Designing an algorithm based on network data envelopment analysis
with desirable and undesirable indicators for the evaluation of the

Iranian power industry
Mostafa Radsar
Ph.D. Candidate of Operations Research, Department of Industrial Management, Kish
International Campus, University of Tehran, Kish, Iran. E-mail: mostafa.radsar@ut.ac.ir

Aliyeh Kazemi*
*Corresponding Author, Associate Prof.,, Department of Industrial Management, Faculty of
Management, University of Tehran, Tehran, Iran. E-mail: aliyehkazemi@ut.ac.ir

Mohammadreza Mehregan
Prof., Department of Industrial Management, Faculty of Management, University of Tehran,
Tehran, Iran. E-mail: Mehregan@ut.ac.ir

Seyed Hossein Razavi Hajiagha
Assistant Prof., Department of Industrial Management, Faculty of Management, Khatam
University, Tehran, Iran. E-mail: h.razavi@khatam.ac.ir

Abstract

Objective: Energy saving regarding its high share in energy consumption of industries
has a significant impact on the growth and development of countries. This study aims to
evaluate the performance of Iran's electricity generation, transmission, and distribution
processes.

Methods: By using a network data envelopment analysis (DEA) model, the overall
efficiency scores, and efficiency scores of production, transmission, and distribution
processes are calculated. The network structure considers the main and surplus inputs
(fuel consumption costs, internal consumption, transmission substation capacity, power
transmission lines length, transformers capacity, low and medium voltage network
length), intermediate sizes (net power generation, gross power generation, and delivered
energy), desirable (nominal power, actual power, and delivered energy) and undesirable
outputs (environmental pollutants, and energy losses).

Results: An algorithm based on a multi-objective programming model is presented to
evaluate network performance and simultaneously to evaluate processes efficiency. The
proposed algorithm is used to evaluate 16 electricity areas in Iran.

Conclusion: The results showed that Tehran, Khorasan, Khuzestan, and Zanjan are the
most efficient areas.

Keywords: Performance evaluation, Power industry, Network DEA, Production, transmission
and distribution processes.

Citation: Radsar, Mostafa; Kazemi, Aliyeh; Mehregan, Mohammadreza & Razavi Hajiagha,
Seyed Hossein (2021). Designing an algorithm based on network data envelopment analysis with
desirable and undesirable indicators for the evaluation of the lIranian power industry. Industrial
Management Journal, 13(1), 1-26. (in Persian)

Industrial Management Journal, 2021, Vol. 13, No.1, pp. 1-26
DOI: 10.22059/imj.2021.298553.1007721

Received: February 27, 2020; Accepted: March 09, 2021

© Faculty of Management, University of Tehran



QW g 0> Sl b S1aSw Srodld ciwigl Jukxi 4l p iy 5801 Sy 2150
RPN R USRI

3l u.ﬁa.oa.o

4bLly oyl pl e yliag el s ol o ST wd ) Co e 04SN ¢ ixiuo Cu e 09,5 «llas )d Baiod (65D (gomiild
mostafa.radsar@ut.ac.ir

*’go.\ats aJle

4ol ol el eyt ol cu e 0SS ¢ Sixiuo Capade 05,5 ¢ Sixiuo Cupde 05,5 HLuiild ¢ Jgtue ol gb
aliyehkazemi@ut.ac.ir

OB s Lo jaome

mehregan@ut.ac.ir :aebbly . olul ¢l eyl o ol ey pio 048I ¢ dixino Co e 09,5 ¢ Sixino Co e 09,5 il

Blials (90 ) ommer i
h.razavi@khatam.ac.ir :asblbl, .l ul (05 (o3l ol&isls ¢ Jlo g o ppde 0uSisly i yydo 09,5 i pydo 09,5 Hbliul

oWs>

Cdy g g Ay )D (ol & ).ul.x @lio ;3 55y Gyae Vb vt 4 435 b (65 5) (9o cou 4 b Cucnl 1A
Sl Gl G (Ao @is s Jisl adg il g o Sas obs,l e imghy cpl 5l Ban oyl beyguls

dolono 5 39 5 JUS! i (sloailp yad g U L Slpes (claSis sloosly (g Jilow Jue 5656 L iy
JLanl slacw cud)ls B> G pns o 8o Cogw @)m) ke slodls 4 ‘_;LA slosly (glasis Jbd b o el o
3 0335 L5 g 45) oo megl {lnwgio 5 ionss b 4505 g 3 ogilesginsl s Cobs oy Js] bohas Jgb
9 oo o) o.&_;.).\ﬂ slajl8) a slaosbin o (Leow (55 9 (o ya8 ¢ ol )a8) Lgd slaodlivw o oo (655
Gl o 48,8 a5 5> (g5, olals

015 4yl sl al)lS (b)) lojen oo 4 g 4l (LIS L)l sl WBsmsin (s52)a0by AL 2 ak)oS BB

loas syl ol Gyt Corieo S5 VF 5l 0 &) oz ys8) (2065 b

5l 1y bl i o g i olel B qolis By (Bl A (i gl 36 g5 o

2039 9 Jsl g el (clasis (claodly (pidgy Julos (5 Cato o )Sles b)) :m;v,.gs

YE =N (WY (irio Sy o .l ] By o b5y jekaio a4y b g b slaadli b (glasius sbaodly gy Julos

Y8 =V e ) ojloss Y 0)9d VYo v inio e
DOI: 10.22059/im;j.2021.298553.1007721
ARV s AYAAVY/A sl

Oyt o&uily o e 208k ©


mailto:fmohaghar@ut.ac.ir
mailto:fmohaghar@ut.ac.ir
mailto:fmohaghar@ut.ac.ir

ey g g B AL U 61aSul godldy wivigy Julod asly w5981 S &b A

dodio

Ol 65l Cuoed SRl sl 1S dngs (2bj)l (sl el g oo o a3 LS I (S (5] Bpae e
S clasls Sl ¢ lamacns sla o9l Gali8l o lnd sl su aile (455 pdiliaaos gbie plosl
5 s lacs g il ol mwy @uS)LS 4 g ol L lape Glsmoc] jui 9 (o) 0)5 ()05 p)S phuad]

(WA gyl ) S o pdibolinl 1y (550 mlie 4 dogs &S Canl (63)l50 1 51 5L (glo S]]

B g oy ol Cond s ol odomy g dtogy w4 (S O e Sy (IS 03
e Sl (e gaone 6l gy (VY 555 5 ohgags) 28k on (555 @i (oo 5 JUis bglas
alie 5 lagl ) ad) )5 4 (GG g5 4y i WolSg 8 0950 &) ) @ (S0 ySUl (g5l W sl &S
o (55,51 a5le ol (Sla S )03 5 (551 ot @9 o ol dilsg it Soglite iyt > (55
i JLaslly (oSSl s alomle ald el (S0l 5l & oS il 55580 9 e (555
S5 i Loty & xS udy b dge 51 (oS (6550 JUa] Jolis Ygano anljb ol sials (o (oSl
551 JLissl o3game 53 LioaiiS B pae ay (S0 ySIl (353l igod (pimen il oo o goo5 S1ye b ba e
9 Sy Glacdsw Jos ain Bk (o U098 00 cage (oSl 65l Jl el (Sl
65 JLisl jleglio qas 3510 Ly ojd S5 slm oSy )3 ol 1 026 00 1) (Sogll icman
ol) Las 9 sl (San s o O L 0l e (6530 aulio JUh 350 51 (6 s 13 Bly 53 o2 650 000 (S8
Lok wile (650 qabio JES1 5 g (65lhms )3 aSST Jlo (WP okl 6 800) sl (S8 (55,0 JUas! (S
55 Jros bl ol 5l (o @iy ol sl (sl (51 JU (e o] S g Gl (e o bns
3 a8 Lawwgia Wy bokas Jabs S y5b 47 (i cpl Y+ A guguass 5 5555) CanlmosisS’ Bpmn 4y (oSl
3 (50 g2 i 9B (Sdg Ve el ieS) (b Sy bgkad g (6 pepghasl i glaciny (g SLSTY
&g bokas Ygons S o Juaite 08 Bpmn Joxo 33 32 Sl &1 1y @i slac 85 Canl &35 s
5 @Bly 3 S (oo el b iy bl blio 13 1) )l g 0392 CgshS Ve b cdgoleS /¥ 03500 13 4yl
W) o Bpan Joxo & @i 595 9 JWl bolad 55k jl olgys )3 eadady
Sy sy dix Sl ladate 5y S5 SISy pa lpl G Cato ©)28 g 5B 4 w2g L
5 S (o Jlo)l ol by 4 JUSI Cu @i CS 08 N e 9 C3Ly3 ) 00d g8 (5 (g
Egge aiB)S 1y 1) i b g plE S48 el 0285 Sy B 3 5 Cartio iy St (i 85
Ododily 9 SaeolisS (sbaigjayaalyy dadynly (gl dgge pog cElS Ban o Shes (obj)) Cap > & Cul

Gl Slalyd cuanl gy Il 5y Cmio )

! Sueyoshi & Goto
2 Goto & Tsutsui


https://fa.wikipedia.org/wiki/%D8%AA%D9%88%D8%A7%D9%86_%D8%A7%D9%84%DA%A9%D8%AA%D8%B1%DB%8C%DA%A9%DB%8C
https://fa.wikipedia.org/wiki/%D9%BE%D8%B3%D8%AA_%D8%A7%D9%84%DA%A9%D8%AA%D8%B1%DB%8C%DA%A9%DB%8C
https://fa.wikipedia.org/wiki/%D8%A7%D9%86%D8%B1%DA%98%DB%8C_%D8%A7%D9%84%DA%A9%D8%AA%D8%B1%DB%8C%DA%A9%DB%8C
https://fa.wikipedia.org/wiki/%D8%AA%D9%88%D8%B2%DB%8C%D8%B9_%D8%A7%D9%86%D8%B1%DA%98%DB%8C_%D8%A7%D9%84%DA%A9%D8%AA%D8%B1%DB%8C%DA%A9%DB%8C
https://fa.wikipedia.org/wiki/%D8%AA%D9%88%D8%B2%DB%8C%D8%B9_%D8%A7%D9%86%D8%B1%DA%98%DB%8C_%D8%A7%D9%84%DA%A9%D8%AA%D8%B1%DB%8C%DA%A9%DB%8C
https://fa.wikipedia.org/wiki/%D9%86%DB%8C%D8%B1%D9%88%DA%AF%D8%A7%D9%87
https://fa.wikipedia.org/wiki/%D8%A7%D9%86%D8%B1%DA%98%DB%8C_%D8%A8%D8%A7%D8%AF%DB%8C
https://fa.wikipedia.org/wiki/%D9%87%DB%8C%D8%AF%D8%B1%D9%88%D8%A7%D9%84%DA%A9%D8%AA%D8%B1%DB%8C%D8%B3%DB%8C%D8%AA%D9%87

