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Abstract

Volatility and uncertainty of the real world is inevitable. Changes in input and output units
make the loss of confidence in the results obtained from the performance assessment. To
overcome this problem robust optimization suggested.in previous studies, measuring of
interval efficiency were calculated based on optimistic viewpoint and pessimistic view
point, while we believe that this approach ignores the frequency distribution that could
affect ranking of DMUSs. In present study, we try using Interval estimation of the mean, to
Increase the confidence of efficiency by considering scattered data. At the end, we compare
the obtained result of confidence interval DEA and robust DEA (RDEA) ranking in, terms
of uncertainty.
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1. Introduction

Data envelopment analysis (DEA) initiated
by Charnes, Cooper and Rhodes (CCR) and
extended by Banker, Charnes, & Cooper
(BCC), is a useful method to evaluate
relative efficiency of multiple-inputs and
multiple-outputs units based on observed
data [12]. DEA is used to establish a best
practice group from among a set of
observed units and to identify the units that
are inefficient when compared to the best
practice group. DEA also indicates the
magnitude of the inefficiencies and
improvements possible for the inefficient
units [23]. DEA is a non-parametric frontier
estimation methodology based on linear
programming for measuring relative
efficiencies of a collection of functionally
similar firms or entities in transforming
their inputs into outputs [4].

The beauty of data envelopment analysis
model is that it requires no determination of
weights by experts and their opinions, and
evaluation of its performance is based
solely on data [23].

DEA model, based on real data and
resulting in real adjustments to the revenues
of the regulated firms, are occasionally
faced by the firms on the grounds that data
either is imprecise for all or part of the
reference set [17]. DEA is characterized by
each DMU’s ability to select its most
favorable weight, and evaluate its relative
efficiency among DMUs [6]. The DEA
formulation is given as follows in (1).
Suppose that there is a set of n DMUs to be
analyzed, each of which uses m common
inputs and s common outputs. Let k (k=1...
n) denote the DMU whose relative
efficiency or productivity is to be
maximized [24].

.. S_1 Uk Y
Maximize hkzw

i=1 Vik Xik
: Lro1 Ur Yy <
Subject to S T Ky S 1 (1)
u,v; >0
i=1,2,..m r=12,...,s j=1,2,...,n

Entani in [8] modeled the relationship
between DEA and IDE based on interval
data. Wu [23] used TOPSIS method and
DEA to ranking DMUs. Yousefi [25]
proposed a developed DEA model and
compare with MCDM method and result
represented that proposed method is more
reliable than TOPSIS and AHP. Chang [5]
evaluated efficiency of DMUs by using
BCC and CCR model on multiple
increasing, decreasing or constant data.
Wanke [22] represented a two stage DEA
model to evaluate Brazilian banks using
Cost efficiency and production efficiency,
and also Central Performance DEA network
model is used to improve the effectiveness
of both steps. Soleimani [19] represented a
methodology based on Shannon's entropy to
mix results of different DEA models and
gain complete ranking. Result suggested
ranking methods using AHP. The DEA
approach used in the literature has been
under some serious criticism where a small
perturbation could make a big change on
the ranking [15]. Volatility and uncertainty
of the real world is an integral part.
Changes in input and output units make the
loss of confidence in the results obtained
from the performance assessment. So in
most cases we face with imprecise data.

To overcome this problem and increase the
confidence in the results of the
performance, interval data envelopment
analysis and robust optimization s
suggested, so the methodology of this paper
is as follows: in section2, interval DEA and
ranking methods, in section 3, robust DEA
model are described. Then in section 4, case
study is introduced and numerical results
based DMUs are discussed. With respect of
interval results, in section 5, DMUs are
scored and finally in section 6, final notes
are discussed based RIDEA model.

