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DEA Classic models cannot be used for inaccurate and indeterminate 
data, and it is supposed that the data for all inputs and outputs are 
accurate and determinate. However, in real life situations uncertainty is 
more common. This article attempts to get the common weights for 
Decision-Making Units by developing DEA multi-objective models in the 
grey environment. First, we compute the privilege of DMUs efficiency to 
receive more accurate ranking. Finally, in order to assess the results, an 
example is presented to compare the results of the DMUs ranking between 
DEA Classic models and the presented model. 
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Introduction  
Data Envelopment Analysis is a powerful 
managerial technique that provides 
managers with a device so that they could 
test the function of their companies against 
their competitors, and make decision for 
the better future based on the results 
(Jafarian-Moghaddam et al.,2011). DEA is 
an appropriate decision making device for 
assessing the relative function of a 
collection of under assessment units that 
have similar inputs and outputs. The first 
DEA model is CCR that is suggested by 
Charnes, copper and Roods in 1978 
(Charnes et al.,1978). Generally, in DEA 
classic model to assess the efficiency of 
decision making units, the accurate and 
certain data is used (Charnes et al.,1978). 
In general, classical DEA problems are 
solved under the assumption that the values 

of parameters are specified precisely in a 
crisp environment, However, the observed 
values of the input and output data in real-
world problems are often imprecise or 
vague (Khalili-Damghani et al., 2015). It is 
in case that, in real world the decision 
maker encounters circumstances in which 
variables and parameters are in uncertainty 
environment, and can`t determine the exact 
quantities for each of outputs and inputs 
and this criticizes the accuracy and 
correctness of model. In this circumstance, 
we need the model that could assess the 
efficiency of decision-making units with 
the uncertain data. * 
 

                                                                  
*  Corresponding Author, email: alalinezhad@gmail.com  

TELL:09123342560 

 



Alireza Alinezhad 
 

 

64

Literature Review 
In traditional DEA model, input and output 
values of decision-making groups are all 
real numbers and real variables. They are 
replaced by grey numbers and grey 
variables in grey DEA model respectively 
(Xu and Zhou, 2013). 

MOLP and DEA combination could be 
used as a device in managing control and 
programming. The structure of these two 
models is nearly the same, but DEA 
assesses the past function as a part of 
control management function and MOLP is 
following planning to perform future 
programs (Cooper, 2004). 

So far, many researchers have attempted 
studying and searching the Data 
Envelopment Analysis subject and its 
functions. Entani et al. (2002) and Wang et 
al. (2005) defined fuzzy data of the Data 
Envelopment Analysis models, in form of 
interval numbers, by applying the concept 
of alpha-cut. 

Lozano and Villa (2004) presented tow 
models, radial DEA and un-radial DEA in 
which the decision maker simultaneously 
pays attention to either minimizing total 
consumer input or maximizing productive 
output by all units and maximizing the 
efficiency of every single units. 

Cheng et al. (2007) did a research 
aiming to introduce procedure of Data 
Envelopment Analysis as another way for 
credit ranking of companies. Researchers 
at the first step explained the procedure 
and the approach of using it as an 
appropriate way for credit ranking and in 
the following,  presenting a numerical 
example to show that the procedure of 
Data Envelopment Analysis had enough 
ability for credit ranking of trade units. 

Ramanathan (2007) used DEA model to 
combine the results obtained from TCO 
and AHP approaches. He considered the 
weights obtained from AHP approach as 
output and the total expenses obtained 
from TCO approach as input of DEA 
model. 

Hosseinzadeh et al. (2010) presented a 
balanced model between MOLP and DEA 

to show how the DEA subjects can be 
resolved by using MOLP, and they have 
used the method of Z-W to reflex the DM 
preferences in determining the efficiency. 

Wu and Lee (2010) presented a 
probable DEA model in which, random 
variables, involuntary variables and 
sequence data are simultaneously taken 
into consideration. The function of the 
model they have presented is to value the 
multi-criteria subjects. 

Hosseinzadeh et al. (2011) have 
presented a method to find efficient hyper 
plate with various return to scale 
technology in DEA by using multi 
objective linear model. 

Moheb-Alizadeh et al. (2011) used 
multi objective Data Envelopment 
Analysis for location-allocation subjects in 
a fuzzy environment. They solved this 
model based on parametric planning 
manner, fuzzy and minimum deviation  
method. 

Wu et al. (2012) presented a model of 
Probable Data Envelopment Analysis in 
their article that will be obtained by 
introducing the risk concept and the 
efficiency of decision-making units 
(DMU). Their model was used in 
environment efficiency assessment and its 
results were compared with classic models. 

Wang and Liu (2012) used a CCR 
model to solve the DEA with grey interval 
data while the inputs/outputs have large 
interval length and found that lengths of 
efficiency intervals under the hypotheses 
are shorter, which produces more reliable 
and informative evaluation results and 
DMUs are dealt with more fairly. 

