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DU DMU Mame
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Output] Qutput
Output2 Qutput
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Period

DMU Name

Cluster

Input

Output

Mot Defined

B 1-4 & EHE ER

FIL R E BT,

@) @Uﬂﬁ% CCR 1978; BCC 1934)
[ FIESEsEA =
(O 2) EEEHEIGHSITIES (ERM, Enhanced Russel Measure, Pastor, Ruiz, and Sirvent 1999; SBM, Slacks-based Measure, Tone
O &SN FHERE BE [ iE22SBM (Sharp et al 2007)
O 3) EHEHEERIFIEE (Chames, Rousses, and Semple 1396)

O 4) EEEHEIGEIAIEE (Aparicio, et al 2007; Jahanshahloo, et al 2012; Aparicio, et al 2017; Zhu, et al 2022)

TELLHRED

(3= Nt BE [] #B%ESBM (Sharp et al 2007) M (Lin et al 2019)
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v EERSEE
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]
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1) Excel 3(fF
2)  Open Office Calc SCfH(*.0ds; *.ots)

3)  SUARITHE (*.esv; *.tsv; *.ssv; *.psv; ®.txt; *.zip)

4)
S)
6)
7)
8)
9)

SCASCA T B R A R R Bt g 5
*.csv: 385 ()7 B SCA SO (B I SO Bt 50)
*tsv: I RAT 0 B IR SCAR LA
*ssv: 35 ()53 B I SCAR A
* psv: BLR(|) 7 B I SCAR S
PR AN axt A Zip R SCARSCA, FHP AT DAAE S ANBE HR @ A% e 3 R A4 8 zip OS2 6
A axt.csv I o
Stata (*.dta)
SPSS (*.sav; *.zsav))
SAS (*.sas7bdat; * xpt; *.v8xpt)
dBase, FoxPro (*.dbf)
Access 45
SQLite %4 & (*.sdb)

R BHE SO TR K (Excel, Open Office Cale BUCA ), BREPEHIE 1T 2L E LK
CrF TR ), HHRAEA 1T RRZEI LT MaxDEA XA & 1) 42 FR K AR I 7% A5 5k

BN GEHD ARRRA R A LA HRE

R 1-1 ERREFERER

Company Capital Labor Product
A 4323 875 93608
B 2295 469 225559
C 6379 1286 327068
D 6644 1339 201354
E 1436 297 188926
£ 12 HIRBHERE R
DMU Input Output
Company Capital Labor Product
A 4323 875 93608
B 2295 469 225559
C 6379 1286 327068
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6644 1339 201354
E 1436 297 188926

EHE AR, AR B e . S ABIRZ AT, T S e A A (1
WG T AT BAE HEAT B Excel RUZHITREE, WA K IBEERE, B oA
fRER, K Excel I AE & MEHEEDE TIE. MaxDEA X SCRFENFI HAR B HUE v 0. 4niRAE
BN AR B 5l , MaxDEA X H 3P S EHAIFA 0.

DMU %%

TEFAR R A L —F TR %4> DMU 4 #8(DMU Name). DMU ##RA] LU SCF (SCRF
30, W LRI BT BT A A

TR

FE T AR S A 50— B B R s Bt O 18] . MaxDEA. X6 T ARCECE FIHEF IR 35 IR 2
Ko HHRHHE T LI DMU (2 FRHEY, ] DUZIRI AR, ] DAARHRR -
ORI AR U B, AT LURES RS, filin

200101, 200102, 200302......
MaxDEA Fe V3 I AEF A A 8t , B Sevr o i S I Bt sk ok CBEARBUR IR . SR HE
XL 31, Lo b 4 SR LR K
R 13 WRBFRER ARG CPATE IO

1 A 4323 93608
1 B 2295 469 225559
1 C 6379 1286 327068
2 A 6644 1339 201354
2 B 1436 297 188926
2 C 6281 1266 413738
3 A 7459 1502 114022
3 B 4464 903 212444
3 C 4524 915 462677
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R 1-4 TREFRE ARG GEPERmRD

1 A 4323 875 93608
1 B 2295 469 225559
1 C 6379 1286 327068
2 A 6644 1339 201354
2 B 1436 297 188926
3 A 7459 1502 114022
3 B 4464 903 212444
3 C 4524 915 462677

1.4 pHréE R

BT RARAAAE SRR ST RV L B — A S SO e A, ST i 4 A9 24 i H . 2R
GO R AR AR, WAER “ ST H 805207 BATHaA T e e e Bon 8 RIRAF AL B .
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23 DEA ERlgR
2.1 BRI

PR G — AP eI A P R BZAT WA AR AT FERE o HAR R R B — AN A
FICEARACF I ES, B HAR R . BOARBEE T DL NFN™ A BE R AT &, RN
BEE B BT, BORZCR 7= R A AR FE SR & 7B BB B 0L T, BOAR R BN/
b [P FE B SR iy 2 (Farrell, 1957).

MR ARSI R, BRSO TR AR N B SR e S, BPRIEN y/x.
WAL B sem, H HAN 2 AR, BOR R 5= BRI & SUR AR .
A PR AR B — B NI — T = i, W] DATHS & AR 2 BT e AR N LG AR, R FE— A
BLIBNFT A= (K77 i R, SRS e A 7 BT AR BRI I e SR 35 B T 1™ AN LA B
DA s R LU AR, b mT DA AN LGB AR AEAG A 0-1 Z (A1 AOHUME,  IXRE T DL BE 47 b S B gl PP A
I SRR TC HEARBRIZE (£ 2-D.

R 2-1 AFEHARNGENER AR
BAr x(@AN)  y(EH) y/x y/x(bREf)

A 10 8 0.800 1.000
B 15 12 0.800 1.000
C 32 16 0.500 0.625
D 48 18 0.375 0.469
E 24 12 0.500 0.625
F 54 20 0.370 0.463
G 50 20 0.400 0.500

FRTERAR T R, EOGE R TN B AL IR PR KA A R
=L WIEEBEE R E. EZRAZHAELT, AWM EER ST R R
B

RS BN AR T AL, SR A THROINRG BN R LR, T D9 S
ARBCEERITER . 1XJE DEA ey i) UK

TR HBNT ISR (xx, v S, BRI XN R (i, yo0 52

RS, 5SH b BB B R R, RN E : E —Xdl—oﬁ%

Gy TG T %/ x
k

DEA 25 #5701 L
IR PR TR R R IR OB C R, S H IR ARCRE S

BAIMNEE—Fh ik, KREL# DEA [FREA R,
8
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BBCE m MENF q M=, WA AR IR A

v=vixi+vaXo+ ... + VinXm 2.1

IR sy

u=wyr+twy+ ... +tuyqs  (2.2)

T R 90 RS G e e R B R 25 SIESE N AR L 2 TR AH X B R P R A 8. — A R
[ 5 AR, 9 e e S BT A5 WL 2 0 %% TR R OB s 5 — RO vk Rl i
AR E AT R, DEA FeBsi B i & R HX Fh o7 vk
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2.2 ETIHERMAZER CCREEL

1978 4 Charnes, Cooper fl Rhodes = \7E (Wkiliz %% E) (European Journal of Operational
Research) |3 7 18 (Measuring the efficiency of decision making units), €37 " DEA EiR 7L (A
Charnes, Cooper, & Rhodes, 1978). 7£ /5K DEA k™', LA Charnes, Cooper Al Rhodes = A [K
1 TRy A AR SL I 5 — > DEA #i4Y, B CCR #5244, CCR FAMEGS AR A 2E (constant
returns to scale, CRS), AT KBRS 7 IBRCERI Ty, KB FERVONEE SRR

DEA K4 2% (130 FE % B AR N R 5 59T (decision making unit, DMU), DMU 1] LA A4 BA 7]
WERB 2l EEA . Bt 0T, BAL, Gl m . 2R R T HE ST AL (X380,
WA N, Blan#om. #4. A%, DMU ZIEZURA T HME.

2.2.1 BAF[A CCR AR RFIRI

AR B A] PUE RS R ORI B HOR AR, AR XME R EA DEA A
JRE . BRI IRA T EN & —H 3L n > DMU BIECORZEE, 128 DMU; (5=1,2...,n); &1 DMU H m #i#%
A BN X (=1,2...,m), AMBERRA vi([(=1,2...,m); qF7F=H, 188 y:(=1,2...,q), F=HIR
BERIRNu@=1,2...,q). ST ENEK DMU ic Ny DMUy, HP=HBEANEERRN

g

UV
WYyt Yyt U Y Z T

r=1

m
ViXik +v2x2k +"'+memk z

v=20u=>0

i=L2...myr=12...,q 2.3)

FER RS S & I BOR R I — T 254, #4 AT DMU SR R BCEAS H 18R 6; B &
FE[0, 1]EIIX TR, B
9
Zuryrk
hk — r=1

m
Z ViXix
i=1
q
21,

=<1
;vixi/.
v20;u2=20
i=12. . mr=12..qj=12...n (24
Charnes, Cooper Al Rhodes = AGZ (%8 —/> DEA FEAE R TR A AR B0 1, 124

KRN
10
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q
Zur-yrk
=

max —

m
Zvixik
i=1
q
2,

st =L <1
m
Zvixii
i=1
v=20;u=>0

i=L2....mr=1,2...,q; j=12...,n 2.5)

X AR B & AE T, £ DMU RN 1 2R, E3F M DMU
AR I AL DR TR B E AL u A v X 0P DMU e A, ISR SCEBE, CCR
FRALEX T DMU (JERCER DU B — R O <7 B AGTE,  DROE R B 2 i A A v
HI, RAECAEMBE R R E A S X R E A R

Nt Al CCR AU I T MBI AN AR KR ? B — TR P BRI BRI A AL, MIFEROR
RARRAFAZ R T, WR—> DMU FIBNANFERI ¢ {50, Ho 2 AR N3N JFER A t
fio RIERAL, BBLPIFAT DMUK N AN JFOR K ¢ £, 7RI A2 e T, iy
ARBEEBARFFAZL . A4 CCR BERAEXFPE HLF 75 HH B AR B R R R FFA AL E ?

DMU AR H#A N IR t 55, CCR BRI H AR e H0M

q q q

Zurlyrk tzuryrk Zuryrk

r=1 — r=1 — r=1

i vix, 1 Z ViXix Z ViXis 2-6)
i=1 i=1 i=l

max

HIT t AR T 7B, 285 5EOREK B FreR 85, FE, 5 DMUCKH B AL
HERLAAEE . B, SE0r T DMU FEAM HAE IO JFOR Y t i, CCR A7 5 A
RZEAY, BHRCREAL, SR AAZ R BSAAT

CCR LR (2. 5)fFAE 1 R B2 AR L D HLAFAE T 75 2 AU o (Bl oAl v A
Q25— AU, T R v e R AR 1 B AR (£0)

T D vex, >0, BEQSNARENT
i=1

PAEARAS R, SRR AR RN AR (7 SRR A LR P AR B A
11



Hs B W MaxDEA X

q m
st Zury,j —Zv,.x[j <0 @7
r=1 i=1
1
ivi‘xik
i=1

R (2.5) 1 H AR s A

é'\t: ’ IJI\IJ

q q

max tZur Vi = Ztu, Vo (2.8)
r=1 r=1

Beu=tu y=pw,

ARLRANERE (2.5) 28 ey S R ek LA A A

q
max ) 4.y,

r=1

s.d. Zq:,uryrj —ivl.xij <0
r=1 i=1

ivixik =1
i=1
v=20; =0
i=1L2...myr=12...,q; j=1,2...,n (2.9)
BR(2.9)72 LK% DMU k 9ok &R 5 N T i) CCR A8 (AR, % T84 DMU #(#£7)
ST R

R 2-2 KRR R BIEE

DMU x1 x2 y
A 10 40 10
B 15 25 10
C 54 27 18
D 50 60 20

PAZE 2-2 TP EE B, H kg 4 DI, A 2 D KON
DMU A

PERSES AT RS TR w My, SR RIS u M v, SRS E TR KON AR R
BRI ARSI R PSSR B 2 P, BRI H b R B AR AR AR 55
12



Hs B W MaxDEA X

max +10 Weight y

s.t.  +10 Weight x1 +40 Weight x2 =1
-10 Weight _x1 -40 Weight x2 +10 Weight y <=0
-15 Weight_x1 -25 Weight x2 +10 Weight y <=0
-54 Weight x1 -27 Weight x2 +18 Weight y <=0
-50 Weight_x1 -60 Weight x2 +20 Weight y <=0

DMU B

max +10 Weight y

s.t.  +15 Weight x1 +25 Weight x2 =1
-10 Weight_x1 -40 Weight x2 +10 Weight y <=0
-15 Weight_x1 -25 Weight x2 +10 Weight y <=0
-54 Weight_x1 -27 Weight x2 +18 Weight y <=0
-50 Weight_x1 -60 Weight x2 +20 Weight y <=0

DMU C

max +18 Weight y

s.t.  +54 Weight x1 +27 Weight x2 =1
-10 Weight_x1 -40 Weight x2 +10 Weight y <=0
-15 Weight_x1 -25 Weight x2 +10 Weight y <=0
-54 Weight_x1 -27 Weight x2 +18 Weight y <=0
-50 Weight_x1 -60 Weight x2 +20 Weight y <=0

DMU D

max +20 Weight y

s.t.  +50 Weight_x1 +60 Weight x2 =1
-10 Weight_x1 -40 Weight x2 +10 Weight y <=0
-15 Weight_x1 -25 Weight x2 +10 Weight y <=0
-54 Weight_x1 -27 Weight x2 +18 Weight y <=0
-50 Weight_x1 -60 Weight x2 +20 Weight y <=0

B 2.9)RHE R Ky

R S OB AR Y 2 (8] B RO RS S RARCEM,  #l40 Hillier, F. S., & Lieberman, G. J. (2010). Introduction to
Operations Research: McGraw-Hill Higher Education.
13



Hs B W MaxDEA X

min &

n
s.t. 2/1 X, < Ox,
=

Z/ljy;j 2 yrk
J=l

A=0
i=1L2...myr=12...,q; j=1,2...,n (2.10)

XHERR Y (2.10)+, A Ko DMU HIZePEAL & R 40 SR R IR R 0" (URBCRAE, 0" HUVEIEIN(0, 1]

(x=D A X, y=) Ay WELE{ER A MR DMU, SLEARE T DMUKGR.
= J=l
P2 AN T DMUG 7t o 4015 DMUW A T IR IRES MR AR AR 2210 Al DMUC R = D A,
Jj=1

y= Zl/ V) BRI DMUL IR
J=

B H bR ek B R 07, 1-0"FRRAE L HTHOAR KT R, BPPH DMUWFEA BEAG ™ 7K P
FAT, HARNRRUS AR R KRR . 07/, RN DLAEI I FE R, Rk, 0" =1
I U8 B PP DMU AL T ROVRTE L E, AR = A5 T, & RN B S LU R Fae (=25 1),
AT HARGBRG: 0°<1 YL DMU AHEARTRCEIRES, EEANRD = HI AT, H& 0
BENFT LS LU R B ey (1-07).

TEASAY(2.9)H, BRI A B SR A5 48 AR PR TR 2K T BRI B e 11 o6 &, B5544(2.9)i8
N DEA BIFREUE A (multiplier form). FHXMEBIAL(2.10)8 € WRTHTEALELS, FATH DMU &
FEEEW (RS ER, JBEHRA DEA 14 (envelopment form).

CCR APMEEAY(2.10)72 LAF= H BB RIS T, S I N 1T LASE A9 4 ek 1) 82 2 SRoxsd T8 ik
GLREATI R, FUHFCAIEN T (input-oriented) [ CCR Fi%Y,

2.2.2 HAFH CCR EEBH BRI RER A H

AT 2 SN 77 TR MR RO PR S B, 55— BB R R 2 WARF R 77
.
B2, 10) T LASE (1 2

14



Hs B W MaxDEA X

i=12. . mr=12...q:j=12...n (2.11)
PR, TRATAT RS RN (x, ) = (YA, s YAy, s MG
= j=1
DMU 457 42 A A 5 HAR PR BV A2 b (= EEAEE)
7/ (EAY, =)

Yy / x xk/x Xk/(zﬂjxj_{_s_,)
j=1

yk/xk_yk/y*_

1

X Q. Ax, +57,)
J=

n
zﬁ“_ixj ts
_

X

=0 (212

EIRHE I REAT AT B EATE R CCR BAAG H EORRCRE AR, I T [ CCR RS
ARG 0" HPFH DMU A7 2 52 LU T A A7 2 I EU AR

2.2.3 7R [A CCR BAL IR

77 H 3 7] CCR A R R

m
min Zvl.xl.k
i=1

st ZS: Hy,; = iv,.xi, <0
r=1 i=1

q
DY =1
r=l1
v20; 420

i=1L2...myr=12...,q; j=1,2...,n (2.13)
FEX AT Oy

15



Hs B W MaxDEA X

.Zlﬂjyrj 2 ¢yrk
J=

A=0
i=12..,mr=12..,q;j=12...n  (2.14)
P AEAR R (2.14) 72 AR BEAE B 261 R , 251007 H AT PSS B A9 3G K R A% B SRS TG 03 IR gk 47
W&, FkpHoNr=H S Coutput-oriented) [ CCR FEAL,
WAL o fEUTTHEANKTT, BITFN DMUEAB MNP 4T, H” Haeig iy
KRR ¢ -1, o"BR, FonmHa] I KRR, M. BT o™>1, FrId—HKX
A Vo ks &g,

2.2.4 = H B M CCR HEEIA H KB AR R ME A R

RENQ2.14) T AFNHRTH

max ¢

n
s.t. Zﬂjxl.j +s =x,
J=1

Zl/ljy;j _S: :¢yrk
j=

A, 5,57 =0 (2.15)

FEBCBI R, RATFRE TS HARH R (X, 37 ) = Qo Ax, +57, X Ay, —s), Wi
j=1 J=1
VEA DMU (097 B A 5 2 LB FF 7= B AL Z B (B =3 R LA LG
Yk /(Zﬂ’jyj _S+)
= j=1

y/x xk/x Xk/(zljxj_{_s,’)
J=1

yk/xk_yk/y*_

Yk /(Zﬂjyj _S+)
— J=1

1

| £ MaxDEA BRI 8, P SRR (Efficiency Score) =1/¢”,
16



Hs B W MaxDEA X

:yk/(Zﬂjyj -s)=1/¢ (2.16)
=1

MRS FE T DUE B, 77 S CCR ARG H I E AR BCRAE 1/  [RFER B EAN DMU [H4E 772
52 s a0 A4 7= 220 Eefd .
2.2.5 AT H CCR A E#

AT CLEZRE 5 2 OR B RN T 17 CCR BRI HE A F I, i%F 7 4~ DMU (£ 2-3), 13
B 2R (xiv x2) A LFZH (y)o PRSP HIVEFERIREN xi OEE AR AL bR (x1ly), LAERAL =

HIEFEIIFEN xo HIBCE AN LR (x2ly), % DMU BA7 7 NS WL AT B 2-1 k&0
£ 2-3 AT M CCR BRI R

DMU X1 X2 y x1/y X2/y
A 10 40 10 1.00 4.00
B 15 25 10 1.50 2.50
C 32 24 16 2.00 1.50
D 48 16 16 3.00 1.00
E 24 48 16 1.50 3.00
F 54 27 18 3.00 1.50
G 50 60 20 2.50 3.00

7EE 2-1 9, DMU A FHAERR RN I AERIR . BV DMU BIAAAR £, 20 50l 1) PR AN AL bR il A
LR, TEWSRTELR S5 AR o) XA (i 50, AR R AU ARBRE 3 /N T 8058 T4 0P DMU 1)
b . LA G OB, BISZIX I GQOP W ATA miffiAkbRiE, 1294 M(my, mo), ¥9/NTEEET G 1AL
bR, 88 G(gr, g2), B my <= g1, my <= g0 A TIHIXIA FTRRH DMU 5 G Mtl, HAEEM—4
FAL I H T FE R PR N BRI N TGS T G BTEAE (U M 5 G AR, #EMESE), X
TR, EIZXIBNER GBS, A AR MEY®m T G, WEPA E L, 7874 DMU Hr,
B. C. E =445 G L, AFEHE .

77/~ DMU ', 5 44 DMU (A. B. C. D), fEHIELLS5APRGHE R X KA, HWEHE
TAETIHE R DMU B E DMU & IHEH S, XE£R A By Co D AATHEARZEMHIE B, TUA
SERE BRI Y 2% B FLAE K RO A STTR AL T ATV Y DMU HRCE N 1, BERTTRA T DMU 2%
fE0~1 28l MR BF, middhm s, Jeeass, WEERA DMU. E2 450, A
] CCR AR R ™ o) J5E A 8007 22 TR A4S FR) T T o

XA A — BT T RO AR fL.4% 43 HT (Data Envelopment Analysis, DEA) FJJ5 K BT
fE.

LL G A, G(gi, g2) 5405 £ O(0, O)FIEELE RN FTHY I 2R (22 AiE Y G'(gh, g2) G'FRCH G 7ERT
W EREGY (projection). G HALT R HIZR 11 GURAHEL, FLBRAE = — NS = H B 2 THFE 1Y

17



Hs B W MaxDEA X

PPN E DN g1 - g1 Fl g - g ZIHFEI LR 3 (g1 - g1) / g1 Fl(ga - g%) / g B RIEHE
FIEEBI AN 1 -(gi-g) /g = g1/ g1 -(g2-g2) /g = gb/g. FIRFATLEI A RN L
BekFm 8 RG/PG 1 SGYQG, Hi4E S & #r] %1 RG/PG=SG'/QG=0G"/0G. G [ ZAE ]
FIRN OG/0G. G MBI ERIN OG', TRCEH S AIA GG

M DEA ARG B ERTT UG i, DEA WG AAEX R, AT DMU A T4
J6”"DMU 13405, DEA 13 H I BEAE R PP DMU 540 T 507 R4 SO LU o

2-1 B\ 5[ CCR AR A FH I E R~
2.2.6 FEHS R CCR B Ef#

& 74 DMU, ¥4 1 AENF 2 Fhre il Gy Al ya) o BLEARI N FTA =72y RN
FEAABR(y1/x), PABRALEENFTAE P22 yo BRI AL FR(y2/x), % DMU AL EE NP H AR Il AT
K 2-2 kFER.

£ 2-4 P2H 5 CCR HEERHI¥HE

DMU X yi V2 yi/x ya2/x
A 10 10 40 1.00 4.00
B 10 25 35 2.50 3.50
C 16 48 40 3.00 2.50
D 16 64 16 4.00 1.00
E 16 32 48 2.00 3.00
F 18 54 27 3.00 1.50
G 20 20 40 1.00 2.00

PLG A, AARE A O 5 G ELIEK L ST IR fid N G, GFRON G AERTHS L%
5 (projection). FHHFE—MNRAMFN, G 25 G &S %I N RG/PG F1 SG/QG, 1R

18



Hs B W MaxDEA X

P JLAT € B R0 RG/PG=SG'/QG=0G'/0G. G HIZFIRHLATE RN 9=0G/0G. HT ¢ MIETE
FEIR[L, 00), FESERRRLH A — R o MIBIEUE A, 0=1/g=0G/0G', 0 HHEH (0, 1]
fEZ 4=, 7= H T ) CCR BEZY (1 FiT VR A 19 ) J5 A A ™ 2 TR AR TOUTHD

A 2-2 ~=H 56 CCREREAFIER R

19



Hs B W MaxDEA X

2.3 ETHERB TR BCC #HY

CCR FERUER R A PR (AR A S, 53 BURZE P BR B IREH v] 42, (BB FTA B P4
DMU 4b T e Az = AR By, R AL T USSR INAN AR B B o HSEBRAEF 2 AP A 38
AT BRI AR PIRES, TRl COR BEZYAS H IR AR AR A0 & T UL 1 L 43 - 1984 4F Banker,
Charnes Fl Cooper — A7t {Management Science) & &5 T {Some models for estimating technical
and scale inefficiencies in data envelopment analysis), #&H T fiit AR DEA #% (Banker,
Charnes, & Cooper, 1984). iX— 72 5T DEA Big 5k B B X, 78 LUG R SCik
IR RIFR 9 BCC B (DL = AR (1 R - BE i 44 . BCC ALY JE T- ML I 7] 22 (variable returns
to scale, VRS), 15 H IRIHARRCARHRRR T R 152, PRHAR Syl R 2% (pure technical efficiency,
PTE).

2.3.1 BT BCC B RIR

BCC R 6 CCR AHEHI(2.10) R FHI T mpE s Y A=, HofE F 23T B

=
AIAEAR, WERBRIBACR 2 5 A HAR AT, TR DMU 5 5B r 2 [
FFET RIS DRI TS SC IR -

min @

n
s.t. Zﬁ, X, < Ox,
Jj=1

Z/ijrj Z Vi

J=1

> A=l

J=1

A=0

i=L2....mr=1,2...,q; j=12...,n 2.17)
BCC FER (2. 17) A R & =0

D noREMEE, BUHEEREN (—e, oo, FIIELMEMEI T w52 ESiEgfsS, FEm
HEr BB R . 55 SCHk(Banker et al., 1984)PRFF—3, AP RHMS .
20



Hs B W MaxDEA X

max » 44y, — H

r=1

s.t. Z,u Yy~ Zlelj — i, <
ivixik =
i1

v20; u>0; u, free

i=L2....mr=1,2...,q; j=12...,n (2.18)

2.3.2 NFF BCC BEIS H B AR BERME AR

BT A BCC BRI IHOR AR AE 0 * 20T DMU KA R 52 AR 47 A 1t
fH. SBATH CCR BAKARZALET BCC MR S E AL T 2B AR R AT F.

2.3.3 =HE R BCC BRI
7= 1 5 1) BCC A2 3 50 h

max ¢

s.t. 2/1 X, <Xx,
Zﬂ‘jy;j 2PV,
j=1

S A=
j=1

A=0
i=1L2...myr=12...,q; j=12...,n (2.19)

P71 § ) BCC BURRLYER™ H 511 CCR (2. 14) it L 7 ki D" A=

J=1

ot il =N

21



Hs B W MaxDEA X

m
min Zvix,.k +v,
i=1

q m
s.t. Z,uryrj —Zvixij -v, <0
r=1 i=1

Z;Uryrk =1
r=1

v20; u>0;v, free

i=L2....mr=1,2...,q; j=12...,n (2.20)

2.3.4 =H SR BCC A H KR SERAE A R

7 3 6 BCC A A5 HH I BORBCRAE Vo™ A2 A DMU [4:77 5 5 2 FUARFT I A7 2 1
oA, 57 1A CCR B AN 2 ARE T BCC BRI 2B Fn A T2 B R T .

2.3.5 HAFR BCC HEEIE MR
T AR SR JE RN S BCC MR A F 3. [ 4 A DMU (3% 2-5), ¥ 1
FHEEN GO BT (y)o DL x REAREE, DAFEH y HVARER, % DMU FOBN = H A v

EIprr(E 2-3).
£ 2-5 AT H BCC BB R

DMU X y
A 1.00 1.00
B 1.50 2.00
C 3.50 2.50
D 4.00 3.00

H 2-3 H#ASME BCC HMEEAFER T
RBEIR A (CRS), AE/F~RiYSAI ] OB S48 % R, B f2ME—4 % DMU. R HER

22
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AJA8 (VRS), MAF2RTH A MABD 4 i ™t m) 2 MR #i 2. 78 CRS A, B AR~ RN HL i
=, A C. D =45 B mMth, BT EIERRS, Hb A Sr#sea T oB L, ME/NT 1; C.

D B T OB SEKA b, KT 1. TMi7E VRS BUHF, 2L Y| A =1,

j=1

A. C. D =AU OB SHMEHE, FAENIE OB H4 LB aEL D A, <], B4
Jj=1

A >, B Y A=l . Ot Y. A=A E ARG, AL D BT
=1 j=1 j=1

HivE L, ABD M A R IEELA N AEZ M B 1 AEEOR A P di iy i 2. VRS B €m0
M DMU, HARANTCRZAAEIN CChy, TAE CRS BRI HB N TR CC'lic.

2.3.6 =H5 R BCC A EE

N R DR (05 2OR 7 H 3 BCC AR RS A SR, [RIFELAER 2-5 (% 9t 1E CRS
BRLeh, P S S HN S AFATEAER, 12 OB 412k, (HZ27E VRS B8, P S MEiES
BN FRRRTH A AR, 7 3w R Al BR R A i th 209 ABD & D si-PAT T x Bl
ek (& 2-4). C RAERTIHT LB SE A, HICHERAEIN CClov, TMIFE CRS AL AL
P TERCRA I CCloc.

& 2-4 =456 BCC HEEAFIER R

2.4 N[E DMU 22 [8) 3% ZR A5 A AT B4k i B

DEA FRIAG AR M AR DMU KRS S AR R R A L. R E
DMU #8275 [ —Frkt, WTohE %4> DMU FIRCREA B Z B RA AT L. H52ER E, AF DMU [

SR REAFR o
23



Hs B W MaxDEA X

ANJF] DMU Z [R5 MG TSR BA AT B 2 T A P VS AE R B R B A Rk, BAE P iy
FIFTA R (A AR — N BRI DMUD, HHERACEEN 100%. BIAAE DMU IS H AT A
A, B SRR R A

AR Z DEA BRI, 0 RCRAE AR AP R o AR B ZE P AT A5 Y RT E
SR ORR . AR AR AT 5 22 B H & (1) DMU.

I

™
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Hs B W MaxDEA X

2.5 AR HMHFHAMREARR

£ CRS A A, Fe N T [F) ™ 3 145 I RCR(EAR S, X — mnT i BRI 77 kBT (&
2-5). C RPIRCRME, ERANFAEERS (0" ARRHAN QCe/QC, fEF*H FHEEH (1/9"
FIRN NC INC'oc. 38 =1 J U 8 BAR 25 5 UE ] C'icC/QC=CC'oc /NC'oc, 85 BIFTHH QCe/QC
=NC /NC'oc. 1HSZfE VRS BRI, AAALEXFER R, B VRS B AN 3] F177 Y ) 2008
HAEE,

& 2-5 CRS REVP B AT 5/ H SO REEEFE R

25



Hs B W MaxDEA X

2.6 HERE

BCC BRI L H 2N T SR VRS A= HAR T DMU AR, {HFEIK BCC B8 A T
BRRCRARAL T O7E . QSRR P HOR USRI AT AR 1K, KA CRS BARUS HIA% A (technical
efficiency, TE) MiIFARRADIEIIBARER, MR & T MY, AR R R
A e XF VRS AF=HRTI &, BESR VRS B H IR A R B AR (Bl ARZE”, pure
technical efficiency, PTE), JS4 il L# T CRS REAE M VRS RCEAB ML AT LS B9 MR 3R A8
(scale efficiency, SE), 1I% 775N SE=TE/PTE.

1R 2-6 TN SR PBTEBRAIA C'vChe, TEE] 2-7 H7P= S A A E R AR I N

C'ocC'ovo

5T

4.5+

4T

3.5

3T

TolTT T
& 2-7 HSEREHRRRE T
MELEEZRFTELE 1, DEA BA445 H 1) —A DMU REUE R IR 1% DMU B S BRE,
M2l % DMU 543 H % DMU BRI B R I RBRCR o BSOS A S AR A RS
PR RANE, RS H R R AN ]
i EE R R, A BRI AT AE (VRS) I A AEAE IR A A A SR AR RIS
ReEm, FORfEA CRS B8 (AT DMU AT CRS HRA) SRAF 2SRRI . 75 BRI

FHIZHK R
26



Hs B W MaxDEA X

IRAE IR 158 L, THE USSR T R AR I B RS o 4R A LA RE B R A, 15 1) TE/PTE
FLAE FHEAS AR R % (Scale Efficiency), £ MaxDEA ¥4 AKX — AL ELAEFR N “ B AR 7 (Scale
Effect), LL7sX 1,

William W Cooper, Seiford, & Tone (2007)£ SBM R R AH 542 171 R0 AH 2 18] {1 2 7Bk A MIX (Mix
Efficiency, IBHRE), Bl SBM MR = RFBEMEXMIX. #ZEXAERE X AR H TR R
SBM CRSHHAH 1] CRSHHMH x CRS MIX
SBM VRSZ#AH  421a] VRSAFAE x VRS MIX
=HIH13% % x Scale MIX

SBM AR RL W =

27



Hs B W MaxDEA X

2.7 DEA EEY ) fir 42 7]

CCR #%bR 53 DEA JivARIEE, 1 BCC BRI XS T DEA Jrik i)k e th B AT JR ) B 2
MR SCo Rk, XA AMRAR IR B 1k IRy 44752 1 DEA SU8if—20Aw] . (B2, [ DEA #ig
JHERIPEE R JE, KB DEA JRik AW, WiRRSR A MEH 2k IR AT dan 44, A 5 51
IR AL, DEA R B RS AL ) S BFIE dr 44 o ARIEIXAFEMdr 447775, CCR #7404 CRS 4217 DEA
BAL, BCC #AL N VRS 4211 DEA #5484, 1% [ (radial) i) & SRR TR I E T 08, BNGEBSE
FLB IR R L, B Y RERS AR LU RIS IN IR . AT A A L) DEA BB, A5 1 1 & 1Y
He AN CCR F1 BCC BN %7K .
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Hs B W MaxDEA X

2.8 AN FAEMENHERER B

A AHE DEA FREIrR A FAThAS EWE 2 fE421H] DEA SRR R (2.10)H(2.14), 4K
F MR UAFARME R TR, e XATCUEIER R 2R, X AN st AR B A7 LR 1Y
SRk

A DA AR 3% 0 DA )RR 7 BHER AR AR ) DEA BERL P AR B A 24K AEA— 4T,
DU BT 48 F I — s [ e fE 8% b, SRS T A 48 110 59—t R JE AR, B RshEE, i &
R — R4 Oah BT, ARedksh 7. B2, XA HES T RC RN, WRBOTCEh %
487, FASMILE TR0 ] AAk Sl aly, AFHRAA IR 48 1 1T LASk A4 3 (1 P 88 k2 &5 AN PR BR KA sth AR
=AH

I T LM 208 R R F 20 1 2 (] v 2 B AR AR St i R 7 2B (9 B R DEA RS2 (VIR VR A2 R 23 B e P iR
KO BI » T 53 B P R BCHE 23 11 AL R R P £t IR A BRIl P A7 A 0, A st vl R~ 2 RO RR R

HRE T RBNR BT, LR 2-5 HIEEE NG, 76 CRS BRI, B A= HI
ATV OB 12k, AATREH IS AUARBISPAT IS0, DRIUE SR BN 7™ H ¥ CRS A2 [ AL A St AR 5 1
SEN 0, BIAFEIER SR, (Ha2, VRS RIVES IS AR PAT X B, WA DMU 3
WAETATIXBLA, MISTEAER b el L. FIandER 2-5 Bl s B3 hn—A> S & (x=2,y=0.5). 7F
FENF 0 VRS FEEE S sSTERTIR IV, S08 S, (HJ2 S'A S HINT 1 A siAHEL, SYFAE=
AR CRFS'A B, FEIE IR (& 2-8),

B 2-8 BEEAESHEST VRS A HH AgFATH o) 20 = iR
HEEZHNZFEHIIER T, & CRS BRI VRS AR 2 H LA ot ] 551,

AR AT REE IS T, DEA MR AEPE AT REE R RN

{(X,y):x > Zﬂ,jxij, y < Z/ijrj;i =1L2...m;r=12...,q; j = 1,2...,n} KRR A5 I Fa i
= Jj=1

LR BERNT LT A AL B (free disposability), & X N: MR x ey, ME LRI x+

Ax WATBVER ys 2R x BEZEFS y, MU x AT DR y- Ay
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B 2-9 R TAEPIIH AT — T N 17 CRS BEAU TR, fAAERA AR R . E RIAERT
W LI HVETE S AR P AT I X B ) B b, FLSRA = RN xofy FETEIIAA SN E'B.

X2 /}f::
3 A PE

257+ /

2-9 WERA—FHER T CRS AREY th AT o] B = R
7£ DEA ifirh, 4 DMU #E ik /Dy, S AR AR 4, ERIFN DMU [H52 X
BN, D LS AR AT I B, AT HE B 5t i 2
SKARRA S AZ BB W] LA 2 M 7575 DL SR AR 95, an SR R AR Y 1 29 TR 58 hn s st
Ak, fEHPRREh AR I AR E, B

min 6

n
st. Z/I X, s, =0x,
j=1
n
N
DAYy =S =Yy
j=1

>A=l
J= (2.21)

R TTEIE R IR —Br B (one stage) J5ik. FEZHNF T, — B — e I AR
stATEAE, FIAnE 2-8 BT . (H—BrBOTEI A RERIE—E RESRMS SE kA AR AR, B nsE
2-9 1, 7E E MR R AL TAT T AR AR T X BE WAFAE S DMU, JZIN, SRAT—Bir BT ik oisok
BN x2ly kAT . FESRME DEA BRI, W P A QO RCRAE, AT LIRS — BB

N T I BOT RS Bk s AR AR A e A 1), 75 AR 0 A ok P S e A A
AR AR R s T IR BRG], DR Q2. 21) 885, 78 H bR ek S0h 88 e st 22 &
Ja BRI 2O
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min§—¢) (s +s")

n
st. Z/ljxij +5; =0x,
j=l
n
.
DAYy =S =Yy
j=1

i
ja
A=0; s =05 =0
i=1L2...myr=12...,q; j=12...,n (2.22)
e & MR, FoRARRIHOREETLTS /N, WTHEEEY— S 2 /N IEEL  BlAn(ESE PR N A i E
7490.00001. & WEALLERIRE, ¢ BUHRE RN, 2208 s H bRk Hooi 5t
R (2.22) KR HUE sUOB AR ) oy
max » 44y, — H

r=l1

q m
s.t. Zy,yrj —Zvl.xij -1, <0
r=l i=1

m
Zvixik =1
i

vzeE
H2E

U, free
i=L2....mr=12...,qj7=12...,n  (2.23)
& B 1 B ORI 223 RS TG T AT AR
N T HBRE Y (2.22) & PP RRZE, FERAMBTEL (two stage) T7 V23RBS AL 5t
A (Ali & Seiford, 1993).
TER BB, SRAFERL2.17): SAGTESE B, SRR N R

PARIER R ELS, AR IR H bR BOC S, WO TE AT AR -
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max Z(s_ +s57)

n
~ ¢
s.t. Z/ljxl.j +5; =0,x,
J=1

Z/ljy;j _S:r =V

J=1

3=l
=

A=0; s =05 =0
i=L2...myr=12...,q; j=12..,n (2.24)

0" R INAE S — I BRI 0 R BRI -

FER 2-8 th, Py BIRA AR 0.5. 7ER] 2-9 H, BN xofy HIRATHAR RN 0.3,

FEF R R, n] DUEE ST 50, SRARAA ot e

i3S DEA BRI DS B DMU RIRRCIRES: AR () IR TR (). DEA HH N
PIFE DL -

—IERA R (strong efficiency), B4 AL T IZFEH —FUIRES, ATAT— I KB # 0%
Pb s BRARERD P R B IN 53 A — R BN RO AT T R AR TR N, BRI
TN BB B gd D 53 A —Ff = B . IX R AR RS — A Pareto IR . 7E421H) DEA £
Rrh, AR S R AR 0 =1, JEH sH s™HN 0.

AT FIH R (weak efficiency), "EEFETCIESE LG/ SN KIEUR, BRARED > H
MR, ORI & DU B, BRAEEINRA RIS CE . ERXMAEIRE T, BAARESE
ECAI R D BN EEG IN H, AE R e — TE LI ((EA R 230D RN FTRERT DA s B 3 — Il ) 1
T EARAER) P2l gen] LA AN, PRI R AR RS N 99 2. fE42 1 DEA RO,
FIWr e 15 590 BURFRER 02 5T 1, AT EE B AR ot 7] 2

T A RO SR e IS AR B R . 7E42[R DEA B8y, JfdE—@E /A Efa st i, dn]
RE LT A b s AR B 45 SR8 0 0 I DL

PO AT — R BN —F 7 H ) CRS B8, B N> ) CRS BRI AT N — AN A
AL 5 AR AT B R L, i DAt SN A7 AE A ot )

M LR BT TR DMU FERTHT BRI R A0 T BV B R SRA R0ik 7, EIXFEL T,
FT Jo2 DMU A Fa s A B 45 R 24800 0, AN AL 5t ) L.
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2.9 WHIBEESATMBEERIR R

JoX DMU FERTHY_ERBGY AR ILHARE, IR BRSO E R 8RR, 7 R SasEH
IEHEIR, MIBEPFA DMU IR B3 E T E BT S — R

P = IR+ o .