\D)l.o.a.:} Y 2,9 AR (RO S g1 0

Byl 485 ©yg0 Gy @595 9 JE g Slapls 3Sles (Dbl 3550 )3 63L5 g (5SE

ol 03l Y Joda )3 By Carto pd Jld claeS i bl 09> 40 48,5 &g Slalllas

DEA (g, 41 (53 Caxiuo SRCS o ()5 (65505101 Hhoj 13 Cpmabiy Oladllao Y Jgu>

Lodly cwividigs Julod Jio Wostiw Wosly LSS
b bl gla e b (o] dple

T T Sass 1S e & 5 g5 cuwlols g5l

5 ol olide 033l 1553 b (loygacSs O & s 53 Slatlay e s blac e | 7T 5
] aSd ojlul ¢ (Lgms (650 ¢S yiiie (Vor¥) cud
0958 Gy @iy S pd auje ol L i oy dism 5 S ctass i Sl s
el 015 dpoloma Aty b igslel e SRS SR (v %) S5 5
Wl 59 G @iy S pb (6 S S g oad &gy (67l ggerme 1616 Slis  £€t adli TS 5

. . o) Dl 9 45\..“.' o)l.\;‘

ol 00 N ws).u:m (Y"V)

Ol B B g 4VLo 1) bawgio (s

5 talo oS e & (b (5

by (LS8 Slas

les () —les)

Jawadl ¢ 5ol
o] 085 yass S 5 oSy MU g aiuo 4 0310l oy g5l ygiand] 5 T 59’
(Yo-R) gt
Sy dlus ¢ 5y 4l lals N
LS 5 Gy oo sl 155 s ala ' \ 9 5253
EVLEMTT ) 2325 (e dlail, ) . . . ) B N9 3 in
- o oS o S ¢ g (6501 e Slass g aSs bolas Jobo (32
35 ey ) Ceivo (V+-3)
Sl
Lolpl 6 @is sbes b oLl Clyes oe sl
» ‘-;u.uo )Wbbllm 9 )97{.00)‘3 dLmJ,\A [f . ] . R . 9 Lhu..ul); vﬁ)]o ;Afxf.w bi J919 L°
o sl s ) O e Slasi 5 5 (B9, ) i 9 255
oebie 4033l (28 L (SaS slaaoeis QLS 2l 5o
el 005 dplis i (Y1) Al
Cw N Pl
9 Ji8 (Sloj 0y93 93 3 Lisu 4w pl L) Slass g o0l aiS g5 5 Egerme Wy @9 9 JEsl g ale $955 5 Dy
A dulie § (e il pogad jl e oS fde | QW) A g Slles ladiyie (¥-3Y)

ool b Juloo ey 505,56 L
whE dlo Ve Slejojl o dolas

S oy p @iy gasely

B 2l Wb (Ol e Slaas

Sass gy Jis] s e Jgbo
SUSS

s« Joie wdljl
(r-10) "5

695 ol adlye Lo (gl23 S5,

oy & Jhoxs 65l hees 5]

Slas oo ygilo y gl 5 o8yl

Gan b1y ooly by Juloo g (S5l S )00 b yidie g (dixiuo ( S 03156 )8 Sl yos
i . o ..‘ B . . B Job LS dlass dlaygile yganil 5 AL
" _ 4 bl
3905 S 5 o by il e
. A _ 5 SOZ 9 COZ <N02 55 )l.ﬁ'm
)55 e 1) @595 g A5 5 9 ) L . o
‘ ok hs 5l gl 2B bk G () (Bpan S g dija " ‘
Lol Sl & edliw gl =Y ) ) s s e " 5 5 Sl L
& W el e emia 4wl et e -
3l3 a5 da Ty ypmals slaesls —F rae & )P o9 P P 8Ly G55l (o 55 o5 (Y10)* poged

ol 0 )by 00l A5le s oliw L —F

@ by 55l o tato S
oo sles

S5 oS pd

! Hattori, Jamash & Pollitt
2 Filippini, Hrovatinc & Zoric
% Hess & Cullmann

4 Ramos-Real, Tovar, lootty, Almeida & Pinto

% Perez-Reyes & Tovar

6 Sadjadi, Omrani, , Makui & Shahanaghi
" Azadeh. Motevali H., Zarrin & Khaeif

8 Omrani, Gharizadeh B. & Shaifei K.

% Khalili-Damghani & Shahmir




ey g g B AL U 61aSul godldy wivigy Julod asly w5981 S &b £
b 09jge sosly sy Jilos Jo b

bostis oS Clyes oad J S slagj by i Sl g 4l sloygilsy cud b "5399 S

L slmoslius Ldga3 b5l | lgm 0aiy ¥ o, S G Mg sl IS (V+WV)

sl 3,5 S ol pa e 353 51,

> ol> dﬁlw)y JA?U 3 u)l)lf):‘ JAA

S he)8 sly Mg G jlde
g J5 a8 )b

b b Js

(V)9) gl

Ao A Sloj ojl o oS ys oyl (6 LK

ool 04 =

oS e Slass g (g5 (5,

Lo il sl Sl coglas Jobo
LS, sl

«sBolo ¢ygizun
9 &9k «rlas
(\Y"i\) Qlf)-é("

sl aiidey Judow 5,509y 93 S5 b
9 W5 (2lg 2 w0y Jidod g (glasis
5 0lej (b 3 lpl G cato 3 9y Jlanl
odd duwla G JUSl g g5 e )3

]

b Sl es @B (b a8
oheb My plojer S Mg
03k g lely whg Mg dmolSyys

Sl

u>9w ‘059)9 L;\&l.) J)m

JE (a8 pao
Job @i 395 sty cud )l
i G5 bolas o Jis! Lol

(oIS s
ool 08

(W% )l yes

i)l 1y SBM st Jae (5,5

Sy gluo 4 9y LO, i

Sl jlade S8 Gl il 4 Gy 2

S gw oy Cudil G g9y
S By s Job dpae
sl yguil i cud b ol

5 g )91 (g0
(VYY) ol

Sl oS conl 030003 Slpiy (b Jie
Jo 5 el Gy Jis) 5 Ay aboyo g
slopiie My dlbpe (bl ooleide
My K> & wad wBS > (29
38 pg> A pe 3 Ngdaw Mg (sim dloye
g oAl po I (8L (slagdgyg 2 0gMe
LD aBS L 53 (65503 (63959 (S e

Hgdood Jho 3)ly Jib als pe 5l &S

My why Mg oy L e
<ol§5)¢} L;oU C)).\§ ‘QLoJJ‘) ‘o}”l}

b5 555 ol gy fas 38

Coge b oSy B Gjlas

My oy sl sl (Spae

98 JUl bolad Jobo g 9,0 JUis!

(oIS s
gl 08

(\V"\V) Ol)a&

odly ¢ Lol sodh b o5 aw LSl

) los @8 g (ol )08
Olyes gl 0S|y (ol
3T N\ RAV WV IPRNESA SV
Gl oIy Joy—owleg)) kgs
USSP (KOO PRL VI NN WA |

S S o) (B S g diin
AR e ol 0aSL ool
Gty cud)ls (WAF ¢ ljes
5 bas ¢ Bolo ¢jgisuw) Jlasl

Sle w53 gosk ( Jhe slaoll il | 01V ljlS (5,6 ) lojen | bshs Job (WAVe o5 00 5 5k @lpidy Jio
@l 9 Sle b slaostin g oled g | (V010 e § (M) (awme Cu | s bas (Bilo gz 3 JUis!
w3 (LIS (mbid) 53] Clils Cad )b (WA 5 500 5 59k
9 S OV lhee gl | olg (o) —mlog)) B ygileyginsl 5
) (65,31 s (Y2 VBeppanes Jobo ¥+ +% giig g Iuedl ¢ ol
(083 | 5 L) bawgio g o )Ll 4
(V100 ot

1 g P < . . o . - & Al ¢ \ Caee

! Cook, Du & Zhu
2 Lei, Xinyi, Mianbin & Jinchao

4 Barros

it B P (295 5 HgSioe 3)ls @ 51 &S g 5 pe o5 slacsdgys "

% Shakouri G., Nabaee & Aliakbarisani




0 \b)w‘\‘“b)sac\i" (RO S g1 0

5 o YO & plamwsS eV e T isulis V1) ( Blals 5 SsSle ¢l yas (eobre YN0 ¢ gkl g Leinms:
3y9me 4B 1as Cpgo 4y (MWAY ¢ 00 5 (£r0k cssbias ¢ BoLo ygiew ¥+ VY cgioS g oBgrgu ¥+ VY LSS
Ol (g sy Ll jg,e 0yl gl ddle 5y Cato ) gol> 5 42l 5,505, 5 o wilad S 15 aslllas
9 (ladhaio 50 slacs,3) 5y JEs! (LolSgyw) Mg (slapls )L 3 Slas (o) 4 45 by dmd o
glosl (8,5, a3 o Ly ysls hmgiy 55 ead aShl Jie il 0k plol 0y (G @i s S ) @jg
Ly 3 aigh 5 JUEsl ey sloplS 6y 53 " g g3 slaoslin ' Sle slaojladl ljle (Lol (laosls
iy e ladhaie 50 oS ,E Sl 2l 4 GlaSid laodly by Jllod (ool hg)y 5,

ol 025 plool 425 slajimg > eSb ass]

a glaSs gl ooy iy Judod Jao By Cauo j0 0 Sles b5l jekaie 4y g g0 &) pow iy 40 W ool
ol 005 1)) lmdloiiy g (55 4oms B s 5 g 290 4858

&

93 Ko
Slasly Sl slasgorme 3, Slas loj)) Gl (2 il il 2 el gy So ooy iy Jilos
Gy el e sla 39y )b cptass (VAOY) )1 sl 48 xis (slaodlin ¢ b 0313 b (DMU) ¢ 15 paonas
o3> (—didgy WS (lgis CoS g SOl et 139 9 295 (hile Lawgs VAAY Lo 3 ol )5 3)8 25kae (2L (e
el an J)b edkus Somodly w0 CCR g, 45 .15 CCR g, 4l 4 yoxio g 13,5 7 ykae (DEA) b
E9 ol 4 b i oS 5 3yl S bwes BCC igy VAAY Jlw 53 .0 030> puesd ool i — o0l wis IS
o oodly i Jdow iw sla Jae )0 g o dtS s sla Jde odly idiey Juloo clodl ol e
d9-bed i gl (993 )l 5 Culled &y g Wigd o &S L5 )3 ol e lsis 4 (55 e sl
Joa ool 4 b aiS jgue a0l piin 5l S Waodly (65 paonad lg K p3 (Y4 oA ‘\'&slsm 9 $5)

sl p 5l plS SO s oS b pasls ol 4 b dalgd i sl 4 a5 pgd o5 03l lgic 4 aw plS

Llee

? Beasley

® Gouveia, Dias, Antunes, Boucinha & Inécio
* Khodabakhshi

® Kuosmanen

® Yuzhi & Zhangna

" Original inputs

8 Intermediate index

® Desirable and undesirable outputs

10 Kao & Hwang



ey g g B AL U 61aSul godldy wivigy Julod asly w5981 S &b 1

g5y 5 38) 95 o 45 e o yaBL Nigd o 3,5 L5 > ool lgie 4w 5 13 5 03l i
(¥eer

Olalllas 1 (B isu cpl ) ol 48 )3 &g glaSils glaodly ey Julod )90 53 (o0b; sla g}

sl 0dd 930 (S1aSud (glaosly (iudgy Sl 05 53 alie
01 pLogl VAAS L )3 oylSa g 3l gy el 03505 susyyt |y o L1515 S5l o Sladllao )
aal® P 9> lyisar o SSE o)l s s g plascil (28T Ui 93 4 gy il b adlllas pl )3
5 Py by (cleSi il (1 gk o J VWS il 5 5sle) ol oad 485 S5 53 5y ol
Lnallia cpl 31 5 2 ol 005 i (5laSu slmodld by o comngo b alia Lo AAAS Lo 5 et
alllae @ 1503 (B g e sladde Rl (owyp 4 (B el it o QLIS S0l (sla e 4l 4,
sbadioe (o) p dise) ) adlllae gl (pioen 4ty (Bly (o> bl Jo (sl 29290 sa e 2
Slallae 5815 Gloj o J1 (V00w a0gSg)S g 5ud) Gl 0sd okae Sy, 5 18 bawg (0 A (glaSid
Sl )3 sl Y Lie Ol ] 4o & Cosl 4B S 00 5 iz g (0 93 (glaplies 4ip0) 10 (Sl