Wang et al. (2016) proposed an 
effective approach based on grey theory 
and Data Envelopment Analysis (DEA) for 
selecting better partner for alliance among 
the world’s 19 biggest automobile 
enterprises for Nissan Motor Co., Ltd. 

 
Methodology 
At first, we deliberate the BCC classic 
model and BCC model with interval grey 
numbers. If input and output of DMUs are 
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definite, then the equation (1) will be 
introducer of classic BCC. 
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Now if the data of the model are sort of 
grey numbers, the equation (2) will be 
obtained. 
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(2) 

If we want to compute the efficiency of 
DMUs based on equation (2), when the 
data of the subject is not definite and only 
their area is determined, many of DMUs 
may be introduced as efficient ones and 
their ranking will be inappropriate. 
Therefore we deliberate DEA model of 
multi objective in grey environment to 
resolve this problem and to obtain logical 
ranking.  

At first, we take into consideration DEA 
multi objective in the image of model (3). 
The efficiency of each unit is taken into 
consideration as objective function in this 
model. In the other words, we will have as 
many quantities of objective function as 
DMUs in this model. 
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(3) 

Now if inputs and outputs of the model 
are not definite and are of sort of grey 
numbers, then model (3) will be changed 
into multi objective DEA model in grey 
environment in the image of model (4). 
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Just as it is distinguished in the 
presented model, this model is multi 
objective and has (n) objective functions. 
One of the advantages of the model (4) is 
that the privilege of efficiency of all DMUs 
will be computable by solving only one 
model. There is also a possibility of 
applying decision maker`s interests and 
viewpoints in this model. In addition, 
considering that the model is indefinite, it 
can be used in the cases when the rate of 
data isn`t mooted in the image of definite 
and it has only definite limited area. 
Further, considering that the model is multi 
objective, less DMUs will be introduced as 
efficient units, and of course their 
efficiency will be determined more 
accurately, so we can make more logical 
and more appropriate ranking for DMUs. 

We change the suggested model into a 
model with one objective function by using 
the fuzzy multi objectives linear 
programming approach. 

For one objective function of max kind, 
the degree of membership linear function 
can be in the image of figure (1) in which 

L
jz and R

jz are quantities of jz objective 

function that have the degree of 
membership of 1) and (2). 

 
Supposing  j jz   an objective 

function jz  can be obtained from the 

convex combination of L
jz  and R

jz  or in 

other words (1 )R L
j j jz z z     in 

which we have 0 1  . 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 1.  Max linear membership function 
(Jafarian and Ghoseiri., 2011) 

 

Using  theory of  Zimmerman (1991) the 
equation (4) can be written in equation (5). 
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Supposing  

   min 1 ; 1, 2,...,R L
j j j jz z z j n     

 the model (5) will be changed into (6). 
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Model objective functions are advantages 
of the efficiency of decision making units 
and their quantities will be computed about 
[0,1]. Therefore we will have 0L

jz   

and 1R
jz  . Thus, based on this, model (7) 

will be obtained 
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Model (7) is the unique objective of model 
(4) that is obtained via the approach which 
is mooted by Zimmerman (1991). Model 
(7) is a unique objective model, but its 
parameters are of sort of grey uncertainty. 
By replacing grey interval numbers in the 
model (7), the model (8) will be obtained
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We convert models (9) and (10) to make 
certain model (8). 
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As a result model (11) will be in the 

below. 
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By replacing the equations of (12) and 

(13) in the model (11), the model (14) will 
be obtained which is the certain model and 
unique objective model of the suggested 
model. 
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Two Numerical Examples  
Numerical Example (1) 
In this part to assess the function of 
suggested model that was mooted in the 
image of equation (4) and to determine the 
advantages of this model as related to the 
main grey DEA model that is presented in 
the equation (2), we have profited from an 
example including cement companies of 
Fars Province comprising nine factories 
named DMU1 to DMU9 and 4 inputs and 3 
outputs that are in the interval of grey 
recommended numbers. 
 This example data is received from 
Kaviani and Abbasi (2014). Table 1 and 
Table 2 present the data related to the 
example. 
 

