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3- Arrow and et al. (1961).
4- Berndt and Christensen (1973).
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1- Nerlove (1963).

2- Christensen, Jorgensen and Liu (1973).
3- Green,1997,p.84.

4- Statistical noise.

5- frontier production function.
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1- Specification errors.

2- Total Factor Productivity.

3- Stochastic Frontier Production.
4- Data Envelopment Analysis.
5- Modern efficiency.
6- Farrell (1957).
7- Debereu (1951).
8- Koopmans (1951).
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- technical efficiency (TE).

- alocative efficiency (AE).

- total economic efficiency (TEE).

- Coelli,et al. 1996.

- input oriented.

- output oriented.

- piecewise - linear convex isoquant.
piecewise - linear convex hull approach.
- Boles (1966).

0- Affriat (1971).
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- Charnes, Cooper and Rhodes (1978).
- Data Envelopment Analysis (DEA).
- Constant return to scale (CRS).

- Banker, Chanes and Cooper (1984).
- Variable return to scale (VRS).

- Charnes,et a.1984.

- deterministic.

- Stochastic frontier approach.
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1- Normal - half normal distributions.
2- Normal - exponential distributions.
3- Truncated normal distributions.
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1- non-neutral stochastic frontier production function.
2- density and distribution function.
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1- Constant return to scale.
2- Variablereturn to scale.
3- Scale efficiency.

4- Pure efficiency.



A Ol [ PV o lack / (Subaidl colidial alas || v |

50 Sl 0als bl alize sl yley o ke plB )| (ailpe Gy 5,90 0
3908 oyl gl (58 bawgi g USe okee V7 wlye Cobuss VYEZ L
9 S bawg JLuSe yedo Vo e g VTP S 5 4 VYOF 5 VYO sl L
e dga> oo Hlpbl Colue (31l 0s0,5 0,0l (ol ol oS 0
OYAY pladl Lo ol ) Consl o0y el VYV Jlos 0 (,iSa ygelen

lye Corlas 45 0l o LS VYOOV ams 55 b 45 Sledlbl duylis
(=l VIV) S ks YVIT Sgu> 1088 (LS b oS Condg @ by o
Sl 00l A WlS lawgin g a3 2l o Cowg 3l blde jo g alils yiulisl
OYM o 5 o JSiz loslo)

3 ol cmiye g pl Jolas poe 45 ams o ylis (b Sladllas s (55,0
A Oy e by 5 G plie ()1 po s pllas (Soully w2 5l (1o 0 0
S5 oy cmlie Sljliel 5 OILSES D929 pas (g lo o (Sl alail
=S =2l 4 @l fos (ol bl 5 SLule IS do e (5 S (e
b JLuSas «slo 0500 o9 Eliwe @il yo Sl g (Boi> OMSCis 033k o5
ol oS Caliee bl o o) wle LSS alas 5 cosl flue 4

plo Jolar G b aS 00,5 o0 VYT Jlo 4 (5 lasi o sl )b axsn U
WYEY Jls 53 s 5 008 355, Jlars (Fe ol s Lol s copal @50 5
WWEO Jlo jo anls jo ol Ll ad (gad ad e g plo Jolw lge b > )b
e s Ladlzr glosl ol glacals 51 (So a6yl 0 Glag,b s
Eo—090 35 Vo F ool pgs aslip L8 0 VYA~ ((55,0liS olg>) wljo
& OIS (s lanipo slag b 61351y 5 ad 5 gl Isazme @0 5 pls Jolas
sl 0ile (B Ly cpl o cwliol Blaladl lgie

5 oSl Samaily JUEl s ogdle w0 3y (gl po slag,b (glyxl 4o
= (S Mg Sy 9 (Seiloe ( Sofelom Slibos plwl (sl o 0
5 i (6, Jlas iS5 adsi el oogr ()]l 4z g5 5550
5 TS 03)lin S 5o pass s o Saedimr g3 0 oSS



| Y¥e | | S0 9 6 Al glacslia) 5u pubite alalSl g IS 3 5 Jelgs |

&l v )3 (Sjlom Slibee loie 4 (LBL39S 5 adgle prdiiue uaS
A1) oS sl gl Sl aile Slikes aiz pp b 455 L
e Sslse d Sldes Glaie 4 g lalle olar Slaxl 5 (ol el slaoliws
S)ler 5 5, L yﬂ—“—’“ Slles ool aloads slaeld ol iagsy
O 9o (Sl Dl osliionl g aSle yo (Hgs S g Ol e e

