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Abstract

In this paper we propose an approach for the evaluation of effi-
ciency and ranking of decision making units with interval data by us-
ing monte carlo simulation and an interval analytic hierarchy process
(IAHP) method. The standard data envelopment analysis (DEA) mod-
els are not linear in case interval data are considered. They can be lin-
earized by using the monte carlo (MC) simulation with considering the
interval data. In DEA, when efficient decision making units (DMUs) are
ranked by super-efficiency DEA models with variable returns to scale,
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not all the decision making units receive their super-efficiency scores.
In other words, the problems are not always feasible. For elimination
of this problem LJK model can be used, but if the optimal objective
value of LJK model is less than or equal to 1.0, evaluated DMU is not
super-efficient. Therefore, in this paper we use the MC simulation for
transforming the interval data to their crisp values, and we apply the
IAHP method for ranking the efficient DMUs, while the pairwise com-
parison are as interval. Finally, the proposed approach is applied to
identification the efficiency and ranking of 20 bank branches in Iran,
and the obtained results from the above ranking models are compared
and discussed.
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1 Introduction

Data envelopment analysis (DEA) is a decisional technique for evaluating
relative efficiency of decision making units (DMUs), that was proposed by
Charnes et al. [3]. The first formulated DEA model is usually denoted as CCR
(Charnes, Cooper and Rhodes) model. It was further extended by Banker et al.
[2] - this model is called BCC model. By using basic DEA models, DMUs are
divided into two groups, efficient and inefficient DMUs. The efficient DMUs
receive an efficient score of 1.0 and inefficient DMUs receive an efficient score
less than 1.0 (in case of input oriented models). Since the efficient DMUs are
not comparable among themselves in the basic DEA models many methods
have been presented in order to rank them. They are often denoted as super-
efficiency DEA models. First model of this group was developed by Andersen
and Petersen [1], called AP model. Recently, Li et al. [6] suggested the LJK
model (Li, Jahanshahloo and Khodabakhshi) that is feasible and stable for all
data sets. But, if the optimal objective value of LJK model is less than or
equal to 1.0, evaluated DMU is not super-efficient. Since, ranking of DMUs
are very important in DEA, and it is truly felt the necessity of a strong technic
for making correct decision, up to now many models regarding ranking of these
DMUs have been presented. Where, analytic hierarchy process (AHP), one of
the most efficient technics, was introduced by Saaty [7] for the first time. This
method is widely used in economic and social practice. There are known many
studies about the relationship between DEA and AHP - e.g. Karpela et al. [5].
Recently, the AHP model with interval decision maker judgements has been
introduced by Jablonsky [4]. In basic DEA models, the data are assumed to
be definite. But in different application of DEA, the data can be qualitative,
probabilistic, interval, or fuzzy. Therefore, we have discussed a state of interval
data in this paper. The paper is organized as follows. In Section 2 the DEA
models are introduced and briefly discussed. In section 3, AHP and AHP with
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interval pairwise comparisons is discussed. The propose method for ranking
DMUs with interval data and interval judgements is put forward in section 4,
and a numerical example with real interval data is provided and analyzed in
this section. The paper is concluded in section 5.

2 Data envelopment analysis

Consider n DMUs with m inputs and s outputs. The input and output vectors
of DMUj (j = 1, 2, . . . , n) are Xj = (x1j , x2j , . . . , xmj)

t, Yj = (y1j, y2j, . . . , ysj)
t,

respectively, where Xj ≥ 0, Xj �= 0, Yj ≥ 0, Yj �= 0.
By using the variable returns to scale, convexity, and possibility postulates,
the non-empty production possibility set is defined as follows:

Tv = (X, Y )| X ≥
n∑

j=1

λjXj , Y ≤
n∑

j=1

λjYj,
n∑

j=1

λj = 1, λj ≥ 0, j = 1, 2, . . . , n.

