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o4 AFEct (Baumol®} Oates, 1988).
L @ATA F&o] AlZlHezE A
F&3 23 Ze 3 LAFAY FATHL
I FAN ST OF § da gty HA"G
LATAFES 287 HalNe FAH
o}z v 8-S FHE Ao I} A7} =2
T gesitn & 5 g,

FAARAA S WL FF3] A
7I3AE NFE FEI HAERAE B8 ¥
B8 BAFE g8l 2vApt AEY &9

7t e IA5E FHNAY, d3guieHE 2
& 71AAAEE  (household production
model) & °|&sle W, 183 B4
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Sol glow], ol Wyl BE ATE 3
8§ AAGoz Hof grh, AW 8P
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! o]g Wi e o& Eo] Freeman (1993) ¥
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24TA S H&E FHste Y F MR
Bo] 2ol3 e A& FE F R g 2
2d 29FEs 2%t Bae AE 7
d @9el FEA v &g ALdste Ao2A
ol WML ZRFFY B4 AL 2
gl glo] 71 vl Ro]l AA =& FHE 27
A3l F=Z o] 8HAT (Seskin et al. 1983;
Krupnick 1986: Oates et al. 1989).
=7} BA AA FEo AFEME GuEd
M E0] FE o]gHol LF A FHIH
EAE FHHT (JorgensonH Wilcox-
en 1990: Hazilla ¢ Kopp 1990). ©°|%
o RYEL AF 8 vl 4FE oF
T BAstcy BE 9 &S FH =
£ FEAe] LFEAS 3 T
T

gAHE& FAst=HE ol

2]
EF_E}—E oz 28E 9FEA] 3
o] 2AEZA AY = AR S
st °] Aty el A (dual) &
FHFozN LHFAY FAN LS FF
& & ok divle] Ay eFgEd e H
RAES ALY o 4FS FA FoUA
A 2.0] 71:"5\-% T ﬂiEi SAEAY
ol Fo I
ATt ]«] ?‘5}74]3]%—8— AE
g &9 ol me obiE e Bt A
o] Zafeg F3E F e Aol
9] Pittman(1981)2 Wisconsin
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tAt 3tk Yolrt Fire et al. (1993)
9-%“7‘9‘ dF9 H4x ¥e HEE=R
B3 o] BAES shie AEEZ 3T
ALY REE ‘?‘-ﬁ‘ﬂ?&tﬁ] £3] A&EA
&< (output distance function) & ©|
&ote] LEEH ] B B A
FFES FAstEh. o] WHL EF Hete-
maki (1994)] ¢Ja] ATF=o] HxA o
2 g9ul 33 Cogginst Swinton(1996)
of oJa] Wisconsin F9] A&iH|Ald |
AE9 vk U

Fare et al. ¢ H< WY AL 24
E4 &P U 74 FES 9= &
Favt glvke Aol thA] Taj oA 4
HE ZE o8 WS FF o8 23 E

o

rlo

EE 99 F3o| AR ickn B3 o
£ vys=y Hoe NLee 29auq @
o SN BE £3o) WEFo) Yk B¢

o slold B4ACR edFAe AU $
FART 2 A 7HA A FEE §I
oFolXed LAz FEI dkde
SEER WiE FFol wEA Y BAFA
of ofaf AALAG T & & gon wapy A
A 2EEd &g PR BER FF
= E#AY %E 5 vk mebx] e
PHEL 5E £59 WiEFo) EAA &
At W8 BAFA o o] R FEo|
T AAAA g 25 AEH7 d¥de
@io] 9t} AT Fare et al. & 23
AAz AH8E FUEFR AE2E FF 29
1 eFgEd WiEFs /AL R¥E FH5
B2 8F7AC EAsteA 52 2 T
FEo] AAZ AAR A oFe Fagl
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Yoyl AEEATE A7l Al
E4g 4Ad3s] vehlo] £ & A AT
Agte] 7gt A FF, 58 2 FAME F
Y¥3+4 (revenue function)ohe 3 FHE
A BA (duality) & 7 Aot mebA
o] o] &3 FHH HFEEATS 7
Z38lo] P71 A EHS HA4E
Ax o] BEF AEFEAFTE §T B4
7AAe ARelga & & o