2. Interval DEA and Ranking methods

The interval approach was initially
developed for DEA by Cooper in 1999.
Their proposed nonlinear programming
problem was converted into a Linear
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Programming (LP) problem using scale
transformations to obtain the precise
efficiency estimates. Since 1999, interest
for interval DEA models, has been
increased [17]. The term 'imprecise data’
reflects the situations where some of the
input and output data are only reported
within bounded intervals (interval number)
while other data are known by definite
values. Haghighat et al. [9] classified
DMUs in three groups based on upper and
lower bounds of efficiency scores. Smirlis
et al. [18] proposed an interval DEA
method for the case of missing values in the
data set. Toloo et al. [21] proposed a
prescriptive framework for analyzing and
measuring overall profit efficiency with
interval data, this framework can be applied
to measure the effectiveness of DMUs in
achieving behavioral or organization
objectives relative to other DMUs and also
fuzzy data. Hatami-Marbiniet et al. [10]
proposed a comprehensive evaluation
process for measuring the relative
efficiencies of a set of DMUs in DEA. In
their formulation, the intervals contain
upper or lower bounds with different signs
Hosseinzadeh Lotfi et al. [11] has proposed
a method for ranking DMUs in different
classes by intervals. Emrouznejad has
proposed a general and multiplicative non-
parametric ratio models for DEA problems
with interval data [7]. A similar study was
conducted by Jahanshahloo et al. [12] to
evaluated efficiency of DMUs based on
interval data. In this study data are interval
and includes upper bound and lower bound
xij € [xi5, %11, yij € vf, v

Suppose there are n DMUs, where each
DMU j (jeJ, J={1,...,n}) consumes m
inputs X[ = (x4, ..%,y;) to produce s
outputs YjT = (Y1, - ¥sj)- Assume Y] = 0,
Xj > 0, Yj #0, Xj#0.The upper limit of
interval efficiency is obtained from the
optimistic viewpoint and the lower limit is
obtained from the pessimistic viewpoint.

The following model provides such an
upper bound for DMU jo:

h]l;) = max Zf’:lurﬁ)’#jo

sit. YR v =1,

Yr=1 Ur yrUjO* Yit1 v xiLjo <0, (2
o1 Ur Yy - ?iﬂ]ixil; <0,
j = 15“'5n3 j?l:jOa

U, V;>¢, r=1...s i=1,...m.

We denote by h}{, the efficiency score
attained by DMU jo .The model below
provides a lower bound of the efficiency
score for DMU jo:

h = max Yoy up vy

st. X, vixg, =1, (3)

s U m L
r=1 UrYrj, = di=1 ViXij, <0,

Xr=1 urYrLj — Xt Vixilf <0,
j=1,...n, j#jo,
U,vi>e, 1=1,...,8 r=1...m.

As noted before confidence interval is used
instead of optimistic viewpoint and
pessimistic viewpoint to consider frequency
distribution. Interval estimation of the mean
is used to increase confidence in the
calculation results of interval estimation
performance of the DMUs. In addition the
Interval estimation of the mean has the
following advantages:

1. Confidence is controlled by a manager or
analyst

2. Scattering data is considered and then
make distance.

3. with increasing sample size, shorter
range and higher reliability.

In order to reduce the estimation error,
interval estimation calculated with 95%
confidence. If the population distribution is
unknown but the sample size is large, by
using (4), an interval estimation with
certainty a 100% (1-a) for the parameter p,
can be performed is Sample standard
deviation, a is significant level.

— S p—
X-z, «x =<pu<X+z,

- 7= @

3l

<
2
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One of the difficulties in the interval
approach is the evaluation of the lower and
upper bounds of the relative efficiencies of
the DMUs [17].

Sengupta’s approach: Interval B s
alternatively represented as B
=(m(B), w(B)), where m (B) and w (B) are
the mid-point and half-width of interval B,
m (B) = (b' +b°), w (B) = 5 (b" -b'). After
this representation, Sengupta and Pal
introduced the acceptability function to
compare two interval numbers A and B as

follows: A (<) = % . A (<) may be

interpreted as the "first interval to be
inferior to the second interval”. Here the
term “inferior to' ("superior to") is analogous
to ‘less than' (‘greater than'). Decision
Maker can decide to select one of the two
interval numbers (for maximizing or
minimizing) by the value of A (<).This
procedure states that between two interval
numbers with the same mid-point,the less
uncertain interval will be the best choice for
both of maximization and minimization
[13].