T

S5 iged ogrd 9 Gudizd glvesls —Y-F
a5y f ol (s bl aw 5l il 4 by e ledllol
odal sty 5 (55910,5 S B L (535 0 5 (258 (Erb slaglial olsie
i ST st cole, Sldlim SasSl,y ad e bl OBl s ol
ol B S siloasSTy 55§ Cilides bli 45wy )50 (gloptinl
- 2 g Gl slagbinl j18) Glul VY a4 laatdly g bt peesd (oo
Seoyd Vo j5iS ailie LS mhaw wo o VY (IS job 4l 00g (Il
Yool o s b g cuilo,y BB S adgle JS 51 oo, VWIE 5 o5 ail e
Sl cmnlie (a3 Ls SO plgie @) Sk Gl Bld 5o )ls 3529 (Lol
(s Ol s Gletnndy )0 i ll as (olil Lyl 5
Dged g dral o> ¥ oojlads Jgaz a3yl )8 (03) crs g (lul ) Lawgio

aps e i | ol

e VEVE L b onds 38 Ts (6l o (slog b gl ol o ylel dnol
5 4538 (5,385 e 51 Jlo & JBlas a5 0 bl s ol 4 ) ¥YE L
SOYYE Lo b 5 b s ol eolidl sl SLlS )b o ol oles
IS ol 350 4y g STy (6 o ye b YEVY ol i 5,00 el ¥
OYYA 50 g o JSiz olojl)



A Ol [ PV o lack / (Subaidl colidial alas || v |

&bl Wge g aol> pzx> —) Jaux

alass) (g lo] axols
- - Sz sb olas :
Aged x> uoyd | diged poxe . Solati o slag sk o
) ) _ | 4=l gyloni s . ol oL
Sl 5 | (k) &b " Jle b oucs 1351
°
OYvs
£a/0 0 o 0 ool >
Y g Yo o Sy
YAy g ¥ At ol
FelA AY Vo5 Ny (bl 4s) gaz

Gios Sl 135l

Sl sle=t 5o sl slagsb L Tkl gl w2 e jolate &
5 (+1+0YV) ool Cawsds (il lg 5l eolatul b g dwloee oLl 5 liwl slaz b
ool Wigad o= VOIA (o, 000 5 aruslons digad pze> (1SS 8 325k
sloools imgh pl 40 el Cavods z,b YV i ()bl dnsl> s axg5
el &85 )18 4z g5 0 )50 (5l ye 250 AV
Ol sl €Sis dgle wdgs (e 4 (550 g5 @l ) Atnly i
PRkl 5 cowbie (gled Lyl i 50 e g 00l Solas sles jlasl oL
o e A 0 b e Slhlee (pl jslaie (noy 38 (i 9 St
4 (0uis ebxl b Cawg 4l g (ol ebal) (So5elom Slles coluws (5,8
o (pl St ddgle 0 Gl G9j9e Lawgie 9 S pdy Ojge Alla b

. ) ES wa & .. - ‘e . E . a2
ssbie 4 Guizen D i8S I o atlg e lgie 4 g (6 S oIl iy

o oliwl jo SB eaigs <sBh ol aw j8 =il 8 1 jsline sage p Slawe Sllee plosil cdgtins )
g 35 o oole Slon gae) S5 1250 QBT (o o 1 5 (08 Olmliydl 00l Gonige ST
28 dy el (Ol B el (oreb @los 5 (55,5L08



| Yoy | | S0 9 6 Al glacslia) 5u pubite alalSl g IS 3 5 Jelgs

S gt i) salame @lie 50 5 il e Slagsb 3 s (e vl
b pdy Oyg0 jlme &lie 50 5 @lme Skl Sliles (Sliles

o sloaslitn 5l (oreog sl paie (50,51 Casods 5 655 o5lil ol
sloaoliiowy slasxi . aus,5 oolatul 7 )b LU 5 golwl i )b clacl ¢ las o
] 00l AN T Jgd [0 dlwd 40 0dds eSS

OU“" 9 MLM): & Sy & (‘S’LQ-') W) J.o.oSq ‘_gl.bd..ob.&.wx. Saxs -Y JS'-".

