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B8 41 2% 43 1 (Data Envelopment Analysis,
DEA) & HE T 1978 4F Charnes 251 3 Y3 HY 48 gt
B2 J5 R R, B — R AR S B AL, AR
WM —HABAMEZHAZ R E$ T
(Decision-Making Units, DMUs) [ A % % %, H
T DEA JGih Hl 8 ke 5 50 35 1y A 7 3z AR eR 2
FRXS T HA BRI T vk B — @ A r ke
FEAS A SRR B T Iz N B AR AT
BUASH IRER TS HOE R I
BlETRE S s AT A

L4551 DEA A5 RLN 1 3 My 43 A P 58 5 T 1 A
XF BRI AR A 7 A R A T SR T H
C e 5 A A A L X RN PE 7 125 02 MROUL A B R A T Y
FRAT IR X R R 22 O e g A O R Bl AR A% %
Bifi Jo » Parkan 25 AT 3RS TR UL ok SR A
TCHTAL Y J7 ¥ 5 X I AR AT 0 6 B P A DR SR B T B AN
I 2 BB 2 R e TR AR S R sl IR AR . SR
RO AR DT T 54> DMU PRl 58 42 A 7] 15
BT BB Sh T HER  A  pR SR BT I 2 R SR AL
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Doyle & A 76 Al ATT A9 F 58 b, AW AORAE T
L ORMBCRNE D B A SRR T AR XA, En-
tani S50 H TR ARSI T AR X JA] L H 2 B
A A B S R A — R TE T SR X ] T L)
R T =P ARM Dl BT FEREE .
Je M 0 AT A 7 T AR T B A RO X )R
BAA e, T oo X 226k 5, Wang Yingming
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REALEYAE AR DMU B4R DMU 2690 9% 5 LA 35
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DX a) i 2 5 ol Tk 5K B T 4 JR) S 30 HE AR AR .
Wang Yingming 257 4 J§ Fh 30K A9 LA - 3 50K
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FRIEHIT DEA SR JEAT RS BRI SG A E K
TE1] oV Ry PSR B TT I R I (3R . W Jie 450
455 7 DEA Al TOPSIS ¥, il i 0 16 A5 Y 4 AL
A S LIRS 2 LR i B 1 i T A R 5
S ) A EE A 2%

AN TCIR S AR WA S AR WL AR B RORIX
[0 3F 7 DMU § P R0 s 1 00 » b 34 4 31 19 4 o]
— ROV J7 I HR A 8 P K & (Decision
Makers, DMs) T . mHG . LA K UF 5B 4 2
RO TR T 2 2 O i G i ek, AR /D 25 ke
RHEWAD NRGE . X B b 248 72 R E T
PSR AT DR BT YRR R R WA B L B TR
RO e RAE A I /M FATT S B 5 — A e
FIREROME . (R FR AT AT AR AG d A T RE Y AR WL AL
FAH o A SORE Sz e P SR A () 391 2 ffi 2 1) 0 2546 B
ISR VLR WAL A v, 4R A5 PSR B TT 1 = T sk R
DXTA) o R G 3 0 XA RS 30 1 2 HE I bk 3 4 e AR Y
— R0 7 o0 [l BE RS R TR UL S O R Y
JE B Z T — At R STHE R — L B4 .
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2.1 RMHERXEMNEYRHEXE

BiAH n NIRRT, B4 DMU #AH m 4%
AssPrEH ., ST A DMU; (G=1,,n), x;
EHXE  FFHRAG =1, m) R ATE, v, 10
TR B G =1, O M IE . TS
E P HUREHE B A 8 AR 4 i e T X [af s
g J M Lyh s o8] B Hdrap > 0,55 > 0, Wang
Yingming &5 AN 2 B R A R 2 1 5 P o
TG AR WA 1) b AR S

U __ U
max 0; = 5 Ur Yo
r=1
- U L .
st D uyh = D uahb <0, j=1, =, n,
r =1

ﬁ]v,xﬁzzl, (1

U, v, =0,r =1, =« ;s 5 1=1, = ,m.