By the above-mentioned definition, the input-oriented BCC model is as follows:

min θ − ε[
m∑

i=1

s−i +
s∑

r=1

s+
r ]

s.t.
n∑

j=1

λjxij + s−i = θxio, i = 1, 2, . . . , m,

n∑
j=1

λjyrj − s+
r = yro, r = 1, 2, . . . , s,

n∑
j=1

λj = 1,

λj ≥ 0, j = 1, 2, . . . , n,
s−i ≥ 0, i = 1, 2, . . . , m,
s+

r ≥ 0, r = 1, 2, . . . , s,

(1)

where ε is a infinitesimal constant so-called non-archimedean; λ = (λ1, λ2, . . . , λn)
t

is the vector of weights of DMUs and the variables s−i , {i = 1, 2, . . . , m},
and s+

r , {r = 1, 2, . . . , s}, are slack variables. The evaluated DMUo, o ∈
{1, 2, . . . , n}, is efficient if and only if θ∗ = 1 and all slack variables in the
optimal solution are zero in problem (1). The efficient scores by basic DEA
models can not be used for ranking efficient DMUs, so super-efficiency models
can be used for ranking them. These models are based on removing the eval-
uated most efficient DMU from production possibility set. Hence, AP model
with variable return to scale is introduced as follows:
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min θ

s.t.
n∑

j=1,j �=o

λjxij ≤ θxio, i = 1, . . . , m,

n∑
j=1,j �=o

λjyrj ≥ yro, r = 1, . . . , s,

n∑
j=1,j �=o

λj = 1,

λj ≥ 0, j = 1, 2, . . . , n , j �= o.

(2)

For the optimal solution θ∗:
if θ∗ < 1, then DMUo is not efficient.
if θ∗ = 1, then DMUo is non-extremely efficient.
if θ∗ > 1 or model (2) is infeasible, then DMUo is extremely efficient.
Another a super efficiency model for ranking efficient units in data envelopment
analysis called LJK model. The LJK model is to rank extreme DEA efficient
DMUs obtained by the basic DEA model, it can be used to evaluate efficient
DMUs directly. The LJK model is presented as follows:

min δ = 1 + 1
m

m∑
i=1

s+
i2

R−
i

,

s.t.
n∑

j=1,j �=o

λjxij + s−i1 − s+
i2 = xio, i = 1, 2, . . . , m,

n∑
j=1,j �=o

λjyrj − s+
r = yro, r = 1, 2, . . . , s,

n∑
j=1,j �=o

λj = 1,

λj, s
−
i1, s

+
i2, s

+
r ≥ 0, i = 1, 2, . . . , m; r = 1, 2, . . . , s; j = 1, 2, . . . , n,

(3)

where R−
i = maxj{xij}, 1 ≤ j ≤ n. The first constraint of the LJK model

allows the input i of DMUo to increase by s+
i2 or decrease by s−i1. However,

adding s+
i2 to input of DMUo is remove infeasibility problem in this super-

efficiency model, but if δ∗ > 1, then DMUo is DEA efficient; otherwise, DMUo

is not super efficient.
In different application of DEA, the data can not be crisp. The input-output
data are known to lie within bounded intervals, is as following:

xij ∈ [xl
ij , x

u
ij ] and yrj ∈ [yl

rj, y
u
rj],

where xl
ij and yu

rj are the lower and upper bounds of the ith input of the
jth DMU, respectively, and yl

rj and yu
rj are the lower and upper bounds of

the rth output of the jth DMU, respectively.The DEA model with interval
input/output data is usually called interval DEA (IDEA) model. The BCC
model with interval data is as following:
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min θ

s.t.
n∑

j=1

λj[x
l
ij , x

u
ij] ≤ θ[xl

io, x
u
io], i = 1, 2, . . . , m,

n∑
j=1

λj[y
l
rj, y

u
rj] ≥ [yl

ro, y
u
ro], r = 1, 2, . . . , s,

n∑
j=1

λj = 1,

λj ≥ 0, j = 1, 2, . . . , n.

