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Abstract

In this paper, we suppose a method for analyzing sensitivity and
stability of all the decision making units, while inputs and outputs are
interval data. Therefore, for estimating radius of stability of a DMU;
firstly, we classify the decision making units then we obtain the radius
of stability for each classification. For analyzing the sensitivity and
estimating the radius of stability analogous of each DMU, a MOLP is
defined. Therefore, the interactive methods are used for finding the
efficient solution in which the comment of Decision Maker is important.
At the end numerical example has been solved by using the weighted-
sums of the target function and also the interactive method (STEM) in
MOLP problems.
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1 Introduction

Data envelopment analysis (DEA), introduced by Charnes et al. [1] (CCR)
and extended by Banker et.al. [2] (BCC), is a useful method to evaluate rela-
tive efficiency of multiple-inputs and outputs units based on observed data. Its

!Corresponding author, Email address: zahra.ghlichbegi @yahoo.com



892 Z. Ghelej beigi et al

goal is to classify the decision making units(DMU)into two classes:efficient or
inefficient ones. How ever, uncertainty such as a measurement error should be
incorporated in observed data. This indicated the necessity to assess the sensi-
tivity of classification in DEA. In the recent years, many DEA researchers have
studied the sensitivity of efficiency and inefficiency classification with respect
to perturbations in data [3], [4], [5], [6]. The original DEA models assume that
inputs and outputs are measured by exact values on a ratio scale.

Recently, Cooper et al. [7T]addressed the problem of imprecise in DEA in its
general form. Imprecise data means that some data are known only to the ex-
tent that the true values lie within prescribe bounds while other data are known
only to satisfy certain ordinal relations. Jahanshahloo et.al. [8] discussion a
method for analyzing sensitivity and stability of all the decision making units,
while inputs and outputs are interval data. They consider proportional out-
put and input changes. In this paper we can easily consider non-proportional
changes. we discuss a technique for assessing the sensitivity of efficiency clas-
sification in DEA with interval data.

In this paper, a modified CCR model is suggested to sensitive the DMUs with
interval data. We develop several linear programming formulation for investi-
gating radius of stability for all DMUs with interval data. The possible data
perturbation for preserving the DMUs classification are computed from the
optimal values.

Interval DEA models are extended to interval data Nagano et al.[9]. Then
interval DEA for interval data can be extended to fuzzy data as well, since the
level sets of fuzzy data are interval data. Therefore, fuzzy efficiency for fuzzy
data can be obtained by interval DEA through the resolution identity Guo et
al. [10].

The current article proceeds as follows: In Section 2, we review DEA models
for dealing with interval data. Then, on the basis of these models, in Section
3, we propose some models for determining radius of stability for DMUs. In
Section 4, the sensitivity analysis and radius of stability via STEM algorithm
introduced. In Section 5, the sensitivity and stability analysis methods to
several data sets are introduced. A conclusion section summarize our main
results.

2 Preliminary Notes

Consider n DMUs with m inputs and s outputs. The input and output
vectors of DMU; (j=1,...,n)are X; = (T1j,- -, Tmj)", Y= Y1y -+, Ysi)'s
respectively, where X; > 0, X; # 0, Y; > 0, Y; # 0. Unlike the classic DEA
model, we assume further that the levels of inputs and outputs are not known
exactly, the true input and output data known to lie within bounded interval

de. xy € [z, 2] and y,; € [y, y] with upper and lower bounds of the

YR
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intervals given as constants and assumed strictly positive. In this case, the
efficiency can be an interval. The upper bound of interval efficiency for DMU,
is obtained from the best viewpoints and the lower bound is obtained from

the worst viewpoint. The following model provides such an upper bound for
DMU,:

0Y =min 0

s.t. Z )\jx% + Aotk < G2k 1=1,...,m
jilﬁjio (1>
Z )\jyé—l-)\oy%Zygo, r=1,...,s

j=Lj#o
A >0, j=1,...,n

We denote by 6Y the efficiency score attained by DMU, in model(1).
the model below provides a lower bound of The efficiency score for DMU,:

0L = min 6

s.t. Z ijiLj+)\ox%§9:UU 1=1,...,m

e )
Z /\jyg—l—/\onyZero, r=1,...,s

j=1l,j#o '
)\jZO, j:1,...,7’l.

