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Abstract

Data Envelopment Analysis (DEA) is an almost new data oriented approach for measuring the
performance of series of homogenous entities named Decision Making Unit (DMU) with the ability to
alter multiple inputs into multiple outputs. This article investigates the development of congestion model
with regard to fuzzy input and output. Also, a new concept called as optimistic and pessimistic are
introduced for congestion model. To create this concept, the upper and lower bound of efficiency, outputs
and inputs are required. This concept is provided with a-cut approach in fuzzy data envelopment analysis
(FDEA). In order to evaluate the efficiency of given models, data of some universities of Iran are applied.
The results reveal the proper validity of proposed model.

Keywords: Data envelopment analysis, fuzzy inputs and outputs, o-cut approach, optimistic and
pessimistic congestion.

1. Introduction

Date Envelopment Analysis (DEA) means a methodological programming approach for evaluating
relative efficiencies within a group of Decision Making Units (DMUs). The definition of DMU is generic
and flexible. We have seen a great many applications of DEA in recent years to be used in measuring the
performances of various entities involved in numerous activities in a lot of different contexts in many
different countries. We have used DMUs of various forms to measure the performance of entities, for
example, hospitals, universities, business firms and so on, and also the performance of countries or
regions. DEA which is a very helpful management and decision making tool has experienced surprising
developments in both methodology and theory. Early traditional DEA models (for instance, CCR
(Charnes, Cooper, Rhodes) [1] and BCC (Banker, Cooper, Charnes)[2] did not consider imprecise data
and supposed that all input and output data are exactly known. However, in a real situation, this
supposition does not always seem to be true.
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In a general sense, uncertain information of imprecise data can be shown in interval or fuzzy numbers.
DEA is one of the efficient and useful methods to determine the efficiency of DMUs. The main feature of
this method is that the DMUs apply the same inputs to gain the same outputs and this is the very feature
which makes the units comparable [3]. In the classical models it is assumed that the information of all
inputs and outputs is completely precise and crisp. However, this assumption may not be true in the real
world. In the research which has been done so far, the classical efficiency evaluation methods are used
which include the CCR and BCC methods [4]. Since there is some risk involved, these methods do not
seem to be proper for many sections. Cooper et.al [5] and Zhu [6] applied the concept of risk to the inputs
and outputs using the fuzzy concept in data envelopment analysis. The imprecise models of DEA are
various and this is defined as stochastic models, interval models, and fuzzy models. In this article, the last
one is used to clarify the imprecise inputs and outputs. Congestion is introduced as an economic concept
which is known as inefficiency. However, this inefficiency is totally different from technical inefficiency.
"Evidence of congestion is presented when reduction in one or more inputs can be associated with
increase in one or more outputs- without worsening any other input or output. Proceeding in reverse,
congestion occurs when increase in one or more inputs can be associated with decrease is one or more
outputs- without improving any other input or output.” [5].The inefficiency, of course, occurs when it is
possible to improve some inputs and outputs without worsening the other inputs or outputs. But
congestion in inputs comes along with an improvement in at least one of the outputs [7]. Recognizing and
calculation of DMUs with congestion has two advantages. First, if this DMU is eliminated, since it is
related to input and input is related to cost, the cost will decrease. Second, congestion decreases outputs,
so with eliminating congestion, the output will increase.

The remainder of this paper is organized as follows: in section 2 we developed a new congestion method
on the basis of Cooper et al. Section 3 introduce both pessimistic and optimistic congestion.Section 4
measures congestion in a real case which is related to 23 Iranian universities. By using the proposed
methodology, we solve several numerical examples from the literature on congestion. In section 5, we
study the data in tables and draw a conclusion.

2. Literature Review

Among all methods proposed to evaluate congestion in DEA, there are two main methods called FGL
(Fare, Grroskopf, Lovell) [8] and CTT (Cooper,Thompson,Thrall) [9]. The FGL model is the first
proposed method to calculate congestion which can only recognize the presence or absence of congestion.