(4)

Since the input-output data are interval, the above-mentioned model is not
linear.
3 Analytic hierarchy process

The AHP is designed for subjective evaluation of a set of alternatives based
on multiple criteria, organized in a hierarchical structure. Criteria are factors
that the decision maker utilize in order to increase its optimal and satisfaction
in picking up its appropriate alternative. In analytic hierarchy process of
elements, each level in comparison with the related element in the upper level
is formed as a pairwise comparison and pairwise comparison matrix, then by
using this matrix local priority is computed, and these priorities are called local
priorities. Then by adding the local priorities, the overall priorities of every
alternative is specified that decision making is based on these overall priorities.
In general, a pairwise comparison matrix is presented by t-by-t matrix

A = [aij], i, j = 1, 2, . . . , t, (5)

where t is the number of elements in the comparison set of the lower level. In
AHP, the pairwise comparison matrix A on the diagonal has a rank of 1 and
the elements aij reflect the evaluation of unit i over unit j. Obviously,

aij =
1

aji
, i, j = 1, . . . , t. (6)

In the standard AHP model, the priorities are set by comparing each set of
elements with respect to each of the elements in a higher level. In saaty [7,8]
a verbal or a corresponding 9-point numerical scale can be based on objective,
quantitative data or subjective, qualitative judgements is as follows:

Intensity of
importance Definition

1 Equal importance
3 Weak importance of one over another
5 Essential or strong importance
7 Very strong or demonstrated importance
9 Absolute importance
2,4,6,8 Intermediate values between adjacent scale values
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Table 1: scale of importance.

The local priorities can be obtained by solving the least squares method as
follows, where in this method wi and wj are determined in a way that the
difference between wi

wj
and aij be minimizes. Therefore, we have the following

programming problem for calculating wi and wj .

min z =
n∑

i=1

n∑
j=1

(aijwj − wi)
2,

s.t.
n∑

i=1

wi = 1,

wi ≥ 0, i = 1, 2, . . . , n.

(7)

For solving the above problem, we consider its Lagrangian equation.

L(λ) =
n∑

i=1

n∑
j=1

(aijwj − wi)
2 + 2λ(

n∑
i=1

wi − 1). (8)

If we derivation from the above equation to wk, we will have:
n∑

i=1

(aikwk − wi)aik −
n∑

j=1

(akjwj − wk) + λ = 0. (9)

In the above equation for (n+1) there is non-homogeneous linear equation
and unknown (n+1). By solving this linear equation wj corresponding to the
priority of decision making unit, j is gained.
The standard AHP model needs to certain judgements. It is be more natural
and realistic that let to decision maker using of interval judgements instead
of certain comparison cause of complexes and inconclusiveness in real world.
The AHP model with interval decision maker judgements is called interval
AHP (IAHP) method. In general, interval pairwise comparison matrices is as
follows:

A =

⎡
⎢⎢⎢⎢⎣

1 [al
12, a

u
12] . . . [al

1t, a
u
1t]

[al
21, a

u
21] 1 . . . [al

2t, a
u
2t]

...
... . . .

...
[al

t1, a
u
t1] [al

t2, a
u
t2] . . . 1

⎤
⎥⎥⎥⎥⎦

where al
ij is the lower bound and au

ij is the upper bound for the elements
aij , and they reflect the evaluation of unit i over unit j. Since, free cells are
the reciprocal values, so the reciprocal condition of the pairwise comparison
matrices is as follows:

al
ij =

1

au
ji

, i, j = 1, 2, . . . , t. (10)

As we have considered the judgements as interval, we can not apply of standard
AHP method. One of the solution process of this problem is using of IAHP
method and applying monte carlo simulation on each interval data. Thus, we
can obtain crisp value of interval judgements based on derived results of the
monte carlo simulation.
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4 Proposed approach and an application

In this section, we have propose an approach for ranking decision making units,
and illustrate an application by comparing the obtained results by AP, LJK
and proposed method.
4.1. P roposed approach

