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Abstract: Data  envelopment  analysis  is  a  technique  for  evaluating  relative  efficiency  for  a  set of
decision  making  units.  Since  with this technique, weights freedom in obtaining relative efficiency is
increasing, therefore the manager try to control weights such that it can impose opinion about indicators
importance. One of the problems that we have in practical situation is that many DMUs are evaluated efficient
and cannot distinguish between their performances from perspective theory. Thus, to increase the
discrimination power of DEA and to make its weights more realistic, in this paper we propose a neutral DEA
model in the present of absolute weight bounds for cross-efficiency evaluation. A numerical example is
provided to illustrate the applications of the neutral DEA model in the present of absolute weight bounds in
DEA ranking.

Key words: Data envelopment analysis (DEA)  Ranking  Cross-efficiency evaluation  Absolute weight
bounds

INTRODUCTION formulations. In this paper, we suggest a ranking

One  of  the  main  objectives  of   DEA   is to weight  bounds.  By  imposing  absolute  weight  bounds
evaluate  the  efficiency  of  a  DMU  (Decision  Making on CCR  models,  we  may  have  two   problems.   The
Unit, e.g.  school,   public   agencies   and   banks).  One first  one  is  I nfeasibility  of  the  model  and  the  second
of  the  ways for  determining   efficiency   score of one is that it may not to obtain relative efficiency,
DMUs is to apply the Charnes, Cooper, Rhodes (CCR) correctly.  For  eliminating  these  problems in variant
model [1] that deals with a ratio of multiple outputs and forms of CCR model, two methods have been
inputs. One of the interesting research subjects is to implemented. For removing the first problem in these
discriminate between efficient DMUs. At first Wang and models, Jahanshahloo  and  et  al.  [3]  proposed a
et al. [2] proposed a neutral DEA model for cross- method   and   for   the   second   one,   a   method  has
efficiency evaluation. Unlike the aggressive and been  proposed  in  CCR   models   by   Podinovski  [4-6].
benevolent   formulations   in   cross-efficiency In  fact,  in  this  paper  we  extended  the  neutral  DEA
evaluation,   the   neutral   DEA   model   determines   one model   [2]   by   imposing   absolute   bounds   on  input
set  of   input   and   output   weights   for   each  DMU and  output  weights. By imposing absolute weight
from  its  own  point  of  view without  being  aggressive bounds not only opinion manager imposes on CCR model,
or  benevolent  to  the  other  DMUs.  As  a  result,  the but also the results obtained will be the nearest to fact.
cross-efficiencies  computed  in  this  way  are  more This method makes appropriate weights for cross-
neutral, neither aggressive nor benevolent. This good efficiency evaluation. Thus, the proposed ranking is
feature  enables  the  decision  maker  (DM)  not   to  make better than the previous methods in cross-efficiency
a difficult choice between the aggressive and benevolent evaluation.

methodology  for  DMUs  in the present of absolute
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The  paper  is organized  as  follows.   In   Section 2,
we give a brief description of the DEA models with
absolute weight bounds. In Section 3, we develop a
neutral DEA model with absolute weight bounds for
cross-efficiency evaluation. Numerical example is
provided in Section 4 to illustrate the power of the
proposed ranking methodology in distinguishing between (3)
DEA decision making units. The paper concludes are
offered in Section 5.

Dea Models in the Present of Absolute Weight Bounds:
In this section, we review the DEA models with absolute
weight bounds. 

Assume that there are n DMUs to be evaluated. Each
DMU consumes varying amounts of m different inputs to
produce s different outputs. Especially, DMU  consumesj

amounts X  = {x } of inputs (i = 1,....,m) and producesj ij

amounts Y  = {y } of outputs (r = 1,....,s).j ij

Consider the weight bounds as follows:

(1) Theorem:

Where   and are the lower and upper bounds for problems (2), (3) and (4) are attained and coincided:

output  and  are the lower and upper bounds for

input i. All bounds are assumed to be strictly positive. By
adding weight bounds to the maximin model [5], we get to
the following model:

(2)

By using Charnes and Cooper transformation [7] and Therefore we cannot distinguish between their
introducing two new scalar variables p > 0 and q > 0We
get to the following two models that the first is named
fractional programming model with absolute weight
bounds and the second is well-known CCR model with
absolute weight bounds :

(4)

The optimal values of the objective functions in

 =  = .1 2 3

If be an optimal solution to (4), then

 are positive [5].