Horp . DMU, fREBAFH BT R K AIT .0, G = 1,

coom) Flu, (r =1, = os) HURAZ R .00 A1 OF 4y
SRy SR AR R T S R b A AT 3 W) 4 8 AR
AKX ] [0, 07 1, an3RA — L IE MR Ew r =
Toeeeys) Fl o (=1, m) BN =1, AT
XA PSR BTN SR R A 0 D SRR R P
A SR AT R TR SR BT T A AR U T

Azizi 5P F 2011 4E #2 34 DMU, 48 % F
oAt e 5 F 50 ) AR LS 3 R P T A

: u __ U
min ¢o = E: Ur Y
r=1
s m
. E: L U .
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U, sv; =0, r=1, .53

FERIRL(3) L () Hry of HARLROR T A1
@0 N EFUE AT R 20 BT B DMU, (19 358 W8 8%
FIXMA Lors @b Jo MRA —HIEMNELS - =1,
o) flo) G=1,.m) fliffer = 1. ATFRXA
PR BT R R TC R, A W A R MR TE R T A AR
WL TIC A 1) TR S B T A B 1 TG KR Y T
2.2 IR

XL AR E — N XA a € [a sa” ], M, BIX
R RE M, = (a +a)/2,W, AR A 5
W, = (a" —a )/2, |ATAL0,1] L& LR
B Fo(): [0,1] > [a sa']:

F.(a) =M, + (2a— 1) W,,

a FRAPRF LR . Fo(o) J2& [0, 1]X 1]
b o 1 e HL

(DY a=00,F,(a) =a , WF a« N TR
B s B DR 2 AR WO 2

)Y o= 1H0,F, () = a" , FK « Hy LRI
B s B DR 2 R0 25 5

(3)% o = % L Fo() = (o +a™) /2. UK a

IR AR AR RIS E 2O,
2.3 ZHERXME
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max 0Y

max 0, = § Uy,
r=1

s t. 2 u,,y,b.;*z vk <0, j =1, -, n,
r=1 i
E v x, =1, (6
i=1
U, 0, =0, r=1, «,55 1 =1, *==.m
a0 = 3w ot
g (2) 2y SRAH 1) (7

ﬁﬁfﬂ'sijnﬂfa_l: D0 B {5 ) T R SR BT A B
ZEM B THAETE Z 4R A5 BT DR L IR A
KTHAF B0 BIE o 8555 6 T X [H]
(0.5, 11 A1 [0, 0.5] P9 ABA T A £ 1 K K A 7Y
fERT A B B AR T RROCR A R RE R
AN = JCIR AR X Lohs o0 » ¢ 1:

min goo E u, ym

Lﬁbﬁci <3> 29 A [ (8)
min §0<> 2 u,-ym

r=1
s. t. Zu,yf;*zvix,p}}o,jzl,""7’17
r=1 i=1

E vix, =1, €D
i=1
U, v, =0, r=1, - ,s51=1, =~ .m
min 900 2 u, ym

51‘%& (5) 29 A ] (10)
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3.1 FEERGEHTHNMABENARERELY

FRAGIS), K U N ARSI REAT K
ARAE=BWHE.V = Uiear Vo, V. ZETE o BH
B, [ UXATV 2 — M E B R Rox N TAEE
M a€AT, 2€U #HK f(z,a)EV,. XE.FF
EEM e THE V. HIXEE DM

flxya) =[a" (), d" (@ ]={p | a"(2) <
p<a’(x), a"(2), a"(x) € R},

HIT AR A AR, BT & P
U AT DA BRI 4 78 B8 A Y i 47 H1F e DU R [X
MfEE &% S=WU.AT,V, )N EFE LR %
(101S) .

