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Abstract: The data envelopment analysis (DEA) is a multi-factor puatitity analysis tool for measuring
the relative efficiencies of a homogenous set of decisiokimgaunits (DMU s), which is firstly proposed by
Charnes, Cooper and Rhodes in 1978. There are several kagrgkein DEA models, including production
possibility set, measure, preference, type of variabsllof the evaluation problem, and explicit data or
not. The combination of these elements can form differerAD®Bdel, which can be used to solve different
problems. This paper aims to summarize a number of impostadtes in recent years based on the above six
key elements of the DEA models. Also, this paper briefly dbssrsome applications of DEA models. Finally,
this paper presents some possible future research dinsctio
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Rl AR 17 5. 4% & 1f) 2K 2 (type of variables). DMUFL G I N\ 7= H 8048 7T LAE A R 1 28 8L, 4 i JRAE AR
k2% & (non-discretionary variables}y i] 4% & (non-controllable variablesfy %45 & (bounded variables} ]
A7 & (undesirable variable&j. 5)ia] & ] /2 K. 68 & 75 & 1 %€ (1) (explicit or not).LA HiXEE R A G, 7]
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B AR 4 ) DEA B A, 36 F R [A] 48 B 28 Y (¥) DEA R R, £ )22 Ik DEA A5 784 Je 3L A DEA R R, 451 1 48 2%
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4G, 4 11 BankeP 3R H 14 P AT REAE(PPSYAIE . 18 n A DMU BT, BLSGDMU, (5 = 1,2, ... ,n)
mAMEANz; ((=1,2,...,m), s M=y, (r=1,2,...,s).

EX 1 EXT = {(z,y)| P2yl B @ 472 ok | o 27 AT R, 14 Bankel) [T 5T, A7 T fig
£ (PPSHR 2 & LT Y 4 i ik

i 164 1E) X (z,y) € T, (2, y') € T, M p € [0,1), A plx,y) + (1 — p)(z’,y') € T.

BRi% 2(HEME) Wk (z,y) € T,k > 0, Ak (x,y) = (kx,ky) € T.

Big 3CEstt) X (z,y) e T, Wk x' > 2 W4 (2, y) € T, MRy’ <y, WA (x,y’') € T.

BRi& 4(Be/ME) EF=mTRESE T 23 2 LR BB 1483 T S A RS HE.

TR R R v 1R e I EERL b, X DA IERE (2, y;) (= 1,2,...,n), \[#R

T = {(-’L’,y) B wmy <@k Yy >y =0y p=1k> 0}- @)
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%é‘\k/ij = )\j,j = 1,2,... ,n,ﬁlUiﬁ(l)ﬂ\J
TZ{(%!I) Z)\jwjéaz)\jyj?y’)\j?()}- )
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TZ{(SB,"J) Z)‘jwjgwaz)‘jyj>y7)‘j>07z)‘j:1}' ®3)
Jj=1 j=1 =1




842 Y% TR ¥R % 28%
Fi5h, A KRS 2% R T U A7 T g

T={<m,y) donmp<E > Ny 2\ > o,zxjgl}, @)
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Jj=1 j=1 =1
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FHorr 3(2) 4 B s AN i AR =TT Re 4R 2X(3) MU 2 wT AR M e A 7= ] R AR 3X(4) 4 R I IR B
B A 7= AT Re 4R 2X(5) 4 R 3 HUA L 25 18 2B 7= W] Re 4 2X(6)4 B Hi 4t B 5% (free disposal hull, FDHEAER
SEAEPEARE

BE A, an B € A 7 AT RE SR AT RCHIT Y THI K R AT TE S hr i 284 (C-D), W) 75 2% FE R B 1M k) B e R
WSO N ), I 2w i 206

i SULMTNPE) Wk (x5, y,) € T,j = 1,2,-..,n,mw?%&zx = 1M = 0,5 (zh,y}) €

Tﬁiwoﬂsnyo B’J%Z/I\fj\ %n%T/I\ﬁj\Eﬁj\%Uj‘J%o—Hx”, = 7 m er Hyrg7r_1 2
=1
BEI AR AT REER N
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Z)‘j - 17)\j 2 07,7 = 1727"'7”;&: = (xlaw%"wxm)rray: (y17y27"'7ys)T} . (7)
j=1

2.1.1 AT A7 TR EMMN S T TR % 09 DEA LA (CCR-DEA)

Farrell? 45 H 3l & DMU 576 ) A4 7= 2 e 0 AH SR BUR il e A BB R X, F4 4277 & (productivity Y1 1
SV R T A=k % (efficiency). Charne&s ML FHN = H 4047 1 R 2, 3@ id T2 (8)% DMU HITARRY
BRAEBAT IR

s m 1
Max 6 = ZuTyTO (Z Ui$i0> st {Tz:lurym Z'Ulﬂj” <0 ] = 1 2 (8)
r=1 i=1

ur,vl26,7‘—1,2,...,371—1,2,..., m,

Horpe ARRTEERIETC S5 /. B (8) H AR BB 7™ i S BNKIEL, PR EFR N FE T BARIBERYL. AL, AR
HAR R BB G L, 02T R R (8) Ak b H T B A KICCR-DEARAL. »

*ﬁﬂ(&%yﬂ ﬁ‘iﬁ%ﬂtﬂﬁiiﬂ(ﬁ *ﬂ—?@ﬁ%ﬁ\iﬁ), /7"\,1%« = tu,,v; = tUz‘,/ﬁ\: EP t = <i U'L;Uij) ,é’é
=1
it Charnes-Coopel #t, 7] LU AL A H b bR B2 42 24 b0 301 Ze 1 A&l (linear programming, LA$EZY

S m m
{Zﬂrym - Zyil'ij <0, pr 26, Z’%‘iﬂz‘o =Ly =ze
—1 i—1 i—1

Max 6 = Z,uryro, s.t. 9

r=1 r=1,2,...,8i=12...,mj=12...,n,

A (9) XAk CCR-DEA H SR B A Bl ) A Y. ﬁi‘é@)ﬁ’]ﬁ 11%1‘%&7%55&

s m Z)\ i Lig +S _90$107Z/\jyrj S = Yro
Minf =6, — ¢ sty s |, st 0T =t 10
i <§_: > ) Niysiost 2 0,i=1,2,0m (10)

r=12..,s57=12..n
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RS (10) XX HCCR-DEA BB RY, FEEE A2, CCR-DEARIY RS T A /=l Re L AN 25