Our proposed approach uses DEA/VRS and IAHP methods, that was repre-
sented by Jablonsky [4], for evaluation and ranking decision making units. Of
course, there is a difference with having interval inputs and outputs, we can
not apply standard DEA models for evaluation and classification of efficient
units. Because, the IDEA model change from a deterministic model to model
with some stochastic features. Therefore, we propose monte carlo simulation
for transforming the interval data to their crisp state. Then, we solve the
crisp model by the standard DEA/VRS models. A monte carlo simulation is
a method for iterating a deterministic model using sets of random numbers as
inputs. By using random inputs, the deterministic model is transformed into
a stochastic model. Here, we have used simple uniform random number as the
inputs to the model. However, a uniform distribution is not the only way to
represent uncertainly. Now by considering the interval DEA model (4), we
use of the following equations according to concept of convex intervals.

xl
ij ≤ xij ≤ xu

ij ⇒ xij = xu
ij + (1 − αij)x

l
ij = xl

ij + αij(x
u
ij − xl

ij)

0≤ αij ≤ 1, i = 1, 2, . . . , m

xl
io ≤ xio ≤ xu

io ⇒ xio = xu
ij + (1 − αio)x

l
io = xl

io + αio(x
u
io − xl

io)

0≤ αio ≤ 1, i = 1, 2, . . . , m

yl
rj ≤ yrj ≤ yu

rj ⇒ yrj = yu
rj + (1 − βrj)y

l
rj = yl

rj + βrj(y
u
rj − yl

rj)

0≤ βrj ≤ 1, r = 1, 2, . . . , s

yl
ro ≤ yro ≤ yu

ro ⇒ yro = yu
ro + (1 − βro)y

l
ro = yl

ro + βro(y
u
ro − yl

ro)

0≤ βro ≤ 1, r = 1, 2, . . . , s

With 1000 trials per simulation, we have:

x̂ij = xl
ij + αij(x

u
ij − xl

ij) , 0 ≤ αij ≤ 1, i = 1, 2, . . . , m,

x̂io = xl
io + αio(x

u
io − xl

io) , 0 ≤ αio ≤ 1, i = 1, 2, . . . , m,

ŷrj = yl
rj + βrj(y

u
rj − yl

rj) , 0 ≤ βrj ≤ 1, r = 1, 2, . . . , s,

ŷro = yl
ro + βro(y

u
ro − yl

ro) , 0 ≤ βro ≤ 1, r = 1, 2, . . . , s.

Following model is the IDEA model (4) that it was changed to linear and
crisp with applying convex combinations that are used by the monte carlo
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simulation.
min θ

s.t.
n∑

j=1

λjx̂ij ≤ θx̂io, i = 1, 2, . . . , m,

n∑
j=1

λj ŷrj ≥ ŷro, r = 1, 2, . . . , s,

n∑
j=1

λj = 1,

λj ≥ 0, j = 1, 2, . . . , m.

(11)

In general, the MC simulation steps is briefed as follows

• generate random numbers for each of intervals; that is uniformly dis-
tributed on (0,1). We can use the RAND() function to generate them.
• compute Xi = RAND()∗(b−a)+a, i = 1, 2, . . . , N ; here N = 1000. This

formula generates a random value between lower bound and upper bound.

We conduct 1000 simulation experiments. For each experiment, the ran-
dom variables for describing interval data and interval judgements can be
generated randomly from uniform probability distribution over the intervals
[xl

ij , x
u
ij ], [y

l
ij, y

u
ij] and [al

ij , a
u
ij].

Discussions in sections 3 and 4 can be summarized as follows
1. Specify the interval data as the interval inputs-outputs.
2. Use the MC simulation to transforming all the interval inputs-outputs to
their crisp state, then normalized them.
3. Characterize the efficient units (alternatives) by using the BCC model.
4. By defining decision criteria, construct the pairwise comparisons matrices
of all alternatives with respect to all the fixed inputs and outputs.
5. Transform all the elements of the pairwise comparisons matrices of the
IAHP method to their crisp values by using the MC simulation.
6. Use the least squares method for deriving priorities.

