VAR Slgs / Jgl o slac/ ans Jlu

< sal=isl anlibimgy

—_
—_

50903 il Sl il b )
S 10l 5,9 &Y guans
Sl 289 g2y Qlicl s

290431 sl

M,,_,/)W/M M){c AVIYIVY L?”J""\": C‘.’.)L’
AAAAL L SR Y W

ol Sl aelp p5 A o gl ¢ Sl o Gl ) pU Calie 0 g9 Sl

Le."gjw 3 Sl 9 u‘.«m\.:.:.o séb\.u G\AM}S lal G"ah.w R LG d9)° )Lwi.g ladks

Ol i s e oKl (53,508 DLl bl el S 1S o doguane
E.mail: tanha8051@yahoo.com

S rb a5 (535518 ke oS00 sl to3l3dles it 55
E. mail: abdollahzadeh1@yahoo.com



Sbml o g0 S 1 3 ply Oy g ) 5w 165K W5 gl 51 ol 0 4 5 oned
03liwl b anfllan )il ol ‘5})3\.&{”&;’:{): ‘_;”a)ggéa.u Bl 31 ol ab>e J;ts s\
2545 Slglal 5590 Ay gy 4 P e 3,005 b g el Sle 5350 4 p2FL )
AIF AR e OB T ) ool b OT el L) o Jpae A5 0
Sl 93 331 8z 0 Ol gis & Sl S B1y1 5 oy 0,93 93 53 ) IS Y e
3 Sl 33 5 i Sy (ABly wr e S 1)) O o 3,50 5, ) o3l b 086
Sl o Slala=de b8 gl 35y Kby Lin g5 aBl Cuol 0355 yoni b6 3550
Sl 1y k! 51 S a a5 ol OT Gyl 5 Jolse IS g0 sy Ll 51 a8
28 kg mle @ a5 b iz p bl (S s ) a8 (KK
3 eilazils Al dnn 55 Sl & Cumd by (2 )13 55 5 a5 3 65 oy st
b e DUl 4551 clgy 21l 3y &0 42 5 e <03 5 s 555 53 ol p3Y 00!

250 )5 gl mlaw )3 65 sliS Sl frily 5 3k

:Lﬁbj‘_g .\.;JS

el (el Sl (5550 G2 (Sl sl 2l AU (s500LEST oo 00
FGNZ ;= FDH Ju (DEA) beosls iy

VWAL Slgs [ J g oslak [ aas Jlus

)]

(5al=isl anlihmg

—_
<
-



VAR Slgs / Jgl o slac/ ans Jlu

< sal=isl anlibimgy

-

doddo

S p e g Sales 5y asly pilas nng VL ol 4 oliws

Sy alS arwg gp,aelp Blaal 51 SO cwl bl g baiulgs 5l s
3 ot (h¥s 4 oS el baypiS 90 o ladlate ( SEgs plai (bl osllasl
st ol 03,5 Jise | axgi (53240l dig) g 0ad sl Ll (SuBL dnwg peane
Cobd wieils cJane nl 5l ple) jshiie 4 @80 sy 5 o Kl ol
baolie )0 G 5o Cusdye alulid 5 anwgs lo SOe Llad 1 3blis S92 50 Sy
Slelol sl 5 Lol 3, Sinsadin 3 Al el sEydpn cal ol RS,
UISal b elio sblie (glnwgs Slanl ( 5ld iz b b o5 o wgmne (sliilaie
P 00 g e Skl 5 DU Sl (180 0 rizren 09d e leidgaze
e lan A STy 4 25 b il 8 Sl 55 o Sl il
Sblie dnwgs (3000 g Clid) lapladl (pl 4zl 0 pdy &jg0 LIS g e (S43sS
30 Gladlais drwgs g ady a5 Cosl p3Y 0,50, ol Baus 3l og wales cllac b ol en
el 5 sl 2 45 ol 3 5 ety Gl S o S 1528 5 ailite o oS ol
Slosl tFle coolamdl slells Lul, radys ogd Gigie wb il ails o
ol lents (Byae glailaie anwgt 5 Sl 1 ol 5 2l Slaslie g laslys
9 ol @l parass ¢lp aladas lolid cuz 0 N p L dihaie SG anng
Qrgh Sy CS 5 5 0008 adgi 5l sl bl nl bl 4 az g b g DU
& Sl j9iS oy SUlE 5 e Sl 5l (S 650laS Bl crl e el ok
Sledlad olad o Slas )y 0> snges 4y H5i5 ola Coal (gl 85 o ) Lol ik
N7 n slong Soeal 51 LI G sl 5 Ly, Aol jshaie 4 (55)0leS
Sy ($5iS (SBL anwgi S I (o Fled fin Al (FopS cul

'. Honjo, (1981).
2, Lankhmanan, (1981).



) e mile a5 - oLl g J5uS slads, 5l 1o ys5 g ates s Bbolie 4S5 5k 05l oo
Nigdgo (AL 5 ablanagi —ogd g0 SUGl 5 alie

AR Sleasls Ll sl SSLS Guir 5SU ggose Cueal o8 ple
Sl 50 9 Sl @850 O a0 glabhin oLl Gl ST wlal  (65,5LAS Ansgs
5 SgaS Sledled 900 od; ldhie Gl plpl amlie @lp (el sl
A o 5o Jane (ol o (sl el oot plonil 1zl LB 5 aBly (66501 G &l o gazy
5 otboliss SIS (55,5La8 (5900 23, sleasls 5 Sy o bl bl Wb sl
Doz Sagoske ) SR Glr Bl e S (B b e sl e
5 Wil sl ar e bolron Gblie (ol (lulids (6l pol> (aghy )0 (O Calpl 0 pdy
@ Pk (g oole Sledy) wlol 2 (65,9lS (590 2 2By Gliee Bl 5l gany ail
bl ool b s o anlllae cpl ol b sl gos 35 co ogmeins (sl 5L oy
slp sl abn (b 4 gadg slaosles 5l plas o slp oINSy 385 (Brme 5 1S
)5 pladlonds (yme )5 adlaie o 4y LT gl 5 1L 3bolie (5550 42 052

s plosil lallao (5956
Tadls S lawg gladlaie sladl s s 'DEA iS5 s,)8 sl
S S e s LS byl sskie 4 |, DEA gy 2yl slxl (VAAS)
LG bl ,l8, o5l sl ol plsie 4 DEA @bs 0,57 oSl 5l (raizen
5,Sbhee &yllai g ess sl |, DEA (V2A2) T Som o 55,5» ols 45 ST 5,
Sro2ely 5 2l altane Ll aisls 18 coliul 850 oz slapgd 5| o255 aio
G Gg) oolgs aw 3l eolazwl b \cd.x,.if o Gloe bl i YA goladl o Slae

