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&1 u sziidnuazdunsusnusauudnigadas (Truncated Normal) &1u i1y
MSUINUYUVUANG (Half Normal) e u inmsuanusanuumaysel (Absolute Value)
¥01 N (0,02) udrmundouazmanuulsdsivenlszansyo u amnsadou188ai

E() =g, (2/m)"”

vw= 62(t—2)im

d 4 - A ' ' ' N L] .
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° v.. 3

AMIUTUNIVUAUITUD (-u) iao “anu ifilsednsnimmamaiin (Technical Inefficiency)
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\FeaudRIduNIIIAY (Maddala , 1983 : 195 81alu tugyvassel Sunda, 2553:12)

Jondrow wazAnz (1982) Wunguusnit Iduansdidnnusnlszaanag i
dszaninmveauaazhsy lasuaasiaaanuie (Expected Value) 499 u @M 5UMTUNA
usazmasefisznun ldnamsuenueauyiidenly (Conditional Distribution) ¥84 u lag
fmua € 1l meldmsuanusanuudnddmiuy  waznisusnusuuialng (Half

° o J e a a o '
Normal) @30 u  AMIANNIG (Expected Value) ¥03n1 liTilse@ninmvesiduusas

o o o e
vhsu Taotmua € inldaunsonld &9l

oy 0, @(eA/o) 7
E(ule)- o 1-0(g}/o) -(;) o

(Bravo-Ureta U1ag Rieger,1991 ; Wang , Wailea 1182 Cramer, 1996 )

ULNIINUY Aigner , Lovell 1ta Schmidt (1977) 182 Meeusen L1a2 Van Den

v v
Broeek (1997) galdada Stocastic Frontier Production Function U371 A1l

Log(Yi) = (Xi) (2.4)

b 4
Tao V;s sziimsnszaionuun (0, 62) dau U;s Tavauui Ii5inisnsz oy

Exponential %350 H —normal {IN (0,62)|} %a Output gnﬁmuﬂeﬁuiﬂa Stocastic Frontier ,
exp (X8 + V) ﬁ&zﬂ‘ﬁ 2.4
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/4
- Profit Function
Frontier output
y =exp (xﬂ )
/ Exp (x; B+ v1),v; >0
p
L Frontier output
Vv / X Exp (x, ﬁ +vy),v; <0
Y,
&
Y; \
P
Xl xZ

d‘ < Q'/ J =3 v a v
3 2.4 seaalandusenhamandnve udumsumaui alugu

Wagu ¥ = exp(xﬂ ) Whulandusznang outputs Y®J Stochastic Frontier (Aigner,

Lovell uaz Schmidt (1977) 18141 62 = 62+ 02 waz 1=,/ 6, Mold Stochastic

Frontier Model 151011150374 Technical Inefficiency vossiauls 1dae

TE =exp (-u;) 2.5)
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envelopment analysis %30 DEA 11ag4) stochastic frontier analysis 130 SFA laoaeadsusnin
lfiudoyneynsy 1M1 (time-series daayvaizfinesisndsldiudoyanindauane (cross-
sectional data)
o [ v ° o o a @ a a
@333 DEA Afnu hidesdmuagiiuuilndumsnaamsiadsz@nsam
mldlasnlSouiousumitonaady HAZUNNUIHTADINBGUUIFUVOUYAGITA (frontier)
n’: d’ a o o 4 [ 3
nilimsniduveuvanisndanndeyadunueionnuanuamandeuvesdeyaluszdy
A Ad‘: ' Yy arr s a d'l an a
nin Fpilvzegmoladeauuaideya lilinnuAawaranmiandounsada Tnsauudin
WHeddu  mswda wiefanduveuvaniswdaiidnuazilunuuniuey (deterministic
. . s o A =3 '
parametric frontier) M31¥°DEA #fnuisdealdnausziasz Sausosmuifudoyasdiaun
a A A v Yy a g y v ° ¢ o
ANUHANMIANI BRI ABUYBITBYauliisuamTpsazdana I Han s AL Ia T
- = P P ' aa & a a .
mswaaranaald Falunilszvenaniedsmsiitionlunsdinsie fie Stochastic Frontier
Analysis %30 SFA
Stochastic Frontier Analysis (SFA) 1lu3tmssnnanldndnmsmansygia
£ aa 3 a (4 L Ay Yo a Yy s
mxﬁu'sﬁmsﬂsxmmmmsmmas (Parametric Approach) ﬂ1ﬂ5‘1Jﬂ’J111‘1JUUlLﬁ$1‘IfEJUN
¥
nhevnaluilagiu 18un 35 Maximum Liikelihood 33figniinauelne Aigner, Lovell uag
- @ 4 n’/’ & o J
Schmidt (1977 819041u SAsMaR 5UNB1,2546 : 3-6) Fadou IRTTnrsuIFanTHar0v L1
Wannuaziruemsilszgna IFuuuineudunsuuauFuduguy (Stochastic Frontier Model)
. . b4
ad1vAaIoIdAnawNIUANYY Tasnuminaueinsmswaumuiaes waznisii
o o y: ' ] Y a d - Y
wwuimennlssgnaldniu dolngzlddeyalumsimsizieg2  iszion fo doya
o ] "o da & F o
NAAAYIN (Cross Sectional Data) uﬁ:‘i’l‘ﬂl‘l,ﬁ Panel Data ( AdAFUNANNAYUS 9 AU N
iavenilsAaYNuraReaiy) Tasluiiiwveagliluuuvesuuuineudunsuuauds

