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17 1.000 | 0.600 | 0.205 | 0.090 | 1.000 | 0.161 | 1.00
18 ] 0.634 | 0.650 | 0.235 | 0.059 | 0.349 | 0.068 | 0.47
19 ] 0.372] 0.700 | 0.238 | 0.039 | 0.190 | 0.111 | 0.41
20 | 0.583 | 0.550 | 0.500 | 0.110 | 0.615 | 0.764 | 1.00




Vay

LB Gasly ad) g (o jlado :(B)Jgux

DMU 1 4 7 12 | 15 | 17 | 20
e slade | 0.023 | 0.250 | 0.214 | 0.128 | 0.461 | 0.546 | 0.085
s 7 3 4 5 2 1 6

el paiole el S SGo5

&S dmii=
Sl s 5l K LS slaasly sanad,
yolo asdllas cusl bosls il Judow o 15515
2 LB lasly gonas; lp waz iy, S
o el 00,5 &l Al el (gL a e bl
A e alKen 3l S oSk plsrea LIS ol
OO S o] 5l acgame ) 4 Sl ooiass 5
Gl aazin ol S e b wsdie (Byme
slaaxly ol ggeme Ojgot oS Sl S
slriszly g a5 sudg Sl degaza o IS
356 el sadansle BBl 1 glacl 4 ST
O iz gladdsl o LIS axly o glail>
b lade ol 5l eolaiwl b g 098 o0 00,5 cwd
Pgbse Jol allSen 3k o oS plsieas
axly ol sl i L woly (Lo ke 4z 50

il dlgs (5 e 4,

oA,y oy boeaddll)l by, am w0
98 g0 dunlin [YY] ()] San 5 o155 ,55 5

s Lo JLio ¥~ F
5 shalpiilesr Alie 51 a5 Sleooly dcgexs
axly ¥ Jels g oas a S, [V ) Ko
2yl (29,5 93 5 6999 99 b 0% e
s AP sunas, CCR LS lade .05 ks
Olen 5 8153655 n Lawgs sadplnl onas,
oas 03,51 # Joaz A 5 V & slaygiw o [YY]
oy 9 LI glasly (Lo polie ool
S g 53 odd il e, b ealeladl
a5 jebojles .l ool &1 £ Joom pps oo
Sl b coaialoul a¥ole gauas, 09d o0 0ayd
Sl b )l slacplin Loys ks
Cowl C g A laoxly asy o Sglas o)ls ;650
A o ol CCR LS slael a5 jslulen a5
S O L5 a5 C axly Loy pom 45, oS

W oabdilyl ey gl YY1y Kon g 315 (5,552 AP (g, b guivady 9 (29,5 9 63939 ol :(F) Jgu

. . ) ke sl
DMU G99 | P9 | I | 9 b Gowd 5ol 655 31,15 slaosls
\ Y \ Y CCR AP
RO o]yl gusuas,

A Y Y f o SAYDE (F) | - AVAR (D) < ASEY (V) )
B Y f o § SYEY (O) | - VAN ) S VAYY©) )
C Y Y f f Vyeoo o (M) | Vyee oo (M) < AOYY (F) <, OYA (V)
D Y Y o f Vyeee e (V)] VLYOe e (V) SATTY (V) YOV (V)
E Y \ f I SEAVE ) | 8N () +,00-4(¢Y) )
F Y Y f § Voo o (V)] V0eee (V) Voo ee()) SVEVY (D)
G Y f o f S YA (B) | - VVEY (P) < SYPE (P) *)




al)Sen (3L laol p Wosls siligy Judow 10 LIS 00 1o omevad (sloaxly (gouas,

el oads gy Jlo SI L ogy g 9,8
sty 5l ol O saladl)l g, o
x-’b Gooad, 5o 5 L slassly gonas,
Sazly ganas; Gl (ruzmes 5 wies IS
A2 sle Gy onl o)l sgzg s oy e S
by Glp g cl Sad elde 4 on3l Lyl
b6 osls Y J SR KV Laasil)lf

! o0lazwl
Sl 005 58 prenal sloaslg olaxs a5 ayll o
aS Sy waly> T8y L By, Gl Wik oL
B E slap oS Sl Bl Ll cnl 5o

..))5 oolawl



[9] M. Rezaeiani, A. Foroughi. Ranking
efficient decision making units in data
envelopment analysis based on reference
frontier share. European Journal of
Operational Research. 264(2): 665-674
(2018).

[10] P. Andersen, N.C. Petersen. A
procedure for ranking efficient units in
data envelopment analysis. Management
science. 39(10): 1261-1264 (1993).