9 dgw giio (aAllBl Jpaze 15 esliw a5 (IS qlorw 5 15 S95 lo

'. Data Envelopment Analysis

2. Macmillan, (1986)

®. Charnes, Cooper, Rhodes (CCR), (1989).
* Key Cities

VWAL Slgs [ J g oslak [ aas Jlus

)]

(5al=isl anlihmg

—
<
—



VAR Slgs / Jgl o slac/ ans Jlu

< sal=isl anlibimgy

—
>4

Lol Gon asals )13 L ae 095 tagh ;0 CCR Jow (608,150 L (g8 00,5 Sl
L e 5 glie (lolids oz o Ljed 2L b)) s (e sl DEA o)
g ool o iy sly mbie @is 50 s Cal Skl Jlod rizes 5 Lo
Al ool sl ShlS s 0gou g duslae VAAY 5 VAAY ldls bl il cpl o
035b ¢ ¥ )5 (sg ol aslol 1) > sl gl smio o Slee Sb5,I(VAAY) \‘5.»5;5“
(29Y) "€yl 5 gigoniloy 3,8 (s o3l 5 | Ll canass S5 5 Lolde 4
Slearls sliw p o5 Gl axb Y S5 @ slesl 5.5 o5l o |, DEA 5,18
GSo3l sl 1, DEA (1230) "«cdginl 5 piasly isls slyriy el ailSais
g ladhie ol oo adal) g wopy I 6068k jo Gl 5 b gladhie S
ol o ly 28 SIS g i gl olaidl e whde ¢ gladhie Jaie 35 05
bl o 1 elad e DEA Jaw (V438) "€ uglgr suliliD 5,8 (s S350 3blis
30 0dd 00 IS slaoslys Lo IS Jlasl iulidl g gblie axwgs jalate 4y bg,l asolsl
Al 5 losliw 5 (65 5laS ooyl 605 5 G ojluil (Jlal ST Jolls Judos oyl
25 s Camex (JolS Jlisl ¢ olanl Odleams a8l l550] jils Slaws (A3l allsb
Jow ol sleslanl b as LU sblie wog 250> &5 g Ololay o Sy (Jlo YO
aobul 4 Lo ,Sles dgugs Hokaie 4y aib] T alblone o laiulow gl woas Hlobis
&l 1, DEA Joe (033Y) %€ s, 5 oslsnanblD ian aiods slgiis L)l
25 e S alor 23l b)) lp 1y Jae ol V234) T€oudsnlils
sy Jlo 3hlis 5 popad 6l i sl sl sledsia 5 LSl

. Sueyoshi, (1992).

. Hashimoto and Ishikawa, (1993).
. Bannistter and Stolp, (1995).

. Athanassopoulos, (1996).

. Karkazis, (1997).

. Thanassoulis, (1998).

Lo Y N e N



Gix o Blep; gl anie Ll o a5 1) bl Ll .ol 8 eolatul 590
53,8 lulid Widg 3390 (ogas sladle

Pl (55,0iS sloaxly 9050 Jelo B o ool Sl iz o olnl o
S5 el o Sagee Sl b s mle parass 21 » el Slalllae Gl Lel ons
S a5 el sl 65 e 4 Slallhe (ol (e ool 0352 35 ke s 5
s gladhaie sl plpb s o (B 508 a8l —asjls g0l caiiS g wls s
CensSalls Lol dslne (gl Waosls _itiey oo iS5 gline 5 a5 ol anlllas
Ladloe odss @b 2 (e Slededod plo )0 aline oaisS sgamme Blid 3 W30 el
e a b it uyd )0 w8 glacols (65,5laS Slallae jo el 4l 4y 4z g
loosls ool dnmgs o 5 slo,siS iy 65,lsS iy o e sleall, sz
SxS S bl Gl g eS8 sletul 8590 ladhaie Slp pl 2B Jolos sl Wls oo
S -0, 5l Ceand slaosls a4y aS - (5590 0 A,y (g S olail jo Waesls Lilg Judow
b pomie lalllas 986 Glal 50wl 1dS oS jshailen 35800 Cgmne odas Sy
b oeizren 5 48,50 S g sladlate slal )3 (55,5laS A o900 JeloS Cuesse
3929 M8ly az e S Al Gl oals eolatul Case 5,55, 5l yeiS U aSlyl 4 axgs
Baa byl Gadow )3 M g)0nl 5l el 0058 s BB S)lge 5l (5ol 3 g aSl
Jio 53 (b 53 52 yame sl (TFP) wdg else JS sp0 0 23, obj) (Lol
L) bools cadigy Jelow (Bgy 655,10 L ol ledbinl e yo 08l anlie 5 ()5
el (ool 55 cnl 4 (Bl (Qaze 18 g Doome 3 S0,

G (g9
wlaidl asls aw 3ol 5l adllas pl jo a8, IS Jow e 9 (5,90 40 Poile
as w‘ W) d.....ul.?m 9 ‘;)M WJNLA ua}l.w ‘BL! L 605.@.9.@ 9 osls w}v J.o.liu

!, Total Factor Productivity

VWAL Slgs [ J g oslak [ aas Jlus

)]