TEXEFELERG T AL B o 0 BUH AR &
AL EH R > a RERN 2 > ay FRRTER
Pha b i Ty A2 >Ay o Vae A, x >ay.

FET BRI AT AT DL 51 AR #OC ROk

XA, EXEFEE RS T, %TE‘@%A
C AT by T Bl y =ax 0] LIl yRyx 3k
iE X

Ri ={(y,2) € UXU | at (y) =af(x),a¥ (y)
= aV ()Y a, € ADsal(y) < ab(x),al (y) <
al ()Y a, € Ay ={(y,x) eUXU| (y,x) €
R},

Hp A=A UA, A Wl BUR S A

MRAE X7 fE R RGP H KR Ry, KA
E TR x Bk

[2]7 = {y € Ul al(y) =al(2),al (3) =
a” ()Y a; € A ab(y) < ab (@), a¥(y) <
al(a)(V a, € Ay ={yeU]| (y,x) € Ri}.
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i ElAs, Da(a) MBUEBOR, FE o iEHR a’(x) —a¥(x;) +a" (x;) —a" (x;) + 1
M KRGS IE D, o) BT IR 439 BT B AT 7 max(aa) = min (o= (I8
KT 2 T ' ) —a” (o) ot o) — o () e
T 6 HU 1R 2 SEUE TR 5 o T (R 4 HE T mema e e e
}E,ﬁﬁﬁ}%ﬁjﬁ\ﬁgﬁ:ﬁﬁ\ﬂgﬁiﬁFﬁlﬁ]#{jﬁ9 :,B\:EP9 max(a'(fr)) — max{a (]'l)s a (.1'2)7
«, a’Cx) s ymax(a”® (2)) = max{a* (x,),

I H A R BT A0 5 S A Bt B R ORI LR
N T ARAG T B A AL RIS B T 1 B R A
e AR J7 v B QTR T DX ) HdE ) M, 2
— T g R B A I R T S e A T e U 4 R B Y
Tk
EX 4: f (xiya) = [a"(x), a"(a) ], f(a;,
a) = [a"(x;) . o () ] R4 5E 1 X TRV ECHE 76 I8
a b5 5 o MR T o A 1) BE S 46 BUE SR -
DDI, (x,o2) = 5+ +
a’(z) —a"(z) +a"(x) —a" (z)
max(a”(2)) — min(a" (2))
Hd, max(ad¥(x)) = max{a’(x,), a¥(x,) 5+
,a’(x ) s s min(a" () = min{a" (x,), a" (x,),
cha" ()t a2 2, € Uo M max(a¥ (1)) =

min(a"(2)), DDI (z;,x;) = %O

BT A 1] R 1R RO L IRATAT LAR . B A
JER T A DX R BB . T LA T T PR AE

Uy % 2 B F 2, B .DDI, (2, .2)) = %
¥ DDI, (x;ox) ¥ RBIHE— @M% L B
A LA R B R B0E SR -
1
DDI,(z; x;) = mz yoca DD (2iix)

H, Ae AT, | A | etk Btk
N T AR AP AR B PR TT R B A 16
BB SRR F5T7 R o MR 1A B 4 O SO -

(13

DDI, (x;) = ﬁzw DDI . (x;»x;)
A ) BE B AR H DDy (o) MUK T3 o HiE
¥l

3.2 =nEEEREY

HEMWA X B EHE f(r.0) = [a"(x),
a* (x), a’"Ca ] f(x;a) = [a"(x;)s a* (x;),
a’Cxp) L AEE Y a b5 % o M T 2 19 =00 W)
R 1R EUE O -

TDDI (z;,2;) = %+%

a’(x) —a"(x) +a (x) —a” (z;) L1
max(a”(x)) —min(a” (x)) 12

a" Cxy)y =+ 5 a" Cxp)sysminCa’ () =

min{a” (x,), a” (x3), ** ya” (xy)},minla" (x))
= min{a"(x,), a"(x,), =+ Jd" ()} xis x; €
U. HA:

(1) 4 max(a”(x)) = min(a” () M,

a"(x) —a"(x) +a’ (x) —a” (x)

max(a”(x)) —min(a” (2))
(2) Y max(d(x)) = min(a"(2)) W,
a"(x) —a"(x) fa(x) —a" ()

max(a”(x)) — min(a" (2))

(3) 4 max(a” (x)) = min(a"(x)) B,
a" (x) —a" (x;) +a" (x) —a"(z;) _

max(a” (x)) — min (a"(2))

TDDI, (x; ) AULFE & T T % o fX T x; 1
JBYE a By AR XL 5 R, WA KA TDDI,
() VSEREIESE A L REE A E=7cH
Ia] B 48 HOE SN -

TDDI \(z; s ;) = ﬁzv@ TDDI, (z,,
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Hr, A e AT, | A | W& m %
[FIBL, %, MR = 04T 1) B B 48 U8 X

1
TDDI, (x) = ﬁzﬁtj DDI,(x;s2;)

| U
(16)
BORE B — 7 SR A 25 9 A U AT L S AT
BT RPIPIZ ] L EORARAT . Bk =04 ] g
8RR TDDI, (o) MR TR« HEFF BT

4 BEEHERRSH

51 Entani®™ 3CH 1 5061, A4 P 5 BT 1Y e
B N X R B L g 1 TR, BRTHRA
i o 3 ALY (1) A1 (2) BT R AR AR A P 3R B T 1Y) SR
WA R 155 8 s, AT LA - DA TR 5
Jt, Bl DMU, .DMU, .DMU, .DMU,, H} ¢/ =1
R SR WA R SRR TT L W E T A AT I T L R Y
SRV TC R TR 3R 70 R A (3) R (4) 53] T 3R
BT AR %, £ 1 558 s . DMU, .DMU, |
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DMU ,, g 315 WL 0 3 b 3 5.0 o 37 JC 28I 1 1 b [DMU. ]y = {(DMU,, DMU; DMU-:,
A T SR T AR LR TC AL DMU,, } 5

R AL 34 B2 4yt BT A R SR BT 5% T 2R AR
MHES . FOE ET AR O D R RO

%k,
[DMUll% = {DMUI ’ DMUS,DMUJO};
[DMU, |z = {bMU,, DMU,, DMU,,

DbmMU,, DMU;, DMU,, DMU,;, DMU,;, DMU,,
DMU,, ;3

[DMU, ]z = {DMU,, DMU,, DMU,, DMU, ,
DMU,, DMU,, } ;

[DMU, Jx {DMU,, DMU,,
DMU;, DMU,, DMUg, DMU,, DMU,, } ;
[DMU; |3 {DMU;, DMU,, } ;

[DMU, ]z = {DMU,, DMU; ., DMU;, DMU, ,
DMU,, DMUg, DMU,, DMU,, } ;

DMU, ,

[DMU, 15 = {DMU, , DMU,. DMU, , DMUj,
DMU,, DMU,, } ;
[DMU, J3

DMU | ;
[DMU,, 15 = (DMU,,}.
SRIE MR 22 3 LD 358 4 4 e 32 5 0 1 I 45
S AT DAAG AL SR A B Ik 2 o, AT K
(12) RS BEHE B - 3 5345 2 4 A~ DR S BT 1Y 42 )
L o
D, (DMU,)=87/90,
D, (DMU,)=174/90,
D, (DMU;)=89/90,
D, (DMU,)=83/90,
D, (DMU,)=83/90,