AZEAYTTE T BY 20
9 ZFAE 7T 7] A Eo &= FA
Ao e edFAIt fFEdte AN EE
FPstedz FHAM |88 F IS A
olt}. olde EAE /HF dAFE -7-33'3}71
daMe FAARGz /HE A4 52
Aol Bt AEE, LEEF MEF 11’4
I FRAY AbgZe UFd P& AT
ettt sHA A7 FHdE ©] W9l
Hed F IS F=E dUsA FHE =
BEE TE7I7F A¥da ¥ & o2, wa
A Bue 3% AAY A8E o8I ¢
FEA AEH AL AR FHe) 2
=2 %aﬂavﬁe o] &3 A4t BEo] 2
ArAle AN LS FHshEH 3o oF
A ol &E F e 7‘]‘?‘ oJEHCE Holn
ol & ol &3t UM oHE =HES

este e O BHoz go. & A7
71&9} Fare et al.olY} Coggins® Swin-
tond EFEH R 7HA HeAM Aol 7t
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2 °li‘1$} A5E ded A F3] A7 He

LEEA WlE £Fd #AF JAPAEA A
f'r-a @7]7]’ o= Heoldk, Kwon (199

6)2 AR AT Fxstq HPHo=z
A4 S0; WEFE o] &3t SO: wWiEF
TFA e FAM LS AZstnat & ut Aok,

Aed $4 olE Yol 7ixa Y= F7t
A LRES AR - £}, FAHo2 T
3l olE RP L LFHERY FHRIEH
(weak disposability) & ¥3}3l7]1 & A
EE2A8857 L9822 dig v FHt
Ox Hgsi £ L FER 45 7H4
S E&37] Yt Holx g A HEE
o] F5H 7tAe| AR FLsittn vt
Asted 21E o] F 7HA 7HHeol RE 9
]%7-‘1 =A% %310}7‘] =2 B2UqY.

AFAA Yozt AEE }1
T HFA A=
e SHES oA%A FHAFE  Usrt 3
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= 32 24dsE (translog function)
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x€ RY & oen e 222 A
y € RY o »rygoz QZAs:e U&
242 (output correspondence)
P: RY - RY o 98 Jehjoid
1=

(1) Px)=

(y € RY: ye x2 A% 7t5).

714 P(x)E Fo1A £UE 9H x=2 A
A7ls3 ASEAGY, vy & AHAEE
7 QFERAEL B ¥Ite AEE HEH
1, RY = M 9 EE H]& (nonnega-
tive) o A%< HAgolth wetd 2HEZ
o e 93lA gv AEEE sPgEY

P(x) & 2 x € RY o d3j 09
B2 %339, 7 (bounded)ols, 3
3 (closed set)elg 7H3ET. Yot ©

o] kA 7154 (weak disposability) &
7H3 %

P.1 RE (2, y) €RY™ g

¢ ye P(x) ol 0< ¢z £1 4,
ry € P(x) °lt}.

FAB715A e e ojd FUE
g x 7t 425 e y & 40 F 3led
y o od H#Hd #AaE x o & Yad
& e AL uidch, i Za) Tety
7 x o o8 Aate] HA AAFA y E e
AR RE A2E ZFEL x o 23
Aadold £ Qo AW ol FojA F
AE FFN Z AEES ojF WFoER
Ae§A FAaste Aol 34 7besttte A
e gujEAE geth. A9 A4S A
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B7bsA  (strong disposability) &2
Haz 3 g3 o] FoFn,

Pls R2E (x y €RY™™ o g
Tk ye Px)ola y <y °F,
¥y € P(x) olth.