If the optimal objective function value  equal to

one, i.e. , then DMU  is DEA efficient ; otherwise,k

it is DEA inefficient. 
The efficiency defined by the models (2), (3) and (4)

is referred to as CCR efficiency, which makes it
distinguishable from other efficiencies.

The   LP    model    (4)   is   solved n   times   in  total,
each  time  for  one  DMU.  As  a  result,  at  least  one
DMU  is  evaluated  as  DEA  efficient,  but  very  often
more than one DMU is assessed as DEA efficient.

performances. In the following sections, to increase the
discrimination power of DEA and to make its weights
more realistic, we will construct a neutral DEA model in
the present of absolute weight bounds for cross-
efficiency evaluation.
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A Neutral Dea Model in the Present of Absolute Weight Remark 1: We note that linear form CCR model may have
Bounds  for  Cross-efficiency   Evaluation:   By  solving multiple optimal solutions. This non-uniqueness of input
model (4), the value of CCR-efficiency for DMU  is and output weights would damage the use of cross-k

obtained. We propose the following neutral DEA model efficiency evaluation if it were not resolved [2]. To resolve
in the present of absolute weight bounds for the cross- this problem, aggressive and benevolent formulations
efficiency evaluation of DMU : have been suggested by Doyle and Green [8]. But there isk

aggressive and benevolent, can lead to the same

(5) of zero weights for outputs. In other words, outputs in the

Where  and ,

are the lower and upper absolute bounds for output  and
r input i, respectively, that the values of  and  are

determined by model (4). Through Charnes and Cooper
transformation [7], model (5) can be converted into the
following LP for solution:

(6)

Where   and
W   0  are  decision variables. Model (6) is solved n
times, each time for one different DMU. As a result, there
will be n sets of input and output weights available for
cross-efficiency evaluation. Then we make cross-
efficiency matrix and rank the decision making units
(DMUs) by the rule cross-efficiency (Average cross-
efficiency).

no guarantee that the two different formulations,

efficiency ranking or decision conclusion. Consequently
Wang and et al. [2] proposed a neutral DEA model for
cross-efficiency evaluation to avoid the difficulty in
making a choice between the two different formulations.
This is the biggest advantage of the neutral DEA model
over other DEA models for cross-efficiency evaluation.
Another significant advantage of the neutral DEA model
over existing models for cross-efficiency evaluation is that
the neutral DEA model can effectively reduce the number

neutral DEA models can be made as much use of as
possible.

Remark 2: In this paper, we suggest neutral DEA model
in the present of absolute weight bounds. The biggest
advantage of the suggested model over previous model
this is that new model can effectively reduce the number
of zero weights for inputs and outputs. In other words,
inputs and outputs can be made as much use of as
possible.

Numerical Example: In the section, we provide a
numerical example and solve it based on two different
cases to illustrate our proposed method for cross-
efficiency evaluation.

Cases 1: A neutral DEA model by imposing absolute
bounds on input and output weights 

Cases 2: A neutral DEA model by imposing absolute
bounds on output weights 

Example 1 (Efficiency evaluation of seven departments in
a university [9]. Seven academic departments (DMUs) in
a university are evaluated in terms of three inputs and
three outputs given below and their input and output data
are documented in Table 1.

x : Number of academic staff1

x : Academic staff salaries in thousands of pounds.2

x : Support staff salaries in thousands of pounds.3
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y : Number of undergraduate students. Table 4 shows the cross-efficiency matrix and ranks1

y : Number of postgraduate students. 2

y : Number of research papers 3

Assume that the weight bounds are given by the
inequalities:

Cases 1: A neutral DEA model by imposing absolute
bounds on input and output weights We first solve LP
model (4) for each DMU, which the results are presented
in Table 2. 