(5al=isl anlihmg

—
<
A ¢l



VAR Slgs / Jgl o slac/ ans Jlu

< sal=isl anlibimgy

<

5wz ol g oolitul 8590 (hgy Gl (nl W) Ol e B odd (aw 23u o
B9 oo

45 5gy o0t &) (VAOY) '€ ety Lavgs alols als 8,me b oS acwlxe s,
s 005,25 s 951y S (sl |y (ST LS VIOV Jlo s 6 o S
S5 ol gl o i yaelin (g, S loools pidgy Jlos 6l rly Joe s 0503
Lo VAVA Lo 5o B o sline 2 0585 0 wosmins lads loasly oo S
o33k 4 VAAY Jlo o ofSen 5 1S bawgs 5 (Byme CCR (lsie b 509, 5 555 31z
655 ot G0 i e 4 23l pent BCC Jus olyie b e ol
Lo 130F Jlo 3 30 ComgisSalle ol 4y casls peizman Slosd Byme 0s:Sh
T 3 5151 e o8 331 0 byma Lo s Bpme Julod (a5l loie & ool
e Sles 0355 55 35 S50 et Amlone (slp OKen 5 € e Lawgi VAAY
alis izman 5 ) 5 IS dpale oyl e 5 5B 1AAY Lo 4o b azd S
3 et jska 1) CadgSalle (559 0yt oLl g 00,5 oS5 Ty eSSl S)9e e
25 9 @b e Jole 9o 4 1) ol 5wzl DEA sleslical b 5 Lez gy 5 lass)s
st oo & o3l b g3slsiSS 4 ) OT VAT Jlo o s caivged ay i (5505555
it Lalyt 5 o8 enh e a3l ool | ST (sloa s 0581 o iols et
b3 )18 eolinul )90 FGLR w50 (g cnl po igyie S0 @l)S arlre (sl
Ol egdle woald Ly oyl a5 el (53 4y p3Y 09l so (Byre (SO iSu 0 AS Sl
ol 33l 35 ey 25 ple 8590 50 4525

288 (S 58n e alolh b olyie b pasthe ConipSalls Jao o
onl o aS sl ol 0,10 9gg @ly Cpl dawle sl DEA glasl slaJae 5l eolacul
aS 0,00 3gzg Kl pl g 0gd adpdy ol S lgie 4 Wb acsbse Jaol (solass Joe

&S 09h o0 zilae (Jow g cpl Slails T2l g s B Jool (pl Sglite sloiuadss )0

! Shephard, (1953).
2, Banker, Charnes, Cooper, (1984).
3. Caves, (1982).



S > o) Jol g bt (g9, bl a5 S5y ol b scwd DEA gla Jow 5 5,500 g5
b Joe onl Gails b aslllae cnl 5o g ood ol |, LIS slavaly (29,5 o —53959
S0 dumlio (33ly (SIS a2y o b o 1S el a2y ancSsSalle (590 00 LS
3ol 921y o & G | G5I9S5 i 5 (SeiSS o) i sladilie 51 S e g
&ly b ye glados 51 Sy jo 5l basly Gelidie 4 003l eend b Gl o0 iz oS o0
Gy Ceond 53 (398 doddie 4 az g3 by 0905 ool CanSgSalle (5590 40 (Ll dpnloxs
S50 AFLE G 9 (Byre oome 2 50 b sla o oljen 4 aosly pidgy Jlod

Sgd oo a1 T lady 125 of et 4 CnSgSallo

Wools (Shubgy Julni' (109

bF el Ay o5 bl gy Sl 2L G (e (B, cnl 5o
69y S 9550 (6565 el 92ly LT 4T 09 o astiie 5 00,5 s Sl gl ce e
LB 5 LI loasly abwsy cnas 0yl 518 T 5l sl b g ol 4285 518 QL 55
Sleogys @ azgi bl (o3 (lese Ghsy cnl o Gl (i aigd co SSE K0S,
G4z b ol g 5l eslinul b aSul b (oo (29)% (by)) Sgei yiSlas pasuin
Sladoe a5 Coul S5 4 p3Y (smme (639)5 (900505 BBl ) Lasg g comne Slewzs >
oty (Byee 5556 (6,500 )l

S 5 ©39,9 M L 1) 0055 oo axlg 1 DEA Lol Jow ools olas sl
Jstme sless b1y Tsibre (79,5 5 69959 DMU o (6l o S o0 S5 55 9,5
gl Ol (V) JS5 &j90 4 bz g 5 sl Ur Joeee sldss 9 Weog)s slnVi

! Decision Making Unit
2, Virtual input, Virtual Output

VWAL Slgs [ J g oslak [ aas Jlus

)]

(5al=isl anlihmg

—
<
>



VAR Slgs / Jgl o slac/ ans Jlu

< al=isl anlibimgy

—_
D

X1j \ / Yii

Xy ——> DPMUI <) Yoi

DMUj (¢ 5905 olod ) JSib

Ysi
Xm

L olepiite 3udl bl o ools idg Jolow Ghg) blie 0 tete 51 (0
duslie glp b sin 6,5, 5950 )0 gadse oyl cde sl Dglaie iomiw slaaslg
ol gy as bosls pidg Judow Lol Jaw g0 .l aiags laasly

Min 9+8[ZS;_+ZS;} Min 9+g[i$[+i$,+}
i=1 r=1 i=1 r=1

s.t st

yr = y,ﬂ_S: ,7':1,...,5‘ _ C _
i’ ,Z::‘ " yrp—z;yrjﬂj—S: ,r=1,....s
i=

Ox, = 3 xA.+S° ,i=l....m n
v ]Z::‘ v l9xl.p=le.j/1j+ ST ,i=l...,m
n Jj=1
1=Z/1] 4,20 j=1,...,n
= -
4,20 j=1,...,n S, S8 =20 r=lL...,5,i=1...,m
ST,8 =20 r=1,...,s ,i=1,...,m

( o=ly (o5 gz e caps A) azae asgezme (s Sl A 8 gl os o

Slp 3l 9,50 eolys Ay (liee Camd a5 el byl cow asly LIS laie 6



Slime oled 0dsi lp Jelge sl colaiwl 0y90 lie 4 Jpaxe casin lade Juass
s 3gaS g 35l sla e S 5 ST ol Jgame

'FDH
5 i g bawgs a5 casl DEA Glal slaJos s ogde Koo Jow FDH Jow
G Joe asgige Jyol 5l maze byt Gis o Lol Gus ad Byee (VAAF) "¢ Son
oo s (VRS) Liie Julie & o5k sl)ls s MILP FDH _layl Jow .55 DEA
5 e, e &)l L oad all (Ve ) kol g J 5B Lwg 55 FDH ks ;)
5 8L (2l a4 o0jl Jals) elike @ 03k (2551498 Lo o "€l
Joe cpl jo (SaSS ohlS aulre ccdly ol Jow collB g oals Jow o)ly 5 (ol
as ol Glas Ve ¥l o (Swoguoly aSul b cadly (sl yaely J> 4 ks
T 2oles 5 5 398 dnmilne oS e (5328l b Wigige Abgye (S5 LIS
Sy &l sl o a5 vges &)1 ) FDH slo Jow aen Jas g5 a0l Yoo Jlo jo

b FDH (59955
5l lacgeme L DEA &l 4l GlaJoe aile oo solitwl odg (5555255

[ 4 2955 R (el juasl SSK) (x5, y )k € K st sunline oy slaosly

g RS ) D)o 49 (5999

T={(X,y):05% 05 X lawgs Wl 0 Y}

. Free Disposal Hull

. Deprins and et. al., (1984).