The degree of acceptability A<B Can be
based on the relative position of the mean
and width of the interval B compared to the
average and between width of interval A
divided as follows :

=0 if m(A) = m(B) (5)
>0, <1 if ar>by, m(A) <m(B)
>1 if ag< b, m(A) <m(B)

(A< B)

So Sengupta's approach is selected in this
research for evaluating interval results.

3. The Robust DEA Model

One of the assumptions of classical
planning in terms of mathematical certainty
is that all parameters are completely certain
because most of the parameters in the
prediction and measurement are associated
with  uncertainty. Classical modeling
approaches in operation research under
uncertainty consider a full probabilistic
characterization. In fact, in many models
the uncertainty is ignored altogether, and a

representative nominal value of the data is
used [16]. Robust DEA models and their
application are used for stock performance
evaluation by Peykani [14] one way to
avoid the damage caused by lack of
attention to the issue of uncertainty, is using
of flexible models to impose uncertainty.
Optimization model with  controller
parameters of conservative as a robust
approach is one of the most powerful and
flexible model in the field.

The first research in robust firm was
presented in the early seventies by Soyster
20] in the form of a linear optimization
model that gives us Good answers for all
incoming data, as each input can take any
value from the interval. This approach tends
to find the answers that are more
conservative. This approach tends to find
the answers that are more conservative.
This means that to ensure consistent replies
in this approach, face away from the
optimality problem too much. Ben- Tal and
Nemirovski [1] assuming elliptical data sets
with  uncertainties, presented efficient
algorithms for solving convex optimization
problems under uncertainty data. However,
given that the robust formulations were
derived from quadratic cone Issues, These
methods cannot be directly used for discrete
optimization problems. Bertsimas and Sim
[2] introduced different approach to control
the level of conservatism; this approach has
the advantage that leads to a linear
optimization model and also be applicable
on discrete optimization models.

So in conclusion we can say, three main
approaches have been proposed by
researchers based robust optimization that
they are Soyster robust optimization, Ben-
tal and Nemirivski [1] robust optimization
approach and Bertsimas and Sim [2] robust
optimization approach.

Because as mentioned, Soyster approach [2]
tend to find the answers that are more
conservative, this means that to ensure
consistent replies in this approach, Face
away from the optimality problem too
much. Ben-Tal and Nemirivski [1]
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approach leads to quadratic and conic -
based formulations and as result this
approach can not directly be used for
discrete optimization problems, while
Bertsimas & Sim approach in addition to
the ability to control the level of
conservatism, leading to a linear
optimization model and is also applicable to
discrete optimization models.

Due to this feature, Bertsimas & Sim
approach in order to design a model based
on data envelopment analysis in this study
is used.

It is assumed that the uncertainty, are
considered in the constraints and objective
functions.

Uncertainty intervals are defined as follows:
Each of the coefficients of the constraints
N={1,2, .., n}je <aj; is as a random variable
independent and symmetrical distribution
but unknown (&;).7a;; Represents the
deviation from the nominal rate of
ajj .30’51]' is in [ai]- —ﬁi]' » ajj + éil]] Each of
the coefficients of the objective function is
in [¢;_dj, ¢;+ djj|, that dj represents
deviation from the nominal rate of cj.
Bertsimas &Sim define I'i parameter for
each constraint, that is not necessarily an
integer and its value is in the interval
[0, n]. the role of this parameter is adjusting
of robustness. Ifl'i=n, Constraint i is the
highest level of protection against
uncertainty. It should be noted that if e is
the deviation of the data, can show dj and
dj; based on e, as dj =ecj and eaij =4y
Bertsimas & Sim Linear programming
model is as follows (Bertsimas &Sim,
2003): [2]