The efficiency 6L attained by DMU, in model (2) serves as a lower bound
of its possible efficiency scores. While considering (1) and (2), it is evident
that 0L < Y.

On the basis of the above efficiency score intervals, DMUs can be classified in
three subsets as follows:
Ett ={jeJ |0y =1}, Et ={j e J |0 <1 and 0y = 1} and
E-={jeJ|o) <1}.

3  Sensitivity analysis in DEA with interval
data

Suppose that DMUs are evaluated by model (1) and model (2) are classified
in Bt | ET and E~. Having identified efficient and inefficient DMUs in a
DEA analysis, one may want to know how sensitive these identification are
to possible variation in the data. We determine "radius of stability” within
which data variations will not alter a DMU"s classification from efficient to
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inefficient status or vice versa. We consider the radius of stability of DMU,
in three cases as follow.

3.1 Radius of stability for DMU in E**

In this case, we assume that DMU, isin E*T, that is, 0L = 1. it is obvious that
DMU, remains in E*T if its outputs increase or its inputs decrease. Our aim
is to find the scalers ay, (i = 1,... ,m), B.,(r =1,...,8), 6,(i =1,... ,m)
and ¢, (r = 1,...,s) such that if we decrease rth upper bound of output
of DMU, by f3,. and increase ith lower bound of input of DMU, by «; then
0Y = 1, also if we decrease rth lower bound of output of DMU, by ¢, and
increase ith upper bound of input of DMU, by &; then L = 1, i.e. DMU,
remains in Et+.

It has been assumed that (,,qa;,p, and J; are scaler and non negative. Here we
consider the following cases:

(1) Tt is obvious if & (i =1,... ,m) are replace with 2 — oy, (1 = 1,... ,m)
and yY, (r =1,...,s) are replace with 4 +3,, (r = 1,... ,s) then §Y = 1 and
if 20 (i = 1,...,m) are replace with ¥ — §;,(i = 1,...,m) , and y%, (r =

1,...,s) are replace with y% + ¢,, (r = 1,...,s) then 6L = 1; consequently,
DMU, € E*+.

(2) If &, (i = 1,... ,m) are replace with 22 + a;(i = 1,... ,m) and y&, (r =
1,...,s) are replace with yY — 3,, (r = 1,... ,s) then it is possible for DMU,
not to be in the ETT . We are concerned with finding the largest value for
B, and «; such that DMU, € E**. For this purpose, the following model is

proposed:

min {aly”‘ uamaﬁh”‘ uﬁs}
n
s.t. Z)\jinij,iLo_'_C(i, 1=1,...,m
j=1
n
L U
Z)‘jyrjzyro_ﬁh 7“:1,...,8 (3>
j=1
0<a; <2l —al, i=1,...,m
L
0<8, <yY —yk, r=1,...,s

)\ij, jzl,,n

Model (3) is a MOLP. We solve model (3) through the method of Weighted-
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sums. We have:

min zm: Wio; + ZS: WT/@«
i=1 r=1

n
U L C_
s.t. E Ny < T + i, 1=1,...,m
j=1

Sk >yl -6, r=1.s

=1

0<ao; <af —ak, i=1,...,m
U_ L _

0<8 <Yy — Ypo, r=1,...,s

Aj >0, j=1...,n
(3) If 2%, (i =1,...,m) are replace with z¥ + &;, (i = 1,... ,m)and yZ, (r =
1,...,s) are replace with y2 —¢,, (r = 1,... ,s) then it is possible for DMU,
not to be in the £ . We are concerned with finding the largest value for
o, and 9; such that DMU, € E**. For this purpose, the following model is
proposed:

min  {61,...,0m,P1,--. ,Ps}

n

s.t. Z )\jxfjgx%jt@, t=1,...,m

j=£f#0

Z )\ijI’szyTLo_(pT? r=1,...,s (5>
Jj=Lj#o

5120, izl,...,m

o >0, r=1,...,s
)\jz(), jzl,...,n

We solve model (5) through the method of Weighted-sums. So we have:

min i W;0; + Zs: W;gor
i=1 r=1

s.t. Z )\jxfjgx%jt@ 1=1,...,m

j=Ll,j#o

~ UL (6)
Z )\jyrjzyro_gpra TZ].,...,S
j=Ll,j#o

0; >0, 1=1,...,m

wr >0, r=1,...,s
Aj >0, j=1...,n.
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Theorem 3.1. If DMU, € E*" and (N\},... X: o, ... ok, 65, ..., (%)
is an optimal Pareto solution of (3) then DMU, with inputs [3: + af, 2]
(i=1,...,m) and outputs [y}, y5,—Gf], (r =1,... ,s) isin ET*, d.e. 0] = 1.

