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Fixed-sum outputs DEA efficiency evaluation models

and its applications in competitive scenarios

ABSTRACT

In practical applications, when evaluating the efficiency of decision-
making units (DMUSs), it is often found that the total amount of certain
output indicators for DMUs is fixed. This type of output is referred to as
fixed-sum outputs, which means that adjusting the output of one DMU
will affect other DMUs. However, the traditional Data Envelopment
Analysis (DEA) method assumes that output indicators are independent
and can be freely increased or decreased, thus not satisfying the
constraints of fixed-sum outputs.

The Generalized Equilibrium Efficient Frontier DEA (GEEFDEA)
method is an effective approach to addressing the issue of fixed-sum
outputs. However, in the application of the GEEFDEA model, some
scholars have found that it is difficult to ensure the uniqueness of the EEF.
The existence of multiple EEFs often leads to competition among DMUS.
In such competitive scenarios, each DMU has its own preferences and
tends to favor the EEF that benefits them the most, making coordination

among them difficult. Furthermore, under the constraints of fixed-sum
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outputs, DMUs frequently compete for limited resources. To obtain fair
and equitable evaluation results, it is crucial to consider the opinions of
competitors. Groups are composed of individuals and inherently possess
some of their characteristics. In efficiency evaluations, it is necessary to
consider competition among groups as well as the impact of DMUs
within groups on the overall group. Based on this, this paper introduces
the mutual evaluation concept from the cross-efficiency method into the
fixed-sum outputs DEA model. It allows each DMU to select the most
favorable EEFs to evaluate its own efficiency and the efficiency of its
competitors, aiming to establish a method system that is more aligned
with individual and group efficiency evaluations in competitive scenarios.
The primary research work conducted in this study is as follows:

Firstly, this study proposes a fixed-sum outputs evaluation model
based on interval cross-efficiency and its application. To address the non-
unigueness of efficiency scores, all the most favorable EEFs for each
DMU are considered, eliminating the need for decision-makers to
calculate the efficiency values of other DMUs based on specific
preferences. Furthermore, this paper integrates the Stochastic Multi-
criteria Acceptability Analysis (SMAA-2) method to aggregate the
efficiency matrix and provides a specific algorithm to fully evaluate and
rank all DMUs. Subsequently, using market share and profit from

production and operation activities as fixed-sum outputs, the proposed
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method is applied to 32 companies in the automotive industry in 2022 to
obtain efficiency and ranking results. These results are then compared
with those obtained using methods proposed by previous researchers. The
study finds that, rather than using the traditional equal-weight scheme,
considering all possible weight sets in aggregation leads to more reliable
ranking results. Additionally, the model proposed in this paper produces a
wider range of efficiency scores, enabling a more effective discrimination
of the efficiency levels of each company. This provides strong evidence
for the existence of multiple EEFs and the validity of allowing each
company to select all the most favorable EEFs for evaluating its own and
other companies' efficiency.

Secondly, this study presents a fixed-sum outputs efficiency
evaluation model for group competition and its application. This model
Improves upon the existing fixed-sum outputs DEA model by analyzing
group needs and establishing a methodology that better aligns with group
efficiency evaluation in competitive scenarios. Additionally, from a
competitive perspective, this paper considers the opinions of competitors
to ensure that the obtained carbon emission efficiency results are
acceptable to all DMUs. An effective algorithm is also introduced to
address the nonlinear issues inherent in the model. Finally, the proposed
method is applied to evaluate the carbon dioxide emission efficiency of

the industrial sectors in 30 provinces in China in 2021, and targeted
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policy recommendations are put forward. The results indicate significant
differences in carbon emission efficiency among the industrial sectors of
various provinces, with Beijing performing the best and Ningxia
performing the worst. Although the overall carbon dioxide emission
efficiency of the national industrial sector is relatively effective, the
regional disparities cannot be ignored, especially as the North China
region has formed a clear leading position.
Author: Biaobiao Ren (Management science and engineering)
Supervised by: Professor Bengang Gong
KEY WORDS: competitive scenario, Data Envelopment Analysis (DEA),

fixed-sum outputs, cross-efficiency, group DMUs
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s.t. YR VraYrj — Bi=1 WiaXij <0,

wiqg=0,i=1,..1,
Upg =0,r=1,..R.

2.2 FX R ER

TEVEE DMUs [0, 20 20l B F 0077 W Fbr (10 S A0 SR RRAE 2 (R
XML RRO ] A . SEBR b, PGSO AR R, RO BRI
fR, DMUs Z[A]£H 7 B4 r X . 2800k UL, IRAEAF. REBAFSAT
W, BT R E, Hi A 2 [ e I,  EDEATA 100%. [FFEHY,
TEARE R AU, S 38 KBS ST 18R VA BT e S BA Y () 3, G
T R B 0 B BUR [ E 1 TEAME A BRI R, T i AR5
F A ESR AR Dy B R ] s A S R P HE HE AR SR [ E B . T AR A2
FE A [ i AR Y, I R R N A B A B B PR I RS TR S (P .
TERCEVES R, T RS HE R AR AR 2 BRI, 0 BB TR FE 2 55 e HEk
Yy Can =Sk, ZEUERSE) BB A R E e A TR, TR
FEAE P R P A K L T K