4.2. Evaluation of bank branches

Interest to saving is effected by policy making of government and central
bank. People is encouraged to saving money by requisite supports of investor,
and it is constructed the saving culture. Considering that the branches of
banks secure places for investment and customer service, our aim is evaluation
and ranking the bank branches with criteria containing interval data by the
DEA and IAHP methods. Consider the data of 20 bank branches, each of
them specified by the following nine criteria. For the evaluation of branches,
the first column were taken as interval inputs and the second column as interval
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outputs of the IDEA model. The criteria is given in the below table:

Inputs Outputs
1. Interest paid 1. Interest-free saving account
2. Personnel 2. Current account
3. Demand 3. Short-term

4. Long-term
5. Loans
6. Interest received

Table 2: Inputs and outputs of bank branches.

The interval input and output data of this study are given in tables 3 and 4

units Interest paid Personnel Demand
1 [12500.8,13000.8] [36.7,38.7] [134000,135000]
2 [14500.6,15000.6] [21.7,23.7] [10000,10500]
3 [11500.02,12000.02] [24.5,26.5] [40000,45000]
4 [850.8,900.8] [19.9,21.9] [44000,44500]
5 [4500.9,5000.9] [13.4,15.4] [13000,13500]
6 [9000.03,9500.03] [17.8,19.8] [85000,90000]
7 [300.6,350.6] [24.6,26.6] [97500,98000]
8 [3100.7,3500.7] [25.2,27.2] [7500,8000]
9 [800.02,850.02] [20.9,22.9] [430500,440000]
10 [11500.09,12000.09] [15.7,17.7] [7500,8000]
11 [2500.7,3000.7] [20.2,22.2] [1000,1500]
12 [3500.4,4000.4] [22.6,24.6] [53000,53500]
13 [6000.7,6500.7] [20.8,22.8] [27400,27600]
14 [2500.9,3000.9] [20.5,22.5] [17500,18000]
15 [2500.2,3000.2] [36.5,38.5] [50000,50500]
16 [4000,4500] [23.5,25.5] [32500,33000]
17 [6000.3,6500.3] [24.7,26.7] [41500,42000]
18 [500.9,550.9] [15.2,17.2] [22000,22500]
19 [3500.9,4000.9] [27.7,29.7] [16500,17000]
20 [900.4,950.4] [29.4,31.4] [30000,30500]

Table 3: Interval inputs of bank branches.

units saving account Current account Short-term Long-term Loans Int.received
1 [709000,710000] [261000,262000] [17150,17250] [342500,343000] [2700000,2800000] [5800,6000]
2 [73500,74000] [317000,318000] [2000,2500] [26000,27000] [251000,253000] [3400,3600]
3 [435000,436000] [489000,490000] [6400,6600] [78500,79500] [1500000,2500000] [5700,5900]
4 [29000,29500] [971000,972000] [1500,1600] [45500,46500] [452000,454000] [500,700]
5 [216000,216500] [158000,159000] [800,900] [89500,90500] [552000,553000] [4850,5050]
6 [514000,515000] [508000,509000] [10250,10350] [69000,70000] [1100000,2100000] [3300,3500]
7 [15500,16000] [172000,173000] [750,850] [7300,7400] [537000,538000] [1000,1200]
8 [155500,156000] [269000,270000] [5000,5500] [83000,84000] [1000000,2000000] [900,1100]
9 [13700,13800] [163000,164000] [5000,6000] [86000,87000] [4300000,5300000] [1300,1400]
10 [666600,667000] [242000,243000] [2300,2400] [5100,5200] [2500000,3000000] [2100,2200]
11 [106500,107000] [408000,409000] [2400,2500] [172500,173500] [1400000,2400000] [2000,3000]
12 [190000,190500] [174000,175000] [9350,9450] [109500,110500] [509000,511000] [2000,3000]
13 [337000,337500] [293000,294000] [12200,12400] [147500,148500] [700000,800000] [1000,3000]
14 [132800,133100] [131000,132000] [15000,16000] [68500,69500] [421000,423000] [300,500]
15 [152500,153000] [189000,190000] [11000,12000] [40500,41500] [720000,740000] [1200,3200]
16 [245000,246000] [105500,106000] [3000,4000] [11500,12500] [445000,450000] [1100,1300]
17 [392000,392500] [646000,647000] [5500,6500] [30000,31000] [2000000,2200000] [1000,1100]
18 [27500,28000] [196000,197000] [1500,2500] [5500,6500] [27000,29000] [300,400]
19 [203800,204100] [501500,502500] [3000,4000] [38500,39500] [1500000,2500000] [8500,9000]
20 [52000,52500] [71000,71500] [12500,13500] [14500,15000] [220000,300000] [2200,3200]
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Table 4: Interval outputs of bank branches.