TR DMU (I FR AT DMU)D ¥ SO G 45 P 8 4, — 72 L9 80k (Proportionate
Movement), —ZFA5hHE{E (Slack Movement). Ef

P = JF AR+ L A1) CSOEE R St S A

R TERL DMU A 5E R BB, % DMU SO /56 rTRER S5 2 W SRA77ERA sth v i, 0
DGR WRAAEAERA 5t /L, T 5T 24 R 56 R A9 SOdE RS sth X5 sk S, 4 RECRIE JE A DMU
AN R

DA 2-10 S, D SHJER DMU, M5eitbfieiid s, o1 D s R B C &, \T C
FAL TV R 0 4, AAAAERS S0, Bl D fE 58 bu st fE Bl R 2. B MR
DMU, M5elb@ieidfs, m B MR EIRE B B, BT B S TR ss A 868 (5%
PREOPAT IS, AFAERA SR R, FrbL B (RS8R LB OdE fE O 39 A 2% FERbEERT b, T 58 ks
SO fE, B OE SRS R B s, X AN ERA AL

0 ? X1y
B 2-10 WHRA—=HER T CRS A i AT o) B = i

PEBABACRE R T, AR DMU 1 “IEHE” AT S & RS AR HERCR B R DL, SO E” fEE
BB ARSI 5 5 & B,

i ER AR, LA OB — PR AR R A (Radial Movement), Fon & TEEN (B HYD 25 L A1) itk (1
e BAETT IR BE R R B TP ), X — 0 O R AR AR LU e, TR R T ] ) B T R 0 . S IX R )
HHEE AR, £E MaxDEA BAFI et R, K L GeHk o Ll s -
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2.10 DMU &, HBAFZH B AEE S MK ERE
2.10.1 DEA #E&IX DMU H&E I ER

DEA NAFSHATHT ik, BOMEN T2 8057%,  DEA X DMU #& ) ZRAE >, H
5&, IR DMU #riEid /b, 140 DMU FJECE HERN ™ R R IR 2> (n<mtq), MARZS 5t
PURHR 7> £ 22 458 DMU 2 R 4558, i DEA 25 2% DMU BT X 7 B BE J1 . — Ok U, DMU
AR TN AR bR ECE I TRAR,  RIREA D THRAF P HAabn =1 3 £ (William W
Cooper et al., 2007), Bl

n>max{mxq,3x(m+q)} -

HIX 2 — MR 1 SRR, BAAZARYE DEA 7347 25 SRR AW . 76 SBR R 1, A4 DMU
B T, UBRIX I RE A RN, Bl > RN B0 R AR R = X

2 DMU R B2, AR RN LR B 2, 5 RO 7R R I
fili b (Joitfe CCR it BCC AL, RN — BN B Hiahs, B A1 Rl —
KT BT SRR A5 L A

2.10.2 BRI HIEbRRIERE

MAEF= R BRI FEH RS, DEA BRI N F AR ()R H FE AR (y) SR S0 2 BL T R R

D x Be™ ys

2) y e x B HRE,

FESZBRRL AT, R R XA BN e SRR (B e =M. PABEB A4,
H R MR R T T2 SRR RS, RN BAERARN R RO BT 5 Bt
o YT IETEREAT I 2 2 AR A O 2 0 BR B IR0 (BAEF= 30D FRAR R, HR R U A% (Bl
AR AN RE R, AR ATEIR .

DEA AESRINIRVREG™ HIRFR L M AAEE R BEARCIE GEEME), LRI A & 28U
WRIATEE R, SEbr b, RV AT, AR LR EDR PR (CL D AR R B
HBIHEN . PAEEBE NG, BRI L oG E S — NG BNVE R, 7ESERrud T, BRAEMECE
A B A E o BE AR DG

B2, TEFRAREURE B2 i U AL X A RE AN R, ARSI = i fa b B0 R R T e
EHEZHEFERMER R, W E % MR b HE R i FEAR DR A HE A

DEA FEAY & BT A4 77 il R HR (R MR 7%, A7~ vl e 2 DMU 2R &, MR I
Wk, DEA B (5 NAI= R FR L 40T AZRPEAR N . 26 (EEUAED 2 H T 4R PR A1 70 BER AR A R
FHH, W DMU FIZR AR BEEUE AR CSEBRR A, AR AN EID, B = A s A
FETRESE, BT RS PR AR A IR0 45 B (Emrouznejad & Amin, 2009). i, Sk BA R RN
FEH TR R 2 RR L ENER, WTAERTA Y GDP MLEl. RSEER. LR R
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L BRRSE . MR EBER R ABRNEG Hiebs, £ CRS BB, BOZathias Rrblfes
MEPFFAERT 100%H1E M. EIRKRA VRS BAY AT DLk Gt LR I3 AAE KT 100% 087 ) &
(Hollingsworth & Smith, 2003), {HJ& VRS BAUTIIRLEAE DEA BEAYHA5E 1A Ay b T A2 77 T g 4
Z AN ) L (Emrouznejad & Amin, 2009).

7E VRS BRI, 4R ARFR I 0 REBUEAE % DMU 2 [0 22 54N KIS, AR AN % 3 Fa it 2 AT
LRI AR St s B BTN A2 T M A TS A iR ZE A A H BRT VR, %R AR T LAE
NFENE HERR .

Emrouznejad & Amin (2009)& 1, 44N B AR AELEZRRS, 0] LR M5 0 X L4
PRBEAT AL B

D= H 2 LK) VRS BBRUAH, 55— Fh 7522 4 3 1 o AR = hdhs, TRk 20 BHE AN
Fabr, HEMERRIA

max ¢
st. XA<x,
YA2 ¢y,
NA>
DA<d,
>4, -1
420 (2.25)
Hr, N M D 3 AlRR IR TR EE, no fl do 70 B RBEITEAT DMU %R 38F5 15> T
A5 BF

5 R R AR AR A TR B AR R IR 0 N RN A > BHE R, Rl T 5
BRAETT A AR IEAT DMU S A bRt AT 955, HARIA

max ¢

st. XA<x,

Y22 ¢y,

=Z>
DA or,

>4, =1
J

A20 (2.26)

b, N D 735 FIGAR 2> TR B, ro RORBPFUT DMU FIZ4E 7.
S MOTER I R PR TR IR R, SRR T RN B R AR AR, TR
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TRFEARREMIESR 5 MR R B BN MR bR, (EAR R AR AR R )
o TIN5V R R SR AR A6 ARAT AR bR ) 71 A 73 B AR

2.10.3 BEEI S HKERE

FE RO R 2 720, DEA BT 73 AN R0 (input-oriented) 7 H} 5[] (output-oriented)
HMIHEF [ (non-oriented, JGTI/M4H) . BN T FIEALE MFN KA FEXS BEST DMU JCRCRAE L AT
Mg, RIERGREARD = W FAT T, ZIR BRSNS IR 77 G a5 Y
e M L B BEX PN DMU JERCR RIRE AT I &, SRIERRAEASE IR %A T, Ek 3
BORA R N AZ I AL s JE - (R A1 DU 2 [R] IRf A3 AR 7= L AN 77 THT R AT 0 £

BARBIA S P A AR, NS HEEE &M T, FH&BHEN AT LIS F 45
P AR P SR TE R HRPIR B BEAT WU 6 s 177t 3 1) U R AE RN B 8 I 6 AR R, %% 07 H 7] DASEE L A
TR R FE RN O R R (PPIR LA T & o 7E DEA BB rh, “FE 7= HBEE [0 2640 T sibrs R “7E
PR A B SEAT T TPERNBEE B AF 5 bn B SGR AR “FEAR I IR N 261 R

R ) ()3 B 1 R T A H o R i B R IR S AL RCR A, IR =i & )
Bynre dn R 2t — PRI o, WEBLAEE RS, ARIEE DN R TR AL AL
R FE@AE, POEFERN SRS, U AR M AR R g, WIRGERE T
IRERY o f) PR R S S5 5 20 AT R R AR BIE 8 00 2 AR . 9 e AR &0, SRAE AR BRI
R RT, ERFRRNFAEMSATR B T S RAK Z AT R . BUNERN Z AR,
IRIEIFE TG IR, TCRCR R A A B ROR PR, Kok HAs b %N, X524
PR R IE A JE (HE EIFATE), MR Iha RE 5 . noh, o
PARRS RN, FEFRRARKERT (CBFREREBARS - HEE N EEZE RN, &5
AR, S A T € B Y H AR _EXE CLSEBL, TR 26 SEBR TR 3 8 (I &
EReHRIE, 2012).
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2.11 MaxDEA Xf# DEA R RF]

ARSI FH SRR EOE R B MaxDEA #4F R 56t DEA BRI 2 545 8. & 2-6 /& 2011 4F
R BIRXK)ERE RSN Hfabr . DURBLER TAEHAR N RBAE N NTR R, LASYT
NRBAN B NS E A= 545, 57 DEA #% . DEA SERBEAI RN S 11 CRS AL, 72 &
il CRS A7, HEN G A VRS BALAI H 5 H) VRS #E7 4 fhiz i) DEA B, AT ks igE, A5
Xt CRS BT VEHE 7 o

R 2-6 FHXEBH SR MRt (2011 )

WX R DRARE SITARE ABRAK
Y 140997 132739 63344221 4391516
b 87596 128644 104340626 1882593
i 89947 93898 72059496 3087618
HR 66661 53127 27719369 1710826
IR 246050 289388 293784406 7993062
|| 95752 105773 64449855 3258438
TN 78368 69320 29105344 2433370
Ere 21367 26329 12692336 611621
Gl 187504 183683 82489933 5675067
o] 239793 231149 114076405 7043628
L2y AN 129449 127358 47962073 2992970
Wk 152062 147628 84006816 4805124
W 168428 152904 63238363 5393968
R 94636 86278 38087139 2259264
L5 221674 214938 166944454 6433837
VANl 87184 93287 46383376 3000964
L 171032 156893 70270696 4032159
W5 72871 74177 31379522 1747905
THE 22037 21830 12373335 602227
Hi 18586 16689 8918596 469811
%R 280385 281654 134719233 8354234
iy 110741 116660 37390228 2332714
i} 114339 123537 52692308 3236715

i 87548 95198 113669022 2282773
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vy | 211524 194752 110475915 6489314
T 40787 53543 52164779 1037054
75 3k 6314 5843 3998564 120766
e 97436 84202 37383273 3115413
ZFd 126318 90330 62327579 3736495
WL 162905 187137 181663463 4899310
K 74827 66653 38726559 2116631
2.11.1 REEE

2.11.1.1 F#4REH R

FEERENERARESTE “EE” GEEBREHRE). “S@7. “HRERM =7E.
FEE LR <1) AMEEE (CCR 1978; BCC 1984)7,

ZEiE HEER Edfay il ok S EIR
iR ER HE
(Ot 1] OF =1 il

BE SO HERH SHEER DESEEE B§

®) 1) EMEERE (CCR 1978; BCC 1984)

[ FelE=Esait =y iy
() 2) ZEETEEASEIRIEE (ERM, Enhanced Russel Measurs, Pastor, Ruiz, and Sirvent 1999: SBP
O esms s BE [ iB%ESBM (Sharp et al 2007)

() 3) ESEETAEGESIAEE (Charnes, Roussea, and Semple 1996)

O 4) =EEETEEIRIES (Aparicio, et al 2007; Jahanshahloo, et al 2012; Aparicio, et al 2017; Zht
O BEsa/FEiE BE [] i5&ESBM (Sharp et al 2007)
EHESEEEE

TFEEESE <) BANFE” 8E “2) IR,

ZEiE e THER Yo S EIR
HiE  EE HE
@ EEER [OF =Ll

BE Sn NEEE @ SReE EeEER =R

® #AER
O FHeA
O IESA

HIAEIREN . CCR #EAIEF “AAF(CRS)” , BCC FALIES “ R[4 (VRS)”,
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=1 E=fe i FIFHER) =28 S EE

HiE R HE
(OR=:- il [OF =il

EE S8 HERA SHEHSE §ESEER  ER

(® FE (CRS)
(O =IFF (VRS)
(O 3% (NIRS)
O 3B (NDRS)
O WEELTFPIEMSHR (EIEHEES / FEh)

2.11.1.2 PEHF K

BEXT 4 FhJLfif DEA #7Y, MaxDEA S fft / PREEE L, e “imd”, “—figqTabnisinl”
A DVELFZIZAT 4 FhLAt DEA A7, $e NS¢ () CRS A7 . 7t 3 []) CRS MLAY . LN (] VRS BEALAT™
H 3 F) VRS A,y R PRy IS AT A2 A A

2.11.2 &R

FLLE IR 1 4 R FE

1) Score: RHAH

2) Rank: ZCRMEHAT

3) Benchmark and Lambda: ZX#HFRHF M3 2%

4) Proportionate Movement: Z&ELGIAFIWIE (FRMZEBIED , BRI 7 M N I &,
b C Zi's FAACIVL: Tk & i

5) Slack Movement: FASMARRAA, IEHFRBGEIT MMM MEGE, FEEGREE T7 1 kb
K=

6) Projection: HAMH (FHE)

7) Dual Price: FLNFIF=HIFE Tk, X RIFeBURRY /3 41 285 J p (B NI = AL R . X
B 1) FL A B SUTE L2 1 IR BOE 58 5 206

TR I 25 A4«

1) Score: ZAFAH

PRI B B, BRI TR O L, P S TR RN N IR RS, A
7 R R B FOR N IER T AT RRAFAE 2 e, AR A BN tH 7 i 5 SR B R (5 A A
7 IR A AT BEA — 3
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2) Rank: RCREHT

3) Weight: FHAM” I E R

4) RTS Constant: MUAFIREM ) H H5

5) Benchmark and Lambda: Z#ARAT K H A%
6) Projection: HARE (BFAE)

2.11.2.1 FRESMMEE

TR G CRS 7= G CRS IR R S FA AT &, EAMT45 Hrdr, 5—%1] NO
RIFE, $F& DMU 4HR, B=F1& Score, BIRCEM, ERASHBA N, Score = 0%, 1E
77 S R Score = 1™ FATIAS 45 7 a0 Slack Movement (FEFR448K), #IIpR AT $
[rikA A B4 3R A Slack Movement (FRAT0). 6 T-JE2% DMU 3K, Heolctt s 12 b BEN
ST . R, 7E MaxDEA B4 T4 SRdy, BNBORASE SO (BT 6083, 77 R St (8
P IER# R

VE 7% DEA BRI Slack CFA st B A 5 AR, 76 MaxDEA HEF 5% 45 H 5% Slack
Movement )44 8% 75 HAUE TR E 515, I LLBE IR HRA AR LI 7 1) R
A, TEREFTFRIND . X S E TS 5 SRR R R R, R R Slack 1)
JEHEHfE, B Slack Movement fJ46% e /2 .

# 2.7 BB CRS FI7=H 1 CRS MR ¥ ShAshAs B

BN FH CRS 7= FH CRS
DMU X&EE WKz I BIr NG BEE KR ER BT N
H O OANRE AKHE A B OARE AKRE AH
2 0.944 0 0 11623213 0 0.944 0 0 12309544 0
Je5t 0.917 0  -30637 0 212841 0.917 0  -33394 0 231997
Gizyes 1.000 0 0 0 0 1.000 0 0 0 0

R SR AR R (R S A 25 R R s R

1 BICCHEH, HNFE CRS FIF=H T A CRS BB HCRME MR, e &5 51 H S5 iE T
X

2) RERMEHET 18 (39) ARG WERFENFratain &858 0, WONSEAE R A e R
H, A 64 DMU FIRBCERE N 1,7F HiX 6 > DMU FIFTE BT H AL 5t AR 5352 0,1t

i CRS BEAYULITCN 0, PRIMLTE CRS AL 45 R A 2 R b I
BN T IR G RE, AA AR RS SR TR/ 7 o AR R — RIS TARIAL . iR, A
ANBILE S E 2 45 R
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i 6 > DMU ¥ 4584 4%

3) HEHRANFEPFFAER S, 2 RN WA ARy 0; £/ H T AR,
DA T A AR RN 0. RN SR A G, ikt DMU g frf, iy
BNHIRA AR A 0, BEETRAFAE S LU sk (7], S B e et g,
AT $N R A A 0 (B I . ZEAGI i R, AT RS, A
FAAE RO EAN T N R R AR AR 0 (Mt 7= T B AL P AR R 1297 AR
OB NEL IR AR S 3R 0 1510

2.11.2.2 SR S58EE (BFE) |

F 2-8 HIH T EB5 DMU (S ARk AR - 7E0 145 R, 2% 4541 ] Benchmark(Lambda)
FoR, Lambda RHESH ) DMU MR, G2 45% DMU I, ST, Bln<sins%
FAF et (0.6362); HT58(0.7791)”, X RN LZHAEATHY b B4R 52 O AR dE AT 83 I BN 77 2t
HATIRG, A EAH 3R AL RE05 508 0.6362 F1110.7791.

® 2-8 AT\ CRS FF=H T 1 CRS KA KSEHFTFEREA

BT CRS 7= 25 CRS
DMU  Z2Ei5H  Ku$H I 1Z3id NEz SERF KB B Byr NG
ARE  ANR¥ ¥ ANR# ARE N ¢
TR MRE(0.6362); 133136 125338 74967434 4391516 ¥EE(0.6737); 140997 132739 79394136 4650828
HEE(0.7791) HEE(0.8251)
Jbmt LFi#0.9179) 80363 87385 104340626 2095434 _F¥#(1.0005) 87596 95250 113731343 2284025
i FEEE(1.0000) 89947 93898 72059496 3087618 % (1.0000) 89947 93898 72059496 3087618

ke

TR DMU FERTHY BB AEACR S i) HARME, BRSSP MARPRE 2] T HE, W
SALE T BRSO HEA T (U DMU FIF R HARFEAAS ), TSN 25 Bk AR A 2%
FAHET 1 (A BEERARD.

£ MaxDEA (734 R, SR SEHE M 8GR, 7 B se EH 8RR, B, g
#r DMU FIHNFI B SOAE T 757 G —Rom

BOUE = JBRIRE + SodE

CAETTERRR, FEAAT, AR AR A0 ) DMU BRI PEAN DMU 2B b4t o S BRI LN 25 4 B EAN DMU
WAL (HAMED . S HRT RGNS HIRFH DU, A =0,

A MSCERE, KRNI IR E R HPMEZ R R CBANTUR . TR R—AME G R R T AT
IR FIEME, TUR (redundancy) FIFRKUHE LR, BATURMEBANTZRIHD, A EBELREE—F.
£ DEA IO BT b, BN SR AR AN F AR (B2 8] (¥ 22 B AR AR B P A DMU RIS 2 (AR 2200 . ST AR B iy T
AFAT DMU HAR AT 2 AN R . XL RN ER, X TR DMU Sk, JFIEZ R, alRapal
LRV A DMU BRBER LN, H7 Bl AR o I B BR 5 BT A 220, IR AR i SR A B KT

41



Hs B W MaxDEA X

SO B HE P 4y, — A& L 49 20k B (Proportionate Movement)', & 4 ittt £ 32F i (Slack
Movement)i, E[I
S = JF IR+ ) SO A st S A
RN SRR, NG SO =R e < (1-07), P HI B eIt fE oy 0 727
HF AR A, BN IO E R 0, 7= H I LU SO3HE = R AR E < (@™-1Ds
& 2-9 L BONH, R T s BOHE R 5T RSO AR
R 29 BANPFHBREAETE TR SEHEE (Z80

BT A CRS 7= 215 CRS
KA  BH 12 NG PRALEL BH BIr NG
ARE ARH A ANRE ARE ¥
JE s 140997 132739 63344221 4391516 140997 132739 63344221 4391516
LE 51 g 3t 7861 -7401 0 0 0 0 3740371 259312
fH
Fox ot 5t 0 0 11623213 0 0 0 12309544 0
Vs Al:l 133136 125338 74967434 4391516 140997 132739 79394136 4650828
BEAl, B DMU FH R H I35 (8 0] UBIE 2 2 A A B B ROk T
K= A% =) Ay
= I=
TREFLAZEON], R 7B E S R R TR E OO 8 T, T
U RETEOREE 9 A B, DAt R 22 . IO IR I BEEAEAE
F 2-10 EANEHBETE TR SwHEE (Z8D
BN F M CRS F=H-FH CRS
7% QL5 3 1z NG KA B BT N
ARE  ARH A¥ ARE ARE ANH
K SR 0 1Y 89947 93898 72059496 3087618 89947 93898 72059496 3087618
AR AL 0.636154651 0.673718522
By 97436 84202 37383273 3115413 97436 84202 37383273 3115413

T R e AR 2
AR R, LU B — R AR R E3EE (Radial Movement), TR IBEN (B~ ) &5 Lo f ol i
Hoim . (HFEJ7 M BE RS R BRI R ), X — 30 B AR SR L et iR AR R T M R R T R . RS —IX A
UM EIZHR, 1E MaxDEA ¥R gl R, Gy Lu il ot fE .
NSRRGSR AT R ERI G R AR, @R CERDT U, s AR BT BRI BT B,
THHEA NS E BB ARG TR RS AE R, BAMEIRIK,
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HTHE A EE 0.779130551 0.825136911
WLl 133136 125338 74967434 4391516 140997 132739 79394136 4650828

2.11.2.3 BAFF=H KAUE 2

EFFFEM (GEH. Step 2: Run Model-Run Multiplier Model), SR B RELEREOH
“Weights (Dual Values) 4% 41, N7 H ALE H Weight(FRAr 2 F8) RN, H140 Weight(R17 2037~
FENFRFR IR AL R EL

2.11.2.4 BLEE S5TRFARBSTHRMBAI R R

0 L8 AB TR [ o I SR A TR 1) o AL SRR 7R 1K) AR X I A 8 A TR [ R o 7 B 8 BT (g
AR, BN A AR AR 2 T e 7 rh (N = B R 8. B TR BUSE R L W A E 2 A
AR, BT A E RO A T REA A F

2.11.2.5 FEEER

FEHUBARIN 3ith, AR <M TFP HEUME (RS HERE 1 M), i
RHEJEIBAT CRS LA VRS HEAL, JH {5 Y (10 03 A S AR At 1 /A TR ) RO A T S AR AR
REAE (Scale Efficiency) BUHMUBEALN{E (Scale Effect) o A4 AR A AL HH KRB RR /2
HAFIT o

£ MaxDEA F45 3R & O, BRI =AM 5 a2

1) Technical Efficiency Score(CRS): 7~ CRS #ERISHIF AR F M. N5 VRS S H K
FARBCRAEAAX A, BHEK CRS BAEH IR YH (Technical Efficiency, TE) FRONZES
HORE,

2) Pure Technical Efficiency Score(VRS): 7~ VRS #EGFBHR AN RE, BERIARA
% # (Pure Technical Efficiency Score, PTE),

3) Scale Efficiency Score/ Scale Effect Score: #1E4# & (Scale Efficiency, SE)s{ fl A& N B
(Scale Effect, SE),

R 2-11 FIE T WM ARG ERARE(TE), AR (PTE)HIMIERE(SE), =FZ[E8Y
HAERCRAA(SE) = L35 HR R (TE)/ A 5 R 3K (PTE)

UARYESCER P S IR R I E X, TR ORI (Scale Efficiency) MR AR ) RE S 247 ) Ho At 2h 2 2 7Y
B, 19 H 145 R1E MaxDEA AR “HUBERN. " (Scale Effect).
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xR 2-11 MAERER
BN EER PR AR
DMU  ZZAHEARRE ARABE HEKE ZEFARBE AEARRE HERE
(PE) (PTE) (SE) (PE) (PTE) (SE)
2 0.9442 0.9549 0.9889 0.9442 0.9568 0.9869
B[ 0.9174 0.9185 0.9989 0.9174 0.9175 0.9999
Gizye 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
Hw 0.8324 0.8538 0.9750 0.8324 0.8473 0.9825
IR 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
]V 0.9901 0.9961 0.9940 0.9901 0.9964 0.9937
M 0.9631 0.9708 0.9920 0.9631 0.9698 0.9931
HEaE] 0.8331 0.9415 0.8849 0.8331 0.9323 0.8936
IE[d 0.9039 0.9391 0.9625 0.9039 0.9452 0.9563
N 0.8826 0.9615 0.9180 0.8826 0.9698 0.9101
Lyl 0.6893 0.6900 0.9990 0.6893 0.7020 0.9820
iE]d 0.9469 0.9704 0.9759 0.9469 0.9724 0.9738

2.12 SABEER G AR

£ DEA RIS R, BEAE (HARMED Z40F0 1 DMU /T E85YE, —4 DMU 112
R 5 B 1A AR 22 BB AU A5 1% DMU % BN R TE R R

B RO AARE, B o B MiRE, RE— AR DMU M8 HEUE
NAFCAE, W% DMU K2 O 201 DMU . 32 —Moc 85 ROV B . Al AT RO AR,
ARG — TR DMU 3 N M BUE A SO B (BB DMU {RIFAAR), 5
MERAE, W% DMU #8280 R (BRI fed, Rt —4 DMU [ A%
B, HP W BRI R R AR = > DMU B AR, LA 250 It 1 i
BB MR RALRYEAR LA R, EOR—A DMU Jal/ b AN R ORf ™t AR (EEA R = D,
B N RN ORIFIRNAE (RN, X RATTRESLILA] .

HATES B EZ R ZE > DMU BERCRIENR, AZTHCERMIER . DEA 73 2
ANTT eSS R JR R, PRI AN 7T RE BLRR 45 H SO R i@ 12 . — A DMU Z T AR,
A RE AR LA BORTE G . BRI 45 B RS . DEA 7041245 H DMU TR PRI (3K
FAEMGHE R ZERD, AR MR, AT REE S I SO R & 1.

DEA 73145 SR A] LA 4R 30301 DMU SO Flanrfrdi e i 7 JE&k DMU K2 %45
FFo JERLH) DMU W] DIXHFRFF DMU BEATIRA 24T, R B 5 SR Z [ SRS BT A 228,
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€ H CECEACER@ . — LM DMU M st BRI PR, HER RS RR S, %
DMU 5 R 2 18] (4 22 Bt 2 4 /N B T 2

B2, JER DMU SRERIZER, REBARTHERMER, PRERLBERNIEH . AR
™ 3G N TR DMU Sl SO SRR K, IR BIHARA R JE USSR . R mBoR Rk
HR R IBARAE SO BORANE BKT, AN BN B I H

2.13 BHEE SRBEA MG R Z M RIX R
2.13.1 BEERE S RPAE B E R

B2 R (Rt 45 SRR T RCRAE 2 A, I RAERET DMU TERTE EIEGE  (S BRI
SAAED. AL 2-11 H E £UAH, B I RTTRHEE 250N B (EAS AR 45 i %~ N B' = 0.5 A+ 0.58.
BT DMU FERTVS b BB s R %R I B AB [RITH 5 (A M1 B) (kR & . AB X a4 —
HARRNP=MA+MLB, M +ha=1, ML=0, =0,

RO 0 H 285 R PR T AR 24, S EFEHNFI H B R AR S *E v¥). E £
FeHFEA GE RN x FIRLEN 0.2, =y BIREN 0.1, HBAEEN-0.4. TREBRIL HIfZ5 R
SR E RUTE ATV I A EATE I (RI B4k AB) 175 FE, B

2x+y+4=0. FFEHLFFELL 0.1, BN -0.2x+ 0.1y + 0.4 =0,

#D e

Al OABERAVEIEBIRELIRIASL
P=A*AT+B*A2

AT +A2=1

A=0

RIIEABERRISREUSEELRIAT
2x+y+4=0
(3<x<4)

7

o 1 2 P 4 5 6 7 8 9 10 1 12 13 14
2-11 BAEASREBERAHEROXRETERALHFEAFZE VRS H£E)
2.132 At AREBESFES MRLE

LA 2-11 Hf F ot HA%sg s B, 1 B M 4b T BH 4 AB FIEZ BC P/ Fii L,
U FAAEPI A RAIUIE. G BGE RO A, AEEP AN RAIUE. J34h, B AT (AL By C. D)
ESNEili N IR i T SO PS [ S OR eS8 2 s 3w
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AR R ERE, FEZMRMEIENRS, HRmEke . flnse =& A
=) VRS B, AL E AT RS 2 R A A (BT E— TS nT gE & RN A T 40H
AN D
2.13.3 A ARBBEE LG RFFINESHIR 0

DL 2-11 W H AOAB, R SEE A S5 XM EL r b, MELr 7N x+0y +
3=0. y FIRECN 0, KX E BN 0o B2 55 BT AL BRI IS5 AR PR~ FAT IS, AR 4%
NE H AL 0,
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3T FUAHR N
3.1 DEA I 3R R B S8 2

7 DEA BRI, BRI (returns to scale, RTS) ¥ E HesE T RIVE AR ERT—Z b Ay
2411 CRS M1 VRS FLAL, FERRIEEN-BF= A, LRIV R SR th 2. R, 18
CRS A, HIys A5 Lk OB, H%k DMU HA B si—A (B 3-1); MifE VRS #%rf, §iit iy MABD
Mk, B DMU B A. B D =4 (F 3-2).

‘ﬁ%WWMWm{wWQWWY&
B 3-2 VRS HEREDE (RARE)

A AL ST DEA FALIN, B ANT e £ RTS 26840 2 n SR AT AR = HAR 2 CRS KAL),
B BARPTIRA AR P HoR 2 VRS BB, (H AN FOREA I A 7= U AL T CRS BB, A5t
#ePE CRS FB. TMrESERrA i, B IAAEAE, A BOREAAR N FE CRS,
o AN RER R W FURE A A P2 A A5 40T CRS P Bt X RN R, WK CRS #A, 15H
FIHAR I AR e AR AR R, MRS T IR KGR MR

— kU, AR PR BRI R N L I 2 AR I 28 3 (increasing returns to scale, IRS). i
PR I A A2 (CRS) AR R i U8 (decreasing returns to scale, DRS) =/MrBro G0 S Toikafy e it 7t
FEAAE T WRANB B, B R FUREAR AL T USRI ) 2 AN B B, IIPPAN HOR R I, BEi % VRS
BRL . VRS BIAAG H IBOR R 2 Ai R R

SR ST TEFEALL T IRS B CRS BB (1 € N2 40 T DRS B B, non-decreasing returns to scale,
NDRS), Bi# AR FEFE AN AL T CRS B0 DRS BBt (5 @A 4bT IRS B EX, non-increasing returns to
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scale, NIRS) 1, HFi#i 73 Al A TR We ?

VRS HEAIHIFTIY MABD 120 =65 MAB (AMUfE B ) /2 IRS FrE, B iy CRS i
B, BD (ANVE4E B 5D ¥ DRS BrBt. NDRS A HTHT A2 I DRS BB, FrEA NDRS HI ATy
H PR M : MAB CRVEHE B m) 4IRS BYEL, LA B rUAS RS2k r 2 CRS BB (B 3-3).
NIRS FAL ATV A AFAE IRS BB, ATV &t 7 M B OB ¥ CRS Birt, BD (AEHEB F) N
DRS FrBu (Kl 3-4).

VRS HREAE CRS R (F3ERE 36N T 299 2A=1. 7€ VRS Bk ABD E(fE— i, 1
ATERECZ AN 1 AR FHADMU (A, B. D) LA SR,

fEE 3-3 2k MAB JURZE r M9 7 NDRS BRI, HorbfE AB Bt (IRS BB, 2tk
BRBAET 1, 1E4% r BL(CRS MM EY), ZMHEAARBZMATHET 1 (U B BNET D,
T LA NDRS #H 2 P& BB AU K Fall&E T 1, B 21,

B 3-3 NDRS REMEDE (B’ATM@E)
fEE 3-4 7, £k OBD #fk J NIRS BRI HTHY, HA7E OB Bt (CRS M), Z&MEHG R%
ZRUNFEET 1 (U B ANST 1), 7€ BD BY(DRS B, M4l & /32 fi=1, Ll NIRS
LA E RBA A NN TEET 1, JI 2A<1,

S

*5§1M234X
B 3-4 NIRS #REVHIRTE (FRAZE)

U AEA I SCHR ks NDRS BEBHRCA IRS B2, 44 NIRS A AYFR Ay DRS #E8Y, 1% 2 — P v Aff 1) 24 FR - R R 7E NDRS
A, 8T IRS 1 CRS PEMHYEL, 76 NIRS B, 44 7 CRS fil DRS BB
i SPATF AL BRI MA BORSSE RLATH, FESEPRIsRE SO SN A B, A R ST 1.
it 52k OB EITRE— R H B maebl— A RYCKWE, 10 S=kB. 7£B mLLF&RE kT 1; £ B s
F, Bk KT L.
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FRPEZEMEFLR O XHEER 18, w LIS &Rh RTS RAIFREA (38 3-1),
% 3-1 AF RTS KAL) DEA HE!

AR AR
BRI 7= 1 BRI 7= R 1
min 6 max ¢ max 'y, — minv'x, +V,

st. Ox,— X120 st XA <X, st v'x, =1 st u'y, =1
CRS YAy, —YA+¢y, <0 VXY ) <0 (VX +v)-p'Y 20
A5 .5 20 As .5t >0 1,v=>0(or u,v=e) 1,v=20(or p,v=e)

M, =0 v, =0

VRS ed=1 el = U, free v, free

NDRS  el2l eA>1 4, <0 v, <0

NIRS eA<1 eA<1 =0 v, 20

e FR—MITE LRELN 1 TR, B e=(1,1,...,1)c TEAFSCHERIIA I, FREUSIAM [ HAR
B (oM vo) FITHAKAIESHRIAS, EAELRPIRT S AR AR, Brelgs R .

WERAERFURE A, CHIAAMELE DMU 40T IRS BrEg, WRLesbT- CRS Brit, WRLeibT- DRS B
B, MIRTAGy 4155 0 £ 37 NDRS #58, CRS FLASA NIRS A8 . W iR J2 A 5K A VRS, 1
XFFFAEA T & DMU FTAL ) RTS RS FEATE R, Mk VRS BASR TR AIEOR R .

AHTS%ECHR: (Rolf Fire, Grosskopf, & Lovell, 1983; Grosskopf, 1986; William W Cooper et al.,
2007; J. Zhu, 2009).
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3.2 DMU FUEHRBAIRZS 5 4] e

3.2.1 BT AL EUA AR BR S

A — PR 2 An T AR A 7 B BT FOREAS IO RS I T okt 3% DEA AL, AT igfE
SN BITRIE FC R AR =R BT SRR A& T USRI P AR, o] 41T > DMU FiT Ak A REASSHR T Bt
Je4bT IRS. CRS. &/ DRS frB.

LERT— TPk, mT DR X< LR M A 2 B2 R RS [ 240 SRR AL X A (R RS 1 A 7
FRM DEA A, AP BOR G RIBARIM rT 48, I B FUREA BT A AR BB BOR RN, 37 g
N VRS BEEL, HAETE VRS BRI LS R, <R G R A EN 1, BARRRNE R A R
Hz A48 Rk F I DMU Kb F-WIBAN MR A B .

R UES], TERTEFE AR v] 25 (4 2 P B R I B FORE A (R R IR S AR A, R A2 T
VRS #8 . R BARAT AN 857 CRS A2%Y, Jf HA CRS Al VRS BEA ) AT BCE T[] —Ashs R,
ZERANE 3-5 s, CRS BERLETHY R4k OC) M1 VRS BERLIRTHS (S2LkiB5y) T —ikd.

HATMER—F, 76 VRS BEBRIFIRTI MLk b, A fUR F 3G ST IRS B, B A C Wik G
MBS 4T CRS BB, D fik E 2540 T DRS M. A sl F £I7E CRS AT#yihZk (4R
0C) EMHEH AT B MELT, HAE CRS BRI RMEH G RE AN T 1: B iy C HAG
7E CRS RV 4 BB S0 T BC B, HAE CRS BRI g R M & BB FI72 T 1; D A E
JSTE CRS RV LR R4 ST C AS B E, AR CRS BB 2R 41 & RECZ A KT 1.

1M 2 3
& 3-5 DMU ATih AR BARZS 891
A ZE VL R, AT RT DUR 25 5 i i CRS ALK VRS #5524 v % DMU T A2b FrI RS T
W& WRAEPITA DMU 255,
1 IA'<l, W% DMU 4F IRS R4
2) ZA"=1, MEEH1Z DMU 4T CRS R
3) IA>1, MIEEZ DMU 4T DRS RE.
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Bi&, £ CRS HAIMRTIRHL (L 0C) b, RN A, BB Al C . 4k oc -
WA R — S BERT B SR Eis, el C Sk bEmiis, g hmd st ki, AP

S=2AB & S=AC 5 S=MB+AC

IXEWRAETE CRS BB WIRAPAER Z A el 7EE 3-5 91, G 7E CRS BLAUFTHY RIMHRE
KT BC Z[Al, WSy st B S, a1 S Al C S, W a<l; w%H B,
C W pdtAMgiE, W <1, A=1, >1 #A gl mLhr b, GAT CRSRZ, XKW BidH)
W DMU It AL USSR EHIR 25 1 - AN e 4 1E/ . O T B 2RI R T, 7 B0 2 M il 5
EW, FIBEBIEN

RTS FIWr 777 1:

1) WnA7E CRS BRI T A S, =<1, JEETIZ DMU & F IRS RE:

2) WIARAE CRS BB FTA ARME -, =A>1, W% DMU 4&bF DRS IRE:;

3) fE CRS BIRMFTH mefltfh, REEHB—AM =1, WP % DMU & T CRS R,

Kf# DEA WA ATA SRR HFAE S F. e DL BRI A TR BRI A g . 7ESEPRIHE
H, WFREAERAE CRS AL J5, TRAAN KA AMEAL, 7333045 S [ S OR B A e/ IME B AT

AN TR, SRR SA S KA (B MED IR N

i=1,2...,mr=12...q;j=12...,n (3.1

FE_EIRIRI A, Wk Max(Zh) <1, MBERLE T A R =0 30T 1 2 Min(E) >1,
VIE T A AR Zh IR T 1.

RTS HIWi 777k 2:

D 5 Max (Zv) <1, WHHH 1% DMU AbT- IRS RA;

2) Wk Min (Zx) >1, WU 1Z DMU 4T DRS IR

3) AELLEFRIEILZ 5, $iH% DMU & CRS RE.

SRR RAARALE,  EIRSKRE A ORI ME T AR AT . H, XAy
AR TR BRI R GRS, 3800 T RRISR AT

ARAE— A SRR IR S SR WA MRS , A T REFESEBRAL T~ CRS ARZ 1 DMU =34 IRS
o DRS. J#id &l 3-5 AfLLWERH], CRS HAMRTIES VRS B RIVE SAFEEEA WX, Z X
& VRS HIVEHIZER) CRS #575 (BI BC BO. WIR— A% DMU 4T CRS RA, W% DMU @4 5E
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LT ATHTEIZEH CRS XI N o 456 L—Fh A TR R 1 77 i, W MR, i —4> DMU
46T CRS RA, MiZ DMU R FE=1; k<, WR—1 DMU MHESF=1, iz DMU &
T CRSUIRZS . MRIFIX— M, TR

RTS HWr /572 3:

D IR E =1, W% DMU 4T CRSIRZES:

2) WRFERR<], I HAAE—HALfE <1, MIBEETiZ DMU 4b T IRS IR

3) WRFERCR<], I HAAE—HALfE Z>1, MIBETiZ DMU 4t DRS KA.

3.2.2 B SRBRALA| BT AR IR BPIRZS

FRPEZE MR R IRHEEE IR, HUBHR IR At ] DL d ik Sfe A5 2 ok ) 1 o
HEFE 1:

LLHEN S R 6, B DMU K 72558 20 LA (X, 000,
q m . .
D MY = D Vil — oy = O RIS A (X, Yy —ARIH LT
r=1 i=1

D) QAR s AT RN A AE (CRS) BPRAS, MPREZBRE R AN HY R <5 5] 1
IN—ME/NEIBERE (G Ee o — A R/ NIER o |, RAERIR 2 5 R s A AL T

q m
YRS b, BVEA Y (1 8)y, — Y Vil (1+)x, — iy,

r=l1 i=1

q m
=(1+8)) sy, ~(1+)D V8%, — o, =0.
r=1 i=1

q m q m
H Z:uryrk _Zviekx,'k —Ho = 0 my 5 (1+3)Z,U,yrk _(1+8)Zvi€kxik _(1+8):u0k =0,
r=1 i=1

r=1 i=1
q m .
gt (1+8)>_ 1y, —(1+8) Y viOix, -ty =0 er ittt gy, =0, 1 g, =0, fertezA
r=1 i=1

SRR, FEEE R A L =0, WUTIZEE AT VRS W CRS BB, BT

IR ZS N CRS.
2) WEAZHEGY DAL T R 3G (IRS) FPRRAS, MR s R AR 2 Ja A T8 i 1% /)

q m
SRR AT, B (1+€)) 1 Y, —(1+8) D Vi, — phy, <O, SExtmifty#E2 Sty <0, By

r=1 i=1

U R A LA R IR N85 s BN H A 2 TR B R I B IR LT AR R e . I RAZ A R
AT S AR (CRS) ARZS, AR IR T2 Rl i e rh — AN S b GER IR s i ST ) iRz %
2 RAL T AR 1Y (IRS) CIRAS, WWSEAR miAr %8858 sl AT A SCEE A s I SR 50 m Ak T RS 28 326 Ik
(DRS) CIRZS,  SEAH pi AL T2 352 s I BT S ) 220
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o <O . WA A SBEHTB IR . VRO 2k VAR 2 A AR AR, IR R

BB 2 SRR THE AT ST 0, IR itk ) <0,
3) HEAZR A T BRI (DRS) HOIRZS, T R A R 2 4o b T3 4 1

ST, B 0+@Z}w% (1+2)S V0, — oy > 0. WURATEA T R

i=1

F IR PO S M SR A AR ), WIHER R A R 2 S K BT A S 3 1 72 00
T i > 0.
P SRR T R
HEHE 2.
RSB TP EE, BUIAL T SR (IRS) RS, 0 B e TP s
L SEIIAL T BRI AE (CRS)ARZS s I SABRRS N TP 497 HE, 3 BIAL T $0 BRI 9% (DRS)
R bl LAV DMU 75596 T L3552 S ibbrr= 1 (MP) FF#=H (AP), EJ
TS OB AR
m q
BLAE 55 B D ViOiXys Y IV T AE R — A M B0 BN R — A g B RS T, B
i=l

r=l1
m q
X = Zvigkxilm y= Z/Uryrk °
i=1 r=l1

q m
DY =D VO, — phy, =0, ifkiny Y =Xy, =0, R R A SR
= i=1

(supporting hyperplane), MM A] LLTHSEZ 5 s B~ th o

mp=Y _
dx
LicE7
Z,Uryrk ng Xy — o = O Al 21/9 Xig =
i=1
BN SRR o
q
Z:Llryrk q
AP::,,:]—:ZILlryrk :1+1L10k
Zviel:xik !
p

b ORE REAUM BN IR $0L7° 1 (AT ERAR DA - SRS rh M) S 28 50 325 110 R FDLA5E N AR R 407 X A 26 A 7R v o
BN H 55 HU BRI 25
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A AR DR S B P LU, T 45 BN 7 [ SR o B A W AR AR B 1 ik (3R 3-2).
R 32 BT RTRBIERIER R KA W 75 v

MP 5 APt Mo

IRS {EFTA T MP>AP fEFTA AR 4 <0

CRS FEAE—f#h MP=AP PEFE— iRt 4 =0

DRS {EFTA T MP<AP fEFTA R 4 >0
1

AU SRR, {571 S A0 MP=1, AP =——— Tt A At

_Vok
WEPIRAS 7 (R 3-3),
R 3-3 P2 5 REE AR HBIRZS B 2 W 7 v

MP 5 AP LB Vo
IRS LEFTE f#H MP>AP ERTR Y <0
CRS TEAE—fift MP=AP EFE— Ry =0
DRS LEFTE f#H MP<AP R >0

i R R, SR SBT3 2 I A AL T S S A A I T i 2 A — B AE B RN (3.1)
R MR BPE U DMU IBUAE, I, RSB, FR 258X B4k DMU s, 3k
FHIGUAE, PRIRRAE po B vo e AAER/ME . DA T IR 1,

max(min) £,

q m
st 1y, = V0 x, —p, <0
r=1 i=1

m

£
Zvﬂkxik =1
i=1

v2>0; u>0; u, free
i=12...mr=12..,q;j=12...n  (32)
R 3-4 G T AR NS O R AR Fik AR 2 ) B A T 77k . MaxDEA. B4 I RIS i 19
R HIRNR R T 3.