In CTT method, the value of congestion can be measured. In this method sometimes technical efficiency
is mistaken for congestion [10]. To illustrate the applications of congestion, the practical research by
Broket et al. [11] were conducted to recognize the congestion problem in China. In CTT model, the
congestion is determined by the proportion of the observed value to the expected value. Later, researchers
in several studies compared the FGL and CTT models and they concluded that the CTT method had some
advantages to FGL. Broket et al. [11] modified the CTT method which later became known as BCSW
method. Cooper et al. [12] developed CTT method to a method with an integrated additive model. Also,
Cooper et al. [5] Proposed a method with a single model. The main idea of current article is based upon
this model. Another method with two models were introduced by Tone and Saho [13]. In this model,
firstly the pure technical efficiency is calculated and then the technical efficiency. Then value of
congestion is determined based on the proportion of pure technical efficiency to technical efficiency.
Jahanshahloo and Khodabakhshi [14] proposed a method with two models for congestion. Khodabakhshi
[15] suggested a method with single model in the form of a suitable combination of input relaxation to
evaluate congestion of input. Fanati [16] recommended a non- radial method to measure congestion.
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In all the researches done so far about congestion, the data used were crisp whereas, and in the majority of
cases, the given data are imprecise. Hence, a need for implementing imprecise data and utilizing the fuzzy
methods for the evaluation of congestion value seem inevitable.

The concept of fuzzy was first introduced by LotfiAsgarzadeh [17] published in his article titled as
“Fuzzy Sets” which discussed the probable problems in making models for systems. The fuzzy theory
with imprecise data is applicable in DEA.

Fuzzy DEA is used to measure performance evaluation in organization with uncertain and blurred
variables. There exist different researches on fuzzy DEA in the related literature.

Cooper et al. [18] proposed a model with the power to consider the inputs and outputs as crisp and
interval numbers.Sengupta was the first to apply fuzzy programming problem method to DEA models in
1992 for the units with several inputs and one output .Another method for FDEA was introduced by Geo
and Tanaka in 2001 in which the data are considered as fuzzy, triangular, and symmetrical numbers and
after applying the a- cut approach to the constraints, they managed to determine efficiency for each DMU
by solving two linear programing problems [18]. Saati et al. proposed a method by which DEA models
can be solved by fuzzy numbers [19]. In their method, it is possible to use crisp numbers and every fuzzy
number as input and output.

By studying the related literature we can conclude that no research has been done about the evaluation of
congestion in the fuzzy state. Therefore we are going to deal with this issue in this article.

3. Proposed method:

Suppose there are 'n" decision making units with 'm" inputs and 's' outputs where X; = (X, X,....X,) and

Vi = (Y;, Y,,-..Y,) are the inputs and outputs of decision making units and in fuzzy case the mputs and

outputs are fuzzy numbers. With these inputs and outputs in the form of X —(xJ, ij IJ) and
—(yrJ Yii»Yy;) congestion is measured.

m
min s
i=1
s.t:

n
Z}\'iiij—’_si_ Xio J=1,2,...m
n * *,
Z}\’jyr]:yroq) +Sr+ ,r:1,2,...,S
i1

A s‘°>0

jri

i:1121---1m y :1121---18 ’ J :llzl"'ln

Where s;° the amount of congestion is, ¢ is the amount of efficiency.
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max¢ (2)
s.t:

n
ZWU <X, ,i=12,..m
=1

n

Zwrj >V,.0 ,r=12,.s

i1
ankj =1
=1

A; =0, Ji=12,.m ,r=12,.5,j=12,.n

With respect tos;, s, “ slacks, model (2) will turn to an equivalence relation as shown in model (3):

S m
maX(p+(Zsﬁ—ZSf°) (©)
r=1 i=1
st: (15)
Sy st =%, =12

j=1

ijyrj _S::yroq’ r=12..s
i

n

D=1

=1
A; >0, s; >0,s; >0,
i=12,...m ,r=12..,s5,j=12,...,n

Model(3) can be solved in two stages. The first of which is obtained from BCC output oriented model and
the amount of efficiency will then be obtained from model(4):

maxo (4)
s.t:

io?