. Mixed Integer Linear Programming
. Variable Return to Scale

5. Agrell and Tind, (2001).

6. Kersten and Eeckaut, (1999).

7. Leleu, (2006).

o=

3
4

VWAL Slgs [ J g oslak [ aas Jlus

)]

(5al=isl anlihmg

—_
>



VAR Slgs / Jgl o slac/ ans Jlu

> sal=isl anlibimgy

—_
—_

s use 4 (X0,07) oas svaline adgi axly Ky (S5 2,80 ol b

W9 g0 Ly yai

E(xo,y°)=rr;}',n{t9° (@x %,y )eT}

5l Wiy oo CRS® 3 "NDRS . 'NIRS cow FDH _SiS5 05 oo apd
195 drwloxe 15 g sl

K
— 11 0
EFDH _grs — MM Z ek

k=1
sit.

(z, +w,{)y,{C szyro,reR,keK,
(z,+w, )xf<@x’iel,kek, P2)

K

sz =1

k=1

z, 20,VkeK
w,el' ,Vke K

I', e {NIRS,NDRS ,CRS }
NIRS ={w, :w, <0},NDRS ={w, :w, 20},CRS ={w, :w unconstrained }

P (VerV)anlb g JS1 Jow oS 55l ol SOYL o a5 jshailen YU ol Jow

5 iU (2ol 3I6 oldo a5 003l 9 (Byxe (Voo F) (Swginoly loads 2ol iy o5 S

!. Non-Increasing Return to Scale
2, Non-Decreasing Return to Scale
*. Constant Return to Scale



55 i 4 () 5 (1) GlelSs jo ool oads Jua 31y VRS (5505555 43 gl L cols
£y JM 5o o; oo live 0‘9"(5" C?"‘.’}" aS Cawl ool odlo Vw;LN u..\z,o)...c 9 I e

29he0 (Byre &2 0 Olyie (Mg vy S

Vi 1 TREA-CRS I TOEA-NDRS
I.." TLJF.-'c--\le'
& e——— —
TREA-VRS
f
=
Legend
DEA-VRS
—————— DEA-NIRS
+-+s------ DEA-NDRS
P N DEA-CRS
Xy
lizo gl (whilo a4y 003b b oo j o Y SO
Vi [ | [ el
‘_.F' FOH-NIRS
A
- ....:.'_‘I ...,.’! y — f
.‘c‘ - -
o B €
o b.;jl;:-;’p_u-_u-_ e ]
& d Legend
#,ﬁ». ——FDH
4 P N B et FDH-NIRS
_;a"a - cssasveiss FDH-NDRS
0 r}é ] ————- FDH-CRS
X

elizo b wlido 4y 003b b Guzxe jf jpo ¥ S

VWAL Slgs [ J g oslak [ aas Jlus

)]

(5al=isl anlihmg

—_
>
-



VAR Slgs / Jgl o slac/ ans Jlu

> sal=isl anlibimgy

-

CondgSallo
L g e Sledbl il 4 5l aSl Juds 4 sl (550 00 a3 La
sobilen ol oo gl Lpasls plo 4 Cond o)l a2 5 5 Lpdg s Sely 5l g
Ol pl alold milsi jo 0gd oo iy alold ali 5l oolaiul b asls ol s S5 aS
N ks) Sledp a5l Hen (e wx —609)s W AP S3leSS A4S Sl d9>g
&P 51 Se 2 a5 @ed oy (9w 03905 meeSle b g 4ge (35 ped (o0 dhex
@ilie 9o b (daulp® 0 Grizren el iy pai BB 55 j9me (639)9 9 970 (o7, alold
& by 6553 5 Gro & (S35 Ole) | (S5 QLS i & bgoye ailie (S
Crand ) 53 (FGLR a550) ceul 43305 hB (pe 095 olbuls) | (635555 &l i
P 398er (B SantiSalle (659 00 paFlE il ) Jolate 5 Bgpme ole 45
Wiy o fpe dilize plie B pwpp ole 452 iz 00y] sy 5l Ban gl
o iz ple sl wadioe Jelod ol sz 6l oLl yo 4zl 5 oo (soladl
dlios ) Oype 4 CndeSlle (59000 (a5 Jge B el (o 9 Jelod LB
B A,y Yy dt eyt 12

M = t+l ot t tpot t
dy(x", ") do(x",y")

0,55 S3805iST A Cars £ Sloj 0,90 vl alols dT (X', )") ol a5

2358 o0 dnline 115 g s all ools gl dbg e alols wb g ol 41 Sbsj

!, Efficiency Change
2, Technology Change



[d(’)*l (yt 5xt )]71 = maxgj,/i ¢
st =gy, +Y,,A20

t+1
x,—X,,A20
A20

t+1

FGLR « 35
8l (128Y) 'l Sen 5 0 & bgype cunisSalle a5ls 425 sl

2bise S350 s 53 5 @S s adlie 9 @ ajed BB el cnl wilosls oles

il gm0 FGLR 520 4 o Bain g ol Jdo 4 a5

t+ + t+ t t+ + t t 172
o2 Dy 1)[Do(x L' Dy m} _rCTC
D(t)(xt’yt) D(t)+|(xt+l’yt+|)D(I)+l(xt’yt)

sye s [HEF]] Sloy alols jo jlas 5,50 axly LT a5 aiS o ateie ( oI5 s

Ot @bl 5 plnle Olee @39S st 5 Sl oud 5y b 2Seop LS
5 o8 SIS alis i a (09 Gl 55 eadlie 51 Sy e 090 50 @Wly 50 aes o
TSI RUVIPYE SV AUNE A JJer S e T R I
S o —(899,9 Su ool Il 0 5 Jloged j0 al lo sl sl 0olal Fy (g s
2 ey 4 DMU g8 sases s (JSo 0 E 9 D bl .ol sl sols ioles
735 XD X (539,9  (wlo toy90 (slp alia j5la) § 0,99y s £ 5'S (gloog0
Yl S5 LS e il (S5 IS iy aST 4 bgie sl adgs BB (V) Y
735 5 gred T e ) Sasorte Slaid p5ioe ansle (71 Y Y
AL mlgion (JSO 4 azg bl oad Jols (6095 655,10 (g &S el