AABIISHT BNESAHC] AAE
A Aole F2EAYPFE ol &k
oAEA ARA sxg Szt 3]
1 944 Helg T & Yo oW A
280] ZAE Jh5shd Fol2 £YE FF
N THE AZEE ZolA Y o] A2E
& Zole o] F Jhsd AW o
zAe 4oz A Ao YoB
NAF AS7t gong o AARIEEL
2232 @S Aol gy S RE
280 HAF AR AT AIA
wo] ZAE Jhssin AT oA 2
3 FolA BYE FRoM 2@FRY B
ol FAAY A% $2L Folk Ae
B VsaAY gL FAA A2 ¢
o] 2dd % i} dE So] Fol EY
B FTdA 5%9 29249 Aae BE
BAAES AN 5% A 2ad gE 75
T 7 9o AeE wEAl 7H5E Fol oh
o,

olge] okNEIIsASY HEEIFS
g el o8 dgela 5 g
BEE y, F v, 7} ABkR AR ET FoIR
FU4¥ #F04 A, B, C. D, 28l2 R #
2e A22o Aol BEYhL FHF A,
wef 5 AR A3l o ZAE sPsehd
»z
o}

2

o]

4

& ©A OFCDE 2 vehfeizl
Wop y, & FAR b

5}’3— n

T BAAE Jheetd AE2ERNTES WA OF
CBAOE X&stA A €9, wabA AY
B & & AZAAANE v, & £0]7] A8l
AMe v GA Zasojopdt drk, ol @ vy,
7y, Atole] FAAEE (MRT, marginal
rate of transformation) ©] y, & &°l=
t @2 dAul&elzn AME 5 e A
ojth. whek AEEHTS A AA (kink)
< 7FXE MRT7} #+93tA Be=A] &7]
7ol o] AAZt FHE 7IAA gevn
13t of gt

o] AEEIYLE Yehfiold A7
& AEEAYTETE TR ERol U
B F Ued o] NEEAHTFoY
2 E dFdA LATAY AH &S T3t
7] A48 ol&HoA e FE BA Fooith
H2EAGRTE G2 2o Fodns.

(2) Dolx, v)
= inf{6>0 : (y/6) € P(x)}
= inf{6>0 : y €6P(x)}

ol dEEAYSTE 98 545E A
ey 3 2 x € RY o w3l
Do(x, 0) = 0 ol3 A&Ed] i3] A

P R2EARREE FOA Ve 2 FUE FE
AA BH2EE) #FE £ de HWH S
Folt}. o13F A2EAYFFE FUEA
%4 (input distance function)$t 4
Ai7iEe E4E dehie shuie Aads
2 Shephard (1953, 1970) o sj& =95
Feu 2 AN &4 FoldlM ALEEHD 3L
t}. & Bo] Malmquist (1953), Diewert
(1993) & AYHAFE ol &3l9d AFolE
(index number theory) < ® u} glon,
Fire® Grosskopf (1991), Fare & Love
1 (1978) €& Ad¥TE ol&stoq AYite]
gL 23ste Ad FIF 91 E 93,
Deaton (1979) & #HA A& = sl
Ao A g+E o] &7 u Urt,
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Fatolm A2Eo AR

{y: DSx,y) < a}ol ZE a ) 0 ol ©
8 Aol #H g &olt}t. Fare ¢ Primont
(1995, pp. 17 - 18)° w29 AN E7}s
datalM e ol AzEALATFIE 7HA
T B4e oA AFd AEEXIT T
E25H E2HY 1 99 WA= AEIH
oxlet o 2 Shephard (1970, pp. 211)%
Fare (1988, pp.33)°l 93t 4289%
o] RE x € RY o ds] 22 (convex)
Agolet 7HHE BY AEEAYETFE A
EE9 EEFFold.

(a¥ DY FEE3FEL T/RY A
o] EAE Aol gloMe FEEAF
F7F oJ2A FAHEAE BoFa Qi
WA zZ} AEE0] AR JtsE B¢ o
7 22 #AVE EAFH(Farest Primont,
pp. 16).