PRAER A SS A R, BRAAE + R o

q
10 "J9% DMU HURCRAE,  SRBURALRAR 10 ACR(E 5 A AR R EARSE, | (9k = Zﬂ,yrk —H -

0
r=1
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AKH B2 CHR: (Banker et al., 1984; Banker & Thrall, 1992).
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R 34 MERBPRSHAW TR SR

@y il TR R
BAEH 7= H R BANGH =R E
min 6 max ¢ max yy p— i, min x, v +V,
Ll S X0= ;(jj)(zo S.t.yogé _);iit; s.t. xg;/ =1 T s.t. yg,u =1
. L5 >0 s st 20 X'+ (YT u-p)<0  (X'v+v)-Y >0
u,v=0 u,v=0
U, free v, free
D fEpTA AL ed™<1, WY IRS: D TEFTA BARART 1o'<0 (vo"<0), W4 IRS;
JriE 1 2) TERTH RS eA™>1, W DRS; 2) fEFTA BARME T 1o™>0 (vo"™>0), N4 DRS;
3) AT —EAfE S ed*=1, N~ CRS. 3) AT —EARMEH no™-0 (vo"=0), W4 CRS.
1) elMmax <1, WY IRS; D 10" max <0 (V0" max < 0), MK IRS;
J7ik2 2 elMmin>1, N DRS; 2) 10" min> 0 (Vo' min>0), M4 DRS;
3) Brikz4h, J9 CRS. 3) Britbz4h, N CRS.
1) MBRLER=1, NIy CRS; 1) MR=1, NIy CRS;
Jrik3 2D MIE<l BAT AR ed'<1, NI IRS; 2) R <1 HAT— &M po'<0 (vo'<0), NI2M IRS;

3) MR <1 HAT— B MLf# ex™>1, A DRS.

3) MR <1 HAE—HMAE no™0 (vo™0), NI25 DRS.

XN mxn BNFERE, Y O qcn P HFERE, A DN nx1 B (SR R E0, v 3 mx1 F[A&E GRARED,
w N gx1 R G HBCED
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3.3 MaxDEA SRAZFAERR FIRARR BN AS B~
AR B WK TFP R (B SHBMER / IER)”.

EiE E=fe i FIFHER) =ai S EE

HiE R HE
(OR=:- il [OF =il

% S\ EEH SRS EEiREE O #R

() A3 (CRS)
() BT (VRE)
(O 3HZ (NIRS)

(O 3k (NDRS)
@) FMEELTFPIESS R (ST HENE [ SUHE)

3.4 MERMREEHEEFREXR

DEA BRI 5 345 K — > DMU Frab (i USSR, St b A e v 35052 s T A 1 A
IRIPIRAS o EFEAF AR 5], SRS AF KRR AL RIS A E RN .
TEPR, F i ReR BN ARG (02 IR, iR 7 3 B 2R A5 1 g U R
AR PO 3

3-6 ARSI R MESIRE S @A R
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$F4E DEA BRI ER 5 R 3

FERTTHA 44 1) DEA B8, To2 DMU s 77 SO AN G D S Ll ggm 8D,
X BB N Z I DEA BEAL. 12170 J5 25 bR 402 DEA BRI B R HCR B Y —, BRItz 4h, & H
(1) 5 B8 R HCR AL A AT SO BE B A (SBM BEAY ) ZaiAg ATV SR PR B R U MR S R
. BISARATE RIS R IREIEE R AR .

4.1 &R

FEAASS 2 mANE 3 & O P R AUHAT T YRR, AHES.
TELLFRATTHN RIS 4417 . Shepherd $E A\ 25 (Shepherd Input Distance)fl Shepherd 7= H i 55
(Shepherd Output Distance) 2 5 Farrell £ AR 1) 96 & (Farrell, 1957).
NS HZ AR (2.10)F, Shepherd HAFEERIR N 1/0, HEUETERIN 1~0w0. Farrell £
ENEYSER
FE77 HF AR AR (2.14) 1, Shepherd 77t ERESRIRN 1, HEUETEHY 0~1. Farrell iR
A Vo
ST R AR SR, Al R A R BB B B {E, AN Farrell BORZCRE. 1E
BN, ZFH ARG A0SR, F .
LAEIEHE P, SRR R (LA VRS ) .
1) BT
max &
st. XA—0x, <0
YAzy,
BA<h,
ed=1
A>0 4.1

2) A

max ¢ =1+4

st. XA<x,
YA-py, =
BA+ b, <b,
ed=1
A>0 4.2)

3) kT W

PO TAE AN, SRR R,
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1-5
1+ f
st. XA+ Px, <x,
YAy, 2,
BA+ b, <b,
ed=1
A>0 (4.3)

BN ST R AR TSR L ) et L A AR SR Y

max
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4.2 ZRTEHRZER (SBM )

4.2.1 SBM JE7

{Ef2M DEA BB, XTRRCRFEE MR R A& THAEHRAN =D S g 1
Eefil. T JE2 DMU Sk, HUFPIRES SIS R ZERE, B 17 & el sol a0 < ok, Ea,
FEAR ot A R 40 o T Bt 20T PR A0 AE RSCRARL I B R R RS BATL . T IX AR E, Kaoru
Tone (200142 T SBM %! (slack based measure, SBM).

min p= -
1+ézlsj/yrk

st. XA+s =x,

YA-s"=y,

A, 5,5 =0 (4.4)

HSLAEILZ /T, J. T. Pastor, Ruiz, & Sirvent (1999)s 42 H T 56 &AHFIMAEAL, Jiv 44 ERM 4
! (Enhanced Russell Graph Efficiency Measure). {H7EfGRFIRZHOCERY, #5]H SBM 1X— 4 F5%

SBM(ERM)BERUR A p R F A DMU AIZCRAE, & R BEN R H I A s BESRAS TE R
WOLHEAT I, RIEARYAE T A (non-oriented) #7Y . 7E4F 7] SBM(ERM)FERL A, BEAKI H £k
PP BIAREHEL 0.

£ SBM(ERM)RERY H, - $5 A7 H B TE 28R 73 il (B

m q
1 - 1 +
Zzsi /xik Ezsr /yrk
i=1 , r=l1

Wi SBMERM)BARYRIZEAE (p™) 2T 1, MIULEABIEN DMU A5 R, A FAEAR A B
FI55 A RO 8. #0E DMU K #2E CHARMED N

X, =X, =8 Y=yt

FEAR I AL A, TERE AT 3N (= H D AT LSS BU A 4 98 (15 D AR B SR &5 T /£ SBM(ERM)
AR, TERCRM AN (P20 FTLAGE GBI (734 L ki &

SBM(ERM) 152 8 (1) DI m 72 fiff o 1 420 Tm) 5 Y X6F T 2880 28 () U B Ve A 6 2 A st A 2 1) 1) R, {HL
SBM(ERM)# A B 1775 B A & . SBM(ERM)ASEAL ) H AR BREUR A SR AE p F/Mb, a2 4%
ORI H (AR A e KAk . MABE B8 SR B £ B 55 18, VA DMU [RR5E U BT E IR B 40P

DR R AR B s s EITE B AR R, R S AR E (slack), PRIKG AR AL 6y 44 9 SBM(slacks based
measure) A A,
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#r DMU HoZ 55, X7 SBM(ERM)BERY Rk fi AN S B2 b o MBI B I, Ay B DA
IR AEIE 2 FTHY, SBM(ERM)RERY SR AL B AE B AR 5 AT .
AE A SBMERMYBR AL AR L ME LR, T 42 DL D BREL AR R LR -

D At= , BB (4.4) A

min p:t—%Ztslf/xik

i=1
st. XtA+ts” -t =0
YtA—ts" —ty, =0
1
t_

- q
1+1> 55y
r=1

As,s7 >0 4.5)
2) &S =ts; ST=tsT, A=A, BRALEE RO DL 2 AR

min p=r-1>"S /x,

i=1

st. XA+S§ -t =0
YA-S"-ty, =0

q
t+§ZS: ly,=1
r=1

A,s,s =0 (4.6)

TEREA (4.4 0 B AR ECR, o 50 REC 7R B, 5 B8N S R AR S R
SBM(ERM)#%: % ,
BN G5 SBM(ERM)f& YKy
min p=1-1>"s /x,
i=1

st. XA+s =x,

YAz y,

s =0 (47
TEFN T 17 SBMERM)BEAS f, - B NEiE h ASBE L 0.

77 S H SBM(ERM)IE A
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q
min p= ql B, max %:HéZs:/yrk
1+5Z;Sj/yrk =
st. XA<x,
YA-s"=y,

A,s7 =0 (4.8)

FE7 15 W] SBM(ERM)AR AL e, 7 H i i ANREHIEIL 0

NG SBMERM)IE A 55 Rolf Fire & Knox Lovell (1978)#2 H! 1) Russell £\ S [ R I &
JIEEE, {3 SBMERM)R Y (1) 338 J7 25 25 5 B il

R 41 45T =T 1) SBMERM)EER I HIRI.

P AL AN SBM(ERM)BLALSK AR K % B 2 [IAFE LU R K &R: VRS ZOR(E>CRS %A

EAR AT, B P R R, AL R RIRRCRE: MUBRCR(E =CRS #%{H/ VRS
R#ME  (SE=TE/PTE). i# it CRS XA AT LAHEAT 70 fif: 4217 CRS ZF H=1211] VRS FH(H*
MR  (TE=PTE* SE).

AR KSR I 14 7 S, WA A% B R F A2 T AR R 155 . 7E SBM(ERMI)RE 2 7 L e 25 b A% 4
H, CRS ZRAE 5 VRS AR AR, EA A MaxDEA B 1F FFK 2 U8 (Scale Effect),
PR IX .

X E—HE DMU, AN T A R A K SBMERM) RCEE IR T 84 T4E 3 M)
SBM(ERM) A o

R 41 #R SBMERMMER LRI

BATMH SR TN
m 1 s . 1_%25‘;/)@]{
min p=1-1%"s /xpax —=1+1>"s /ymin p=—E——
o EE WA
r=1
CRS )
st. XA+s =x, st. XA<x, st. XA+s =x,
YAy, YA-s"=y, YA-s"=y,
A,8" 20 1,57 >0 A5 ,572>0
VRS ed=1
NDR
el>1
S
NIR
el <1
S
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GRS Ly, <edl<Us,
4.2.2 1AL SBM(ERM)#ERY

7E SBM(ERM)BE AL, B4 G 1D FEARAE R4 20 b 1) 35 2 PR AH RN )« MRS Kaoru Tone
(2001), 7t SBM(ERM)fAY [ 5:A -, ] DAZS ST AR HEE AR T AR IACE, DURA A FERS
HEWRZER . AR EHF DMU A REAZ 800, B SBM(ERM)EL AL FIINFL SBM(ERM)
BERLPEA A 20 DMU 2AHTFE, (HIER DMU FIRCRE R H A A 2 R AU

A F E AL SBM(ERM) (weighted SBM(ERM), SBM(ERM) with preference) FHIE RNy

m

> ws/xy
O

1
Sl &
O

M _ 1 =

mm p= 7

1 +

Zq W : :W Sr /yrk
r=l r p=]

st. XA+s =x,

1
1+

YA-s"=y,
A,s,s" =0 (4.9)

Wl wO F IR BN = H FR AR AL .
BN F A AL SBM(ERM)RE T R N

m
. _ X ;-
min 'O_I_Z'W_ E ws; [ x,

i=1 i =]

st. XA+s =x,

As,s7 =0 (4.10)

77 S A A SBM(ERM)RE Y 6oR g

min p= ql
1+Zqi WOle,-OS:/ka
st. XA<x,
YA-5s"=y,

A, s7=>0 (411
4.2.3 MSBM &%

MSBM(modified slack based measure) & FH(Sharp, Meng, & Liu, 2007)#& ! i) —F SBM(ERM)#%

RIFIARRE, e H AR R ECT R IBPP U DMU % BN B0™ i KT REREGEE. (range of possible
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improvement) {EATHEHICRCRMER 706, B

st. XA+s =x,
YA-s"=y,
ed=1
A,s,s7=0
R, =x, —min(x,)
R =max(y,)— y, (4.12)
2R =0, WITE FERRSh £ s~/ R 25 RS =0, e F AR Borh 22 B
s/ R
MSBM 5 SBM(ERM)IERUAH LY, HALHAE T RPN e br sh & 5 8, (HHBAE 2 K RE

MNHF VRS #i1, AiEH T CRS AL,
XFBENATFZ B A R BEA T DA AL L) MSBM BRI A

. I—ZIW:;M{S;/R,;
min p= .
1+21W? ;w’_os: /R
st. XA+s =x,
YAi-5s"=y,
ed=1

A,s,s" =0 (4.13)

4.2.4 MaxDEA Xf# SBM(ERM)BAL G SBM(ERM)ER AR

it MaxDEA AR AE SBMERM)AEAL [ 7515 5 3R Al A% A BY (1) VBB A IR], ANF) 2 Ab
Fi:
DIEFR S Rk “2) ZRA RTINS (ERM: Pastor, et al 1999; SBM: Tone 2001)”.

I MSBM #5118 T VRS #E, 7F CRS Al NIRS #2240, #1F4 DMU k $N$8 R 135K 7T 58 10 SGHE 7T g =
I Rk, B suc>Rik,, M FEAE HARBREC N % Mk, MSBM #BAE T CRS A1 NIRS #i7,
64



Hs B W MaxDEA X

WIREZIT MSBM #E8Y, 2)i%<if% SBM (Sharp et al 2007) &5

2) SBM(ERM#REHFREL XA R R RE A FREL X BHREE PR SN, Fit MaxDEA
FARA SBMERM)RFREUER, BAGKEINERPRMT XNHEMR,

FAIRR AR 2-6 HIHHE, KELE TR A SBMERM)RRAY 25 IR

SBM(ERM) 55 it B LB B PEA DMU Bzt (905, DR R R B A - 55 () R A A7 A DA
TXRAZ:

SBM(ERM) ) R4 3B <42 [ B A (1) R 3R A

FESS R, B 6 MR DMU MR & F 55 2 4h, SBMERM)ER AL H I RCRE /N T1%
EE B E R E [

SBM(ERM)FELR! o (1) B /2 48 & T N =) abrclclb i~ Faytefl, Bk, #N G=H)
T SBMERM)BERIAIHFN (7)) F RS BGE T, SHN 7D KISt
FAELL TR AR

SBM(ERM)#E A 1) ~F-35) 5k L A7) > A% [l ABE 284 1 ~F- 35 e 3t L 43

£ 42 BEEE SBMERM)BER KRR A M AE LB AN T 17 CRS)H

Ly v SBM(ERM)X 2
DMU Z&{E Kk B eI N BRE KRAF  BE 1235 N
AE% ARE A% Am# ANKHE AN
I 0.944 133136 125338 74967434 4391516 0.933 140997 114824 63344221 4391516
|8 0917 80363 87385 104340626 2095434 0.798 80363 87385 104340626 2095434
TE 1.000 89947 93898 72059496 3087618 1.000 89947 93898 72059496 3087618
£ 4-3 SBM(ERM)ERL 5/mAL SBM(ERMYBLRY i 2 (E A B AR LR (3R 1) CRS)
SBM(ERM) In#X SBM(ERM)
DMU #HR{E Kt IH 1214 N BRE K IR 1214 N
AREK AR AE ARE  ARE AE
ZE 0.7038 140997 132739 116649529 4391516 0.8696 140997 116123 83884325 4391516
bR 0.7164 87596 103025 104589875 2845602 0.6075 87596 102941 104340626 2846770
1BE 1.0000 89947 93898 72059496 3087618 1.0000 89947 93898 72059496 3087618

! MSBM fUIEH] T VRS B, 6 £ A SR S T m] e 2 th B w45 2R
T JRIR N I R 2-6.
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Sk L S A TR G D S S . IR T B ], DEA #A
PRI M 2 AR, DRI, 7R BT BT R S LG, AR EE— N ST A AT (5
BT A RES . EAGIEEET, AN, AR B R SAREL, RS
B MENET AN RSN, WHZ AU R N R s T 53— R 3 AN
SERB T IR — R SBM(ERM)BE AL [R5 52 o5 RN R AR L (R F5 5 A A2 T B i (%
WRARTRES), HBNBIRESEAAEL AU 12k SBM(ERM)BERY () PRAZBUIS T-42 1m) 5
BEIPRALE, W) SBM(ERM)RE Y T4 N A B0 R o v T A [l A Y [ T N i

MaxDEA A4 SR AL SBM(ERM)BLAL [R5 BR5gt & 7. SBM(ERM)BAS B B IR 3R |, S5 NAL
HIE. FECRERNFHNE?, FRENE. AR H PSR E & A BRI, 7Rk
RPN BNTBPRBCE B E Ny 1 2, I HARFRMRCE B E N 1 A 5. AR P NN T AR 1
BEBEN 0.5 R 1, P HARFRIOBRE R E N 2 F110, FCERZMEM. 57 SBMERM)ELA
FUIIAL SBM(ERM)BLA! 45 B LU W3R 4-3.
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4.3 B AN HRIDE S

4.3.1 EFHAREERILEERTHE T

B EIE AT TR 2 (minimum distance to weak efficient frontier, MinDW) & 484
P DMU 5T s PR B, TR HAE AT B3R U 5 ROE 2 556 2. IXFh 7 ik i
FETESCHR(A. Charnes, Roussea, & Semple, 1996; Briec, 1999)F#& H 1), HI77ET R/ N m+q
AR (m AR, q - R EED:

max [, z=12,..,m+q

n
st Z/”tjxij +pe<x,,i=12,.m
j=1

z/ijyrj -Be =2y, r=12,.q
J=1

120
ei il e EH AL, AEMBAF RGN e T 1, Heho, A

e=lifi=z¢=0ifi#z
e =lif r=z—mye =0if r£z—m
l_n%Zﬂz*ei /Xy

RN E N R A ——
1+$Zﬂz*er /yrk
r=1

MinDW BRI ZRN 6. = max(6, z=1,2,....m-+q)» BARHIEEM R

B *, RIERTHT IR Ia i i .

WA T, WA m A2
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max £, z=1,2,...m

n
s.t. Zﬂ,jxl.j +pe <x,,i=L2,..m
Jj=1

leyrj 2y, r=12,.q
J=

120
GRS T, AT q DERERLR:
max

z=12,...,q

zo

n
s.t. lexl.j <x,,i=12,.m
j=1

z/ijyrj -Be =2y, r=12,.q
J=1

120
MinDW 57 R 3B AN 2 /TSR PR AT 7 10 1) 8 ) 7 T P 5 R 300 R Bl L e i S T

(Bl A SBM(ERM)) HIRCRAE . Wik 2 Ui, MinDW RIS H F85CR AR 2 oK1
4.3.2 MaxDEA RfE MinDW BH =4

MaxDEA >Kfi# MinDW 8 jgi 2 75 1 2 ST ik $3) 2 55F MR B R (Charnes,
et al 1996)”.
KA 2-6 FHEYE, R AER, SBM(ERM) AL MinDW A5 5115 H 3% SR 5 /0 B
B 4-4, ZFAEBEILFRCE Jv 120, VRS,
R 4-4 NFIREFE R RPUE R R LR

H X SBM(ERM) 2 MinDW
2 0.706253 0.956817 0.977932
Jbxt 0.817982 0.917493 0.956972
Zizye 1.000000 1.000000 1.000000
HH 0.721133 0.847287 0.916353
J7R 1.000000 1.000000 1.000000
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I 0.879912 0.996415 0.998204
el 0.699040 0.969756 0.984646
tisaea] 0.725478 0.932287 0.964617
b 0.646840 0.945152 0.971803
T 0.764488 0.969803 0.984670
2R 0.706253 0.956817 0.977932
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4.4 ZRABETHRGLE R
RS, AT AR I BE B B R IR 2 AP, SRR BTS2 S A B B
4.4.1 -1 EEA AT RIL B B T EITE

RTBZRIR , W 2 54T RAT U /M B A (minimum distance to strong efficient frontier)
fEFR A MinDS 2

BESZR SBM(ERM)BAL K HI 57 RCHT v b izt R R AE I R A G B2 AL, RATIR

B oy REE 5 JIRX — SR A0 75 V2 R SR 5 R R B B i R B

Ak 3 7] 22 5T RCRT W Bl P B A SR FH iR AR b R B A ) AR R . T T
P S DR S B 28 iR A AR I il e 2 ) SR R AT AR T

W RAE SBM(ERM) AR (4.4) () H Ak b8 80T B /ME (min) 2809 5 KA (max) /2 15 7t BEFS
B 9EA RATHT LRI AR R ?

9
1+1> s /v,

r=l1

st. XA+s =x,

YA-5"=y,

A, 5,57 >0 (4.14)

SRR (4. 14) BT RITE, X — A B REE AN W AT o SRAFIX AR [ 45 RS SR 2 T s
AR 0, Fra I DMU BIZBCRIEEIN 1, I DMU 2B A BGAE
BN AR, XEFN

A =12,=0G#k),s =0,5"=0 BRA.14)H0— LA
WIHRAERA (4.14) ¥ S L[R2 A DMU, £EAI{TIR? RIERH I B 5%, 1F
B, KA SBMERM)#RA(4.4), & A 4 % DMU, id A DMU %4 E={j | p, =1} ;

SRJEAEE BB, SR
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As,s =0 (415

PATLAZR 4-5 FBEE ], RRAFHIAL(4.15).
R 45 ~HIEHE

DMU x1 x2 y
A 10 40 10
B 15 25 10
C 32 24 16
D 48 16 16
E 24 48 16
F 54 27 18
G 50 60 20

H—M B, KRk SBM(ERM) Y (4.4), Z5HEIRTER 4-6 H. HX DMU H4#5 A. B.
C D, & DMU NE. FHlG.

£ 4-6 R~PIEIE SBMERM)AELE (4.4) 53445

PR B
DMU SERAT
(p) x1 x2 y
A 1.000  A(1.000) 100 400  10.0
B 1.000  B(1.000) 150 250  10.0
C 1.000  C(1.000) 320 240 160

D 1.000 D(1.000) 48.0 16.0 16.0
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E 0917  B(1.600) 240 400  16.0
F 0.833  C(0.675);D(0.675) 540 270 216
G 0.650  C(1.563) 500 375 250

BB, EMXER DMU, FREEIRL(4.15), SRERTER 4-7 .
R 47 AEBHEERL4.15) TR
S E L BE

DMU SERIT
P x1 x2 y

E 1000  A(0.800); B(0.533); D(0.167) 240 480 16.0
F 0944  A(0.300); D(0.937) 480 270 18.0

G 0833  A(1.333); D(0.417) 333 60.0  20.0

MG BT DR B FERR 9] B : E A JE 20 DMU , {HR A5 (4.15) 5173 1 B 4 %% DMU
MRS 1S . R R (4.4) 06 =4 DMU RIS s AT e, ol BURBLX =AM A3
NTCR XU AR (4. 15) B TCVE AR PR SR RTVE F Baa B S I . P AR SR, wT
DNELFERE S (B 4-1D. BRA@15)KSHEREN AL B. CH D IU4H% DMU,
MERATELE H, BIMERAEZR (SA=1 F, #id PN a% DMU 2P &7 D
B2 X3 RS — . Bl E safBAlH AL B il D PG5 (FERIHmT 21 AE
JeH AR B MR A', SRR AR D M B, BRIERAY (4.15) T A TG R E B
PRI A R FIEE, (ERLRY(4.15) F A1 G 22 S 5 DX 3ak K 0 8 B30T 1) s/ s
o AT AL T AD HEZL b, AT B R A 35 O B AT

io 1 2 3 4 Xy

4-1 FERY(4.15)881R~FI
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DEA [{RGW B2 BV B ), A BrA BRI (facet)  (FEZ4E
T AREE KRB, B 415 B RN R TE T 2R A S TR AT AIH A
2 DMU, A RAERR o 2 AL IR E 1R — T N 9 20 DMU, AT DU feix Fhd iz . 4]
WAER 4-1 9, CERTHYRIS N AB. BC Al CD =B, SRJE KA (4.15) 50 B R ARG A%
DMU £ = BRI 1 i pE S

MAGIXRER YR, SRAE MinDS AR Wl 772

T 1 ARBIATR I HTA SO (AR EERS), RS0 I HIEA DMU &4
SEPETH B /NS, R R E SR BN BEES o 3R BT SR R S R R A, ik
% W 3CHk(Jahanshahloo, Lotfi, Rezai, & Balf, 2007; Jahanshahloo, Shirzadi, & Mirdehghan, 2009;
F. H. Lotfi, Jahanshahloo, Mozaffari, & Gerami, 2011; Amirteimoori & Kordrostami, 2012). SBM
R 1E# Tone M 244 HIXFE 1 LB ¥ it T MinDS B [ —FisR A# /574 (K. Tone, 2010).

Tone LLAE S FIBEALUAHI/ 24T MinDS BEA 115712

D A n 4> DMU, H A2 SBMERM)ERL(4.4)H)5E A 2 k 4> DMU & Eid N
E={j|p, =1} (& k> DMU £ A X HHITS).

2) BHIHES E TS FE. H—ANTEP TG DMU B & A ST —
NFT DMU (M4 S R4 >0, B, WH-F4HEE={A B}, W#HK DMU aJLLKy

0.5A+0.5B. XN DMU JRNEEE . I SBM(ERM)RER (4.4) 56 /& 75 947 2K
DMU: 4R XANH ) DMU A 20 WFRZ T4 8ES E —MERTFE. A% N K DMU
B F AT R — ST B EE EREERR S E MATE AT

DMES E M~ MHERTE EANNSHE, REHT4.16), AR p, - BHL(4.16)
@A 15X HET, ERE15KSHE LR B H R DMU #RKIES B, MER
HA16)WSEENES E N MHBTE.
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A, 5,5 =20 (4.16)

HEX I, BHPAEARTSE, MinDS BRI XCERE A

P =max{p.},z=1,2,..

HHZ DMU BERZN, @XM AR R EEN T RIS R EE. RYE
Tone HIHERE, 7£ CRS &y, AHFMATREE KT m+q-1 KITEm HHEANEIRSE, q
APEHRARECR): 7E VRS B, REMBEICREERT mtq 7. mR—NTEE
B, WEAFHEPTE THREER R Bl {A,B,C,D} AL, W{AB,C}#EH
MR—NFELR, WFLLNRXATFEAHETE, Gl {A,B,C.D} T, MFE
kMR {B,C,D} . {A,C,D} . {A,B,D}#{A,B,C} REA. 4HN DMU HiKL
i, FEMAKFESESIET 2. DL CRS AU NG|, “AEER 6, mHEEN 5 I,
WA DMU $& 4 20 4>, W2/ FENKR) L= C(20,10)=1847561; WIHRA
DMU #i&y 30 4>, M2/ 75 Z 0 4 51488 C(30,10) = 30045015 o i1 T~ K
DTN, FSERMAEE S RS2 . B, 775008 1A% DMU #&
B .

FHE 2 R AERR (415 P IN A R kAT, RS HEARAAL TR 8 PN . 1E Tone
P BB —FloR A MinDS BRI 5152 RiT, 1. Aparicio, Ruiz, & Sirvent (2007)# 311 1 5 N
T8 % ITIEAN T B0 A AV T, T @l M Aok, K vF o DMU
(122 AR IR 1 E R — P Y o 7638 SBM(ERMYRE AL 52 BT A5 5 20 DMU 2 )5, TitH

PR ES, MREANTEEAMTERNTE, WL,
i L EHES 4L A $OR T8 Excel (19 COMBIN %, C(20,10) = COMBIN(20,10) .
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X DMU #&E £ />, Aparicio $2 H FIJHEHR A 7 — N RIRIEAL,  BIFRA#E MinDS #,

Aparicio [1)777%5 Tone H)77 A IAH R 2 b #R 2 Heidit SBM(ERM)BEAY (i H e 58
B FR1G47 2 DMU 4 & E; ARZALAET Aparicio 5515 B TR & B E 2RI 57,
G T E TR FAEME MR, RREEERRG1S) R L, 8n—HREBH
ALY, IR B 2 LA R TR S, Tt 7T 75
F#o Aparicio [f17772:3R i MinDS A4 (1125 B8 Al L 4558 «

D B#F n > DMU, HH24 SBMERM)BEAELF 2 AT 2401 DMU 544 E;

2) RARVLUT RS BRI, 3K15 MinDS %18

iZ(l—Si_ /xik)
i=1

max p, =—
22457/ v,0)
r=1
st in,./lj+s,‘:xik, i=12...,m
JjeE (a-l)
Zyriij _S: :yrkarzl,z...,q
JeE (a-z)
5720, i=12...m
(a-3)
+ > —
s 20,r=12..,q )

>0, ]
420,jeE @5)

—Z Xyt Dty +d =0, jeE

=) (b-1)
v, =1, i=12.,m (b-2)
#4=1,r=12..q (b-3)

d;<Mb,, jeE D)

A, <M(1-b)), jeE )

bj €{0,1}, jeE (e3)

d;>0,jeE (c-4) (4.17)

Hrf M 22— K 4.
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MinDS BR(4.17) =B M i 35— o0 2581 (4.15), BN HARBRECRIZIIR a; 58 9
SRR by =R e

HH (B b M =800 (LW o ILE H RS E bt A0 T [F — AN i
Wo BT A1T) AR i, Wegyl, A2 AR, H2A7]
DU SEINZIR, (S hn AL T2 AN R R0 T

R AR CGRECRAL) 7] LUK 40P O DMU B3R 5 K LT 225 b AT I AL 1
IR SRR AE R B, AT LB s BUS R AR, FEE S E AN 2 DMU KT
b, BB BRI ISR T [ — P, NI 8 G IR (4.15) h 2 hR AT A AE ]
R T A ) A

HI TN PERC AR L SBM(ERM)RR B B, AN BEHEAT 2ot e i, i DR AN PRS2 ) ofe
OB (YR b,

IR (4.15) ) AR 22 0 B O, AHRAEAE LA 15) BT Al AT, AR — M AT

LR 1 S8 AR WS LRSS AR DMU BOR 0. BAMEXAMmE A St s
I eSS A R’; o T OIS B IR (additive modeD BRANAUIN AR (weighted
additive model) 5 SBM(ERM)HIEL{EHifE A % DMU 4y R4, FULS, — pixti
L SRR IPE BRI 00—, ST AR PRI ) — A AT TR
INPEBIRL T 2R N
min — is; —Zslsf
R

n
s.t. —le.j/lj -8, ==X,
J=1

Zy;j/lj _S: :yrk
j=1

As,s7 =0
i=12...,mr=12.,q;j=12...,n (4.18)

HHERHA CGREGERD A
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m q
max — Z ViXis +Z K.Y

i=1 r=1

S2. _Z Vi U+Z,Uy,j—0

i=1,2...,.mr=12.,q;j=12...,n (4.19)

B4 1S) R MBS RO TT TR SE A2 DM (4. 18) ) — NPT A7 8L 2 5 T 47 4
FEXH BRI 10) P BEOXH AR WAl v, AT RRIORT 2450 (RS ) Fidely
BT ] R R oA

2 * g *

—Zvixi +Zy’_yr =0,

i=1 r=l1

THEA—AE IR R 4-8 SR B R IX — R
R 4-8 BT HEHAFIEYE

DMU x1 x2 y
A 1.2 4.0 1.0
B 1.5 2.5 1.0
C 2.0 1.5 1.0
D 3.0 1.0 1.0
E 2.0 3.5 1.0
F 3.0 1.5 1.0
G 2.5 3.0 1.0

fEE 42, GER ERRDEEBE RN G KEHEH 8 A M B, i A B

81T A =5, —x, +10y=0 (B B ZER R I)52 y=1 I8 OV EZL ). B A F1 B Z 5k,

B B R T T REA 2
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FE DMU fr FREFE A4, B —5x, —x, +10y<0'

45+
Xy
41

3.5+

& 4-2 BYXEREE

TR ART, AR, (EBTR@S) R WU DMU j G T R, A

—ivixﬁzq:,uryrzo,jeEo

i=1 r=1

BRI (4.17) B0 (TP 240 SRt A o 1 3 A X — R -

m q
D W b=0, M d=0, £33 (b-1) % T )V x,+) 4y, =0,j€E; 4k (c-2)

i=1 r=l1
SET A <=M, UM RS RHMS T o BEUE EBREAA FRE]. i DMU; & DMUK

IS F5HT
2) R b=1, W di<=M, HEM KBRS TXF d BUE ERRBEA R, 238 (b-1)

m q
ST DV x5+ ) 1y, <0, jeE, 4 (c2) %FAT 1=0. LI DMU; & DMUK

i=1 r=1

HIZH b5

VBT AR B Ak, RIEHHE DMU AL TIXANESFIN, Bl A Al B Z (B FEL FiER H,
MRV PR 2 A M. 200 GBEH (A, B}~ {A, I}~ {B, I} 8l {A, B, H} MEHHAEME.

H A& —Sx —x +10y=0 , FULEBTR@IT B HAFFFIL AR -Y v x + Dy <0, TR

—D v+ Dy <0
i=1 r=1
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KM (4.17) 553 4-8 H E () MinDS #7281 3081 =840 CKk M =1000000),
KRARGERINE 4-9,

/* DMU_E */

/* Objective function */

max: +t -0.25 SLACK_x1 -0.142857142857 SLACK_x2;

/* Constraints */

Constraint t: +t +SLACK y=1;

Constraint x1: -2 t +1.2 LAMBDA_A +1.5 LAMBDA B +2 LAMBDA C +3 LAMBDA D
+SLACK x1=0;

Constraint x2: -3.5 t +4 LAMBDA_A +2.5 LAMBDA B +1.5 LAMBDA C +LAMBDA D
+SLACK x2 =0;

Constraint y: -t tLAMBDA A +LAMBDA B +LAMBDA C+LAMBDA D -SLACK y=0;

Constraint v u A:-12v 1-4v 2+u 1+d 1=0;

Constraint v u B:-1.5v 1-25v 2+u 1+d 2=0;

Constraint v u C:-2v_ 1-1.5v 2+u 1+d 3=0;

Constraint v u D:-3v 1-v 2+u 1+d 4=0;

Constraint d b A:+d_1-1000000b 1 <= 0;

Constraint d b B:+d 2 -1000000b_2 <= 0;

Constraint d b C:+d 3 -1000000 b_3 <= 0;

Constraint d b D:+d 4 -1000000 b_4 <= 0;

Constraint lambda b_A: +LAMBDA_A +1000000 b_1 <= 1000000;

Constraint lambda b B: +LAMBDA B +1000000 b_2 <= 1000000;

Constraint_lambda_b_C: +LAMBDA_C +1000000 b_3 <= 1000000;

Constraint_lambda_b_D: +LAMBDA_D +1000000 b_4 <= 1000000;

/* Variable bounds */
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v 1>=1;
v 2>=1;
u l>=1;
b 1<=1;
b 2<=1;
b 3<=1;

b 4<=1;

/* Integer definitions */

intb 1,b 2b 3,b 4;

# 4-9E /5 MinDS BB HELER

53

7R

Objective (FFEAH)
t

SLACK xI1
SLACK_ x2
SLACK y
LAMBDA A
LAMBDA B
LAMBDA C

LAMBDA D

d?2

d3

0.825

0.7

0.6667

0.3333

0

0

833333.3333

166666.6667

1666666.6667

0

0

250000
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d 4 1000000
b 1 0
b 2 0
b 3 1
b 4 1

£ CRS MinDS #7(4.17) Al ERGINZIR D" A, = 1 R B8R po, B2 VRS MinDS

JjeE

=

LEitE
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iZ(l—Si_ /xik)
i=1

max p, =

q
LY (s )
r=1
s.t. nyﬂj+sf:xik, i=12...m
JeE
Zy,jij -8 =y, r=12..,q
JeE
A =1
JjeE

s, 20, i=12...m
s'>0,r=12..,q

420,jeE

m q
— Z:vixij +Z:,uryIj +,uo+dj =0,jeE
i=1 =

r=1

A4, <M(1-b,), jeE
b, {01}, jeE
d;>0,jeE

M, free (4.20)

B R A R BRI SRS I, MR N EIER RS KRIES, &
VOISR gt B 45 R m] BEFF AR IR B e L E . M L KB /MR AT RESRTS IR IV e . MR PE A
[ B HEANE, A& M A TS A 2 57

IR Tone Ml Aparicio FIJTEHARRER M i/ MRS R KL, PIAE AA LB 82 — B, (HE

SR Aparicio 7 VEFE i BESEH . 78 MaxDEA 24+ R H 12 Aparicio H /515
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4.4.2 MaxDEA RfEIEF 9 MinDS HRERF]

MinDS £ 88 TIR S B ML), 2 DMU St 2, R AESHERHRK, i
SRR, LA o

AT F S Bt oK i ) MaxDEA 84 >K % MinDS B )i #2 5 455 . 3R 4-10 72 2004
FERAR (T A DOBE BE 38 5 BN b7 . UARAL B BAERAR N B A BNSE R,
LA NIRBORI B N 97 48R, 857 DEA %Y,

MaxDEA #F3K fi# 4E 17 MinDS #5284 % F )2 7772 2, B J. Aparicio et al. (2007) 77 7%

R 4-10 FHXERIFSBEAFZHER (2004 )

HX KA EEARE SITFARE ABRAK
2 77773 84672 36106166 1632009
Jbm 69850 90656 56191348 987106
Gy 54975 51611 37915799 1290919
Hw 45123 42130 19116626 708323
7R 144416 157375 169171460 3545978
T 64466 66521 41722576 1418468
M 43835 39839 17156975 820696
HEaE] 13251 16277 7449266 249455
I B] 114373 128076 48433864 2399541
N 145870 160899 70404035 2935932
T 98975 100341 31470419 1568560
1k 95186 107546 50361992 2036096
biikea] 100167 106542 36818263 1957330
ER 69039 78462 26756299 1082780
L5 122787 129843 84927158 2872465
AN 58750 61535 31554864 1266984
Ui 139635 136979 47253345 2068764

N5 48074 53483 18296934 792838
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THE 14087 14243 7323406 260350
H 13004 12382 4781871 254352
7R 163876 181441 79416181 3785327
L 7 79721 88699 28674172 1176485
i} 77798 76225 29845077 1331931
kg 65114 70265 58799940 1141108
g 123995 112744 65595496 2578469
R 36645 45229 24549117 521743
[iip: 4238 4918 2091942 52818
e 61192 60869 27318653 1316919
P 71170 63095 34037932 1421345
WL 102295 107777 87342404 2434372
HR 43784 38191 23643216 823952

4.4.2.1 ZRAMEER/NEE CRS HA

AR SASE, WEBN LR, ARG a s
1) BEEL TR 4) ERA BT BOLE R
2) HUBLHRIILERE 1) AZE(CRS) .
# 4-11 /& MaxDEA [HEHH 4 5. 29 N DMU [ MinDS #1244 tr
SBM(ERM)#5: A1 &5 Za B P35 =t 0.15,
# 4-11 MinDS #i%l 5 SBM(ERM)IEZI 404745 B L8 (FEF: 0 CRS)

X SBM(ERM) MinDS

BRE SERRAT BEE SEHRT
Z8 0.5418 | ZR(0.538027) 0.7150  $EF(1.414698)
Jbx 0.5760 | 7R(0.483672) 0.6534  1&7£(0.967877);

I=%R(0.115229)

U R sR AR MinDS A5 I 55 I B] 2 370 376 48 3 3R A SBM KSR T 55 1K1 18], MaxDEA A ia 47 i Fe rh 2%
B R e B, R A M ORI, RO S
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EE 1.0000 *&%E(1.000000) 1.0000  #&E(1.000000)
HiR 0.5006 | Z=(0.267705) 0.6420  $EF(0.816299)
IR 1.0000 |~ ZR(1.000000) 1.0000 [ ZR(1.000000)

4.4.2.2 ZRAMETHR/DFEE VRS BLAY

fE MaxDEA HfH G2 SRS R AR L T rh s £%22) W32 (VRS)?, HEWHELY CRS
BRI

R 4-12 /£ MinDS [ CRS 5 VRS #A p#r 45 R . BISCHRE], fE42 A F1 SBM(ERM)
B, CRS BRI RCRAE /N T 85 T VRS B 205 AE . (H27E MinDS B AR LEIX
PR R, R 4-12 3 15 4 DMU (1) CRS #EAIECRE KT VRS BEISCRAE, X 15 4
DMU MRS, (CRS BRI 5 VRS BB RIELAED KT 1o AR S —
T TR 5T

& 4-12 MinDS ) CRS 5 VRS #E 4 BB ES M)

X VRS CRS
MERE SERRAT BRE BSEHRT
2 0.6459 FBEE(0.848745); I %(0.151255) 0.7150  #EF(1.414698)
jE= 0.6463 F@E(0.860764); I Z=(0.139236) 0.6534  #&E(0.967877);
I=7R(0.115229)
w2 1.0000 *&E(1.000000) 1.0000  $&3(1.000000)
HR 0.6954 FEE(0.437956); & 35(0.562044) 0.6420  TEE(0.816299)
IR 1.0000 J~ZR(1.000000) 1.0000  J~Z=(1.000000)
I A 0.8612 #21(0.943439); ™% (0.056561) 0.8954  tEE(1.172642)
=M 0.7149 #21(0.546365); &5(0.453635) 0.6740  $&%(0.771909)
s3] 0.8663 1EEE(0.127950); & :5(0.287609); 0.7131  #27£(0.241037)
TR (0.584440)
e 0.5374 #&#£(0.508384); [~ %:(0.491616) 0.6690  FEE(2.080455)
I E 0.5649 | 7R(0.925283); IZR(0.074717) 0.7132  #=@3(2.653388)
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58 1.0000 & 7(1.000000) 0.6456  IEEE(0.236544)
2R 1.0000  LLIZR(1.000000) 0.7574  $&H(2.980919)

[F 1 1.0000  Fa7EL(1.000000) 0.5513  $&%(0.077090)
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4.4.3 MinDS R 455k

4.4.3.1 MinDS & CRS A ZE e KT VRS M FE

A SBM(ERM)AS MY K I T 4 4R R 7 T L 2 BRSO R AT MinDW. 53 SR AR 0 2%
BE, WAAELLTRA:
VRS 2% {H > CRS A
£ MinDS &8 i TR A7 AE LR 5C R W ? BUA ST I A #EAT 1 18
R 4-13 FItH T MinDS 57 CRS Fl VRS R MR, £ 31 4~ DMU 1, A 15
N DMU HJ CRS ZCRAE KT VRS ZCRAE, MRIETHRE RN KT 1 R ERAAER 7).
R 4-13 MinDS R RN

X CRSZE{E  VRSHEE  HERN

Z#| 0.7150 0.6459 1.1070
= 0.6534 0.6463 1.0111
w2 1.0000 1.0000 1.0000
HR 0.6420 0.6954 0.9232
IR 1.0000 1.0000 1.0000
i 0.8954 0.8612 1.0398

XSl Y MIE MinDS #84H1, CRS R ME L HBLRNT VRS BEEETE L. MinDS
BRI H b bR B2 e RS (B MEEEES): 1D i MinDS VRS #8 5 MinDS CRS
BORAEL, MOGREIINZAIR EA=1, M VRS R&FME /M T CRS B (B Rix A VRS
BT L LA 432 CRS BT —NTTAT AR » 2) fB % AE MinDS VRS KR sh IR 403 =1,
£ VRS-SBM(ERM)FA! f, 4 1F4/ 45 %% DMU ¥ — M4 % T CRS-SBM(ERM)#: 7!,
I, £ MinDS VRS #HI 2% ¥ DMU %5 2> it MinDS CRS #5744 (VRS B S %4
%7 CRS A4, Ktk MinDS VRS FE8 (13405 22 KT MinDS CRS B AR
. & EArd, MinDS VRS #AIf MinDS CRS A [A]f¢) 2 5, BEAT {# CRS BRI AR A

BRIy, WA VRS BRI KA R, IR R L.
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4432 T RSELEIE MinDS A EE A T BERE A

R 414 mEIHHRE

DMU x1 x2 y
A 1.2 4 1
B 1.5 2.5 1
C 2 3.5 1
D 2 1.5 1
E 3 1 1
F 3 1.5 1
K 2.5 3 1

B =4 DMU %4, %y S1. S2 fI 83, fl4n

S’lz{Aa B) C) K} ’ S2:{D9 E:n F) K}
S,=S US, ={A,B,C,D,E, F, K}

Ew~ Ek2. Ek3 /8 DMUK 4 3ILL S1. S2. SsfEASH &R T DEA BT HAZH
HESER

PR . SBM(ERM)AS MY 7 J5 THIA T 28 7 111 BE 25 BRSO LR MinDW  BRUAS: HY A28
TE¥IAFELL T R AR

E <E, E.,<E,-

MERL MinDS BERUALEAE BIRK R, HZHEY KJG, MinDS BRI I RC(EA TR
N UN-R N

LY RS EELZ )G, FRKRAAEZ TR, Bl

1) BOWBA RAEARA, SRl 2P B8 R 0T 545 R B S AR

2) HIEBAERTE), IRV RIOITA M AT, U %P 5 e S 28R
[ERSN Y

3) WIWEAE RS, HAEFENEE, WK 43 fir, USHEEH S TEE S5 S,
YRR Sy Iy, A IFRA K AERS, TREREMNER (H AB 8 DE ¥ J£%] ABDE), £

XAMELLT, MinDS BIRGHFIMCEREA TTREAZS, AT REHE K. 10 H 8 B 2 R s Y
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B R A TR /N £ MinDS A, US40 S EF] Ss I, K IS S AR
FAEEA KA, B 508 K, BCRELN 0.7800; 4 E4E M S, ¥ REH S; i1, K1)
Bov S Ko N Ky, BCRAE H 0.7083 1K 0.7800.