Minc'x + zoTo + X je; Doy (6)
S.to. Zj aiiXj + zI'i + Zje] pijfbi

Zo+Poj =Y Vij € J;
Zi+pij2&l-jyj Vi;tO,jeJ,-
Yi=X<yj Vi x=0
PiiYj,zi=0 Vi,j

Ziipj > €a; Y

4. Case Study and Numerical Results
Changes in input and output units make the
loss of confidence in the results obtained
from the performance assessment. Units
that may be reported in terms of effective
and ineffective in other circumstances arise.
in fig 1, general framework of research
provided. After determination of units and
Input - output indicators, identified
indicators, sent to project managers and
operations managers of call center, and they
were asked their opinion on the criteria
(Delphi technic). After collecting opinions,
3 indicators has definite by experts of the
eight indicators, and two other indicators
that there was ambiguity about it ,were
weighted and selected by entropy technic.
Shannon proposes a non-linear model to
estimate entropy. Entropy is a useful
technic to model a least biased distribution
from the partial information represented by
certain moment restrictions, (diversified).
The weighting results of indicators have
calculated by proposed relations in (7) are
presented in table 1.

Pi TR Vij,
-1 :
K= Inm’ Vi (7)
Ej=—kXZ[pij - Inpy]; V)
Di= 1 7d Ej; VJ
W = ot —; vj
J ;‘1:1 d; J
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Fig 1: Phases of research

Phase 1: Understanding the decision maling units

1.1 Determination of the decision m akins units

L

S

1.2 Zelect the input and output param eters usings the Delphi and entropy
techniques

JL

Phase 2: data preprocessing

2.1 converting point num bers to interval values

I L

e

2.2 Determining confidence interval by using confidence mnmtersral estim ate of the
m ean distance of norm al population with unknown variance

JL

Phase 3: Modeling the problem

3.1 Calculation of the perform ance rating bwv IDEA m odel

J L

2 Calculation of the perform ance ratinzg by EIDEA m odel

L

JL

Phase 4: Analysis and Ranking Units

1.1 Analy=is and ranking of units in term s of certainty

I L

4 2 Analv=is and ranking of units in term s of uncertainty

Tablel. Weighting result of indicators by entropy tec

Number of Number of Time of

Missed calls Incoming call Education ETTED SUEEEE
E; 0.326 0.672 0.974 0.978 0.9787
D; 0.673 0327 0.025 0021 0212
w 0.630 0.306 0.023 0.018 D.01%

According to the results of calculations in  them, consider as input and the others

tablel, two indicators, number of missed
calls and number of incoming calls with
maximum weights were selected by experts.
According to the concept of efficiency,
variables whose objective is to minimize

whose objective is to maximize them,
consider as output. Totally three input
indicator and two output indicator were
extracted as table 2.
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Table2. Input and output indicators

output indicator

input indicator

O (5]

Call answered F.esponse gquality

Incoming calls

Ia I E]
MNumber of missed calls Fesponse
time

Given that estimating parameter in form of
point, increases the estimated error rate, in
present study converted reported values in
form of intervals and wuses interval
estimation of the mean with % 95
confidences to increase reliability. DMUs
with their interval values is shown in table3.
After determining the amount of interval
indicators, efficiency units are calculated

based on IDEA. Performance models can be
calculated based on output-oriented and
input-oriented.in present study, given that
there is no control over the output values,
we calculated efficiency of DMUs based on
input oriented CCR model. The results of
efficiency score in lower bound and upper
bound shown in table 4.

Table3. DMUs with interval values

DMUs I I I 0, [o}
l.ertebate farad (7438.9476) (141.2.360) (210.1.275.9) (7262.9151) (1.04.1.96)
2.emdad cart (1082.1554) (683.131.2) (20.73,27.05) (996.3.1443.9) (1.91.1.92)
3.emdad moshtari (7418.145386) (376.1333) (136.9.265.1) (9609, 13303) (1.92.1.95)
4.emdad hamkar (1.12.8) (0,1.4) (0,1.11) (1.7.22) (1.92.1.94)
S.pishkhan (1398.19346) (49.162.2) (32.38.41.17) (1326.7.1794.9) (1.92.193)
6.emdad shoab (4298 7483) (54.5.315.5) (74.1.118.3) (3912.6699) (1.92.1.94)
7.sandogh (34.76,63_46) (1.84,8.38) (0,0.56) (30.85,57.15) (1.94.1.95)
S.ebanking (4824,7897) (82.543) (67.5.121.2) (4638,7458) (1.94.1.95)
9.kharazmi (1401,3015) (51,845 (149.4,301.1) (1196,2324) (1.94.1.95)
10.VIP service (46.13,74.09) (2.562,6.772) (0.15.0.961) (41.95.68.94) (1.94.1.96)
11.sadad (34465,50011)  (4042,12112) (729,1602) (29520_38802) (1.93.1.95)
12.airlinel (403.6.762.2) (9.56.8) (8.965.17.48) (380,720} (1.93.1.95)
13.airline2 (582,1434) {10.66,40.01) (10.42,29.81) (554,1410) (1.92.1.95)
14.bankl (5445.7033) (58.8.122.7) (88.37.117.41) (5375.6921) (1.92.1.95)
15.bank2 (4868.11743) (78.8.197.9) (136.8.206.3) (4748.11586) (1.92.1.94)