{DMU,, DMU,;, DMU,,

D,(DMU,)=42/90,
D, (DMU,)=59/90,
D, (DMU;)=59/90,
D, (DMUg) =75/90,
D, (DMU,;,)=1

1 ENHESVHENTHEBERYE
DMU TA 7 SRMBCR X AV RCR X ]
L BAL 1 7 2 o o D Lt @ D
1 1 [0.8, 1.2] [7.5,8.5] [0.8824, 1.0000] [1.0000, 1.2625]
2 1 [1.8,2.2] [2.4, 3.6] [0.4160, 0.5656] [1.0000, 1.2798]
3 1 [1.7, 2.3] [5.7,6.3] [0.7289, 0.8330] [1.2409, 1.5570]
4 1 [2.5,3.5] [2.7,3.3] [0.5248, 0. 6865] [1.1769, 1.4870]
5 1 [2.8, 3.2] [6.7,7.3] £0.9089, 1.0000] [1.8117, 2.0397]
6 1 [3.8,4.2] [1.8,2.2] [0.6142, 0.6956] [1.0178, 1.1954]
7 1 [3.4, 4.6] [4.6, 5.4] [0.7914, 1.0000] [1.8946, 2.3101]
8 1 (4.7, 5.3] [1.5, 2.5] [0.7018, 0.8558] [1.0157, 1.4160]
9 1 [5.6, 6.4] [1.7, 2.3] [0.8296, 0.9761] [1.1810, 1.4693]
10 1 [6.7,7.3] [0.8,1.2] [0.9178. 1.0000] [1.0000, 1.1995]
x2 ARRETENRBEERE
1 1 1 1 9/10 1 1 1 1 8/10
3/10 1 6/10 8/10 2/10 8/10 4/10 6/10 4/10 1/10
3/10 1 1 1 6/10 1 8/10 1 8/10 5/10
5/10 1 8/10 1 4/10 9/10 6/10 8/10 6/10 3/10
1 1 1 1 1 1 1 1 1 9/10
5/10 1 8/10 9/10 4/10 1 6/10 8/10 6/10 3/10
9/10 1 1 1 8/10 1 1 1 9/10 7/10
7/10 1 9/10 1 6/10 1 8/10 1 8/10 5/10
9/10 1 1 1 8/10 1 9/10 1 1 7/10
1 1 1 1 1 1 1 1 1 1
AR 2 JRy D0 3 BE B8 RIS DR BT HE22 AT DMU, > DMU, > {DMUi} S DMU, .
DMU, DMU

DMU,, > DMU; > DMU, > {DMUQ

} >

IE E SR AR B R 1k — S R BT S HEE
A 47 8. A DMU, f1 DMU, .DMU, #i



+ 158 -

i A R 2

2016 4

DMU,; HEAEAH R 7 E . BEAE B8 T 1) B 85 15 ok X
BB P 5K BT X Ik

DDI,(DMU,) = DDI,(DMU, ., DMU,) = %
L L 0.9761—1.0000+0.8292—0.7914 _
4 1—0.4160
0.5060.

DDI,(DMU;) = DDI,(DMU,;, DMU,) = 1
— DDI,(DMU,, DMU,) = 0. 4940,

DDI ,(DMU,) > DDI(DMU,), fif Ll DMU,
> DMU, . [q# a3 DMU6 > DMU, .

LA P 3L ICAE SR WL RCR X R R B HE R O
DMU,, »> DMU; > DMU, > DMU, > DMU, >
DMU, > DMU, > DMU, > DMU, > DMU,,
FATF AT T A —FE XA HE 45 2R M Wang
Yingming % 4 t () gt 45 B2 HE ¥ J7 A%t 09 2
KB, IR BRI, 2 R L3 A A 1)
PR A O — 5 LA AR Y Y O i O ELRE S 4
e fesi k.

BULE 51BN DS i B 1O A5 38 b8 25313 4
MR ATTH) ZITCBOR X ] 7EAR ST T 5 3%

HATIE) . I A ORI G LA R 8T 1 R W
FEE U = o0 X (R an & 3 B . 43 8 i iR
X [E] 4n = 4.