Do(x, v) < 1 ©® yP(x)

& o] FEEIF UTY & AR
A9 AEEATFE OR/OQ °li °le
150 &, sk A, B, 283 CY 22
&R AEd YoM e FEEAATS
gtol 1ot & £ & 999 v, & Ha
3 Zo] #EA R A S 29 o]F<S 7}
A&, o] 3 T FAaE Q) 4EE
AT E 05/0Q° 2 HlA dd.

24 OA U AB & #Zo| 19 Ag3te
A2 8A%9 A (frontier) 7t 49 712
718 JHAlE F90M e AEEANTFE
vi o g F7letn y, o W i
A% A CD o 2o] el 43ste 4
A7t &2 71715 7IAE 4] JoAM =

AEEAYTTFE vi By, BFO dF F
7hgch, gty & AEEol dx %A E 7}
Fate AMdE FEEAYFESFL o A
B g3 t=A Zadde AS 9ustA
ged. olgd Hor FEEAAYTFE F
A o F2EALTTE LHEZ d
Z7telAl 452 HIE AYdste 7EY
Fare et al. °|Y} Coggins ¢ Swinton
2EL FAEEAEY Add FE/EA &
=02 & F v 34 CDS e ¥9
NE F AE2ETAN S9 712717 EAS
22 AEAME SloA dF9 A
(congestion) @’Fol EAtH, olzigd 7
JelEg el e FF AEES oA &
oA H4EFE Hade Ao sMEdt
tH. A2 Hetemiki © AFE FIZAY
o A% 323 B2 9 71dde] oldF #
JujEgd el st Y-S BAF v
on wei edEdo] A= g ¢
A A E sttt 7HgE Aol doA
= AEEANTFIL LEEZA g ¥F
Mg AFzdE FHstA] Lotof g

g3 Be FUEFS BEEBANGS
Ztel A #A £ Shephard (1970, pp. 2
66 ~ 272) o & FPHAULH =2
o &4EH HEE FRsted ol HAA

qg< @

¢ BQuEddelxel ol @Yol FolA F
o FARHEAF BAHe AL opth
A7 L 2A ofF AEEXRF ] Fof
A BAEE Wt BE o HEEZT
o] RE AEES T EFHIEE ZaA
7le e stedida 28 RolA g2
T Zol7] A W= FAA AEFS
Zojo} gt AL dulaAE dE oo
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(3) R(x, p)

= sup {py: D,(x, ¥) < 1}
y

(4) DO(X. Y)
= sgp {py: R(x, p) < 1}

714 p € AEEY (¢5EFH) 714 ¥
golol o 23w 74 4 gt x 7t F
4E HEol22 R(x, p) © BAAS} 2F
EAS BEER e S3UgE £zt &
T 4G5,

olAl (3)z (4)] BUAAIL AFA Al
FolA AR Fe 29ELY VA E =
Z3ted ol &HeA ABER. (3)F 4)
ZRE O3 2L 23RS qAE 5
A,

Ay, A = pyv + A1 — Dy(x, ¥)

wWx ,p) & Ax ,p) € 949 SaBAL
A9 szt stH T2M A (envelope
theorem) & ©| 48 o 3 #AE &
T o

(5) V.R(x,p) =
—Mx, PV D%, y(x,0))

(6) V,R(x, ) = y(x,0)

A7 vx & 7 W x of g a3
HAdEE ATE 9viad, v R(x, n%

5 2Q3teE A2E s14d ds Higasa,
AYEsjoln), BEolg},

v.D(x, y(x,0)) & Nagd ¥Holxn
v, R(x, p)= Mg Helolt, g {9
gagAgt 249 14 Yezde iy
2o

() p = AV ,Dyx, v

gt (7)Z2HH 53 22 FAE o
=

oz, ) = Ax, p)V,D(x, ¥y

Mx, p)DS(x, ¥)
(AP EIA)

$Ele 5Ed /ledozr HEH] &
g FAol o A Dolx. y)
1 ot o A% 99 #Ae

R(x, p)= Az, p) 9& dulstzn o]
BAE ()] st o233 2 #AE
dert.

