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1 Introduction

The selection of suppliers plays a key role in an organization because the cost of raw material constitutes the main
cost of the final product. A typical manufacturer spends 60% of its total sales on purchased items such as raw
materials, parts, subassemblies and components [1-5]. In automotive industries, these costs may be more than
50% of the total revenues. That can go up to 80% of the total product costs for high technology firms [6-10].
Many experts believe that the supplier selection is the most important activity of a purchasing department [11-15].
Therefore, the supplier link in the supply chain appears to have significant cost-cutting opportunities. Determin-
ing selection criteria and selection techniques are the most important sides of supplier selection. Toloo Nalchigar
[15] proposed an integrated data envelopment analysis model which was able to identify most efficient supplier
in presence of both cardinal and ordinal data. Hadi-Vencheh [3] proposed a weighted nonlinear model to solve
the multiple criteria supplier-selection problem. Hadi-Vencheh Niazi-Motlagh [4] presented an extended voting
analytic hierarchy process method for selecting suppliers. Karsak Dursun [10] proposed a novel fuzzy multi-
criteria group decision making framework for supplier selection integrating quality function deployment and data
envelopment analysis. Izadikhah Farzipoor Saen [7] present a new two-stage DEA model considering negative
input-intermediate-output data to evaluate 29 Iranian supply chains producing equipment of expendable medi-
cal devices. Izadikhah and Farzipoor Saen [9] developed a method for solving voting system by data envelopment
analysis for selecting the most sustainable suppliers that supply self-supporting cable for a power distribution
company. Dobos Vorésmarty [2] developed a data envelopment analysis supplier selection method, where green
factors served as the output variables of a DEA model, and management variables were the inputs.
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Tavassoli, Saen, Zanjirani [16] presented four types of supplier selection models in supply chains and pro-

vided a decision making scheme for selecting appropriate model for supplier selection by means of DEA models.
Davoudabadi, Mousavi, Sharifi [1] developed a new integrated efficiency measurement model combining statis-
tical techniques, decision making, and mathematical programming for resilient supplier analysis. Yazdani et al.
[20] provided a sustainable supplier evaluation structure under multiple criteria and interval valued fuzzy neu-
trosophic model. Sivanagaraju Pitchaiah, Hussaian, Govardhan [15] reviewed the literature of multi-criteria dy-
namic methodologies for supplier assessment and choice. Kaur Prakash Singh [11] proposed a multi-stage hybrid
model for integrated supplier segmentation, selection, and order allocation considering risks and disruptions.
Izadikhah, Azadi, Toloo, Hussain [6] proposing a novel fuzzy chance-constrained two-stage data envelopment
analysis model as an advanced and rigorous approach in the performance evaluation of sustainably the supply
chains. Izadikhah and Farzipoor Saen [8] presented a new stochastic two-stage data envelopment analysis model
for assessing the sustainability of supply chains. Hosseini, Flapper, Pirayesh [5] presented a method for supplier
selection and order allocation under uncertainties for a multi-item, multi-period setting, where each supplier has
its own pricing policy. Saputro, Figueira, Almada-Lobo [14] formulated a framework that provides guidance on
how supplier selection should be formulated and approached for different types of items segmented in Kraljic’s
portfolio matrix and production policies.
In a recent paper Ng [7] proposed a weighted linear optimization model for multi-criteria supplier selection prob-
lem. The proposed model, hereafter called the Ng-model, converts all criteria measures of a supplier into a scalar
score. The classification based on the calculated scores is then applied. With proper transformation, the Ng-model
can obtain the scores of suppliers without a linear optimizer. The Ng-model is simple and easy to understand. De-
spite its many advantages, the Ng-model leads to a situation where the weight of a certain criteria becomes o.
That is, this criteria do not have any role for determining total score of the related supplier. This may lead to a
situation where a supplier is inappropriately ranked. This may not reflect the real position of this supplier. The
purpose of this short paper is to present an extended version of the Ng-model by considering weights values for
multi-criteria supplier selection problem.

2 Ng-model

Assume that 7 suppliers is available for a company. The purchasing manager would like to evaluate these suppliers
based on J criteria. In particular, let the performance of ith supplier in terms of each of the criteria be denoted
as z;;. For simplicity, further assume that all the criteria are benefit-type criteria, i.e. they are positively related
to to the score of a supplier. If there is a negatively related criterion, transformation of negativity or taking recip-
rocal can be applied for conversions. The purpose is to aggregate multiple performance scores of a supplier with
respect to different criteria into a single score S;. In the Ng-model, the author firstly transforms all measures to
comparable base. Using transformation

xij_min 1:1,2,‘..',1{%]'} (2.1)

Yig = max;—i2, . {€ij} —Mmin;—i 2 r{x;}’