Proof Suppose ()\ 0Y) is optimal value of model(])when evaluating DMU,,
so we have

Xol2E + ) Z /\%SQLxO—i-oz:f), i=1,....m

Jj=lj#o
yro_ r Z )\JyT’j—yTO_ T r=1...,s
Jj=Lj#o
Suppose (‘)OU < 1 then DMU, is inefficient so ;\0 = 0 we have:
Z )\xw<x + o, 1=1,....m
Jj= 17J7f0 (7>
Z )\]yrjzym Br, r=1,...,s.
Jj=Lj#o
Exist ¢; > 0, (i = 1,...,m) such that :
Z /\xUSx +af i=1,...,m
j=Lj#o

Z )\jyrj_ym— A r=1,...,s.

j=Ll,j#o

Let @; = af — &; obviously, ():1, U W Oy B15 ..., 3%) is a feasible
solution of model (3) we have @; < o for all i and 3 = 8 for all r, which is
a contradiction.

Theorem 3.2. If DMU, € E*" and (X;,... ,\5,07,...,0% ,gpl, co ) s
an optimal Pareto solution of (5) then DMU, with inputs [3: 27 + 67, (i =

107 V10

1,...,m) and outputs [y — oX yY], (r=1,...,s) isin ETF, de 6L =1.
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Proof. Suppose (X, 0%) is an optimal value of model(2)when evaluating
DMU, so we have

No(@l) +07) + Z Nak < 0D+, i=1,....m
e ®)
Molh, =)+ Y Ayl zul -l =1

i=lj#o

Suppose OF < 1 then DMU, is inefficient so Ao = 0 we have:

Z )\x”<x + 0], i=1,...,m
J= hj#o (9)
Z )\jyf,]ijrLo—goj, r=1,...,s.

Jj=Lj#o

Eziste; >0, (i =1,... ,m) such that :

Z )\x”<x + 0] — i=1,....m

j=Ll,j#o

SNyl =yl —er r=1....s

j=1,j#0

Let &; = 0f — &; obviously, (N)\Al, U W ,(5;,1,@*1}... , %) is a feasible
solution of model (5) we have ¢; < o7 for all i and ¢ = ¢} for all r, which is a
contradiction.

Theorem 3.3. If DMU, € E*" and (A},... A5, af, ... 0k, 05, ..., ()
is an optimal Pareto solution of (3) then for any oy, (i = 1,... ,m) and B, (r =
1,...,s), where a; € [0,af](i = 1,...,m) and B, € [0,5:],(r = 1,...,s) if
Tip € 28 + 0, 2Y), (i =1,...,m) and v, € [yL, yY — 3]

(r=1,...,s) then DMU, € E*T j.e. 69 =1.
Proof. The proof is analogous with that of theorem (3.1) and is omitted .

Theorem 3.4. If DMU, € E*F and (X,... , N5, 05, ... ,05, 0%, ..., %) is
an optimal Pareto solution of (5) then for any 6;, (i =1,... ,m) and ¢, (r =
1,...,8), where 6; € [0,07],(i = 1,...,m) and ¢, € [0,¢],(r =1,...,s) if
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Tip € [k, 2l + 6], (i =1,...,m) and y., € [yt — 0i,yl)(r = 1,...,s) then

DMUo € ETF ie. 0F =1.
Proof. The proof is analogous with that of theorem (3.2) and is omitted.

3.2 Radius of stability for DMU in E*

In this case, we assume that DMU, is in EY, that is 62 < 1 and Y = 1. Our
aim is to find the scalers a, (i = 1,... ,m), B, (r=1,...,5),0;,(i=1,... ,m)
and @, (r = 1,...,s) such that if we decrease rth upper bound of output of
DMU, by (. and increase ith lower bound of input of DMU, by «; then
0Y = 1, also if we increase rth lower bound of output of DMU, by ¢, and
decrease ith upper bound of input of DMU, by §; then 0 < 1, i.e. DMU,
remains in Et.