8 B Ol yo 1o 0w
= wobawwl | Ll
(el (Trb gae) (T Jole poo)
Yos YA Wy ) O ol
RYA AR Y Y \Q Sj
\. V0 Ff Y\ Y |
fov Y¥ \R¥4 AY Q- &>
@b -

s ol cdln, Y-

- Slggn) o5 pae BT Jae 5 Bolal (650 b Glejed (ueds @l
ol ool A M- F Jou> ;0 FRONTIER 4.1 13 816 5 5l eolazwl b (s
o ooz by St g a0 B L (LS pae  F5e Jelse) 28
S 3031 Joo ol 02,8 @5 Jladio (il ly slm sl g
.o)lo uoLa.».>‘ L;LAM‘)

rahly cblay o g)lamie myb o (28 LIS 05T S sl
Iy oo )0 FY sae (o) 0550 g loai o 2 b AY 8 L) Lawgie SFA



AY Gley/ PV a_,Lui»/ $sbasl ...‘ls:&;‘.': ddas

|| vor |

ANl 4 cad) lag b ol jo o5 elis )| eud b plplo e o lis

ol (1581 BB ao 0 YT U (gm0 0y90 diged jo )b

S e 2 pae JUT Jow g (Bolai (5550 @b lojod cmesi gl - Jgue

(g2 - Slggn Ju)
o . xS
oo e
to,Ll Aol | el Juiio o
S0 e o )
(o 2)
(i &b)
ofe- \Y/OV “IYAY ISNY ol
ofe- VF/a9 NARNY VYO EO Yl Syl by
1
— SAA -[OYY —o /%) B OIS 50 o0 Slaws
2
ofe e VYIYE o[- OFA ISV Ba b oy
— -y NA —«/+1) B4 pls slass
ofe- VY/AY - IYYO “IYAA Ps b o 0 8,e olaw
6 . . .
— VIYAD <[fVF o[- OF E &y pld jgax slajg, oloss
8
ofe - o/va -/fas “IYAY Soigdem Sllee colue
(5 3 — )5 pae ,6T Juso
ofe- Uve RN IV F 5 ol
0
[ YO | =YY SRR 4 R B Y o 5, b Cag
ofee -Y/AY cfoeYA | =)o NYE S, Sl Slles Colu
[+0 -VIvY [+o¥F | —]e %Y O3 5 s iisel
— —+/OYA INEA —+/-YA 84 b s
ol)ly s yiol,b)
Flo0Y [+ f08 <Y VY 2 .
e Gs Sigma - squared
ofee o
- - NN g - Log likeliood
_ LR test

YA




| yay | | S0 9 6 Al glacslia) 5u pubite alalSl g IS 3 5 Jelgs |

1 X 2 ) 7
ol il yly J5 o id 50 (09) 2l pae il )y poe 05915 s

2

A S0P Y lade a5 wad g lid d(ogd g0 00l oyl y=6—2 L) a5 (G%)
Os

(eee o)) Jho ay S0 5 SzS jlws o] Jlere gl 5 009 (/30) X

Sl as,o Ve 4 Soop pliedsl maw jo (gl cme 51 oS> 1A Ll
St oy o ol O, o el o) §) S s
el 5SS Jlas Vi e 3ol glas qgs g 038 i ¢ LS sae BT g
LB (550 Joe oo & 3l (550 Joe Ko 51 L Y51 ke ol
5 b @l Giu )0 az g Ll azid S onl sl g 2 9550 iged o
5 095 Ol sl 0dg &by (Bolas glallas 25 a5 1z w55 ,5Le8
azrlye (gl Caalad pae L S ab plie 5 (55,5La8T (i 50 Ygane
aS w2 o las el pliasles oo Al 5l e (goga B Y 51 jlade pl caiuse
Jloe conl atiiles a5 B e 4 adgi il 50 ool oailniS (slo jsie
2o mals |y olas slalas o S|y b

a8l o oleiwl) Conss fyg03l 5l eolatul b Jow sloacs 8 g0l
D) 5 US4 g3l onl S 090 anl 43385 050 '(GLRTS)
(1aay
LR =-2{Ln[L(Ho) / L(H1)I} =-2{Ln[L(Ho)] - Ln[L(H4)I} Y

5 (Ho) oo a8 cov olesiul, b polie L(H1) 3 L(Ho) o jo a8
39— 65 cris s onilma sk & 5 a5 05 (HD) i 43
el Thalis 55 - S @8 b (X7)

5 i Joe sl )b Sl ol @l o) asle gl

S5y Pt (im yho dpdyh aS aed e LaS 35 (g3l plail 5 OLS (3

1- deterministic frontier.
2- Generalized Likelihood Ratio Test Statistic.
3- Mixed Chi-sguare distribution.