Ng converts all measurement in a 0-1 scale for all items. To facilitate the supplier selection under multiple criteria,
Ng defines a non-negative weight w;; which is the weight of contribution of performance of the ith supplier under
the jth criteria to the score of the supplier. It is assumed the criteria are ranked in a descending order such that
wi1 > wiz > ... > w;y for all supplier i. The purpose is to aggregate multiple performance scores of a supplier
with respect to different criteria into a single score. The proposed model by Ng [13] for aggregation purposes is as
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follows:

J
max Si: E Yij Wiy

7j=1
J
s.t. szj =1, (2.2)
7=1
wij 2wy 20, j=1,2,..,J -1
Wi j > 0, j = 1,2, ...,J

J
Based on the transformations u;; = wi; — w;(j41), iy = wiy and a;; = Z yix, model (2.2) is converted to the

k=1
following for all inventory items:
J
max SZ = Z Q5 Ujg
j=1
J (2.3)
s.t. Z]uw = 1,
j=1
Ujj ZO, j:172,...,J

Now the the maximal score .S; can be obtained by the dual of (2.3). That is, the score S; of the ith inventory item
can be easily obtained as

1 J
max —i2.. J(= Z Yik)-
T =

3 Issues on Ng-model

In this section using a multi-criteria supplier selection problem We show that Ng-model is not appropriate to
applications. Three criteria are under consideration by a company. There are 5 suppliers available. The measures
of each supplier under the three criteria are listed in Table 1. We take a reciprocal transformation of the second
criteria so that the transformed values are positively related to the desired scores. Normalization is then preformed
to scale all measures within a 0-1 range. Table 2 shows the transformed and normalized measures of all suppliers.

Table 1: Measures of suppliers under criteria
Supplier First criteria Second criteria Third criteria

1 24 238 90
2 13 643 8o
3 34 689 95
4 53 588 100
5 28 241 90

Table 2: Transformed and normalized measures
Supplier First criteria  Second criteria  Third criteria

1 0.275 0.000 0.500
2 0.000 0.898 0.000
3 0.525 1.000 0.750
4 1.000 0.776 1.000
5 0.375 0.006 0.500
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Now using the Ng-model (the model (2.2)) we solve this supplier selection problem. The following table shows
the score of each supplier and optimal weight for each criteria.

Table 3: Weights and score of suppliers
Supplier(i)  wi W2 w3 S
1.000 0.000 0.000 0.275
0.500 0.5000 0.000 0.449
0.500 0.500 0.000 0.762
1.000 0.000 0.000 1.000
1.000 0.000 0.000 0.375

a b~ N =

Table 3 shows the obtained results using the Ng-model. As for the third criteria for all suppliers, the weight is o,
which means that the third criteria does not have any meaning. Therefore, we can say that the Ng-model, is not
appropriate or applicable.

4 The proposed model

In virtue of its Data Envelopment Analysis (DEA) feature, the Ng-model avoids subjectiveness in determining
weights and provides an objective way for supplier selection problem. However, as we see, the Ng-model may
ignore the data of a criterion. This may lead to the situation where a supplier is inappropriately ranked, which may
not reflect the real position of this supplier. To address this issue, we extend the Ng-model and propose a similar
weighted optimization model. Let w; be the relative importance weight attached to the jth criteria (j = 1,2, ..., J).
The proposed model is as follows:

J
max SZ = Zyijwj — (’LU1 — wj)

j=1
J
s.t. ij =1, (4.1)
7=1
ijijzO, j:1,2,...,<]—1
w; >0, j=1,2,...,J

The meaning of (4.1) is to maximize Z}']=1 yi;w; and minimize the gap between the maximum weight w; and
the minimum weight w; simultaneously, which amounts to solving a two-objective optimization model with
Z}]:1 y;;w; and wy — w; for maximization and minimization, respectively.

5 Numerical example

We applied our method, to the same multi-criteria supplier selection problem as discussed in the section 3. It can
be seen from Table 4 that, due to the extensions made to the Ng-model, our model avoids of of zero weights and
consider all criteria.
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Table 4: Weights and score of suppliers using proposed model
Suppher(z) Wi1 Wi2 W;3 Sl

0.395 0.330 0.275 0.258

0.554 0.256 0.190 0.299

0.443 0.287 0.270 0.758

0.333 0.333 0.333 0.925
0.550 0.256 0.194 0.293

a b~ w0 N -

As we see our model therefore provides a more reasonable and encompassing index for multi-criteria inventory
classification as compared to the Ng-model.

6 Conclusion

In this short paper we presented an extended version of the Ng-model for multi-criteria supplier selection prob-
lem. The contribution of this paper is to provide a model for supplier selection problem that not only incorporates
multiple criteria, but also maintains the effects of weights in the final solution, an improvement over the model
proposed by Ng. The proposed model could be viewed as providing a more reasonable and encompassing index
since it uses weights for each supplier.
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