Table 4. The results of efficiency score in lower bound and upper bound
DMUs efficiencj];s.;f.n:; D efficiency score in upper boumd

1l _ertebate farda 0.118 1

> emdad cart 0.099 1

| 3 _emdad moshtari | 0.102 | 1
4. emmdadhamikar 1 1

| S _pishlkhan | 0.122 | 1
6. emdad shoab 0.081 1

| 7 sandogh | 1 | 1

% _ebanking 0.091 1

| S Leharazmi | 0.061 | 1
10 VIP service 0.087 1
| 11 sadad | 0.091 | 1
12 airlinel 0.0v7y 1

| 13 mirlines | 0.059 | 3.0253
14 bankl 0.013 1
| 15 banlc? | 0.062 | 1
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5. Measuring efficiency score by RIDEA
model

In order to implement RIDEA model, we
wrote the model based on Bertsimas & sim
model. Finally, the robust IDEA model
(RIDEA) is mathematically formulated as
(8) for upper bound and (9) for lower bound
as follows:

max zZ = f’=1 Uy Yon ZOI—E) -
7=1Dr, 8)
st. Xy v xiL(])+Z1rl +X%1 Pio=1,
=1 ury#j it vixf} + zy I}
+ i—l;rln Pjk <0,
vi,j=1,..,15

=1 ur}’rUj — it VixiLj + zy I}
+ YT P <0

Z; + Pik EdYrj\PK,
Z, + pi =>dxij; Yk,
Vr,j, j= 0,..n+l

k=1,...,s
k= stl,....m

Py < u <Yk, k=1,....s
Vr, r= 1,2
P < o<W, k=s+1,....m

vi, 1= 1,23 0<Ir<s5

Z, Pj = 0, K=1,...,stm

max 7 = YS_ w vl

Zoly - Y31 DPr )

S.t. Rovixptzly +X% po=1
=1 ury#j =1 vixil; + zplp +
Wt Pk <0,

Vj,j=1,..15
f"=1 uTy7l‘]]' ?;1 vl'xiLj +Zka

+ YT pix <0,

Z,+ pik =dyrj P, k=1,...,s

Z, + Pk =dxi; Pk, k= s+l,...,m

vr,j, j=0,..,ntl

P < uw <YW k=1,..,s

vr, r=1,2

Wi < o< Wy, k=s+tl1,....m

vi, 1=1,2,3 0<TIr<s

Z, Pji = 0, K=1,..., stm

Table 5.The results of efficiency score in different values of Gamma in upper bound