45]
X2y
gas

35+

B N R T R TR R TR RN I
B 4-3 F ASEERIREEA~RE
MinDS HRRILEYJE S5 4R )R HBLRCREE R, B A 98 AT RAT I (1 i D ERES IS, A
T, JRSHER, O DMU KBS XA (WK 4-4 1 K FI8GEIX 3809 KKDK,
LI, A BANRAAAESR D (KD BOVSS A R0, A3 RSHE)G, shIIHER2 85
atb b, POtdr DMU 21X Bekh BRI f /R /T 2 AT R SN, Y e
S LGN DMU 237 AT PR 2508/

X2y
4

3.5+

3] Kl‘ ........ *K

2.5

B 77 L T A MR R
B 4-4 FARSERERREEARETEE

AT PA B SR, MinDS BT BAN AR RN 2 30 5 45 2R
1) %] Malmquist #7 , J¥ %1 (sequential) Malmquist 5 78 ff]— /N D g2 REAL M6 15 HH 11
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BARBWIH AR KT ST 1, Wi, FIHFS] Malmquist BIA175 H ) 25 RA 2 )
BARGRB 1EB, TS X — BB SE & F V40 0 2 A EE A8 b AN A7 AE H R TR 5 14
(Shestalova, 2003). {H& WIHAE 751 Malmquist 1575 1R F MinDS FF 25 R %, T n] fE 2 H i
HARD M H LR

2) LFEATVERS (MetaFrontier). 7EFLFEIFIITACALF, HOREROHA (TGR) 513k
e i P A S LTI R A R P, R T 3R A A /N T 8085 T R VR 2O 1
DR A R AR G T L 26/ F 85 1 AR SR e L R B WS 28 o R FH MinDS 1 25 5 4
YU AT R 2 I AL R T BORAE K TR AL AT AR E MBS, TS BEAR S LR KT 1
(¥ 5 A

4.4.3.3 HiRME A B

MinDS A£7E ] 55— Dok e ARFE B 1 U, BEAn SR PF U DMU 35N I8/ B H
Hahn, 3 RCRAE S A BE 2 T B (Ando, Kai, Maeda, & Sekitani, 2012; Juan Aparicio &
Pastor, 2013, 2014; Fukuyama, Maeda, Sekitani, & Shi, 2014; Ando, Minamide, Sekitani, & Shi,
2017).

4.4.3.4 FNM=H F 6 MinDS A

Tone 1 Aparicio ¥ it (IR MinDS B8 73240 2 2 T IR S B8, L4 Tone 7E
HyZEfafl, HI7EEae R H RN SR B S rpsd, (BRIt deatt.
72 Tone it Aparicio TSR MinDS A& 8 [ 77 VA #ANE F TN FI = H 3 ) AR 2

LA CRS #8494, H Tone FT7VERENL FIHEAN T 7] MinDS A 8Y fr#R Xy

max o, :#Z(I_S; /x;)
i=1

st XA +s =x, i=12..,m (4.21)
JEE,
Z YA 2y r=L2...q
JeE,

LA Aparicio 7RSI 3 F] MinDS R R 500
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max pf =+ (1= /x0)
=1

s.t. le/ s =x, i=L2...m
JeE

Zyrjﬂ,j >2y,r=12..,q

JjeE

quluryrj - zlelj +d 0 J € E
r=1

v, =1 i=12.,m

4 =0,r=12..q
d;<Mb,, jeE

A, <M(l1-b)), jeE
b, e{0,1},jeE
d;>0,jeE
420, jeE

s; 20, i=L2..m

s'>0,r=12..,q (4.22)

DUt 77 B BRARN -7 ) CRS BREBUA B, RBCH = DMU, 7354 A (x=4, y=1).
B (x=3, y=3). C (x=6, y=4), WKl 4-5 fi7x. Kf# SBMERM)ER (4.4)7] %1 B A
DMU, A Fil C N DMU. %A@ B (4.21)RfE A ) MinDS #78, [ B HMRME=1,

X 5H AT DMU MGERHIT G . B 4-5 18 TR AN T [ R i
M(4.21)5Kfi# MinDS B A RIHFR VAR . £ T CRS M, HFRRECEE A &
SRIE IR S /ME, TS A FERTVE B 208 AL ATIIHRNS A SR, AT
BNIRA AR B =0, MIMIHIRAIA R DMU. BTV BR 2R U AR s b &8I B st 4
24 OB i, Rl x-y=0. x Al y FIHUETEE 2N IESSE, Bt AP o2 DMU S a]ES$2k OB
EIRENS B S BNARIRHREE S, AT SEI R AR SR &R 0.

XA A DL A ™ ) To R RIS B R TC AR /MK - AR SY O 2 DMU,

ERE T RBN AR, S DMU JCREE A E 20 7 WA, WM ESE o
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DMU HTERFRRATaefl - th et . B, 7Eld, B ATRIHRAS A SR, (H A
PHEE A 2, A WP HRIRAT AR R §'=3, (HE 7 AT AR B R E B ARk g R
HATLH K .

FEBARN-B7 RN T ) CRS L8R, JoR DMU &2 AT LB A ™ A4 5t A
(77 SRR B/ N BRI AR B, I H/ N AR BB 2 Ty 0. sl 2 i, 78
BN -HLE H RN T B AL, 4 SR8 I Tone B Aparicio [¥17572:3R i J6 24 DMU (1) MinDS
B, F A o3 DMU #R2 4 ftim MK 58 A AL

[FIEE, 7R EARON-BR ™ ™ 305 CRS B, o2 DMU Jelo i) LIS i £ A A
st AR B K 7 AORIRAT e /N 7 s st AR B AR, JF HLR /N AR st AR BB B RN 0. 7E K] 4-5
H, R H R CRS B, A FERTIHIAREE 09 Ao, 3 HIP HAHIE, B A B HiRA S
A 0o

B 4-5 BEEN-F=HER/NEE R EURA

THEE—NEA 2 MM AP H) CRS B RE 1. & 4-6 fis, B, C HiA
NA X DMU. HR¥E Tone FIUERH, HH By C W AMARHIZMEAS (RECVIEED YWHNAERL

W E ={B, C}— MM, %L B, CAEAZESE, Yok DMU A G, I

M1 042D FTHUE AT 47380y MBCNG, RN H AR e )77 18] s ke, Fir URIEA# N G H
5, BIHURI O e M i, i By C MR RZ it 4l & 540 DMU (G) E#,
MEMEHN 1, ZKRARE G AERTAT E. 1277 S R AR, 2 LA R 1)
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14 I //
A
)\ /
1.2+ \ /
\ /
1 \ /
10 — — — — — — \_OE,:{___?
\ /M G e
XZ/Y” / | 7
0.8 B | -
/ I //
/ 7
06 / /AN
/ 7
/ | oF
T~
0.4 / - 3~
/ - ~
- | ————-
/ // | D
02 /
//// |
1, |
: "/: — —
IO 0.5 10 X175y 15

B 4-6 RARRBEAERERBERRE

7£ VRS 8, 5@3d Tone B¢ Aparicio 773K i MinDS B84 2= tH 3L [FIFF (R £ 1%
4.4.4 MinDS RIS L)t

TERT— TR 1 1. Aparicio et al. (2007) 5L R BEF TR M#3E T 17 MinDS B84, A
RN T RA= S W ) MinDS #27%8 .  Jahanshahloo, Vakili, & Zarepisheh (2012)$2 H 1)
FESUZ R R e e A 2T foe Al B S A BB AN 795, 9F LBt J. Aparicio et al. (2007)f55.3%
AV RUZ R TT 4R 0 — ). B4R Jahanshahloo et al. (2012)3¢45 B4 5N S 17 877
5 B R 2, (At 1 A S R B R AR 25 5 4 T BN 3 ) R HE S5 T AR
XI5 T Aparicio, Cordero, & Pastor (2017)25 H 1 7= Hi 5 IS 1R 002 R RN SRR AN SN 1 B 2
PRI (N R ) S22 400D

BT AR I ] A R R

— TG B M SR 2SR R AR [ e A T U A R A i SR B 55 B
(Ando et al., 2012), %41 Q. Zhu, Wu, Ji, & Li (2018)%5 t (1) AF 5 [ A 7Y (1) 55 B PR 0. 990
VA i W SR PN DMU B8 N80 8= I, 73 I RBCRE A 2 TR 121 2 2 AL
Al BA SR

iR R PR S SR LR TR W AR AUE A DMU (N B RN, 15
KRR E 2 . %5591 Aparicio & Pastor #2 Hi(Juan Aparicio & Pastor, 2013, 2014), X f
Olesen & Petersen (1996)#% H! ) EFDEF(extended full dimensional efficient facet)f N AT
Wro SCIRR PR EIEEPIMONE, — R FTE R FDEF, A5 1HELME DMU 5
EFDEF IFEES, 51101 Juan Aparicio & Pastor (2013)f777%: 75— R KR &85 (&)

FRIMIP) 732, (A4 SC3 EFDEF /R R#E2HTHY, #1140 Q. Zhu, Aparicio, Li, Wu, & Kou
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(2022)F2 H B
EFDEF JE MR s R, A TR RREEE, SR @E A MIP Jiiknf
R R, SRR g, S A TR .
& 4-15 EFDEF J7:80 MIP J5 3R A#7= B 3] 52 5590 MinDS BLAUFER HLEL

EFDEF J5% MIP Jy %
CRS VRS CRS VRS
4 Fp 8 b 56 43 36 b 520 7INE*

MAF G : Windows 11, CPU A JE4F/K 19-9900K 8 #%0» 3.6 GHz (<[] CPU B A LIAE,
B [E 52 12 4740 3.6 GHz).

A MaxDEA X 12.0, Gurobi 9.5. % 8 ZifE 3175,

M HHE: Y — o BELESE, 3 #0377, 177 DMU. CRS fi%{ DMU #(& 4
61 1, VRS H2 DMU #&h 262 14~

*H AT S K, R AR ARYE SR AF S DMU RSP 3SFE I 34T (5 AT

4.5 7711 B ES PR

4.5.1 FHEEREBE

77 T PR S B O (directional distance function, DDF)JE X 4% [H] DEA B () — it ik
(Chung, Fire, & Grosskopf, 1997). 7577 [ #F B4 p& HE A vhy, ] DL 5T 3 A 5E XA P DMU
ARBTG5 1) o AERR RS TR, 3558 75 1) B 07 1) () B R, %07 17 1 i 4R\ D5 ] )
v AT T AR w AR, X T T [ AR () e A ERFAE . ARG BT[] R R R T R,
AN NI bR ) 77 1 ) AR FR T HAE X BBl e R, Bl A W N, #
ANFEEEN (2, D, WRERIER AT, REHRBEN 1 sod, BN 1 Foulk 2
ANBRL, N 2 Bt 1 AN

TEE 4-7 BN T 10 77 1A P S SR BUE AR B, vi B vo 23 e ST AN T R, G
FERTHY BB B sl C 5. B Bk, i@ Oy mma, #] LML DMU #Y

R BCE RITT T 2R -
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‘ IO‘ R R }xl/}‘/
B 4-7 B\ T 1005 1) R B R SO A 7R
PLEEPEA DMU k 91, T 1a) ) A AL A R S0 s A

max [

st. XA+ Pg <x,

Yﬂv—ﬂgy =
120

g.20,g,>20 (4.23)
FERIA.23), —g,, g BN HIT IR, J7HFREHRE T #0F DMU T

ERSERTT R . X TCRCERE R E (B BLE THRARN AT, EE T RS R
77 T P B R UL

FE7(4.23) 9 CRS M4, 7EIHLIEAl B3N A =1, EIJy VRS 4,

TR BE R R B BT A R (B) SIRAMN bR I E B TE 5%, WAt U, X T
—HAYE, RETTHAEAZ, SN IR RIE AR AR G, BRRER (B
TRAFAAR o AE T EE R — U T7 W) ) BAR A SR A BUE, AL 500 B RN B H 4R
PREGEAL — B, FIIFE R BIEE T, S THRPRI AL AR Ay ARG N, IR 1)
FEILA (1, 1, 1, 1D, AR TIMERA, bR TR 1A T AR 1T A &
BAZIT NRBCR <5 NUCVE N BAL, FUEARPR ISR IR FEAAR, WS YT NIREL T 1) [ 2

PR ARBAT AL R, PSR R IR AT AL, LR S A RN B AR bR B
75 D e A Rl A 58 s 4 A X 25
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L NICAENAL, AR RN (1, 1, 0.0001, 1), HSZFRAZER 1K
A 1AL 0.0001 AR 1N, WAt s A A SR 2 2 AR 1T AR, 1AL T AR,
1N 77 1) i) B OB B SR AN R R, kg Iy e [ Bk AR T B, L) i 45 R
W2 R R AR A

A2 R RARRL, AET7 R EE B B AR, AR S . (R AT LAE s R BT
KRN AR A, RIAE 55— BOR AR A

maxZ(s7+s+)

st. XA+s =x,—fB g,
YA-5"=y, +ﬁ*gy
A20

g.,20,g,20 (424)

4.5.2 75 1A B S R OB Y ) S O X

CRS J7 [A] 2 25 pR AU (4.23) SR B . CRHME RS Ay
min Zvixik _le'lryrk
i=1 r=1
s.t. Zvixij —Z,uryrj >0
i=l r=1

dvigty meg =1
i=1 r=I1

v20; £=>0
g =20,g >0 (4.25)

FLre FUASE RIS AL 1) 7 ) B 1 R B SR BT
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m S
min Zvixik o Z:uryrk + 4y
i=1

r=1

S.t. Zvixij —Z,uryrj + 4, >0
i=1 r

=1

dvgty 1g =1
i=1 r=I1

v>0; 14>0
VRS: 1, fiee
NIRS: 24 >0
NDRS: 14, <0
g,>0,g >0 (4.26)
4.5.3 77 Ia] BE B e B R b o SRS Y ) AR B R0 55 T A B R S B
w
WA AR = (undesirable outputs, BUFK bad outputs, RF=HD FIEN, HlinAd
PERERR R AL B YRR, AT LATE T 1) R e Y rhonf P AT X, KRN Y
W Aoy B, AR e B X A i gy IR 1) & gpo FEALAL T REXT 477
HH MR H R4 DX 0] 455 A2 77 [ 2 R U Y ) R LD e 2 — o X3 BP0 7 HH 2 5 IR B 36
max

st. XA+ Pg <x,
YA-pg, 2y,
BA+pg, <b,
g. .20, g, = 0,g,=20 (4.27)
—8,» > —g, RTINS P IRIA = BT R, B2 g0 DMU R RTSEEN

T CRABN Ot W E ).

R (4.27) B T RESR
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S={(Xy,b):x>XA, y<YA,b>BA} (428)
AT 4-16 T HIEEE R BV BEARBIR (4.27) AL T RESR, x AN, y 7t
b JARHIEE P . AEIE 4-8 7 A DMU & LA AT RESE 9 OBCD VAL FRAE L TCFRYfE
IR X ek XA AT R R, AERNBRE BT, SR AT DAJCRR M n, P87
BAEATALE M (strong disposable) 4FE .
R 4-16 J7 1 BE S B B AL S ) HodiE

DMU X y b
A 1.0 2.0 1.0
B 1.0 3.5 1.5
C 1.0 4.2 2.0
D 1.0 4.5 2.5
E 1.0 1.8 2.0
F 1.0 2.0 2.5
G 1.0 3.0 4.0
5
45
o G,

35

A 4-8 EAI AL BRI H 7 I BEE B B PPS
A1 i T kb B R S R AR R, LTS R AR P AT SRR R AR, fEsERaE
FEr, SR B R AT RE T BRI N, B AN SRR A P BT R P AR (R f R R . DURIE

WatP IR A P I RN, 2 I RS HEIL SOo, SO2 MIHFBCEUR thE T HER i i, A2
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TEMERABEER R, FORVED AT DA Z D B AIG, X2 AT R 45 R . H
SR, AR AT BEE L, o 5 22 (R I LA REAT AT A6 () AR 3 T AAE SO, HERK
Bk BB, AR XA B Z B T FER R B RN [IBRS, 7EBOREE — ¢
FESL S, SO HEBEBCEAN P RETCIRIG . v BL, 5 m] b B AR 9827 HH 77 1) 2 8 e O 2 )
HE 7R RE A AR IR AR

N T G IX — R, Chung et al. (1997)4& tH (177 7] S B eR B B b, p 2B 7 T REAR A 17
R E L

D AEEE A5 kB 1 (weak disposability of bad outputs), & XN ELE /IR
FE, B A >, BIZERRNBEE 54T T

W (y,b) € P(x), N (@y,0b)e P(x),0<0<11,

2) A AR AT AL B 1 (freely or strong disposability of good outputs). BIZE A BE &
I%AF T,

R (v,b) e P(x), M (y-s,b) e P(x),s>0.

3) WERRF= O 0, M= iy 0, B

R (,b) € P(x) H b=0, M| y=0.

AR SIEE 7 L g5 T AL B K T 1) R RS R R R

max [
st. XA+ Pg <x,
YA-Pg, =y,
BA+ pg,=b,
120
2.20,g,20,g,20 (429

TEXTHERAEE = AT 59 rT b B 2 R 2 e, A= ] ReEE 4N I 4-9 HF OBCDGQ Ft
Bl IR BR X sk (B2 X 380

i P(x) R, ) POO={(p,b) : x BEAE(2, b))
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Bl 4-9 STk EARRAE U 75 1 B B R 4 PPS
FATLL G BRI 55 70 Ak B EXS R P AE 520 . G AE 7 > DMU 7, IR Hi e,
EEFHE T By C A Do R G M BLT =Rl SERIGHEIL A 2R
T D REFBAMIAR A, @G ING 7 @RI R AR . EIERIXFE H
(0, BN B HAR T 6 B 5 T R AR AT RO (0, 1, 00, oI5 s ok B2 1 k)
XERN

max [

st XA<xg

YA-F2y;
BA=b,
A20 (4.30)
T7 5 2) RAFHRAAAR, 80 FEARIA ™ B I RN B4 7 RS R, i i s &
SRR B2y 20 1. ELAFIAER H I, #N B AR 0 R ) 7 1) 1)
ERTECN (0, 2, -1), HI71m R Es R B2 R R A

ORI R IR S R G AL B R D IR e AR el D 2 ) R RE AR  BR A ]
RELRT & 10, BRBAGREAR CEM R AITRENE. AL UFA BRARIR ™ thJF RIS 59 g 7= H & 5 5 % DMU
st )y, BIJER DMU AE RS T5 17 o BLS QEHEBON Y, 52025 7 3 Rk SR R R A2 21 A
APERBLHIREI, 32 BIAMEB R 2R A5, BIAnE TS SR AL 1 1B, AN B 35 R
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max [
st XA<x,
YA-28>y,
BA+p=b,
A20 (431)
Ti % 3) RFFRAANZ, i BRI 7= IR RIS G gy 2= RS R, i g &
S B2 Oy 1 20 EHARIXRERE T, N GF ORI HO R FR 7 1) [

EFT RN (0, 1, -2), HJ7 [ s R BRI o

max [

st. XA<x,

YA-B2yq
BA+2f =D,
220 (432)
EREATTRAIPEIRNIE 417, WIETHR 1 MTE 2, G N NRES, R
A77 5 3 KHREE AR B B M C 2t &
2 4-17 FTTALE ARRAEE ™ 5 A1 BE B BRI A £ R (G)

p SERRT X y b
ER 0.0000  G(1.0000) 1 3 4
GEY 0.0000  G(1.0000) 1 3 4

E 1.0526  B(0.2105); C(0.7895) 1 4.0526  1.8947

PR M ST BRI AR, AT RS CRERVE R AT A7) sk T G ATF
T (B 4-10 1 GDG, =M XD, Kt G Ik MiX — X .

TR BRI 7 L R 55 mT Ak B PR ST 25 2K B 2E 7 R RESR Y GDGa = B XI5, #E Sk Br A7
RS A2 AT W ?

i DRI S SRR 0 A2 P IR, ERIRERIIRAECR T, G 477 1 3 AN AL L
AT 4 ASFALEIR Y, T D 2R T 4.5 ADNSBALRIE A 2.5 D ERALRISR M 1. DA
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MENT G, FERGTHA T 2SO B, MAEM TRt Bk, D fEREF
TP AR B, SR BRI A A EE, e AT LAAE] G I B KT, B
GRALE D A 4.5 AN BALIEE S, T AR 4 A B RER T R BE RS I Y X R,
PR H i1 55 P Ak BB R4 ST 25 R 1 A T R AR IX sk, A3 3 X A S B b N S T A AT
%

FEBNFIGE 7 HBEE AT, 7 eGSR, AR HAR B ATRER

PR 5 AT AL B I A RO S5 i A A — A, R EE, SHRPE ISR EME VRS
BERYZAE CRS BEAY (A B3 ingy sk sa=1, R

max [

st. XA+ Pg <x,
Y/l_ﬂgy =

BA+pg,=b,
ed=1
A>0
2.20,g,20,g,>0 (4.33)
R. Fire & Grosskopf (2003)45 i, #i%4(4.33)I-AE IEAf IR~ H 55 mT Ab B 1 1) VRS B,
TER IR 1%

£ MaxDEA #ff, AR 1 99 T Ab B 1% VRS BRI )28 (4.33), FRIHE .
102



Hs B W MaxDEA X

max [

st. XA+ Pg <x,
ﬂYﬁ,—ﬂgy >y,

wBA+pg, =b,
ed=1
0<r<1
A>0
2.20,g,20,g,20 (434
B, BRI (4340 B DAE=ATTHEI M 1D e AR, g kiR i 22 A
Mes 20 HAATREERIF IR Z MR 3) RS HATE (monotonicity), RIVRTAE2x tHHLpE VP
i DMU IR H J5 203 S 42 =i AN & 225 B (Chen, 2013).
IAETRATFF B ST — 5, WRAE RIR =Fh 07 G2 rh, BT IRT= 0 55 ) b B P20 30,
R P EOT ) A B AR Y 45 R AR A R R 2 =M R IR MR AL 4y i
THED
max f3

st XA<xg

YA-f2y;
BA<b,

A>0  (435)

E W)
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max [

st XA<x,
YA-282>y,
BA+B<b,

A20  (4.36)
T%E3)

max [

st XA<x,

YA-F2y;
BA2B<b,
120 (437)

AR NR 4-18, NEIRE, G MG ERGTEEK. TE 3 NaR 555 TE
PERRUAHIE, J7%8 1 FIJT2R 2 MmN D jile AT AR o3 i 45 SR I A 52 B HAF
FEXZ R 1R A2 7 AT RESR K2 M g 2

R 4-18 SEATAEIFHIE H 7 MEEERBHI A ERG)

B SERRAT X y b
GESR 1.5000 D(1.0000) 1 45 25
E Y 0.7500 D(1.0000) 1 4.5 2.5

FE3  1.0526 B(0.2105); C(0.7895) 1 40526 1.8947

FSL b, R AL E AR EE 5 R PR R BB o, PO DMU 8GR T 18 % 2
HEINAF P S IR e ARTREAN DMU 3877 H I BEAE AN S B SR AR B K

e R DU e AN IR BRI 2/, BINBUR XS R BCR A R MTAL T, fEXAEL T, A
FPEIAEE, RSB EIG ™, BB AT W, A B, AR
PR R TR B ISR S AL BRI 7o Ah, BRI LB RIS T R B IR e R
PRSRE SR RN S 7 ARt B B AIER ™ H AR 77 ) [ AR P 9 IR, AR, 37 2
WSS T TR PE 1 AT AR fo 0 Akt 308 3 AN 2l 1 2 7 BOR T mT RE S B RS TR, RO E e Lo, 3
W57 L5 EL RIS, 4 AN AT RETERRIE AN, DA B AN TE PRGN . Bk, 47 A
SR 7 e 1 AR s B OO S B EUE, Bl g=1, gv=dRH RIIA G B
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UEAFAEZAR AR M A7 T RESR I A X DMU BBE ™ 4580 . LA G i, 7218 4-10
T, FEIESKRIG NG 7 B SR E HAR R CRIGE 7 H A7 [ R O IR E SR T 1A
FEANED, GBS E A N A=l ek IX i, Bl GGIBCDG, Z A X1k, 5k
FIAE B SIS A A AT SR JEBRAE_ESEAH) X I F AN 2 O PP DMU IS X 3

5
45
b/x

0 6 .| .|| .

354

3

25

B 4-10 3577 4b B 3RS 07 1) BE S AR B B
i A3, SNy, FETT A B B e RO R e, SR B AT 95 T A BAEZR,
BEARPATF) 2T, A — A AR R AL B T . —FUih, SRR Pt ok mT Ak B Y
(i) PPS ;2 IRM, (HARMAMEE AR B, @ EAEIRNE M, NEXHEE
PR AT ST AL B AR LR

4.5.4 J7 11 EE B BR B AL ) T L FR e8]

73 T B R O TR FE AR R (O HET ™, 2507 18] [ PP DMU IR B
77 ) B e B R 542 17 DEA AERUARIR], XI5 1] BE S s B R R ) BT S AR R AR )
DEA BIREAE 0" K RN B'=1-0", 577 F[12 ) DEA SRR 10" R RN 1/
=1/(1+B").

Hoge= X gy=0WF, J7IAEE AU SHEN T AR AR A .
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max [ 5 min 6=1-4

st. XA+ Bx, <x, lXA<(1-P)x, BLXA<Ox,
YAz y,
120 (439)

M ge=0, gy=y« N, J7F0EE R Y 57 R AR PR A A
max [ 5 Max =1+

st. XA<x,

YA~ Py, 2y, YA >+ By, BYA, > ¢y,
120 (439

M oge= X gy= Yk, J7TEE B R AR R AR G AR AR R A — i 3

max £ B{min %

st. XA+ Bx, <x, Bl XA<(1-p)x,
YA~y 2y, YA, 21+ Py,

A>0  (4.40)
YAFAEARIAEE PR B, Bk =R R

M ge=xo gy=0, go=0I, JrIai B ek B 50 5 AR R RN T AR R
A

48

max A 8¢ min 6=1-4
st. XA+ Bx, <x, lXA<(1-L)x, BLXA<6x,
YAz y,
BA<D,
A>20 (441
2 gx=0, gy=yk» gvo=bi N, J7 1B S pR AR A 55 B 35 AR B 7 A7 S T AR [ A R
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48
=

1
Hminl/¢g=——
max f inl/¢ g

st. XA<x,
YAy, 2y, BY A 2(1+ Py, BYA, = ¢y,
BA+ b, <b, BiBA<(1-p)b,

A>0  (4.42)

M ge= X gy=Yio o= b, Uy A EE B e BB 5 AR B K AR R [ A

4

A

1-p
1+4

max A B min

st. XA+ fBx, <x, B XA<(1-P)x,

YA-By. =y, E‘ZY/L( =1+,
BA+ b, <b, EiB/Is(l—ﬂ)bk

A=0  (4.43)

4.5.5 —fJ5 A BB R B B S RAG T+ BT v

B FIRBFGILASE, TEEE B BRI MR BB 1 R K BE (R, ol
EEXFE— DMU 77 IR RS BB, BT AR (11,0 B, 4558 =05, i
RoHmmEERH (22,..), 45 p*=0.25,
fg, FRHTHENMBHIR, g /x, FoRETHRNGBGELH], LD Be, /X, &
i=1

IR IS ], AT HORACRBAN MR IR Bg, R SR,

q
e, |y, R BBGE], LY Ba [y, FoRET S e, T FRA
r=1
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KB RCERERE . Bk, AT DR 7 1a) 85 5 oK B8R A € XN (Cheng & Zervopoulos,

2014):

1_izm::8gxi /Xik
_ i=1

6, (4.44)

B q
1+1> Bg, [y,
r=1
BT B 5 HFREREZ AR R R, PR SRR R 7 s AR .
1) Seidad R AR 7 im0 5 B SO R RIS B AL R B, AR5 TR BT SRR AY 05
2) BRI R M 2N A 7 R S eR SRR H b e g, B

1-- iﬂgxi /Xy
i1

min 6, =

9
1+$Zﬂgy, /yrk
r=1

st. XA+ Pg <x,

Yﬂ’_ﬂgy = Vi
A2>0

2.20,g, 20 (445

BN T 107 16 8 1 R B (R R AR

min 6, :1_#Zﬂgxi /Xy

i=l

st. XA+ Pg <x,

YAzy,
A20
g.=0 (4.46)

77 3 16 7 16 B S e O (R R A

PN RIS T PR R B S AR AR R IS R B R A, 75 R R =0 SEs Y H S RS
B RS AR R 15 R PR B R A, BATT R AR =0 S5,
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1

q
1+$Zﬂgyr /yrk
r=I1

min 6, =

st. XA<x,

YA-Pg, 2y,
A20

g, >0(447)

7 Te0 8 1 R BRI 5 SL(4.44) BAT LU i

D fREF T 5121 DEA BRI — Bt GRENE, 275 M ER P 5
T R RS SEAN B = PR IR IE TIN5 70 B 28 o AR R A5 Y (K MR S AR TR R A D

2) 3E X(4.44)13 4 175 17 BE B R BORCR B S AR o IR K T TR R ek il
FEF] AR, Ty [ A BRI TR0 1 AR 1,......, 1) FFTITeEREN 2 IR ER,
2, o, 2, A IRCRAE S .

3) 7E(4.44) Bid e X BCRME R O KFEnt B, v LG (Mo XN 7= H FB R 3EAT A
LB, DMARILA R Febr i E R,

-5l 2wl e, /s

6, = = (4.48)
1+ zlw? Z_I:Wloﬁgyr /yrk
HAFEIEIEE P

l_ﬁgwllﬂgx[ /Xik
0, =

q P
1+W(ZW,Gﬁgy, [ Yo+ A w’B(-g,)/ b,kj

=1

(4.49)
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4.5.6 MaxDEA R#& 77 I5] BE B iR B BLUR )

4.5.6.1 77 |7 B B9 B BOE AL A5

DL 2-6 FOBHE MBI, SKii ) MaxDEA SRAE— M7 [ 85 B8 bR BB 2 1 g 7
B, FEFEEAME, %fE«5) 5 HIEEEH (Chambers, et al 1996; Chung, et al 1997)”.
£ 77 [ B B BR OB of, MaxDEA SR 17 ) B 28 0 A3 -
a): (-[xol, [yol, -[bo| )" : IX—HEIUEE AT SCA LA TS I EE B8 R B AR B SEAN (1R
Bl gx, gy, go PP DMU (R4 AR HHEUE A 0HE -
b): (-KI, (¥, -bl)" : g gy, g BERAFZ - PIE (D RIZAXE.
-1

o: (1, -1, 1)': gogngBET 1, RRTHEERN 1

__1_
d): ¥ Z (RDM, Portela, Thanassoulis, and Simpson 2004), #&H Portela, Thanassoulis, &
Simpson (2004)$2 H ) — MR H 3% ¥F A DMU i K AT BE 1 2 { (range of possible

improvement) {E 477 WAl EAE K /7% (range directional model, RDM), RJ!

g =%, —min(x)

gy = max(y) =y,

H9A Portela et al. (2004)1 ELH4 i ARIIEE = H (¥ 77 e 1o, (HLERATT mT LUAR S AF 0 22
77t (¥ et 77 e H g 1 1) A E UM g, =B, —min(b) -

) HEX (i DMU MR &), HE 5 mmsE, & XrJsm & T
DMU. gidi BB 4, TS5 SN BRI 77 ) o 84, S IR 25 IE 7
T ARE 1L 1L 1L 15, AR B RRA B TR G 29T NREORE BE A KL

) FE X (% DMU EHARE ), AT DMU 4305 58 S8 77 10 1 2 AH
BN [ () DMU B, SR FARIR ) 7 T ) o R FH X R 5 ) e, B Z0HE 5 NHSHE T
EHEPHENEARANM T HEBEN AR EZRE R H N
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R 4-19), A Z BN WARFR U RN 2 /0 57 [ SAf o JX e8GR 48 b e Bodfe 2 L
{R+FNot defined” 4. SRJG1E Define Frfil, 572 & MN™ A EA &R .

FERN B € T A E (e A DI, AT ZEHBEHERNIES, MaxDEA =20 A
BUE 5, FFAZERHIE S,

111



Hs B W MaxDEA X

R 419 FyEH Ty 1A A ESR AR pl

DMU X y xEEE ymEE
A 88 81 1 11
B 57 70 2 10
C 57 75 2 11
D 68 90 1 10
E 58 83 1 11
F 82 69 2 10
G 57 73 2 11

BT TR 7 ) ) B 2R AL A AT DAL 28 6 Ah oy [ Al SR RUR S B, B ndE S ANEHE AT, St
THRLF S TR % 1 KW RE R BGEE, AR B T 8] 1) 828 8N R 46 #oahs
o SRIGIEFREE 6 FhJ7 [ [a) BB 5 B eIk % 55 4 A7 1n) [m) 257, [l Range (RDM: Portela
etal, 2004), 1.

BERGIEFESS 5 70 B E SOT AR, JHA g (1, 1), g AL, 15) 1 FoRJr A A

ER:

D A REDR AR B AR I 7 1a] 1) By B, )R SR ) S PR RS —
Bl “8) AEFm CHE XA,

2) RN A B FAR T R IFE T B € SCR T AR EERCE Y 0 .
BN, AR A BN 307 W 0 07 e [l Al BRI R 7 [ [ A AN R R 25 2R

3) A SRR A RE I B E SCRHARN BT A EEBCE Y 0 .
PR, R AN BN BT A, RN BT ) ) B AN A R

R ISR 5 ) 1% 4 Output-oriented (P~ H T Ifl); MR IHIEFE CRS.

WMRERE LTI ONE, WERHEERFE, AR A= AT N

AL T T A R Y B BSOS R H T, B SRR
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B, FRENE

BN AR, P AR A CEBCA R 7 I S AR, BNTEAR B A 1
o MR BIRERIA B B RGP, A2 TP fE AR I ACE AR A -

TPHTEER IR 4-200 U7 AR T 0 W, J5 e BE Y pR B Y B 4% v A R A 4 I
PoFr DMU 2508 (59) A RCIRE BRI, (HIE DMU FRCRAE K H S AT A o
77 17 B8 R B R (1 R B 5 A T R R (R IR ABL Z TR AN A [ 58 R B R R AE AR Bl Y
H, KERSr DMU (175 T i 12 R BSoRE 2 1R) R R R A P A AR

R 420 FAEEST5 ABE R RBIER T4 R B (P 27 CRS)

X 77 11 BE 5 R iR Y EEER
BRE  SEHT BRE  SEHT
G 0.9712 16 (0.673719); 0.9442 1 2(0.673719);
HriH(0.825137) HriH(0.825137)
b5t 0.7960 ##2(0.005235); 0.9174 3#§(1.000548)
I %5(0.354095)
Gige 1.0000 5 %(1.000000) 1.0000 8 73(1.000000)

4.5.6.2 B3R EE ™ H A7 1) BE B IR BUR B R A5

TR 2010 sEFE (. AR BEERARAE. BRARE. &7 AL g
BN B2 W AT N IREL e RO BON TN FEAE N HRNIRFR, K297 NIREUR B A
BRI AR, A HONBE 2 WA R N REE IR r= AR b . IR 7= AR 76 8 LEUR
(Define Data)itf 547 HiAHF], ¥J79“Output”.

R 421 ZHXERESBATHEREER (2010 £)

Ha[X RAE ERAR¥ SITAKE HEAE BABRSEHARFAKY

LI 123427 123974 56090890 3717343 26021
b 85775 121424 93376029 1708495 8542

PR E R, B0y EECE R (Y DMU B S5 B, RS R ERN HABCE SRR
SRR (BCAVERD, XA DR PO 2R e 150 i 4 2 O 3N 72 AT I ™ 2 7= 9 AN T RS
(K.
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Zic]cs 80896 82726 65632537 2710285 51495
HM 63773 50119 26462412 1484519 25237
7R 224114 262214 257480147 7087548 42525
i 88913 97675 60570961 2910575 43659
M 69343 61260 25368195 2089306 37608
tiaea) 18807 23324 11650197 528349 12152
b 172956 175243 74748831 5099328 66291
=) 220974 212847 103470565 6203957 111671
T 123928 122477 45083824 2721994 24498
il 135006 138213 77101473 4232467 76184
i) 150141 141921 58694543 4684786 84326
=L 89341 83764 35533691 1994079 23929
L5 195340 195589 150420724 5577559 33465
AN 77805 85995 42630399 2524640 37870
LT 160894 152822 66522624 3640376 32763
R 67016 69118 28274251 1566913 29771
THE 20258 20479 11314914 555371 3888
i 16226 15519 8135941 406122 6092
1IE 255764 258707 123570567 7533675 75337
g 108260 115090 36443520 2132218 17058
it} 104819 111967 49244614 2849597 31346
i 84825 93566 104898763 2114263 10571
g1 184828 172381 98207483 5557053 83356
R 40387 50897 43334154 933063 9331
7 5 5444 5435 3390468 108864 2177
HroE 89871 78206 34160068 2644559 29090
P 112493 83687 57102579 3316600 89548
Wi 150986 171461 156681377 4345922 65189
HR 64827 60294 34036573 1799571 23394

MAAEAR R N, PR A USRI AT SR AR A AW E TR S BT R B R
BRI o

BERBIRAER S 1 7 [ e 2R, B “a) = (=xo, yo, -bo) s FAIERE3) JEFH;
UBLRIHLFE VRS, BRILZAh, FECRGUER S, Ak dREE ™ b i uit.