D O X3 X0) < (K X, Xig) 11 =12,
j=1

n

D YY) 20V Vi Vi) o F=12,..,8

=1

[e—

n

Dk =1
j=1

A >0, 1=12,..m ,r=12,..,s,j=12,..,n

]

Using a- cut approach, model (4) will be changed to model (5) and then model (6):
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max¢ (5)
S.t:

n
Z:kj(cxx{}1 + (L= a)xjj, ox + (L—a)x}) <
=l

(oxX + (L— o)Xy, o[ + (L —o)x}h),i=1,2,...,m

n

D Ai(ayy +L-a)yg.ayg +(@L-a)yy) >
j=1
playp + (L— o)yl ayp + (L a)yy),r=12,...,s

3, =1
=1

x]. >0, i=142,...m ,r=12,..s,j=12,..,n

Having upper and lower bound for the first stage, there will be the following form:
max ¢ (6)
st:

le[&j X1 <[% X 11=12,...m
=

n

ALY Vglz ol Vol T =125
=1

>4 =1
j=1

/1j >0,i=12,...m,r=,2..s, j=12,...,n

i

, IS the amount which is obtained from model (7) and then is inserted within the model (8).
max @, (7)
sit:

n
DKy <X =120
=L

n

inxrj 2 (Pyro r=12,..s

j=1
n
27“1 =1
j=1
xi >0, i=12,...m,r=12,..s, j=12,..,n

Finally model (8) represent the amount of s7°° which is the optimistic congestion
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max(Yst - > '5%) (8)
_ s.t: (_45)

n
j=1

n
ZX]XU' _S::yro(_Po r=12,..,s
j=1

n

2xj=1

j=1
A;>0,5>0,5%>0

i=12,...m ,r=12,..,s,j=12,.,n

The lower bound of efficiency is given below:

S

j=1
;20
i=12,...m ,r=12,..s,j=L12,..,n

In a completely similar way and regarding the lower bound of efficiency, pessimistic congestion is
calculated by model (10):

max(is:—is{’”) (10)
7 s.t: I(760)

n
D x5 =X, Li=12,..,m
j=1

n
ijyrj _S: = Y10 Po r=12,..s
=

n

D=1
=1

i
A;20,87 20,5720

i=12,...m ,r=12,..,s,j=12,..,n
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Therefore s™ is measured as pessimistic congestion. We know congestion is the result of inefficiency, but
inefficiency does not necessarily lead to congestion. Inefficiency is a situation when to improve input and
output becomes possible without even worsening some other input or output and this is different from the
concept of congestion. Only based on the following conditions DMU is efficient:

1) maxgp=¢ =1
2)s " =s =0 Vi,r

4. Case study

At this case study 23 universities have been studied and the congestion value of each was employed both
optimistically and pessimistically.The input and output data are as follows:

11 = Faculty member

12 = Students

I3 = Total current budget

14 = Research budget

O1= Books & Atrticles

02= Master's degree admission
0O3= GPA of students

Triangular inputs and outputs are shown in Table 1. The optimistic congestion value have been calculated
based on formula (8), consideringa=0.2, 0=0.5 and a=0.7 shown in Table 2, Table 3, Table 4 respectively.
As seen, the pessimistic congestion value with a=0.2, a=0.5, 0=0.7 based on formula (10) are shown in

Table 5, Table 6 and Table 7, in the order given.
Table 1.Fuzzy inputs & outputs

1

I

I3

l4

O,

O,

O,

DMU1

(0.10,0.16,0.18)

(0.22,0.27,0.30)

(0.47,0.62,1)

(2.57,3.47,5.28)

(0.06,0.09,0.12)

(0.01,0.01,0.04)

(0.15,0.16,0.26)

DMU2

(0.26,0.28,0.32)

(0.30,0.37,0.45)

(0.43,0.46,0.56)

(3.39,4.80,6.04)

(0.08,0.16,0.42)