b4
tAu g (Stochastic Frontier Model) Wod a1l fail

y=f(B'x)+e (2.6)
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TaoN  y=mwanan (Output)
x = 93unisnan (Input)
B = wis1iine3 (Parameter)
' A Y
E=manuamanaou Ysznoualu v uag —u

v
Ay ansalvsunuuasalnilan

y=B'x+v—u .7)
Taghi v = mianuamanasui hiaansoauguld wu au #h e Tsa Wudunas
ANYAULMIUINUIAV VA DIAIY (Symmetric ;v) ; v ~N (0, 62)
v
u= manuemandouiicunsoniuguld e msdanslunis1ido i msly

fadomsnan Hudy taslidnuazmsunueuuud i) (one — sided ; u)
;u~N (0, 02)

4 a o o ] g - a d”
U3 v ﬂznﬁan%ummﬁmuuu (density function) A4

- (_ i)
f(v)—‘/ZTI_UVexP 203 (2.8)

i 2 aw aw a J o
U u °1NNﬁﬂﬂmglﬁUﬂ'ﬁllﬂﬂllﬂQllUUﬂﬂﬂﬂﬂﬂfﬂﬂ (truncated normal ) uNInTUANY

v
HUUUY A1

u?

fu)= ﬁ:rT exp (— ;) (u=0) (2.9)

o lﬁ' ' r < A a n‘l = d
mw'lﬁ'ﬂanmuﬁ'aﬂ u UNMsuINuIVUNLNA (Half Normal) uuﬁa u UNTTUINLIILV UM

L4 ' a U =
amgszu (Absolute Value) 99 N(O, O’g) Llé‘ﬂﬂ]mﬁﬂllﬁZﬂ1ﬂ')’11}uﬂ51]'5’JU‘UEN u MNIDVYU

=

'lﬂmu
E(u) = 0,,(2/m)"”

V(u) =02 (- 2)/m
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l:l’ ¥ 4 é ' v ' o l
u urﬂummmﬂmmﬂﬁaui’fmﬁm PINUIWAITUN umzmmmmzagumﬁu

a o a

wsuiaunSedndunsuauaNe u Bafe “anu sz AnEnmmamaiin (Technical
Inefficiency)” 113U v Suiide manuamandouannantinsnszne et
(Two-sided error) c‘fhﬁﬂﬁlﬁﬂmsméaummq'n'umté’uwsmmué’utﬂmmmnmqmsaf
mouenluFanuaziFwauasidunsuuay Maddala (1983 8130y daINAA éu'nm,
2546 : 3-6)uazauuA i v uaz u Hanvazvesmsuenusiidudaszaetu Sai iy

1 4
d o ] ' o o
FINFUAMUMULUI N (joint density function)¥DI v 1AL u HANYUTAI

2 u? v?
W)= . '
fl,v) 210y, 0y P ( 202 203) "

v A ' a o d o [ "
uatien v liaunsaduna’ld uaz €= v—u 3o Iddanduanurmuiugu Goint

1 4
density function) Y04 u LAz € UANYULAI

2 2 + 2
f(u, &)= ———exp (—L—'(s—u)—) (2.11)