FRAES 1 AT SRR, B “a) = (=Xo, yo, -bo) 7, B 77 LA B (w) 7 AIDR T L )RR (W)
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GRS B E SOT R G 5 RER 6 Ry A A B SRR R — AN AR bR A5 7 17 B
BEE NG HBARHE SONIR MR A SEBRTE SRR IR AR (4.27)

IR = tH I B OASSITAL B (weak disposable), WITE“m HARA S, A)ik-55
FARE T, R AR R B B NI AL E .

BRI A 73 5] v B AR 8™ O s wT AL (AN ik g9 AT A B kD) Mg rTAb &, X
FLEE AT
IIMTEER WA 4220 HIFIR7 55T Ak BB R 1) S (0 A 5ik v Ak B R 1) — AN TTAT A
PRI, 55 T Ak BB AR A AR T A T o T Ak B R R A FEAR IR, A 5 > DMU
(55w A BT P RCR R T om aT AL BT, HodiqT 30 DMU GRIRg S dE #TT) fE55
R A EAET RO TER, I 55 ] AL BRI O R
R 422 BEIRME H K77 H BE R R BUR B i 45 R

X SR EEE EERIP S - kit
BERE p BERE p
i 0.9984  0.0008 0.9984  0.0008
Ml 0.9902  0.0049 0.9902  0.0049
1 0.9323  0.0350 0.9885  0.0058
I B] 0.9543  0.0234 0.9543  0.0234
FIE 0.9508  0.0252 1.0000  0.0000

4.5.7 XHEAIEREH DEA A4 RA S L KRR

P20 DL 6055 ARSI 8 ) DEA R Z R (1 — FhiR i -

BRI 1. AR AR A% 1 BT 170 8 R O

R 2. FERRAY 1 BFERHE_EH N — A B AN IR B 4R R

OISR DL, R 2 45 H I RCRAELE R R T B TR | AR RCRE (A 2 L

PN SEARAFAE CBLE S TR S5 R D, IR B AT RS o M B TT 14 ) &
AR, AR AN S Bt AT B E .
PEEHE VAR s E R T A, R AT SC T
115



Hs B W MaxDEA X

FATRRFEAL, (AR HIBCRE R X TIXFEMER, 20 H
CLERff . 7ESGIN T AR = W2 J5, BRI RAZ B R 2

XFPRMIE TR HARRER” M AR A BSINRE . RN A R AT,
AL AT I AR R A A SR AR T AN 5 AR 7 H N 3 PR A S 1 (E R R R O
AR, BARBCRRARN CFAEFRTED 2%, mTLVEERBIFN DMU (4= R 54
PRI R LA, o SR T A R . B, A R EoR L m, RZIR
SR MEE AR B, B AR BCREE R, BT DMU 14510 R
PR T HOAR BT AR =20 FRELL G, TR 2 ML (BeRBR) Fhm.

i3 DEA JiiER A E AR (B xR, W TFP) i), AR5 TFP &
B RIS 8 B, W e R ESH T, FTRIHE R TFP 454, R TFP f58)
SRAREL BRI SO AR, BIE ¢ AR T 1 1, A o AT o 1 (O
Do BRHEAMERHE X T o B0 TFP 540 B[RS RE—r. LitZ TFP
TEHOS S SFUTFP #6550, # fEmt TFP (A84k, RREFFH TEP A S5 AR/

T SOS FERE A AFER I T AR 25, B EAR B E 2

AITHFRAT £ U, 24 DMU st e i, ISR b e %, 5 Hm
R . FEFRAERIER | (HGi8 /2 CCR 3542 BCC BERD),  fn S in— T A 5l
TRAT, BRI BCRE R KT B T A I RCR . PP, Toiesgin
AR AR R BN R H, TR IR AE =, BB R — e R KT
Bl T R RAS R . SR ARG T 07 1] BE S e O A . X A0 DEA 53
Z 1) b .

FRATT AT LA S ORAIE B LA B 458

B 1

max [

st. XA+ Pg <x,
YA-pg, 2y

2,20,g,20 (4.50)
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BA+pg, <b,
g2.20,g,>20,g,>0 (451
TSR 2 SR 1 ARLL, P10 22 LRAR RS 2 3N T — AN S A I Y £ BRI
BA— g, 2b, - BRI HbRREUR R B, B 2 FEREIN T — AN ERE LRI JE T RE

R B BN E AR 1 15 H ) oMl BAEBRR, RCREEN, KRR 2
15 H IR B € R KT BEE T 145 R .

YWONTESEIN VAR 2 )5, BORBCERMENZ T RS, R IERS N Z R i)
F—MFREE R DMU T & . #ERIFRA RN Z/8 : R0 S BB A, R —A
DMU HAFHEE ™ H e I (€ 8 DMU fRFEAAR), 3% DMU HIRCEME 2 T RERT (52
Prai R WA R FFAAE, (HEEASIRED . FATAT MEEE AR B, e
—/> DMU HJAEI 8™ M8, % B B2 R HEATIRE

MaxDEA 4t 1 BN A T7E, AFHE—IR—1 DMU BT 70 . BLR 4-23 i
B, BIHENXL, X2), —TUHEFH(Y), —BEEHE HB). 0 A2 FRmHE, 1
AR gD, 2 ARSI . oGk 77 [ PR 2 s 3Gl 3 F) VRS A,
Jr A ERACR A “a) = (xo, yo, -bo)” 1o 7E MaxDEA ¥t “mgsiil” Jiih, 2ik “JEH
B IR B WENARMIE M, kR YRS, “h) BESH”, SRR 0
Hi,

bR TR,
iCTEEZHT R 812 MRAHHE N —FRFA S A, IEAEAER] 8.0 - 8.11 BIHT P, FEBAFN AL A
B A G R R 8x HThRAS . ] 7x BE SRR, A R L g Y A XS
B, #5 0 4480 DMU X B NS5, WU FFER4EE R .
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424 S5 HI D A AR TR R SRR, IR RS R, b AR
2RI, WOnARE A 2 R, R RN RS
xR 423 FEHEEHABIEE

Cluster DMU X1 X2 Y B
0 A 14 18 19 15
0 B 14 11 12 12
0 C 17 18 11 14
0 D 14 15 13 19
0 E 20 11 19 15
0 F 19 16 11 19
0 G 19 10 10 20
0 H 18 15 11 16
0 I 19 17 19 19
0 J 20 14 12 14
1 A-1 14 18 19 10
1 B-1 14 11 12 7
1 C-1 17 18 11 9
1 D-1 14 15 13 14
1 E-1 20 11 19 10
1 F-1 19 16 11 14
1 G-1 19 10 10 15
1 H-1 18 15 11 11
1 I-1 19 17 19 14
1 J-1 20 14 12 9
2 A-2 14 18 19 20
2 B-2 14 11 12 17
2 C-2 17 18 11 19
2 D-2 14 15 13 24
2 E-2 20 11 19 20
2 F-2 19 16 11 24
2 G-2 19 10 10 25
2 H-2 18 15 11 21
2 I-2 19 17 19 24
2 J2 20 14 12 19
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R 424 7RI RGN H 5 R RE R

JEHAEE P > S AR HEE = H 3
DMU  JRAARCRAE
VR SR EE 2HMFME  AERELN

1.000000 1. 760870 0. 760870 1. 000000 0
1.000000 6. 000000 5. 000000 1. 000000 0
0.770270  2.000000 1. 229730 0.700000  —0. 070270
1. 000000 1. 000000 0. 000000 1..000000 0
1. 000000 1. 760870 0. 760870 1..000000 0
0.612022 0.770270 0. 158248 0.612022 0
1. 000000 1. 111111 0.111111 1..000000 0
0.658824 1.200000 0.541176 0. 658824 0
1.000000  1.094595 0. 094595 1. 000000 0
0.810811  2.000000 1. 189189 0.662921  —0. 147889
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4.6 IAUINIEEERS (R SBM 75 ) BE B B M EAR M 1R P S B 0

AFIRERIEI LA VRS 9l o

KA RIS IR, B8 T A —RE R, InBUMPERE B . e R RA T AFBGE
FPERLRY,  Firb RAM AT BAM W] RAZE 15 /2 77 1) SBM (SBM 7 [ 2 15 BR 450 AARAR: 17 77 i LS bRy
B REG), BT RAM A1 BAM BSERY T LA A /2R F T Re g O g o 1) SR 1) 77 ) SBM Bl AR A2 o) 7 1]
PEES R CR 0K

[ RAM 1 BAM B2 (125 0y “ R4 (Score) Z 4, oAt S (AU hn A R 25 534
N “TRFEAME” (Inefficiency Score), HBUAVEEN 0-LFH K, WHZBECFEHA, W
“TREFE” MBUEGE Y8 (RS R-IEXS K. F—HdlE, Bl “TMeRE”
(¥ SE B B R R T R . BRI, O BN CERCRE” Bk
ATt Malmquist $580, R BETHE Luenberger FiR %, £ W26 8 % AR HF Z 115 Malmquist
TR, R RAM B BAM A7,

4.6.1 AHALRTHNPEEE S (fej ShniERE R )

ANHBCRTAR AR (1) H A R B 2 BN AR bR IR St AS R IR LB A, HRIA AN

st. XA+s =x,
YA-s5"=y,
ed=1
A, 57,520 (4.52)
FHFRE AL DR ER . SN AORA AR AT AL, ASE AL R b A2
B EEAINZE LA .
FERERY (4. 52) B IEN T 5 rp g fag S AU AN PR A (R BE = 1), AT ELVHER BL 32
R

2 B
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st. XA+s =x,
YA-s"=y,
BA+s" =b,
ed=1
A5 ,s >0 (4. 53)

FE LR o, G S AR B = VR AN AL B, 75 31 45 SR AR o
4.6.2 HoAUINERE S

IR RS FEAE PR R SRt b, 72 AR pR i, 0 st A8 B SRR AL w,
Bl H b R BOR #A S AR B AL A, RIE A
max iwi‘si‘ +iwr+ s’
st. XA+s =x,
YA-5"=y,
ed=1
A,57,s =0 (4. 54)
FERLE R ARIE R, b RBCE v 2 A BN, RN H R
CHUE AR M. Bildn, R x RRRA0N ke, T w BIBAREN 1/kg.
YA RCE w RBEE ST LI, SR <R RO ERERL o T R
BN, I SN R A A FE BT SR B AU A 2 AR R
AN (unit invariance) JfEfEHBURHNEG i FHERIE BALG, BRK)Z
R . KA ERIPERARL, BRI (4. 52) (R5) , ARG AN, B
NERIBAE T (ko) , MEChTE () B, TN EUE K5 N E R 1000 £5, %L
WA TR 5, MRS (4. 52) 40 HT 45 2xBill 2 2078

IBUIPERERS i TR TR, s A A Jm , ARG OREF AR . (B
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TN JERB AN 2T 5w (kg), BEN 0.5/kg, HBCA® (g) B, HAE 0.5/kg=
0.5/(1000g) = 0.0005/g, MY (4. 54) KA R RFFAZ . HHE AL DRI, AL
BB o R A0 O3 RN A B AR ) 3, BUEES 70 He 0.5 4824 0..0005, &E4AHy i
1/kg 8N 1/g, SKERUERFFAZL .

R PR E R E, FORBE By, A R IS A A AR AR, H
S0 AN BRI HUAE 0 20 BEATAH R R AE T8 o U RAMVE OB (B 38 73, T o S PR K
AR, T AR R .

AR ERAE MBI AR rh 60 5 AR Y, IZRIE

m il k)
max > ws, + > wis;+> ws)
i=l1 =1 =1
st. XA+s =x,
YA-s"=y,
BA+s" =b,
ed=1

A5 ,s >0 (4. 55)

FUAE Y, RS AR MBSO A o, dn SR AR P A RN, 15
B R A F

£ MaxDEA BKAFA, P AT BAE R SCBUEE wo
h) HE (B DMU A FIAL )
i) FESC (% DMU A AR [ R ER)
hR B ERE, 1 R RGHEE PR A AR R .

fEM b I, EROVERIHRN S IS BCEAE CRAFBOAIRESEY Y D, &'
BB IE H T T DMU;

1 T, SRR HE A EAR &, R RT DU AR DMU B B AR A
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R i 43 TES, SAHE S NEE 2 B, 7EEE TP ORI A B B8 A N A AR &
EAEAR R E R, REF “Not defined” AAE,

BT B BLEZ AL, 3B RT LATE LR LB R A e A A — b, L4
b) FrAELALE (Lovell & Pastor, 1995)
KA B FEAIRMEZ (Sample Standard Deviation) FIMEIEME NALE
c) BE = 1/[xd|, 1/]yo|
SR FARE RO DMU- [ 1 35008 208 1180 AL
d) BE = UK, U
K PR 6 35 B L (3 1 L
e) MZEHEE (RAM) (W. W. Cooper, Park, & Pastor, 1999)
£) JAFEREEBAM) (William W. Cooper, Pastor, Borras, Aparicio, & Pastor, 2011)
g) J5m SBM (Fukuyama & Weber, 2009)

RAM. BAM F117J5 ) SBM 7E Ji5 i B 5/ 245 o

4.6.3 HOBUINMEBE R Z M RN RE : BT RBERERBZAME SBY

(slacks—-based measure on the sum of directional distance functions)

TIPS R FT) SBM /2 R. Fare & Grosskopf (2010) #2 H it —Fh e B4

TR A RIE TS 2 S E R EEME DY 1 MBI AR . iR IRy

max [ +.. HE+ B +... 3

s.t. ny./lj +f'e <x,,i=1,23,..m
i

S 4 2y =123

j=1

3, =1
=

AL F =0 (4. 56)

e HIPER 4L, BAREUEA > ARy, HAUEE B8 1, SN SRR AL
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FEHAER. B GEHN.
TERBAL (4. 56) TAE S BONE S G, BB RIRFFAL', B

max S +.. 8, +5" +... t5)

s.t. nylj+,8iei =X,,i=123,...m
=

Sy A-Be =y,r=123..9

j=

34 =1
=

LB, =0 (45D

s = Be, w=1/e, WHM (4 57) ATFALN
max iWi_Si_ +iwr+ s’
P =
st. XA+s =x,
YA-s"=y,
ed=1
A5 ,s =0 (4. 58)

Fetm AR S B PR R (4. 54) S8 2
PR HEAE MaxDEA AR, BESEIIE 7 1] 20 bR K AR SBM AR, R #Fmetin i

FRAHE AR m BN B LA BRI AR AR T NS 5 SR S 2
ixmjlj + e <x,, ST ixmjﬂj +pBe +0,=x,,, c,>0. BT HIR
j=1 =l

RS RIS B 2 M, BREEM— MR s, >0, W—xn] LELR
B (zmWERMNEL G2m) ANEHEMHT, B2 NEIL®

Br=p +o,,0. =0, K, EEMERMLEY, BRGFEc, =0, NI H 4
183 0,4, + Bl Sx, ST x4+ Blel =%,
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BRRRES | ASpagdi, B¢ a) WIHMAL BGE = (1, 1, 1, -)” R,

4.6.4 IIAUINPEEE R 2 RAM R

RAM (Range Adjusted Measure) FEFZH W. W. Cooper et al. (1999) #&H HI—F 0
BOIMPERTY, 5 HARIIBOI AT B — AN B2 X A0, RAM AR s SRR RCRE, BEUEAN
F0-1 20’

. S, NS
min l—ﬁ(zi+;R

i=1

~

s

st. XA+s =x,
YA-s"=y,
ed=1
A,s,s =0
R~ =max(x,)—min(x,)

R =max(y,) —min(y,) (4.59)

RS AR

I RAM # A % iF NH T VRS #i7, 7F CRS Al NIRS # A, #EITA DMU k 5% N\ F8 A5 I 5 AT BE I ot
AIRESEIL Ri, B suc>Ri,, M ATRESE BARBRECA 7140, Kk, RAM BAIAEHF CRS Al NIRS 4L,
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il + b} b—

. S, N S
m _ 1 e r 1
m 1 m+q,+q, (Z R* + - R+ +ZRbJ
i r= r t

i=1 t=1

st. XA+s =x,

YA-s"=y,
BA+s" =b,
ed=1
A5 ,s =0

R™ = max(x,)—min(x,)
R’ =max(y,)—min(y,)

R’ =max(b)—min(h)  (4.60)

75 RAM AR A, G ORI B A OO AR B, 45 B 45 RS2 AR TR 9

4.6.5 JAUINPEEE S 2 BAM R

BAM (Bounded Adjusted Measure) AEHZH William W. Cooper et al. (2011)3&H

(¥ —Fh b5 RAM BRSSO I ALY, HACRIE R AT 0-1 2],

I BAM # A & iH N T VRS #i, 7F CRS Al NIRS # A, #IT4H DMU k 5% A\ F8 A5 I 5 AT BE I ot
Al RE I Lic, BU suc>Liv,, MIMATRESE H AR RECH AE. Fik, RAM BAUANEH T CRS Al NIRS A,
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. m S— q S+
min 1--L| Y L)' =
m+q - +

[ Lik r=l1 Urk

i=1

|

st. XA+s =x,

YA-s"=y,
ed=1
A,s,s =0

L, =x, —min(x,)
U, =max(y,) =y, (4.61)
L, =0, WTEHRREHEBRMNK s, /L, 5 ZHU, =0, WLEH bR Ech 2k
MR s /U
L, <R, U, <R, [k BAM BAI 5 <RAM A R AH

2R B

. 1 nosT ¢ & Szb_
min 11—, —1— (;L_IJL;U*,( +;Lfk]
st. XA+s =x,

YA-5"=y,

BA+s" =b,

ed=1

A8, =0

L;k =X min(xi)
U, =max(y,) — Yy

L =b,-min(b,)  (4.62)

£ BAM A, I AUR ARSI P ARV BRNALBE, 15 B 45 R HF .
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4.6.6 MMAUNEFER 22 5m SBM (directional slacks—based measure)
J7 1) SBM (B AR A SBM 5 [F] 25 BR 4D 42 Fukuyama & Weber (2009) $2 Hi i) —Fpki A,
ZE R L AN

m q
LD (s 1 gH+ED (s 1gh)
i=1 r=1
2

max
st. XA+s =x,
YA-s"=y,
ed=1
A,s,s =0 (4.63)
(g',g") ROJTAME. Hig", ¢ MAER, HANARAN, KRS

NS ORI, BRI 7 SBU B £ 1S I R RS
SIS AR S — TR, MR RLIT I SBM AR F R — R B R

m q
LD s g+ Ed (s 1gh)
i=1 r=1

max >
m q9
L (s 1g)+EY (57 1g))
— i=1 r=1
2 (4. 64)

m q
_ 1 - 1+
B le 2mgf 51 F le 2487
i= r=

FTUAE Y, 5 1R SBM LR EL R AE y wh = 2n1gx Fiw” = Lo it aL

2qg”

MaxDEA FE NI MEAS Y N B A 7 717 SBM FEAYp kT, B “6) A hn e 5

(Weighted Additive)” FHMIZT “g) J5Al SBM (Fukuyama & Weber, 2009)” . @itk

Sy, FH PRI DARE 7 (a5 m) SBM AR, HFEEZEE N TR EE (¢ Mg BT,
MaxDEA $245t T Z ROy JyIm i & 287, mT DL EEER:, M P Wer A & X7 A m &
HAsE 410 “(d) = (RDM, Portela, Thanassoulis, and Simpson 2004) ” 2%

(2004) i HFF) RDM 7 [ S 8 B B805 92, A3 BLO Oy 1) [r) BN 1 F47y DMU
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B RATRERIGHIE (range of possible improvement), B[

gy =%, —min(x)

g, =max(y)—y,

xR =, g,, =b, —min(b)

TSR R I IEBE VRS, TR F O 7 1) ) s 2R A4St I TERCRAE A T 0-1 2 A, wIBA
P T (M 3 o %Al IR “BCRE = 1 - TBRCRE.

WHERHE € TR E (e Ml ), EELREBNIGE L, Tt E > Hid 2
AR~ H, HAy 7 ) e A AR A2 IE# .

YRS R P

i r=l1

m 9 53
w2 (s g+t (Z(Sf/ngZ(Sf’/gf’)]
i=1 t=1

max >
st. XA+s =x,

YA-5"=y,

BA+s" =b,

ed=1

A5 ,s >0 (4. 65)

FET71A) SBM AL H AR s B0h, SNIRARECRE m AP AR B q (3 qita) IFIRAEK
RAM 1 BAM BRAL A RE A HAE — 2 PRI, 7E 777 1) SBM A AL it SRR AR 28 7 Hh AR 4 N AL B,
FENH S5 R A

J717) SBM BRIASH 45 SR T RCRAE, iR v SR B 1K) TRP fa kW BER A
Luenberger 680757 (MWRIZH) . AU A RERF MG IR Malmquist 5% Rk
IBH) e ?

NHIRE — T 771 SBM ALY 5 RAM BRI BAM AR 5C R

J716] SBM AR b5 RAM SRS BAM AR = 2 A o _b#0J T- AU AR Y , = /MBERLHT L
UK T A FEBCE R IBUMMEAEL, RAM A BAM & ZEINAUINPE B 36 m |, K2 R
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IR ORI (BT RORME = 1 - BRI,

m q
T SR BB A AR o max S Lo+ Y L
i=1 r=l

2mgf 2qg}

RAM BERUAG Y AR AE N 1-TERCRfE

=min 1—(i S +Zq: i j

o (m+q)R, S (m+q)R;

. i S s
— 1— i r
i EZ TR 1) B am R /(2q))
RAM #5574 55 77 [m) SBM AR B () 5¢ 22« RAM LAY 0] DLUE E & J7 18] SBM A 8Y i) — N5, B RAM

(m+q)R;

B4 TG 7 F g g DR e e - 1R

2m " 2q
TR AT ¥ (15 TF) SBM AR AL
BAM #5784 55775 1] SBM SR 56 22 - BAM R AT LA 1 /2 J7 1) SBM SR — Mg 451, B BAM

g DL (m+q)U,;

R T J7 n) a2 g = s R “BCRME = -8R
2m 2q

7

{87 THiEBEAT RS K 7 ) SBM AR

BUEREEAEAEH] “T5 1A SBMABEAY” X — 448K, MEAFH “HERME” (THHE Malmquist 4§
0, WA LAEPE RAM AR B BAM AR AL, [K] D RAM A7 RN BAM A5 R LA AR A 0l 77 [l 1) 122
WEN ERREEUE, TP T RORE BB “ TR SBM AR,

BRICZ A, AT ATE JE ISR 5 SO 7 4 B4 1 7 1) SBM SR () T 243 e 4
NRCRAG, I EFTT LI Malmqui st FRELCRCRAG A0 720 BURIERS H BRI N IEHL,
BT Mamquist F550 .

4.6.7 MAUMEEBE ZIER M M EE K (non-radial directional

distance function)

X AR SCHR R B R 2 B AR R T T BE R R KL, S WOCHR (Barros, Managi, &

Matousek, 2012; Zhang, Zhou, & Choi, 2013; Mirsalehy, Abu Bakar, Lee, Jaafar, &
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Heydar, 2014; Yao, Zhou, Zhang, & Li, 2015; Lee & Choi, 2018).

HFREAN
m q 9>
max > &' i+ @B+ o f
i=1 r=1 t=1
s.t. ny/lj +4'g <x,,i=123,...m
SV A=Lg 2y r=123..q,
j=l

Y bA+Bg =b.1=123..q,
j=I

3, =1
=)

ﬂ”ﬂxaﬂyaﬂbzo <4 66)
(—g*,g",—g") RhIFmHE.
FE LRSS o BT B0 7 180 1) AR DA Dy 7 [ i) B, o DR DA R v R ANAZAE B I 19 7 170 ]

B, RN e EIRE R I AN e R I IE A7 17] 2 2 R B30RR ARAIS R SR P 1 9t PO R K2R A )
Rk

TER B (4. 66) A SBCRE SR, BIRAERRRAL, |

P INEHE m TR AR A BRI BELRE P RES5ESEMN.

ZX At B8 SXno ENT 2%, 4+ B8, +0, =X, » 0,20 BT BIRE
=1

HEBALET B IMANZH, BREEE—AMBhELEC, >0, N—ET MR
B G=m Bk S (i=m) FENKHT, SE—BHRBB, =B, +0,.0, =0,

E, ERAGRILRT, BRFEC,=O. mﬁ%aﬂsz‘,x A+ B SX0 BT

mjTy

mej/lj + 8,80 = X0
=
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m q q>
max » @' +> o+ o f
i=1 r=l1 t=1
s.t. ny/ij +4'g =x,,i=123,.,m
=1

QA =Bg =Yr=123.4
=

Zb A +Bg =b,,t=123..4,

3, =1
=

ﬂ”lgxaﬂyaﬂb 20 <4 67)
Rs = Bg w= /g WA 67)WHAN
m il 92
max wa’s{ +ZW:S: +wa’ s
i=1 r=1 =1
st. XA+s =x,
YA-s"=y,
BA+s" =b,
ed=1

A,s,s =0 (4. 68)

Pt PR 5 008 1 ARSI IO AR Y (4. 55) SE AR
FEARAR R 7 7] B R BB R v, G OB AR S B AR O BN AR B, 15 B 5 R R 1
FIUAE M, AR E Ty 1A B s B R ALY w = o /g IO

PR ARAR 17 1B B R TR R (—g”, g, — ).

R IR (w', W', wh) R IR

g, g, g #RIEH,

AR TR E RO T MR g > 00 TG MO8 75 1 R AE ¢ 7
N0 I, TN AR AR R X B w = 0, X R AL AT
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ERIERIN Ul'JZn:,x,-,-/I,- 58 <Xy, il nyil_ oo WX A+s™ =x,. SH
e

A (4. 68) HIHEN LI A IR [F] o

B muiy,,-%- B8 2y ?%taiy,,ﬂjz Vo BYA—s" =y, . 5
i <

A (4. 68) H ™ tH 2 A ITUAH ]

A ;ﬂJZb/1+ i YhA =b iy F

=
BA+s" =b,, s =0 . 58 (4. 68) g9 01 2 7= b 240 00 0 2 A 0 T
"= ORI

£ MaxDEA BAF, R FmAUNERAR N “BE 37 230 Ch 8i 7330, BiA]

SEH R HEAR W) 7 ) R B ER A
h) HE X (I DMU A FAH FIR )
i) HEX (4% DMU d FHAS [FI AL E)

B FE AR EHRE, W =0 /g W=/ W=d/g""

NG FBESCER R . h 2 HESR SIS B, 1 25 W B A e e (1
— I EA .,

M b I, EEOVRRIHRN S IS BCEAE CRAFBOANBE LB D, B
BB E M T A DMU;

ER 1 XTI, RN MR B A, R AT DU ANE DMU ¢ EAN A R AL
A 1 3T, I AHE S NEE AT, AR OSBRI A S A A 3
BRCEA AR E AR, R “Not defined” 442,

£ MaxDEA BAFIIRTH AR, R T Inefficiency Score (ERCRAH) AN HifH
At (slack movement). WISRF RG2St AR B BAH, AIHZMLL T AR5

B :S: /g (4. 69)

SR AE B A KIS A S (slack movement) HIZEXHE, g2 E L&

Ps=0, £ MaxDEA Bt R BN MR LR A A B R H] B 7, IR B IZI
IR “RAT AR A AR O 0.
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BHEN T m &, A s™ = 0, g> 0.
LAR 4-25 N, BL(=xo, yo, —bo) AENDRTT AN R, PRI (X1 AT X2) o ™ HY (V)
ANAEIIEE ™ ) (B) AL E (@) 7353109 0. 25, 0.25, 0.3, 0.2,
R 4-25 7y 1 BE I AR o BB

DMU X1 X2 Y B w x1 w_x2 Wy w b
A 14 18 19 15 0.017857  0.013889 0.015789  0.013333
B 14 11 12 12 0.017857  0.022727 0.025000 0.016667
C 17 18 11 14 0.014706  0.013889 0.027273  0.014286
D 14 15 13 19 0.017857  0.016667 0.023077  0.010526
E 20 11 19 15 0.012500  0.022727 0.015789  0.013333
F 19 16 11 19 0.013158  0.015625 0.027273  0.010526
G 19 10 10 20 0.013158  0.025000 0.030000  0.010000
H 18 15 11 16 0.013889  0.016667 0.027273  0.012500
T 19 17 19 19 0.013158  0.014706 0.015789  0.010526
J 20 14 12 14 0.012500  0.017857 0.025000  0.014286

FHERPRANE W Iw=0/g 2 WwW=ao'/g", wb:a)b/gb, &l
w"l:0.25/x1 14f€2:0.25/x2 w=03/y w=02/b

WS 4 TUBCE AR AR B i B8 b 78w SCEARI CRFE “Not defined”. AUE
FAGESE “1) HEX (% DMUEFARREIRCE) 7, IR B & TR AR A ARG HURHR
WEFE VRS FE R S, K B R EDNARMIEE

® 4726 A R ARG A (4. 69) THEAFHI ) Beta fH. 123 AT LLEE B AEAIALE
w (0.25 0.25 0.3, 02> kit & K % EME, B L HEHE

S GBS GBS B B TR SRR AR5
i=1 r=l1 t=1

F 4-26 FRATTHEERB LR

R St St Beta i

DMU  TERCRAE
X1 X2 Y B X1 X2

I £ MaxDEA BAFIIE R, FA Bl R IE S R BBk 107 1, 1RSI, R b .
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0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0. 2356 0 —5. 8333 5. 6667 0 0 0. 3241 0.5152
0. 1249 0 0 3. 0000 —b. 2857 0 0 0.2308
0 0 0 0 0 0 0 0
0. 3202 0 -3.8333 8. 0000 -4. 0000 0 0. 2396 0.7273
0 0 0 0 0 0 0 0
0. 2585 0 -1. 6667 8. 0000 -1.0000 0 0.1111 0.7273
0.1132 0 —4.8333 0 -4. 0000 0 0. 2843 0
0. 1952 -2 -3. 0000 4. 6667 0 0. 1000 0.2143 0. 3889

0. 2782

0. 2105

0. 0625

0.2105

ARAR 187 [ 0 8S BR AT Y A 45 RO TERCRAE, R TH S ARG 1) TRP 454k, HAER

M Luenberger $a#057% (MBI H) . AWM A GEFT BRI Malmquist $54L G
Friz&)me? 5 b KA

s
¥

(g —ANREB, B RAM BERUAR 254 T 05 75 A [ 8 g

N RE — N AR R T ) PR B R AR S RAM B AR BAM A O R o
A% 1) 7 1) 2H 5 R BB 7R 5 RAM ASEZRS AT BAM RS = A 3@ T- A i AL, =4

RIS R DA SO R 1A [FIBCE AU PR, RAMNT BAM & £ IABUIN AR R () i E,
ORI TERCRAE BN (BT RERE = 1 - R,

6175 B B A A TR = max S P 3

i=l &; r=1

+
+ I"
”

RAM BRI RCRAEDN 1-ERCR1E

=min 1—(i S _+Zq: S, j

i=1 (m + Q)R, r=1 (m + q)R:

=min 1- (i—sl + 3 @, :j

= (m+q)R /@ - (m+q)R+/a)
RAM #5281 55 B4R [m) 5 [ BE 25 pR OB AL (1) OG22 RAM SRS ] DL AR A ARAR ) 7 [ BE 25 pR 4K

m+qg)R m+q)R" | _ N
c MIDR oy DRy

. w

1 r
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FAG = 1-TERCRAE” Tt AT Hes AR 18] J7 17 120 R B Y
BAM A58 5 A% ) 7 [ P 8 B SR R R 5 22 - BAM SR W] AR A o AR ) 7 1 P 2 B

(m+q)L, y_ (m+q)U,

(g —MREB, B BAM BBZRAR S T Dy [ ) g = IR “%

FAE = IR J5iEEAT R R AR AR ) 7 1 120 PR A Y

AR SR BEAEAE ] “ ARAR ) 7 e BRES pR KR I — A4 B, SO “ AR 7 (T TS Malmqui st
FREO, AT LAGEHE RAM REAY Bl BAM AR, PR RAM AR AN BAM A5 AT LU 4 Oy J7 17 1)
EREN ERRERE, R R E ROV “ AR5 A P e

FRIEZ A, BT PALE 5 IR T B 8 SCIR 5 320 B A ARAR 10 7 1 8 B AU o AR
EFEARRCRE, FFEH T LA Malmquist 40 CRERE R 7 50 BURTESS H 08 A
NIER, BWTEETT S Mamquist F850.

4.6.8 BIRINBINHREEES 2 [0 11X &

BB B B A L& T A — SR .
1) faf S i 2 5 7 1) SBM AR ZRY ) 5% 2%

ﬁﬁ%ﬁﬁ%ﬂ%%%%ﬁﬁﬂmﬁﬂ%~ﬁﬁw,%M%$%ﬁﬁﬁ%§fa
g’ i (#1777 1) SBM 4B,

2) 06 A 5 50 77 B o B %

e A 55 T DL 2 8 407 4 B R — AR, AR T B 9 e e
g -, g - AR5 AP B R B Y

3) RAM 41 577 ) SBM AR 5¢ &R
RAM 5 AT DL AE A& 77 /) SBM BE AL 1) — ANREE], B RAM B AH 24 F 05 77 1A 4] &=

R *
g-ﬂgf}L,gﬁgﬁfﬁi,#%ﬁ“ﬁ%ﬁ:1%m%ﬁ”ﬁ%ﬁﬁ%ﬁmﬁm
q
SBM A

4) RAM AP 55 AR A2 1A 5 7 P 8 e B R F) O A%

RAM 7Y R A A A AR 170 7 10 8 0 R ) — R, BRI RAML A5 R AR =5 Oy 5 70 1
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;@%fﬁi,g’@%gﬁi,#%%“ﬁ%@—k%ﬁ%ﬁ”ﬁ&ﬁﬁ%ﬁm#ﬁ
177 5 R R

5) BAM A7 5577 [a] SBM AR 1) 90 &
BAM YT DA AE & U7 [ SBM BB ) — ANEE, B BAM BERLAH 24 F 05 U7 1Al 1) &=

X _ (m+q)Lz_k gy _ (m+Q)U;;

i 5 v R CRCRIE = IERCRIE” IR AT R R 0 Ty
q

r

2m

] SBM AE Y,
6) BAM 57 5 3EAR 1) Jy ) B 5 oA BRI 1 o0 2R
BAM #5284 A DL A A& JEAR 1) U7 1) BE B bR B 0 —AMRr], BD BAM AR 24 T Eh 5 [H) 1) &

c DL oy WDV gemm opmgn = 1R kR

&i r +

. ,

1 r

A2 T 73 T B 25 bR AR Y
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4.7 EBM B &HEE

EBM JE& H 5 5 302 1 K. Tone & Tsutsui (2010)H2 H 19— Fh AL 24210 5 SBM W 1H 55

PRAVR AR, R ¢ 2480, Tone B ILFR N epsilon-based measure(EBM).
4.7.1 EBM #&%

N AN S/ CRS B, /43 EBM BB RGS R . NS 17 CRS EBM 57!
FIZEPE LRI R R R

. 1 A
min 0 —-&— Z L
Wiz

st. XA—-60x,+s =0
YAz y,

A>0,5 >0  (4.70)

PP DMU FIRCRAE DY H br s B e fufig,  RP

=l Xy

BRPH mtl MBEG e Mwe (=1,2,...m)e wiBoR S IR ASEIRIAI EEREE, ¢
RN RESH, BUETEE N0, 1], EFRRIERCREMTE T, AR 05 1 E AR
X0 AR G TR AR HX 1 AR 2T SBM AR AL,

XSS HUE 75 B #SL EBM A 2 Fi i %€ - K. Tone & Tsutsui (2010)iA N iX 262 ¥ i
B A BRI, JHRH TS % IR (x1 1 x2) BB, Jridin T

B, @i SBM AR ERARE Z B fir M

BEAby X1 A1 X2 BIHRNTRAR, HAGEEIC AN P AT P2o WAMRARERAAR 18] (¥ G5
PARRETEZ I P HAR CEP D PRI ECR L GIOC R . @il 7 Hr ik
R, A AT e AT TRIFE A P A e i el AR« SR o BN P S R e B e P AT K,
P 2 2 ) AR 22, TR LUK [E 5 ey BB HEAT A 7=, A P R R e e DA e 0

' {E MaxDEA # i, BUEZERTHRITER A SBM AL
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NE, e HEBUNUE, H209 0; WERMFRAREE R ELPE G, W3 =
AV AT AR B, ANER DL 2 LU IR AT A2 77, AR P AR R & DR BN T, ¢ B
BUSORHUE, HEN 1.
RIE, BRI BOE I RBIERE, SERERTTER B & TR B E R 5 2 5]
FISCERTE S (affinity index) HIRR.
WA IR, i PR IR
R 427 REIRBUGERE

x1 x2
x1 S(P1,P1) S(P1,P2)
x2 S(P2,P1) S(P2,P2)

SO BN FNTEARMIBELAE P1 A P2 2 (M BRI R 3. K. Tone & Tsutsui
(2010) A Ay R IGAE UV A5 5 LR

(1) [A—*E (Identical) :S(a,a)=1, HHFEIEH=1;

(2) XFRM: (Symmetric) : S(a,b) = S(b,a), T MIFEES P08 IR 5 T T %5

(3) FALANAEME (Units-invariant) : S(ta,b) = S(a,b) (t> 0), HdfE i & A T8 T br
B B

(4) BUHIEH: 0<S(ab) <1, THHMFREHUALE 0-1 2 [H].

AR R R, FRATE S RINR SORMLIEM X REL, B Pearson AHIE R L.
K. Tone & Tsutsui (2010)iAy, Pearson A% RECAREW 2 IR KA

K. Tone & Tsutsui (2010)F)77 1% /& 56 FH B BCHR 20ek Bt S A b5 9y 19 - 18] ) S A .. 2R
Jo S R Bt BRI AR 4L

S(a,b)=1-2D(a,b)-

BHERECTE TR N
Z}j‘:l | cj —-c | .
D(a,b) = n(émax _cmin) (l]p cmax > cmin) ’ (471)
O (lf cmax = cmin)
c,= In % , C= %ijl ln:—; s Cray =Max(c;),and ¢, =min(c;)-

)5, MABSLEKRBIREERE, 5 EBM HrR KIS
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p A RIKIRHOERE A KRFAEAR, v 2 HXH L RS AIE [

72 EBM B IR AR R

) 1
min
1 4 yhst
+ r°r
pre' =2
z,:1WV r=l yk
st. XA<x,

YA—¢y, —s =0

A>0,5 >0  (4.72)

B2 17 EBM BRI AR R A

st. XA—-60x,+s =0
YA—¢y, —s" =0
A2>0,s =20 (4.73)

4.7.2 EBM BRI SRIE -5 o J5 v

H& 1: EBM ERFEIES HIZEER.

TER N7 EBM 81 (4.70)+, A& 0 BUEEFE# A R, K. Tone & Tsutsui (2010)%f

PR TT R XA R 0 BUEEHEBCA LR MREIL T, AR 0" TR T 1. R

DMU I NTEAR I EA T Re T RG M,  BI2 BLeSct B A R I N I R

[FIFE, 7277 H G EBM #A4.72)F, SR ¢ BUETGEBA L RGO T, R
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Wit o B AT He/NT 1. G2 DMU #7 R FR IR A AT REAR T HLR a6 ME, BRI I ik
FI BRI 7 BB R

fEARF [ EBM BARY(4.73) 4, [N, R AR A AT R I

FELE AR 4-21 HE BRI — R, RA VRS F Y, 3RS 77 H T
FHES 1 EBM #4!, EBM 247577k H K. Tone & Tsutsui (2010)/FICERIRE V5. 4HiRgh
R 428, £ 4-29. & 4-30.

N TG EIX R R IR, T EAE EBM BB 0 R @ HEATZIH, LAAET A EBM
R, ABIE R RN

Wt,

min
1 W S

Z eryk

st. XA—60x,+s =0

¢+

YA—¢y, —s" =0

A120,s >0,0<1,¢>1  (4.74)
EBM 571 542 [m) il SBM AR AL G £ -
D W e=0, U EBM %% [ T2 ) A
2) @itk e=1, N EBM BRLEANT O SBM BEAY, bt i T390 1 A8 & 0 Al/ak o,
FERATREXAFAETC T3 2 MU, (ET A IR AR IR B S 2

R 428 EBM BRAHRER (AR VRS)

Hi X MEME 0 PRI PRALHR
JRihE YA
il 0.9834 1.0001 95752 95760
ALY 0.9979 1.0037 87184 87504
KB 0.9855 1.0295 40787 41991

£ 429 EBM REERER GEHEM VRS)
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HIX EE o ABEAE ABRAH
JRYE1E BRAE

2’ 0.8414 0.9929 4391516 4360170
] 0.9217 0.9749 3258438 3176512
St 0.8257 0.8953 2433370 2178564
N 0.8412 0.9580 7043628 6747705
iB] 0.8907 0.9984 4805124 4797549
ikEa] 0.8263 0.9408 5393968 5074549
L5 0.9520 0.9949 6433837 6401057
VANt 0.8780 0.9097 3000964 2729925
i ZR 0.8318 0.9370 8354234 7827682
)i 0.9196 0.9199 6489314 5969408

e 0.8625 0.8795 3115413 2740144
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£ 4-30 EBM HEHRER (FEFH VRS)

HX BEME 0 o RA% R EEARE  IEHEAR S BTFAR BITFAK ABRASL ABRAY
FinE  BUUE JFiaE BERHE BERE BREE  ERE B E

TR 0.8407 11771  1.1718 140997 165965 132739 156245

HA 0.8048  2.0742  2.4323 66661 138266 53127 110195

i 09163  2.2404  2.1091 95752 214524 105773 236975

M 0.8209 19629  1.9375 78368 153830 69320 136070

] 0.7464 11.5154 13.0687 21367 246050 26329 289388

Tk 0.7959  0.9346  0.9649 5675067 5475952

T Fg 0.8112  0.7144  0.7576 7043628 5336206

HORVT 0.6273 13622 1.8426 129449 176338 127358 173489

Ak 0.8903 11378  1.1231 152062 173022 147628 167977

k] 0.8232  0.6101  0.5290 5393968 2853139

Ak 0.6934  1.6842  2.1743 94636 159390 86278 145313

N 0.9095  0.6091  0.6697 166944454 111801185 6433837 4308682

ANl 0.8685 23167 2.1414 87184 201978 93287 216116

WZE  0.6604 25478  3.3446 72871 185659 74177 188987

TH 0.7982  8.0824  9.2620 22037 178112 21830 176439

R 2: REBECOTHEFESE R, PRRRBLESSREER, EE2E8HTEHRNER.