A Ol [ PV o lack / (Subaidl colidial alas || vor |

3350 diged (1 (st SeudlS 3y @b i 0900 5, (25 pae L]
295 951 Wodls (l gl (Bolai (6550 @i Cunlion 5 09958 ewlio (oo 2
IS 392 sl 5l oolil b Jao (gl conlio (ol 38 505T iz
Jos sl poMlo = OIS &l 0,8 aes 0 g 00 Hol Bjj =0 a3 5 pue
Lol Gl 5 (SIS (5 ani o slog b Eslat 550

cilie 33l 5 SIS pace 5o Jelse (s Coslio sl iz
O3] 2LHLS pa 50 She (o pite (rni johite 4 g - Silggn Jae (39
Zewl Hyg=01=0,=03=0,=0 oo ans,8 ol o) 5l S LR ces
Pymre (o)t 390 Asged Sl emwlie Joe 1 5l - Klgse Joe 14
Dy o

Sladl o y0) (wlide 4 Cod (2351 g losly adgi iiS awle mls
il 00l 4> 15 Jguz ;0 RTS o wlise

(g2 SSlga — SFA Juo) (olsdo SLaidl cu pb 9 ool udlgi buwgio (ks —F Jgur

EVR SIS RS S S IR
SRR Shr cfE L B ek
YA Y AY 08 | IYAA| = [ VA | IEROY [ =8N [ VYO | s

Sdg

DEA (g ywly)bl colay ol -Y-Y
adgle uJgi) oniliw S 2,8 L DEA daocols sidg Jodoo Jow gl

L pdy Ojge Kl 0550 (505l e 9 demlne Jow 90 10 slp pleiinl) @l 00,180



| Yaa | | S0 9 6 Al glacslia) 5u pubite alalSl g IS 3 5 Jelgs |

Sles 5 2 )b ol ( Sk Ol (S Joloie 00les ¥ g ()l e )b
alwgay (A) adayl, o 00l Biae Jad o5 a0l 5l eolatul b (SG5e0em
CRS cl> 90 lm iz od Jow (pl ol o0l Cawsay DEAP.2 15816 5
2hlS 452 jelaie 4 (estie (233L) VRS 5 (Ll 45 s <ol 2050)
Al a8 S 4 b 2L 5 A LIS 4 S

bl aw o g lawi e slaz b oL Sl wodel Cawsdy @l ululy
cdlbo, ol 1 A ST L Ko Ojle aycanl do 0 A 090wy 0590
2 =l S Gean Lo b ol jo 2l el el b gyl )L
Ol g a3yl oy Yo dga j0 i leeslys (6,55 @ g loas e
Ao 020 oo LS yiaS w0 VY SFA (6l cile ) 4 s o8 )b
ol (gao )0 Foo ST 51 S VRS 3 CRS clls 40 0 o5 (Sl
rSedzr oo slag b ) elide bl Glie 45 0SS g5 o0
3 DEA-VRS cl> g0 jo ol )LS sl Silis msly job 40 0 Jaao oo
S¢ aale>= DEA-CRS

el 00l AN 15 Jguz 0 el slaidl aulre o oIS @ 500 ol

(wldio 21)15) (wldio sLaidl g VRS-DEA g CRS-DEA Juw yo o5 -8 Joao

Jowe o Al ol
(SE) pwlido o, Juwe 5o 2L
VRS-DEA Joe
VRS-DEA CRS-DEA
(& pow 1))

NZY) NZY S Jfe¥ bl dus basgie
- JOYA - IYAY SJEYE bl >
ST -IY$¥ o[-y Sy
«IYAY IS -5V P




| AT i3/ PV o jlash/ 5aLalSl Sliiad alae || v |

o 9S iy I DEA gy s ol)LS awle sl Srmgh ol jo

(o Lloges ;0 AC) YLQOQLQJ olile Jall v [0 & jle 4y sl oalds oolau!
Sl ;3 5485 15800000 90 (ST ,l0g05 0 AA )vsch.:;', JUl o 4
o=l mlis 00 5 Al Laoolys 5l adlas oo 5l yion eolaiul b g ol5k