210y, 0y 202 202

o o’: ' a d @ '
ANUANIOMEIUD oAV UINNHINTFUADUNUUILY (density function) YD

¥ - * - { . . o o
€ 181a01% marginal density function Y94 € NM1ININAMT integrating WINFY F(u , €) A0
9 o dy
u 1AAail

f© =] f(ue)du
-t =2 () (-)

) (i) .® (— %) (2.12)

QN

= 2 2\12
laon 0 =(02 + o2)
ST
A= 0,0, BIITUAT non — negative
o o [ a
@() = NINFUANUUWUY (Density Function) mmnmmmmﬂﬂﬁmmgm

(Standard Normal)
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() = Harduazen (Comulative Function) ¥84M313nLIUNANATIIU (Standard Normal)
MIUINUIIVBIMANYS (Absolute Value) voadausiifimsusnusstlnfesiisnuazihily
ASLINLAIUNA (Non Normal) € Fefifte v — u iidnuaiz imnnas (Asymmetric) uaziing
1993 TinA (Non Normal) ﬁn?u?aizﬁ'mfu11mmm'lu'ﬂnmnstfug'lﬁ'mnfhms1ﬁma§
A=0,0, hA ‘lnnﬁu alimnnasiiseinnduluneassiuddid fiswinugud
foz'189 € = v Fsitite nsusnusaulnid

" - . vy 14 o a v ar dy
Marginal Density Function Y94 € 99U daunasuazmnnuulslsiu Al

E(g) =-E(u) =-0y, \/%

v(e) = "T_za,f+ o?

= @ Y &2 o 4 q’: 9y
Aigner, Lovel and Schmidt (1977 9190911 9ASWIf dUNDI , 2546 : 3-6) 14

uana i3 msanuniseilugaga (Maximum Likelihood) ausafinzrinnlélums
Uszinammniinesnada luaumsi (2.12) Taokizaiiuves Log - Likelihood Function

v
TIMSUAIDUNIUIY i AI001 AaTl

1

&2 2
InL=a-/no+Y;In® s ';Z'Zifi (2.13)

mmfuﬁ*v’hmsmaqﬁ'uﬁ (Derivative) Log — Likelihood Function i’l'w#’x'u ey
fudmIsimesuAaziandMmsudaunis lunaudeasu Asei Id @i iines
Wanuaiidugalszanum Maximum Likelihood Estimator

ludrwudefssismsimesnanuait 189 n§ 1105 0181 Maximom
Likelihood Estimator lUWimisdszinaminnulufidseansnmvesuaazwiionan lag
Jondrow iz (1982 $13iaT SATNA Sumea , 2546 : 3-6) TRdlunguusniilfuansds
annuadszunuanu lulidsedniamvendaznilonaa lasuaasininianuiy
(Expected Value) 404 u dmsumdunauaazmaisafisrninnldaninmsuanusanund

& .. - 5 o ° Y Y o cly
N?Ju‘l‘ll (Conditional Distribution) 494 u IﬂUﬂT‘Huﬂ € 3J11ﬂﬁ1u1501111ﬂ AU

e oy Oy [ @(eA/o) €k

1-®(ed /o) ?] .19
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@ e

a a (4 ' 4 a a
ANUU ﬁ):’d'l!l’liﬂ"'lﬂ'ﬂuﬁﬂi3ﬁﬂﬁﬂ'lﬂ‘llﬂi'ﬂ'li!llmﬁzﬂlillllf’\’ il'lﬂﬂ’dﬂﬁﬂﬂ'lf’i’%'lﬂli’fu

nsuauFaAugu Y, - exp (X8 + v; — ;) funandain ldvnidunsuuauiFasmua
T4 § afial
Y —exp(X;B + v;) Aau

Py Y1 cdp XiB+vi—u;)
7. exp (Xif+v;)
TE = exp (-u;) (2.15)

U d’ - a a 9 ar ;
uazmmmmmmatmmmmuﬂszﬁwﬁmw'lﬂmu

E(e™)=2[1- <1>(au)].exp{5’£‘z£ (2.16)

