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1. Introduction

For years, data envelopment analysis (DEA) has been considered as one of the most well known
methods for measuring the relative efficiency of similar units. DEA technique has different
advantages such as considering various inputs and outputs. Since the introduction of DEA method by
Charnes et al. (1978), there have been thousands of research published by various people. DEA is a
mathematical method of performance assessment of decision making units (DMUs). DEA has been
successfully implemented to evaluate different kinds of DMUs such as producer units, in recent
years. During the past three decades, multiple criteria decision making (MCDM) models have been
introduced as a conventional method for analyzing some decision problems in operations research
(OR). Dealing with difficulty of DEA model to achieve the required efficiency requires solving DEA
method several times. A model for measuring efficiency of DMUs using common set of weights
(CSW) by means of goal programming (GP) as an MCDM technique was designed and called data
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envelopment analysis-goal programming (DEA-GP) to reduce the burden of computations.
Athanassopoulos (1995) developed an interface between GP and DEA in multilevel planning, which
is used in reorganization of the allocation of central funds to local authorities in Greece.

Makui et al. (2008) implemented another multiple objective linear programming (MOLP) approach
for generating a common set of weights in the DEA framework, which deals with difficulty and
assessing all the DMUs on the same scale. They illustrated the merits of their proposed approach via
an example from Kao and Hung (2005). Bal and Orkcii (2007) proposed a multi criteria data
envelopment analysis (MCDEA) model to moderate the homogeneity of weights dispersion by using
pre-emptive goal programming and compared the results with the classical DEA model via a real data
set relative to the socio-economic performances of European countries.

Orkcii and Bal (2011) proposed goal programming approaches for DEA cross efficiency evaluation,
which is an alternative method for ranking the decision making units in DEA and it is used in the
second stage of the cross evaluation. To achieve an index, which determines an accurate ranking for
DMUs, a study by Wang et al. (2006) was accomplished where two virtual DMUs called ideal DMU
(IDMU) were introduced and anti-ideal DMU (ADMU) in to the DEA was analyzed. To determine
possible relative efficiency from these two perspectives and combining them, a comprehensive index
called the relative closeness (RC) to the IDMU was formed. This index was used as the evidence of
overall assessment of each DMU, based on an overall ranking of all DMUs.

In this paper, extending the research done by Zarei et al. (2012), DEAGP model was designed and
their numerical example was examined one more time. To illustrate the superiority of DEAGP
calculations to the DEA-AHP model, the RC index is calculated. The rest of this paper is organized as
follows. In Section 2, the structure of DEAGP model is presented and the RC index is explained. In
Section 3, both DEAGP and RC index are applied to a real data set from Zarei et al. (2012), research.
Finally, in Section 4, we present our results and conclusions.

2. Methodology
2.1. Data Envelopment Analysis-Goal Programming Model

Makui et al. (2008) proposed a multiple objective linear programming (MOLP) approach for
generating a common set of weights (CSWSs) in the DEA framework, respectively. To understand a
DEAGP model, consider a goal programming, where the decision maker must set some desired goals
for each objective. Assume that this goal for objective function i is equal to g;, then the multi criteria
formulation is given as follows,

miny:(d; +d;)

subject to (1)
Zi—g,=d" —d B (X X X, )<=b,df,d >0 i=12- .k, d; free

where g;, i=1,2,.....,k are the goals; z;, i=1,....,k are objectives; d-and d-are deviations from the
goals, the first one is over-achievement and the other one is under-achievement of the i*" goal.

On the other hand, Charnes et al. (1978) formulated the efficiency model for n unit decision makers
where there are m inputs and s outputs as a ratio of a weighted sum of outputs to a weighted sum of
inputs. The efficiency of unit ‘zero’ is a fractional linear program as shown in Eq. (2).
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where ur and v; are the weight to be applied to the outputs and inputs. Using the proposed efficiency
scales, Model (2) is transformed into a common weight multi criteria decision making model, with an
improved discrimination power. The proposed efficiency scales are functions of deviation of
efficiency. Let d; be the deviation of efficiency of decision making unit j and E; be the deviation of
ideal efficiency, i.e., dj=1-E;. Then we have,

min d;,

subject to

Z:‘l ur yrj . (3)