1l 00wl £ 0,lods Jgaz 0 Slawle

SIS @ (5l o 2o b 50 Wodles 5L 5l Gaw 5, @ (i bawgio -7 Jgua
(DEA-VRS cila ) oyliwl

- T oLl O3 oybicw! ol olcwl | baw! aw buwgio
& G @ oo O Cowd 4 Cos ool
. e | Jake | Jage | JIEVS
Js s F F
Sk
oA | Yoy i YA |y | ey | Al
(odee)
Sldee
A Yy . . <\F 7t \ - c;S")ﬁ"}‘”
(s)
/N VY- V0 Y-%. \IY AR \ VFY -
(bS)

5 bsgio a4y g lani e zib o j0 ooled o Slol solaiul lavgie Cons a Ll cpl 5l jelaie *
Abb oo bl aw

55 LuL 5 (SFA) (sl Ly cdlen, 30 0 ol Limgie duslio gl

ol 00 A

1- Koopmans. T.C (1961).
2- dack movements.
3- radial movements.



| Yov | | S0 9 6 Al glacslia) 5u pubite alalSl g IS 3 5 Jelgs |

(DEA g SFA) s 5l5Lb 9 syl <l 9 58 (21,1 bwgio duslio -V Jgaxr

(EWPRY)
e - Tobiml | o bl | olwlys glvel | buwl 4w & biw!
-[#aY .[-qY -IFY¥ SARAE DEA-CRS il
-IAS¥ N\ - IYAY -IYaA DEA-VRS céla,
.15V - 18Y -/#4 % SFA céla,

ol o slazyb 5o (@lLS lsgie (35 Sglite (303l j5-late 4,

iy e g el = Js S G903l 5 oy 590 slaglid
oo ylid by .ol eolaiul o yliwl (690 45 98 annslin 9 Ll 4w aslis 51y
a—w ,0 DEA-CRS 3 DEA-VRS SFA g, aw o Laauslie Son a5
Jmt o )8 w90 90 jlme aolinl ggoas90 slaanslin oz mo ¢ Ll
o=l s S et e (S jeb el 00y o gre i g 0o 0 A0
i 9350 slaplionl 1o (2l)LS Lasgie S (35 510 sino lagyges]

S g (6 S e -F

SSL gy (6 S azis —F-)
Tyl 3l ydas 0)lgen VRS 7 pai b (6 5l)bb dliay jo oS Jlade O
el 6,15 A I b 8L SLelS Lty 5l ol (025 el .oesl CRS
(ool 4 S (2030 9,90 40 polive S gl Cila ) g0 4> 51O
DEA s, 9 dalsss a8 ol by o e o Lolyll Lol wis 5" 31| (RTS

1- Kruskal - Wallis.
2- Mann - Whitney.



A Ol [ PV o lack / (Subaidl colidial alas || vor |

IS ) 5 dlis alSlaz s a1, (o85) #yb s RTS el jolé

hS Ole 3590 )0 (SFA 5 DEA) (5,5l,LL 5 5],k slacdls, D
5,50 1y Sy gl Ll

@S ot 039 2555 b b 9 55)0leS e slacJles 0 O
Grebly ol an Cond (0dg 0 ©0x) VRS el L DEA i, 5o
el A5l g ol (2028 @l o)l i JLil (SFA)

Sloog,S oluly 8la; 99 50 LS Ol 990 50 (ABLIe @S 90 O
Gl Jaizes MalS (g pl Ho byyliwl SIS aile) ooy (gasuaiws

Ol 58 bl a) () 2 9550 oy S o (2B (lie SNST SO
(RS mglgl) (atad) )90 j0 Cdln) 90 Lol Wil JaS (Logh
(rSall g b oo a8l ooy S