N

o ' 9 v .’f ;: aa d d o a [] ar
nnanmnieduiamaiiiuitnsdsanuailadsudaitugy uazmsa
UszAntmmmMunaAtindI075Ms Stochastic Frontier MiU35M3NI3UNT1 Error Components

- & ol y @ - ¢ o oA
Model (DAINIA DUNDI , 2546 a’NfNiu UYIITIU IUNIVU , 2553 : 20-24)

a < c; U yva (= a a
2.1.6 M3anzHransznunnalmnaaNuluidszansan
msfAnudadlsniudumuvesilsoniousni i les s s mailese
M3WAA (Input Quantities)tazHaNaA (Quantities) NUHANIzNUABUsZANTAMIUMITHER VB
[ a a a & a L4 Y a ' a 4
Huwwamf]uﬂmmﬁu%anﬂszmsﬂua"lums’Jmiznmauwsmmumsﬁuqn NI ANTIZH
=2 ar a' U Y a e a a a ] a Y o ’ ) A v A
teilavonnoulvinannu lutidszansamlunsnanvemiionan lanaed s atiioslay
Pitt 1A Lee (1981) Kalirajan  (1981) Ali 1@ Flinn (1989) Kumbhakar,Ghosh  itag
McGuckin(1991) Reifschneider ita& Stevenson (1991) Huang 122 Liu (1994) 11a2 Battese 1oy
Coelli (1995) Pitt 1102 Lee (1981) Kalirajan (1991) a3 ufinuidailadomousnineliifianiy
(=1 a a a ' a ' a a 'd aa
Tutidseansamlunisnanvesnulonaavenitonas laoauenissms1=nalu3s 2

4 »
YUABY (Two-Stage Approach) (IUQYIITTAL TUNTFU | 2553 : 24)



Tnol¥inaiin Maximum  Likelihood tazfiavinunaolssaninmueantilonanas
a . o v o o ' e
Anszvinwwansznulasldnisoanes (Regression) Tasmsimuannuduiuivessunio
a a a a ' a 3 ° Q’I 4 = v @ Jda 9
szanimwiFunatinvesmizoniangninnuninduasui 1 Milanuduiusiaduasa
d’ o . o a Y a (- a a a [ a a
Jununamesvesilstomousninne lvinannululidssdnsamlunswaavesulonaan

gnimua dednvesiledonouenldun vuaveamitomsnan eguazszAUMIANYIvEY

Yy a

;) " < a das o v Q Y a 4'
Andanazaua dudu ednlstawnsinseiisaenanneldifailymiusesvesniw
. b4 r A b4 a o o : = o a
hiceandoaniu (Inconsistency) tipdndoauuAzuniMua luduaoui 1 salsiFuiuy

.
U =

quietuonansenuvesdssansnimvesnilondagnimualiiinsnsenoudududase
AU (Independently) UazTiN3N3L910RINMITOURY (dentically) Tuvaiziinansenuves
UszAninmussmizondailsainluduaeui 1 wazinnlflusunoud 2 gnimualii
mmﬁ'uﬁ'uﬁ'?i’uegiﬁ'ui‘]ilﬁ'unwuamiemiwwﬁwéaﬂamf'r"uﬁ'uﬁ'ﬁ'hi’:ﬂnﬂf}mﬁuﬁﬁnﬁ
n3zofImTlouu Aoun Kumbhakar , Ghosh 1Az McGuckin (1991) Reifschneider 1oz
Stevenson (1991) Ténoommdilaymluisesianan laonisfmuanansenuvealszansnm
vmmhuwﬁﬂ“lﬁ'ﬁmwﬁuﬁuﬁ‘ﬁyue(jﬁui‘]ﬂ%’umauanﬁan1iwwﬁﬂTﬂuﬁﬁauﬂiﬁwum:gn
Usziiius i Iaol4inaiin Maximum Likelihood Tudunoudi 1 Huang 11a2 Liu (1994) 1qu®
5wanszmj‘umﬂi:ﬁn‘ﬁmwmmnﬂwwﬁﬂmuﬁnﬁmuﬂ‘lﬁﬁmmﬁuﬁuﬁfuaéﬁnﬂﬁu
MeouenaeniIonans WAUAMYs 9§80 15HAA (Input Variables) o1 Tuilafdudunsuuay