K. Tone & Tsutsui (2010)F8 i, KRBFEEIITHH AT LU Re A AR AR A 2 00K
ERF A AIEN T, REIREROZET 1 MERESEIEL T, R ENIZET 0
(B 4-11). K. Tone & Tsutsui (2010) %5 H 7 /N8B 7RG SR Ut BHIX —HF i, L Hpob B g
B GZOCBR T $2 LK) Example 2), THEASH I CBABECH 0. HZ, X—7nfilid T-fi
B, HEHRANEZ DMU, ASRETEIA

FE 2 AN T B AR R B B ) (8 4-31), K9] K. Tone & Tsutsui (2010)2 Hi )
KRBT ST E AT & R IR, WK 4-11 iR, BI85
RPESAHRIIR R

L JER DMU 521N 5 M3 DMU Hfz —.
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R 431 REBEGHEAHIEFEQ)

DMU x1 x2 y
A 1 5 1
B 2 4 1
C 3 3 1
D 4 2 1
E 5 1 1
F 3 4 1
G 4 3 1
[Te) QA
< N8 eF
™ \\Q G
3
o~ \‘.Q
-~ YE
0 1 2 3 4 5
x1
4-11  BEEEHE R B

AR 4 F T R AR B T ST v, 19 IORERFRECN S(P1,P2)=0.428, £=0.572, IX—4f
4 K. Tone & Tsutsui (2010)% 37 B F e AHE

R 4-32 MBIE R B EERYUERE
x1 x2
x1 0 0.286
x2 0.286 0
R 4-33 IR R ORBRTE SO
x1 x2
x1 1 0.428
x2 0.428 1

UL, X RO FR BT T VEANRE R LS R . P A M e A
BRI T
£ 4-34 1 x1 M x2 A LT 82 KRB R (
K 4-12), RZN 0.0001%. {H7EKH K. Tone & Tsutsui (2010)F] 771+ 5H45 H AT
BUEE D(x1, x2) = 0.5, KELFEH S(x1, x2) = 0.
435 x1 F x2 AN i SRR AR B (B 4-13).1H /2K H K. Tone & Tsutsui (2010)
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F 7 92 R REAS H B B 8 D(x1, x2) = 0.5, SREEFEHL S(x1, x2) = 0.
PLEPIANS R, K. Tone & Tsutsui (2010) 115 5 #ds BRI S BFR 201 7 v 2 55 R 10,

B RS M A (4.7 1) R B I B AR B B R T T B e 2ml S =

n

HEBHE (¢ —c ) WA EREPIADRGIEIT, 1 B U 2 8 o i — 2,

ANEEHEA Z /N (REARET 0, BHEIEEEEH D1, x2): 2% T H T fe i KME
0.5, BEIMAHRBEFRE S(x1, x2) = 0. HZPH B S #218 B SOE Bl i —2, 15 1 1S Eds
B D(x1, x2)#zi1 0.5, KEFEEL S(x1, x2) #ET 0.
R 434 XBEEHTERB (1)

x1 x2 x1/x2 c=In(x1/x2)
1.000000 0.999999 1.000001 0.000001
2.000000 1.999998 1.000001 0.000001
3.000000 2.999997 1.000001 0.000001
4.000000 3.999996 1.000001 0.000001
5.000000 4.999995 1.000001 0.000001
6.000000 6.000006 0.999999 -0.000001
7.000000 7.000007 0.999999 -0.000001
8.000000 8.000008 0.999999 -0.000001
9.000000 9.000009 0.999999 -0.000001
10.000000 10.00001 0.999999 -0.000001
12.00
10.00 =
4"’
8.00 ,."
s
X2 6.00 ' &
1."
4.00 o
s
2.00 ,,o"’
'S
0.00 . . . . . .
0.00 200 400 6.00 800 10.00 12.00

X1
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Kl 4-12

KR~ HI(1)

R 435 XREEBHTERH (2)

x1 x2 x1/x2 c=In(x1/x2)
1.000000 0.999999 1.000001 0.000001
2.000000 1.999998 1.000001 0.000001
3.000000 2.999997 1.000001 0.000001
4.000000 3.999996 1.000001 0.000001
5.000000 4.999995 1.000001 0.000001
6.000000 6.000006 0.999999 -0.000001
7.000000 7.000007 0.999999 -0.000001
8.000000 8.000008 0.999999 -0.000001
9.000000 9.000009 0.999999 -0.000001
10.000000 10.00001 0.999999 -0.000001
12.00

o
10.00 ,"
o
8.00 [ 3
’
x2 6.00 ~
4.00 _ @
@
;"l
2.00 8
o’
0.00 . . . . . .
0.00 200 400 6.00 800 10.00 12.00
X1

K 4-13  SCEBEHE R HB1(2)

PAVH 0] B 5 SRR IR N FE bR SR REFE 1) Pearson AH ¢ R %, 5L I, Pearson A
K ZHH 2 K. Tone & Tsutsui (2010)F2 HHIEE 1~3 6N, FUR A 25 4 2680, (H
WOFR I I ] B B A e, B A B BB E LR N[0, 1],

IEé 7N T
S(a,b)=0.5+0.5R(x1,x2),
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R(x1,x2) Z&M BRI Pearson AHIE 5%

IR PR IR AR A 2R 1A 70 A, FL Pearson Ao REEUERR, UL B RN
Z I EARMEZE s WER IR AR B E IR 4-11 IR HU AR, L Pearson AH
KEBHE N E, HAHEEOR, WM Z A 1) aT 240 .

Pearson HH% &%
-1

1
e AN se AT EAG

=0

e=1 h
v 0.5 _
i Pearson AHZC RIS H 1) R HEAEEL

B 4-14 Pearson fHR RIS FTHIRBREHIR R
HI 3% 4-31 BRSO ORI H

S(P1,P2)=0.5+0.5 R(P1, P2)=0.5+0.5(-1)=0.

R 4-36 FRBARHUERE

D
x1 x2
MU
x1 1 0
x2 0

W ORI BOE R 1 B RARFEAR 1, BRIt
e = m—max(,0) _ 2-1 1
m—1 2-1
IEI EBM Y ZE 4T SBM B
BRI VL EorHr, R H Pearson FHIC RETHEAS H SR HCR I E EBM B (1)
S NE R, (BRSPS N, EBM S ¢ M1 w 584 ] DL e iR A2 =4
ARAS By (R RE I R D SR A fF SR TR, TS & B 288 B 58 SR

4.7.3 MaxDEA B4 RARIE A BE B R B R B/ vk

I

7E MaxDEA # TR -G 2E 25 s B AL 1 SR Af B Distance 118 2 4h, HUeE TS
EFE R R B A

EBM 7Y 5 B 4 S 8 (e 71 w)BY 572

1) KA K. Tone & Tsutsui (2010)f1 757%;

2) RAAF A BT Pearson H15E AL

3 HEPRASE, OFF ¢ M wERFBEER), A H I e {57 BH3HE (Coefficient
for Input Nonradial Measure, Coefficient for Output Nonradial Measure), fidi“i & #4H, 1T
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FFBENAN 3R b B B 7 I

4.8 BENMIKEBRIES

4.8.1 FBARE. WRRBER

DEA 1322 N R R 22— BRI 73 i AN BN AR R R %15 2
(EA, RS B TR, TR LAE— BRI S (5 S C B AR AT 00T . a4
NZEZRINAE ORI, WA PA AT AR, HE i BB RCR 5 HER MR, ST E R
(Farrell, 1957; R. Fire, Grosskopf, & Lovell, 1985). #3¥4 DMU k [ AR (cost efficiency,

CE) #AFRIRN

Cost Efficiency = =

ex,
cx’ =min cx
st. x 2XA
Y <YA
A>0  (475)

c KRR . BRARRCE. B ERCE (allocative efficiency) FIH R BRI KL RN
JRAFE (CE) =HARMFE (TE) <FEMF (AE).
L7 AR B ORI, ATRL i as 2% (revenue efficiency):

™y

ry

Revenue Efficiency =

ry  =max ry

A20 (476

MENAIE S S AR, 180T LA B FE 6K (profit efficiency):
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R 437 A R H IR

Cost Efficiency = &

cx,

* .
CX =1mn cx

FRAB AR

120

Revenue Efficiency = Z’i

ry" =max ry

bRk st x, =2 XA

y <YA

120
¢ RN AR, ¢ Rom HAT % A B

4.8.2 MaxDEA B RB A SR FRE I BRIETT A

SR A R SR, B 7 BN AR BR 2 A, 1 20 3 o B A B2 (A ks b o

FEFFEE 5\ MaxDEA BA1F G, EEEE UM, Ik FR bR DR 5 Not defined” A48 . 3Kf#
JRARCRAE, A BIRANKIN s R o R, A2 B A%

PR B B PR A B R, AR E R A I B B AL, T RHE A FEER AN/ B
TR IS AL R o A ROR SR R AN AE AR TR 3 [P (R 6 ), (BT DA % AR S SR 2R

MaxDEA FAFESS R B TRBECE R, 7 AR /& 2 AT 5, Bilin oy liats
BN T2 DEA BRI SAKR, SRJ5THEAF RN RRARCR S HEOR R L HUE RV &
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4.9 BN HISR TR REE S

1E DEA BCRAEMBER A28 Al b, o] DLt — DX NN 7= F8 A B E RCR FE B gt
b7

DMU k BN ENFEAR T RCR R BT 5 5150

Xy — Xy

L RN x, MR

Xik
AN FR AR I TCRCR R B T TR R

#Eﬁ,%%mWﬁ%o
rk

i BRI, BB AN AR R O RCR RE AR Xe 24 i (10 R0 0 i i R 7Y
LB RS W AR PR R WA RBGY, A HAF RN bR
TERHTESE o RIS R [A R R, BlanTy s B ek, R AN E 7 [ ) B th 245 3
AFEFHEG . Bl BT REE R, SRR A EN, G R ATk
ABCD k. H#5YN A fi, BN Xo MERCEREE N 0, MARERERETET T Xi; %
BN D R, BN X ERCEREEN 0, AL EMED T Xoo FHil, BN
77 H RIS TR R B 20 M 45 SRAN BE i 188 IR P [ R M B ik e L0 o AN RE T F L DI
> DMU (TN B AR ERCR IR S T 2 0, IR B E XM BN H
TRBRTC R L L M AN N A2 X T 3 35 R R0 3 DN B vk S LB I sk — D e, R AR XY
PO DMU £ BRI G “IRZE 7 (AR FEEERI VT«

MaxDEA AR AN BN HIEAR TERCRREEE i 2R, P R DURI TR AR 45 Hh 4
FZIERE IR

150



Hs B W MaxDEA X

BSE AR

£ DEA BRI T4 R rh, EH S M E A DMU BP0 AR O, JCHGZ 4%
AHP= AR SR 2 I, AR DMU HE M2 Z . DEA BMGHKARER AN 1, H
X DMU ZFMEMFE, RXEEH R DMU RIS ICEE— P IX 7. Oy T #RIX — ),
Andersen & Petersen (1993)#& ! T B XA 2 DMU #t— P X 0 H A RFEE I 7%, X—H
15 G R FR R 15 (super-efficiency model). JHHEFKIAR, a1 EH IR BLFR bR
HERCEA! (standard efficiency modeD) o #BREBR L Ol 2 B - DMU WS H 4Lk
AER, WHGEU, PEOFY DMU FIRERZ 225 HE DMU M AT, A 20 DMU 1)
HRCRE R KT 1, IR PAX A 2 DMU #E47 X 75

FEVF 22 2R T ST o, 75 B RAR (s i DR 2R st — 28 i o T 2803 R0 1 CRD
FAE LR, ) B BREE, T LAESCHR 22 R A Tobit [AI AR, AR WA FAERCR
ERER R, PRUIER M % TR AR BE 1 Tobit B,

R Andersen & Petersen (1993)42 H [P A A BCRE AL, (HEJFEEFFE A T HER
T EE S R HL. 9101 K. Tone (2002)3 Hifr) SBM AL LAY, Ray (2008)4 H 1177 1 FE 25 iR
BOBRCR RS

Xt TR AL KT T, Banker & Chang (2006)38 i 34 A5 0L R LI %t 45 2% DMU
AIHEFP S SRIFANTTSE, (BRI F AR SR A A AR T AT B 1N

AR e D) R B

1) RILFHEHE (Wilson, 1995; Banker & Chang, 2006);

2)DEA 15 7 ) AUR M A AR R 14 43 HT(W. W. Cooper et al., 2001; J. Zhu, 2001; Jahanshahloo,
Hosseinzadeh, Shoja, Sanei, & Tohidi, 2005; Boljuncic, 2006; F. Hosseinzadeh Lotfi,
Jahanshahloo, & Esmaeili, 2007);

3) "X DEA (RHEIND:

4) WAL, AT AR O T1r49).

5.1 &AM

I 1) CRS A= AR, 88 AR AR 55 bR R A R M — DX 1 sgh 2 16
T j#k X—PRAIFAE, RIS HE L G BR1PE 4 DMU k(Andersen & Petersen, 1993):
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miné
stt. ) Ax, <Ox,
J g L

Jj=1
J#k

:E::’aj)}q' 2 J/rk
Jj=1

Jj#k
120

i=L2...mr=.2..,q; j=L2...,n(j=k) (5.1)

VRS MR BR B ALZE CRS MR EORER IR > 2 =1

J=1j#k

min &

stt. ) Ax, <0Ox,
J U L

Jj=1
J#k

:E::’ljj}q' 2 J/rk
Jj=1

J#k

S =1
j=l

j#k
4120

i=L2...mr=12..,q; j=12..,n(j=k) (5.2)

T DAL 14 77 2K 15 B e R AR R F) B A S5 B o [FJ R DASSN R ) 47 ) B A RO AR AR ]
REHER 2-3 N6, ERRERCRREAIF, AL B, C. D UM DMU ¥R 2ty . B
FELAGM BT C (R I, C IR /2 2 2% R C LA & DMU 4 SFTHTIE, B ABD,
C FEXHTR EIHGE 08 C'e T AR CINRCRM T €' C 5B A CHILL, HReRiE
oy Y CC', HAEERERE 6°=0C" 0C>1 .

XFTH R DMU K, FERN T AR, HAR B 7 28 N . 1E0R
FEHE DMU BNFF HEE AR 1260 T, 1245 % DMU eSS LB e N5 (6 el
N O-1), BT A AL, KRR T USRS 58 1 2 AT B A R B

PR AR R R T B T ARAERCR B A AT L, Bl fERTHY B AB W L2 [RIE A — A
DMU, W% DMU KRR BEE OV A B, 3R TR AR B Ty b
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Xy
P

3.5+

B 5-1 BHEEIREE
77 G VRS BRI R IR N

max ¢

n
st. ) Ax, <x,
J oy L

Jj=1
J#k

z/ljyrj 2 ¢yrk
Jj=1

J#k

>4 =1
j=l

j#k
120
i=L2...mr=12...q;j=L2..,n(j =k (5.3)

BN RCRIE AL A6 % DMU 1iwcit, {EFEFEEH T 620 DMU, 20 DMU )i
BCRAZ I SR R AR AR (1 &5 SRAH [
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5.2 75 [ BE B PR AR 3 AR AL

5542 e RO AT () SR BEAH [R] 5 7 170 B 25 B B0HE SR A Y A1 2 TE PR v RSCRARER f) SE Aty
AN j#k X — PR #2544 (Ray, 2008). LA VRS #EAA6, A5 AEHHEE 7= H 177 1 R B BR A0 4L

HIEN:
max [

s.t. Zl/.xﬁ thg., <x,
j=1

j;ék

DAy, —Bg, 2y,
j=I1

Jzk
D> Ab,-Bg, <b,
T
$ 4o
A>0
i=12...mr=12..,q;t=12..,q,; j=L2...,n(i#k) (5.4)
52 1 SRR AR ], 77 n) PR B pR EGER AR A AR R A& A T e Ak DMU, JEsi DMU
) 68 A AR AR 5 b v R R A Y 1 25 SR AR ] o
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5.3 SBM(ERM)#B 3 A& K

S5 4% 6 R0 6] FE B BR HHE SR AR AR L, SBM(ERM)EERCE A R B 45 4 — 4, & 3F 3R
ARG jk X —BR# Z&F(K. Tone, 2002). SBM(ERM)i# 2% (K1 %I R AGE ] T76 % DMU,
X+ SBM(ERM)A % DMU k, LL VRS A, HAET [\ SBMERM)HERCEB AR RN

yr S.yrk

D4 =1

A5 ,5,7=20
i=L2...mr=12..,q;j=12...n(G=k (5.5
H % DMU k Z 4N HE DMU #8477 1] RN

n

{Ge, y):x> Z XA,y < Z Vit o

J=1, j#k Jj=1, j#k
BeiFH DMU k 7£ SBM(ERM)HE R B R4 (%, 7)), RIURERL IR S D A 9 76 F
‘& DMU MR RESE N, PRBS AT SOL M mle A4 R IR B AT SaL 1 mt, A2 —
SEAL TR EWe?
N TAET 5 SBMERM)ARHERCRIE R HEAT LU, FRAT IR (5.5)1EAT 1S540 AR 4.«
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m
! _
1+EZS,. /x;
i1
q
1 +
I_Ezsr /yrk
r=1

min P =

n

s.t. Z XA =80 <X

J=1, j#k

Z Y, +5 2,

Jj=1, j#k
> A =1
J
Jj=1,j#k
A5, >0

i=L2...mr=.2..,q;j=L2...n(G=k) (5.6)
N AAE SBMERM)FRERCRBAL AL FH 25T, AR R A th A F Y
Fe NS ?
SBM(ERM)# R ARG B2 4 PF4 DMU BEES HHHE DMU 34 5 AT ) B /MR
, PRl SBM(ERM)EE GR35 s AT REAL T HIVR I 9947 RCER 73,  AERXAPE LT,
N RAE SBMERM)BRCRE T (A R A IS5 5, A 7T BE il AR B T ml AT A o
FEM L VRS SBM(ERM)EERCHRERONG], R RAELT R E &, ALy

==
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m
| _
1+EZS,. /x;
. _ =
min PO = p
1 +
I_Ezsr /yrk
r=1

n

s.t. Z R e

J=L, j#k

z yly/lj +S:=.yrk

J=1, j#k
> A =1
J
Jj=1,j#k
A5, >0

i=L2...mr=.2...q;j=L2...n(G=k) (5.7)

Lx= D A= = D) y A s W&, P) WA
J=1, j#k j=1, j#k

n

{EBPE< Y 54,92 Y ydy 24 =1}

Jj=1, j#k J=1, j#k =Lk
W DMU k B3I N T H BT DMU, 80 51507 /N AR He DMU, B

Xy > X,

jikﬁ/ﬁyﬂ( <y1j5j¢k’

W (x,y) 4& P):E< Y x4, 9= D v,y 2 A =1}, B DMUk £ (%, )

J=1, j#k Jj=1, j#k J=L.j#k

U RIAT I N

ERENTE Y, 4 =1AKRT, Hx, >x,j=kBy, <y,,j=kLRHEFH

Jj=1,j#k

X, > z x; A, 8y, < Z Yt o

J=L j#k j=1, j#k
B x, >,/ % kS y, <3, j %k BRI (TH#.

PLEAFEN A= Y VRS R, % 5-1 BRI A 5-2 Fian. C I x BUE
LB T DMU #m, WRSRAREGS.7)IE C IBRCR, (X, D) BImATiE0N B R B 21X
B, C ATEZXIEA, FrUEMG.DTM. A K y BUERTHEA DMU, R RH

BER(S. T A BESCR, ST TTiE.
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# 5-1 SBM(ERM)iB R MEAL R B 55

DMU X y
A 1.0 1.0
B 1.5 2.0
C 4.0 3.0
D 3.5 2.5
E 2.5 1.5

& 52 BEEG.HHIALTITRAEE
HARUA_EVFIREET VRS B8, EIGHE M A B BR T VRS B8, 7E CRS BB b o
HEL, EHEJEEAME VRS BEELXFE S T@FE. Blln, 7£ CRS SBM(ERM)HIRCRMEAL F, 1
RAHMBLES, £ 2-3 FH A TAATHES
SBM(ERM)# 2 A (5.6) NAE S ] SBM(ERM)ERCEIAL, N S [0 F17= 5 ] 1)
SBM(ERM)iB R AL 73 Jl R om N

m
. 1 -
min pg, =1+-- E s,/ x,

i=1

PYERAE N R T4 VRS EACRAR R N TCE R L,  (H LS DR R AN A A
e o JE A2 VRS R AR TG fiff 1 AN AEAE T BN A A1 H S [ ) SBM B
ROCRAA A [RJRE A7 A T BN S A1 A7 H - 1) A58 TR AR AR A 5 ) B 12 o 0 2 R At

R,
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n

s.t. Z XA =8 <X,

J=1, j#k

:E: Jﬂj;% E:JCk

Jj=1, j#k

A, s ,s7 =0
i=L2...mr=.2..,q;j=L2...n(G=k) (5.8)

A,s,s" =0
i=L2...mr=12..,q;j=12...n(G=k (59

R SBM(ERM)IE YA B ¥ 24 PP DMU FE 25 f1H & DMU #4 B BT R /N
B, HARE RUTAE—E A 2, B AR SBMERM)BE AT Ay 2 MinDS Al
MinDW A5 {8 R4 3 SR ARASE Y

A AR 7 N ) SBM(ERM)BERCRBEA (VRS) N

159



Hs B W MaxDEA X

m
. _
1+ E s/ x,
i=1

] 53
b—
q]-lqz (ZIS:/yrk +let /btk)
r= t=

min pg;, =
1—

n

s.t. Z XA =80 <X

J=L j#k

Z VS Z vy

Jj=1, j#k

n b_
Z btjﬂ’j_st Sbtk

=L j#k
> A =1
J
J=1,j#k
A, 5,57 >0

i=12...mr=12..,q9;t=12..,q,; j=1L2...,n(j=k) (5.10)
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5.4 ANAUHN R RE B A R AR R

IO ER B8 R A 5 SBM(ERM) B RCRAALAHEL, A HIEIR.

PA VRS AN, i DMU k A2 DMU (RITGREERAE=0), WA 14 2 55
AR

max —iwlfs; —iszf

n

s.t. Z XA =80 <X

J=L j#k

Z y;j){’j +S: Zyr/’c

Jj=1, j#k

D> Ab,—s"<b,

=Lk
> A =1
J
j=1,j#k
A, 5,57 =0

i=L2...mr=12..,q;t=L2..,q,;j=L2...,n(G=k) (5.11)

AU B 2 R R R AR AT Y ) TE R AE N T KL
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5.5 BMREH KRR

A5G 2 5 (212 MWERAEE G LRI R T DEA BB L. B2
CHPME) ZHFOTH DMU {ERTE LR, —0 DMU B 2R E-S B E Z 8 AR 2
PR 1Z DMU & BN R RCR R

FERRERCR R T, — B DMU, HAGE BRI THERE, HHRASRRES
JFIRME, P HBER A = EIAE, RS R Bo < A E.

FERRCRER T, JER DMU 4R (OSSR SARERCR IRt 45 R 2 58 el
). AR DMU R =1), HBEEME IR EZ RIAFAERBE R RN R R
FREM T, BT A 2 DMU /2t Al DMU Bl TRV %R, Bor DMU A&
TAZHTI R0 T, AR 5 R 2 1A 0 R LU AU %, IR S B TR FO B B M 3 ) R K%
XERM AR R LR, MBI W L R .

R 52 BHFERAEPERDMU RERE=>1) KB ESRBHEKXR

EESE it

BNT 77 B0

)

B EMTT R RABRES FIRENR AN E AR E<RIGHE BNBEAE 5 IR E IR R A E

P PR A CE¥ERBABGE=EnE B ESREERN  GEEEZRASRE=RIGED
I B = R E KA GRERL ™ P HBEES AR E N R R A E
e B < R a6 HBRAE<EME, 77 GEHE R MR E < R GHE,

HRAE = 5 A ED 7= B = IR a6 D

EAE R RIZE  RABSE=RIRE BB E<RGE BB =R G 1E

% (ERM, SBM) 47/ iR AH = IR 46 g B <R i RS E < R anE
W B A < R G ME Wt =R BB E = R anME

I BE BB = R A 1E

o B E < R a6
= B = IR aa

P AR AR RO, B E S BAMEZ B R B A, — R EE IR Sy, TR AR
W sy —EFS CRUITIRD M. BEEAES HAREZ IR AR /N % AR T E A AR A 2 73 FRA st 8 2 R
NEXHEE R
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5.6 B BB FETRN 7 HEE

DEA HHESHHTIABE 1, QiR — W s BTt b, WAl aE & K
BEREAR, HERAHEE DMU Mo ai RES 50 . ik, oWl SF R
A2 —TEETAR. HUARERORN, i BRI R IS (e A

AR AR ) — I BRSO HE, FIEER 2-6 PREdR SOy R R
B, SRR BRI 2 . K LRI BRAESR D B R 10%, HE
R RFFAE . R ERE R NER 5-3. ZRINBESR)E, ERANSABEK T
i, JLFAr DMU BIRCREEAR A 1232, Feile CRS MY, ALK, Fr#
BEHs, e DMU FIBCEREHRFEICE KK 1/10 2 1/6; VRS B EUN, A
4 MR DMU HI4E R Z 250, e DMU )RR H FEARHE 2 ILESEE AR, 2
/NAARAIE AN 4%, ORI PR EFORIYIEIL 17100 WOBRCRE, %4 CRS A1 VRS j#
RERELIRT 10, 5HAUEZACH ELBIARTT .

WX fT BRI 7 B 0T LA R R AR 2 — AT 2 R B W B (K i o AR SRR
Firb, wT DL O BE B R . AL R RN RTS 28, J34r 2 bR S8 A A B SR R N ] e )
5 H B

R 53 BELBEBFRARNAFE AR

CRS VRS
WX IEW  RESE REEE E¥ RELE REEE
MRE  HRE BMRE  BPE MEE BENRE

2 0.9442  0.1006  0.1006 0.9549  0.5786 0.5786
B 0.9174  0.1487  0.1487 09185  0.4967 0.4967
pie S 1.0000  1.0000 10.4553 1.0000  1.0000  10.5133
Hil 0.8324  0.0979  0.0979 0.8538  0.1458 0.1458

%R 1.0000 0.1490 0.1490 1.0000 1.0000 1.3051
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Fom HAWRR 5755

6.1 TR LLAE LA Al

TEFHSE RS pr, G0 JEF BN N7 HASUER (1 EU A &AM R 240 3R, DURR g TR B LA 24 SRS
! (restricted multiplier model), M FRAHELL R, L9 HHEBIAYL | (RAFISAR Y (assurance

region)o

6.1.1 XTI BEAN B B FUAEHEAT 2921
b TR 5 — TN FRLER (1 LLAH B L R IR R A

1%
R, <—+<R, (6.1)

ZIEMAE TR O a AN b IABREA B X% (marginal rate of technical
substitution, MRTS), BITELRFEF=EABHIZMT, BIN—FAEr=25% a 1%E, 5 LUk
DR PR ER b R . RS RENA b, I ERR A SRR R
TP RN E R AT AR, BEE M= RGN, %05
b —Fh BRI PR AR B AR AR .

I TE A ENTE PRI 22 8] 1 122 B B AR 5% RN, H8 I R PR 2 SRORT DA 3 AT 45 SR B
B B nE i 3G A A £ TRRT AR PR AT S IR Sy 0 (R (R 0
MR EEE LA 2 3 2.13.3) AP A EH B Z X AR G R TR, LU LR B
PR 15 B At FORE AR 73 B 46 SR o bl S B L A P e KA /M . BlInfE ] 6-1 1, AT RABLSE
F, FrAYEH ABCD PUANTR s A, H PR A HOL T A SUSRBEARAR I PATER b (554 20T
W, LB X FIAE LSRN 0. BN X Fl Xo BIBLE 2 th(vi/va) B KAEAZE T CD
B, ol (RIRIERILHED) N 2 BEENBAMEFIET AB B, WEN 0.5, i
X1 Al Xo AL E 2 LUBRHITE 0.5-2.0 2 [8], R

05<0 <2,
V2

H R AU D9 1Y, TR RO X I 0 K80 /NS5 R0 A .
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0 1 2 3 4 5 6 7 8

B 6-1 MEHELFRFE 2#FAN 172H CRS A ZHFEED)

6.1.2 S — 7™ H A — TR KA B HAE HEAT 205K

v
<<4<R

R o (62)
u,

L

M - THENF— T i, ZHE S5 R SO x I8 BR2E 77 %6 (marginal
productivity), BIf=&MMEE SBRANEREMMEE L, Rl L, £oR)
LRIARER BN x IS8 A Z TR Z 7= T, 1Z AR TN SHZ I H 1
SHL FA SO FAM BN ORI AT T, I NSHZ I H 11 bR 7= 2
FER 6-2 b, FTLIWIEER], AiVEH ABCD UMM R, H 52 A HAL T A S5 H AR
MPATER b (AT, BRI Y MACE SRy 0. BN X ALY [IALE 2 H(v/u)
MR REAFET AB B, Lol CRIRER) Ay 25 BUE WE A F/IMEAFAET CD B, i 0.5,
WS XA Y (AR 2 LE R 7E 0.5-2.0 2 [a], B

05<Y<2,

u

H B 8789 HY INTTA RUBR R Y BB 0 S Besg nUR S5 A 20 1) /.
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5 A
’
/

He b

R4
1 H' ...
/
14

I

l

1

ri

/ |

0 1 ” B

7

4 5 6 7 8 9

B 62 MEHMEARSRE (1FAN 172H VRS HANFHEED

6.1.3 S —J™ H A 57— T th AN B BT 203K
X T A 5 — Tt A A R P BB B R IR R IR

u
R <—=<R, 6.3)

H 2 Grop 5 SRR AR BACK,, FERFFHRABE AR NIRRT, J8b— b7 i 4
B, SRNG5S —Rhe s R L B B LU AR 2SRRI AT LA R 3
BN 0 fiR L, R A ER.

6.2 FDH f&%!

FDH %2 H Tulkens (1993)#2 ¥ — MR & B LMK (mixed integer linear
programming, MILP) #%4, M#XI:N EFE, FDH B4 DIE/E/RTE VRS DEA BB A
b, BV S REO BRENEAR 0, BaR 1, BAe{0,1} . FDH BRI AFRSE Free
Disposal Hull, B8 CNHEHMAER (). FDH X — &M 3 BAAILK) 2 Free disposal
B BIFEA AT R PRI I P AR B CGERATARED.

DI S8 6), FDH B RR A
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min @

n
&LZM%S&%
j=1

:Z%%zﬂ%

J=1

=
Jj=1

A€{0,1}
i=1L2...myr=12...,q; j=1,2...,n (6.4)

AR Z R A €{0,1}, FDH HAWRTIHAFZ N, HANENE 6-3 fin, i
28 A VRS DEA #RIEIHY, 2284 FDH HiiE.

6-3 FDH HZUR R E RAFHD
MR LLE H, FDH BRI A7 I BE4E & VRS DEA BRI 146, 7E FDH B,
BPPH DMU 2% F5k R G8H —> DMU, Jf B HZMHE REN =1, HESE TR0
DMU N Z% Bl SEFRAFAE ) DMU, A2 F 2V &0 s 4L DMU, X2 FDH #
RUTE SEBR R R R S
FDH HR A DL FRHN S R s, R~ H Fm . B rgisy, bl HAb
FRBSRA,
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6.3 & IEHE I AR R

KTAE DEA B an (AL PRARSIEE ™ Y 48 b, AE 1T 7 o) BE 2 BR B0HR 70 ©AF 1 R4
I X E AR DEA SRR 45 R FRME, TR AT “4.5.8 XM RIS 7 tH DEA
BRI () 45 R S 7 AL AR AR

FEME TR AE— AR IS P A A 2B B R B P AR B T i
6.3.1 BRI H K& AR

max [

st. XA+ fPx, <x,

YA—-Ly, =2y,
BA—-pb, <b,
120 (6.5)

6.3.2 BEIEHEZ H I SBM A

Tone 5& X [FALE AL 77 Hi 1) SBM R g (William W Cooper et al., 2007):
m
| _
11> s/ x
i=1

Uil /5]
1+ql-}—q2 [Zsj/yrk—i_zstb/btk]
r=1 t=1

min p=

st. XA+s =x,
YA-s"=y,
BA+s" =b,

As,s >0 6.6)

A ASLERG T I 18 A R AE T Tr) PR 25 oR R sl A () A v, R RS B s B R ] b
o A SBM HRLLI =T DL Bt A 7= ] Re 4R TE 2 5 T AR HA B P He i ] Ab B 1Y

Tone A 45 HALF AR HAEE P H 1) SBM R B BRI =, (HARYE SBM i A e i Y
(5.6) FTHE H AL B AR HAEE ™ HH 1) SBM M A2 Y Ny
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m
: _
1+EZS,. ! Xy
i=1
il 6} b
1 + -
o Zsr /yrk+zst /by
r=1 t=1

min p=

n

s.t. Z XA =80 <X

J=1, j#k

Z Y, +5 2,

Jj=1, j#k

n .
Z btj/?“j -5 Sbtk

Jj=1, j#k

9 5]
_qli‘h [ZS: /yrk+zst}7/btkj>

r=l1 t=1
A,s,s >0
i=L2...mr=12..,q,j=L2...n(G=k) (6.7)

Soh IR ] — L

1 2

S5t st /b,kj > OFIZEL PR B 2214

£ DEA #70rh, b vl g R 7 R N B 7 2Ok AL . 4k, 7E MaxDEA
BAFH, B TR L TR AR BN, L d ke AR SN SR BR o U 7 SR,
TS T SRR AR I R

MaxDEA B SCREBURPR, I SRS R AR I & N A, a6 & AR 8
) SBM AR AR, TR iES: SBM AL, H7F Advanced Models(1) 5 1H 2% SuperEfficiency
F Undesirable Outputs Hit 47 FH M % B BT
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6.3.3 RS IR B K9 7 17 B S BRI R

max [

st. XA+ Pg <x,
Yﬁ_ﬂgy =

BA—-pBg, <b,
A>0

g2.,20,g,20,g,<0 (6.8)

6.3.4 &S H KBTI AR 2

6.3.4.1 B2 IEHEE = H A R B AR Y

m il 9>
max > s+ s i+ s
i=1 =1 =1
st. XA+s =x,
YA-s"=y,
BA+s" =b,

A, 85,8 =0 (6.9)
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6.3.4.2 A IEHIE M KA AR Y

m il 75}
max was[ +Zw:s;’ +Zw,b_sf’_
i=1 =1 t=1
st. XA+s =x,
YA-s"=y,
BA+s" =b,
A,s,s >0 (6.10)

6.3.5 i3 SRR SL BN RS E ™ oAb 2

87> DEA B8 SR VEBNA P 4R FR A2 5 8, 9180 1 5 SCTT 1) 1] 82 4 77 ] e 2 R
FiAY, RDM J7 Al BE B s B8, MSBM #57Y

AL SBM A1 MinDS #57Y: # NT MIBARL So VE P B A G 7 AR
FVFBRNEEE A 8 4B MR R o v .

DR A S 5 R B B A AT A A SR VA 5. BN T IR 1a]) VRS BRI S 4 205 A

min 1 — 3

st. XA+ px, <x,

YAzy,
ed=1
220 (611
Xy —OX, VP DMU [N TEARFEAR m) SO JE I HARE,  BOEE A —ax, , 58k
FORBUETT IR RN o B BNIRRS xic AR, et 9 IEH, A2 1 B0 T 13 2R A%
TSN .
FIEE, 77 SR, S HEEeR y N, e Bt 1 A O S EE Bk
b R A R

PEEHERWN, EIRAVFE SEMEOOER T VRS 18, FNRA VRS BRAA TG F AR
(translation-invariance): & FAAIFE bR FIR N L —ANES 2 5, AR S5 BARFEARAS, AT AT LUK 6 4
BV TR WO BRGNS . 2NN, PRAEER RTHEIN > &0, MAELERMF. ERRF

A I BU R F T oAl RTS 283, thog T PO 78 RO HOR OB 2 5 45 A AR S RTS SEAYRRAE . an S

RIFFEHRNZNER A (XN, FPIHASEG” SR RN ER L E GZEARFFE CRS £H+1E),

W _F3 S VEA OB AT S  CRS B (Bl in A 8RR AR A EE = ).
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FEAR SRR v SR SR 43—, wh vy X, B AR, 3t T DAE Gt I LB AR A i

I HWR BN EbR N IERL, B 2R IR S 2 ST AR B 254 (Cheng, Zervopoulos, & Qian,

2013). BMUERIZFEAS (variant of radial measure, VRM) K/~ N
minl— g

st. XA+ x [Ex,

YA2y,
el=1
A>0 (6.12)
TE R A ) FORZERBERAXME . BX5UEH DEA 2=, 7EAELE 18
i, B xi oMIERCEE, HERM SE SN DEA Skl tHateil, ¥t DEA Fif
TRAF 7 516458 DEA BB GRAENE. 2 yi NN, BUAHE PRAE 1030 B2 J7 1 ) IE 7
P,
BEUE I H S VRM BURLRIR N

1

min

1+
st. XA<x,
YA-Bly. 12y,
el=1
120 (6.13)

AR LY SBM A RS HEATIRAUALZE, {H X755 SBM HEAL i) H Ar b8 HGHEATAZ 2R AT -

st. XA+s =x,

YA-s"=y,
eA=1

As,s =0 6.14)

VRM HERLAEAE (A 1] A

D NS H AR A 0, A IERON, BUE RS AR AN B A A
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P, R AT RE L BLAPF O DMU I8 SN J5 BRI IN H 5, 49 H ARG AE B T T B S il
FERFEOLR, Al — DB S IR & TR R 7 I N AR, 7305 ORAF TR bR i) I
o oy A K oy

5 {0 if v; 20,

L ifvl.jZO,
V. = oy = ,
v; 1 v; <0.

0 ifv,<0, " 1

[j_

2) VRM BRI T4 %R F T CRS. CRS VRM HAIGE A T UL FIEWL: fuiditsdh 2
A HEL BAEBEE AR K RN, SRRt B, ks e
A B R, B AR, AR B AR R

A A S BERR AR Y, VRM RREY b5 S 2R L 2 AR EE 7 AR T AR B A A

AL B HARPRIY VRM B G=H 30D N

. 1
min
1+ 4
st. XA<x,
YA-B|y, 2y
120 (6.16)

o, L YA— By, 2y, a5 9 1E 507 8 bR R 58 bR I 208
Y'A-By,zy

Y'A-py)zy -

T AR PR AR P [ 3 LL-1,

(Y I)A+Sy)=<(=y).

S5EE AR 77 T AR AR (4.42) 0

U 3% — 43 B TE AR 77 925245 % Emrouznejad, Anouze, & Thanassoulis (2010)42 ) SORM (semi-oriented
radial measure) Jii%, {HH X 5], Emrouznejad et al. (2010)/ 51243 85 fa FIM AN B B RAZ I N IES, B
| {Vy’ i v; 20, o2 :{ 0 ifv;20,

V.= . v .
710 ifv, <0, oy, iy <O,
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Fefeists, FTIE SEHEAR R A BAR I BN T, B An R AN R K AL P

6.4 MaxDEA B4} 5 B0 ab 3

87> DEA RRUA By SRp 7 K, Blan Ty PR s 5, InBOn itk BE 2. MSBM il . ik
TR B A SR AU, MaxDEA B2 B8R Eid VRM (BEUAL %) DAE
HePE R fo v KL

6.5 SMERA AT E REA AT RN KRR

PR B A 77 2 3 W I S m L o, 280 2@ 3 A 7o R 2 38 6 TR SR T A R 11 )
AR ZR B B 0, 910 28 3k TR R 95 B3 4 52 B IR S5 X BN S AE AR B . N 185 45
IR . AR IXEE AR e I 45 v B AR &, JF B o IE 48 bR, RIME MBS A
EGERAL, W ATDAFE DEA AR ApoRe X 28 S 20 R 32 A 8 AN AT Bl & 4% Cuncontrollable,
non-discretionary) I AJBARALER . 7340, FEAE =L HATEE TN F2HD HEA
e R T RE U BRI IGO0, XGRS, FIRERTVE A A AT B S m RN G2 D fi5
PRALER o 451 22 e S A PR B IR 55 B0 AN o o TR 5K 2 T e L R 1Y), EL AT Lo i 2 v
% ot B 5 7 AR 5| A R

PAELE AN T B R A N ) DEA S8 9], AERRL bon AN Bl B S 2 i 5N R R i 42
FIFENBEAT A (1) 4 P (Banker & Morey, 1986). L VRS BRI, HLE MR N:

min

st. XpA—0x, ,20

XyA=<x_ 5

YAy,
ed=1

420 (6.17)

D R ox ] BE & 3% #l B9 $ N (discretionary inputs), N & 7~ A 0] B & 3% #l 19 # A
(non-discretionary inputs) .