 
Table 1. Input parameters of numerical example 

 Quality Cost Dependability Flexibility Speed 
DMU1 [0.9,1]  [0.6,0.9]  [0.5,0.6]  [0.9,1]  [0.3,0.4]  
DMU2 [0.6,0.9]  [0.9,1]  [0.6,0.9]  [0.5,0.6]  [0.6,0.9]  
DMU3 [0.5,0.6]  [0.6,0.9]  [0.1,0.3]  [0.3,0.4]  [0.5,0.6]  
DMU4 [0.9,1]  [0.3,0.4]  [0.6,0.9]  [0.9,1]  [0.5,0.6]  
DMU5 [0.5,0.6]  [0.4,0.5]  [0.9,1]  [0.5,0.6]  [0.1,0.3]  
DMU6 [0.6,0.9]  [0.4,0.5]  [0.3,0.4]  [0.6,0.9]  [0.6,0.9]  
DMU7 [0.5,0.6]  [0.9,1]  [0.5,0.6]  [0.5,0.6]  [0.1,0.3]  
DMU8 [0.6,0.9]  [0.4,0.5]  [0.6,0.9]  [0.4,0.5]  [0.9,1]  
DMU9 [0.6,0.9]  [0.3,0.4]  [0.6,0.9]  [0.4,0.5]  [0.5,0.6]  

 
Table 2. Output parameters of numerical example 

  Return on 
investment 

Return on 
assets 

Market share  

DMU1 [0.5,0.6]  [0.4,0.5]  [0.5,0.6]  
DMU2 [0.6,0.6]  [0.3,0.4]  [0.4,0.5]  
DMU3 [0.4,0.5]  [0.5,0.6]  [0.4,0.5]  
DMU4 [0.6,0.9]  [0.5,0.6]  [0.5,0.6]  
DMU5 [0.4,0.5]  [0.3,0.4]  [0.3,0.4]  
DMU6 [0.5,0.6]  [0.4,0.5]  [0.4,0.5]  
DMU7 [0.3,0.4]  [0.4,0.5]  [0.5,0.6]  
DMU8 [0.1,0.3]  [0.3,0.4]  [0.5,0.6]  
DMU9 [0.4,0.5]  [0.4,0.5]  [0.3,0.4]  
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Table 3. The results of suggested model performance and BCC model 

  The efficiency advantage 
obtained of performing the 

suggested model 

The efficiency advantage 
obtained of performing the 

BCC grey classic model 
DMU1 0.998  1  
DMU2 0.996  1  
DMU3 1  1  
DMU4 0.988  1  
DMU5 0.999  1  
DMU6 1  1  
DMU7 0.997  1  
DMU8 0.998  1  
DMU9 0.998  1  

 
The results of example performance via 
suggested model –equation (4), and also 
the solution results via CCR classic grey 
model – equation (2), are presented in 
Table 3. It is necessary to say that the 
Lingo software has been used to solve the 
models. 
 
Numerical Example (2) 
In this part to assess the function of 
suggested model that was mooted in the 
image of equation (4) and to determine the 
advantages of this model as related to the 
main grey DEA model that is presented in 
the image of equation (2), we have profited 

from an example including 4 decision 
making units and 3 inputs and 4 outputs 
that are in the interval of grey 
recommended numbers. 

This example data is received from 
Jahanshahloo et al. (2011). Table 4 and 
Table 5 present the data related to the 
example. 

 The results of example performance via 
suggested model –equation (4), and also 
the solution results via CCR classic grey 
model – equation (2), are presented in 
Table 6. 

 

 
Table 4. Input parameters of numerical example 

3x  2x  1x   

[1600,1600] [84,92] [106,112] DMU1 

[2500,2500] [107,111] [102,102] DMU2 
[2800,2800] [92,94] [82,88] DMU3 
[1630,1630] [92,94] [77,82] DMU4 

  
 

Table 5. Output parameters of numerical example 

4y  3y  2y  1y   
[179,289] [10206,10775] [43,97] [85399,87220]DMU1 

[185,430] [7380,7936] [30,57] [56144,58816]DMU2 
[51,167] [630,660] [28,43] [87716,90250]DMU3 
[28,295] [10247,10256] [6,16] [50210,50593]DMU4 
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Table 6. The results of suggested model performance and BCC model 
The efficiency advantage 

obtained of performing the 
BCC grey classic model 

The efficiency advantage 
obtained of performing the 

suggested model 
 

1 0.985 DMU1 

1 0.955 DMU2 
1 1 DMU3 
1 0.952 DMU4 

As shown in Tables 3 and 6, the units 
which are recommended in efficient 
suggested model are also efficient in DEA 
classical model.It shows the correct 
function of suggested model. Besides, the 
suggested model has recommended less 
efficient units than DEA classic model. 
This shows the preference of this model 
and it means the suggested model adopts a 
more severe approach to recommend a 
decision making unit to be efficient. In 
addition, the model multi-objective nature 
of the model, has made it possible to make 
DM view point effects on the model and 
obtain common weights for DMUs. 
Another preference of this model is that we 
spent less time to obtain the advantage of 
efficiency of decision making units. 

 
Conclusion 
The model presented in this article can be 
used to obtain the exact quantity of the 
efficiency of a decision-making unit. The 
model is preferred over other models as it 
is a multi-objective and can consider the 
DM view points. Then solving one model 
instead of solving (n) models can reduce 
the time needed to obtain the efficiency of 
decision-making units. In addition, it 
introduces fewer DMUs as efficient units 
in comparison with DEA classic model and 
provides more logical and accurate 
ranking. 
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