JE T =0 R WA X (8] 45 Y 3R B oo HE P I B

S LT R
[DMU, 15 = {DMU,, DMU; DMU,, } ;
[bDMU,]; = (DMU,, DMU,, DMU,,
DMU,, DMU;, DMU;, DMU;, DMU;, DMU;,,

DMU,, } 5
[DMU, |3 = {DMU,, DMU,, DMU,. DMU, ,
DMU,, DMU,, } ;

[DMU, |3 {DMU,, DMU,,
DMU,. DMU. , DMU;, DMU,, DMU, } ;
[DMU,; ]y = {DMU,. DMU,, };

[DMU;, |3 = {DMU,, DMU,, DMU,. DMUj ,
DMU,, DMU,, DMU,, DMU,, } ;

[DMU, I3 {DMU,, DMU:;,
DMU,, } ;

[DMU,];7 = {DMU, ., DMU,, DMU. , DMUj, ,
DMU,, DMU,, } ;

DMU, ,

DMU; ,

A B 0.3, 7= o 80 0.8, 10 WA E MU Ji = (DMU . DMU. - DMU
FOHA @ R 0. 8.7t o fiEH 0. 3 A s PMUnls
B o (R e 0 4 0 190 2L 0 75 A 0 e 5 T LDMUo J3* = {DMUw ) -
F3 RRBETFEN EVBFRLTERNTHEE
PP AR
DMU; ‘A P Fe 2 ®A FeH 1 Fe 2
1 1 [0.8,1.12, 1. 2] [7.5,8.30, 8.5] 1 [0.8,0.92, 1. 2] [7.5,7.80, 8.5]
2 1 [1.8,2.12, 2.2] [2.4,3.36, 3.6] 1 [1.8.1.92, 2.2] [2.4,2.76, 3.6]
3 1 [1.7,2.18, 2.3] [5.7,6.18, 6.3] 1 [1.7.1.88, 2.3] [5.7,5.88, 6.3]
4 1 [2.5,3.30, 3.5] [2.7,3.18, 3.3] 1 [2.5,2.80, 3.5] [2.7,2.88, 3.3]
5 1 [2.8,3.12, 3.2] [6.7,7.18, 7.3] 1 [2.8,2.92, 3.2] [6.7,5.88, 7.3]
6 1 [3.8,4.12, 4.2] [1.8,2.12, 2.2 ] 1 [3.8.,3.92, 4.2] [1.8,1.92, 2.2 ]
7 1 [3.4,4.36, 4.6] [4.6,5.24, 5.4] 1 [3.4,3.76, 4.6] [4.6, 4.84, 5.4]
8 1 [4.7,5.18, 5.3] [1.5,2.30, 2.5] 1 [4.7.,4.88, 5.3] [1.5,1.80, 2.5]
9 1 [5.6,6.24, 6.4] [1.7.2.18, 2.3] 1 [5.6,5.84, 6.4] [1.7,1.88, 2.3]
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Overall Performance Evaluation for DMUs with Ternary Efficiency Interval

FAN Jian-ping'* , CHEN Jing' , WU Mei-qin' , TIAN Xuan'

(1. School of Economics and Management, Shanxi University, Taiyuan 030006, China;

2. Research Center for Science Evaluation, Shanxi University, Taiyuan 030006 ,China)

Abstract: To deal with the uncertainty of the data for input and/or output in the real world, many experts

presented efficiency interval to evaluate the performance for each DMU from optimistic and pessimistic

views. Undeniably, the lower and upper bound of the efficiency interval are two extremes of each DMU

performance. In this paper, the preference of the decision makers are considered by introducing the atti-

tude index to get the most probable efficiency value, which with the lower and upper bound constitutes the
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ternary efficiency interval. Then ternary directional distance index is proposed, improving the two-grade
ranking method, to get a full ranking for all DMUs. The illustrative example shows this method is more
precise and widely used in efficiency evaluation and decision-making field. the effectiveness and practicabili-
ty of the proposed method.

Key words: data envelopment analysis;ternary efficiency interval;optimistic efficiency; pessimistic efficien-

cy;ternary directional distance index
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