! Fare, Grosskopf, Lindgren, Roos (FGLR)

VWAL Slgs [ J g oslak [ aas Jlus

)]

(5al=isl anlihmg

—
>
—



VAR Slgs / Jgl o slac/ ans Jlu

> sal=isl anlibimgy

—
>4

YUY 5 s 0y V1Y aSpsha oS le (7 YO YY) LTy s 50
el el So L e S 0y 50 wdg e Ly o oS > by led
SIS 4 e (V) T oy30 10 s> sl Aol @l oy90 & (VY YUY YY)
(F) S8 ol 8 0y50 10 (S5 L) saias iuled alols ml )50 g 095 S 0,99

...\.bétso u,u.:l.m ‘) Cans ‘5&0.”.0 (590 582 ua?l.w dJ)Ju

t/ c
S Sy = 222
yily

yyt oy
:&5)9J5"S"‘-")'-’*’:|: t/ cX S/ b}

yry yry
s Jisl 4 by e (6590655 Ol s 0,05 o0 03101 0,90 448 0,90 5l 1) 0aisS adgs

y
A
¢ +“— t ;0
y
t E
Y s
b
y
a
y
S
y D
»
s t X
X X

(FGLR) conigSollo (p5-Lis (5590 pte 4 jx5 . F Sl



FGNZ & ;25

e (198) 5o 5 18 Lo 20325 ]

1/2
Y D6+](Xt+1,yt+1‘V)SE6+l(xt+1,yt+1) D6(xt+1,yt+1|C) D6(xt,yt\C)
Dy(x" ') SEQG" "y | DE I o) D i)
Do(x.yV)

= PEC.SEC TC;(SE,(x,y) =

e Dy 10)

ailge 55 4 ol wlie 4 ol Lo S LIS Cul akie 45 jslailen
PEC ol ol 098 0 41525 owld o5 5 it obiie 4 035l 0 S5 I8
ool ol Slss s TSEC 4 e Gebdie 4 osib 4o ol Slss Cos

ik A CRS ;e
VRS ;.
TEce<
{
TE\/D
4
SE
69958

(GFNZ) canisSallo aiLis 5 590 s 41 325 .0 JSoio

!. Fare, Grosskopf, Norriss, Zhang (FGNZ), (1994).
2, Pure Efficiency Change
®. Scale Efficiency Change

VWAL Slgs [ J g oslak [ aas Jlus

)]

(5al=isl anlihmg

—
>
A ¢l



VAR Slgs / Jgl o slac/ ans Jlu

> sal=isl anlibimgy

<

3l e oS 5 &L ol o) DEA Jae g0 b candsSalle (5590500 ool
et 8ly e e o Wl L olhen) FDH 5 ((odly o8 s S0 (lyie @ Ll
Sleobaal ;5 55)0laS oy slauxly (5590 00 08 daloe (sl (0ol csalive sl
(65,9l DY game a g anje a4y bgyye glrosls jleslinul b g oly5 Jlo g0 (b )5iS
A oolitul wgb oo yiiie (55,5l slax lyje wledlbl g Ll S ol lawgs aS
Sez50 olpl slplinl aled SS& a4 o] Gledlbl a5 ol 3P (S Jgame
sl oy 5 Y Topedle w0l ST (59505 o 055yl ol 58wy glmosles il oo
@bl 5l oame 18 g Came laje i3l bal>ye g0 50 Gragh cnl 4O izes
e ol b Lsbwl plu o Slee cailails HLLI YY cpl degome (o 1) 0, Sles o g S
Ll 00 dwglie
g oo oy b Jaw 5l eolatwl cl> jo (g 90,00 by gl asdlas (pl o
G axg bl oad ools lis mlls pgmed (V) Jodz )0 a4 ool duslie oo pé
G g (Olal) (Aly ozl S LS 5 S a4 o laasly coazme 28 50 b Jae 0 4l
@l 5 a2l rlple WinS ooy Lyl 250 el il &5 T I pamme S
Sl i85 )18 dslie 990 9 SLI(Y) ooz 50 5 p95 0599 ) Liliwl (oI5 & Loy
Sl bl (535S Arrgs (63Kl (5l (6 remlio (555 wilgiso il oyl a5
a5y 2 @D Sl 5l e S5deSS Sk S 9o ey o5 Sl onl Sl
Slr Sgdisn dnag w39 chie §59IpST ab ) Akl 4 4z g b el 4LBRS 15T (g 000
Wlgigo a5 wyazr sl ysld @msy 5 olosliS b opslie 5 (Aol «syeste Sialsd
Sl Gl Sl (V) Jgo Sledlbl 20,57 518 5w —aidy dsue | (Se3eleSS 2L
obwwl joaiee ik o, lils sy g @08 Gl 90 sl sy50 e Sl (soles a5
5 OlstsS sl ceslis Gledzpel 09 Cle ar ilial polldl Lulyl  ogdle o3
2y 2l Olpeds aze ;o 5 0l planil (S 4 broslys oS 5 (BB a5 il



b oads ceely cg)lopo e 5 0l (s sley; b ol pslisS oged Ll Lo & (g509sss
L HeSde bl a5 canl pl Sl el cpl all atsls 1, lade o 2eS (5,90 40 o,
Bax a8 dwoolys Sl wiejls ¢ geBl delie Laylyl Cde ) cogally Juilly 4y axgs

ol l3)5laS (28 Sl (455 59, 4 sl Shieel 5 0

DEA(D) s FDH(F) sla; 0 s b 4o oS5 & s ) Jaz

sy (P TC(F) EC(F) TFPG(F) TC(D) EC(D) TFPG(D)

\ SX 0.82 1.00 0.82 1.00 0.87 0.87
Y SRS 0.11 1.00 0.11 1.00 0.1 0.1

s - 0.94 1.20 1.13 1.24 0.95 1.17
f T 0.76 1.00 0.76 0.96 0.86 0.83
8 slisle S 0.87 1.00 0.87 1.00 1.00 1.00
s Ol g5 0.90 1.00 0.90 0.95 0.81 0.77
v ol 0.89 1.00 0.89 1.00 0.83 0.83
A ol s 0.84 1.01 0.85 0.69 1.08 0.75
A oll = 0.91 1.23 1.12 1.36 0.91 1.23
\e Olgas! 0.89 1.00 0.89 1.00 0.9 0.9