Gl yiize

9 Sl (Ji 9 (IS Sl b)) caa DEA (lass @) 4 (o3b5 wldllae (3l sl Jlo )

0123 (b 9 (ool sla i (A 3509) 93 (S 93 laptune Slalllae (g > Sl (8
e by e (1390) TS Ling g b sl (olie & 03l 2% <05 5 Jgl 3,509) bl g 53 500
el o o8 2zl 3 ] 150, 1) S0 el oot bl 5o olwclid 58 VY byl sl LIS e (60,505,
55 105 Ly olS 5 (ol S Jo S5 oY+ +A) g5 5 555 Sl ] iy DEA it (sl Jio j1 olS 53 Jio
GBI 0 g sl (s (500l (slo Jho S gl sy 4 00 1)) a0 tinged )] Lol (5985 metlio
e e J57 DS a0 o8 Ca las din Clsz g S Slalne (Samy (b d hrpaeln b Je
) shegooe 418, S 1155 1o L |y DEA it sla o Y+ +A) Silgi g 518 am3 oo &) | Uopiiasms ) (2ylS
boatlyd 5 LS & wlie JS bl syl ol 53 353908 Mol (IS W18 6l w18 5 53 o ol
S0 a g to job ay oS (5w ot sl Slgies onl il Jde ol Sl bl 055 o
oo 4o 033y 1558 93 i o5 ey Jao Y++8) %55 5 J S5 e 29 4B, IS & 5 cdtin Lag e
Sl g (03 S oo s 4 65 93 sla LS (slayy gsezme S S LS 4 Wdges )] e 5 ol
5 98 e SOl cgd it LS 50 o Jolas 5 yete cslo i g (slibarly sl Jie &8 153ls ol (¥+)+)

! Féare & Grosskopf

Z Charnes et al.

% Fare & Whittaker

* Liang, Cook & Zhu

® Chen, Cook, Li & Zhu



\' \b)w‘\‘“b)sac\i" (RO S g1 0

48 ingad il (53 S g 485 55 3 S5k G plaie ) P8 5m e il 055 polol 2 (Y V)) 55
oo it S L5 & Gloj amd e (Lt adllae (pl gl A8 (o0 Ao |y Ll Sl Su s LI S (26
g2 gy ome yobdy a5 dad o &l (63 ksl DEA (gla Jas Jolee (uls Jao cpl cddly aiils dg9 o5 90 oy
P8 93 (gl oh)S Slyes JBlas 055505 &) pis JS o) bile s 3959 b plS o oS wilaaie 4 o0
sl ool oy Udlato 55 JS o)l duslos (gl 55ails 45005 ¢ 00d 48,8 1S &y ok abaiis lgicay
il sl ol o8 53 Jae Sy 4l & Tlins byl 3,559, Sy 5l ool b (Y+08) T og g 5 osSs,S
s 5 paade oy b (Y)2) 0L 5 (oMol dolisS'sh ¢ g iS4 38 mrenad (slassly S
639y ial38l b Sl &Y game ST aS" wiishy o6 90 (laSid slodly ibgy Julod )3 gadge cpl ()
VoV (S VN 55 5 med) Sl 0 &il)) Calisen liise by 4y (ol Ll Sy (sl cilies (slaolSas

A He e -

Al o DEA sla Jae a9 (29 (Jad Juol 93 4y as g5 b DEA 5 )liilinl sla Jio & wdls oLis (Y- +Y)
oo 10 Uhgy o=l comted WNig) 48 4 W eoliw il g gd edbiw ]38l L LSL slassly 5, Slas do0 co
D0 05,8 5 0, dgups cpn jd odlsy I Sy Siliel a4 LS
oMo U iy slaostin 5 15390 &1 1y ol & ook b (o8 iz Jo Y+ +0) " (590 el g (i d,S
(S5 (o S Slinogy (Y1) Vg 5 99 «Silg g el 03 48,5 IS 4 (siloxa sy Sluslno 3 ko
el sla LS s (gly a8 W50 1)) Slod L odliw b (2o (05 93 DEA g jl> (Y++2) 559 J
o olwlis Gua L ael)d oS g odpuw (6y913,5 Lol a5 g oS b)) el 4y )8 4 cps (o)

&l DEA i 5,500, b duslde (3 o8 90 Juo a8 0 LS polis ] a3 5 & ja0 (b piane JS (01,80

! Du, Liang, Chen, Cook & Zhu

2 Zhou, Sun, Yang, Liu & Ma

8 Despotis, Koronakos & Sotiros

* Weak-link

% Khoveyni, Fukuyama, Eslami &Yang
® Variations effect

"Lim & Zhu

® Peykani, Mohammadi & Emrouznejad
% Seiford & Zhu

1 Kordrostami & Amirteimoori

" Wang, Huang, Wu & Liu



ey g g B AL U 61aSul godldy wivigy Julod asly w5981 S &b A

ol 0300 395 5 53 (i (SO it (LU @te 9 03905 Joe 3390 it S5 (2L @ite (ololis

Lo g g5 el degasmo (Voo v) Sy S 5 pud el otidgy 3,505, 45 pod 3,505y Sllas gy 5
P sl o Jis oges sbaylidl 28ly ) .ad005 &l (glaSids (ol (Sl (lp 1y dide sla e
& N \ & e “ el & & .- £ .

SHLS e can |y (oiidgy (2L Jde (V2 2¥) 95 9 0 e 3 )8 JB 155655 bl b g Sluso 5l (g luns
lae oz L3505 &l |y el pod pl8 00y laicdy ol pl5 ool & 0S5 b lagye (0 90 (s0dgs (slaasylyd
Pl oy adlbae (ol @l b a8y 15 5 adlllas (slie plyiear () SSL i 3 Jlb oS,
d)ljjc\.ila)_.» L;l_:b{:lf ob”é‘ u»))I )l J.@l:- dl)lf 33% @L..:Lu.u ‘megf,is D)S.Lo.c 2 SleMb d”L‘é p..ﬁ.....m)...c
M ) i diej cpl 50 X0 Sles gl a8 LS 1b e e (UL 50 9 25w A)gi g leMbl (g;4L8
Ol 53 5ge5 3l uml; 0,205 3, Sdes oS LU cas 1y slass DEA e ‘(Y~\\)Ydli PRRC RN CIS
bl g wip (a5 5 9 S e e S o5 sl Slojle sl sl Sglite (5lasd DEA Juo 4w adlllas
oo psilSo d s LG 5 cddye 5 l5 00655 o byl oy Jols ()8 Julos i f a0 o

ol 05 u.w)).»).u u,uol.» o)..DU) Lﬁ';ﬁ)') é.’l.m W) Dy uﬁfbﬁf

Slopls 5 I Gl o)) car (SoS o pite slie g (51455 DEA Juo (Y ++R)  iguisns 9 58

S (§ plaie Oygot | plusw 2L 215 2Vl Jae cpl ages @] (155855 (5 95 slasia] 3 w5 e
(S'sS A8 o Sluslrs 3)lg LS Sb)l 4 bas e Slawloe (0 1) i ) Caonl 15 01 )5 sla Jde &
Oeman 1 LS e Jae Jobeo 5 pate (slaJao 5 sl slo e 45 553l s (¥+1+) 'Sl 5 (o 055
5 4y gl itz Jao 93 ol bS] ] oy s (g ol il Jso o555 e @ | (o csloJoe

MWRPN

"rs 5 LobisSsh ol 48y )5 55 ol Loguas 5 Jle ool L sleSis sla sl )3 gy 3,50,

253)S el elad S ool Ly (S8 (gl pusie (slios o glasieds jl3 Lo L) (4l oSSl )l (V) )
5 93 53l a5 Wy doei cpl 4 o] g &) Liidgr Jde 593 plgis a ]y opd ol Jde cpiren
T309m 5 5595 e ligl 2yl gy a5 (SOl e (L e plulid )3 (B S5 LBl b dglie 3
sl Joe ol age )l olas ao g g3 laodlis b (glalols b sl sl DEA Jao (¥2)Y)
B S S g b @l g 0 b )S 54 oA Jlo o Llul (cloolssg8 5 Slos (6505501 5 (55l e
595 olS S5 (glion & Cand (514K (Slaols b5 45 il 5] §) Sl Aulio ) gl 35 dulie (el