AR E (L (2)).
2.1.2 A F 4 7 7T EMALK # 7T T8 7% 49 DEA % (BCC-DEA)

Banke |14 T RS MUB I 5 AT A2 B sE (MLX(3)), 78 T Charnest W T 4%, 211 TBCC-DEA#E
R KA, BCC-DEARRY th ) g B T HAMIE T 7 AR, DIEET A KIBCC-DEARR AL Jy i, 3%k

BT (AR R AETC TS /N e )

Zﬂrym‘— Z ViZij + o < 0, Z ViTip = 1
—1 i—1 i—1

Max 6 = Z HrYro + Mo, s.t. = =
eV = e,r =1,2,..,8,0=1,2,...,m; uo L=,

r=1
FTBHIBCC-DEA I (Hr JERTRKETC 75 /N 328 ) i 45 A5 2 0

(" n
Z Ajij + 8; = OoTio, Z AjYri = 85 = Yro

j=1

s m =1
Min9:90—6<23j+23i>’ s.t. JE:)\_l)\ s;,87 >0
r=1 i—1

J’z’r
j=1

i=12,..mr=12..,s535j=12..,n

2.1.3 Cobb-Dougla® DEA # #!
HEFR7)E XA T RE4E, Banke@% W%TF%H ) C-D %4 DEA BLFI T

Hyrg AoYro, T = 1 2

Max 6 = ag, s.t. Hxijj < 7y

i=1,2,...m;\; 20,5 =1,2,....n
AR A)H FIAFT (A A &), FHE BRI, H?Uﬁﬂ?é‘iﬂimﬁ*?ﬁ%%d\ﬂ{iﬁﬁ DEA 2

.
Qo+ Yo+ Vo = Z/\Jym—,r =1,2,..,s
j=1

S mo_ fi() _Ei() == Ajfij,i == 1,2,...,771,
Max 0 =@ + ¢ (Z Yo+ Z£i0> , s.t. ;
r=1 i=1 "
DA =1X204=12.,n
U,00&0 =0, =1,2,....m,r =1,2,..., s,

Horp a SN EXNE A5 70 IR AT 5 X L) RIS EL
2.1.4 NIRS, NDRSf= FDH# A

(11)

(12)

(13)

(14)

B A J AR A B RE 12 7 T e AR (L 2 (4)) A0 AR 3 1 A Wi 2 B e 1A 267 7T BEEE (L K(5)), 733

A NIRSHI NDRSHIAY 891 DLUEL TN 1 AR BT BR AT 75 /N B 1 B4 AR Ay 1)

Z/\ xij + 8, = 0oz, Z)\jyrj — 57 = Yro,

71
r=1 =1

+
/\vai 7Sr 2 07

1=1,2,..omr=12..s57=12 ..n.

(15)
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B+ FDH 8447~ 1] A e (2X(6)), Depring® PR H T FDHARZA!, B 5 Tulkens MUt FDHIRALHEAT T
I REAHE) ﬁﬁiﬁn?&(lG)ﬁﬁT
Niij + 87 = Ooio, Y NUrj — ST =Yr0, » A =1, €{0,1
Mind, s.t. Jz; o ; ’ Jz; 0.1} (16)
1=1,2,..mr=12..s7=12..n,

i, € {0, 1.

22 EBETFFNEHR DEA R

G5F S RAEF AT R A = R p R P, 4R T 2 MU %L Farrelll? 4 & T Koopmand!2
Debreu®315¢ - %5 Y5 A FI Z I AF 9T, K A 77 24 38 o0 A8 b R Sk S R G B 2% e, 3 H mT DA A% 1) U B
JIlE DMU M) H AR %% %, FarefiiLovell M FIRussell*> 16kg S T Russelll B, 714 DMU o B & 2B (87~
H)RT7 1) B BHPIK, FFIEE &SRB (B ) B R TR LR E ARSI ME. A, 3B B T #A 5t AL & (slacks
based measure, SBM)IlI & 171, Zieschangl & (1812 K 75 il i (19, 200
2.2.1 RusseMu] &4 #

FH T4 ) Y0 FE DEA AR AY % R85 N (B0 H) H B4 FRAR [ I FE 45K, DAL afE DA IX 4358 45 2 DMU BT il
59 2 DMU #.J0. Fare® M44EH H Russelllll & DEA B7Y, HoAZ .0 JE I DMU B IGH&-Fahn 7 MW 4 (3™
7R) LR R KEHCFIIME. DT8R Russellil] 5 CCR-DEARLRY Sy i)

Mind — Zei/m, ot jz_;)\]acw < Oixiy,0=1,2,...,m, jz_;)\.jym > Yoyt =1,2,..,8 an

= 0<0;<li=1,..m\ >0,j=12..n

%EEE(N)EF'iEJJDQ’J%Z A =1, =1,2,...,n, B A FHM ) BCC-DEARE AL, B FEEMANAEIET
BN K24k, Pastefs: 21]5(]‘ RusseIWJ)# DEAME R HEAT T 15 1F, 42 H 1 98 Russellfl] B (enhancement Russell
measurefi il

i@ /m Z)\jwij < 91‘%‘072)\;'%3‘ P ¢ryro7z)\j =1

Minf = =2 st.d = a (18)
/s

r=12..,s57=12..n

2.2.2 o AR
Charnes¥ 2213 Hiin AR R (8#K b Pareto-KoopmanigiZ!)