It has been assumed that (., oy, ¢, and §; are scaler and non negative. Here
we consider the following cases:

(1) Tt is obvious if zZ (i = 1,... ,m) are replace with z% —a;,(i=1,... ,m)
and y (r=1,...,s) are replace with y + 8,(r =1,...,s) then Y = 1 and
if XU Y are fixed, then 02 < 1; consequently,

DMU, € E*.

()If 29, (i = 1,... ,m) are replace with 2 + d6;, (i = 1,... ,;m)and yZ (r =
1,...,s) are replace with yX — ¢.(r = 1,...,s) then 0 < 1 and if XL YV
are fixed, then Y = 1; consequently, DMU, € E*.

(3) If 2k, (i =1,...,m) are replace with % + o;(i = 1,... ,m) and %, (r =
1,...,s) are replace with y — 3.(r = 1,...,s) then it is possible for DMU,
not to be in the ET . We are concerned with finding the largest value for
B, and «; such that DMU, € E*. For this purpose, the following model is

proposed:

min {aly‘” 7Oém7517“‘ 7ﬁ5}
n

U L L
s.t. E Aji; < T, + 1=1,...,m
j=1

Z)‘jyézygy—ﬁh 7“:1,...,8 (10)
=1

U L
0< o <z, — x5,

0<p8 <yl —yk, r
A >0, j=1,...,n
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We solve model (13) through the method of Weighted-sums. We have:

min i WiOdZ' -+ i Wi/ﬂr
i=1 r=1

n
U L L
s.t. E Aj; < @, + iy t1=1,...,m

=1
n (11)
Z)‘jyézygy—ﬁm 7“:1,...,8
=1
0<a; <af —al, 1=1,...,m
0<8, <yY —yk, r=1,...,s
)\jz(), jzl,...,n
(4) It 28, (i = 1,... ,m) are replace with ) — 6;(i = 1,... ,m) and y%, (r =

1,...,s) are replace with yZ + ¢,.(r =1,...,s) then it is possible for DMU,
not to be in the E. We are concerned with finding the largest value for ¢, and
9; such that DMU, € ET. For this purpose, the following model is proposed:

max {01, ,0m, P15, Ps}
n
s.t. Z /\jxiLij%—éi, i=1,...,m

j=Lj#o

Sy zub e, r=1,...s (12)
Jj=l,j#o

0<6; <alff —ak, i1=1,...,m

0<¢ <yY —yk, r=1,...,s

)\jz(), jzl,,n
We solve model (15) through the method of Weighted-sums. We have:

max i W,0; + i W'Z-/gaT
i=1 r=1

n
L U -
s.t. Z AT < @y, — 0y it=1,...,m

j=1,j#o
n . . (13)
Z )\jyrjzyro_‘_(prv r=1,...,s

j=1,j#o

0<6 <zl —al, i=1,...,m

0<p, <yY —yk, r=1,...,s

)\jz(), jzl,...,n

Theorem 3.5. If DMU, € ET and (\},... A5 a5, ... a8, 05, ...,0%) is
an optimal Pareto solution of (13) then DMU, with inputs [z2 + of, 2], (i =
1,...,m) and outputs [y%,yY — B, (r = 1,...,s) is in E*, i.e. Y = 1.
Proof.The proof is analogous with that of theorem (3.1) and is omitted.
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Theorem 3.6. If DMU, € E* and (X,... ,\5,07,... 5*,@1,...,@) is

? n?

an optimal Pareto solution of (15) then DMU, with inputs [z2. z¥ — &, (6; <

6r(i=1,...,m)) and outputs [yZ + ., yZL], (or < @i(r=1,...,s)) isin ET,
i.e. OF < 1.
Proof.(Xy, ... N0, ... 08, 0%, ..., k) is optimal value of objective func-

tion(15) so we have

n

Z Nk <2l — 61 <2l — 6, i=1,...,m

]
j=1,j#0
n

Z )\*yrj—yro+§0i>y7l=;+(p7’7 T:].,...,S.
Jj=1,j#o0

So exist § where 0 < @ < 1 such that

Z Nk <0l —06),  i=1,...,m

Jj=lj#o

Z /\*yrj>ym+cpr, r=1,...,s.
Jj=lj#o

So. (0,A*) where A* = 0 is a feasible solution of model (2). Obviously
L <6 < 1.