The objective functions of models (2) and (3) determine particular DMU. Furthermore, based on
models (1) and (3), we have DEAGP model for n decision making unit as follows,

inS>(d-+d*
mm,z:l( |+ J)
subject to

Z ur yrj : A (4)

Applying model (4), this one-stage efficiency computation leads to common set of weights amounts
and by using the efficiency scores i u,y,/2iLVx; for each DMU, the relative efficiency of all
r=1

DMUs will be evaluated.
2.2. Relative Closeness index to the Ideal Decision Making Unit

Wang et al. (2006) designed models (5) and (6) by introducing ADMU and IDMU, which provide
A%0 and ¢*o for each DMU. Let B*pwy be the optimum efficiency of the IDMU and ¢*apmu be the
worst efficiency of the ADMU, by using the two virtual DMUs, IDMU and ADMU, relative
closeness (RC) index is calculated for each DMU. Models (5) and (6) as follows,
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Finally, the relative closeness (RC) index of DMU, to IDMU is defined as follows,
P* —P* pomu

RCJO = .
(¢*jo —@* somu ) + (0% oy _H*jo) (7

It is clear that the bigger the rc. value, the better the efficiency of DMU.
3. Numerical example
In this Section, an example from Zarei et al. (2012) is used. They attempted to classify rivet

producer units by applying a composed method on basis of DEA and AHP. Information of
output and input variables relating to rivet producer units has been shown in Table 1

Table 1
Output and input variables
Ootput Input

Income Export | Import  Cost of each rivet Raw materials number Rivet code
8100000 0 60200 17.5 1000000 5006
12750000 0 94800 17.4 1500000 5008
27300000 0 195600 17.4 3000000 5009
18120000 0 134400 17.41 2000000 5010
19360000 0 142400 17.9 2000000 5012
16440000 0 125250 21.45 1500000 5014
29600000 2500000 | 217500 21.5 2500000 5016
12060000 1000000 | 91000 21.8 1000000 5018

In the first stage, by achieving common weights from model (4) and applying them in
efficiency score formula, we have the efficiency of each DMU, which can be summarized in
Table 2.
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Table 2
The summary of efficiency based on DEAGP model

Unit 1 2 3 4 5 6 7 8
efficiency 9.56E-01  9.61E-01 1.00E+00  9.69E-01  9.82E-01  9.61E-01  1.00E+00  9.77E-01
CSWs U1=0.1027942E+08,U2=0.1000000E-05,V1=0.1292000E+10,V2=2.592586, V3=9304288

In the next stage, by solving models (5) and (6) and applying other required equations from
Wang et al. (2012), we could solve RC index using Eq. (7). Table 3 summarizes the details of
our computations and finally, determines the RC index value for each DMU.

Table 3
Efficiency ratings and the RC values for each DMU
unit Bl (O3] RC

1 0.9640393 0.9931425 0.211888852
2 0.963625 1 0.213467268
3 1 1.04135 0.225410315
4 0.9659733 1.00921 0.215762001
5 0.9740956 1.023475 0.219588742
6 0.9404382 1 0.212007872
7 1 1.039543 0.224995168
8 0.9733655 1.014385 0.217438066

IDMU=3.612957
ADMU= 0.2809636

As we can observe from the results of Tables 2 and Table 3, unit 3 represents the highest ranking
followed by unit seven, unit five, unit eight, unit four, unit two, unit six and unit one comes in the
last. All the computations were done by Lingo software.

4. Conclusion

Data envelopment analysis has been considered as one of the most popular techniques for measuring
the relative efficiency of similar decision units. In this paper, we have proposed a new DEA
technique, which uses the merits of multiple criteria decision making to improve the efficiency of
traditional DEA and reduces the burden of computations. The new proposed model also does not
suffer from the lack of capability to compare all similar units on the same scale. A numerical
example has been used to demonstrate the implementation and effectiveness of the new method. As a
future work, this paper can be extended by considering uncertainty in inputs and outputs in different
forms such as fuzzy or using the recent advances of robust optimization and we leave it for interested
researchers.
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