It is observed that DMUs 1, 2, 5 and 6 are DEA
efficient and we cannot distinguish between them any
further. Therefore, we use the neutral DEA model in the
present of absolute weight bounds, model (6), for cross-
efficiency evaluation of seven academic departments
(DMUs). The results are shown in Table 3.

of seven academic departments.
According to the neutral cross-efficiencies obtained

in Table 4, DMU  is the most efficient academic6

department, whereas DMU  is the second most efficient,1

followed by DMU , DMU , DMU  and others. 3 2 5

Cases 2: A neutral DEA model by imposing absolute
bounds on output weights 

In this Case, we delete from the models the absolute
weight bounds of inputs. In fact, we impose only absolute
bounds on outputs weights. Then use the proposed
ranking methodology for Example1. The results are shown
in following Tables.

According  to  Tables  2  and  5,  by  imposing
absolute    bounds    on    input   and   output  weights, we
show that three DMUs evaluation inefficient (academic
departments 3,4,7), Whereas by deleting absolute weight
bounds of inputs from the CCR model, only one DMU will
be inefficient (academic department 4).

Table 1: Data for seven academic departments in a university

Inputs Outputs

------------------------------------------------------------------ --------------------------------------------------------------------------

DMU x x x y y y1 2 3 1 2 3

1 12 400 20 60 35 17

2 19 750 70 139 41 40

3 42 1500 70 225 68 75

4 15 600 100 90 12 17

5 45 2000 250 253 145 130

6 19 730 50 132 45 45

7 41 2350 600 305 159 97

Table 2: The result of efficiencies for example 1

CMU 1 2 3 4 5 6 7

1.000 1.000 0.9242 0.7657 1.000 1.000 0.8316

0.0178 0.0129 0.0073 0.0160 0.0041 0.0133 0.0036

0.0027 0.0014 0.0048 0.0018 0.0005 0.0110 0.0005

0.0003 0.0001 0.0005 0.0012 0.0001 0.0077 0.0003

0.0024 0.0013 0.0005 0.0016 0.0005 0.0011 0.0004

0.0021 0.0004 0.0038 0.0002 0.0001 0.0011 0.0000

0.0089 0.0064 0.0036 0.0080 0.0004 0.0067 0.0006

0.0125 0.0013 0.0007 0.0016 0.0029 0.0013 0.0026

0.0018 0.0013 0.0007 0.0016 0.0037 0.0013 0.0024
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Table 3: The result of neutral DEA model by imposing absolute bounds on input and output weights
DMU 1 2 3 4 5 6 7

0.2683 0.0668 0.0308 0.0192 0.1897 0.3333 0.1611

2.5123 1.0273 0.1531 0.9991 1.0773 0.7956 1.0337

0.0007 0.0010 0.0001 0.0013 0.0004 0.0009 0.0004

0.0022 0.0013 0.0007 0.0016 0.0005 0.0013 0.0004

0.0054 0.0001 0.0001 0.0002 0.0001 0.0009 0.0001

0.0045 0.0062 0.0001 0.0080 0.0007 0.0025 0.0005

0.0132 0.0016 0.0005 0.0016 0.0030 0.0074 0.0026

0.0158 0.0017 0.0004 0.0016 0.0029 0.0074 0.0026

Table 4: The result of ranking
Target DMU
------------------------------------------------------------------------------------------------------------------------------------ Average

DMU 1 2 3 4 5 6 7 cross-efficiency Ranking
1 1 0.8556 0.1070 0.8539 0.9492 0.9745 0.9904 0.8187 2
2 0.8812 1.000 0.0944 1.000 0.8632 0.8975 0.8903 0.8038 4
3 0.8348 0.8161 0.9242 0.8218 0.7483 0.7903 0.7764 0.8160 3
4 0.4448 0.7529 0.0505 0.7657 0.4693 0.4976 0.4703 0.4930 7
5 0.8832 0.7572 0.1048 0.7447 1.000 0.9309 0.9982 0.7741 5
6 1.000 0.9937 0.1037 0.9978 0.9478 1.000 0.9849 0.8611 1
7 0.5930 0.7320 0.0871 0.7225 0.7766 0.7315 0.8316 0.6395 6