S m )\ i = Z;0, )\ r = Yro, )\:1
Min9:<zsj+zsi>,s,t. ;; iTij T 8; xoz iYrj — 85 yoz (19)
r=1 =1

)\J,Sz,sj>01—12 m,r—1,2,...,s,j—1,2,...,n

K19 AL E A O R, DMU o4 DEA G 3K B T RIHBAF ™ i 2 18 7] GeAE7E AN T 24 FE itk 9L, Rl H
PR HOF A DMU ichEE’J%“?&iﬂJ)@ P51tk Charnes# [Zzlﬁb‘(f(w)ﬁ AR R ECR AR HAI T

=t <Z /wa /y) (20)

4 T 5 CCR-DEAZL BCC-DEA 1 2 3 [ i & — B, SueyoshP®! &5 Chang 4%t jin 1 45 84 34T T B
TR 1 — Qo VBN HARMEL, HEA—EHE 0 < 1 — Qy < 1. Greerf MK H AR R BB 1E N
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=T (Z /wmz (oo + 57) ) (21)

2.2.3 SBM#ER
Tonel” 2648y 7 —Fh KL T-HA Bt A% B ) I & 7572 (slacks based measure, SBKIDEA £ 7Y

1 m B n n n
== > _si [z D ONwy 48T =iy D Ay — 85 =0, 3. N =1

Minf = ! =1 , s.t.q 9=t =1 = (22)
- +
1+ z_:lsr [Yro Ajysiy st =0 =1,2,.,80i=1,2,..,m,j =1,2,...n.

H 2R SBM AR A1 (22) 5 4 4% Russelifl] & DEA A5 B (18) 2 2\ A [, {8 & 28 5 1 WA & A1 2 18] LA 54
P 27, 7[RI 2% RE BT OIS, SBMABETY FT DARE Ak Bk M R i 7y (471,
2.2.4 RAMAER

Cooper 28125 1 7 RAM #i % (range adjusted measurél B A7 5 %5 B3N FN 7= H (KA Bt A8 B B A
P R R RYT AT T VR, 145N

Z%"’«"ij +8i = Tio, Z)‘jym‘ =5 = Yo, Z)‘j =1
j=1 i=1 =

Max@—ZR””s_—I—ZRT st s.t. (23)
i=1
Ajys; st >20,0=1,2,...om,r=1,2,...,5j=12..,n,
Hrp
R* = (m+s)" " (max {z;]j = 1,2,....,n} —min{z;j =1,2,..,n}) ", (24)
RY = (m+ s)_1 (max {y,;|7 =1,2,...,n} —min{y,;[j = 1,2, ...,n})_l. (25)

225 LR

Cooperd PR 1 T &k 45 5L W] 9l ¥ (bounded adjusted measure of efficiency, BAWGY, 3145 1 T 7
A7 T R AR AR 2 T 2R R E (VRS IR T IR AL BAATE 2 DA KA O A 2. b4, i85 3T Zieschanglll
Ji BBILL R 7 0 11200 f) DEA FRE5L.
23 WETFEWITH DEA R

P ff 2 LA #5187 S48 B —Fh ZI0R R, RIK YRR N A1k J7 AR BT Al 27 7T 43 A B
B S Al 2. T R v B R A 4 OC R B B I, A% 8 MR 58 4 P A R FE(Paretolm 1 2 — B
UF, B A L B 4P R E A AT AT — 5 T A8 AN 25 T B BOL e A, 5 BAE A 4, o A 2 258 A 2 B 0P s 407 T SC Tk
(¥ DEA LR h KH#(ZE 5% Paretolllf, A%/ 15 5 454 20 2 oA BV w47 1) DEA RERY,
231 MEHRBER

W 5N ARG 177 V5 2 9 DEA SRS AR 200, BV 24 22 L f¥) CCR-DEARI BCC-DEARE AL 1 &
TE AT LR 8 H R 20 R T DEA IR E RSN M. Allen %5 BUSE th, AE LR 3= Z 5 AP0 1)4
Xt A EE 24 3 (absolute weights restriction); @i X 352 Y |(assurance regions of type |, AR-1);{3)iE X 3k
Alll(assurance regions of type II, AR-II); AL B FI 7 H_E (1A £ 5 (weight restrictions on virtual input
and outputs).F il LACCR-DEASREMAERL(9) 04, B A E LR M2ETY, WK 1. Bbsh, AU 2 AR A R AH G
5T WLSCHR[32—-39].
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F 1 CCR-DEASREIREI BN ELRLRICH
Table 1 Types of weights restrictions in CCR-DEA multiplieodel

570 BELR
TERN ERIREL R e H BB R
éﬁﬁﬁié@;ﬁ 57; < Uy g Ti Pr < Ur < Nr
R S| KiV; + Ki11vi11 < Vit2 Wrly + Wr41Ur41 < Upg2
a; <vifvipr < Bi Or <ur/urp1 < ér
FRAEX 3287 11 Yivi < Up
BRI ERAEL R i S vimsg/ Z vizi; <Y wr < UrYrj/ Z Uryrj < or

O O S B B 12 e 722 TR T VY, 2
2.3.2 4 rbtp) 4 RAE AR

Charnes MOL H Y S (i 4514 0 HEdm 4 I 1) 4 EL A1) (cone rattiofy s DEA FE7
uyo
vTx,
HA X = (21, T2, ., Toy ooy ) A X nFHFEY = (Y1,Y2, s Yo, -, Yn) N s x n 3R,V C R, U C
R A FIAE, HIntV # o, IntU # .

K C R} AN HH 6; = (0,...,0,1,0,...,0)T € —K*,8; & j N ENLEKFTEDNOM n
¢

K K e, B K- = {k|ka 0,7k ¢ K} b /5, Charnesss PU5 4k L {51 24 3 DEA B 1 S0 4R
FEIE BLAT T RN ISR,
233 Fe#HER

A — Lo 5 FLA P R 171X DEABERY, G F5 -85 (i fF DEA RS, FE B4 ff 1 DEA B8 DL K2 7 3 i
I DEA A [42],
24 BEFEZTEARH DEAKRE
2.4.1 A3k & KK 24 NDV-DEA # A

Banker&s 43145 th T 77 75 JE4TF 2 28 4. 25 £ (non-discretionary variables, ND¥) DEA #5751 HAZ 0 AR &
FEBARRERLN. & DR RIHEERUHIBRALTESL S, NDREAREEZUHBANZRES
(ST ELL I