TELRFAT TP AT B SR B RN SRR 0 A RA HHR R, XA AT B =2 Y
BNHE AR T ORUES LU ) & 3 (B0 R AR IR B A T 0 F 0 DMUD . FLER PR
ATt 73 B iRk 2% DR 3 45

FESCERTY, ANIRIFR) 2738 XX — 28 DEA BB A E R dr 44 . f ot thix —#E8Y [1) Banker
& Morey (1986)H4 HFRAE A SMEA W] BE A= HIFAF T H ¥ DEA % (exogenously fixed

inputs and outputs beyond the discretionary control of DMU managers); J. Zhu (2009)¥4iX — &
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FRONEFE M EALT (measure specific model) ; William W Cooper et al. (2007)F82 A HTE
=24 B A% 7 (nondiscretionary variable model).

7£ MaxDEA B, LA & ANAT S A ] N/ tH Y U F (E 647 DEA 1
TR P pR BN [R] IS 2] 18 55 T “ AN SRR W, R A CRE, BIATRE
R L5 N L HR R AN P B A2 AR B

R S/ EEA SRR EESRER ER
@ 1) SHEE(CCRA0TBCC 1984)

[ FafrEssEse 2 iy
() 2) ZEETETEAIEIE= (ERM, Enhanced Russel Measure, Pastor, Ruiz, and Sirvent 1999: SBM, Sla
O esms s BE [] i8%SEM (Sharp et al 2007)

() 3) EHEEAEGEEIAIESE (Charnes, Roussea, and Semple 1996)

O 4) ZEEETEEIRIES (Aparicio, et al 2007; Jahanshahloo, et al 2012; Aparicio, et al 2017; Zhu, et &
O BEsa/FEiE R"nE [] ig=ESEM (Sharp et al 2007)
FRESEEEE

) 5) AEEERES L Chambars Chung, and Fére 1996- Chung, Fére, and Grosskopf 1997)

[ FelREs s =0 L eE

]

O 6) I0B0HEIES
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BTE | X DEA EHH

MAEI I, WEANEY KRR ECRTSE DEA BIAUR Bk, AF )™ X DEA
JON — BT AR SR DEA W8 I#ER 2 DEA B A PEAN SRR 225 42 (1 90 2 1)

7.1 7 X DEA fER

¥ (2002)8EH T FEA DEA MM, Dbk & DR (2009)LAFEA DEA Mt
$2H 7)Y DEA (Generalized DEA) HIff&

" 3L DEA BRIMZ 02 “BIPMoTE” 5 “SEE” M E. 4% DEA W2
R ATTZ B AR A R, SHERRPATN R TTEE &, M) L DEA ZX i T
H5SEEL BN, SHEESHIPMHTENRRTREEE . M. MZETEK

MAEFA AT BEEE IS 11X 43, A6 58 DEA [F4E 77 1] B4 2 el VP MBI s T U DEA
(24 = AT RESR AL RSB SRR, S2BL T VRN X R 5 S AR UE R 20 B o 1IN [ 43 2L A e 5
FLICAE Al — [ 8 2 H A L

BATH V R EN 4 (the eValuated set), F T £S5 4 (the referred Technology or

reference set), £/ X DEA H#FNEE (kelV ) MZHELE (jeT) HIXRABHE:

D V=T, Y52 HEMA, WS DEA;

) VT, garhERSHEN 57

3) TV, ZHEERUIHIEN— &7

b VNT=D, ZHEESPAFNELAEE, BAZX

5 VT =D, ZHEESYIFIEA L,

LA T 1) CRS A2 AR 9], | S0 DEA BT fi] B 2oy

PR AEE (2002)4 T REA DEA B, SRR . D5 (2002)4 H <R A DEA A

5H & HAR (2009)F2 T X DEA”, HAZOHZ“RKRTTE 5 SHL I8, B R
MR G HXFRAERI 2 B . AR EdET X DEA”TE HHE 4.

i Cook, Seiford, & Zhu (2004)32 H! ] variable-benchmark DEA #i%7 [{ 4% .00 th J& <ok 5 L e 4 5 S 427 14y
B, WIS EiF Cook et al. (2004)F% Hi i variable-benchmark DEA 55 (537 (2002)/1 5 53 & D4Ry
(2009)$& H U FEA DEA 1) X DEA 2T R —MEE, H5 5% & S4HT (2009)%) X DEA W ARIK &

HRNEHE.
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min &

s.t. 2/1 X < Ox,

jeT

Zﬂ’jylj 2yrk

jeT
A=zo0
i=L2...myr=12...,q; jeT iV (7.1)
T 2% 5, RESHLMEAR.
BIRT X DEA 3R T121m DEA B!, (H&ix— AR AT DAHE 22 H e B 2 R 2
A, BT B B KA. SBM(ERM). MinDS. MinDW. A, U3d. FlE A7

MBI DMU MERIFEES R, WERBPFIr DMU AMESHEN, MkeT, JFHB

RIESHET WAF TR, Bk = (x,, y,) & {&y):x2 D Ax, y< > Ay},
jeT jeT
W S DEA SR b i
ETERCIN A, A7 2 R bR AR R R 3R 5 AR R MR SO A A

[, X)X DEA MIEARFEESHE R, L SBMERMEERAH], H™ X DEA f&#
AR N

m
_1 -
-1 Zsi / x,
i=1

Y s

r=1

min p =

n
S.t. le.j/ij +s; =x,
jeT

Zyrj/lj _S::yrk

jeT

As,s >0

i=1L2...mr=12...,q;jeT,ieV (7.2)
W DMU K fERR R IE A AT AR, (7.2), TRidt—DeRARMAY
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m

1+,‘nZsi_/xik

: _ i=1
min pgp = 5
_1 +
1 K Zsr /yrk
r=1
n

s.t. inj/lj -5, <Xx,

jeT

Zyrj/ij +s 2y,

JjeT

As,s >0

i=1,2...mr=12...,q; jeT,ieV (7.3)
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7.2 BFHS AR

£ e TR Yo S EIR
HiE & OHE
® s [OF =il

EE SO HERE SHEER §DEEEER B[R

EENEHT Y DEA) [] #8#==(Andersen, et al 1993)
[ sEst ?

® =) BESH
O b) =Xtk
O g EFaty
O d) B kst
O &) FAESL
O f) bAsiEesty

[ JERRE= / RN

O g BOSt:
2 [ 1]
wE [0 ]

O h) BEStk

SiFa

B 7-1 #HS AR
WA ) DMU 2 IR SR & 1 vT Loy s A, ks b [BORRE 31 A8 (s
HIE XD %R . PEE R o =4 s R IUE HAR A7 M b B, A AN [FIHE4L) DMU,
BRI X DEA J7iEH I ETIE T SP R ik, AR EAS#TH DMU B4 . SRJEEAN A 13
M fa, %M “WIPE” M HEL > MEAAF, B AT & F % X 2 (Cluster
Benchmarking).

TECL NERH, — 280K — X PN SE R S 5, ) KRG 5 R st N B A 1 4 .
7.2.1 B S . (Self-benchmarking)

AR AL A SHE”, uldtr “ BV, WA S BB 7 ) AR
AFAEAN R O BE e v, SR G RN Ea 3 0 B AT 20 i, 13 B 45 R 5 B S L 85 AR TR

P E S 7, AT LT S Hi3E T MetaFrontier-DEA (L [F]i4 5 DEA)/> 7. @i L
AIrHE) DEA SRS (RMEST71%, BTl DMU 1B —A2%4E) MRIp A s B3k
Z R, BRI/ 2IHE ARG L2 (technology gap ratio, TGR) .
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HERSW
RS SHE

Cluster 3 Cluster 3

Cluster 2 Cluster 2

Cluster 1

( N
. )

)

7.2.2 ZXZHW (Cross-benchmarking)

BARHD NS HE, S DRARIEAT . IXSHAE T HRSH.

N ZN s
PP 4R ZH R
s 2
Cluster 3
G y,
s D\
Cluster 2
G y,
L Cluster 1 }

7.2.3 W FZ2H (Downward-benchmarking)

A~ 2t A ML DL S B4 SR 5 e B /N TR IR S % 4 . D Cluster 3
N, HBHEENZANESHIFHE: Cluster 3 U Cluster 2 UCluster 1. RS 5 fe/NIRE
HMSHEERHEAH.

6]~ 2 b7 F T, 2 R AR DR 200 A 7 SR B i 1) K/ INRE T AT DMU 20 94 T 4H.(f
SRR, g 5 %), SRS 52 B S NSRRI KR4, Bt i 2
FERIEF BN T PN 2.
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HEVFIN LK AT S ZHY

/-[ Cluster 3 J

N
< Cluster 2

J

1

J

7.2.4 [\ EZ3HW (Upward-benchmarking)

SRS, F S R AGAREL L E 0B 4 b ORI T TR E S
F%. U Cluster 1 9, HSHEEAN=AHEEHIFE: Cluster 3 U Cluster 2 U Cluster 1.
B S BRNBHN SRR LA S,

] 12 LU AR I8 T, 3 RO R 300 AR P R S 1 KN BT DMU 43 A TG
e SURRWEK, BEgns e, SAEANSEAR A S IMINTR R E R, Wi
WS HEMNET AR TP 4.

BOF S ESt

Cluster 3 ( Cluster 3 J

Cluster 2 J

Cluster 1 }

7.2.5 F/H48#2 L (Lower-adjacent-benchmarking)

5 RITHAEES TR, BB DR S L /N A — AN A S5 . Bltntn
B 3 AN, HE4 Cluster 3 IS %4 & Cluster 2; Cluster 2 HZ %4 /& Cluster 1; Cluster
I AENBEANREA .

AT LB X — 77k, RIS AR ZE Malmquist #5284 17 47 25 5 ip 30 SR AL A0 43 B 41y,

TE LS % Malmquist #2281/ 25
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W THBESH P
[ Cluster 3 J
( Y
Cluster 2
~ Y,
( Y
Cluster 1 Cluster 1
- Y,

7.2.6 E48# St (Upper-adjacent-benchmarking)

5 EMAEE SRR, B DS A D RIARSE— AN E A S5 8. fillnin
RIE 3 AN, B4 Cluster 1 125472 Cluster 2; Cluster 2 )2 %4 /2 Cluster 3; Cluster
3 AMENBIE A

X7 D RE A2 v] LIRS AR B HE Malmquist AR5 (1) 49 47 45 5 A A SR A 2 A

A0, VIS THX Malmquist AL FA4H .

e LITARS B4
Cluster 2 }
L Cluster 1 J

7.2.7 & 02 W(Window-benchmarking)

R NS HIEY, BN U — AR 5 E LB IR A S E R, S EREOTH
TNEFA &, RSB AR E O %S (wiDth, Hd &) JuE. @ HERIA
HI 4% FAN DMU i e B 2E B m) I OB Ao P I8 82 B A% SR A8 2 1 1) R A3, IRt wi oy
#r DMU FifE B IIH 5N ¢, WEMEE (oFfset, M fRR) ZJ5, SHECFNRAT
BN [c-d+1+f, c+f],

WRIAE 5 AN, T d=2, MR =0, KNS EEN T ERFIR. EE%
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SEIEME GEIGAIZE R MO AN S BN TEAE L, AEEE O EE ke
T OB,

HFOSH

d=2,f=0

HOP

WREOEE N d=3, WEE =1, SHANSHENT.
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HOS
d=3,f=1
PPN 4R SHAE
%
\\f ™\
Cluster 3 { Cluster 3
/f& J

ﬂ““ﬁ ~

Cluster 1

|

T 2 L ThRe 2 vT LASRAF T AR 4 Malmquist 574 [ 43 47 45 H b i 3R 4L 1 2

Y77, 1E WS N Window-Malmquist 78 (1424

7.2.8 [ €2 W (Fixed-benchmarking)

[l 5 SRR R M A S L
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7.3 BASHERMEIER R

X REHEE, DAOEE N RRHAGm ST E, BASEBINES, Flun1, 2,
3. s HETPURANES, #lanl, 2, 5, 8. ; 2001, 2005, 2009...... ; 200101,

200102, 200302...... %,
TEFAFHEARR, EdE e A H, A5 &= %A Cluster.

A A R 1«
K71 R A s
DMU Cluster Input Output
A 1 4323 93608
B 1 2295 225559
C 1 6379 327068
D 1 6644 201354
E 1 1436 188926
F 1 6281 413738
G 2 7459 114022
H 2 4464 212444
I 2 4524 462677

ARG T LR AR PTG, BN E 1 DMU $H T DURASE o T REZL TR
i, A DMU fEAFR 20 T F— 84, Fli: DMU A 723 1 )8 T84 1,
FE B A I HAES L 2R TR 1.

K72 HEAL TR A 7 51

Period | DMU | Cluster Input Output

1 1 4323 93608
1 6644 201354
1 7459 114022
1 2295 225559
1 1436 188926
1 4464 212444
2
2
2

6379 327068
6281 413738
4524 462677

] [ | [ o |
- HQE eSO R >
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2 A 1 4341 93656
2 B 1 6689 201442
2 C 1 7559 114107
2 D 1 2362 225604
2 E 1 1513 188937
2 F 1 4544 212446
2 G 2 6406 327102
2 H 2 6369 413797
2 1 2 4563 462739
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R8E HARBEARE

8.1 TR A

THIBREHE (panel data) JEHEK H P B 2 I WM KR, 0 L) T AR A5 2 47 4
5, B~ DMU TERAE#E — BN A0 . TR vf DL S 4 B A, thmT Ll
SEANEESEI WA HCE, {1 R A ISR R TRIAR S, 55— AN 2000 47, 55 AN
WA 2020 4F (R 8-1). VIZIFE DMU AFRJE MG INAEG, XPEMURENRI (R 8-2).

£ 81 HREIEER G

Period DMU Capital Labor Product
2000 H 4323 875 93608
2000 i 2295 469 225559
2000 [} 6379 1286 327068
2020 H 6644 1339 201354
2020 i 1436 297 188926
2020 ] 6281 1266 413738

R 8-2 HE R HEREIER B

Period DMU Capital Labor Product
2000 H 2000 4323 875 93608
2000 Z, 2000 2295 469 225559
2000 N 2000 6379 1286 327068
2020 H 2020 6644 1339 201354
2020 4, 2020 1436 297 188926
2020 A 2020 6281 1266 413738

HUTHI 401 DEA B R SR A — N Re € IS OB 0 B0 22 &> DMU 7E1%5
SE AR HR R, BRI — 4 I I A P BRI & 1o HR A7 — MK AL
WA, R, AP EORAR SR AR R AR FRBEA ).

LAV DMU (5038 2 224N I [ U0 IUE ) TR AR s it 3k ) UG AR 7= 32 (1) A8 5y
15 B0 S BOAR R Z R R 1A & 1 o AR 7 22 A8 B i ke 19 A F R 4T 20 s XA W
Malmquist 4= 2 2E % (total factor productivity, TFP) 8557,
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FRATT T T PR 16T B A9 SR B AT 4 TR AN B R AR R 3. A FI B A
DMU, 7ERHA 1, A=4y=DIHARZZFEN 1, Bx=6, y=D)FIFHARZEEN 0.667; 7ENH 2,
A(x=1, y=4)HM B(x=1.5, y=8)FIHEARBEEAREZ, ALZ 1, BILRE 0.667. MR A
BRI, BT 1 BB 2, AR B MEARZCREA KA. HEER L, AR
B (W= AL (RDAE =30 B RMEsE s, W0 2 5P 1 A EL, A FI B AR %3t
15 f%5 (2 WA 1 A= 00 16 %), X2 HE RS IER.

A

5 y
4 @
A By
3
RTEA2R9ETA
2
RTEARYETE
1 o
A1 B1
X >
0 1 2 3 4 5 6

B 8-1 HEREHE Bl
Brittz 4, % (window) DEA 25 R FITHRR B 4 b7 753, e RN — 8 SE FE IS
B ) AFTH DMU BAEASEE, WS HENMEUE A (— MU RTE
YER—ANDMU”) MBS IN, % 0 DEA 2 H DMU 3R AL i B —Fi 30212
(A. Charnes, Clark, Cooper, & Golany, 1985).
MaxDEA B Fo Vi8I AP AR BOHE SRR X L 1) 25 AR A Lok o SR
PRI, EiEiT S e R SR ERER, EHE A TR .

Zid HERER FIFHER =2k SAHE EM R =3k BEARSTTIER ‘

mE BB EE

Completed

<

Timer:  00:05 i
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Log:

2023-12-21 9:47:31 PM

Loading data

2023-12-21 9:47:31 PM

Warning:

MaxDEA finds that your panel data are unbalanced. No problem, if your panel data are

really unbalanced.

But if your data are balanced, please check carefully the "DMU Name” in your data. The
same DMU must use exactly the same name in different periods.
An example of correct panel data format:

Period DMU Name
2009 A
2009 B
2009 C
2010 A
2010 B
2010 C

8-2 MaxDEA X F JE-P47 AR E0 3 138~

SPATTHI R B A fe B DMU ERA A B R — A WIHE . 2k —A DMU 7£[F—
AN T B AN B 2 UL, BlnfER 8-3 Y, 2020 AEH WA DMU “H 7, R4

WA (K 8-3).

£ 8-3 SR RB IR B

Period DMU Capital Labor Product
2000 H 4323 875 93608
2000 i 2295 469 225559
2000 ] 6379 1286 327068
2020 A 6644 1339 201354
2020 H 1436 297 188926
2020 ] 6281 1266 413738
Stopped
Timer
=]k,

There are at least 2 DMUs in period 2020 use the same name "E"

SITESRMIREB)REFE "YA\2023-12-21-11\"

BTTES, EFEORHMaxDEA_Log),
CSVIT{4+4RE3: UTF-8 with BOM
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B 8-3 MaxDEA X454 = MR B8 3o~

(3% :Province 5% -

THE ~ 2003 2004 2005 2006 2007 2008 2009 2010 2011 Hif
FO1 1 1 1 1 1 1 1 i 1
P02
P03
P04
P05
P06
PO7
P08
P09
P10
P11
P12
P13
P14
P15
P16
P17
P18
P19
P20
F21
P22
P23
P24
P25
P26
P27
P28
P29
P30
P31
Bit

HF R R R RRRRRREBRRRRERRRRRRRBR B BB B B2 BB -2 -2
P b b b b b b b b b b b b b b b b e b b b e b e
e e e e e o S e e S e e e S N e e i e
L T = T o T o e e e e T T o T o S = S S S S e e e e e
e e e e i i e e R e e S S S e S S i i
H R R R R RRRRERRRRRRRRRRRRRRRR B B B BB -2 -
P b b b b b b b e b b b b b b b b e b b e e b e e e
L e e e e e e T e e O e e S S e S S e T
L S T T T ) S g S Sy
W WD W WD WD WD WD WD W W WD WD WD WD WD WD WD WD WD WD WD D WD WD WD WD WD WD WD D WD WD

w
w
w
w
w
w
w
w
w
3

& 8-4 7£ Excel i HREE 2 K P

WRARXT MaxDEA B A45 th AP AT iR 3R B BE R, W LAFE Excel HAM HIHE %
MR TR A TR 2 75 7T : #E Excel i A —MEHEEM R, H DMU 45k E/EH
AT, T AR AR N PIARAS . RS RN IEUE Y 1, JF HiRfa 2 B,
VU5 B P 2 TR AR

I SR AR R R K, 7E Excel Ha A AR B S T B AN A 5, W] U G B
WA .

Stata B H R 7 THIBR B8 A2 75 P17 (Stata FRON strongly balanced) {1y 4 :
xtset DMU ZFRAEE: i AR &
spbalance

xtset ERPINMEELAREER, W DMU AL EZ2 TR, Mg —4 id 4

egen id = group(DMU % FR7A5 &)
xtsetid B HAAR &
spbalance
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HUPRER N, BT S S AR IR TR B IR AR, T
JIANEAREEIR I -

HRMLSENS? BRI, ARIIRES SRR, A R B P XS (2 A —FE I,
Heg —FPitss e,

8-5 FAERER
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8.2 R, BARBUEBRARBEEN=2 KRR

S TR AR PN ) (t-1,0 BEATHRN T A Ay, 288 RBI =S A= A4k
HARBUAEARG R N TETEE=FZRINRR, WAVEE SRR .

(1) B 8-6: ATNEARBED (HIHTHIFE), #iFHr DMU K FEPIANI] (t-1,0) B4 5
AR R HEEAE)

6 Y
5
4
THEA t BOBIE

3 K

K1
2 Bt =1 BYENE
1

X

0 1 2 3 4 5 6 7 8 9

B 8-6 =R HABUEEARBERULZERIRRWD)

AR SN, BEAR K RN R R AR, R4 K A= 54
BRI, K AEPAMIRAERRMR, BERRIERON 1. BT« REme, 5
-1 WIAHEL, IR THORIEE, BRBMARECH 2. 7E ¢, K A0 e s e iz,
DU HFARBCERIFG, BARMEIEECN 0.5 CHIEARMEN 0.3, 1 HIEARMEN 0.6,
EEAE N 0.5),

T EE R — R, BRI R B AAT AR PR R T 5 1, JEARR IR
€ DMU TR A =HAR .

FEREXAMEIFr, K ZERASEIAE PHIRGA RAAEATARA, BAR K AR OREEA
AR, Bt FAZ A AT A T BARBES (R A= 264288, I E K AR B (5
ATV AOAR K RS AR KD

Bt Z AN Z IR, AR DEA JNiE kit B K AN HH =2, B2
HIA[ LATHEE K ZERTI ¢ A EEI I o1 AR P= R AR 4. fESkrh, BT IA — & & 2155
AEPREEIBUE, TR DG A R AR L, B AR R R

) B 8-7: ATHARAAR, HATH DMU K 7ER I ¢ (477 38w (RAAARH
B
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REAtFNt—1 BIREES

X

0 1 2 3 4 5 6 7 8

Bl 8-7 =R, FARBUEGEARMEBZUZ FIHIRRQ)

K 7ERHY] ¢ A= AR, B RIREON 1333, ATk EREA KA I REEAR
). fE 1, K ST s AR s, R AR AR, BIHER ARG HON 1.333 (t
HIREARZFE T 0.8, t-1 WIMHARKE N 0.6, HAEN 1.333),

(3) B 8-8: 1T ARHEE, HIFH DMU K ZER t (47 R m (BNRABEF H
B

e\v
5
4
AEA t BOEIE
3 °
K1

2 TRt —1 BYBIE
1

X
0 1 2 3 4 5 6 7 8 9

B 8-8 AR, BARBUESHEARMERUL FHIRERA)
K 7ERTH ¢ B~ 2848, AEF= 204840y 1.333. BT t HIRIaTw Al R, RIS o1 BIAE L,
t HRAE T RARHED, HARBAREC 2. 16 t 1, K SHTHTIRE 2 AR5 5, BRI H A R AL
AR, BORBCRTEHCON 0.667 I EARERN 0.4, t-1 WIFIHOAR RN 0.6, ELE N 0.667).
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8.3 Malmquist FE¥H3 A R

THIAR B4 F2 0 B PRAN B 22 I A B4, A5 DMU #5724 IHI IRt HU A
BOR 2B I (BT R A AR, XA A AR BT Ut B AR BE 2D, BORBEPAAT R AR 7 e
A —HES) A7 o A ALK TR B SR B AN A AR, AN IS B T, T DA A
FIIHAR A XA GEAR RS AN BR SR, SERED A g a2
HEZ) I, RASEARBRE T — AN 2T

SIEAEFH (total factor productivity, FIFR TFP) J&487~ HEEAREIARN T4~ E &
ORIy o MBS I F7 o 5 PR TFP, (B MEF=8hr, fEAERRE KA
AR, S EAM BT 30%. X 30% 05 BASRE AN T4 7 R
Yok, T RS A PR SN R TSR, X2 TFP MPER . 14277 A
) TFP 51— FEAHLE IR T 30% (TFP 484005 1.3).

DEA Jii%Jg FAEs 05k, TiEiHE TFP, (HuJ LA TFP #5%t. #ik—4 DMU 7£
t AR -1 AN x IRFFAAR, H 08 y My, WA

Y, =TFP_ xf(x) (8.1

y,=TFP xf(x) (8.2)
BT AP R () ARF, TR HEWAE R TFP, HH TFP #8800 LI, X5t
DEA 77751155 TFP 85U 3EA D .
TFP,

TFP Index (t-1,t)= 2 383
TFP[*I ytfl

Malmquist 4= %5 £ 45 77 25550 (Malmquist total factor productivity index, faiFK MI) FIHE
S RFYET Malmquist (1953), RIHH X — 254588 44 24 Malmquist #5451 R Fire, Grosskopf,
Lindgren, & Roos (1992)#: 7K H] DEA 175 %115 Malmquist #5340, F£6 Malmquist 18 %%
RPN T T 1938 Ak s BORZCR 784 (technical efficiency change, EC) FIAE AR (A
AU 17424k (technological change, TC).

ANFZEA ) Malmquist $840, HXAMUGR S R FERIATH . 2T 1HE Malmquist $54(
KR FEE B2 L A i) S S S 24 ¥ DEA BTN, iXJE T DEA BRI A%, 21
RITAASS 2. DEA BERUALE S S Malmquist $5508 R B8 B T ST (RN 19 8. Ky
TRERAN Malmquist T80T SRR AOMRE, AR B .00 DEA SRR KR, Bl
BN CRS B,

EEXTREVE A DMU K (B30 148 AR H SO  FRATI DGR IR = JLAE P AN B 9T TFP,

Bl TFP, A TFPuio XMEF=W R Z WAL= K, TFP Likit&E, HE"LLTHE TEP
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T84 B MI(t-1, t). 383 DEA J7ETHE MI(t-1,0 3 A B

TFP(x,,y,) _ TFP(x,,y,) / TFP(benchmark)

MI (t-1,t)=
(1.) TFP(x,,¥.) TFP(x,,,y,, )/ TFP(benchmark)

(8.4)

TERGTHSE 2 % (2.2.2, 2.24, 232, 23.4) ffFik DEA #8115 H ) R8CRAE I AT 4
P DMU (AP~ R 5 0R AR = R HE . RT3 MI (Lol #0o8 THE P AS DEA 20%
HRELE, 7372 DMUK £ t {Jiff] DEA 2% {4, 4rEF2& DMUK £ t-1 1) DEA XU%4H,
(HAE X AR B A TS S L A — AN AT

Sy FANG B EL 1 WIRHTH 1 A2 (& 8-9), TFP(X,, y, ) / TFP(benchmark ) %
(x, y)0 B b 1 WA/ & K DEA % HE M, id N Score t-1(x_t, y t)i;
TFP(Xt_l, Yu) / TFP(benchmark | ) J(xc1, ye)Z L -1 ARTHHS K DEA 2GR MEH, idA
Score_t-1(x_t-1,y t-1).

Score_t-1(x_t, y_t)
Score_t-1(x_t-1, y_t-1)

MI" (t-1,t)= (8.5)

Y

Ki= gy
RIEA t B9RISE

Kior = (Xepp Vi)
2 IRt —1 A9ATE

0 1 2 3 4 5 6 7 8 9
8-9 Malmquist T8HURE EI(S L -1 HKETH, CRS)
KRS -1 YIRS I MI (-1,t). [FE, S ards (8 8-10) AL A
—/NMI (t-1,1).

Score_t(x_t, y_t)

MI' (t-1,t)=
Ly Score_t(x_t-1,y_t-1)

(8.6)

! MaxDEA i it 45 RONATSCAR K, TeiER  EARM R AR 77 30 8 1 (8 T B A F 4 i 45 R
Forh R FRIE G B 45 R AR — B 3 B SRS IR, @IS RIEIRS % S0k i il i 2k
Ko F734h, ARA5H MaxDEA BAFHEIER A (L, t- DR BRI PS5 HAd SR R A (1, HfRIE 7
AMLE, RS ERZER.
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Y
5
4 Ki=(xo vy
BTER t/898155
3 i

°
Kiq = &g Yeo)

0 1 2 3 4 5 6 7 8 9

K 8-10 Malmquist FRERBEE(SH ¢ HIKETH, CRS)
R Fire et al. (1992)f2 4% Caves, Christensen, & Diewert (1982)11 % Malmquist 55/ 77 7%,
KH _ER A Malmquist $& 200 ) LFAFIEAE A BPEYY DMU ) Malmquist $5%%, B!

MI(t-1,0=\[MI, | < MI{

(1,0

_ \/ Score_t-1(x_t, y_t) y Score_t(x_t,y_t) 67

Score_t-1(x_t-1,y_t-1) Score_t(x_t-1,y_t-1)
Score_t(x_t,y_t) I Score_t-1(x_t-1, y_t-1)5-I& K 7 t MR t-1 HIHHAR R,
H LA 2 AN IR RCR AR (technical efficiency change, fij#5% EC)

Score t ( X _t, y_t)

EC(t-1,t)=
t1.9 Score_t-1(x_t-1,y t-1)

(8.8)

Malmquist $5£ 7] UL 73 i N R 3B FIE R 2B 4E (technological change, fij#k TC),
Bl MI=EC * TC.,

// Score_t-1(x_t, y_t) y Score_t(x_t, y_t)

MI(t,t-1)=
=) \(/ Score_t-1(x_t-1,y_t-1) Score_t(x_t-1,y_t-1)

_ Score_t(x_t,y_t) y Score_t-1(x_t-1, y_t-1) y Score_t-1(x_t, y_t)
Score_t-1(x_t-1, y_t-1) Score_t(x_t-1,y_t-1)  Score_t(x_t,y_t)

—EC(t-1,t) x TC(t-1,t) (8.9)

// Score t-1 ( x t-1,y t- 1) Score t-1 (x_t, y_t)
X

TC(t-1,t)=
1.9 \ﬂ Score_t(x_t-l, y_t-l) Score_t(x_t, y_t)

(8.10)

7£ MaxDEA B AFR S 25218, Toi 2 RN RIS 3 7], Malmquist 455015 X
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By, KT 1 FoRAHGE R, T 1 FORE R EG B2 (BC) MELRZ (TC)
I SRt

THEERIE, EBRM AT, #IPh DMU AR 3 — M/, B AL I
b BN RO I R B D , (HRFEARRIRTH R L —EHiH, DEA #7fG
B AR IFA — s R BED
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8.4 %K Malmquist FBEHEHE

& Sm RERE SHEE BRNEEE Bk

TFPISH 2 [] Hicks-Moorsteen TFPISE (HMBISE) ? [] &0ODEeA ==
~ TFRISERAE

1) St
@ a) EsE2tE (BRA) O 2458 (Biennial) ® TERTHEER)
O b) EEst: =5 (ES St
O o 2EsH
O d) FFIst O #—55# (Biennial) ® WSFEEE)
O o) BOS (80 e [5 | @8

O E—E# (Biennial) ® TEgFEEEA)

O f B0t (@) BE [ & [0 | SHEOnET

O o) =EHIFFI#H
2) TRPIEBIT SRR
@ a) MalmquistiEzl: ZREHEETHETFPIEE. MI=EC*TC
(O b) LuenbergeriEgl: FREEETETFPIEE, L = EC +TC
3) TFPIEEIE M- B TFP Z IElR s
@ (t-1,1) O itn 1) n= [ 1| O 0,19

& 8-11 MaxDEA #fEd MI #5355

MaxDEA AL T 6 283% 9 A Malmquist $820, HXAE TS LRI . Malmquist $5
BON 2 LERTHT R 5 0] DA NP R

8.4.1 ANFEIRFHE MI K1+ 2 LA [F I 3R KR

HI T /48 (1) Malmquist T8 807577052 50 0 S LUAR B I AT (A0 1 38D, 15
A TFP #8550, AR5 B LA 4B AF A Malmquist $6%0. 61 40+t5 M1(2019,2020)% H
[ 2019 4EF1 2020 £EMIRTHY, 15 MI(2018,2019)5% FH ()2 2018 4EA1 2019 SR
K X PR S 5 3T S I Malmquist $8 506 =25

a) S L (B )

d) FAIZt

e) & N (HHAR)
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8.4.1.1 H&R& L CWIBECEE)

% Sn EEH SHEE AEREER 3R

TFPISE

~ TFPIEEIER
1) S

@ a) BB (BEA)
O b) BESt =5

O o) £5&t,
O d) F5l&t
O &) BOSH: (85

O 1) B0 (EE)
O o) £EHFZIS

[] Hicks-Moorsteen TFPISEL (HMEBHSED w

O £—38H (Biennial) ® WEEFHEER)
(RS SLLAR)

() B35 (Biennial) ® WEHTESERER)
== [ 5 | &% [ 3 |

() E—$2# (Biennial) (OFit=razl—=:)
== [ 1 |wmE [ 0 | SHEOR

AHARZ LR STk A e F 2 M TS 73, BT A 20X 98 ML THE 7 V2.
FHARZ LG MI(t-1,0) )2 1] DEA BC%AE S H A3 SR o« ATH(x_t, y_t)F 7~ t ARH A=
HEUE, AR -1 BN B EUE N (x_t-1,y t-1); H Score tOFRRNZ L t WIRTHS, AHMN

IZL -1 IR ATIRR R Score_t-1().

Score t-1(x_t,y t): Fn(x_t,y S t-1 BRI H ) DEA RORAHE;

Score t-1(x_t-1,y t-1): FiR(x_t-1,y t-1)Ztb t-1 PIFTHEE H 0 DEA RCR1Y,
Score t(x_t,y t) : Fon(x_t,y t)Zt t FTHES Y DEA RUCRAE;

Score t(x_t-1,y t-1): FR(x_t-1,y t-1)BE t WIHTUSS H K DEA R0R1E.
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R 8-4 Malmquist BRI HIHEER)

t(Period) DMU Score t(x t, y t) Score t-1(x t-1, y t-1) Score t-1(x_t, y t) Score t(x t-1, y t-1) MI(t-1, t) EC(t-1, t) TC(t-1, t)
2004 P01 0. 854874 0. 726508 0.801142 0. 775555 1.1025 1.1767 0.9370
2004 P02 0. 686738 0.609718 0. 708859 0. 590691 1.1626 1.1263 1.0322
2004 P03 1..000000 0.927464 1. 015929 0.933164 1.0834 1.0782 1.0049
2004 P04 0.672176 0. 644321 0. 682884 0. 632494 1.0613 1.0432 1.0173
2004 P05 1..000000 1..000000 1. 095794 0. 968794 1.0635 1.0000 1.0635
2004 P06 0.911377 0. 808021 0. 866099 0. 839481 1.0787 1.1279 0.9564
2004 PO7 0. 823602 0. 824668 0. 836721 0.811737 1.0146 0.9987 1.0159
2004 P08 0. 766695 0. 675826 0. 718719 0. 718392 1.0654 1.1345 0.9391
2004 P09 0. 854445 0. 719902 0. 800978 0. 767957 1.1126 1.1869 0.9374
2004 P10 0. 819708 0.717367 0. 768415 0. 765253 1.0712 1.1427 0.9374

1B AR O 604 2003-2011 43¢ 0 464 MG 1LOJE €91 TFP I t-1 91 TFP (L (1, 5O ) B2 UA 46 9 2003 46, BB 9 MI /2 MI(2003, 2004).

454 MaxDEA B4 H 45 SR FRAR MI(2003, 2004) 1500 F4 .

FEWE—4E . 24 t=2004 FF, MI(t-1,t)= MI(2003,2004), BIEF K5 1 17

MI(t-1,t)= \/

EC(t-1,)=

TC(t-1,t)=

Score_t-1(x_t, y_t)

Score_t(x_t, y_t)

=1.1025

Score t ( X tyt )

0854874

Score t-1 (X_t-l, y_t-l) 0.726508

Score_t-1(x_t-1,y_t-1) Score_t(x_t-1,y t-1)

1767

[Score_t-1(x_t-1,y t- 1) Score t1(x tyt)

\/0 801142 o 854874
0726508 0.775555

\”Score t(x_t-1,y_t-1)

Score_t(x_t,y_t)

0.726508 9 0.801142
0.775555 0.854874
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MaxDEA #AFAMIRAE T TFP #6830 (MDD K HATE S M & FAH% DEA BCRE, I
HARME T X4 DEA BRI S5 Egn &5 R

A= Z R (Productivity Index )R H 1) %1] Score t-1(x_t-1,y t-1)F1%1] Score t(x_t,y_t) XF
JS ) DEA B E 4N 45 L I7E“K Score_t(x_t, y_t)"ZHs

Score_t-1(x_t-1,y t-1), t=2004 A Score t(x t,y t), t=2003 FRHIZ[F—/ DEA 2%
fE; Score t-1(x_t-1,y t-1), t=2005 1 Score t(x t,y t), t=2004 FEHISE[F—4 DEA %%
fH.

8.4.1.2 FIISH COIRECFE)

BE S5 SEEH SRER EEiERR R

TFPIEE! 2 ] Hicks-Moorsteen TFPIEE (HMBISED ?

~ TFPISEUER

1) SR
O a) 1B45&t (B=R) O 2354 (Biennial) ® TEHTHEEE)
O b)EEstt == (ESSHETE)
O o 2tk
© d) FRISTE O E—5# (Biennial) ® WsHEaEsER)
O ) EOSLL (184D) = =

O B35 (Biennial) ® WEHENEER)

O ) BO&k (BE) 2 [1 | &8 [0 ] e

O o) 2RSS

%112t Malmquist(sequential reference Malmquist)#% %42 (] Shestalova (2003)32 ! i) —
it MI THE 7%

P2 SRS TR ARG 2R, AHEE . ZFHMXHETRIRASE. H
WS ¢ WA B (x_ty_Of %, 1 SIRIETVE i (x_t-1y_t-1)Fg 5, B A S S i il
A t ISR U (x_ty 1), (x_t-1y t-1), (x_t-2,y t-2), ..., (x_2,y 2), (x_Ly Dz,
-1 WK FPAIRTVT E (x_t-Ly_t-1), (x_t-2,y_t2), ..., (x_2y 2), (x_Ly DI, BIFFIRW2
HH A 39 K 2 I 8D A BT S 1 2 3 R g i o

FeA AT A 07 g 1 ¢ AP FIATE A T 1 IR AT, R S ATV ke
E I R AT HESE, Ao HILATHE IR IR, IX A2 7 51 Malmquist A28 (1) 8 BRHAE .

MBEEY K G, KHZHA . SBM(ERM). J7 A7 2 54, MinDW. VB & EE 2 ) DEA
B, 13RI BCEREAAE SN Hik, 78] Malmquist BR5 HEARBMME (TC) R
SN 1, RPEEZEIHEARIED SR,

ke ZIEE Rt ST SIS RORy itk kg
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BIRFPHINTE A2 LR, (HR I REARA MinDS JERS, THEAR I TC HTRE
SHBIEAB D MR, AIHAREL, MinDS BRI — MR S S H LY KSR
FAEA ATRERG R I . ANBEANIG I =M BLBIAAAE), 3K — i e SRR A B B R BT
B BTl ik MinDS FEER, 551 ML BERS K ARBE (TC) flRES/N T 1
ONF 1L &F 10 KF 1 RS e i), BIPRS MBHARIB S s 1. Bk, g
RF s R HIEARIE S, EF 51 MI AR rp AL ] MinDS #2537

NHEFRATCAZ=AN A, K5t B R H AOAL o DR T 5 S T S AV R R 1
FEIE R AN B tH VRS AL, (8] 8-12 2 =AM (13 2 3990 3 1D &% B ) 24T
We MIARTY B S A AR 2 1 ARTH N ABICIDIErs 2 JARTHY N A2CoD2Ess 3 HRTTR
N AsB3D;Es.

y
10
9
8
Es
7
6
5
4
3
2
1
X
0 1 2 3 4 5 6 7 8 9 10 1 12

B 8-12 =/ HAR AT
A 1258 — A, HE A s a2 SR, B 8-13 &nti 2 F 5T
ABIC\D:E,, HHISFHA 1 A0 2 (80 S m R 2 .
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10

8-13 BHHA 2 BB A B s
8-14 SZI A 3 () FH BTV AiBiCiD2DsEs, HIRF] 1. BFH 2 Ak 3 A % 3L 5] 4
@&,

10

& 8-14 B HA 3 I FIRTHS
K 8-15 & =N T FI RIS Rt EE I, s 51 IS S R 4 A AE
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10

0 1 2 3 4 5 6 7 8 9 10 n 12

8-15 =AM H A9 7 S RIS LG

8.4.1.3 HOSH HEECFE)

EE S8 SR @ SHEHSEE §ENEERR  ER

|| TFPISEL 2 ] Hicks-Moorsteen TFPISE! (HMBISE) ?

~ TRPIZEER

1) SR
O a) B (B O E—¥544 (Biennial) ® NS
O b EEstt =3 (ESSHETE)
O o 2E#t
O d) FFlsk O 2354 (Biennial) ® WSHTYESH)
® &) BOSk: (1E4D) == [ 3 |®e [0 |

() B354 (Biennial) ® WisHTHEER)

O f) @E0st (B == [ 1 | &8 [0 ] SrERR

O g) 2EFFI#E

EHOS (A 540 2 R 2 Ty A . « MM e DRTvT B « 1R 2 mif
AT AR I R A, 1 MR DR 1 3R A B U O S [ A A
(Thore, Kozmetsky, & Phillips, 1994; Asmild, Paradi, Aggarwall, & Schaffnit, 2004). & I il {85
R T I CEAFEAID RN E B8 B, 91 B 1A 8 A T B i A e A 10
M 3.
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BOAMEOLT, & DT RS A R AT T A SR S ROk I 4, wT RLidd
T ARSI . i Fe B s T AT AR T A m A2 R I %, DU 0 96 =3 S, 2010 4F
M DRI CBRMmFE=0) L5 2010, 2009 F12008; WR A mFE=1, W 2010 4 1) CIRTH
£55 2011, 2010 F12009; Wi mAL=2, M 2010 414 % D RTATE S 2012, 2011 12010,

PAE e R B N 3 N6, WRAREE DWE (WFE=0), AR E 05 A
Je Z AP, SRR R 0 AN B I 0 B  E AA AS B U B R HUE 3. 5 1 SRR R 1
TR 1, RASA: 552 WIMSEPRt C B2 25 58 3 W SR A I DB R 3,
AR EE M= 1, RN E DS AR RS 1. 28 1 RS)E | i sehs
&SRR 20 HAHE (B8 2 M BIGE 2 D & DS 3.