Then the interval data is turned into crisp data by using the MC simulation,
and also we have normalized the crisp data. Therefore, the fixed and normal-
ized inputs-outputs of bank branches are shown in the below table:

units I1 I2 I3 O1 O2 O3 O4 O5 O6

1 .8443 1.0000 .3091 1.0000 1.0000 1.0000 1.0000 .5733 1.0000
2 1.0000 .6012 .0236 .1039 .1214 .0131 .0773 .0526 .0594
3 .7970 .6754 .0977 .6136 .1872 .0378 .2307 .4156 .0984
4 .0594 .5540 .0102 .0412 .3715 .0090 .1344 .0945 .0102
5 .3218 .3819 .0305 .3047 .0606 .0049 .2628 .1153 .8386
6 .6277 .4983 .2011 .7249 .1945 .5989 .2029 .3318 .5766
7 .0221 .6783 .2246 .0222 .0660 .0047 .0215 .1121 .0187
8 .2240 .6950 .0178 .2194 .1031 .0305 .2438 .3158 .1693
9 .0559 .5813 1.0000 .0194 .0625 .0319 .2525 1.0000 .2290
10 .7971 .4431 .0178 .9395 .0927 .0137 .0150 .6272 .3647
11 .1866 .5625 .0029 .1504 .1562 .0142 .5050 .3973 .0424
12 .2541 .6261 .1224 .2681 .0667 .0036 .3212 .1063 .0425
13 .4235 .5778 .0632 .4752 .1122 .0715 .4321 .1566 .0339
14 .1864 .5693 .0408 .1873 .0503 .0901 .2014 .0880 .0068
15 .1863 .9939 .1155 .2152 .0725 .0669 .1197 .1522 .0367
16 .2880 .6492 .0753 .3459 .0405 .0203 .0350 .0934 .0204
17 .4234 .6815 .0959 .5526 .2472 .0349 .0891 .4489 .1780
18 .0357 .4301 .0511 .0391 .0751 .0117 .0175 .0058 .0059
19 .2543 .7603 .0385 .2873 .1954 .0204 .1139 .4176 .1484
20 .0627 .8064 .0695 .0735 .0272 .0755 .0431 .5642 .0460

Table 5: Fixed and normalized interval inputs-outputs of bank branches.

Comparisons of all branches with respect to the first input (Interest paid)
is given in table 6. The pairwise comparison matrices are constructed by
decision maker’s judgements. Similarly, the pairwise comparison matrices for
the remaining inputs-outputs are given.

units 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 1
2 [6,8] 1 [2,4] [4,6] [2,4] [5,7] [1,3] [3,5] [3,5] [2,4] [1,2]
3 [4,6] 1 [2,4] [3,5] [1,2] [1,2]
4 [2,3] 1 [1,2]
5 [7,9] [1,3] [3,5] [5,7] 1 [2,4] [1,3] [6,8] [2,3] [4,6] [4,6] [1,2] [2,4] [2,3]
6 [3,5] [1,3] [2,4] [3,5] 1 [2,4] [1,3] [1,3] [1,2]
7 [6,8] 1 [4,6] [5,7] [3,5] 1 [6,8] [3,5] [5,7] [5,7] [3,5] [1,2]
8 [1,2] 1
9 [4,6] [1,2] [3,5] [1,2] [4,6] 1 [2,4] [2,4] [1,2]
10 [1,3] [1,2] [1,3] 1 1
11 [1,3] [1,2] [1,3] 1 1
12 [6,8] [1,2] [4,6] [5,7] [3,5] [1,2] [6,8] [3,5] [5,7] [5,7] 1 [3,5] [2,3]
13 [2,4] [1,2] [2,3] [2,3] [1,2] [1,2] 1
14 [6,8] [4,6] [5,7] [3,5] [6,8] [3,5] [5,7] [5,7] [3,5] 1

Table 6: Pairwise comparison of IAHP model with interval data.