(0.15,0.21,0.33)

(0.35,0.38,0.44)

DMU3

(0.12,0.17,0.20)

(0.17,0.29,0.41)

(0.16,0.23,0.26)

(2.67,4.00,5.32)

(0.06,0.08,0.13)

(0.02,0.03,0.05)

(0.10,0.14,0.17)

DMU4

(0.11,0.16,0.19)

(0.24,0.30,0.33)

(0.57,0.65,0.75)

(3,3.84,5.10)

(0.06,0.08,0.11)

(0.04,0.08,0.13)

(0.14,0.20,0.26)

DMUS5

(0.16,0.28,0.32)

(0.31,0.37,0.42)

(0.57,0.60,0.74)

(5.38,7.00,7.37)

(0.12,0.14,0.17)

(0.03,0.04,0.06)

(0.43,0.46,0.52)

DMUG6

(1,1,1)

(1,1,1)

(0.81,0.90,1)

(17.8,20.1,29.7)

(1,1,1)

(1,1,

(1,1,

DMU7

(0.07,0.13,0.15)

(0.24,0.26,0.29)

(0.51,0.57,0.59)

(2.24,2.56,2.99)

(0.08,0.09,0.11)

(0.03,0.05,0.14)

(0.14,0.19,0.25)

DMU8

(0.07,0.12,0.14)

(0.25,0.30,0.42)

(0.22,0.46,0.49)

(2.96,4.10,5.14)

(0.02,0.04,0.08)

(0.03,0.06,0.13)

(0.13,0.17,0.21)

DMU9

(0.16,0.22,0.24)

(0.44,0.51,0.63)

(0.34,0.58,0.71)

(3.73,454,5.27)

(0.07,0.13,0.17)

(0.04,0.05,0.05)

(0.21,0.28,0.36)

DMU10

(0.18,0.34,0.38)

(0.32,0.33,0.37)

(0.32,0.34,0.42)

(5.12,7.99,12.9)

(0.10,0.18,0.24)

(0.03,0.32,0.48)

(0.32,0.35,0.39)

DMU11

(0.20,0.25,0.30)

(0.28,0.35,0.56)

(0.21,0.23,0.27)

(4.64,5.72,6.32)

(0.08,0.16,0.22)

(0.08,0.13,0.22)

(0.22,0.29,0.37)

DMU12

(0.20,0.36,0.42)

(0.35,0.39,0.50)

(0.66,0.75,0.88)

(3.91,6.10,10.9)

(0.37,0.53,0.69)

(0.04,0.09,0.23)

(0.44,0.48,0.53)

DMU13

(0.20,0.39,0.41)

(0.47,0.53,0.59)

(0.65,0.71,0.74)

(5.38,6.72,10.6)

(0.14,0.20,0.26)

(0.08,0.23,0.51)

(0.45,0.49,0.60)

DMU14

(0.15,0.17,0.18)

(0.19,0.23,0.28)

(0.42,0.45,0.47)

(3.41,4.16,5.10)

(0.08,0.10,0.12)

(0.04,0.06,0.09)

(0.18,0.23,0.31)

DMU15

(0.10,0.18,0.22)

(0.31,0.35,0.39)

(0.38,0.45,0.49)

(3.94,5.05,5.41)

(0.04,0.08,0.10)

(0.01,0.05,0.08)

(0.15,0.27,0.34)

DMU16

(0.11,0.14,0.17)

(0.19,0.22,0.27)

(0.67,0.93,0)

(2.98,3.69,4.89)

(0.03,0.05,0.06)

(0.02,0.05,0.10)

(0.14,0.19,0.28)

DMU17

(0.02,0.06,0.06)

(0.12,0.14,0.17)

(0.17,0.32,0.51)

(1.80,2.46,4.68)

(0.02,0.02,0.03)

(0.00,0.02,0.03)

(0.02,0.09,0.13)

DMU18

(0.04,0.05,0.05)

(0.07,0.10,0.14)

(0.20,0.32,0.39)