Theorem 3.7. If DMU, € ET and (N\},... X5 a5, ... a8, 05, ...,0%) is

I n’

an optimal Pareto solution of (13) then for any oy, (i = 1,... ,m) and B,, (r =
1,...,s), where a; € [0,af](i = 1,...,m) and B, € [0,5!],(r = 1,...,s) if

Tio € [lez) + (678 .CIT%], (Z = 17 <. 7m) and Yro € [erov ygy - BT]
(r=1,...,s) then DMU, € E* i.e. §Y = 1.
Proof. The proof is analogous with that of theorem (3.5) and is omitted.

shavad

3.3 Radius of stability for DMU in E~

In this case, we assume that DMU, is in E~. Our aim is to find the scalers

a,t=1,...,m), B, (r=1,...,5), 0, =1,...,m) and ¢, (r=1,...,s)
such that if we increase rth upper bound of output of DMU, by 3, and decrease
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ith lower bound of input of DMU, by «; then 8Y < 1 | also if we increase rth
lower bound of output of DMU, by ¢, and decrease ith upper bound of input
of DMU, by 6; then #2 <1, i.e. DMU, remains in E~.

It has been assumed that (., oy, ¢, and §; are scaler and non negative. Here
we consider the following cases:

(1) Tt is obvious if % (i = 1,... ,m) are replace with 2 + oy, (i = 1,... ,m)
and yY,(r = 1,...,s) are replace with y — 3., (r = 1,...,s) then Y < 1
and if ¥, (i = 1,... ,m) are replace with ¥ +8;(i = 1,... ,m) and yZ, (r =
1,...,s) are replace with yZ — ¢,(r = 1,...,s) then 8% < 1 consequently
DMU, isin E~.

(2)If £ (i =1,...,m) are replace with z% —a;, (i =1,... ,m) and y&, (r =
1,...,s) are replace with yY + 3,, (r = 1,... , s) then it is possible for DMU,
not to be in the £~ . We are concerned with finding the largest value for

0B, and «; such that DMU, € E~. For this purpose, the following model is
proposed:

max (a1, ..., Qp, 01, ..., 0s)
n
st Y Nal<ab-a,  i=1,...m
i=1j#o
n
S oy =yl 4B, r=1...s (14)
Jj=1j#o
a; >0, 1=1,...,m

6. >0, r=1,...,s
)\jz(), jzl,...,n

We solve model (19) through the method of Weighted-sums. We have:

max ij Wia; + Z W, B,
i=1 r=1

n
s.t. Z )\jx?jgxfo—ozi, 1=1,...,m
Jj=L1j#o
n ; " (15)
Z )‘jyrjzyro"i_ﬁrv r=1,...,s
i=Lij#o
a; > 0, 1=1,...,m

G- >0, r=1,...,s
)\jEO, jzl,...,n

Theorem 3.8. If DMU, € E= and (X\},... X af, ..., ok, 05, ... ,0%) is
an optimal Pareto solution of (19) For any oy, (i = 1,... ,m) and B,.,(r =
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1,...,s), where a; € [0,a),(i = 1,...,m) andB, € [0,85),(r =1,...,s) if
Tip € |2k —a;,2%], (i =1,... ,m) and
Yro € [y, yY + B,],(r =1,...,8)then DMUo € E-i.e. 8Y < 1.

Proof.(\f,... A\ af, ... ok, 0F, ..., BY) is optimal value of objective func-
tion(19) so we have

Z )\jxggx —aj <z, -, i=1,...,m
j=1j#o
n
U
Z )\*yrj>yr0+ﬁ:>yro+ﬁr7 T:].,...,S.
j=1j#o

So exist § where 0 < @ < 1 such that

n

Z Nl < 0(xk — o), i=1,....m

Jw
j=1,j#0

Z )\*ym>ym+ﬂ7«, r=1,...,s.
j=Lj#o

SOA(QA, A*) where A\ = 0 is a feasible solution of model (1).Obviously
Y <6 < 1.

4 Another method for solving Sensitivity anal-
ysis models(MOLP),via STEM algorithm

For finding efficient solution of MOLP, the interactive methods are used ac-
cording to decision maker comment; therefore, the interactive methods are
argued such as SETEM, Z.W,... in [11].