Max 0 =

, st v X —u'Y e K; veV\{0},ueU)\ {0}, (26)

Z)\jxij + Si_ = eoxio,i eD

J=1
n

A ii ;: i,‘END,
M1H9—90—€<ZS —I—Zs >, s.t. gz_; e ot

n

€D
Z)‘jyrj_ _yr07AJ7817 r )0
=1

(27)

r=12..,s1=12...mj53=12..n
Cooper%: 1381 Ruggiero4—48l, Syrianer*”1 L} Muniz £ BeIs s A RY HEAT T IR AR

242 Bl ARTEEEHNCV-DEA A
£ NDV-DEA #5 h, ND REARERLBUHBAZRES H s, > 0FKE Z Ajr350 < io, 4 € ND.

ERAEDLSE N, AP AE LS BN B 22 B AR A AE [ RE K |, BIAEAEANT T?“’E‘i%(non controllable
variables, NCV)& Ny # N, 7} SRR AR T AR BIE S, Ny F N, RE TR KA BAA, WA K NCV-
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DEA #&#1 i R 49,

( n
E )\jl’ij +s, = 90361-0,1' e N,y
Jj=1

n

E Ajl'ij = ZEio,i € N1

Jj=1

o - + - N
M1n9906<z s; —I-Zsr),s.t. Z)\jyrj_s:rzymﬂ«eNz (28)
j=1

’iGNl T€N2

Z)\jyrj = Yro, 7" € Ny
j=1

N =0,j=1,2,...n,5;,87 >0,i € Ni,r € Ny.

T

2.4.3 K FZ &4 BND-DEA #£ 7
FHEH A48 & (bounded variable§y BND-DEA # 24 B 47 #E A~ 7] #5745 2 1) NCV-DEA # B AL 15K, &
¥ NCV-DEA BRI w] #2040 3, AR fb b R 54031 1491, BND-DEA R LK (29).

( n
Z )\jl’ij + Si_ = 90361-0,1' S Nl
j=1
L% < Z)\jxij < U(JI,Z € Nl
j=1
0. - + - —
Minf =60y — ¢ (Z s; + Z sr) , s.t. Z/\jym‘ st =y, r €N, (29)
j=1

€N r€N>

n
LY < Z)\jyrj <UJ,r e N,
=1

k/\j >0,j=1,2,..,m;8,85 >0,i€ Ny, € Ny,
o (Lg, Ug) R (LY, UY) £ DMU, 8 TeAEE RSB RI= ity | F 5.
2.4.4 A& fi % % E(undesirable variables) DEA #£ &

i L DEA BB KRGS an e : BI = H B2 BRI, B N/ SR T 7RI SE A Ee B N B Y
FRPRAIAS R IX G B0, B0 s ) 95 G e b e iR bR 2 — BT . Seiford®: 0, Fare®EPY | Hua%s P2 &% ik
) AT T R 5. I BRI T R K £ 1) A B R AT B fb, AR A IE 17 AR BT 9%, Liu 260530 i 2 3 i
A= T] REAE, S AELE SR BN S AR B DEABRLAYIEAT T IR A RIS, 38 T 58 % FEIRHEZE. A ATTH2 H L
BF.

( n

E }/‘VjDO)\j o SDO — 5}/;)DO
j=1
n

S OXVIN - U = px

j=1
Min (o/3 — e (|s”"] + |s"!| 4 [s7°] + |s79])) , s.t. En:Y'UO)" + 570 = qYUO (30)
J J
=1
ZXjDI)\] +SDI — aX([)JO
=1

AeS >21,0<

N

L
Hep (X,Y) = (XP, XU, YP, YY) BEIERMA KB HZR, S = {\; 20,7 =1,2,..,n}EES =
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{Aj > O,ZH:AJ' - 1}

j=1

2.4.5 F 3 %% DEA KA

DMU G PPN F8 bR Bk T 2 B 6 4w LLAME AR BT 5 PE 38 FR. Cooks B4 55N s L 8 bR 1) i) fL 5 | N
3 DEARE AL 2 vh, JF 38 25 T 41 012 & 44 22 7 45 7% & (ordinal variables) DEA# #. Kim %5 BSLKg /7 45 4%
B DEA RN F 2 5 [F 35 B YA 19 . Cook&s BTIHR Y T — AN F 50748 &2 11 | DEA B A, 335
H | DEA #%1 5 Cook%s B4 SO H (K5 ) LA 254 .
2.4.6 ZHAH AN DEA BEH

VP SEBR P, 2% & B R B NSRS T, Bl sk 2508, U 7= 1335 %, Thanassoul& P8
H1 Despoti€ SO A5 T i R B i i) DEA #i7

Max 0, st. > ANt = Oyno,r =1,2,.00,8, 3 A =14 20,j=1,2,...,n. (31)
j=1 j=1

Liu 5 U T K 25 2 B0 R A 7= Hh HHE 55 28 03 h 3F B 08 (without explicit inputs, WEI) 4%
T AHNEfY) DEA-WEI BRI w5 35 A I W7 51\ BB AL 2 . Yang%s BANR AT T DEA -WEE AL 5
AR AR R, S L2 BB (MAUT) IR T H JE L P I5 1) DEA-WEI B,
2.4.7 DMU# U472 k7] 49 DEA# R

FEVEAT SR HF, DMU SIGHEIE S A7 7E SR S (category) 1 i Ak AN [7] 38 5 25 1 B0 8 T BRARAT 55 Xl A5
W, R E DMU BT HET 40 28 VP4, Bankers (83135, DMU B0 7] DAy k8 BE 2 AT DL 1) R A
REFE IO PAR, FFARE T AR DEABERY, B0 (L Rof ) AT BB N 4 T 4L0- VR ERATRIE, HF MLy
KDY XA < dE), RIIE DMU HUT 2 5 R BB R AR K BB 9 26 5 o, AT B DMU B 76 £ 43 K47

ﬁl\-JEﬁE, Syrjaned*VEFHF 5T T Ik 1), FEHRH T R ) ) — AMHE SR PEAR Y . Lober BAIZERT A KRS L
P T — AR, B T T R AR

25 %E¥% DEA {45!