T

(8) p = R(x, »)V,D(x, ¥

2l v,D/(x, y)7t (4) SHEE
AL Fe, £AEFE WHAR 45F 7}
AYEd S ¢ F+ Utk et AEEEY
4= 713 ¥9E p = FuistE ol&edTFE
A2EA TS A28 giEd aydd
E ¥z FAFE o2 Fgdd. (8)9
FA Bg=Er M e FEEALTT
Do(x, y) 7} A& &l dia] A% n&7bs
sitha shgstedol @t oladt A&mE7t
SAd B3 AL A2 EF ZAV H
He MAA 2dxs 28 (McFadden
1978, pp. 35) WA & AoA9 2E
o] 453 sHFe] FU3A FAHEE
o}

FAT Fd# Rz, ) 7t 4EA
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AR 27] W72l (8)8 HAAE o] &3l 4
229 433 7AS s2sEdE olde
o] At} wekr 7]E9) Fidre et al. o4,
Coggins 9 Swinton, 281 Hetemaiki
o] AFEL BF A 3 FAA AF
A4 py ol 2 FEA AAF p F IA Y
3 7P o] B ojE A F2 2
483 v, (m* 1) o ¢53 74 p,
< &7 Zo] Yehojzr,

D%, y)

OYm

. oD(x, ¥)/0yn
1 oD (x, v)/w

9) pn = R(x, p)

A% o] stAe W n@dHo|g &
4 el ol ¢4 (8)9 #2H stHde
Do(x. y)=1 olgt= AkzAse|MT 1
ulg 7Rz 7] WEolch wetd AA
2 323" B2 2AARFY Fol e B2
Aol N 18t e ASd YoiNE 4
o 42H stHe] 1 ANA/AT YN Pin
At Ae vdddolz @ 5 AU,
(99 7H3e =8A gL A 23
REENAL AT F e PHe o9
Ao A=A s1AL FAA AFrHHo| of
Jd 424 sdez Yehle Aot o] 7
S 2E (8)] 98] 22H odEAY ¢
24 714¢ 53 3449 ¢=A stdoz
Uko] 2 4 i}, o 5o 8@ 298
Vm & FBH AL BAA oy, o FBA

AL B8 thew Zo| Uehioiach

_ Rz, 9)dD(x, )3y,
R(x, p)aD(x, v)/dy,

_ D%, 9)/0yn
dD(x, ¥)/dy,

o] ¥H]&& y, F y Akl MRT ZA
B3 v, o S5F 7140] 12 F7E &
RXE W y, o ¢EH JHEE e
(2" 1) dMe 2239 AAY 7
27 BA3AYG L9EALS] MRT o &
o 252 Ad & AT 5UYP oA o
W %5E 714 4 9ok ®eh o MRT
G o" RBE AY 4 ov] Pk IR

3. AW A5
AR g%

AEE

(1009 Jebd A7 e BAE o83t
o EEAY ¢EF sty WiEFA Y
A &S FH5] M ¢4 AEE
A7t FF oo @i}, 27 AEE
A¥FE FHstede 2A F 7EA 9
o] 9l&d E43 (parametric) HE I b
F 43 (nonparametric) o] 2 WS
ojt}. dX|ut B RFA WM e FEEA
A g2 5 FFFHE FHSA
%1 F38 F dvhe FHol U A
A2AYEE B3 759 713 T (tech-
nology set) ©] AL 7kA7] &4 42
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45H 7HAe] frLsA FHA 2
. wEA g’ AEEAAGF #E
te °l o] oplzt A2EE ¢
Aahe ol A7 FHd 73
AHgatodob gk oAl T
e FEEAAT
stejof gct, B 4y, 3y, F 7HA

220l x, # x F /M FUES o83 A
A5 o] F y, 7k LEEZ ol JHy Tt

Lo

e e

£

3]

ol
poA

o

e

4 ok 4):
o ox

tt 2
oﬁLN

N
i _l?{l‘ _m‘
ok
(A A

FHI

we oL Jo g
o B
o
rot,
ol

& S0 T 2L x9S NHEEAT
g AR BA
(11) WD, (x, v = Ax, ¥
N
= ao + Zlﬁnlnxn
1 N "1\7
+ 5 nglng By (Inx,)(Inx,)
M
+ 2 a,lny,
’f“lM M
+ 5 mz=:1m2=1 (mym)(lnym)
N M
+ Elmzzlnm(lnx XIny,,)
M=N-=2
M Mo
M
mzzflarmm = 0Vm.
(13) QA yim Ay'm, Bnn Bn’n,
m,m ,n,n.