X Ol 0.52 1.00 0.52 1.00 0.52 0.52
\Y Olews S 0.34 1.00 0.34 1.00 0.34 0.34
A Olken 0. 74 1.00 0. 74 1.00 0.85 0.85
\§ dbws ez 0. 80 0.79 0. 64 0.71 0.98 0.7

Vo Ol J 0.44 0.65 0.29 0.57 0.44 0.25
Vs £k 0.70 1.00 0.70 1.00 0.7 0.7

W 5SS 0.37 1.00 0.37 1.00 0.44 0.44
A Sl 0. 84 1.00 0. 84 1.1 0.92 1.00
14 R 0. 87 1.09 0.95 1.05 0.94 0.99
\ S5 0.90 1.00 0.90 1.00 0.86 0.86
" 08 5a 8 0.76 1.00 0.76 1.00 0.75 0.75
Yy Ol 0. 87 1.00 0. 87 1.00 1.02 1.02
Yy ol 0.65 1.00 0.65 0.95 0.65 0.62
ve s 0.82 1.12 0.92 1.1 0.89 0.98
[ b 1.14 1.00 1.14 1.00 1.15 1.15
vs e 0. 80 1.00 0. 80 1.03 0.83 0.85
v o 0. 84 0.71 0. 60 0.68 0.96 065

@/{.ﬁ’D JFJ:!.U/J‘_;JJ[.'J‘I::.Q".TC 4‘(9,&/;5/%“EC ‘J’{}‘Ub/djj‘jﬁjx'é‘:TFPG

VWAL Slgs [ J g oslak [ aas Jlus

)]

(5al=isl anlihmg

—
>
>



VAR Slgs / Jgl o slac/ ans Jlu

> sal=isl anlibimgy

—_
D

Slapines n) b 5l 65,0laS (S8 s dpe sl (pletulow SBST (nlpl

G972 39S amwsi slaanld o VL QLS & ol s s Slagi
b bass e slacs3elsisS 655,150 50 Jole (nyiotn B o gl aSl @ a2 5 Lo
95 S b l5,slaS LUl s slo die) wib 09 o0 gmine (65)9laS dnng
50 ogr 1 leadl aisisl 0,91 wald |y Ll b bas e (2ils g baoslys soSasl)l Sleas 4
trog ) dibie 6 i%iuls poy) & drg b sl Coenl Pl 5She Llil
09,5 g 5° Wil (e (sl p (s adate ol sy ST ulal 2 ((55,5L88
1 el oad plol GIS s o o @izl 5 S 6o loasls oS a
Joe Glp FOF) Gl acis ;o g DEA Jos slp sonailaie cpl (VYY) gloasss
M) 9 GiPIess Sl (8 oLl Sl Gl anates oS 4 case s
trgi Sl il e slilinl 1o el by ol o ol Lt Jelse S (6902

aw ‘)?l Kalen 6JL9 e “‘9‘(5" d)‘)gu’f

L 2L Ol 5l (Sow 3blo (V)akds S O s i 31 Ko bl (V)aids
(DEA) Jow (DEA) Jow b 5,9Us



i 15 51y S0 bl (V)i
(DEA) Joo b JS 5590 54

i 5 31 K 3blie (B)aiidki
Cuzo pd 5o Juo b (ol

i L5 51 Ko Bblio (F)aiuds
ool 5L jpe Joo b S (5590 542

Ol s 51 (Sd Gblio (F)aiis
Cuzo il 5o Joo b (g 5l8 o)l

VWAL Slgs [ J g oslak [ aas Jlus

)]

(5al=isl anlihmg

—
D



—
I
—

VAR Slgs / Jgl o slac/ ans Jlu

sal=iil anlidimg s

Syge 2zl g G e o (65)liS drwy (6 Il &SI 4 azg L

O5ygleS oy a5 (gouaie Slopanad 5l 55 (55,0laS SIS Sl pis ()b 5l g 0,5 e
ool 63,5t s Jdos cnlply @8 oo olas 35 oo 31 golil & jge &
FE e o 1) Olss Gl a5 YL 0 Sog) Sle e ) e il (69,8 Sl

Sl w0 e anug slesulw a0 Wlgh oo 05 oo e Bble g

WS sl 1 (g el Fadly el

P95 8599 33 22l po b Liliwl ()15 polie ¥ Jgur

Baay Lgalicd EC(F) Reference EC(D) References TllTllgg}l((F) Tl%fg}(n)
\ SN 1.00 1 1.00 1 11 9
Y oloasle 1.00 2 1.00 2 23 22
Y S Al 1.00 3 1.00 3 2 2
¢ e al 1.00 4 0.96 1,5,9,12,21 13 12
° slasls S 1.00 5 1.00 5 8 5
1 Sl 1.00 6 0.95 5,16,17,26 6 13
\4 ouod 1.00 7 1.00 7 7 12
A ol S 0.95 18 0.69 2,5,17,20 9 14
3 FXIES 1.00 9 1.00 9 3 1
\- oleial 1.00 10 1.00 10 7 8
AN} Ol 1.00 11 1.00 11 19 18
\Y s < 1.00 12 1.00 12 21 20
\Y Oldan 1.00 13 1.00 13 14 11
A Il Ll 0.79 5 0.79 1,5,9,12,26 17 15
\o Ol ! 0.65 5 0.69 1,5,12,13,16 22 21
1 k! 1.00 16 1.00 16 15 15
\WV [ERARVLS 1.00 17 1.00 17 20 19
\A Ol 1.00 18 1.00 18 10 5
V4 Obacs 1.00 19 0.85 5,16,20,22,25 4 6
\E Y 1.00 20 1.00 20 6 10
A3 58 e, 1.00 21 1.00 21 13 14
Yy Ol 1.00 22 1.00 22 8 4
Yy ok 1.00 23 0.95 5,12,16,17,25 16 17
Y RS 1.00 24 0.96 12,17,20 5 7
Yo &8 yaa 1.00 25 1.00 25 1 3
AR Jasa ! 1.00 26 1.00 26 12 11
Yv o3 0.70 5 0.94 1,5,18,20,22,25 18 16