2.5.1 mH-Fx DEA# A

PR S 28 50 5 Bl AR AR A7 AE DMU G 53 4 WA B B IR 4% O, B 38 — B BOE S B0 N T 3R A5 1177 H 4
A BRI Seiford&s SR Bt T — AN B (two-stage)i S 41, 3157 H] DEA 2353 B B AN B BE A
ot R, A A R B T AN B 2 ) PRI EBE 2R 3 T bk, Kao % 1801 e T g AN B 2 ) FR BB 2R SE M 7 A
;R Cherd B735 HH Kao % P8I T 4F 56 A2 7= 1T B4R B 25 AN 28 18 (CRSS), -4 H AT SR AR
SRR T 9245 B AN B BE K 4554 AR . Waing (S8TII g H BT DASR R A 2 3 (harmonic mean)if
¥ Kao 2 BOIRS R HE | 3 45 7 W] B AR UM 25 FT 2B B 2 (VRS)Z T .

2.5.2 W% DEA # #!

45 1f) DEA BLRLTEAE— MBI, BI B FOBRL AR B A % 8 B4 4R P9 38 (AR TR) B a2 1) R B R (6971, 31
Serp HARZ AU 2 AL T BTG, X B G2 (M AR A LR R 09 3T, Fare 24 H M
2 (network) DEARSEEY, {1 1A 4y % 45 1) DEA BLEDE DMU B CHE A" SR AE”, T P9 4% DEA LAY AT LUT 7 B
F67, AT VF A DMU BRL TG REARFT P 38 45358 43 (1 A 6 A Rt Tones [(OO14% Y 77 3 44 5t 25 2 1) M) 4% DEA A5
R FEXT ) ST T V. Cook s TSR N1t I 4% DEA A5 7% DMU BAL G 3844 p 545 241 A B G
IR RO REAT T V-, Hsiehs 452 4 2% DEA BERLST & ¥ Wi lis S AR HEAT T4 RCE VP, IR 28 ST
AWFFE T P45 DEA 57 (I HEE 36, Tones 69145 Hi M 4% DEA B2 T DMU B G ) FIURR W 25 175 00 75 B3 —
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2.5.3 2k DEA#A

M DEA 75 ¥ 1) SE B N F £ 5 (rule of thumb)RFE, 4% 17 #.70 DMU [ E 22 /b iz ok BN F= H Fa An 4L
f¥) 2-3f LA L=, 75 DEA J5 %%t DMU BIGHI X 43 g ) 4 BEA. DRI, ZEBEN = M FeAR B 2 9 AR bR B
BRI TEN T, TE R £ 2R (multi-level) DEAREL KX DMU BITHHTA B VR . Mengs 6132 H
—FH 2 VKK DEA BLEL, 3 DL BB SRS 5T BT 4 B HEAT T P4, kb, CookE (7778128 b 5 T i 7 AH
N I TAE.
2.6 HfthDEA EE
2.6.1 A3 % DEA KA

Anderseri U941 Ik ) JUHR H T B 30% (super efficiency) DEARZE!, & 7E X 4 B W i L (75 %% DMU #
0. HEEA JOAR KA 2% DMU B0 2 JEAE 4R B H R, T LB A 315 43, DA T BN JEB 6 K 48
T g5 /INAR B IR A% AR AL (42 ) 0 B3E) o 48

E Nz + s = 05,3y,

s m J,3#Jo
Min 6 = Hjo - € (Z S:r + ZSZ> ) s.t. Z )\jyrj - 3: = yrjoAja 3;, S:F = 0 (32)
r=1 =1 3rd#do

r=12..,s8:1=12,...m;3=12,..n

TonelBRREABFFT T B 2E DEA LAY FE3 H T — /N SBM I EE B 22 DEA MR 41, 1X 77 THI )
9T TAEIR A Rousseads 81 Seifords (82144
2.6.2 & Xk % (Cross efficiency) DEAE #

DMU 15 5 X 3 % 5 I DMU ; 5 DMU o 938 SV 4 26 52 B9 5 6,0 = 3 it/ i viwy 3
i (12, v7) 4 DMU o 113 T 5\ 5 CCR-DEARETICR 5t(0) 5 (R A, 35T B, 7T BLA B — A~ 1 x m 952
X KE M, n A2 DMU B I8 N30, Sextont B311) & Doyle % B414t %F CCR-DEARR Y i 7] RE#EAE
2 TR LA )L, $R TR R R A R R AR AR A R B AR R R AR S AR L Wang®s BSIHR R R
HIACFE 2) (OWA) 7 34T 38 U )4 k. MeAh, Wang®s BOIFR 3 T DEA A8 X B PR Fh A & 1 = 19
FB. Wang: B71 3 3 7 45 DMU B0 1 3R 3 AR DMU B8 70 K & A8 SRR S . Liang %5 B8R 1 2538 X
RIS, H4h B DMU B Io R TR 7 BT R A R R A Y (B2, H AT I U DX pe ok
FmIF 5% RS,
2.6.3 —F-DEA#E A

FE 4 1Y) DEA 1) FI v T Dk 43 B 4 1t e 40, T 358 S 1) B T ] R 2 v 4 1 i 2R O ol 2 i iR e). T
I, Kuosmaner B4 1 7 i X R 1) DEA #% (quadratic DEA, QDEAY# it $u i #4215 H QDEA LAY
ELA% S0 () DEA BRI ZE R R VR 77 TH 2 I E 1T 1 4516 Yangs: BANIHF5Y T DEA-WEI B — [ B2, 3
W T ZFmE T I — B DEA-WEWEEL )14 k. 76 Yang[®2 TAE i 5Eat b, 30T LA DEA-WERE L ik — 25
PRIT, B 4n: G B E LR ) DEA-WEI AR 4.
27 BT REE
27.1 % KB