In this paper, we solve the MOLPs which were obtained for estimating the
sensitivity analysis and radius of stability via STEM algorithm. so; we argue
about STEM algorithm for model (3) briefly as the following;:
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step 1: By individually optimizing each objective function, construct a pay-
off table to obtain the ideal criterion vector z* € R™"*. Let zf = of, (i =
1,...,m) (ith Optimal value of ith objective function) , 2% ., = 5, (i =
1,...,s)((i+m)th Optimal value of (i+m)th objective function) , 2j; = o, (j =
1,...,m) (jth Optimal value of ith objective function (i = 1,...,m))and
2w = B3, (7 =1,...,s)(jth Optimal value of (i+m)th objective function(i =
m+1,....m+s)).

a payoff table is of the form

*
21 Z12 Z1m+s
*
221 ZQ Z22m+s
*
Zm+s1 | Fm+s2 Zm+ts

Table 1. The payoff table.

Where the rows are the criterion vectors resulting from individually opti-
mizing each of the objective. The 2z} entries along the main diagonal form the
z* ideal criterion vector.
step 2: Let iteration counter h = 0 . let m; be the minimum value in the 7th
column of the payoff table. Calculate m; values where

step 3: Let S' = S (S is feasible region of model (3)) and index set J* = ).
step4: Let h = h + 1 ,calculate n:

— f; otherwise
n_ ) Dom
= i=1
0 1€ J*.

step 5: Solve the weighted min max program

min vy

sty =iz — ), i=1,...,m
vz, — B, =15
a; € S" i=1,...,m (16)
B, € Sh r=1,...,s

¥>0
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for decision space solution (af,...,al B, ... 3.
Step 6: Let 2" = (o', ... al Bl ... B"). compare 2" with 2*.
Step 7: If all components of 2" are satisfactory, stop with(z", A\i,... ,\,) as

the final solution. otherwise go to step 8.

step 8: Specify the index set J* of criterion values to be relaxed and specify
the amounts(A;, j € J*) by which they are to be relaxed.

step 9: Form reduced feasible region

S}H_I = {()\1, ,)\n,Odl,... ,Odm,ﬂl,... ,ﬂs) e S ’ /Lf j e J*: Zj >
2= A otherwise : z; > z'}
then go to step 4.
All MOLP models can also be solved through STEM method which we have
explained it’s process.

5 Numerical example

Consider the interval data setting of Table 2 contains eight DMUs with two
inputs and one output and efficiency scores obtained by applying (1) and (2).

Input Output Efficiency Score

DMU; lej x% xéj xQUj ij yJU HjL QJU Classification
1 4 6 3 5 0.1 0.25 | 0.173 0.842 | E~

2 7 9 0.5 25 |0.1 0.5 | 0.0162 0.5714 | B~

3 6 8 1 2 3.5 3.75 |1 1 Bt

4 4 4.25 2 25 13 3.25 | 0.8544 1 ET

5 2 2.5 4 4.75 | 2.5 3 1 1 EtT

6 10 12 1 3 2 4 0.2481 1 Et

7 12 14 1 3 0.5 1 0.0548 0.5714 | E~

8 10 12 1.5 35 |0.25 0.75 | 0.03 0.2854 | £~

Table 2. Data of numerical example.

Considering the data from Table 2 and using models in section 3, we cal-
culate the radius of stability for all DMUs as the following:
(i)Radius of stability F+
For determining radius of stability of DMU; and DMUs , we apply (3) and
(5)(because DMUs and DMUj are in E*) the data is as shown in Table 3.
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Weighted -sums method STEM  method
DMU; | of a3 pgrof 4 ¥ o a3 A O
3 2 1 025 0 0 O 2 1 025 0 0 O
5 0.5 0.75 05 0 0 04688 0.5 0.75 05 0 0 0

Table 3. The value of model(3)and model(5).

If :I:ZLJ, fori =1,2 and j = 3,5 are increased by o (i = 1,2) and yU for j = 3,5
are decreased by *, and apply (1), then HU =1(=3 5) and DMU ;(j=3,5)
remains in E¥¥. If 2}, for i = 1,2 and j = 3,5 are increased by 5* (i=1,2)
and ij for j = 3,5 are decreased by ¢* , and apply (2), then QL =1(j =3,5)
and DMU;(j = 3,5) remains in E*F.
Input output | Efficiency | Input output | Efficiency

DMU; | «t xk yY oY z¥ 2y |yt oF

3 8 2 3.5 1 8 2 3.5 1

5 2.5 4.75 | 2.5 1 2.5 7.75 | 2 1

Table 4. the sensitivity analysis result.