& 5 S o
° £ £ x - ] > — 8 - ~
(S S ] < < 2 = c < s =] © ) ko) S
= =] < < 5 S g N < c c x
[} ° £ d= ~ 3 o = = [S [S
=1 he] ° =4 = @ < [}
1] © ° < c s ] = =
o °© =] © 2 % @ g c e 2 < ‘T = o
Q £ o ° a ? 6] ~ ! ; < [1o]
) o~ IS 7] 0 H o) =2 o
—i @ g © —
o) <
=0 1 1 1 1 1 1 1 1 1 1 1 1 3.025 1 1
el
ﬁ 0.999 1 0.999 0.892 0.999 0.999 0.995 0.999 0.999 0.996 0.999 0.999 3 0.999 0.999
F0:0.6 3
r1:0'6 ﬁ 0.999 0.999 0.999 0.558 0.999 0.999 0.978 0.999 0.999 0.983 0.999 0.998 2.919 0.999 0.999
Fi=0.6 75
€2
ﬁ 0.999 0.999 0.999 0.379 0.999 0.999 0.966 0.999 0.999 0.973 0.999 0.997 2.862 0.999 0.999
5=
=
ﬁ 0.999 1 0.999 0.818 0.999 0.999 0.990 0.999 0.999 0.992 0.999 0.999 2.958 0.999 0.999
=
ro=1 5}
rl=1-5 ﬁ 0.999 0.999 0.999 0.343 0.998 0.999 0.955 0.999 0.998 0.964 0.999 0.996 2.842 0.999 0.999
l"i=2 ©
C2)
ﬁ 0.999 0.998 0.999 0.139 0.998 0.999 0.929 0.999 0.998 0.944 0.999 0.993 2.750 0.999 0.999
5=
=
ﬁ 0.999 1 0.999 0.812 0.999 0.999 0.990 0.999 0.999 0.992 0.999 0.999 2.983 0.999 0.999
=]
l"0=2 Yo}
rl= ﬁ 0.999 0.999 0.9997 0.333 0.998 0.999 0.954 0.9996 0.998 0.964 0.999 0.996 2.832 0.999 0.999
l"i=5 =
Q
ﬁ 0.999 0.999 0.9996 0.133 0.998 0.999 0.928 0.9994 0.998 0.943 0.999 0.993 2.736 0.999 0.999
=
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Table 6.The results of efficiency score in different values of Gamma in lower bound

g8l | 2|8 g 8
5| s 5|l s| 8 ls|l2|lE|s|<|2]|2| 2|y
= O 3 I < < el S N ] c = X <
I g = < x 3 = © % g = = = c
= IS T = B e s & ) = = 3 8
o ° 9 (] = ] o = o @ © © Q Q
8 g g o g | 8 3 3 = S g N o 3 3
S| 2| E|B|vw | s |~]| = | |5 = |
- [} 5 © —
= <~
r=0 0.118 0.099 0.102 1 0.122 0.081 1 0.091 0.061 0.087 0.091 0.077 0.059 0.013 0.062
—
ﬁ 0.112 0.094 0.097 0.93 0.115 0.076 0.99 0.086 0.058 0.082 0.086 0.073 0.056 0.006 0.059
r0=0.6 °
=06 | &
1Y ﬁ 0.087 0.072 0.075 0.720 0.089 0.059 0.99 0.066 0.045 0.063 0.067 0.056 0.043 0.005 0.045
Ti=0.6 o
€2
ﬁ 0.067 0.056 0.058 0.590 0.069 0.046 0.98 0.052 0.035 0.049 0.052 0.044 0.034 0.004 0.035
°
&
ﬁ 0.106 0.089 0.092 0.884 0.109 0.072 0.99 0.081 0.055 0.078 0.082 0.069 0.053 0.005 0.056
°
ro=1 [5)
r;=15 ﬁ 0.061 0.051 0.053 0.538 0.063 0.041 0.98 0.047 0.031 0.044 0.047 0.039 0.030 0.0046 0.032
Fi=2 ©
€2
ﬁ 0.030 0.025 0.026 0.365 0.031 0.021 0.97 0.23 0.015 0.21 0.023 0.019 0.015 0.0045 0.016
°
=
ﬁ 0.106 0.089 0.092 0.879 0.109 0.072 0.99 0.081 0.055 0.078 0.082 0.069 0.053 0.005 0.056
°
=2 n
I= ﬁ 0.061 0.051 0.053 0.518 0.063 0.041 0.98 0.047 0.031 0.044 0.047 0.039 0.030 0.0046 0.032
= i,
€
ﬁ 0.030 0.025 0.026 0.337 0.031 0.020 0.97 0.023 0.015 0.021 0.023 0.019 0.015 0.0045 0.016
°