Charnes% PO H DEA J7 i DB B AR 7T T 38 B 28 AR 97 S n R [F i 18] s A RR I O, o
L AR K DMU B eZEAS R H R IAE N A F i DMU B CRET PR, T 5 2 AR A SR A R )
WIRIZR AL S B, SunPU 4 T % D R A . CooperE: BOHE T IX MO M BAAR Z, Hrp—AF
TS WA A B DMU B0 R 4 v e) 30 4 4 FATR . 35T 1, SueyoshP2$2 1 T DMU B0 5 3%
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B8 PR 532 (LRR 4 round robinfi) S BEAT & 1V 505 20
2.7.2 W5 #3E

Malmquist®3I4 H 45 B2 2 A8 7= SR (TFPYR M &, 23T 4L R A 7= SR I AR Ak, Fares BUIL T DEA B 7 )
T MalmquistA: 7= FF5 5. fl4n: 2T 0 A ¢ IEHE ) DMU ; 1) Malmquistfa e XA M;(0,t) = DS,/ DY,
Malmauist?E 7 2245 £ (B T-F W) AT LA 23 8 A 152K 22 K (technical change, T@)AHXS 2% 38 k. (relative
efficiency change, EG AN &84y, T F Bz,

M;(0,t) = (Dj,/ D, )(Djy/Dj,) = TC;(0,t)EC,(0, 1), (33)

H A HE ARG RS IR 3 (frontier-shift effect) A% R 24k Ha H AR B R i (catch-up effect).
2.7.3 RBEAHT

Cook%% D445 1, DEASIAL [ R AUSE 3 A7 = T4 o 21 il R 41 2R DEA BEAY o (1 0808 K A= A4k, T4
LA AY AR 5§ M DMU BT AR X 30RAB 2 53X A i 8 E /7 =B =AM T 1), W3R 2.

2 DEAEEIRYESTH=ZAIHRAE

Table 2 Three research directions in sensitivity analysBEA models

W57 B P2 FETHEELR
IF) R AL O 5 s> DMU SIC ISR DMU BGAH | 35X 5 T A9 0F 9% £ B2 SCBR[95-97R%. i1 th — 4 &
X RUEAR S I R B AAn > max{m xs,3(m+s)},H H,nkDMU T

5, m R s o RABAFIE H i FaARE (rule of thumb)
HEREAEDE) BFSUHNT R AR B0 AZ L% DMU 327045 | SCR[98—100E:

k-]
BN EEr ey Wl i — AN R DMU BT, 7E HARXT 2R 84> | Charne&s LOU4H %% DMU # T HEA 2 DMU B IE B K]
AAERIELLT, B KT RERIFE AR AR 4L, BRI AR AR A0 53 BT T 9T

3 AWTEHIER DEA =3

31 ETF SR DEA $E3Y
Thorel2021 Land % (103 1041, tH i 414 24 ORI Rl ) JEAEURY Y 3] DEA M7 F1 | Cooper: 1105 1080 g 37 1
BTGRP DEA B,
Z :urgr()

Maxf =Pr | —— >0 |,
ZVi%iO

Zurgrj
st. Pr Zr:f <Bj | 21—0w5,5=1,2,..,n;pu,,v; = 0,Vr,1, (34)
VT

H PrAREMER, 7,5, v, AT MBENIAR R, 8; A G, JAH N BI{E.

BEAR, 3X 7 TH T 518 SCHR[107,108F+.
32 [XIa# DEA &3

Jahanshahld&®IF1 Hatami-Marbinfs: P05 Hi: 52 fr DMU B850 BN 77 H 308 5 I £ 2 R 2 B 3in
accurate)/N K5 ¥ (imprecise FIE# ¥ (vague) H B AR R I AT B MEZ B X, X A4, P20 2, e 1t 5k B8
ORI B . Despotiéh MU I T X [ $ ) DEA K7, Jahanshahlo®: M2 & %} [X /5] $ DEA BRI 3E4T T



EYE W 54 B 2% 43 A 77 1 ( DEA ) 433k 851
REUESMFT. Jahanshahld& HE ! T X [A] % DEA BRI ) SUREL. DL X [A] %t BCC-DEARRY 45
Max 0 = u" §o + ug, s.t. w'g; — v T +up<0,5=1,2,....,n;0 T = 1,u > le,v > le, (35)
E\:EP ’gj, ij, Yo, To i’ﬂ%l:ﬁ]ﬁﬁ%
By = [z, 28] Mg, = [y, 3], W DMU o HIx$ 20210 EF BRS 51 UL T 2R (36)R1 X (37t

_ . ulyl —v ey +ug<0,j=1,2,..,n,5 #0
Max 0 = u" yg5 + ug, s.t. (36)
ulyy —vTah +uy < 0jvTzh =1, u > 1le,v > 1g,

ulyd —vlal +uy <0,j=1,2,...,n,5 #0
Max 6 = u yl + ug, s.t. (37)
Tyl — vzl +uy < 0;vTzld =1, u > le,v > le.
SR AR e (35) =K (B7)H ) wo = 0, MG AH L) X [A) % CCR-DEAREAY,
33 1RHA% DEA R
Zadetfi13 1142 th T HUBIHEEL i (fuzzy set theory)H: 754 /MU 1 T B A 115:116) Senguptat7 11084
S K 4B 42 B8 51 N B DEA J5 ¥k, i B S DEA B AL, DL 3E T 0\ 1 B8 i CCR-DEAK 41, WL
3(38). Ho £ 5 R BORIAL.

E NiTi; < 0,T5,i=1,2,...,m

Min 0,, s.t. (38)

n

> Nl < OBy r =1,2,.,50; 20,5 =1,2,...n.
j=1

7E X (38) 1Y LR Z \; = 1, {3 HI M) BCC-DEARERY . Hatami-Marbini (11005 Hy #8i% DEA 1

BY B AH S ST RT B4 R IEI% 2% 2.5 ¥ (tolerance approachy, 7K ¥ /7% (a-level based approacH¥#iHE R J5
% (fuzzy ranking approach) 7] §& 1 77 7% (possibility approach).