(1.10,1.38,1.70)

(0.00,0.00,0.01)

(0.00,0.01,0.03)

(0.01,0.03,0.04)

DMU19

(0.06,0.08,0.10)

(0.12,0.20,0.22)

(0.50,0.57,0.61)

(2.06,2.30,2.66)

(0.01,0.02,0.03)

(0.00,0.01,0.04)

(0.05,0.08,0.13)

DMU20

(0.07,0.09,0.10)

(0.07,0.18,0.20)

(0.40,0.44,0.48)

(2.44,3.26,4.34)

(0.02,0.03,0.04)

(0.01,0.08,0.13)

(0.10,0.11,0.12)

DMU21

(0.04,0.05,0.05)

(0.07,0.08,0.11)

(0.42,0.77,0)

(1.55,1.69,1.97)

(0.01,0.01,0.03)

(0.00,0.00,0.00)

(0.04,0.06,0.07)

DMU22

(0.09,0.10,0.10)

(0.25,0.33,0.41)

(0.04,0.14,0.30)

(2.44,3.02,3.63)

(0.00,0.01,0.01)

(0.01,0.01,0.09)

(0.00,0.03,0.08)

DMU23

(0.10,0.16,0.18)

(0.13,0.20,0.24)

(0.47,0.62,)

(2.00,2.84,3.09)

(0.03,0.04,0.06)

(0.00,0.01,0.02)

(0.06,0.10,0.13)
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Table 2.The result of optimistic congestion

=0.2 o s° s s s s sy sy
DMU1 - - - - - - - -
DMU2 - - - - - - - -
DMU3 - - - - - - - -
DMU4 - - - - - - - -
DMUS5 0.24 0 0 0 0.63 0.01 0.01 1
DMUG6 0.44 0.45 0.35 0 3.1 0 0 0
DMU7 0.26 - - - - - - -
DMUS8 - - - - - - - -
DMU9 - - - - - - -
DMU10 - - - - - - - -
DMU11 - - - - - - - -
DMU12 0.2 - - - - - - -
DMU13 0.26 0.02 0.04 0 0 0.03 0 0.01
DMU14 - - - - -
DMU15 - - - - - - - -
DMU16 0.37 0 0 0 0 0 0 0
DMU17 -
DMU18 - - - - - - - -
DMU19 - - - - - - - -
DMU20 - - - - - - - -
DMU21 - - - - - - - -
DMU22 - - - - - - - -
DMU23 - - - - - - - -
Table 3. The result of optimistic congestion

05 | @ S Sy S5 Ss s’ 5 s
DMU1 0.72 0 0 0 0 0 0.01 0
DMU2 0.39 0.09 0.09 0 0 0 0 0
DMU3 - - - - - - - -
DMU4 0.66 0 0.04 0 0 0 0 0
DMU5 0 0.2 0 0.14 0 0 0 0
DMUG 0.74 0.21 0.17 0.02 0 0 0 0.06
DMU7 0.4 0 0.07 0.01 0 0 0 0
DMUS 0.33 0 0.06 0 0.88 0 0 0
DMU9 0.65 0 0.05 0 0 0.03 0.05 0.07
DMU10 0.27 0.01 0 0 0 0.04 0 0.12
DMU11 - - - - - - - -
DMU12 0.37 0.04 0.02 0.03 0 0 0 0.09
DMU13 0.57 0 0 0.1 0.15 0.02 0 0.03
DMU14 0.57 0.01 0 0 0 0 0.01 0
DMU15 0.47 0 0.01 0 0 0 0.01 0
DMU16 0.65 0 0.01 0.03 0 0.02 0 0
DMU17 - - - - - -
DMU18 0.55 - - - - - - -
DMU19 0.16 0 0 0 0 0.01 0 0.04
DMU20 - - -
DMU21 - - - - - - - -
DMU22 - - - - - - - -
DMU23 0.78 - - - - - - -
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Table 4.The result of optimistic congestion