Gl ws2ge slacdla, ol a5 g coslio Cdla, LUl 61 D
Sieegh o 0] o jlas sg g 6,8 Sl sl loadcol 5 akin
2 sbeosls g o Jlad g5 bl 5 63,00 S5 Sl 0 Sl
les Syols canlie Cdlr, i 38 A ¢y

s iy liabl 5 b Wil o LT b dslie 5 cdlia, g0 bl O
e baazsl,

STy @ arg by 3l ae cila, S Bro tagh o 510
So=g edalos (Fp 035 S BB ) b @lie 5 55 0laS 25 SIS
5 shame Jelge 1 (523,36 5 aidn plo & s ity Solas slalhs
Cdld) d g0 S5 4 o ;505 )0 Sezge Lylph ay Culie b g (g bl ye
s Sz ) DEA 0ile (600,40 slacdln) 4y Cos (SFA) (52l

OYAY 65 sou> ) S5l

230290 &0 )90 33 (g s F-Y
Ve LY o olass o slag,b jo ades ((28) oI5 Ll cus b O



| Yod | | S0 9 6 Al glacslia) 5u pubite alalSl g IS 3 5 Jelgs

S,l5 0929 dus o

Sl e asle st 5 el ol et Jole Sl olee O
ol 4 canlroslys ady 5l s VYO wolys ol edilin o3 (uiS o o
Trb 2 5 adsle g al¥ln (Fusl e e So Gl Sl 4 K00
il o Loz b o)l elis )] 6l Lol ool oo 2al381 o3 VIV (o y
g2 sl Loyl (mlie Gl o e 5 00 else 55 i e ( Sk

039 (§39%2 (o) 2 3y90 (Sl yo Slag sl ;5 elide 4 Cud 235k T
el 0098 LSS il ) 90 o 0 Aol ol g

3 Gialidl s 1o po o slaws o alS eyl 5wl og il B3 L0
(Sl o b 2 50 ey So Gl Gl A (g 0sd o e asS
i 3l e a8l ol sl sl als 0 ol S Tl 4 adgle wdgs
ol 7ol 2 10 1o oy olowd o (RAS os

adgle 0w g i (g lawi o ik coluw 4 (LS SO Il gl 4 O
3 Fie Jslse sl cobae (il uizpe b Rl 25k 2 50 5 e Y
Dl st 4y o)1 elis )l

slass S938 51 Sl bbaisl .l i plo slaws o5 (uiS o0 O
S 50 adele AVl adgr 5l (S plo u*j) 2 Salidl el @l jlad g els
8IS o S+ o

S cewl adgr 0 e g o Jae sl st jloall 51,81 0,6 slaws O
T 2 0 050 SO Gl gl 4wl s, cusai |y ol lasls (6,8

9 9l Olime 50 e ot 9 oo G A8 T O js0 (Soiglen ldes O
2 sl ams ge s (53,515 o po 0)ls wilhe adg SIS Gl o ea
(G985 U <3 sthssS w505 (8,3 Slelae o 51 o



A Ol [ PV o lack / (Subaidl colidial alas | v |

Sl WS pae BT Jao gulis s Gl 5 ¥ b o 8 s ol
Syls ol ela )l o e 13U e (pl &S s 0

ol 5o lo e SIS (gl e slaan i Sldes acgere O
Loy 3 4isS oyl 45 Ll 5l sy co 5 4y ity LIS el )| | adss
Sl cdlad sl o Boe (g LI, au (25 Jla> «js5eiy] Slas)
adgle ados alidl jo gl gre 5 Sutte Sl aS 09, ced LTI el 034

05 (Sle s,y 5 dgle w5 45 (5l sinn 1 S D
5 el gl sl o)lan myiie ol 4 Ll 5l s e 5 4 2l
sl 42300 gz bl 51 1) el o0 G e (s lonels LIS

039y S Loyl oy LS 5o (28 LU 5 gy sleedjel G D
S0 30 w0 A 4 I (Fire (glhae rhan 0 LU (MBS o o Ll
5 p3Y Glmdigel (samilion abgiye pasi (SIS D950 1 egdle (b
Gl g S B L ol Gl g smoe sleadl JLinl (s Ss 95—
@by Sl bl asle (S )lie slalty,; mize 5 Ol ye 02
B¢ ool LT & (PRA)

bsgio jobo a8 olml)dl g plul B Glaglbl lag,b o 5D
olul,dl g plulyz bl 90 dslie 0550 j0 Ll .l o0gr 05 liwl 51 ey
ilaidls s (Folite mls 6yhbl g g ully slacdla, sl plas 1o (o5e