oleds L sloaxly gl YU Jow lpz! 0 wed o cvnlice a5 jshiles
SleyS ol lp s 3 cpay el 0uls Lasin ey Jow bl g e oy
2 ol pll lp s o i &5 Sl (gme (s o Zel ol bl g2 e a2y
Alides olal g o dine) ;0 Judon (o) b Olgies o5 ol (o il (il (650
Obel adlioe Sy (n i gz e slaazly ple oS ooly lo)S o ) Gl o5
JEeolez 5 b)) o8 slsbial sl @z pe 021y 2115 SV gl 4 425 b olisle S
S5o9tiS slp (ool g (orml Lalpd L 5l 08 pliul a5 Cubls dz g Wb el (5 LS
o tebie SILI (6530 000 b (65,9l anwgs (il (ul 5o Conl 03 g S el
DS 8 B sl e 4 Seop cele Bk 4 az g b sl sless LB o
Sllinl plo @ S drwgs (IS Gleasls Sl sl 55 gl ) 5 Jlw ez sletin!
90 G2l B 5o (55,5laS i ) ohug o] ST aS Wil 48 il gl 5o 598
ol 53 OlslsS aals e (il sl o il pay el osnline LB og
2l slaalae slgglis e & aizan 255 oo )13 25T 0,90 55 i ol o gl
255 053 3w el ol oS ABl Bl |y 955 s xzye sladnly wlataslyn sl
OOged ol S g (ool Lulid g (oo Slotu e ulel 2 (65,9l8S (S 5o 2o slerdlad
o 2lad Glinls (et 5l S Ol @ ladhie Gl jon sleans;
S g0 ST (53,88
e g 2o slogye b sladae ;o Lbial (5550 0 3 @l (pgmen (7) S5
s 5l eolainl bl 4y a5 aas g lis 55 (A) 9 (V) Sl ams oo lis |y Casee
Slpaid (Sl b (3 Gl Sl Game 5 oomme 8 lajye b Joe g
ol cwliosg (So3dess Sk 4 bgpe Dok (nl i g Bl JS (6590 0
el Ll (55,585 Armags el S9up o (2 IS » e sleygly b Sl
Gl 53 1y 5l it LT o)l (2l Lol ngi sl ylid i) a5 S ppe

el 1l LT GBS Ly pimans g Leslinl (650,00 05,

VWAL Slgs [ J g oslak [ aas Jlus

)]

(5al=isl anlihmg

—
D



VAR Slgs / Jgl o slac/ ans Jlu

£ |galaisl anlidimg}s

-

—e—TFPG(F)
—= TFPG(D)

TFPG

0 LIS L B O O B I O B
1 4 7 10 13 16 19 22 25

DMU

Qaxo pf g o e po 3l ooliwl b (5590 yoe wiby el Lo 7 ISl

14
1.2
0; ——TC
' \ % = EC
0.6

\I K/ —x— TFPG
0.2 1
O\\\\\\\\\\\\\\\\\\\\\\\\\\

1 357 9111315171921232527

DMU

390340 by 33 SIPPSS Ol padl 3 (ST 2 Ol i T Y UK

(Guxo s jyo b)



1.6
1.4
1.2

——TC
—s—EC
—*—TFPG

0.8
0.6

* S

\ }

04 A

0.2 i

O o e e L S e s e e e
13 57 9111315171921232527

DMU

(5390 340 by 3 (S3PFT Oyt 9 (ST LS Sl 3T A S

(Gozxo jpo b)

&Il sl (2 Banogi 9 (5 S i
o jslate 4 (gy50,00 9y bl g dmslxe poogdle egh cnl 5l Sas
s b slaJow b aS 0 DEA 6 4l slaJow pogdle  Jow 5l oolanl Sliwl sldlSs
ool &l L8 a4y s 5 Blad Jls ) axlie g 0l Syme (FDH el jo) o ju8
AS oo gyl |) S g 9
Gl abbhie arwg (g Kl glp p) Sbliin egh W 4 axg b
139800 Al (55)laS
aby sl p bl ganas; @l &5 (V) Jouz Al oy 4 a2 L @
s S s o5 el o5 395 e sunlie wans e ol 1 5 500
Sfbes 92 Jyame 2l diej )3 W)loy03n iomb oladl (S
> 3ble oz Juw 4 axg b oaS 09l oo cnnlin ailaiils (g s

Ol 5 Gliws S colaiile sblie g ady oVl Gluls g (B olul)dl

VWAL Slgs [ J g oslak [ aas Jlus

)]

(5al=isl anlihmg

—_
D



VAR Slgs / Jgl o slac/ ans Jlu

2 |galalsl anlidimg}y

-
>4

35 oo 9B 1) E9n nl 5 Cusma i Joo i) wlansls 1) 4, cn Semly
Bblo iy a5 ol Gl Sho camepd Jow slow o, @l
Sl iz o ilanils |y as, gVl cdnz 5 (Brd plrl)dl ol >
SBhaswg Vb o ;o wilg oo Yo Glpbinl cgoladl annss Sleasls
4 S Jipgyme Sl a5 col pl Sily DEA - Joo mlis Lol .5 )8
50 el STl g il ssls &l gy 0 ,Sas ilails a5 (g Sogae ailie
355 oo )18 Sl s plaaz (lnl ladhie drng ol

5 ilaS ladhie Jolaie drwgs sow 4 OS> jolaie 4 350 o0 Sleiiny
ook bl G Sladlaie Slesslss Jooss 9 dnwgs 5L gl (G 4 25 >
Sl 0,99 ,d alie SYgaxe 3 Shoe 4y axgi b llial (5 90 02 g, ploe
258 Jlosl 525 p3¥ Slodlol 9 525 )18 (2bj)l 9j90 Gene

S gy g 00g (B (LIS Sless o 4 Jelse S5 (5)90 00 sledlag
a0 el a2 Jelge U5 (5550 42 Ssete 50 SIS s Ll
oolil yo ()l5,5leS ojslie 5 Sajeel (syg0 e Gl sl Sgdie Slesdiny
55 8 S s i waz (559l8 g s 50 bl e

oz oSl 5 mle ange parass 4 S Ll gunas; 5l S
SBLaswg 3 Sles b)) Sleatld o Gl ol le Il
Soae 4 4y g)0nl 5l ol bl G sladhaie Glesglss hass 5 (65,9L88
3,90 golie ols cdlEo b1y Liliw! 10 ool cawds slpasls ol as- DEA
Gl S 5 yutn Slaio ly ol il o ~aiS (oo () il oolazul
Ol ol (65,0laS (ol ablaie anwgi Sleyaeb 5 L ISl jo 5 mal>
& ek Sopliel Hgame plo lp 1) sl @S Olyoe ol
(PYRRC SO FONERPN. SR oL FEIN RO g KPCIUCON [ROUN NN W B+

285 5 5



28 ol @izl s U5 e S5l oSen Bblie aiaies 4 axg L
2Bl gl e bbbl gyso e mhw SG Jass jslate 4y (g 5las

5 18 Cagll )3 i3 qgllas Cundg

VWAL Slgs [ J g oslak [ aas Jlus

i

(5al=isl anlihmg

-
D
A ¢l



VAR Slgs / Jgl o slac/ ans Jlu

£ |galalsl anlidimg}s

<

Ao &t
9" 4

1. Agrel, P. J. Tind, J. "A Dual Approach to Non Convex Frontier Models".,
Journal of Productivity Analysis, Vol.16, No.2, (September 2001): 129-147.