07 | @ s S S5 Ss s’ 5. s
DMU1 0.61 0.01 0 0 0 0 0.01 0
DMU2 0.1 0.14 0 0 0.73 0 0 0.01
DMU3 - - - - - - - -
DMU4 0.72 0 0 0 0 0 0 0
DMUS5 0.51 0 0 0 0.09 0.02 0.06 0
DMUG6 0.59 - - - - - -
DMU7 0.30 0.02 0 0 0 0 0 0
DMU8 - - - - - - - -
DMU9 0.45 0.03 0.14 0 0 0 0.01 0
DMU10 - - - - - - -
DMU11 - - - - - - - -
DMU12 0.41 0.04 0 0 0 0 0 0.06
DMU13 0.65 0.03 0.03 0 0 0.04 0 0
DMU14 - - - - - - - -
DMU15 0.44 - - - - - - -
DMU16 0.79 0 0 0 0 0.07 0 0.11
DMU17 - - - - - - - -
DMU18 - - - - - - - -
DMU19 | 030 - - - - - - -
DMU20 - - - - - - - -
DMU21 - - - - - - - -
DMU22 - - - - - - - -
DMU23 - - - - - - - -

Table 5. The result of pessimistic congestion

=0.2 o s S s s s, s; sy
DMU1 1.9 0.12 0.05 0.46 0.3 0 0 0
DMU2 1.62 - - - B _ ;
DMU3 - - - - - - - -
DMU4 1.89 0.08 0 0.2 2.2 0.67 0.92 0
DMU5 1.17 0 0 0 0.29 0.17 0.32 0
DMUG6 0.92 0.07 0.06 0 10.85 0 0 0
DMU7 2.2 0 0.04 0.02 0 0.06 0.08 0
DMUS8 2.1 0 0.16 0 1.03 0.07 0.17 0
DMU9 2.02 0 0.25 0 0.05 0.09 0.2 0
DMU10 0.78 - - - - - - -
DMU11 - 0.17 0.08 0 5.2 0.02 0.2 0
DMU12 1.18 0 0 0 1.5 0.2 0.4 0
DMU13 1.25 - - - - - -
DMU14 1.54 0.03 0.01 0 5.6 0.02 0.2 0
DMU15 1.88 0.01 0.07 0 0.33 0.92 0.34 0
DMU16 2.6 0.03 0 0.3 0.82 0.17 0 0
DMU17 6.1 - - - - - - -
DMU18 - - - - - - - -
DMU19 4.5 0 0.02 0.09 0.02 0.2 0.27 0
DMU20 2.6 - - - - - - -
DMU21 3.25 0.01 0.03 0.51 0.3 0 0 0
DMU22 1 0.01 0.13 0 0.1 0 0 0.06
DMU23 4.5 0 0 0.11 0 0.04 0.04 0
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Table 6.The result of pessimistic congestion

a=05 o s s s s o s;” sy
DMU1 2.29 0 0 0 0.23 0.31 0.06 0
DMU2 1.28 0 0 0 0 0.12 0.07 0
DMU3 2.26 0 0.06 0 0.07 0 0.07 0
DMU4 2.22 0 0 0.11 0 0.31 0 0
DMUS5 1 0 0 0.07 0 0.25 0.15 0.04
DMU6 0.09 0 0 0.09 5.93 0.91 0.91 0.91
DMU7 1.55 0 0.01 0.48 0 0.72 0.06 0
DMU8 1.88 0 0.05 0 0.91 0.4 0 0
DMU9 1.82 0 0.2 0.71 0 0.35 0.03 0
DMU10 1.24 0.09 0 0 3.9 0.03 0.03 0
DMU11 1.39 0.13 0.09 0 0.19 0.04 0.06 0
DMU12 1.22 0.02 0 0.11 1.30 0 0.17 0
DMU13 1.29 0 0.02 0.04 0 0.15 0.17 0
DMU14 1.62 0.01 0 0 0 0.04 0 0
DMU15 1.95 0 0.06 0 0 0.01 0.02 0
DMU16 1.98 0 0 0.4 0 0.4 0.04 0.14
DMU17 1.12 0 0.02 1.11 0.2 0.13 0.04 0.05
DMU18 2.71 0 0 0.02 0 0.2 0.01 0
DMU19 2.91 0 0 0.03 0 0.59 0.07 0
DMU20 1.84 0 0 0 0.88 0.09 0 0
DMU21 1.50 0 0 0.04 0.03 0 0.06 0.01
DMU22 8.27 0 0.15 0 0.19 0 0 0
DMU23 2.52 0 0 0.21 0.02 0.35 0.03 0
Table 7. The result of pessimistic congestion