! Chen & Zhu

2 Chen & Yan

® Tone & Tsutsui

4 Cook, Zhu, Bi & Yang

% Fukuyama & Weber

® Lozano, Gutierrez & Moreno



q \b)w‘\‘“b)sac\i" (RO S g1 0

I 2 Jae 55 (YY) g 5 50 oSl 2 S oo 0] (i gl 5 03908 5101 2 1y a0l
aiai lapls 4 bgyye sla oll5 253905 )] gl 13 (gloyeS lamli b)) caan (sl Hlisbo p it
e (VVF) w358 5 (gpgmas ol (g 50 sl 4 )b sl K plyzear 3 My g ol
b LS L)) an (V00) Tgj 5 Sl e 08 oy 2led 5 oo b ool b el g3 13 58 see
o (¥38) 'Sl 5 LogS38 Sy izl by g b ooy iy o 1 enlizal U 58 3blia (51
Ay b (25 b g olSel dsgeme ol eolitl b o 1S qlio )3 Pcud B 6yl oyt e
e LS b))l e (gt 5 5 s s Sl o e L (Y1) S 5 W gl
(Vo7 ) S BB 5 (6 pgmai ol a5 095y Slagms 313 51,3 03lail 3390 (2 y92S 3 1y ol 1)
2331 Bl Cgllacl (2955 b 3)0 0 53 hend sy (Bl sl 505 oy
Jol 010 aly] (glams kL 39500 &) (gl slmosls iy Jabos i Jo o alio oyl o
5 lae o slaodliw g ol g Sle b slroskiw ¢ Sle Lojlul wljle oaly ¢ Lol slaosly jI LolS ac gome
Jae 2,8 il ) IS 5 5 aw (slasil 3 LU plgie o 68 4 b g sl (o aw 112 S5 5 ol
ol allyl ol 5 o jd addllas D50 awlwl (slacgles 4y dogi b g a8\ O g Oldllas bl (ol
Sl S a8 (S pla e (6558 @ g cul il 4SS S plnl B cote laSs jlE L Ll
(Slao Laojlasil oljle ooly ¢ Lol (slaodly Jolis pl5 amw 3 jlislu cpl cCond canlio 855 0 Hlas o 1) &S (gl
S Sl S A L1 pB p Ll (g 5 cunl 2l g Sle 093 ool plxiliw 5 2l g (Sle 03l
maeliy Jao S S bl U5 b 50,8 san e pB ol ead i ool 4 pl5 T e o sl
L mis s JUsl adss slapls ohlS b)) Gum b aban dw ol8 dw Jio 51b 3505 dpsloee 4bin dw g,

sl polo iy gl s | olnl By Cato gl P 50 00 plonl sl b oy g

G ol g
aS wiwn gl o8 33 X, (i=1,2,...,m) odbs M s DMU;,(j=1,2,...,n) 01 3 orouas Al M Dgus o (5,

ij, (p=12,..,P) £gd fel_f odl> O|9_2.c & J5| flf osliw )‘ s>y .\.‘.Suﬁ .\J}; ‘) ij,ng,ij osliw

u.;l_..o Ay A_)9_> dl_{bo.)l;'_w 0‘9_"; A )_i{.) u 5o 9 04 5 A !‘).9 £9d Pl_f .))]9

! Chen, Chang, Yu &Hsu

2 Maghbouli, Amirteimoori & Kordrostami

% Chen, Song & Xu,

* Yang, Fukuyama & Song

® Capacity utilization

® Piaoa, Lia &Ting,

7 Seihani Parashkouh, Kordrostami, Amirteimoori, & Ghane-Kanafi


https://www.sciencedirect.com/science/article/abs/pii/S1470160X14002106#!
https://www.sciencedirect.com/science/article/abs/pii/S1470160X14002106#!
https://www.sciencedirect.com/science/article/abs/pii/S1470160X14002106#!
https://www.sciencedirect.com/science/article/abs/pii/S1470160X14002106#!
https://www.sciencedirect.com/science/article/abs/pii/S0038012117303142#!
https://www.sciencedirect.com/science/article/abs/pii/S0038012117303142#!
https://www.sciencedirect.com/science/article/abs/pii/S0038012117303142#!
https://www.sciencedirect.com/science/article/abs/pii/S0038012117303142#!
https://www.sciencedirect.com/science/article/abs/pii/S0959652619312946#!
https://www.sciencedirect.com/science/article/abs/pii/S0959652619312946#!
https://www.sciencedirect.com/science/article/abs/pii/S0959652619312946#!
https://www.sciencedirect.com/science/article/abs/pii/S0959652619312946#!
https://www.emerald.com/insight/search?q=Fateme%20Seihani%20Parashkouh
https://www.emerald.com/insight/search?q=Fateme%20Seihani%20Parashkouh
https://www.emerald.com/insight/search?q=Fateme%20Seihani%20Parashkouh
https://www.emerald.com/insight/search?q=Alireza%20Amirteimoori
https://www.emerald.com/insight/search?q=Armin%20Ghane-Kanafi

ey g g B AL U 61aSul godldy wivigy Julod asly w5981 S &b Ve

obed X, (1=12,., L) Sjgo 4 g Ngud o3 3gs Al 5)ly 8 o5 5l a8 conl (6,505 slaosly (sl g
Olome 4 2, (0=12,..,Q) Cos ool 45 395 0 15 b g g5 03l £55 93 pgd P Ll 13 g oo 03
sloodls y 0gMe pous P 95 o 7)1 wiames Jl 55 Yy (07=12,.,B') 0y oolias 5 00 pous pl5 5l 00>
X (h=12,.. H) oo a9 255 as a]d 3)ly L3 o5 51 a5 ol plaodls (gl (b pl5 51 8Ly
Yy (0"=12,..B") a5 V[0 (r=12,...,5) o3 olas slaodlis pgus p5 5Ll 55 98 0 03l Lyisled

ol o o0l L Y USS pd (0l8 A M g8 it oyl IS (sled g 0 A8

s 9 o 31 g g o3lew by Jlgin ol duw (0ol 0y Lo 1) JSS

0jo> oyl 5 o8 A .l onds &l ke seolBus W (e b oL LUy sl sl (S5 LB
a0 a0 lazg b g sl 00 &) (YAY) 9365 5 obgag (V++1) "o 5 shla Lawss Jgl o5y scnl g pno
oobde am 03jl (23 b g ol 0 L)1 (V2 4F) 95 9 3900 Lawg pod ol 9d 0 485 Jlai 3 (39)9 (lgie
Ayl (Y2 +8) T (Sidgy 5 iomslS’ Laags pgus oS3 29 en o) 2DIS b (slagg s slaesly Jlis! i
o295 L @l byl 4 plidl iy (298 Ly Sl degemme G il 5 g Jgol jleslinal L g 0
2 (8395 Hlose A b (Sgy g 0ad odlaiwl b 2oy b o) dusloe gl Jol s8I pols Bsd jd dged
ol o1 o3l (4 (2905 Jolb) (5959 3059 4 (©93) (2955 JI00)j9 o jl g Cunl 0 i8S s
o J5' (31505 oo
A B8 e omled o 5 3y 436 |y oplS LIS &S ) &y Ay ¢ oolS iz e S 3 LIS (S5
DS e gig bwgio | Bin ol (e Jae o 53 098 S5 T i ol b g e Jae 90

sgbign Sl s (Slaatlh (IS s 5145 B g gy ol Jio Sy 53 g 355000 iS5 Wil 3
ol 48,5 (LS ylai 550 4l j0 o) duwlre (gl ddians Jus )yl dlde 13 (YeND ponad o LIS)

! Hailu & Veeman

2 Kuosmanen & Poidinovski

® Additive multi-stage models

* Multiplicative multi-stage models



AR \b)w‘\‘“b)sac\i" (RO S g1 0

o=l do dag b plpls ol aodly 4y sl (9590 a0t Cuns padio 4 yomo 03 (sla Jio j3 L1 .l

D905 iyl ) Spgo 4Ly 398 A aw slapl QLI plgiee oy

El— ZZ:mlWPZPj +Zaj=lungj (V) abasl
PRARIEDISUA

o Z‘j[lquq,- i (¥) e
2 paWoZ i + D Vi Xy + D Y

e 2, (¥) o

Z‘j:l W,Zg+ D X+ D Yy,

Y W u_é)mY ‘_b.x} PRI dd_é)f)lfd.g LSLQ).:.‘;:A

Jo gl halsl g byl (20 =Y Jgua

b | pel)lyf peihe

05 S moncai 5l cyal] Jol sl Lol o3l psal Xij

23,5 o 7y e 5| 457 005 S paenas a5y puel] gl a)d 0y eliw el Yy

33,5 o s po3 43113 3,y b 0j1] laisds 45 05 S penass Sl cyrel] I Jgl Al b o3l el Z,
235 o @) s 31 &S 05y ety ] S Jl 23 o ool (el Yy

Jol sy Lol osls cyall oy i v,

Jsl .&.A;I)B.\:b.)l...w uaﬁ‘b u;)..a.o).uwo T]b

3355 (o g 32138 3y (Sleo oIl gy & Jgl dial$ sl (el (2 pie jeite Ug

D)5 oo pgd Alyd 3)lg Jle o3l lgieay a5 Jol a1 gt odliw (pelP (o pde yuxio Wp
°J“)t5rv‘~4’ J.>l9 u,ml_] 4 Joy)ﬁ £9d .\A;I)B L;L.o‘ odly u:\,oll XIJ
33,5 oo 7)1 it 1 4 01538 prenad ol psel] A bogyye pgd )3 b o3l yral D Yoi
335 oo e powr 313 3l Sloe 0581 lgieds 48" 015 S uouas g el 3l pgd a3l prelq Z;
pgd il Lol ol cyall opde puiie v,

pod dulyd b odliw el B e o Ny

D35 oo s g K2l )l (Slee 0jlul plgis s & pgd Auly8 Gt o3l (el (e e Wy
035 5 sl ol pnal] pows A1y Lol 03l el X
33,5 oo )6 it 5| 45 05 S paenaas Sy Cyel] 5l pows Al j W 03l el b Yij

23,5 (o0 ) o ) &S 05 S s 21y (ysel] S pges 2l o o3l pall Y

pow dinlyd Lol o3l el o pe yuiie A

poes Aalyd ool (el (e piite Ny

D)5 o 7B i | 45 paw 148 odliw (el o pude puiio u,

2391 Wlsd 1) Cygo 4 DEA Jae 598 yiSlas ENLEZ EY sy pl5 dus o ) lojen jsb ) eunlss oo



ey g g B AL U 61aSul godldy wivigy Julod asly w5981 S &b VY

Max ZI;=1szpo + Z§=lungo (F) =,
SV X + o1 7Yoo
ZSﬂWquo () akl,
Z$=1sz po T SV X + a7 Yoo
M ZszlurYro (;) AEJ)
¥5a Z Hov, X 5 n.Y
24 Wl oo + 2haa Vi KXo + 2t T Yo
St:
P G
szmlwpzpj +Z;g=lungj <1 j=12,..n (V) sl
2 Vi X+ 2ot 71V
Q
Zeela o) 12 S
ZE:leZ bt PR Xy + S n
PUTAS (A) aail

5 . = <1 j=12,.,n
2 Wolg + 2ha Vi Ky + Zra Ty Vi

v, >0 h=12,.,H, v.>0 i1=12,..,1, v, 20 1=12,...,L, (V) akl,

ne 20 b'=12,.B"
G55 Jia iy o ol (35 mersSle & o b (sslunn 7S lplS S (35 5 55 L b Jae 5
85 0y plE LIS oy il e o ddianis Jde ol (gl dad jslaie @l (o e ddie dw Jae S

5 Cygmo dy XD oo 4l [ YUY sleplE LS sy 4 a8 (W) 9 (VF) (V) G milgi b sl Joe cunss

Do oo dwlre
E1 = Max Y- pZ po + XgallyY o () e
° Zilzlvix i0 +ZE:177beo
St
YW Z +3SuY (VY) alad,

9<1  j=12,...n

ZilleiXij + ZE:lnbej
v, >0 1=12,..,1, u, >0 9=12,..,G, (VY) alay,
n, =0 b=12..,B w, >0 p=12,..,P