as ol plas Wi S 5 Alls oLlS 52 90 4 oL 4y O
o, FA gl oI g oo 0 Ar lawgio job 4 Ll aw o Qs oS
50 dlad pae 515U (5 ylan e slagyb 10 352 ge IS pae el 551 5
dolse plw o oo 30 2lLS poe 5l iias (0e)3 BV 68, L) dnge (ol
(s Yo 8, Al 5 LS e iy

o3l G 65,5 4 eSlee (bl a3 (o) 23590 Slag,b ;0 O
oSl 009y LS T o Lo yob 40 (Sojglsm Sldas 0590 50 gl



| Y7 | | S0 9 6 Al glacslia) 5u pubite alalSl g IS 3 5 Jelgs |

ed adsle g e wadg Jelse g mlio 5l al IS ol b o o)le
T sty 35 2ok o Tl @ (So5alem Slilas S P rals L il oo
el 009 S50 Ll 90 5l pawl I8 oy lewl jo Sldes (pl sl

aS aes oo olid SW)L sl oellas colaiul 5 ol5le a3 bgs o slaazsl, O
Iy Slaie o i g )¢ Slool,dT el jo g o eS o5 ol Jo T ol
SYL 5L L slagbnl jo o1 5l eolaswl (g 5ludigs &g, 10 .ol ails
OO0 Shtd o b Sz 4 axgi b oS slagglinl don 10 (595 Y5
2ok sl oolaly cadl p3Y a5 Gl Lol w6958 Ll Cmo sy
plwols 6,8 0) aV¥le Sail Gl Gl b as cul (pl 0gi oSt o
aS Sbeladl 5l Sl oo Gial38l 50 ooled ol 5l A colaiul pae (Layl s
9 S5 (gilwo, >S5 e sl ai e i Bl S50 0590 (nl jo Wl e
5 SHe Sldes g2l s (Sigdom Slles (SKo8x 5 £95 50 C85 iz
355 o0 Dygo s 0 Bul dgiie yo a5 amil aile 4 Loty

bl jo ol Co pow as a2 oo Hlis iz @2 SWHL 9,90 40 bbaisl O
el 0391 (2158 oy ST bl 055 4 S0 il g0 51 S Jgel o3

sl glaciny g alize Olaladl ole Jlo b cwlin jarass O
el oo DUl I yigllas ool 4 0005 (g (B 9 (g ob)9e]
slogsb szl a8 <85 axcs Glgioo Wl jslme &lie 5 syl p0 Slaz b
el 5 adsle wdgi alidl Bas linl) )0 (B0 sile (poga) (5)l0sl
Sl aile jiol8l as ,0 OO/ lawgie

5 aslye 5o caSIle oo 5 Sl Al a5 wims o ylis alol> @l O

B g oo wgmime &lie Sl aige (6510 e e g Copae ;0 ppe s polie



A Ol [ PV o lack / (Subaidl colidial alas || vy |

e ol e hmly o wsled )l e o2l Casd 4y a5 Lol b cesls g5

Mss Sy 053 3l @l 4 Dl

9 6)...@‘)[_: Gl_bgAJL..D:) ) d)l—h—a-ﬁ sla_dl 9 @‘)U ‘>)51)—.’ (dow €0 g g0 -\
AYAY oo a5 olSils (5,550 Al 5ol L

2t (Lo mloo? woljes ;5 .8« elim g 0l e Bl g o o w0ygm son>, -
ATV (abiws; hlae (o) 2 5 Dlaci S 50 ()l 05 €55 0LS
o g aloblo b ablie - aladl Lo asl, (50550l 5 ail e do Ko lojle Y

il oo sl 5 KLoe B s o 5 e da JSir plesl ¥

ilin slo b 0555 (s kel aolillo el ! Ll 3,0 -0
AYAY ol (ol ad) VWAL o (65,0laS asl Lol s 5,0liS olom &l59 —#
AYAY (e pgo A=) VWAL Lo (55,9LS asl ol «(g5,0lS ol & )l59 -V

8- Afriat, S., "Efficiency Estimation of Production Functions,”
International Economic Review, 1972, 13, 3, PP.568-598.

9- Aigner, DJ, CAK Lovel and P. Schmidt, "Formulation and
Estimation of Stochastic Frontier Production Function Models" Journal
of Econometrics, 1977, 6, 21-37.