. 9y v
Waruguidmualuduaeun 1

2.1.7 wnaalumadadszansmwdan'ls
“mamaumstszunum Iuanyuz Yo Stocastic Frontier Function @11150%M1
a . . 3 3 = & a an o o
1alav14inatinuos Maximum Likelihood Estimation (MLE) #dt5n SInuas3ant uazaumns
a a Jd o e Q a I'4 a a i a
aramumn (2533) laldudanasnanlums1¥insieidseaninmveunyasnsneaatan
v <4 as [ ’ Yo a a a ' P = ar
a0 lsna F3nsaanan1dialszansnmlunisnanveunuasnsudassoiiemousy
daa Y o N " N o ' Ay SY Y 1 oA
LﬂBﬂSﬂi'ﬂﬂﬂQﬂmﬂ‘]ﬁHaﬂﬂﬂﬂ Stocastic Production Frontier A30a172 NQIEJIGILLUQ’J"I 1ue
Avamsmilszd@nsnimmunsygnvveunyasnsuaazsioe: llansoasfounan
. . v v
szansninldeiaunage M3IEIMANEAINIUARs wIsZaTY uANAATY YBNINTIH
' ar 4 @ 1 4 L n’:
UANANNUTBINNINNINGINT WU UYDINIT U (Mubarik and Flinn, 1989) #1911 1n¥asns 1y

3 = ar o o a a ' @ = v a [
ll@lﬁ&.’i"Iﬂilzllizﬂv‘vi)ﬂﬁﬂﬂ‘lfuﬂ”liNﬁﬁ‘ﬂuﬂﬂﬂNﬂu ua:m:ﬂumwmzﬁmmmﬂ%’ﬂwams
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= d' v L A 'd \ = o
HaANUANAAU Fanunaudimsdszinamaumsnmsnannlsee ldnimesamednyas
T ¥
I v o @ a o '
VOITINNNYAINIRWIEIBY 32T INIANYUSVBMINNITFISUTAYBINIsuds T
b4 a o a a U o S’
a0 Taoasanlugdvesaumsinls Taslidauvesaunsmsndaudeegluaumsdnlsil
é o e ’ o 1, = =
(Yotopoulos and Lau,1979) #sarunii lsasnanm idannsadszinamvesss@nsamma
a :s'o < 2 o o [ o ar a a da -;
IWSHININMIDIANNNANY Uz uWIzYBIvhIY wazsiladonmisHaauasHanaRTAAYY

18 8191y Fadas uazauns (2536)

dszansnmsamls (Profit Efficiency) tazanudesszansmmsailsveunynsns
o ¥ a a a o d'ay = d o o
alszansmwdaii s lundl nanode anuainsavesrhisunezimlslu
nsuan lagengamifeniiu 18 meldszdusnuazdoiiavensnnnsmsnaaningi
o & A Y o s ' ¢S Vv Y w o a
o szAUnil Wenwinwudui lsgegavewhiuumasisushidioiu uaasiagniwd 2.5
. VY
dmsuanudevdssansamluFails (profit inefficiency) Tuntivansdemsgapdols
. vy
(profit loss) M1nMsh lieusavhmswaalieguudunun T ls (profit frontier) 1114
a ar d o a a @ = '
Tuzdami 2.5 auu@dwhiwhnswaaiige Fisamsass SanSsuiiouszna profit
v
efficiency Wag profit inefficiency 18 Tae profit efficiency vufedaa Yy FP/MP uaz profit
inefficiency 1® AAAIUYDA [1- FP/MP)
3N 2.5 vansdnpaveswndumls 31 MLE dhudwnnliugegavesi'ls daudu

oLS whudumnnliumag

S

(Mlsaenian)

similevorunls
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o d' (v =
2.1.8 uMIRAMEINUANUNING D
1) ANUWINBANNNINGID
4 . v : a
anuianely (Satisfaction) 1iuiSesunnImidn (Feeling) MINANUYY
A 9 Yo ar & v Y - & aa N o
nielasuanuduS smunimnjamineanudesms M3013993 19 F9f3 25 1T Tminazame
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