowledgements

This research was supported by a grant from the Polish National Science Center (DEC-2011/03
/B/HS4/03857).

References

[1] CHEN Y., KILGOUR D.M., HIPEL K.W., An extreme-distance approach to multiple criteria ranking,
Mathematical and Computer Modelling, 2011, 53, 646—658.
EVERITT B.S., LANDAU S., LEESE M., Cluster analysis, Edward Arnold, London 2001.
GOODWIN P., WRIGHT J., Decision analysis for management judgment, Wiley, New York 1998.
GORDON A.D., Classification, Chapman and Hall/CRC, London 1999.
HwANG C.L., YOON K., Multiple Attribute Decision Making, Methods and Applications, Springer-
-Verlag, Berlin 1981.
[6] KALAI E., SMORODINSKY M., Other solutions to Nash'’s bargaining problem, Econometrica, 1975, 43
(3), 513-518.
[7] KEENEY R.L., RAIFFA H., Decisions with Multiple Objectives, Wiley, New York 1976.
[8] KERSTEN G.E., NORONHA S.J., WWW-based negotiation support. Design, implementation and use,
Decision Support Systems, 1999, 25 (2), 135-154.
[9] KONARZEWSKA-GUBALA E., Bipolar, Multiple Criteria Decision Aid using the bipolar reference sys-
tem, LAMSADE, Universite Paris IX, Cahiers et Documents, 1989, 56.
[10] KwoN O., SHIN J.M., KiMm S.W., Context-aware multi-agent approach to pervasive negotiation sup-
port, Expert Systems with Applications, 2006, 31, 275-285.
[11] MusTAJOKI J., HAMALAINEN R.P., Web-HIPRE, Global decision support by value tree and AHP
analysis, INFOR, 2000, 38 (3), 208-220.
[12] NASH J., The bargaining problem, Econometrica, 1950, 18, 155-162.
[13] OPrICOVIC S., Multicriteria optimization of civil engineering systems, Faculty of Civil Engineering,
Belgrade 1998.
[14] OpricoviC S., TZENG G.H., Compromise solution by MCDM methods, A comparative analysis of
VIKOR and TOPSIS, European Journal of Operational Research, 2004, 156 (2), 445-455.
[15] PARADIS N., GETTINGER J., LAI H., SURBOECK M., WACHOWICZ T., E-Negotiations via Inspire 2.0,
The System, Users, Management and Projects, [in:] Group Decision and Negotiations 2010,
G.J. de Vreede (Ed.), Proceedings of the Center for Collaboration Science, University of Nebraska
at Omaha, 2010, 155-159.
[16] RAIFFA H., The Art and Science of Negotiation, The Belknap Press of Harvard University Press,
Cambridge 1982.
[17] RAIFFA H., RICHARDSON J., METCALFE D., Negotiation Analysis, The Science and Art of Collabora-
tive Decision Making, The Belknap Press of Harvard University Press, Cambridge 2002.
[18] RoszKOWSKA E., Wybrane modele negocjacji, Wydawnictwo Uniwersytetu w Bialymstoku, Biaty-
stok 2011.

[2
3
[4
[5

—_—



Reference points-based methods in supporting the evaluation of negotiation offers 137

[19] RoszkowskA E., WAcHOWICZ T., Negotiation Support with Fuzzy TOPSIS, [in:] Teixeira de Almeida,
D. Costa Morais, S. de Franca Dantas Daher (Eds.), Group Decision and Negotiations 2012, Proceed-
ings of Editoria Universitaria, Federal University of Pernambuco, Recife, 2012, 161-174.

[20] RoY B., Paradigms and challenges, [in:], Multiple Criteria Decision Analysis. State of the Art Surveys,
J. Figuera, S. Greco, M. Ehrgott (Eds.), Springer Science and Business Media, Boston 2005, 3-24.

[21] SaATy T.L., The Analytic Hierarchy Process, McGraw Hill, New York 1980.

[22] ScHOOP M., JERTILA A., LIST T., Negoisst, a negotiation support system for electronic business-to
business negotiations in e-commerce, Data and Knowledge Engineering, 2003, 47, 371-401.

[23] StMONS T., TrIPP T.M., The Negotiation Checklist, [in:] Negotiation, Reading, Excersises and Cases,
R.J. Lewiski, D.M. Saunders, J.W. Minton, B. Barry (Eds.), 4th Ed., McGraw-Hill/Irwin, New York
2003.

[24] SokAL R.R., MICHENER C.D., 4 statistical method for evaluating systematic relationship, University
of Kansas Scientific Bulletin, 1958, 38, 1409—-1438.

[25] THOMPSON L., The Mind and Heart of the Negotiator, Prentice Hall, Upper Saddle River, New Jer-
sey 1998.

[26] WAcHOWICZ T., Negotiation and Arbitration Support with Analytic Hierarchical Process, [in:]
Multiple Criteria Decision Making '07, T. Trzaskalik (Ed.), The Publisher of Karol Adamiecki Uni-
versity of Economics in Katowice, Katowice 2008, 233-250.

[27] WAcHOWICZ T., Decision Support In Software Supported Negotiations, Journal of Business Econom-
ics and Management, 2010, 11 (4), 576-597.

[27] WAcHOWICZ T., BLASZCZYK P., TOPSIS Based Approach to Scoring Negotiating Offers in Negotia-
tion Support Systems, Group Decision and Negotiation, 2012, DOI: 10.1007/s10726-012-9299-1.

[29] WacHowicz T., KERSTEN G.E., Behaviors and negotiation decisions of participants in electronic
negotiations, [in:] Man and his decisions, Vol. 2, K.A. Klosinski, A. Biela (Eds.), Wydawnictwo
KUL, Lublin 2009, 63-74 (in Polish).

[30] ZARTMAN W.1., Prenegotiation, phases and functions, International Journal, 1989, 44 (2), 237-253.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