2. Athanassopoulos, A. "Assessing the Comparative Spatial Disadvantages (CSD)
of Regions in the European Union Using Non-Radial Data Envelopment Analysis
Methods"., European Journal of Operational Research, Vol.94, No.3, (November
1996): 439-452. ,

3. Athanassopoulos, A. Karkazis, J. "The Efficiency of Social and Economic
Image Projection in Spatial Configuration"., Journal of Regional Science,
Vol.37, No.1, (1997): 75-97.

4. Banker, R. D. Charnes, A. Cooper, W.W. "Some Models for Estimating
Technical and Scale Inefficiencies in Data Envelopment Analysis"., European
Journal of Operational Research, Vol.30, No.9, (September 1984): 1078-1092.

5. Bannistter, G. Stolp, C. "Regional Concentration and Efficiency in Mexican
Manufacturing"., European Journal of Operational Research, Vol.80, No.3,
(February 1995): 672-690.

6. Caves, D. Christensen, L. Diewert, D. "The Economic Theory of Index Numbers
and the Measurement of Input Output, and Productivity"., Econometrica,
Vo0l.50, No.6, (November 1982): 1393-1414.

7. Charnes, A. Cooper, W. W. Li, S. "Using Data Envelopment Analysis to
Evaluate Efficiency in the Economic Performance of Chinese Cities"., Socio-
Economic Planning Science, Vol.23, No.6 (1989): 325-344.

8. Charnes, A. Cooper. W. W. Rhodes. E. "Measuring The Efficiency of Decision
Making Units"., European Journal of Operational Research, Vol.2, No.6
(November 1978): 429-444.

9. Coelli, T. J. Rao, D. S. P. Battese, G. E. An Introduction to Efficiency and
Productivity Analysis. Kluwer Academic Publisher: Boston., 1998.

10. Coelli, T. Rao, P. "Total Factor Productivity Growth in Agriculture: A
Malmquist Index Analysis of 93 Countries, 1980-2000"., Conference Paper,
Durban, (August 2003).

11. Chen, Y. Ali, A.I. "DEA Malmquist Productivity Measure: New Insights With
an Application to Computer Industry"., European Journal of Operational
Research, Vol.159, No.1, (November 2004): 239-249.



12. Deprins, D. Simar, L. Tulkens, H. "Measuring Labor Efficiency in Post
Offices, In: Marchand, M., Pestieau, P., Tulkens, H. (Eds)"., The Performance of
Public Enterprises Concepts and Measurements, Elsevier, Amesterdam, (1984):
243-267.

13. Fare, R. Grosskopf, S. Lindgren, B. and Roos, P. "Productivity Changes in
Swedish Pharamacies 1980-1989: A non Parametric Malmquist Approach".,
Journal of Productivity Analysis, Vol.3, No.1-2 (June 1992): 85-101.

14. Fare, R. Grosskopf, S. Norris, M. Zhang, Z. "Productivity Growth, Technical
Progress and Efficiency Change in Industrialized Countries"., Am. Economic Rev,
Vol.84, No.1 (March 1994): 66-83.

15. Farrell, M. J. "The Measurement of Productive Efficiency"., Journal of the
Royal Statistical Society, Vol.120, No. 3 (1957): 253-290.

16. Hashimoto, A. Ishikawa, H. "Using DEA to Evaluate the State of Society as
Measured by Multiple Social Indicator"., Socio-Economic Planning Science,
Vol.27, No.4, (December 1993): 257-268.

17. Honjo, Mashiko, "Overview of Urbanization and Metropolitanization in Asia.
Maruzen, Asia"., Conference Paper , Nagoya, (1981).

18. Karkazis, J. Thanassoulis, E. "Assessing the Effectiveness of Regional
Development Policies in Northern Greece Using Data Envelopment Analysis".,
Socio-Economic Planning Science, Vol.32, No.2 (June 1998): 123-137.

19. Kerstens, K. Eeckaut, P.V. "Estimating Returns to Scale Using Non-Parametric
Deterministic Technologies: A New Method Based on Goodness-of-fit".,
European Journal of Operational Research, Vol.113, No.1, (February 1999):
206-214.

20. Lankshamanan. T. K. "Technical Change and Income Distribution in Regional
Planning Development Alternative. Maruzen, Asia"., Conference Paper , Nagoya,
(1981).

21. Leleu, H. "A Linear Programming Framework for Free Disposal Hull
Technologies and Cost Functions: Primal and Dual Models"., European Journal
of Operational Research, Vol.168, No. 2, (January 2006).

22. Macmillan, W. D. "The Estimation and Applications of Multi-Regional
Economic Planning Models Using Data Environment Analysis"., Papers of the
Regional Science Associaton, Vol.60, (1986): 41-57.

23. Malmquist, S. "Index Numbers and Indifference Curves"., Trabajos de
Estatistica, 4 (1953): 209-242.

VWAL Slgs [ J g oslak [ aas Jlus

)]

(5al=isl anlihmg

—
D
>



VAR Slgs / Jgl o slac/ ans Jlu

-© |galalsl anlidimg}s

—_
D

24. Podinovski, V.V. "On the Linearization of Reference Technologies for Testing
Returns to Scale in FDH Models"., European Journal of Operational Research,
Vol.152, No.3, (February 2004).

25. Shephard, R.W. "Cost and Production Functions"., Princeton University
Press, Princeton, NJ, (1953).

26. Sueyoshi, T. "Measuring the Industrial Performance of Chinese Cities by Data
Envelopment Analysis"., Socio-Economic Planning Science, Vo0l.26, No.2, (April
1992): 75-88.