4 DEA#BERETNHA

41 DEA R 5RMEHETH

DEA J7VENE A —Fh DMU B ITHEIN A R PR 77 1%, T DMU S TTARX 25 315 L 2 %25 DEA LAY (1)
FEARThEE. BT DEA BTV T AT DAUBERLAE F= bR B (BT A2 7= BRI 4), BRI -2 CCR-DEARERY (1) S LA T LA R
M EHE B AR T A= R PES AR MER TE, %25 BCC-DEAE A (S A i vl Fl T A7 B4 B AW T 14l
FRBER. IAh, FHN ) DEA BRALE ] DU AT B IC E R AE 58 KA R,

FarrellZ I\ 4 25 P2 FE I AR =30 B I B 4 2H il BoR %% 2 (technical efficiency, TENID & %K (allocative
efficiency, AE) A F=23uZ AT LL43 2 TR T 7= H R,

DAL T BN A2 7= 2 4 1 1) Fe R R0 3R TE [ BRAE 45 7€ 7 K F T, DMU B 7oA A B 2> 8N 1) fig
1, XFR A A7 %% (productive efficiency, PE). TR A BL4y k 4lid A% (pure technical efficiency, PTE)#E
B # (scale efficiency, SE). PHEZI T HOAR R R 5 2 R AR AL, SEFRAI0RE B TR JR P51 5 | i i 2k o
254k, TEFM PTEL SEZ A F A TE = PTE x SE. LK 1. A S I4iE R %% %R PTE= BD/AD; A s {3
& SE= CD/BD; A B AMZE N TE = PTE x SE= BD/AD x CD/BD = CD/AD. 2)ft B3 % AE &
BRAE B DA R A PR [E S 4T, A= T AR A & & LU N & I Re T, BRI AR R B
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INFRAS R A7, R M A8 % (price efficiency, PEXS AR SR TE RIEC B SR AE JL[A] 41 5 R £ 57 3% (total

economic efficiency, TEE)

A CCR A1
BCC fij iy i

F

v

X

Bl EFHRNHRAYE

Fig. 1 Input-based technical efficiency

" TRI A i — AN ] B 1 B G i) B DEA AL T AR A R, A3 )\ DMU Bt = A
BENFERRRIB AN HFe bR, R T BN K4E 1791 CCRELEL(10)1 BCCHERY (1241, % DMU BT R
fE % 3.

% 3 [F DEA A THMAMILTNER

Table 3 Evaluation results of relative efficiencies usingdbodels

oMU | — i]\ — yfz i — ;&C;a ;&Bga HARRE(TE) | ARECE(PTE) | MER(SE)
1 10 | 0.8 | 540 0.9 70 0.6811| 0.7567 0.6811 0.756 7 0.9001
2 15 | 1.0 | 480 1.0 95 0.8333| 0.8333 0.8333 0.8333 1
3 7 0.9 | 520 1.0 50 0.906 4 1 0.906 4 1 0.906 4
4 10 | 0.3 | 500 0.8 70 0.7999 1 0.7999 1 0.799 9
5 12 1.5 | 550 | 0.75 75 0.5727| 0.727 3 0.5727 0.727 3 0.787 4
6 0.3 | 450 | 0.95| 100 1 1 1 1 1
7 7 0.3 | 420 1.0 100 1 1 1 1 1
8 0.3 | 400 1.0 95 1 1 1 1 1

HH #&3% 7] LLFE H: DMU 4, DMU ; f1 DMU 5 £ R &% 24 1; DMU 3, DMU 4, DMU 4, DMU ; 1 DMU g 4fi
FARBFE A 1;DMU 5, DMU ¢, DMU 7 F1 DMU ¢ R 145 B ] 73 A 500 % DMU BLICHOR B, 44
AR ARG R R E IR PR, AR 2 1 5 AH S BUR B K.

4.2 DEA#EE 5

3T DEA J5 %455 DMU AT IS 35 (returns to scalgl 5t HiBanker™ 14 i SCHR[5] 0 2 5 2
RO AR EAT S R, B 25 N & L 2 522 5] N2 DEA J7 VAR SR 2 v, I LI I 25 438 v 0 2
[¥] CCR-DEALEL %t DMU sHLIG I MBI 25 5 Bl dE AT T 4 55, B 5, Bankers V148 H 7 38 3ok AT AR AR A 25 1
5E T i) BCC-DEARLAY, I-43#7 T el i I BCCAR R SR Al MBI 2 1% 0. 21 H /1A 1k, 55T DEA IR
s BRI DAY R VUK, 3K 4.

0 SERR IR 25 40 o, B A K BHL2E (congestion) SR FRIAE 2, B 7E AN LAt 43 N B 7= HE AL [
AR, FAN (L) BN [958 2 3 A (B L) B K mT R 7= HH g o (144 1450 A g 43, « BHL 2" 3% B il i
R8N o 2 ) ) (2461,

L322 B SRR 340 (overall efficiency®l 4<% (cost efficiency, CE).
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Faress 13113217 5 5% F s B 7 25 BEL 287 R SR AT T W90, JF42 H 7 A B (1) DEA LA (FGL AR AY). B
J& Cooperss BATHR U T 59 —Fl Fl T-F 57 BEL2E" 24 [ DEA MY (CTT #EAY), Cooperss M48ILL 85 T LL_E Py Fh
LR (1) 57 ). Wei 25 146115 Tones 14913 T §5 4k & (weak disposal)lii i, EHr i T 477 ] fedk, It gt
T A= T REAEHY) DEA BERL(WY-TS BAY) %t BHLJE” 25N T ) 5 . Kao M SOURHE T LA =2 BHL3E" 303 o
FLAE, Hdie th CTT AR WY-TS 5 8 bb FGL AR 2 f BE € 2% Y. 1) X 43 B g B8 3, [R] B WY-TS #L B8 g
X 43 4 B AR SR (PTEYF BELZE” 208, T CTTAL R AN 23X — . Sueyoshi: ISUNIAT Y T £ EH ¥ (multiple
projectionsj& it T 1 BELZE” % a) .

% 4 EF DEA BB MBI R

Table 4 Studies on Returns to scale based on DEA models

T MR S EA LR

K HICCR-DEAHY — AT S R 5 A DTSR TG AR S A 1 L PR D VR R ZE AN AL 5 B e T TS DEA LR f X5 AEIX Ty
j=1
W SCHR[5, 119-126).