Table 5: The result of efficiencies for example 1
DMU 1 2 3 4 5 6 7

1.000 1.000 1.000 0.7804 1.000 1.000 1.000

0.0311 0.0129 0.0076 0.0163 0.0072 0.0157 0.0049

0.0000 0.0515 0.000 0.0572 0.0179 0.0474 0.0173

0.0025 0.0000 0.0004 0.0002 0.000 0.000 0.000

0.0000 0.0003 0.0066 0.000 0.0008 0.0020 0.0005

0.0031 0.0064 0.0038 0.0081 0.0007 0.0033 0.0013

0.0217 0.0013 0.0008 0.0016 0.0050 0.0110 0.0034

0.0031 0.0013 0.0013 0.0016 0.0007 0.0016 0.0005

Table 6: The result of neutral DEA model by imposing absolute bounds on the output weights
DMU 1 2 3 4 5 6 7

0.3333 0.1314 0.1764 0.0196 0.3333 0.3333 0.3333

0.7005 0.8222 1.2041 0.9995 0.4561 0.6740 0.7792

0.000 0.0317 0.0096 0.0572 0.0207 0.000 0.0219

0.0017 0.0004 0.000 0.0002 0.000 0.0014 0.000

0.0162 0.000 0.0085 0.000 0.0003 0.000 0.0002

0.0056 0.0053 0.0009 0.0081 0.0013 0.0025 0.0011

0.0095 0.0032 0.0026 0.0016 0.0023 0.0074 0.0021

0.0196 0.0033 0.0082 0.0016 0.0026 0.0074 0.0034
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Table 7: The result of ranking 
Target DMU
----------------------------------------------------------------------------------------------------------------------------------------- Average

DMU 1 2 3 4 5 6 7 cross-efficiency Ranking
1 1.000 0.8032 0.9972 0.7427 0.7968 0.9550 0.7395 0.8621 4
2 0.8103 1.000 0.7200 1.000 0.9148 0.9018 0.8719 0.8884 2
3 0.9164 0.7680 1.000 0.7591 0.7232 0.7718 0.6910 0.8042 5
4 0.3603 0.7175 0.2531 0.7804 0.5545 0.5233 0.5223 0.5302 7
5 0.7171 0.9016 0.6534 0.8370 1.000 0.9527 0.9897 0.8649 3
6 0.9989 0.9952 0.9957 0.9841 0.9603 1.000 0.9216 0.9794 1
7 0.3733 0.9936 0.2700 1.000 0.9861 0.8076 1.000 0.7758 6

We see that in the Table 6 some of the input weights 2. Wang, Y.M. and K.S. Chin, 2010. A neutral DEA
to value zero reduced. Thus the cross-efficiency model for cross-efficiency evaluation and its
evaluation is incorrect. Also, with comparing obtained extension. Expert    Systems    with    Applications,
result in Tables 4 and 7, we see that the ranking has been 37: 3666-3675. 
changed. For example DMU  in Case 1 has second rank, 3. Jahanshahloo, G.R., A. Memariani, F. Hossienzadeh1

whereas in Case 2 has fourth rank. and N. Shoja, 2005. A feasible interval for weights in

CONCLUSION 160(1): 155-168.

In this paper, we have presented a ranking Assessing relative efficiency of decision making
methodology for DEA decision making unit with absolute units DEA model with weight restriction. J. The
weight bounds. In this methodology, we have extended Operational Research Society, 49: 500-508. 
the neutral DEA model by imposing absolute bounds on 5. Podinovski, V.V., 1999. Side effects of absolute
input and output weights. By imposing absolute weight weight bounds in DEA models. European J.
bounds not only opinion manager imposes on CCR model, Operational Res., 115: 583-595. 
but also the results obtained will be the nearest to fact. 6. Podinovski, V.V., 2004. Suitability and Redundancy

This method makes appropriate weights for cross- of non-homogeneous weight restrictions for
efficiency evaluation. Thus, the proposed ranking is measuring the relative efficiency in DEA. European J.
better than the previous methods in cross-efficiency Operational Res., 154(2): 380-395.
evaluation. Numerical example has been tested and 7. Charnes, A. and W.W. Cooper, 1962. Programming
inspected using the proposed ranking methodology. It with linear fractional functional. Naval Research
has been shown that the proposed ranking methodology Logistics Quarterly, 9: 181-185.
can successfully distinguish between all decision making 8. Doyle, J. and R. Green, 1994. Efficiency and cross-
units with absolute weight bounds. efficiency in DEA: Derivations, meanings and uses.
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