VY \b)w‘\‘“b)sac\i" (RO S g1 0

(Y) o5 2,8
E*2 — Max Z('lgzlquqo (VF) aal,
0 - ’
ZLW oL po T iV X o + XY o
s.t:
Q : V0) alayl
_ ququql - <1 j=1..n (18] et
(T52W,Z, + S Xy + S8 7 Yey)
v, 20 1=12,..,L, w, >0 p=12,..,P, (V#) akal,
w, 20 9g=12,..,Q, ny =0 b'=12,..B
(V) o5 2,8
E(’;S — MaX ZIB:lu rY ro (\V) 4]44‘)
fo:quZqo + 2haV 1 X o + Zora 7Y b
St:
RUY. VA) dlayl
5 Zi:*r_l ror - <1 j=l,...,n ( ) 2
(X5 W2y + 2V X + 2 77b"Yb"j)
v, 20 h=12,..,H, u =0 r=1,2,...,R, (V) dal,

w,>0 q=12..Q 720 b'=12,..,B"

s s |y Lag] (1Y) 555 5 5l 335 (65550 b s 5 23l i Y59 033,55 sl Jae
Do e 48)S op0r b Jse cpl (ad )3l Slslxe (sl BgR cpl )3 90 (s e

. \ e & wh & g . .
BU L Jae (VA0 o g con)S (dume) Canl 005 48)S )5 4 baplS o) (b)) sl 5 2,509y 4aldl 5
WS s 3 1y (V) S

Max (Ziﬂw pZ p0 + ch;=lu gY gO) - Egl(ZiIﬂViX ioT ZszlnbY bo) (Y) &’-f‘)
st:

ShaW Z o+ 3o u Y — YLV X —SeamY, <0 j=12,..,n (V) o),
oW+ 5aU + XV + e, =1 (¥¥) aka,

v, 20 i=12,.,1, u, 20 g=12,..,G,

(YY) alad
7,20 b=12..B, w >0 p=12..P

3 s DMUp L)) el (W) Gam w5y Ja e a g oo EJY i s
Dgis 48,5 165 5 e Jloy a8 ST.cwl Sl Jloy A8 ‘zzzlwp + Zg:lug +Zi|:1Vi + fozmb =1

! Moeini, Karimi & Khorram



ey g g B AL U 61aSul godldy wivigy Julod asly w5981 S &b V¢

dod o 4S5 g g0 485 )5 4 lo Jloy a8 JSile (pl @8y (gl S o Blo LS den )3 A5 39 0 e
oyl 1) 2 dndd Cpiomen S o (S gl lojen job 4 layjg (390 yho jlg VY I (59

*

el (VU W)t sl s b (1)) Ghan ol b Jao ety shio Egt a8 le o el

Z';:le*Zpo + zﬁzlug*Ygo - E1 zzzlwp*z J] + ZS:lug*ng <1 J =12 n: J £0 b,
* *, 0 1 * *, - gy by unny y
YiaV; Xio + Xl Yoo YiaV Xy +Xparh, Yy (%)

by ) Oyge 4 ole e |y bilgy ol

ThaW, Z o + 254Uy Yoo — B (T Xig + 25477, Yee) = 0 el

* * * * ; . Yo
(ZPaW,Z, + 38U Y,) — (SLv X, + 280, Y,) <0 j=12,.,njzo
s g o (kv kug” kg kw, ) sty g — 1 K

Z,‘?:le* + Zg:lug* + Zilzlvi* + Zﬁ?:mb*
Jde Cudgize a4y o b Jio (pl Gua ml jlade .ol yoo (gl Bum U Jlude b (V) Bua 20U L o (4l y
ool yao b ply Jao cpl T aigg e a8 0 15 o 4 (plpls ol (ilo oy Slo e 9 ool
(Vi Ug 7 W, );—f‘w-w‘,@x‘x (Vo) Jie aire sl o 0205 oo 2o (1) a4 j112) domel
:o‘i}] w‘ (Y~) J.Lo 44.»..?(’ u‘9>
P * G *1 el * B

Zp:lw p Z po +Zg:1ugy go — Eo (Zi:lvi X i0 +Zb=1Ube0) =0 (Y5) dail,
by pj g 4 1) dbdlee cpl le oo g

P * G
E*l _ Zp:lw P Z po +Zg:1UgV go

0o - | * B

2iaVi Xio +zb:177byb0

(V) dal,

4 e ol o iyl (Vo) Jde a8 cglis opl b oiygl oo cawns 4 DMU (0=1,...,N) 1y ol
o dny Olga> a8 )l o9 g pluebl pl g 85 8 ) (Vo) (s Jae plgiee (Vo) (bt Jao > s>
CrSHS 4 b a8 wles o 0yl o el Sl e (V0) Jse dewg 4 DMU, (0=1,...,n) (¢l ool cowd
3Lie 55 411y (W) 5 (V) Ch3m gl b s s S gl e b 1 bl s & 1) i

Do bt Jio 4y Jas lidas &b ae
WS Ly pls ol ol e (dm 9d ploxl Jaiue ©)go 4 Slg3 o 4K 3 2l oL, cunl S5 LB
Ay JS oL 4 el Sl Sk doloee b s 9 3905 dnsle (VW) 9 (VF) (V)) Blaal b sla Jse (55



Yo \b)w‘\‘“b)sac\i" (RO S g1 0

el e o 2 D) ansbre (gl 1 j adelsly (2l 51 sl (b)) & sl (S 2Ll g5 0l Lo
oS @S el an o 93909 )| (250 P 2 (295 (e SlplS > 350 dB)S a5 3PS 4y
ol 1l o8 T (298 09 slaasls gen (195 perSle «Ban I8 S 1o gl (9399 4 (295 S
Do peurins ol 005 (63959 4 ol &S 515 59 slb el mes &S Cawl pl Bus axy pB > &S sl Jb
Sl Synie 9,505y S 5 S @ IaSd shodly by Jlod e 3 Lol 38155 (SSie il ) sl
&b dbml 6l bpls (058 3,509, 51 (V2 A) Sy 9 SIS D905 plgis a Adl e e Bun 2B L 2L 2L5))
Sl 1y e 3,505y Y ++9) 95 5 I S8 p 0y 000 I 2 9 Bl oDlS e 5 2 Jao aa
sobaio d (Jace )l (gl dBangd 3,509) o SV ND) gy 5 ogSUs)S g i8S IS 4 ) 0l
(VoVF) rapigm 5 995 B9)S cmsigmmmd Opiomad 3 oy (86 93 (saSud S (25 5 el (LS dsusls
Laodls gy il 5 IS alylS 5 WaplS o) bl polite & dais e il sl 1y Tdonsds St 5,505,

)5 )8 4

Jie S0l ] oo 29 o L] (glaSid QLS (bl gl e (Jie il o Cllas 4 25 b ol pls

il pj Oygo & (b Gyl adaasiy

Max (X5 W, Z o+ 35Uy 5o —Eg (X X o + 2047 bo) (YA) dlay
Max (Z§W ,Z 1o —Eo* (XhaW ,Z o + X1V Xy + X573,Y ) (V4) b,
Max (ZFLUY 1o —E (Z8aW (Z o + ZhiV o X o + Zea Y o) (v+) abasl,
st:

(Chaw,Z, + 355U Y ) — (S X, +30amY, ) <0 j=12,..n (¥1) aba]
YW Zy —(ZhaW,Z + SV X + S0, ) <0 j=12,..,N (YY) aka]
YUYy — (EEa W, Zy + XV Xy + o 1y V) <O j=12,..,n (*Y) abal,
SpaW, + X0 U + 30V + 30 =1 (VF) alay]
oW, + S Wy + YV, + a7y =1 (¥0) alay,
Sralp + X W, + SV, + S 7 =1 (v5) e
v.>0 h=12..H, v>0 i=12.,I, v>0 I=12.,L (YY) akay,

u>0 r=12..,R, U >0 g=12..G, 7,20 b=12..,B
w>0 p=12..P, w20 q=12.,Q 720 b=12..B
n,>0  b'=12..B"

! Chen, Cook, Li & Zhu
2 \Weak-Link



ey g g B AL U 61aSul godldy wivigy Julod asly w5981 S &b "

s L el Je aluss &) i3 & 45 sl DMU, (el ¥ Y cloplS WL iy Eo° 5 EJ2 (B oS
xS els o sl Jloy sland (Y8) b (FF) lacodgie cpioman il o Cand 40 (W) 9 (VF) ())) Ban
At Jho iy jho (e Sl

Mojy ey Lomial 530,85 ddie ST Jae 4y b absadix sl by, (65,0 L plgie 1) Vb b dix o
weled o bas (YA) Gua mb b ddia O Jdo a1y Jdo 5 Cuwl oas a8 )3 )87 o

Max ﬂl(ZEﬂW pZ po +Z(9;=1ugY go Egl(Zim:lViX i0 +ZE:177bY bO) + (YA) el

Ao (B (Z o —E " (ZpaW ,Z o + iV X + 20 a73,Y ) +

A(ERuY - ESS(Z&Wquo + 20V o X o + oY o)

st

(ChaW,Z o+ 38U Y) — (EMviX, + T8y, ) <0 j=12,..n (¥) aka,
YW Zy — (ZhaW,Z s + SV X + a7,V ) <O ji=12,...n (F+) alay,
SraUY, = (CEaW,Zy + ShL VX + e 1y Yy ) <O j=12,...n (FY) dlay
oW, + 20Uy + 2V + Y =1 (FY) alal,
W, + Wy + iV, + 7y =1 (FY) alal,
Sl + X W, + XV + Xy =1 (FF) alal,
v, 20 h=12..,H, v, 20 i=12,..,1, v,20 1=12,..L (Y0) akal,

0,20  r=12..R, u >0 g=12..6, 7,20 b=12..B

w20 p=12..P, w20 q=12..Q 7,20 D=12..B

7,20  b'=12,.B"

9 V5B oo S 0155 el Lawogs oS Al o pgus b Jgl SBlanl (el il slo gy Ay 5 Ay oAy o 5 &S
Sl Vbl bl &o>

ol 2l A1 =12,3) Cps b pizmen oglion Comd 211 lapls 1)1 (FA) Bam b b Jae S b

) 4 pi5e ol 3 0dd ol e 4 a2 g b 2gd dnlore xexd g0 4 |y 4 L e o] gex

w2l 25 Syge (V) JSB )3 0dd (Byme s1aSid o) Al (gl oo yoSl

1)) i ys!
cod & EpY 5 Ef @ Byt plie (W) 5 (VF) (M) Gan gy b sl e bt sl s oS0 L -
e

G Hlor g S S ) oS el dowy 4 Ay g A A s b (FA) Gue g L Jae Y

iyl cwd & L (Vi V0V W Wy 77 Ug LU )



Vv \b)w‘\‘“b)sac\i" (RO S g1 0

D95 00 dle j Sygo & DMU S L) el (B) JS oL 5 pls lls

E&,*:z“ o Z,, +Z (¥5) dal,
PIATRY +Zb:1'7b ij
N ZQ_lwq Z, (FY) akal,
Y WX+ D Y
£ _ zr Yy (FA) bl
z_l w,'Z,, +Zh Y, th+z 7 Yoy
Z oWy Zy, +z Uy g’+/12 Z_l 'z . (¥4) oy,
Z X +Zb 1"l YbJ zp =1P Z, +Z| Vi XIJ +Zb Ty YbJ
i Z LU Y,