10- Arrow,K.J.,H.B.Chenery, B. S. Minhas, and R. M. Solow, "Capital-
Labor Substitution and Economic Efficiency,” Review of Economics and
Statistics, 1961, 63.3.(August), 225-50.

11- Banker, R.D., A. Charnes and W.W. Cooper, "Some Models for
Estimating Technical and Scale Inefficiencies in Data Envelopment
Analysis', Management Science, 1984, 30, 1078-1092.

12- Battese, G. E., "A Note on the Estimation of Cobb-Douglas Producation
Functions when Some Explanatory Variable have Zero Values', Journal
of Productivity Analysis, 1997, 3, 1/2, 153-69.

13- Battese, G. and S.S, Broca, "Functional Forms of Stochastic Frontier
Production Functions and Models for Technical Inefficiency Effects. A
Comparative Study for Wheat Farmers in Pakistan", Journal of
Productivity Analysis, 1999, 8, 395-414.

14- Berndt, E. R. and L. R. Christensen, " The Trandog Function and the
Substitution of Equipment, Structures, and Labor in U.S. Manufacturing
1929-1968,” Journal of Economics, 1973, 1:1(March), 81-114.



| Nl | | S0 9 6 Al glacslia) 5u pubite alalSl g IS 3 5 Jelgs

15- Boles, J. N, "Efficiency Squared — Efficient Computation of Efficiency
Indexes,” Proceedings of the Thirty Ninth Annual Meeting of the
Western Farm Economics Association, 1996, 137-42.

16- Charnes, A., W.W. Cooper and E. Rhodes, "Measuring the Efficiency of
Decision Making Units', European Journal of Operational Research,
1978, 2, 429-441.

17- Christensen, L. R., D. W. Jorgensen, and L. J. Lau, “Transcendental
Logarithmic Production Frontiers,” Review of Economics and Statistics,
1973, 55:1 (February), 28-45.

18- Cobb,C.W, and Douglas,P.H., A Theory of Production, American
Economic Review, 1928, 18, Supplement, 139-165.

19- Codlli, T.J., "A Guideto FRONTIER Version 4.1: A Computer Program
for Frontier Production Function Estimation", CEPA Working Paper
96/07, Department of Econometrics, University of New England,
Armidale, 1996a.

20- Codlli, T.J, "A Guide to DEAP Version 2.1: A Data Envelopment
Anaysis (Computer) Program”, CEPA Working Paper 96/08
Department of Econometrics, University of New England, Armidale,
1996b.

21- Codlli, T.J,, and S. Perdman, "A Comparison of Parametric and Non-
parametric Distance Functions: With Application to European
Railways', CREPP Discussion Paper no. 96/11, University of Liege,
Liege, 1996h.

22- Debreu, G., “The Coefficient of Resource Utilization,” Econometrica,
1951, 19:3, (duly), 273-92.

23- Farrell, M.J., "The Measurement of Productive Efficiency", Journal of
the Royal Satistical Society, Series A, CXX, Part 3, 1957, 253-290.

24- Green, W., "Frontier Production Functions', in Handbook of Applied
Ecomometrics (Volum Il: Microecomics), Hashem Pesaran, M. and
Schmidt, P., Blackwell Pub. Ltd., USA, 1997, 81-166.

25- Huang, C.J, and JT. Liu, "Estimation of a Non-neutral Stochastic
Frontier Production Function”, Journal of Productivity Analysis, 1994,
4, 171-80.

26- Koopmans, T.C., "An Anaysis of Production as an Efficient
Combination of Activities', in T.C. Koopmans, (Ed.) Activity Analysis
of production and Allocation, Cowles Commission for Research in
Economics Monograph No. 13, Wiley, New York, 1951.

27- Kumbhaker, S.C. and C.AKK. Lovel, Stochastic Frontier Analysis,
Cambridge University Press, U.S.A, 2003.

28- Meeusen, W. and J. van den Broeck, "Efficiency Estimation from Cobb-
Douglas Production Functions with Composed Error”, International
Economic Review, 1977, 18, 435-444.



A Ol [ PV o lack / (Subaidl colidial alas || vr |

29- Nerlove, M., "Returns to Scale in Electricity Supply” in Measurement in
Economics, Christ, C. ed. (Stanford University Press, Stanford), 1963.

30- Winsten, C., "Discussion of Mr. Farrell s Paper,” Journal of the
Satistical Society, 1957, Series A, General, 120, pp.282-284.