[11] K. Nakabayashi, K. Tone. Egoist’s
dilemma: A DEA game. Omega. 34, 135—
148 (2006).

[12] S. Lozano. DEA production games.
Eur. J. Oper. Res. 231, 405-413(2013).

[13] C.Y. Lee. Mixed-Strategy Nash
Equilibrium in Data Envelopment
Analysis. European Journal of
Operational Research. 266(3): 1013-
24(2018).

[14] H. Omrani, K. Shafaat and A.
Alizadeh. Integrated data envelopment
analysis and cooperative game for
evaluating  energy  efficiency  of
transportation sector: a case of Iran.
Annals of Operations Research. 274(1-2):
471-499 (2019).

[15] H. Omrani, M. Amini, M. Babaei
and K. Shafaat. Use Shapley value for
increasing power distinguish of data
envelopment  analysis model: An
application for estimating environmental
efficiency of industrial producers in Iran.
Energy & Environment. 31(4):656-675
(2020).

[16] J. Doyle, R. Green. Efficiency and
cross-efficiency in DEA: Derivations,
meanings and uses. Journal of the
operational research society 45(5): 567-
578 (1994).

[17] W. lJie, L. Liang and Y.c. ZHA.
Determination of the weights of ultimate

[1] A. Charnes, W.W. Cooper and E.
Rhodes. Measuring the efficiency of
decision making units. European journal
of operational research 2(6): 429-444
(1978).

[2] R.D. Banker, A. Charnes and W.W.
Cooper. Some models for estimating
technical and scale inefficiencies in data
envelopment  analysis. = Management
science 30(9): 1078-1092 (1984).

[3] K. Tone. A slacks-based measure of
efficiency in data envelopment analysis.
European journal of operational research.
130(3) 498-509 (2001).

[4] F. Hosseinzadeh Lotfi, G.R.
Jahanshahloo, M. Khodabakhshi, M.
Rostamy-Malkhlifeh, Z. Moghaddas, and
M. Vaez-Ghasemi. A review of ranking
models in data envelopment analysis.
Journal of Applied Mathematics. 2013
(2013).

[5] A. Aldamak, S. Zolfaghari. Review of
efficiency ranking methods in data
envelopment analysis. Measurement 106:
161-172 (2017).

[6] T.R. Sexton, R.H. Silkman and A.J.
Hogan. Data envelopment analysis:
Critique and extensions. New Directions
for Program Evaluation (32): 73-105
(1986).

[7] Z. Sinuany-Stern, A. Mehrez and A.
Barboy. Academic departments efficiency
via DEA. Computers & Operations
Research. 21(5): 543-556 (1994).

[8] G.R. Jahanshahloo, H.V. Junior, F.H.
Lotfi and D. Akbarian. A new DEA
ranking system based on changing the
reference set. European Journal of
Operational Research. 181(1): 331-337
(2007).



al)Sen (3L laol p Wosls siligy Judow 10 LIS 00 1o omevad (sloaxly (gouas,

cross efficiency based on the solution of
nucleolus in cooperative game. Systems
Engineering-Theory & Practice 28(5): 92-
97 (2008).

[18] J. Wu, L. Liang and Y.C. Zha.
Determination of the weights of ultimate
cross efficiency based on the solution of
nucleolus. Xitong Gongcheng Lilun yu
Shijian/System Eng. Theory Pract. 28:
92-97 (2008)

[19]J. Wu, L. Liang, F. Yang and H Yan.
Bargaining game model in the evaluation
of decision making units. Expert Systems
with  Applications 36(3): 4357-4362
(2009).

[20] Y. Li, J. Xie, M. Wang and L. Liang.
Super efficiency evaluation using a
common platform on a cooperative game.

European  Journal of  Operational
Research 255(3): 884-892 (2016).

[21] T.S.H. Driessen. Cooperative games,
solutions and applications. Vol. 3:
Springer Science & Business Media
(2013).

[22] A. Amirteimoori and S. Kordrostami.
Efficient surfaces and an efficiency index
in DEA: a constant returns to scale.
Applied Mathematics and Computation
163(2): 683-691 (2005).

[23] A. Barzegarinegad, G.
R.Jahanshahloo and M. Rostamy-
Malkhalifeh, A full ranking for decision
making units using ideal and anti-ideal
points in DEA. The Scientific World
Journal,(2014).

[24] G.R. Jahanshahloo, F. Hosseinzadeh
Lotfi, V. Rezaie and M.
Khanmohammadi, Ranking DMUs by
ideal points with interval data in DEA,
Applied Mathematical Modelling, 35(1),
218-229, (2011).