a=0.7 o s s s s 5. S5 sy
DMU1 1.91 0 0 0 0 0.02 0.03 0
DMU2 0.67 0.06 0.06 0 0 0.04 0.2 0
DMU3 - - - - - - - -
DMU4 1.64 0 0.05 0 0.12 0 0 0
DMU5 0.89 0 0.04 0 0 0.09 0.26 0
DMU6 0.76 0.21 0.16 0 7.4 0 0.01 0.01
DMU7 1.08 0 0.05 0 0 0 0.05 0
DMU8 0.97 0 0.08 0 0.7 0.02 0.06 0
DMU9 1.31 0 0.24 0 0 0.02 0.15 0
DMU10 0.67 - - - - - - -
DMU11 - - - - - - - -
DMU12 0.96 0.01 0 0 0.39 0 0.18 0
DMU13 1.01 0 0.1 0 0 0 0.21 0.18
DMU14 0.74 0.02 0 0 0.72 0.02 0.02 0
DMU15 0.87 0 0.06 0 0.31 0.04 0.15 0
DMU16 1.56 0 0 0.22 0 0.03 0 0
DMU17 - - - - - - - -
DMU18 - - - - - - - -
DMU19 2.21 0 0.02 0 0 0.02 0.04 0
DMU20 0.66 0.01 0 0 1.2 0 0 0
DMU21 1.66 - - - - - - -
DMU22 - - - - - - - -
DMU23 2.9 0 0.01 0 0 0.05 0.01 0

In some universities, as observed in the given tables, there is congestion in some inputs; for example, in
DMUEG in the optimistic case and in the first input there is congestion measuring up to 0.45 and in the
pessimistic case 0.07 and these figures for the second input are consecutively 0.35 and 0.06. Also for the
fourth input the figures are consecutively 3.1 and 10.85 which reveals that if the value of congestion is
decreased from the inputs the result will still be the same output.
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5. Conclusion

This article dealt with the calculation of congestion in data envelopment analysis with fuzzy inputs and
outputs based on the Cooper’s single model method. We have developed this method with inputs and
outputs as fuzzy numbers. DMUs inputs and outputs can be regarded as triangular or trapezoidal fuzzy
numbers where the triangular fuzzy numbers are taken into account. After applying a- cut approach,
the lower bound and upper bound for input, output and efficiency is calculated and finally congestion
is evaluated in optimistic and pessimistic viewpoint. As seen in concepts, congestion in optimistic
view point takes in the minimum input and produces the optimum output. On the other hand,
congestion in pessimistic viewpoint takes in the maximum input and gives out worst output. In these
two models, the under-investigation DMU is in binary opposition with other DMUs. Finally, by
studying an example, it is seen that the presence and absence of congestion in pessimistic and
optimistic view point are completely separate. For further research suggestion, this proposed method
can be applied with stochastic inputs and outputs or grey numbers to calculate congestion in optimistic
and pessimistic viewpoints. Also, the above model can be changed into fuzzy model with the methods
which were suggested earlier in FDEA. Another suggestion is to combine the method proposed earlier
for the evaluation of congestion in the classical DEA with our method for the evaluation of congestion
in optimistic and pessimistic viewpoint. Finally, the presence and the absence of congestion in
optimistic and pessimistic viewpoint can be tested by statistical analyses, and the results can then be
applied. The congestion model proposed in this article can also be employed to improve management
in other institutes and organizations.
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