22:1 Wq*ij + Z het Vh X hj + ZE":l ﬂb"*Yb”j

By polin 5 29n 48,5 IS 4 (W) 5 (0F) 1) i gl L (sl Jane s )3 ) canss o250l ol 50
Cons 4503 JS oS s bals LS (YA) Gum b b as Jae o b e o5 5 ] e cans 4y BpY 5 B
L LS )80l S5 gy ol gdioe 48,8 ) 4y ool oy (oS (sla e 5l sz g e Casd & (o)

b g badl by

Syl Jae 00y)S 4 s opl 5l Gan ety (elaSids gboodly iy Judod Jae SO Sl 4 L8 s o
g asllas 3590 ol G Canino s 53 (S S 38 s ERgR () 3 3l (o Ol B ot 53 003
ol o a Jold odzmn g gy b o (Sl )38 i S (IS 03 50 305 (0 58 (o)
SLacS ys 3t & 429 b gl ol 5o ol (51 g8 slapions 5 JUiS] by 0508 g5 (slaolSy
ol 0l 4185 L5 13 045y el gladsly Glyisd G @iy 5 JUl g Al pls Sy cgladlaie 5y
9 2L g9y ladsly g aulyd 0 &S i mje7 9 JWSl g Alaw bun] 8 b et daasly opl 1 S
gladlate 5 oS )b ol by 35)l 518 (gjlse (3Bl b 3 g S S (50 @i Al b )

By sl )b 5l a)le g odd (s 0 S el sladsly Glgieds 5 @598 g JUSl Wy ABedls Sy

1 Electric Power System
2 Generating Station

3 Transmission lines

4 Distribution Systems



ey g g B AL U 61aSul godldy wivigy Julod asly w5981 S &b A

(o)l oy il 5 b (liaw (] lioj il B ol r8 Bl ladel (@l i gladlais
D55 OB 3o c0lbile (AS (oS

L ikgh opl 5o qemles bl ool g 00> (lais a4y pustio diwd S b 08 5 paoual sladsly s 5l an

5 oy Ol oz 3 3 S 23 2L (b)) (kS Slalllae 5 0al 4S5 4 gl e Sl s S0

g Loodld ¢(§p Canio )| lolids )5 g Cpmanaskio ks (¢35 )10 g 30850 (gla ko oguas 3 laodls (g)9ls,3

ol 036l ¥ Jgd 50 SS& @ by (adls ol ol o Ol Gy w9 JES! e il yd clvosbis

N9 g sodli ¢ Sle sbdojlail cassly -F Jgus

L woslin o sosliw ke slaojlul Lol
. - ¥ R R . ) g S s s ..

ot 9 (ls) oo YUy Son g (aai) AYAF () Sen 5 ruiid) (Vo Ve ponas 9 (LS VYAF ), S _L_l 3
(¥+10 (Y- VB psaged 5 s (Y VD psaged 5 s (WS () Kad g ) L3I e |7
5 ) 5 s 9 k) (bS5 9 s95e) JUl (sl cod)l ol
PRPACSEAL L VR FILONY - 9532V V0 yropes G Jsl bolad Job (VAV () San JLMI

FARAT WS (Veelg (WA ) Se g ygisew)
e e 5 woleg)) oS 55 5 oolegs) ygileysindl g cad s |
) 51 lals . TR sl
(005, b Sl (Ve ) San - 5 s Hlid aSud Job Ve oA e
SlPod DQL"}"*‘“)F (Y100 psotd 5 ohls) Lo (<324

LS Sly s g wgs laosbiw ( Slie (slaojlul F Jgan b ollas aodly cleMbl (6y915,5 51 o
dmle Jd (S ) 0ud )l (1) sl (60550 L i (190 Al s syl g 0455 el sl
Jaie w bl sl ppaw 03l S & pB aw ja LIS (IS S s ealed e aSO) s 4 bl g ol s
#5d Jll ey ) b s i) el sl Je oo )Iﬁ% Ayl () Jre A (1=12,3)

ol ool & Jgdo )3 S LIS 0505 g laplS L) 0 pe5 i al VY
Lol il (o LT (IS o 1 5 65 aws j2 0 () 9 s ol colied (2195 @ Jgar 4 @25 L

ool b 0y 9 (Bjerm (ply Ml oo (S hBL i )3 9 Slodg L o5 Sy 53 Sl 150> (g

SlygbeS o aalge (29,5 bl (59, Geme Sloj 090 S b )0 45 o595 S Gy slralge sodg 655 ez )
D98 sn (&S ol cele Bl b el

e Saelos Dlgle b Ceels SlgelsS iz r g (ere 0590 S 40 aolSg s (SIS Bran slete 03asb 32 55 08 Y
D s

g g0 byl o] Slaseio gl (59) 2 owijle A5 (Gom 5l 4T Wge o ik ol ¥

lomad Joome gl )l g baome slos gzron ead Jome Ll Sl b oSy s b 50 Wge 51wy BB olgs (i
el b0 s

Bblos b fiSlao g dlugny mh plemms @ alnly Glojen Jb 2STas ol (55UsS 3blie )b 2Slas ggemme 5l cdjle O
i Sloj )50 S o Time




14 \b)w‘\‘“b)sac\i" (RO S g1 0

b LS A Sy 5 dnl sl 5San LG ol sl 4 sl ol dngs LB S5 0L so (5SS 0y
Yool d)LS a5 a2 > sl ¥ oolaws oLl ol o sales ST ST 0 ) Sos sleplS 0 oLL s a4 Ll
il oo HSU pB aw ja 0 4l Yol o LS pl5 G p0 ds b & slaws )8 o5 40 )0 sl

9 Ol 4l AJG A ld 50 5 0 anl Jlaml il ) sl 5 Gl 406 @i 113
JUaslald )5 LS oje o2y ady gy (laasl § Gl 400 5l e )0 1) DS (508 i sl
azsliy dges Gyt an Cul bl L 5 0xSle S (L 000 (rizmed sl 1505 A518 93 ) a8
) S 003 il W5 5 ais wul 99 50 095 485 Jai ) oyl b 50 sl o g 42U
o=l His Sl 45 4ol ol (S LS sl VL Ao Ve Sl Jlasl ald s bl ese sz g 3,
ol a3al o5 IS S oga (Y) S5 53 ol o 3 50y 2l ) 501 08l o L]

Joe godls -€ Jean

Jsb g
[ A U 5k « pae | A
[Hh 55 s . Lals ) Co et & CS g
sy | ek | s s o 7 My ,
< A e il X = [T M N BNV S P S R T B B O e
SP I A )9&1 - 351 | s I e | b | S >y
ok : leygile | b Just || M
st lm| ® w| | ¢ el || Mg | MM ) ¢
M | ol gy | B |y oy [ Mg | W W W) M RIM
W) | (v ) W) fn) (K |7, ) Wh | (Wh
w) Km v | (
()
(
IA b,
MY | Ay o | vy IA e | Y | LY /¥ INY Iy
WWea SN |ORY | by
Vo~ Yo oYen ¢ FAAD | YEYA | WA | YA | N | 0FF | WNAA | WAY | YASS | YV
U
Y
Yo | IAY | IVA £ loa /5 | MY Iy | Y A\ ¥ I15¥ oy o]
\ooF e | vl
VAY Y | YvoA v TYEY | FVSY | WY | YSea | \SY | AFY | \SoF | VSaF | YASY | ¥YYY o
)
VA | A 15N AN A Y /o0 s | [+¥ /¥ /¥ 15¥ Ny 3L
DAty ey vy
WYY Yo overy ¢ TVAY [ VWA | WY | FNE | VAR | SES [ VeV | NeYD [ YYAR [ Vam »
Ny I
IXY | JAY | A I3 Y| ey ey | ey I 2y £ IA %
ysay \YYE VOA | ¥lo-
O A | A \ Yo v YSE | Yaa- | YYS | say | FSSY | FROR | AAYD | AVAS o
vy
Ifs | I8y | IAY ¥y Iy lhtd AN I\ A ¢ IRV AV N I /RN /¥ /1-¥ JE8
ARLE VRV I 1
YAA o | M s FANO | SASY | YeN | Fee¥ | AR | SAY | YAYA | YAYY | SoNF | SN ol
A o
[« | fov | JA¥ v ag | Ivo AR AT A\ ey I¥¥ A o>
YAYA wvay NN v/as
£AD Yol oase. . £EAA . M [ Yo | YA | AYY | Y | YO | SW | AW ol
N
/R A A B N at ay AT VAN G A o B A A Ak An} /¥ /1-¥ A Ly bs;
N4 Y | yvay YEEA | FEYS | VFA | YWY | ASY | AFS | YAS | VAS | QaF | aay o
A} AV 1£Y A A5 AL Ats Iy A l\id Iv¥ Ass 15N (Z3N AR 1.5 Liows
£y . AANZ- T I 75 IR RV U N V20 N S S A R v S RN - AL O o B & SO AR & S B P W B DL . O
AN N I A [0 I¥ e | AY | A Iy A7 LY Iy A S ERYA AW R VAR




et 9 O (LSS b 1S (sl (pidgy JoS 4l 2 ok )oNI S5 25k v
\FY \ Yyyy yyay FAYY YAVY A\\rd Y00 W ARLY ary ay. YV YiVy Ol
4 4 9
Fob
ol
Iy /¥
e | Av | s /0 v IAY N /A 15 N IA N
yy.y wa /¥ Y/o0 [y
¥v. 5 YYaA ¢ VIAARY HIVY Yy Fvay YV N Yoy, Yoy a4 yara
N AT N gy Iv¥ [\ IA
153 /A~ /b /¥ Y i 4 AYS Bt
YYob ovea \ans Vo 5y WY AREA) VY- \7An% YIvY
\ard \4 VY VY oy SYY DA+ DAY o
A \4 [ \ Y
/oY /¥0 ALY
100 A+ AN 15y /Y- A% vy AR /A AN Y La,f
£5F0 \YYS \Fe V| visy
Al A IR I AT I o B A I A AL RO e O
N IA$
/AN /AN /AN AA A /Ay /¥y /¥ /0¥ A A /A pYRs
Yast 1) VXY | FAY
FiY 4 £yaY ¢ VoYEY ADYY YAO Y&y Y. " [\ RS [AREEN Q.vY A¥YD O
/AN /5% Al /-0 A /00 /AA /a5
/A lARs /-0 AYd 1A /Ay Silo
\Vail yyva ARARY YYYo AREA YVY¥ ATAIANS VFYY y/ay A7
¥ YEAY YA+ vy SYVY £Y-q Q‘ J)
\ vy Y A A ¥ ¥
a8 /¥Q I Ko | Iy | dea | e8| 18
13 loy a¥ llal [«a | Y¥VO Joyb
\ay YVYo-. ARARY YYYA Yo YAQY WY Y¥Y Y/Y-. \Y/YA
\Yd YAy sy AYYQ AYYY PO \4 Qlf
A ay Q 4 ¥
/AX /¥ /A 15N AR Ald /oY /A /-0 g
/A At yaas Yoo
\tal ¥iay yvya \AS yaay Vay YAY ARELY ¥ias yaay \751 \V/va S5
vy NI 2d a
A i £ A A A o A ¥
e Cun 5 Woai¥T 2 WS (8,8 Ja5 p b ol )l5 Olyei -0 Joua
Ul | g sl s U1 suly3 ) &35 Sl 21y G S b
<INV 3 - IAYY - Ivay obubydl
-[avy ) -vsa \ Slago!
<IAY </avy vy \ F3b
\ \ ) ) RS
\ \ ) \ Sl
) \ \ \ Oliwjs>
) \ \ ) obs;
JaAA \ -[aa¥ \ Slioww
< /AYA <IAMA -[a0Y - IVEy Ol gl g b
<IAVO \ [5AY < IVO0 oy
</am \ <JAVY ) o)l
-[asy \ < IMS \ ok
<JAVY <JABA NG \ oS
</ayy \ <JAVY <JA¥ ohs;b
<AV <IAVY <AV NL%2) OB ey
/MY NN < Ivvs \ Si