Table 4 reports the sensitivity analysis result for DMU; and DMUs3.
(ii)Radius of stability E*.

For determining radius of stability of DMU,; and DMUg ,we apply (13) and
(15)(because DMU, and DMUg are in E™) the data is as shown in Table 5
and 6.

Weighted-sums method STEM method
DMU; | of fa% g o s B
4 0.25 0.5 0.25 | 0.25 0.5 0.25
6 0 143 0 0 0.1285 O
Table 5. The value of model(13).
Weighted-sums method STEM method
DMU; | 67 05 p* 07 05 p*

4 0.25 0.5 0.1364 | 0.1765 0.5 0.1765
6 2 1.9333 2 1.9474 1.9474 1.9474
Table 6. The value of model(15).

It xZL], for i = 1,2 and j = 4,6 are increased by «f (i = 1,2) and ij
for j = 4,6 are decreased by §*, and apply (1), then GJU 1(j = 3,5) and

DMU;(j = 4,6) remains in E*. If 7, for i = 1,2 and j = 4,6 are decreased
by &; (6; < 6;) (i =1,2) and y for j = 4,6 are increased by ¢ (¢ < ¢*), and
apply (2), then 6% < 1(j = 4,6) and DMU,(j = 4, 6)remains in E*.
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Input output | Efficiency | Input output | Efficiency
DMU; | =¥ ok 1 yY ov ¥ 5 |y 6
4 4.25 25 13 1 4.1 21| 3.13 0.98
6 10 2.43 | 4 1 10.1 1.1 3.9 0.95

Table 7. the sensitivity analysis result.

Table 7, reports the sensitivity analysis result for DM U, and DMUg. In this
case we assume 0; = 0.24, 05 = 0.4 and ¢ = 0.13 for DMU, andd; = 1.9, 9, =
1.9 and ¢ = 1.9 for DM Uy .

(iii)Radius of stability F~ :

For determining radius of stability of DMU; (j = 1,2,7,8) , we apply (19)
(because DMU; (j =1,2,7,8) are in E7) the data is as shown in Table 8.

Weighted-sums method STEM method
DMU; | of fa% 8% | o fo% 5%
1 3.6458 2.7917 0 1.511 0.2583 2
2 6.2917 0.0333 0 | 5.5 0.0528 0.2135
7 10.5833 0.1667 0 | 9.5 0.039  0.3603
8 8.9375 087 0 |75 0.1307 0.9343

Table 8. the value of model (19).

If xiLj, for i = 1,2 and j = 1,2,7,8 are decreased by a; (o; < of) (i = 1,2)
and ij for j = 1,2,7,8 are increased by 3 (8 < (%), and apply (1), then

0¥ <1(j =1,2,7,8) and DMU;(j = 1,2,7,8) remains in £~

Input output | Efficiency
DMU; | ot ok | yY oY
1 0.4 0.3 | 0.25 0.84
2 0.8 0.5 0.5 0.84
7 1.5 09 |1 0.94
8 1.1 0.7 | 0.75 0.95

Table 9. the sensitivity analysis result.

Table 9, reports the sensitivity analysis result for DMU; (j = 1,2,7,8). In
this case we assume o = 3.6, ap = 2.7 and 3 =0 for DMU;,a7 = 6.2, ag =0
and 8 = 0 for DMUs,aqy = 10.5, ag = 0.1 ,§ = 0, for DMU; and «; = 8.9,
as = 0.8 and =0 for DMUs.

6 conclusion

In this paper, for estimating the sensitivity analysis of DMUs in all the inputs
and outputs; while the inputs and outputs are interval data, aMOLP problem
will be suggested. We classify the DMUs then we obtained the radius of
stability for all the different classification. So, by using efficient solutions, the
sensitivity analysis can be obtained for inputs and outputs. In this case that
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we want to use comment of Decision Maker for finding an efficient solution of
MOLP, the STEM method which is an interactive method is used. But MOLP
problem have many methods for solving for this reason we can not find the
unique region. such a work with fuzzy data may be done and the model may
be extended.
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