SXHBCC-DEAER VB S —2RBFGT Y R, BT LATE AT AR SR 35 5 s T A i Sz 43 0 P T 78 A 7 AT A4 28R R SR 6 SR VP B T PO
B A B (0] X AR BE AR T DEA RSN A R [ — st B A8 . R, AT LGB 2R 19455 (E /), £ 1), Ok
SEWE VP TC RS A5 A5 UL, B 24T DMU B TTAE—AN/MRIAR SR P Ao Bk ) s AT 23 17 L. 3 7 THT FrOATF
¥ FEH CHR[49,121,127-130].

K FI FGL-DEARE B | 2T 50 B AT LA B 9 B FareXF (0,130 132) R 5. i AT 58 3k 437 WSS 30 3 0 40 T 48 VP 2. 70 2 A B0 T MARE e
KRBTSR | S m ORI ANER), ATl — R S A% [ 0 BE DEA BERY A4 R ) EL A5 % DMU s 870 R MU 28 75 S AT A 5.
KRB — R K R AR R B, TR LR AR T ARFME AR, EZXFEPRATEZF,
Forsund 3SURAL I 16 T MBI 88 A, I8 T 40T e S BRI ZE 1K /D, Fukuyamd®S4l it — b4
BT RUBESAAE IR E B S TT i, MBI LSS R B e A A VB B, JF B ) T BT A B i

MO JE £ 1 W BE | DA AT = SRS TR AR FE T AR R WU B (radial)iy DEA SRS T radial il BE () DEA BERIFEZE B B IAS 2, Bl &3t I
ff) DEA #7 A Bt A% B 435 B (missing slacksyl T 7Rk X £ ) 1, Zhu(135.136] Tonel80. 13741 Chenl138145 47 H4 £ i (1) JE 4% 1) U

BEH) DEA MY, 40.3% Russeltill B ) DEA T . Jintk DEA BG4S 1) BRI, A4 A8 25 24 F 642 17 (non-
radial) % s 45 8 AR Wi 25 15 B0, 491 0: Bankefs (13915148 7 in 4 4 % (additive modelfl 3¢ A i 4 (multiplicative
model) ¥ BB 25 17 8. Sueyoshis M4OUIHRER T 4 7= 7 TS R BT R A9 302 DEA BEARUE L F I AIAR WL 25 1)
. ZarepisheN MUY T C-D B! DEA BEEL RIS 2548 52 17 |, #h4h, 37 Lozano (1421 F1 Sueyoshit43145: 1)
WFFE TS

4.3 DEAEEIFHE R

FH T o DEA 5 2 (1) B v T o] DAREARL AR 7= R 4, DRt 22 % 2 vh 5 A 7 R UM DG (AR 22 1n) A T AR
i DEARERLHEAT 43 7, 81 0 5 /> BSGAS 1) R, g KW 2 1) R 5 o KR ) 4. 641, DEA B ASIE T V2 FH T4
RBED TR ML . RIRE BV L & R R 20U, I TAWRES & B Hh 152,

5 %RiE

A ICHESR T DEARIRY rp AL 35 [N R G B B3R, IX S B3R v g DEA R L (KRR 2 SR AT i, Rk
6 1) 27T BESR; 2) M BE; 3) s 422 B ISR, 5) 1A 8L = 1K 6) Fodfe 2 & 2 Afl e 1. DL B IX S B SR g 4L
&, AT LA AN R ) DEARERY, F TR R AN R 10) /. A SCHEI G DA B SCBR B %F DEA VA IR R T HE
WFR TAE R R AT AR BRI 43 28, AT ZE A28 T DEA AL (35 TR . R T R0E, E 6 R 2 M MR LT
TEARSCRAE TR, il n: T Y45 15816 T DU 2K DEA BRI AT, 48 55 SO0 T HE T R G0 A6 7 T e 4R IR B
T, 5k T BTG T A R BT H oK AE TE 55 /N B DEA BERS R 5T, F 15 o 37 45 S8 T 1 B B 4% 43 7
BRGS0 B B 1 — AN K ST AT, DEA AR G B 9T AR (R4 J7 vk 5 SEBR) IE 78 AT o i
AWK 154, H o, DEA J7 VR K AT BEIIBF S0 07 1A — R PSR I (4] Wi 72 DEA BEZL b iR 4R BE. H
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B A T8 RS O (8 A (1) DEA BERY, 451l i 78 DEA BERY A 48 i AN EE L R 4% (B H AT R BL O SE
BT 10 7 A A 75 22 DAk SR i 41 5 4036 A2 N P S D RT3 4% 1. A2 DR S i 48 5 4 AN A2 n ik
MSE” A IS, AN [RIFR A 2 8] AR TE 4 58 0 A0SR (9L I Fi B L T, el 3@ DEA R AL AR IR g 538 (.
W R WP ITIN 1), 0 R 4% DEA BB R A SCHIE 5T, 4% DEA S HATT ST M #v i 2 —, BAR
W& oTR 22 T W 4% DEA [# BE1S BE A, (H R IEAFER £ 1) A Fe it — B0 5T, AR B) & M 45 DEA KA,
2% DEA R T DMU TR R, Fo B 2R DL R B 28 1 DL SF, =238 R DEA B AP IR R Gk
1] . Waing: (8O Hi B A8 X8R IO 5 21 B3R AR I P RN A8 SRR i 9 2R 1, AR D P RTE AL
SR I RE. A8 XA R H AT R B B 75 R SN AN . W] AT X% DEA LR P R &
i ) B TR SR AN TE 23 DU A Fr QDEA R R AH IHIE 5. A% S8 ¥ DEA 5 2 368 1o il 35 T 0 27 BR OR FH 20 BL
Sk R BORBEAT A VT, T 92 b A7 R BT B 2 e 4R 1 1 26 25 T, Kuosmanerds B2 1 T i QDEA RS
R, I 1 Q DEARRE Y LuAL St K] DEARRRUAE SR PN J7 TR R BLSE4F. 2 H A4 1k, — K DEABLRUAH R IT
WA RRE P INGR, fIE DMU ST RIS R BT IT, A SR Z1RK) DEA -WEIB 2.
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