Yy \b)w‘\‘“b)sadi" (RO S g1 0

GG s ] Jsis

1.2

1

W—\———/_‘_‘_‘_\*\ 0.8

0.6

0.4

0.2

0
R - SN NN O O B
'SAEERECES R
2D a o] ]

G SV ply IS 21,50 U

3 JWasl ol 3 s o les LS el .cunl JUisl 4T,5 4 baye slsi 5l ool slass oSG e sl o

Ll o.xo] (\“) wa:

JULH [kl [] IS

1.5
W—o—o—o—\’/ 1

0.5

0
S SR A SR SIS G ¢
59)" VAR ﬁy’f ¥ 4 Y 3;”

éﬁ&@\T@‘QJ@I&I;ﬁ@I)K:YM
S5 AR g SR>

5 ol GRlidl (i (sl S 5, Shos 2500 <5581 o900 LRIl 9 (551 Bpae siludige j Sun
SiPl ppddpe cou (b cueal sl (GGl 49y 0 Brae g Mg | (LU (atelunj 0 pe ST als
alllae oyl > uls dalgd oS iy 9 055 )3 2l 4 b clio 1 (5551 Bpae VLt 4 2295 |
Ol G (25 48 (Al 1Bl 4 g L & cunl oad )] glass laosly (piidgy Lilos by (65l
§ JSitte ol Sa (glaSid sl 08,5y 15 5 Ly o )] b)) Jae cdly Lol (ol & ol )l
5 Slee b g 0o sbodlin (Sl slaojlul oljle 5 (Lol (slaodls glgil riomen 5 @295 9 JUil s slaan,3

Sl oads bl slayadls fimen 00 )S (il Jde ddsarin (s yaebp b g o) S K b ol



ey g g B AL U 61aSul godldy wivigy Julod asly w5981 S &b Yy

ol olyag 4l jlas Masy sl VP bl o bl yo oy Lg}’)j‘ Bpas b2l b obj)l
o 5 60b aBLs S 55 IS 50 g L @5 5 Jml adgs sl )b as je )3 aSul s 4 ol 5 Gl
ol sl JUaslasyl b an byojo (a6 qie oyt b b9y (2l lp @D (ks il )
b jadls ohg 4 sl 4Ll ofg dogh @e Mol B 4 3¢5 3,Slas 390 yolaie 4 alise | Slg 395 o Aoy
Cod b gt b (2l cnl Bge plgie 95 iy o] SML 5 15,5 )8 dr g 500 1L P al )3 ()l
iy Y1y 253 2l 5 3)Ses wilgs oo 395 (551 S L 5 (LS (655l e daygile gl 5
u.;l).,L.u ol Cupalad pic L;‘)Ib u—*élﬁ dLmo)l.) )/i.’.é ko 09> u;l 20 d9>g0 dl_a:obl.) 4! 4y a>g L
sl lrosly aidgy Juloo Jae &l 4y eSOl L ol os Jleisl 5 66 sl b 4 ]y oo s e o

&bw

O])'.‘.I Br &I dLmQS)d u.;.l)lf O c(\\”&\) L ‘Qg)-@(" 9 [‘,Jélf ‘6)9@. f u»L.c « & )bas Oy ¢u_§>Lo WdaSto ¢yt
FAVY O (ool Clidog dloeo ( glal> 093 3,509, o modly ibe Julow I olitul b o p S5e Jelos

MANOY (B o imio Co o jlUfpuis dgpuii (g Carino (LS b)) 53 050 oo g o g3

Lf“""‘"?" J.J?u p\ﬁl.db) (.)‘)"‘ df Caxiuo u.]aom S ) u.sl)lf U.woo duw u;l.»))‘ (\\NQV) FL'QH ‘oblj ;_a.>u ‘ul.u.u )90
FW=NDY (V)Y . golatd] clidze dloeo (51450 (sl 03l

e ) (9 BBy o (l)BS (meg (Bn @iy 9 JUB! bslat Cuny Slies (ITAY) LS (obl (51
Ol gy e g Fomels

dloy @wlun Wy S S Gilo die 5 arme Caj —65)551 woolail —g5,551 Jibos (WWAY) (o250 o)k
S ol Kily L wdige 5 (S 0aSI (6,50

References

Azadeh, A., Motevali Haghighi, S., Zarrin, M., Khaeif, S. (2015). Performance evaluation ofl]
Iranian electricity distribution units by using stochastic data envelopment analysis,
Electrical Power and Energy Systems, 73, 919-931.

Barros, J. (2013). Performance measurement of thermoelectric generating plants with
undesirable outputs and random parameters, Electrical Power and Energy Systems, 46,
228-233.


http://jamlu.liau.ac.ir/article-1-1169-fa.pdf
http://jamlu.liau.ac.ir/article-1-1169-fa.pdf
https://elmnet.ir/vslg?url=https%3A%2F%2Fganj.irandoc.ac.ir%2F%2F%23%2Fsearch%3Fkeywords%3D%D8%AA%D8%AD%D9%84%DB%8C%D9%84%20%D8%A7%DA%AF%D8%B2%D8%B1%DA%98%DB%8C-%20%D8%A7%D9%82%D8%AA%D8%B5%D8%A7%D8%AF%DB%8C%D8%8C%20%D8%A7%DA%AF%D8%B2%D8%B1%DA%98%DB%8C-%20%D8%B2%DB%8C%D8%B3%D8%AA%20%D9%85%D8%AD%DB%8C%D8%B7%DB%8C%20%D9%88%20%D8%A8%D9%87%DB%8C%D9%86%D9%87%20%D8%B3%D8%A7%D8%B2%DB%8C%20%DB%8C%DA%A9%20%D8%B3%DB%8C%DA%A9%D9%84%20%D8%AA%D9%88%D9%84%DB%8C%D8%AF%20%DA%86%D9%86%D8%AF%DA%AF%D8%A7%D9%86%D9%87%26basicscope%3D1&type=0&id=10845126

Y \b)wc\‘“b)sac\i"‘w%ﬁ-\ﬁ

Beasley, J. (1995). Determining teaching and research efifciencies, Journal of the Operational
Research Society, 46(4), 4411452.

Charnes, A., Cooper, W.W., Golany, B., Halek, R., Klopp, G., Schmitz, E., et al. (1986). Two-
phase data envelopment analysis approaches to policy evaluation and management of
army recruiting activities: Tradeoffs between joint services and army advertising.
Research Report CCS 532, Center for Cybernetic Studies, University of Texas-Austin,
Austin, TX.

Chen, C.C. (2017). Measuring departmental and overall regional performance: applying the
multi-activity DEA model to Taiwan's cities/ counties, Omega, 67, 60-80.

Chen, J., Song, M., Xu, L. (2015). Evaluation of environmental efficiency in China using data
envelopment analysis. Ecological Indicators, 25(1), 577-583.

Chen, P.C., Chang, C.C., Yu, M.M., Hsu, S. H. (2012). Performance measurement for
incineration plants using multi-activity network data envelopment analysis: The case of
Taiwan, Journal of Environmental Management, 93(1), 95-103.

Chen, Y., Zhu, J. (2004). Measuring information technology's indirect impact on ifrm[J
performance, Information Technology and Management, 5(1), 9-22.

Chen Y, Cook, W. D., Li, N., Zhu, J. (2009). Additive efifciency decomposition in tw[}stage
DEA", European Journal of Operational Research, 196(3), 1170-6.

Cook, W.D., Zhu, J., Bi, G., Yang, F. (2010). Network DEA: additive efficiency decomposition.
European Journal of Operational Research, 207, 1122-1129

Cook, W. D., Du, J., Zhu, J. (2017). Units invariant DEA when weight restrictions are present:
ecological performance of US electricity industry, Annual Operation Research, 225(1-2):
323-346.

Despotis, D.K., Koronakos, G., Sotiros, S. (2015). A multi-objective programming approach to
network DEA with an application to the assessment of the academic research activity.
Procedia Computer Science, 55, 370-379.

Despotis, D.K., Koronakos, G., Sotiros, D. (2016). The “weak-link” approach to network DEA
for two-stage processes. European Journal of Operational Research, 254(2), 481-492.

Fare, R., Grosskopf, S. (2000). Network DEA. Socio-Economic Planning Sciences, 34, 35-49.

Fare, R., Whittaker, G., (1995). An intermediate input model of dairy production using complex
survey data, Journal of Agricultural Economics, 46, 201-213.

Filippini, M., Hrovatinc, N., Zoric, J. (2004). Efficiency and regulation of the Slovenian
electricity distribution companies. Energy Policy, 32: 335-445.

Fukuyama, H., Weber W.L. (2010). A slacks-based inefifciency measure for a tw( -stage System
with bad outputs, Omega, 38(5), 398409.

Gouveia, M.C., Dias, L.C., Antunes, C.H., Boucinha, J., Inacio, C.F. (2015). Benchmarking of
maintenance and outage repair in an electricity distribution company using the value-
Based DEA method, Omega, 53, 104-114.


https://www.sciencedirect.com/science/article/abs/pii/S1470160X14002106#!
https://www.sciencedirect.com/science/article/abs/pii/S1470160X14002106#!
https://www.sciencedirect.com/science/article/abs/pii/S1470160X14002106#!
https://www.sciencedirect.com/science/journal/1470160X
http://www.sciencedirect.com/science/journal/03014797
http://link.springer.com/journal/10799
http://www.sciencedirect.com/science/journal/03772217
http://www.sciencedirect.com/science/journal/03050483
http://www.sciencedirect.com/science/journal/03050483/53/supp/C

ey g g B AL U 61aSul godldy wivigy Julod asly w5981 S &b A3

Goto M., Tsutsui M. (2008). Technical efficiency and impacts of deregulation: An analysis of
three functions in US. electric power utilities during the period from 1992 through 2000.
Energy Economics, 30, 15-38.