Table 7.The results of efficiency score in different values of Gamma in lower bound

DMUs Intervgl efficie_zncy score | Interval efficiency score in Rankipg in Ranking in

in certainty ro=2r1=3: ri=5, d=0.8 certainty | uncertainty
1.ertebate farda [0.118,1] [0.011,0.931] 5 4
2.emdad cart [0.099,0.922] [0.009,0.922] 15 5
3.emdad moshtari [0.01,0.909] [0.01,0.909] 6 8
4.emdad hamkar [0.855,0.056] [0.855,0.056] 1 2
5.pishkhan [0.008,0.561] [0.008,0.561] 4 8
6.emdad shoab [0.007,0.828] [0.007,0.828] 10 15
7.sandogh [0.783,0.885] [0.783,0.885] 1 1
8.ebanking [0.008,0.829] [0.008,0.829] 7 7
9.kharazmi [0.003,0.616] [0.003,0.616] 13 5
10.VIP service [0.008,0.861] [0.008,0.861] 9 12
11.sadad [0.008,0.877] [0.008,0.877] 7 11
12.airlinel [0.006,0.847] [0.006,0.847] 11 13
13.airline2 [0.005,2.239] [0.005,2.239] 3 3
14.bankl [0,0.849] [0,0.849] 14 14
15.bank2 [0.005,0.895] [0.005,0.895] 12 10

As mentioned in the previous section, I'=0,
shows efficiency scores in terms of
certainty. Based on table 5, in certainty
situation or in ['=0, Performance Rating of
all DMUs in upper bound are 1 except
airline2 which can be up to 3.025. While in
table 6 in lower bound, Performance Rating
of 2 DMUs, Sandogh and Emdadhamkar
are 1. In other words, in the worst case that

we have the lowest output and Maximum
input, Performance Rating of 2 DMUs is
still 1. Results in terms of uncertainty are
different.as seen in the table, by increasing
the amount of uncertainty and frequency
changes, Performance rating of Units and
As a result, their performance, Shows a
different behavior.
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However, since the result of efficiency
rating are in interval form, Judgment is a
little more difficult, So we need at first,
rating units based on both upper and lower
bound and then analysis result again.in next
part we ranking DMUs based on Sengupta
ranking in certainty and uncertainty

situation and compare results. Final result is
shown in table7.

Based on obtained results of ranking in
table 7, the degree of conformity of
efficiency in terms of certainty and
uncertainty of DMUs are provided in fig 2.

Fig 2. The degree of conformity of efficiency in terms of certainty and uncertainty
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By comparing the results of the ranking in
terms of certainty and uncertainty in table7,
we noticed a change in the ranking of units.
The rank of units such as Emdad hamkar
and VIP, increased. This change indicates
that performance of these units during
uncertainty situation or in other words,
changes in their input and output, drops
rapidly. On the other hand, units such as
Sadad and Emdad moshtari, although
initially had low performance rating,
however, increasing changes in input and
output, their performance will not be
impaired. Thus they have greater stability,
and using robust approach, Can improve the
ranking of units. The degree of conformity
of efficiency in terms of certainty and
uncertainty is shown in Fig 2.

Note that the ranking order of DMUs is
changed in uncertainty situation as shown
in Fig.2.Based on Fig 2, DMUs such as
Emdad cart (2) and Emdad hamkar (4)
which have most changes in ranking during
uncertainty are less stable.

T
9

T T T T T T
10 11 12 13 14 15

6. Conclusion

Volatility and uncertainty of the real world
is inevitable. Changes in input and output
units make the loss of confidence in the
results obtained from the performance
evaluation, to overcome this problem robust
optimization suggested. Previous studies
used optimistic viewpoint and pessimistic
viewpoint, to dealing with interval data,
while we believe that this approach ignores
the frequency distribution that could affect
ranking of DMus. In present study, we try
using interval estimation of the mean, to
Increase the confidence of efficiency
measuring and ranking results in certain
situation and for uncertainty situation,
robust optimization is used. By comparing
the results of the ranking in terms of
certainty and uncertainty, we noticed a
change in the ranking of units.
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