Aok (12)€ AEEALYF7T FEE
of tsl AFFAtete 422 A94 (glo-
bal) &2 ¥t (13)2 FFHFAA
o g W34 e T

g AN AWMEYE AESEAYYFTE
ZRENSAE HAe B8A y o Ak

o83 BFLAMA AME FH 49

v ZaEA Y RAER yy o dAE od
255 74 4 Yo wyo] AU A
AR (109 #3237t 4284
A&F7t y, o dal vZaseE v
FAAN T 2¥x E& ZAee tH Fe
F 3 A ofo] FI}Eojok Fr}

M
(4) o +m2=1a1,,,,1nymv

N
+ Zlynllnxn >

o] ©xA (monotonicity) &1L A9
AFY (12)-(13)F= 28 HAdHez ¥
#d ¢ a4 I AN FLE R A
289 gl dEFS ¢ F U
# y, € 33 FA

7bssittn tEE e o SAEIMEA
tge 24% 5938

A FASE y;

flo r-\m

InD,(x, )= InD,S(x, rv), 0 r<1.

A A¥EA Y 24 (12) 9 I
274 (13)¢ 338 3% o] FAENSA
& 290552 BAE A2EAYUYSF
o o3 P& FZEE 4A E98 5 3
o webd Az (12)-(13)°] FHs €
F AR § o) del AFE g7st
A et

(118 2ddsgsz BAR 428
e Ad7led A o M= ¥
HapA] Fe Aol o8 A& 44
oy} dFeol EFe uiz} PArled B
ER /1AL BHstdol ste B9t dE
g olAl 1 RAMA AS2A FH o8
€ A7} F2 d@ FdERSA TE
oAt : ZHFE Bal o] Af FFEAY
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e FUEO A&l -14] FAFetorst
gt ol F9E & It} (Fares Pri-
mont pp. 24). ‘3}%9] Agfzde o] 7
o g FIER2AS 29d¢ AEE
Al gl HFAH e -‘?--‘4'?5}‘3}

(15) Znﬁnz _1; g17”m=

N
n2=ll9'm' = 0Vn.
= WAz 589 E7}5A (separa-

bility) ol thal HEsl b Pargo] wat
A 3 gasgel 939 5 aAe it
2% AHe ANE A7t A 4+ Uk
G dd BAE UA 2E FUEEL
Bgstel shtel A8 FYBE P
ool o] FAH FYTE ol &3] AT
A7) 4SS ¥ AR o £
Hsol g uolore st & dzA £
£ 4ARAANE ol g3tel Brled W2
s @AM EE BAL e

&2 - ii%‘ 1991).

GAsted AgEE WAV 2NE
& sl /1A B4, 4E 5ol U8
o WABA & ATHA ¥n F WY

= Ao *’E?S.??}H] Arrow (1974)4 Bruno
(1978)9} 93hd B} %1 e ¢
o] dgzlst 2
EZHE ZIAEE A4 o
22 Jhestd AZRAMAZL &&%54
iz ol 8" £ Y. o] AF

E9E (primary input)®

Z7HEAE

o rlo

¢

=

A WEFL AR AHEF3 AH A
ez 23 ALY =F3 T2 4FY
Bo] Jdux g £ rtedttte AL olE
FYEo] 23 dEEZ ¥X¥d 437}
NG 7l edEAR B sbssite A

< oujgit}. ol Fo] BEYEE &
EEZ5E £y 7t 2S¢ AEEANY
e 2% Zo] Yehod it

D,(x, y) = D(g(x), )
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