Hailu, A., Veeman, TS. (2001). Alternative methods for environmentally adjusted productivity
analysis, Agricultural Economics, 25(2-3), 211-218.

Hattori, T., Jamash, T., Pollitt, G.M. (2003). A comparison of UK and Japanese electricity
distribution performance 1985-1998: lessons for incentive regulation. CMI Working
Paper 03.

Hess B., Cullmann A. (2007). Efficiency analysis of East and West German electricity
distribution companies e Do the ‘“Ossis’’ really beat the ‘“Wessis’’? Utilities Policy, 15,
206-14.

Kao, C. (2016). Efficiency decomposition and aggregation in network data envelopment
analysis. European Journal of Operational Research, 255, 778-786.

Kao, C. (2019). Inefficiency identification for closed series production systems. European
Journal of Operational Research, 275, 599-607.

Kao, C., Hwang, S.N. (2008). Efifcien[y decomposition in two-stage data envelopment
analysis: An application to non-life insurance companies in Taiwan. European Journal of
Operational Research, 185(1), 418(429.

Khalili- Damghani, K., Shahmir, S. (2015). Uncertain network data envelopment analysis with
undesirable outputs to evaluate the efficiency of electricity power production and
distribution processes, Computers & Industrial Engineering, (88), 131-150

Khodabakhshi, M. (2010). An output oriented super-efficiency measure in stochastic data
envelopment analysis: Considering Iranian electricity distribution companies. Computers
& Industrial Engineering, 58, 663-71.

Khoveyni, M., Fukuyama, H., Eslami, R., Yang, G.L. (2019). Variations effect of intermediate
products on the second stage in two-stage processes. Omega, 85(1), 35-48.

Kordrostami, S., Amirteimoori, A. (2005). Un-desirable factors in multi-component
performance measurement, Applied Mathematics and Computation. 171(2), 721-729.

Kuosmanen, T. (2012). Stochastic semi-nonparametric frontier estimation of electricity
distribution networks: Application of the StoNED method in the Finnish regulatory
model. Energy Economics, 34, 2189-99.

Kuosmanen, T., Poidinovski, V. (2009). Weak disposability in nonparametric productivity
analysis with undesirable outputs: Reply to Féare and Grosskopf, American Journal of
Agricultural Economics, 91(2), 539-545.

Lee, C., Y., (2015). Distinguishing Operational Performance in Power Production: A New
Measure of Effectiveness by DEA, IEEE Transactions on Power Systems, 30(6), 3160-
3167.

Lei, A., Xinyi, L., Mianbin, W., Jinchao, L. (2019). Research on power grid effective assets
input-output evaluation based on super-efficient DEA model. E3S Web of Conferences,
118, 01054.



Yo \b)w‘\‘“b)sac\i" (RO S g1 0

Liang, L, Cook, W.D, Zhu, J. (2008). DEA models for two-stage processes: game approach and
efifciency decomposition, Naval Res Logistics (NRL), 55(7), 643-653.

Lim, S., Zhu, J. (2019). Primal-dual correspondence and frontier projections in two-stage
network DEA models. Omega, 83, 236-248.

Lozano, S., Gutierrez, E., Moreno, P. (2013). Network DEA approach to airports performance
assessment considering undesirable outputs. Applied Mathematical Modelling, 37(4),
1665-1676.

Maghbouli, M., Amirteimoori, A., Kordrostami, S. (2014). Two-stage network structures with
undesirable outputs: a DEA based approach. Measurement, 48: 109-118.

Mamipour, S., Najafzadeh, B. (2018). Three-Stage Environmental Efficiency Evaluation of
Iran’s Power Industry: Network Data Envelopment Analysis Approach, Journal of
Economic Research, 53, 191-217. (In Persian).

Mehri-babadi, R., (2015), Power post equipment of transmission and distribution lines, Third
National Conference on New Approaches in computer in Electrical Engineering. Rudsar,
Iran. (In Persian).

Moeini, M., Karimi, B., Khorram, E. (2015). A Cross-Efficiency Approach for Evaluating
Decision Making Units in Presence of Undesirable Outputs. In: Le Thi, H., Pham Dinh,
T., Nguyen, N. (eds) Modelling, Computation and Optimization in Information Systems
and Management Sciences. Advances in Intelligent Systems and Computing, 360,
Springer, Cham.

Omrani, H., Gharizadeh Beiragh, R., Shaifei Kaleibari, S. (2015). Performance assessment of’’
Iranian electricity distribution companies by an integrated cooperative game data
envelopment analysis principal component analysis approach, Electrical Power and
Energy Systems, 64, 617-625.

Pe’rez-Reyes, R., Tovar, B. (2009). Measuring efficiency and productivity change (PTF) in the
Peruvian electricity distribution companies after reforms. Energy Policy, 37: 2249-61.

Peykani, P., Mohammadi, E., Emrouznejad, A. (2021). An adjustable fuzzy chance-constrained
network DEA approach with application to ranking investment firms. Expert Systems
with Applications, 166, 113938.

Piaoa, S.R., Lia, J., Ting, C.J. (2019). Assessing regional environmental efficiency in China
with distinguishing weak and strong disposability of undesirable outputs. Journal of
Cleaner Production, 227(1), 748-759.

Ramos-Real, F.j., Tovar, B., lootty, M., Almeida, E.F., Pinto, H.Q. (2009). The evolution and
main determinants of productivity in Brazilian electricity distribution 1998-2005: An
empirical analysis. Energy Economics, 31: 298-305.

Sadjadi, S.J., Omrani, H., Makui, A., Shahanaghi, K. (2011). An interactive robust data
envelopment analysis model for determining alternative targets in lranian electricity
distribution companies. Expert Systems with Applications, 38, 9830-39.

Seiford, L.M., Zhu, J. (2002). Modeling undesirable factors in efficiency evaluation, European
Journal of Operational Research, 142 (1), 16-20.


https://ideas.repec.org/s/eee/jomega.html
http://www.sciencedirect.com/science/journal/0307904X
https://en.civilica.com/papers/l-8126/
https://en.civilica.com/papers/l-8126/
https://www.sciencedirect.com/science/journal/09574174
https://www.sciencedirect.com/science/journal/09574174
https://www.sciencedirect.com/science/article/abs/pii/S0959652619312946#!
https://www.sciencedirect.com/science/article/abs/pii/S0959652619312946#!
https://www.sciencedirect.com/science/article/abs/pii/S0959652619312946#!
https://www.sciencedirect.com/science/journal/09596526
https://www.sciencedirect.com/science/journal/09596526
https://www.sciencedirect.com/science/journal/09596526/227/supp/C

ey g g B AL U 61aSul godldy wivigy Julod asly w5981 S &b 1

Seihani Parashkouh, F., Kordrostami, S., Amirteimoori, A., Ghane-Kanafi, A. (2020),
Modelling undesirable products in non-parametric performance analysis, Journal of
Modelling in Management.

Shafiei Nikabadi, M., Yakideh, K., Oveysi Omran, A. (2017). Presenting network data
envelopment analysis models by a combination of desired and undesired intermediate and
final outputs, Journal of Operational Research and Its Applications, 14(1), 95-116. (In
Persian).

Shafiei Nikabadi, M., Yakideh, K., Oveysi Omran, A. (2017). An Integrated Approach of DEA
with a variety of Outputs and windows analysis for evaluating efficiency of the power
industry. Journal of Industrial Management Perspective, 6(4), 157-180. (In Persian).

Shakouri G., H., Nabaee, M., Aliakbarisani, S. (2014). A quantitative discussion on the
assessment of power supply technologies: DEA (data envelopment analysis) and SAW
(simple additive weighting) as complementary methods for the “Grammar”, Energy, 64,
640-647.

Sokhanvar, S., Sadeghi, H., Assari, A., Yavari, K., Mehregan, N. (2012). Determinating the
efficiency of electricity distribution companies of Iran and factors affecting it by using
data envelopment analysis and two-stage approach. Economic Growth and Development
Research, 1, 145-185. (In Persian).

Sueyoshi, T., Goto, M. (2012a). Efficiency-based rank assessment for electric power industry:
A combined use of Data Envelopment Analysis (DEA) and DEA-Discriminant Analysis
(DA). Energy Economics, 34: 634-44.

Sueyoshi, T., Goto, M. (2012b). Data envelopment analysis for environmental assessment
Comparison between Public and Private Ownership in Petroleum Industry, European
Journal of Operational Research, 216(3), 668-678.

Sueyoshi, T., Goto, M. (2012c). Returns to scale and damages to scale under natural and
managerial disposability: Strategy, efficiency and competitiveness of petroleum firms,
Energy Economics, 34(3), 645-662.

Tone, K., Tsutsui, M. (2009). Network DEA: A slack-based measure approach, European
Journal of Operational Research, 197(1), 243-252.

Wang, K., Huang, W., Wu, J., Liu, Y.N. (2014). Efifciency measures of the Chinese commercial.
banking system using an additive two-stage DEA, Omega, 44, 5-20.

Yang, G.L., Fukuyama, H., Song, Y.Y. (2019). Estimating capacity utilization of Chinese
manufacturing industries, Socio-Economic Planning Sciences, 67(1), 94-110.

Yari, M., (2015), Exergy-economic, exergy-environmental analysis and optimization of a
multiple production cycle, PhD dissertation, Faculty of Technology and Engineering,
University of Guilan. (In Persian).

Yuzhi, Sh., Zhangna, (2012). Study of the Input-Output Overall Performance Evaluation of
Electricity Distribution Based on DEA Method. Energy Procedia, 16, 1517-25.

Zhou, Z., Sun, L., Yang, W., Liu, W., Ma, C. (2013). A bargaining game model for efifciencyl’
decomposition in the centralized model of two-stage systems. Computers & Industrial
Engineering, 64(1), 103-108.


https://www.emerald.com/insight/search?q=Fateme%20Seihani%20Parashkouh
https://www.emerald.com/insight/search?q=Sohrab%20Kordrostami
https://www.emerald.com/insight/search?q=Alireza%20Amirteimoori
https://www.emerald.com/insight/search?q=Armin%20Ghane-Kanafi
https://www.emerald.com/insight/publication/issn/1746-5664
https://www.emerald.com/insight/publication/issn/1746-5664
http://www.sciencedirect.com/science/journal/03772217
http://www.sciencedirect.com/science/journal/03772217
https://www.sciencedirect.com/science/article/abs/pii/S0038012117303142#!
https://www.sciencedirect.com/science/article/abs/pii/S0038012117303142#!
https://www.sciencedirect.com/science/article/abs/pii/S0038012117303142#!
https://www.sciencedirect.com/science/journal/00380121
https://www.sciencedirect.com/science/journal/00380121/67/supp/C
https://en.civilica.com/papers/l-8126/
http://www.sciencedirect.com/science/journal/03608352
http://www.sciencedirect.com/science/journal/03608352

	7721 e.pdf
	7721 fff.pdf