WRE D ERERE N 1, W ¢ AR CRVESE T ¢ SR RO, W DS R TR
A AIIAHSE S

FHAM T R R IR BB E ITERE . Bllnffe=0, &SR E N 3 I, 5 1 B
WS RE=10, 5 2 AR B RE=2, 5 3 IR S IR S A Rk F 3.

MR mFE=0, & ORERENRAME CREIED, W« BN E DR RET « 97
IR, wWHOZSWERT RS0,

FECL AR =Rl MI TSR, # LR RIS . ETHE MI s Z2a00 4
DEA ZCRAE, AMANREMINZ (-1 HIEEE S OHTTe SRS LT 1 BT,

B Score_t(x_t-1,y_t-1)M1Score t-1(x_t,y t). 7EXH A DEA #Ah, ¥ DMU A
HSHEET, BT “RR7 MBHCERER,

i 8-16 flizn, #FE DMU K= (xo, y0Z H -1 IR, A2 T2 HeRris st 4,
J& TR A,
8.4.1.4 Xt TC KH#t—F 2R

Xt TC i3E— 2573 777272 H Rolf Fire, Grifell-Tatjé, Grosskopf, & Knox Lovell (1997)$2
H .

,TCXI_IJ):\/Score_ﬁ—l(X;j—l,)Qj—l) Score_t-1(x_t, y_t)

Score_t(x_t-1,y_t-1) 8 Score_t(x_t, y_t)

P WAE=0 I, TR E SRR ENE R, BRI SR 1,
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( Score_t-1 ( X t, y_t) ]

Score_t-1(x_t-1, y_t-1) Score_t(x_t, y_t)
= X

Score_t(x_t-1,y_t-1) Score_t-1(x_t-1,y_t-1)
\ Score_t(x_t-1,y_t-1)

=MATC(t-1, t)xBTC(t-1,t)  (8.11)

MATC(t-1, t) FR$ AR IEE (magnitude of technological change), KT 1 FRii At
WHTHTHTR), N T 1 RRHEARBDENREIR). AR 1 FEIEx -1, y D)IFHESH
1 TC, A& SCNEE BT DMU BENHIF= HARFEAA, AR 4 5] RS A4 7= 26 1 A1
5 TC #itk, MATC Hifk T BT 7ER A ¢ BRI AU & A AT 5 B AR A 2 R
A IS -

MATC 5 TC Z[A[f55 5: MATC 0] LA S b3 AR N AR ) 4 AR AB 4k, T TC MIELE T
TRIRHE

BTC(biased technological change) f B & LERT ] t BEAFN Ul K A A 51 EE )
BRI T R AR RS o

BTC w] i —43f# OBTC 1 IBTC.

[ Score_t-1(x_t, y_t) J

Score_t(x_t, y_t)

\ (Score_t-l(x_t-l, y_t-l)]

Score t (X_t—l , ¥ _t- 1)

BTC =

( Score_t-1(x_t, y_t) ] ( Score_t-1(x_t, y_t-1) J

Score t (X_t, y_t) Score t (X_t, y_t- 1)

[ Score_t-1(x_t, y_t-1) J g \ [ Score_t-1(x_t-1,y_t-1) J

Score_t(x_t, y_t-1) Score_t(x_t-1,y_t-1)

Pl

= OBTC(t-1,t) x IBTC(t-1,t) (8.12)

HH, Score t-1(x t,y t-1) RS AT t-1 MATHT(CART B 1 IR E NS 54R), R’
5 2P DMU[x, y1]¥) DEA 2034 . Score_t(x_t, y_t-1) RonZ LI ] t A9ATHT(LA )
t BRI NS HAE), IREHEEE DMU [x, yu]# DEA 2% MH.

OBTC(t-1, t) Fm7" HiRF A2 4k (output biased technological change), F:f A
t S -1 AR, PR AR (D y t-1 ARy y O EBORAR A& R A ) (i o

IBTC(t-1, t) FRFENMmFEF AL (input biased technological change), L5 XN t
S -1 AHE, BT RGED x_t-1 AR x OERAR A I & R A IR .
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8.4.1.5 BSHAS LB A VRS AT A 474 |

Y
5
4
FTEA t BYEDE
3
K1 = (Xepp Vey)
2 BFHEt—1 R9BIS
.
X

0 1 2 3 a 5 6 7 8 9

Bl 8-16 Malmquist FHIHEHHEHREREEGE 1 HNEIH, CRS)
BOTHES 5 ZAGhE, BN SR VRS 8RR EAE TS0 AT AR 19 8, [RIRE
Malmquist A5 %4 % & () VRS DEA & %4 tH 17 75 5 AT 47 i (1 [ 8, EJ VRS AL o

Score_t(x_t-1,y_t-1)# Score_t-1(x_t,y t) MIiH5E AT eI AT 4T . 65 JC AT AT A A e

A, — 5 SRR 5 R AR A IR TT I, 55— 5 SRR A 4 AL
WIS (3— TFP 1840 175,

8.4.1.6 DUIARIH (BA—FBED

XIZ . (Biennial) 842 K FHAHEE P EIEE (x_t-1y_t-DAI(x_ty )L FEIEE 1w H R
N2 L HT I (Jests T. Pastor, Asmild, & Lovell, 2011). Ry XU Fiv (.5 7 95N BTG 114
P DMU, [RIASTELE BT T AT AR DMU &b F RIS 2 SMEI I L, B % 7 VRS A7 )
RE T AR 1D 1 /8

F Score_t-1Ut()R 72 L XU T V15 HL 1) DEA 2048 ; Score t-1Ut(x_t, y )R R(X_t,y _t)
Z EEXUW RIS/ ) DEA BC%AE; Score t-1 Ut (x_t-1,y t-1): Fon(x_t-1,y t-1)Z XU FT
W15 H ) DEA 20844 .

FHAR P AEE 2 Lol — AN ORI, IR —A TFP #8480, B/ PR THE AN E
PR RARER G BOL T U I E 7 20, AR ML (t-1, t) A

N

Score_t-1Ut(x_t, y_t)
Score_t-1Ut(x_t-1, y _t-1)

MI(t-1,t)= (8.13)

EC(t-1,)WIFE S arHiAH R . SRV EARAE P AR MI (t-1, t) SF 2 — DN RUHETH,
{ESE AR A 5 R CRIARTHS . AR e s DRIy, SCRA1E BC (t-1, t) it

! DEA #RTEME AT REA Z AR, X BRI PP DMU AL BT AN VRS B G g 7] Lo
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AR Z RS A BRI AR, IR R IO e

Score t (x_t, y_t)

EC(t-1,t)=
10 Score_t-1(x_t-1,y t-1)

(8.14)

MI AJ58RA] LA fi# R EC Al TC.

MI(t-1,t)

TC(t-1,t)=
EC(t-1,t)

Score_t-1Ut(x_t, y_t)
Score_t-1Ut(x_t-1,y_t-1)

Scoretxtyt
Scoretlxtlytl

(ScoretlUt X t, yt)

Score t x t,y t
= (8.15)

[Score t-10t (x_t-1, y_t- 1)]

Score_t-1(x_t-1,y_t-1)

St SETI S XU AT Z (PSS, BB T ¢

" Score_t-1Ut(x_t, y_t)
Score_t(x_t, y t)

Score_t-1Ut(x_t-1,y_t-1)

S -1 TS XU R Z A1
Score_t-1(x_t-1,y_t-1)

SR O R R R AL 5

PR, PUAEBORE T 1 IR0V S SO R EGr . —F R ELAE I e ¢ SIRTVE 5 -1 SR
HEL IR B 5L

8.4.1.7 XUEARTHENT TC Bt — 4@

Score_t-1Ut(x_t,y_t)

( Score_t(x_t,y_t) J
Score_t-1Ut(x_t-1,y_t-1)
{ Score_t-1(x_t-1, y_t-1) J

TC(t-1,t) =

Score_t-1Ut(x_t, y_t)
B (Score_t 1(x_t-1,y t 1)]>< [ Score_t(x_t,y_t) J
Score_t(x_t-1,y_t-1) ( Score_t-1Ut(x_t-1,y_t-1) ]
Score_t(x_t-1,y_t-1)

=MATCx BTC
BTC (biased technological change) Jx B[]/ K FH IA] 40 &1 F ELHe & DL AR 2 ¢
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SRRSO BT 2 SR, o T HOR (x -1,y t1FIx oy tO iR
fWt% . BTC thn] A2 AT (K7 58— 2 08 OBTC A IBTC, (HILE AR, #bZE
8 — 35 3 fidt
MIEBRF AT TTER, By ¢ IR AR T 1 JHE AT, DA 2P

ISR RTI S ¢ AR P Z I RTVEARTR], B RT#T Y Score_t-1Ut() = Score_t()o

XA FI R TC BITHE RN
( Score_t-1Ut(x_t,y_t) ]

Score_t(x_t,y_t)

Score t-1Ut (x_t- Ly t- 1)
Score_t-1(x_t-1, y_t-1)

TC(t-1,) =

_ Score t-1(x_t-1,y t-1)

= =MATC
Score_t(x_t-1,y_t-1)

BRI, XU FIRT S ) TC = MATC, BTC =1, TiEi##—30. NEFEFIiERmE—
AREFEE TC MEBRB RIS FE.

8.4.1.8 MI W] B ] &

FHARZ EL ) Malmquist F8EUAN A& a] L35 1% (circular), [AIRG 2 AN MI(tn,t) (n>1)
BEF A - ) MI(e- 1,0k e (77 ket 52,

MI(t-2,t) # MI(t-2,t-1) X MI(t-1,t).

R AnTAR B4 A0 2011 4-2020 3% 10 WA EEEAE, MR A AT 280 MI THE 7
ERT D H 2012 H5-2020 4FIX 9 MEFEALLET— 41 MI(t-1,t). {HIX 9 410 MI AHE, FA
5T 2020 EAHEL 2011 4Ef) MI(2011,2020). 4% N RA4A AT DL SR 3R MI THE 5%, BIETA I
] MI(t-1,0) I IS L R —ANRTHY

8.4.2 FrARH MI Fiit 534S R —A A

Malmquist 4820 R FH R — ARV, X —88 ) Malmquist $5 506 =24

b) FEESLL

c) &RZt

) & E)

[F] 7 VR A2 i R — [ NS B AT AR RTVR 2 F A B S (RT3 AT
(8] 78 )/ 48— e T U (2 AN LR I SR OB 5D AT

X=ZRSHEMS R MIL EC M TC B4 n i, nrbl 2, A)

MI(t-n,t) = MI(t-n, t-n+1) X MI(t-n+1, t-n+2) X ... X MI(t-2,t) X MI(t-1,t)s
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8.4.2.1 EESH (BE—HEE)

R S SR SR #EEiERR =R

TFPIEE ? [] Hicks-Moorsteen TFPIEE! (HMBISED) 2

~ TFPIENER

1) $irgm
O a) E5ESL: (BEM) O 254 (Biennial) ® WEHFHEER)
@® b) EEStE ) =5 (ESSHETE)
O o £B2tk
O d) FRI2H, O E—384 (Biennial) ® WEHENEER)
O &) B0k (15) == | 2 [ R®E | 0 |

() B354 (Biennial) ® WisHTHEER)

O f) EO&tk (FF) B |1 |®eE [ 0 | St EORE

O q) 2EHFFISH

i 5 25 Lt Malmquist(fixed reference Malmquist)# 7! & ff Berg, Forsund, & Jansen (1992)
FEH I —Fh ML THETVE, 2 DL — B I ) SR AR D & T M- 1,0 2 LT
A

P N IS LA — [ E R0y, B A —A TFP #6380, [E 2 i MI (t-1, t) 4

Score_f(x_t, y_t)
Score_f(x_t-1,y t-1)

MI(t-1,t)= (8.16)

Score f(x_t,y t): FIR(x_t,y )Z [LREE RIS H 1) DEA RCR{H.
Score f(x_t-1,y t-1): FoR(x_t-1,y t-1)Z L[ 2 AT 43 H 1) DEA BCRAE .
EC(t-1,)) )5 T 1247598 2 -
Score t (x_t, y_t)

EC(t-1,t)=
10 Score_t-1(x_t-1,y t-1)

(8.17)

MI 17588 ] LAy fi# 24 EC A1 TC.
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MI(t-1,1)
EC(t-1,t)

( Score_f(x_t, y t) J

TC(t-1,t)=

Score_f(x_t-1, y_t-1)

( Score_t(x_t, y_t) ]

Score_t-1(x_t-1,y_t-1)

Score_f(x_t,y_t)
_ Score_t(x_t, y_t) 518

[ Score_f(x_t-1,y_t-1) ]

Score_t-1(x_t-1,y_t-1)

Score f(x t,y t . o . . o
HA — (X_ Y- )fiﬂﬂit,ﬁﬁﬁwﬁﬁ%HU‘/&ZIEUE"JEE%, EUARLER K 150 BH ¢ AT
Score_t(x_t,y_t)

Score_f(x_t-1,y_t-1)

5 [ 5 RV Bk
Score_t-1(x_t-1,y_t-1)

S t-1 RIS [ AT R, L

(EDBROR T B -1 JTRT WS 55 18 52 B . — 38 B PRI Bk ¢ RIS 5 -1 JTR0VEAH B AR
ZNEDL

8.4.2.2 £RZH (B—EE)

BE Sn NEEE @ SRe EEEER ER

TFPIEE 2 [] Hicks-Moorsteen TFPISE (HMBISE) 2
- TFPIEZiAL

1) #brad
O a) B4hat (B=H) (O EE—¥5# (Biennial) @ WSHTFESE)
O b EE#tt == (ES St
® o 252
E:) d) ﬁ;ﬂ@t; (O E—¥54 (Biennial) ® WESRTFHEER)
O ) EO&t (1540 =E [ 3 |®mB [0 |

(O B—IE# (Biennial) ® WESRTFHEER)

O f BO&k () == 1 |&8 [ o | SHEnHRET

O g) 2FHFFIEH

4= J5% . Malmquist(global reference Malmquist)#5 7! /& 1 Jesus T. Pastor & Lovell (2005)
P —Fh Malmquist $8800H 575772, B UBTAE S LR E TS (R 1EAZ
EACIPER

FT A A S R — A /i, Bk R —A TFP #5480, 2R MM (-1, ©)
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Score_g(x_t,y t)

MI(t-1,t)=
LY Score_g(x_t-1,y_t-1)

(8.19)

Score_g (x_t,y_0): FAR(x_ty B H AR ) DEA M.
Score_g (x_t-1, y_t-1): F/R(x_t-1, y_t-1)Z L& R IR H H DEA BCRME.
EC(t-1,) )T T4 98 2 -
Score_t(x_t,y_t)
Score_t-1(x_t-1,y t-1)

EC(t-1,t)= (8.20)

MI 17588 7] L4y fi# N EC A1 TC.
MI(t-1,t)
EC(t-1,t)

( Score_g(x_t, y_t) J

Score_g(x_t-1,y_t-1)

{ Score_t(x_t, y_t) J

Score_t-1(x_t-1,y_t-1)

TC(t-1,0)=

( Score_g(x_t, y_t) j

B Score_t(x_t,y_t) (8.21)

[ Score_g(x_t-1,y_t-1) ]

Score_t-1(x_t-1,y_t-1)

" Score_g(x_t, y t)

S ¢ SR SRR A EEES,  EuAE RO U B ¢ ST
Score_t(x_t,y_t)

N

Score_g(x_t-1,y_t-1)
Score_t-1(x_t-1, y_t-1)

W5 4 Ry TR S t-1 AT S AR AT Z B, L
EDRR ORI B -1 JTRTWS 542 R AT VBRI « — 38 A BRI S ke ¢ JIRTHT 55 ¢-1 JTRTVAH EL AR
2 DL o

H TR DMUH E W SRS HEN, 427 2t Malmquist 15 80 74E VRS
HR IR T R AT g 17
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8.4.2.3 EEHFOSH

EE Sa AERE SRS §BEEEEEE R

|~ TFPISE 2 ] Hicks-Moorsteen TFPISE (HMBISE) 2 [] #fODEA
~ TFPIZHIAR

1) SR
O =) B2t (B2 O E—35# (Biennial) ® WERTHEER)
O b) BESE =8 (ESEtaE)
O azBat
O d) EFIstE O E—5# (Biennial) ® WEHTFHEEM
O &) BO#E (185 RE wE [ 0 |

O B—E# (Biennial) ® WsHTHEER

® f) BOSH (E:E) B wE [ 0 | SHENEET

O o) 2RAFFISH;

“DEHSL (FHE) "HERXE=1SH HPEOEEMHEEZES “9f IS (M
7 MFE. F—ANSEGERE M E T D ARG Y], 2 b B AR YE B O 98 B B
JE o

[# 5 T AT MR TSRS i [ E PRk, AP XA

D MIt-1,0/F, [ 5 i 7 2 B — A [ I SR R AR AT, 1 [ 5 o i
&2 (]2 R 1 A S

2) 5 EC(t-1L,omF, [ %E 25 ELI K PR AR S 9 0 A0 SR S0 iy, T 1 7 10 s U8
(A& AR AT P IYII) B RV o

8.4.2.4 F—RI¥EX TC FIgt—B 4@

2 RS TC Byt —28 53 i
[ Score_g(x_t, y_t) j

Score_t(x_t, y_t)

( Score_g(x_t-1,y_t-1) j

Score_t-1(x_t-1,y_t-1)

TC(t-1,t) =

(Score_g(x_t, y_t)J

{ Score_t-1(x_t-1, y_t-1) Score_t(x_t,y_t)
= X

| Score_t(x_t-1,y_t-1) j Score_g(x_t-1,y_t-1)
Score_t(x_t-1,y_t-1)

= MATC(t-1,t)x BTC(t-1,t)

It 72 2 LU A 7 11 25 b TC HIsE—25 73 i
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(Score_f (x_t, y_t)J

Score_t(x_t,y_t)

[ Score_f(x_t-1, y_t-1) J

Score_t-1(x_t-1,y_t-1)

TC(t-1,t) =

( Score_f(x_t, y t) J

Score_t-1(x_t-1,y_t-1) Score_t(x_t, y_t)
= X
Score_t(x_t-1,y_t-1) Score_f(x_t-1,y_t-1)
Score_t(x_t-1,y_t-1)

= MATC(t-1,t)x BTC(t-1,t)
R MATC fil BTC AR & fLEE, ] 25k,
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8.5 &K MI L&

D A (RHRECEED RN ART. 20 M, BIAFE VRS BETE AT fi# ]
R, A AT LR AT A 2R R e VRS A58 TG T AT Ak il AR ) 7 ¥k

20 XUHRTIRAI4 R 2 L MI B RUARAEAE VRS BTG W] AT il 17

3) WHZ (RIBECTHD AR VRS BERLTC A AT M ) . (H % D5 w (w
=3), WEMEEAN 1 2 w2 ZEMEE G, S%Ea5%ERN 3, Rk EmEEN 1
MEHGEE N AR, WL E WEE R 1 802), W) DLIEE G Jo g 1) .

4) FHIZE MI Y AT PLRE S AR IR P 145 R (MinDS BEBSRBLERAM)

5) &Rz, FHSWHE DS ML FTFEAH S TN 7 “DMU &, 7E DMU %
BN, AR =R S A R X oy . REERRE, 7Y MRS, “DMU”
HOE R INAE & I A 5], B8 1 WA g, B SRR %, RN iR %, L FIF4
J&i MI AR ) “DMU™ SR . AESSUER T, DMU REEAA AR R 2, HRAE
PR I R A LA DMU #8%, BIE RS REA, 15 e T SEtkaifa e th 2 . 71X F
FEHLT, X KT AN “DMUSCE ) MI B, DA B3R m i voRs 4 i B i, A
42 e 45 A 0 T SE PRI AR e

6) EEZL. RS, BE i NS = ML /] LLEfe. t M) MI(t-1,05 2 5 A
IR MI B3R JE 15 HI R /& MI(0,t), Bt 35 0 3 CEMIsE ) ML MI.

TM(1-1.6)= M1 (0,T)

A% R 2 LA,

MI(0,1) X MI(1,2) X ... X MIt-2,t-1) X MI(t-1,t)

= Score g(x_l,y 1) / Score g(x 0,y 0) X Score g(x 2,y 2) / Score g(x Ly 1) X ...
X Score g(x_t-1,y t-1)/Score g(x_t-2,y t-2) X Score g(x ty t)/Score g(x t-1,y t-1)

= Score_g(x_ty t)/Score g(x t0,y t0)

= MI(0,t)

D FESl. RS, BEE NS = MI B85 H S H0E E S R E
Score () 4x J& 2 L ACRAA Score_g(), ZH A2 R — AN BT, A B2 [ HUE K/ A T E i
HAR Score fO)F Score g()4~ 5 -3k TFPi, {HJZn] LAt TFP AT KMo

MI(t-1,t)/&— DMU 7£ t #f) TFP 51X DMU 7£ t-1 ) TFP FIELAE, N g/ meix /4

7N X 2 Malmquist B SRR, — RIE B X ETTAT A A, SEBR R A R TE TE AT AT R S8R AR
BN 1o
i TFP ¥ A & & il DEA ikt 5.
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DMU 7EH #2 [8] TFP AR L3R, FEANRE R iZ DMU 7EIX B #I TFP A & (1 mfik. 2o
H I MI(0,t) A& —4 DMU 7 t #1#) TFP 531X~ DMU 7& 0 # GEHAECE 9D 19 TFP (1 LU{E,
HEERMUX A DMU 7E t #1550 8] CGERIser D 2 8] TFP IR LE, FHARERILZ DMU
75 t AT 0 AW TFP A& sk, ik, —4 DMU (1) MI(0,t) R fEFH T H 2 TFP K/ K
e, EliZ DMU 7EANFEIR AN TFP K/MOELE:, ASGEF T A5F DMU AS[FEIR A TFP K/
(L o

R AT IE I % DMU 78 & AEFE ) TFP 3K, B2 MI(t-1,t); a0 SRaE ek
% DMU ff] TFP ZAUEINZ, W22 MI(0,t). TR % B AR DMU 2 8] [ 45 %
TFP IR/, WIS AMFE bR, [EE 2 L AERAE Score_f()Ei4 R Z LAk (H Score_g() 1]
PUHF L E

A JRZ o], 4)RZ N Score_g(x_ty OFIA R BIFM DMU 51% DMU
TEA SRR R S TFP (b, LA 2 TFP fa4, B

TFPxy)  _ TFPX.y)
TFP(benchmark ) TFP()Zg ,ilg)

Score_g(x_ty t)=

(XY, ) RV DMU fE 2 R RT#HY BRI . BARRE 0TS DMU fERTHY A A

IR HRE i, AHANE DMU 7E2E =B 5% UK TFP 2582001« Btk ATELAH, ANIFE
(1) DMU TEiT 5 FIR BT, /- BERMFEIR . 508 T LIR#EA Score_g(x_ty_t)i& % DMU 7E
FIAN TFP(x_ty )5 FEAFTA 400 ik TFP Z A LA, PRI A B ) f KB 2
1. SR Score_g(x_ty_t)Jf3E TFP, (HFLARBEAE DMU fEA RN ] TEP HIAHX Ko

I E € 2 HCRAE Score f(x_ty t)ERERS HRCEIE Score_g(x_ty t) Al LA /EHT £k
Bl FIRESE, B S &I S TFP A0 0L, BNl 8-17 52 2003 4F-2011 4E7R . 1.
PEEREERE Score_g(x_ty_t)fIAF L EI(Bh =26 I AR AR 1\ PHEB XA & 44 Score_g(x_ty_t)
(P24, PR B P s KA A A F 1)
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0.95

0.90

0.85

0.80

0.75

0.70

0.65

0.60
2003 2004 2005 2006 2007 2008 2009 2010 2011

== @== East eeepee Middle el \Vest
B 8-17 2003 £E-2011 &R H. FAIPERLK Score_g(x_ty_t)
8) UIHRARYEAF] MI Y 73 b 25 RAFH IS5 10 2 R AR K, IR ATRE & (T DMU & A 2

SEMETEE THAE . A B, BEE DMU HoE i (EREIR A 1R 2, RIEA
[FIRA MI M a8 RIS it 2 T2
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x 85 BARMIFRHEER

THF R A
. MI(t-1,t)itE | £ MI B®| BFfe MI(t-1,t) | EC(t-1,t) & . o
SR RYGHE : . TCH—$ 4@ | VRS E/HREE  DMU 7[R 5
B | SHE—RE =MIo, ¥ ; _
BRI | BHA A 00 | BRI bt
e ds SR 7 % RIS 2 i %
a)fH4T =t
e SR 7 % RIS % RAEE x
by 2B L o ] 5 2 2 RIS % e Score_f(x_ty 1
VARSI o S 2 2 RIS % FAEE Score_g(x_ty 1)
AT AR % % AT 2 i %
dFFIZt
e | U AR % % AT % RAEE %
’ E‘% ‘TJ_ 54 &=
e dn & TR % % W ORI 2 i | "’?%F‘ F
o) 112 o (FAAR) 1R T8
ER | U TR % % R % RAEAE %
0% O 2 () R | A 2 2 TR % e Score f(x ty 1)

* TC(t-1,t) = OBTC(t-1,t) * IBTC(t-1,t) * MATC(t-1,t)o TC(t-1,0)TFEP K FI AT EFHE 7 MI(t-1,0)1H &2 K ETERA EC(t-1,0TH & M ETH, AH——FH.
w1 BN t JHAOOUH P A BT v A R ¢ R 2RI

e TN 3, BEMMAEEDY | A% VRS JoRIATHE R, BB DSR4 N, WEMZEDY 1 B2 P A VRS AT RE; 2 Y wi,

B EN 1 2 w-2 Z[EFAUE R % VRS TCr AT H 8. DEA BRICHEA] a7 2 R, X BAFFR 4O DMU b T Ay LAANES VRS HE 1) T i ) Lo
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8.6 SCHR A% I ] Malmquist 1530 ## 7575

RITVEART 40 1 %25 ML 2309 EC 5 TC MFRARTHE A, XM i 3-8 A 5 B ]
M, 242 EEAUBRCRI, SR IEE =R I ML 5. A RURIRI AL, kB “o)RiR ik
TEP $5E00 iR (A5 BRI RN ), IAE MaxDEA B4 ()4 L F i, o] LA 2 TR MI 2 i 45
R, MR RAE AT

FGLR: W2 R1SCPEARAN4A10 R Fare et al. (1992)K 0 i 715, A KRR

FGNZ: R. Fire, Grosskopf, Norris, & Zhang (1994) )53 f# /7%, 1E FGLR [2&4t -, X EC it —

RD: Ray & Desli (1997)F) ) fift J71%

Zofio: Zofio (200715 it 7712 o

WUR T EAH R AR N3 ML (—/NMN T DMU (1)~F418) 5084 DMU 1) ML (—
> DMU Frfg I 3548, SR B U35 JUA-FSAT R R+ MI=EC X TC 4K &

AR AR 58 X, AR TR AR M EE RS . R AR SR B, S
TE/PTE LUAB F- A& IR " (Scale Efficiency), £ MaxDEA A A IX — L ELIERRCA “ AL
2" (Scale Effect), PAZRIX ] (FERLEE 2 & 2.6 MR R D . Wi 5ER F I ER B9 2R AR A R A% 1m] BE RS,
WICL R 2 i 77 545 ) SEC M AN “HIBERAR”, T2 “ BRI AZ L7,

8.6.1 R Fire et al. (1992) - 5%
R Fire et al. (1992)% Malmquist 88070 i N H AR RN (BEC) FEARAAN, (TC).

XA B R iR TT V8, IX M RANS R . X — R TTIAAE AT A5 25 MI I &
HEAT AR, BRI
MI(t-1,t) = EC@t1, * TC(t-1,0)

8.6.2 R. Fiire et al. (1994) {1437 1

R. Fire et al. (1994)7F R Fire et al. (1992)7-fif 77 L3640 b, 8 AR VRS Malmquist 71 CRS
Malmquist #2543 H (IR RCR AR E (EC), MK R Fire et al. (1992)43fif 7741 /1) EC #F—25
IR RNEEF AR RCR A (Pure Technical Efficiency Change, PTC)FIRIAE K 254k (Scale Efficiency
Change, SEC), B[l

MI = EC * TC = PEC * SEC * TC
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I_I_I

I_I_I

8.6.3 Ray & Desli (1997)) 53-8 1=

Ray & Desli (1997)% CRS i#I75 H ) Malmquist & 500 i# N 43R A4k (PEC). 4l RAE1k
(PTC) FIHAEAZLL K F (Scale Change Factor), RfI

MI = PEC * PTC*SCH

8.6.4 Zofio (2007)FI4HE I 1E

Zofio (2007) 1571 7] LLEAFRAE R. Fire et al. (1994) 70 7 L 3L At _E, K TC i#t—254)
NS ARZ AL (PTC) FIMERI AL (STC), Hf
MI = PEC * SEC * TC=PEC * SEC * PTC*STC

N
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8.7 Luenberger 2%
BE SR SRS 2 SHEE EREERER Rk
TFPIEE 2 [] Hicks-Moorsteen TFPISE (HMBISED 2
- TFPIEZTEm
1) $irgm
® o) ESESL: (BRA) O E—5# (Biennial) ® WEHFEER
O b EEstt =5 (ESSHETE)
O o £Estk
O d) FFlsk () E2—¥54] (Biennial) ® WEHTHESH
O e) FOSLE (1845 =E wE [ 0 |
() B—i5#1 (Biennial) ® TEHEHEER)
O f) BO&k (BF) B wE [0 | SttED
O q) &BHFFISH;
2) TFPiEEtE S SR

() a) MalmauistiE®y: ERAHEEHETFPIEE, MI = EC*TC
® b) Luenbergerfedl: EREEETETPE, L= EC+TC
3) TFPIEE =M HI BRRITFPZHRIEb S
® (t-1,1) O (t-n, 1) n= [ 1] O (0, 1)

1E TFP FeEBE R ik i, 1I&F —D “TFP {80t 50 77k, BMANEDL:

1) Malmquist 544

2) Luenberger 524

ROTH AT 4H A TEP FE4R R LU AR5, FRO8 Malmquist $5%0 (MD. MI 73f# 5 EC 1 TC
FAHTM KR ML KT 1 o= Zddm, M1 RREREREK.

R R ZAH 75T TFP $8%((Chambers, Fire, & Grosskopf, 1996), I #% A Luenberger 54 (LD,
LI 73 EC FI TC ZAHMMSE R LI KT 0 Lo i, AT 0 FmA = S 8. 5 aiH4n
Z IBECFY) Luenberger 2T AN

(Score_t- 1(x_t, y_t)—Score_t-1(x_t-1,y_t-1)+Score_t(x _t,y_t)—Score_t(x t-1,y t- 1))

N\

LI(t-1,t)=

EC(t-1,t)=Score_t(x_t,y t)—Score t-1(x_t-1,y t-1)

(Score_t- 1(x_t-1,y_t-1)—Score_t(x_t-1,y_t-1) +Score_t-1(x_t, y_t)—Score_t(x t,y t ))
2

TC(t-1,t)=
LI(t-1,0=EC(t-1,t) + TC(t-1,t)
Chambers et al. (1996)4H} K F ZE B2 2 PR A2 SOk AR A P2 28 18 B0 v SR FH K2 7 1) BE 0 BR
B, FEH BUFEA SRR, 1 BTEEA IEE A R 0, ANEER A LR T VETHE TFP fa 4. I
ERX—TTECIRMER . BRAEDTE, AEBUEH Luenberger 541
W R B R AN A RSEYY LT (— AN A DMU #°FIME) 84 DMU F°F LT (—A

U A AR AR T R A SR R I BUINERE B, B RAM R BAM 24k, BHRIEEREE “TLRHRME”, RiE
K F Luenberger 54}, I HiXF{EHAF H ) Luenberger a4 AR, /DT 0 RaRAF=HIR S, KT 0 RREr-%
A
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DMU Fr A7 I P 38MED, e B A2 AT IR IR EF LI = EC + TC MR R -

8.8 Malmquist-Luenberger 8%}

Chung et al. (1997) €15 AF W18 ™ 977 [m) BB 2 s8OS T Malmquist B8, FRR 15 HI
Malmquist 8 %0FK N Malmquist-Luenberger F8£0(FX ML 840, LA 3B EE P~ H 1) Malmquist
BLAYAS H 1) Malmquist $5 0% 7] LLFR A Malmquist-Luenberger f240, k& Ui /£ MaxDEA 4+
EIAEE = A A 5 Malmquist BE81H &, 15 H 82 Malmquist-Luenberger 75 %1. Chung et al. (1997)
K FH T2 7 1) B 2 BR AURTAR A 2 LE (U R 2 32))Malmquist #2781 7E MaxDEA #fhHe, wrLLES:
HEA MBS A, Bl . SBM(ERM). MinDS %5, 5 Malmquist #8317 414 M ; Malmquist
fRE A DUk e R, FlinemZ.

EE ML 18 8U8 T Malmquist 544, “TFP f8E0HH S50 7% Bk# “Malmquist 75207,

8.9 Cost-Malmquist 8%

Maniadakis & Thanassoulis (2004)¥f A 5 Malmquist FEEH A N, 15 H A -Malmquist
fa#. /£ MaxDEA b, 8w LRI R AR R 45 5 Malmquist TR 80 & N, 159 H1 & -Malmquist
FRESEYEPR, Malmquist F5E0H ] LG HHERA, filin e /2.

AT Malmquist B8 (1538, 53 AP0, MaxDEA K A{FEAZRAL 75— 0 I 45 -

F—0: BT AR Malmquist B8, 7RG RHH

e Malmquist Index(#§ ¥ 4x Malmquist #§%%) = Efficiency Change (¥ i A& KA 1L) *

Technological Change (845 & Hi R 1L)

%=, 181742 Malmquist B8, SR S5 H 2B I 45 R34 T BLR 20 il

e Allocative Efficiency Change (HCE X% {k) = Efficiency Change (K H {4 Malmquist £%

) / Efficiency Change (3K H 42 [1] Malmquist B{7%Y)

e  Price Effect (/#4445 ) = Technological Change (3K H J#4~ Malmquist #%7) / Technological

Change (CK H 4217 Malmquist 15 71)

J&A Malmquist Index FfJ 73l N

e A Malmquist Index = Efficiency Change (FiAR%%41k) * Allocative Efficiency Change

(BCE R HEAZ{L) * Technological Change (Fi R4 1k) * Price Effect (/i 4% 245)
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8.10 Hicks-Moorsteen TFP F88((HMB #5%))

B SE SR SRS EERNEER ER
[ TrPiEE ? Hicks-Moorsteen TFPISEL (HMEISED 2

- TFPIEZTEm

DE-=
® =) EEFE (B=R) O E—35# (Biennial) ® TEHTFHEEE)
O b)EEstt == (ESSHETE)
O o 252tk
O d) FRI2H, O E—384 (Biennial) ® WERFESH)
O e) BOS (1845) =E wE [ 0 |

O B35 (Biennial) ® WERFESH)

O ) BO&k (BE) B wE [ 0 | SO
O g) &=FAFFISt

Hicks-Moorsteen TFP $54{42 H1 Bjurek (1996)42 ti [1)—Ff TFP F8%1H 5 777%, PRItk X5 #7 8 HMB
8% (Hicks-Moorsteen-Bjurek) o

AHXTT Malmquist #5502 A, HMB FR8 M AR > . XATReA =M ERE, —2
HMB 581 NS 2%, Malmquist $RETHE R & 4 ANHSy, T HMB S8 8000 HE W K 8 A
Moy, HHERERMG . —2 HMB 185000 WA, =28 A L1 TR HMB fa 5%
HIE2 M5

HMB R £ — ML 2 B WA NFN= PR A X TFP Fe 80t AT I, AFRE BN G
Ao

MaxDEA 9 X} {21 HMB F8E 1R 1 P77 T B T ik: — 24 HMB f8 20 AH 20 2 L) 2]
e 2. 2RZt. FAIZS. @OS SR Malmquist TRECCRFRISHE: —R_RAHTEH
Malmquist $5ECH [F] () 70 i 771« MR A E, 24582 0] MBS Malmquist $5 80k 8 H
HMB $5%(.

HMB 880 538 5 1R INEAE A TV, V8 WA B35 B SRS

8.11 X TR Hedfe 70 B LR X

1) RS SCHBIARE, Gl “BARE, “AERPE. “MBMER", “RARER”. “ABE
R, CRBLF AR CRBIR A TRAREOS R S UARARIARE, il R,

2) WAL “ERABCR” XS SO R EER ORTE, Blin “REIRACRE . “REIRAT
TERATRT, MR, C R R B R AR R R R RO W XX AT AT R A R, XX
PN AR AT RIFH . RS ERAET R, RN ABEREF R 585 LHFARE.

3) HAHARHARRE Score_t(x_ty O FE A T4 MI(t-1,0) 247 70 i 1HR EC (t-1,0). B
MI(t-1,t) 73T Score t(x_ty HAE S FH IR SRR

4) MI(t- 1,0y FH T Bt—> DMU FHAEFIARIAE{L o a1 SR E 7R —A> DMU £ 2 AL A 14

RERR LM AR R, BT RN, IR BRI R LR
i
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1, BVCRHARZ IR ML B MI0,t); iR ERRZ A DMU {£ 2 ANEEEN AL, B
KH 2 RZ R Score_g(x_ty t).

8.12 HREIEHNE L DEA FRAY

% [ DEA (Window DEA) U4 55> DMU 1£7%™ i B 3 3048 & 1R /2 — /N A2 3 “DMU”
(TER A 537 5 52hR DMU FHIX D, B%IEE n 4> DMU, p AN, N“DMU”REHCH

npo

MPEOAMGEERN L (d<p), WEHOKHENw=p—d+1. FNEOHNFKDMUEEN nd,
TR AR DMU B0 d 5. 390 “DMU” fO8s 2 & DA i W 2 /I ThAg .

WREOREERERN 1, GHAKDMUSERD, 5T 501 DMU $&E, 24T 5%
IR 73 B, SRJG 53 5 %5 B “DMU”HEAT 73 HT « 15 H I RUEAE Score 56 T RTTHI AR AHAR 2 L (XX
TRECT38) MR Score_t(x_ty_t)o

TR 1B R E N TR B B e R p, WO DMUE R %, S TETaE R
f)“DMU” IS — NS 4, SR HTE “DMUH) LI NS 2 4347 07 o 45 I RCEAE Score
ST AT R4 RS MI L A7) Score_g(x_t,y t).

8.13 TEANREIRTS TFP FIELL T, W44 TFP R mE R

Wit DEA J7i% R BB TFP #8650 (TFP A84k), ANREIHSE TFP A5 H5UE . W4 TFP 42
E RS2 R 25, BT LA BLHAS A TFP $8 800 9 Inl SRR ) R AR 5 s an BB TFP AR B [R5 R 2,
Fogth 2 v DU A TEFP Fa500E Ay a] oS 7Y f DRI A e ), VA 3 75 A8 AR 58 (1) TFP $8 8K (BRURRSE 1Y)
ReFAED AR &I H R TR s [ e 2582 Rl A A A . R R A R e i “TFP #8407 17BN
[HAF R AT “TFP” HISZI R 2

Jik—: BL“ B4R Malmquist 88 EUE 7 AR R, SR [ e 208 RE R, 5P
“TFP (R HUE ” VE H A 515 H ¥ [R50 [

Tk PR RRCRERIRNBUE ” VR RIAR R, SR ] SN [R5 EL “TFP R4
{57 VERRAZ AR A B VA R EOH

DA bS50 153 w] L AT HE SR o

HARTHRIEIT

Tiig— PL“ R )R Malmquist T8RO BB 7 A8 “TFP B0 A 7 1E SRR & Y (a1

1) £ MaxDEA X bR B a8 R 85 “TFP 38407 “S MY k8 “o RS “TFP
TRHOT RS 7777 1% “Malmquist T8807; “THFLIRFTNI I TEP #8407 &4 “(10, £) 7.

2) Xf “ B4R Malmquist $5%1 7, B MaxDEA 9.0 i H 45 5 7 1) MI(t0, t), B EUE A R R A%

AR Window 7EHSC DEA SCHRHF Z IR N “ME” , XBMEE “WHEEIE RS Windows” o Windows #{E RS
AR T CERAE, BTN “HE " RG], {5 DEA BRI Window A2FRAL & Z AR — AN O, IF3%a il
BIEr . FTUABIEN “8 107 B0 “H 07 FoNE Y, XSGRO DR “ & BR80T (81 DEA)” B
“EOBIEEL O« “BIREK O E DR %,
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il
<

3) K H[E 5 %W (fixed-effects) B AU i 1), Stata FBAFHIaF2 U R :
WERREE: xtset idZE  NTE
[ SRR (T AEER A B A ). xtreg R E  HARE, fe

T LR RBCREREE” A “TFP IEUE” VR R Y a1,

1) 7E MaxDEA BB A ik £ “TFP 45507 “SHRA” @E#F “oL /B “TFP
TRHOTE S 5”7 8 “Malmquist 18207 B “Luenberger #8407, —#¥0T, FKINA 21 [
VAR I AME ] TFP 4545

2) AR (B 0 B HIeRREEME, RIEE “Score_g(x_ty_t)” H1HJ Score, HUW H{ElE
NNEEY.

3) SR & 52 RN (fixed-effects) R L A [A] 1

W BERE T I A RS Tk RECRAHER, BEERAZEAE o M CEED 1
Score_g, HMTIEHINE—FEARRSAME, SRS AR . HAESERRRHT, Tk L
£5 0 B Score_g. HiE—MIFAZREEH TFP 84, REEEM 1 2 ¢ ] HE MR REMEH 4
JRRCEAE, R0 Bt W, TRET TR AR AN BIEE, B “ e RRCRIER)
XPEUE” ARE “TFP R EUA” 1E VR A& A 1 TT %

PL BB EE RIS R R “ /S 7, ] DUk “ e 2 hsl “ & 0 S (FEE)”,
RGP RS LR R 5 b, 53R “Score_g(x_ty t)” XFRNFZER “Score fix_ ty t)”s

AR “2RZ7. “BEESIM “@Rsit (Ex)” =MInEE 3 AR,
IR G B 3 MRS ROR, e Ja B il & O SR A ) — M
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