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a b s t r a c t

The Best Worst Method (BWM) is a multi-criteria decision-making method that uses two vectors of
pairwise comparisons to determine the weights of criteria. First, the best (e.g. most desirable, most
important), and the worst (e.g. least desirable, least important) criteria are identified by the decision-
maker, after which the best criterion is compared to the other criteria, and the other criteria to the worst
criterion. A non-linear minmax model is then used to identify the weights such that the maximum
absolute difference between the weight ratios and their corresponding comparisons is minimized. The
minmax model may result in multiple optimal solutions. Although, in some cases, decision-makers
prefer to have multiple optimal solutions, in other cases they prefer to have a unique solution. The aim of
this paper is twofold: firstly, we propose using interval analysis for the case of multiple optimal solutions,
in which we show how the criteria can be weighed and ranked. Secondly, we propose a linear model for
BWM, which is based on the same philosophy, but yields a unique solution.

& 2015 Elsevier Ltd. All rights reserved.

1. Introduction

In general, decision-making can be defined as identifying and
selecting an alternative from a set of alternatives based on the
preferences of the decision-maker(s). In most cases, several criteria
are involved in this identification and selection process, which is
why these problems are called multi-criteria decision-making pro-
blems. Different decision-makers value the criteria involved differ-
ently. In the past decades, several multi-criteria decision-making
methods have been proposed to help decision-makers find the
values of the criteria and the alternatives based on their pre-
ferences. As the aim of this paper is not to review these methods,
we refer the readers to some textbooks that cover the most com-
monly used MCDM methods [1–3], and some review papers [4,5].
One of the most recently developed methods is the best worst
method (BWM) [6], which is a comparison-based method that
conducts the comparisons in a particularly structured way, such
that not only is less information is required, but the comparisons
are also more consistent. In some cases, BWM results in multi-
optimality, which means that solving the problem results in dif-
ferent sets of weights for the criteria. This feature of the method
may be desirable in some cases. For instance, when debating has an
important role in the decision-making process [7] (e.g. political

decision-making), multi-optimality provides the decision-makers
with the freedom to incorporate higher-level information (infor-
mation that cannot be modeled) into their decision-making process.
In other cases, however, the decision-maker may prefer a unique
solution (e.g. when there is no debating or when there is no higher-
level information that needs to be considered). The main contri-
bution of this paper is twofold. We first ascertain some solution
properties of BWM and show how we can determine the ranges of
the weights of different criteria in the case of multi-optimality. We
then use interval analysis as a way to analyze such cases and to
determine the ranking of the criteria. Secondly, we propose a linear
BWM, based on the same philosophy of BWM, that always results in
unique solution.

In the next section, we provide an overview of the BWM, after
which we discuss the multi-optimality property of this method in
Section 3. Next, we describe the interval analysis and incorporate
it in the method. Numerical examples are used to illustrate the
procedure we propose to rank the interval weights. In Section 4,
we propose a linear model of BWM and also solve some examples
for this model. The conclusions are presented in Section 5.

2. Best worst method

Here, we briefly describe the steps of BWM that can be used to
derive the weights of the criteria [6].

Step 1. Determine a set of decision criteria.
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In this step, the decision-maker identifies n criteria c1; c2; ⋯; cnf g
that are used to make a decision.

Step 2. Determine the best (e.g. most desirable, most impor-
tant) and the worst (e.g. least desirable, least important) criteria.

Step 3. Determine the preference of the best criterion over all
the other criteria, using a number between 1 and 9. The resulting
best-to-others (BO) vector would be:

AB ¼ aB1; aB2; …; aBnð Þ;
where aBj indicates the preference of the best criterion B over
criterion j. It is clear that aBB ¼ 1.

Step 4. Determine the preference of all the criteria over the
worst criterion, using a number between 1 and 9. The resulting
others-to-worst (OW) vector would be:

AW ¼ a1W ; a2W ; …; anWð ÞT ;
where ajW indicates the preference of the criterion j over the worst
criterion W. It is clear that aWW ¼ 1.

Step 5. Find the optimal weights w�
1;w

�
2;…;w�

n

� �
.

The aim is to determine the optimal weights of the criteria,
such that the maximum absolute differences wB

wj
�aBj

��� ��� and
wj

wW
�ajW

��� ��� for all j is minimized, which is translated to the fol-
lowing minmax model:

min maxj
wB
wj
�aBj ;

wj

wW
�ajW

��� ������ o���n
s:t:X
j

wj ¼ 1

wjZ0; for all j ð1Þ

Model (1) is equivalent to the following model:

min ξ
s:t:

wB

wj
�aBj rξ; for all j

������
wj

wW
�ajW rξ; for all j

������X
j

wj ¼ 1

wjZ0; for all j ð2Þ

For any value of ξ, multiplying the first set of the constraints of
model (2) by wj and the second set of constraints by wW , it can be
seen that the solution space of model (2) is an intersection of
4n�5 linear constraints (2(2n�3) comparison constraints and one
constraint for the weights sum), thus given a large enough ξ that
the solution space is non-empty. Solving model (2), the optimal
weights w�

1;w
�
2;…;w�

n

� �
and ξ� are obtained.

According to [6], a consistent comparison is defined as follows:

Definition 1. A comparison is fully consistent when aBj � ajW ¼ aBW ,
for all j, where aBj, ajW and aBW are respectively the preference of the
best criterion over the criterion j, the preference of criterion j over the
worst criterion, and the preference of the best criterion over the worst
criterion.

Table 1 shows the maximum values of ξ(consistency index) for
different values of aBW .

Considering the consistency index (Table 1), the consistency
ratio is calculated as follows:

Consistency Ratio¼ ξ�

Consistency Index
ð3Þ

Consistency RatioA ½0;1�, values close to 0 show more con-
sistency, while values close to 1 show less consistency.

The solution space of (2) includes all the positive values for
wj; j¼ 1; :::;n, such that the sum of weights be 1 and the violation
of all the weight ratios from their corresponding comparison be at
most ξ. Here we show that model (2) might result in multiple
optimal solutions for problems with more than three criteria.

Suppose that for a problem with n criteria (weight variables),
we have ξ�. Replacing ξ by ξ� in the right-hand side of the con-
straints of (2), the optimal solution would be the results of the
following linear system:

wB�aBjwj
�� ��rξ�wj; for all j

wj�ajWwW
�� ��rξ�wW ; for all jP
j
wj ¼ 1

wjZ0; for all j

8>>>>>><
>>>>>>:

ð4Þ

Table 1
Consistency Index (CI) Table [6].

aBW 1 2 3 4 5 6 7 8 9

Consistency Index
(max ξ)

0.00 0.44 1.00 1.63 2.30 3.00 3.73 4.47 5.23

Table 2
Best-to-others (BO) and others-to-worst (OW) pairwise comparison vectors:
Example 1.

BO Quality Price Comfort Safety Style

Best criterion: price 2 1 4 2 8

OW Worst criterion: style

Quality 4
Price 8
Comfort 2
Safety 4
Style 1

Table 3
Best-to-others (BO) and others-to-worst (OW) pairwise comparison vectors:
Example 2.

BO Quality Price Comfort Safety Style

Best criterion: price 2 1 4 3 8

OW Worst criterion: style

Quality 4
Price 8
Comfort 2
Safety 3
Style 1

Table 4
Best-to-others (BO) and others-to-worst (OW) pairwise comparison vectors:
Example 3.

BO Quality Price Comfort Safety Style

Best criterion: price 2 1 4 3 8

OW Worst criterion: style

Quality 4
Price 8
Comfort 4
Safety 2
Style 1
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