For ranking these bank branches, we consider each of bank branches as a de-
cision making unit. In following table, the efficient and inefficient units can
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be distinct by their efficiency scores. The efficiency score 1.0 shows the effi-
cient units and the efficiency score less than 1.0 indicates the inefficient units.
By considering, since we have more than one efficient unit, therefore the AP
method can be used for ranking them. But, some efficient units can not be
ranked by this method; in other words, their solutions are not feasible. Since
in the application the result from the AP model is infeasible, for solving this
problem, we have used the LJK model. Because, the LJK model is always
feasible and stable. But, the problem of the optimal objective value is equal
to 1.0 of this model, occurs in our application. In this state, we have used
the IAHP model. Then by using the proposed simulation model, the interval
judgements are turned into crisp values, and we can calculate the local priori-
ties by solving the least square method (8). Result of ranking using proposed
method are compared with AP and LJK methods in table 7.

units θ∗BCC AP LJK new method LJK Rank new method Rank
1 1.0000 infeasible 1.4032 1.2543 1 1
2 0.7554
3 0.7231
4 1.0000 7.9440 1.0914 0.5859 6 10
5 1.0000 7.7080 1.2721 0.6957 3 3
6 1.0000 1.5078 1.0398 0.7557 8 2
7 1.0000 1.7131 1.0003 0.3494 12 14
8 1.0000 1.0121 1.0000 0.6231 - 7
9 1.0000 infeasible 1.3773 0.6591 2 6
10 1.0000 infeasible 1.2327 0.6781 4 4
11 1.0000 40.5220 1.1218 0.6655 5 5
12 0.9572
13 1.0000 1.0307 1.0025 0.5817 10 12
14 0.9565
15 0.9497
16 0.9413
17 1.0000 1.1152 1.0120 0.6146 9 8
18 1.0000 1.4059 1.0000 0.4953 - 13
19 1.0000 1.0420 1.0022 0.5843 11 11
20 1.0000 3.7053 1.0848 0.5920 7 9

Table 7: The efficiency scores and ranking of branches

regarding the above table, it can be observed that the first column of table
7 contains the BCC efficient units. Result of ranking by using AP and LJK
models are shown in the second and third columns of the above table, respec-
tively; but by the AP model, branches 1, 9 and 10 have no feasible solutions,
and also units 8 and 18 are LJK inefficient. Therefore, ranking of all units by
these VRS super-efficiency models are not possible. That is why we have used
the IAHP model. As it is seen, proposed method in the paper presents an
overall ranking for efficient units. The results of this classification and ranking
is presented in table 7.
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5 Conclusion
The aim of this paper was to propose an approach for evaluation of efficient
units with interval data. Whereas, in applied work finding crisp data as in-
put/output data are not possible, hence finding an interval for data is more
certain. Also, decision maker can make a decision more realistic for interval
judgements, so IAHP method occurs for evaluation and ranking the efficient
units. Therefore, we have provided the fixed data by means of monte carlo
simulation for interval judgements in the IAHP method. The advantage of
the proposed method in comparison with the other methods of IDEA prob-
lem solution, is use of the monte carlo simulation for making crisp of interval.
The monte carlo simulation is very simple and simulation occurs by short time
consuming length as a few seconds. Also as we know before, if data are as
interval in the IDEA model (4), efficiency value will be interval. Therefore,
we deal with interval ranking. But, derived efficiency value is a crisp value in
our proposal method, and it is not necessary to ranking based on lower and
upper bounds. The disadvantage of the proposed method is time consuming
length of calculation. However, decision maker obtains suitable results. For
future researches in this field, finding a relationship between resulting weights
of multiplier models and the AHP method, and also evaluation of the AHP
method when data are as imprecise can be useful.
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