WRTHERA . 2 LB PPAil LA [ A HE ) DMUS BR800 A2 70 3l & TR
IR S, RZHE OO A XA T AT IR ZE IR H A e[ 78 A0 7= H 1 5
%, NSERREPES PR GRS M T HESE . I, AR RS T
SO EE [3] 5 R 7 HHAH DG SRR AT S B2 (8] 5 A1 HHAH 9SSR -

2.2.1 ElEF=H DEA FEMI %R

fift P[] 5 A7 H ) J R 3 — 2 i ——F A1 ZE DEA (Zero-sum Gains,
fAiFx ZSGDEA) J7¥%, #&H Lins ZEB0 A\ fE 2003 EH2HIK), A AT 1% 0735 8
TRREBRIZS, HFMNENSRERXOEIGIAT TN Hd, TG T

W, S E ™ MR EZ S, BN E R AR 2
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Al SRS RS R R, SRR B AR TR R S B R S B E E Y
N TR TR 2 38 H 1A AT R B, RS AR WA SRR
77 H RS LA ek D S

F b, KT ZSGDEA AN HEE NS, BT RIS S b e
g2 T HOCA L DMUs % J5 (177 oA SUE, 1T S5 Ll SR mE 5 30 DMUS 1
77 H R S LS BR P AR AR R 2R

Xt ¥ ZSGDEA A7 7 ) i) @, Yang BN I T [E 2 f177 i DEA
(FSODEA) A, i ] /N i A B S s ok b i EEF DAPEAY [ g A7 H
DMUs. ZiAERIKER, SHA DMU 7= Hgne, HELE DMUs /il
Rk B BEAT IR AN o Wu 5250 1o i) iof 25 AT AR R 7 R S B T R R g —
AV0fE T FSODEA #AY, X3 H TV IR SRR BT 1 PPl {Hi2, ZSGDEA %
AU FSODEA H Y BI7EAN [A] () 3 i RCaT iy i L3y DMUs,  HAS T 3 5K
WS AHHIE], PPN 5 SR A R B M. TERCERRD B, Yang 603 H T g ok
fi] 5 0= ) I 2 2R T vk —— 3 A ATV T DEA (Equilibrium Efficient
Frontier, EEFDEA) J7i%, ZITERESE — AN A LM EEF b, XJ[E &M~
DMUs TR SHEM . B2, ZTZeRMBCE SR FZE RN
HAWE, Yang ZPY3E—5 % EEFDEA J5iki#t N GEEFDEA ik, % b kA
= etfie DMUs (8, R — B RIAT5 3] EEF.

SR, A28 RINZJTIEIN EEF HEARME Y, MR B bk
RALE X5 47 2T VR T (R0 — M o Fang™o1 5] NIk B AR RS, AT — 5 {H iz 3k
197 ME— RS BTV, HAEFH SBNE B T i R AT T . TESL R I,
Zhu S50 H T — iR T U bR I ISR A TR Y AR T e — . Ut
b, Zhu ZEPTHRW T P @ R B R AR E Max-min B8, iE— DR
T EEF MyME—1E. i, Yu SRR T — P I It ik 4 vk AL B
ZATATH EEF, 2 RISEIL 1 ME— R ALK EEF.

5L GEEFDEA MREIRHFFHELE, B ABAT T 5 Sk, i
an, zhu ZEBUEE T A DMU FE E RN R AR SR, HE— DR T
NI RTHE DEA JiERPEAS TOATIE I ALk . Chen 2025 & T fir
A AT A A R0VRT, THE RS TR . HEA XM SRR, Li 4
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(SR 7 2T GEEFDEA /Y] Malmquist-DEA 771, S5iXLeBa B DEA J7
EANE], Li %6250 Zhang 25030 GEEFDEA J7 40 & 2 BB X DEA J7ik,
e 7 N TEH

2.2.2 ZEAEHAEE E MY DEA FFEH%R

FERBRIE IR E M =T, AR IOE 2T 52 3 B A pR 4,
WA, A DMU ) B A BRHEECE vy 38 0 sl LSS A 2010 S £
A DMUs. Billn, CGREBcE 15 B B4 B 5 4 S B R 7
BRANE— /K, 2021 4F 1 H, PEASHEIIER S WL KIEH IR
BT S 1 [ S AR DRI, E PR AR AR A b 0 0% FE R HE I
Y CREEMT RAIE,  DURR DR R8I A A 20

A ZSGDEA BiRIME R LK, #iikfs 7 VF 2 NN E 5 bR, 4 H
TR IR FAEAT L IS ROR A . 28615k, Gomes Al LinsCehi L=
[l 58 A IR 0 5] N 2] ZSGDEA A H,  FF HF -0 & — A A0 m R R
H, RO T st (i ARAR 1) ZSGDEA BERY, I TE 30 MT
BUX SRR . #6545, Yang SN AP g N3] ZSGDEA AL, Jf
FH 2533k 5 5 i 0Ril 2020 4R A [ &% AR EE T % . BEJS, Cui ZE0OfE
F ZSGDEA LAY o I3 47 b I BHE FSORC 450 43 e 2 38 HEAT PPAN . Zhou 255904
ZSGDEA M 5 R EATY A S &, M TR A ) v [ AT P A eV e AR 47 70 T
E TN ELEE JE R BORVPAN B IRIC B 45 R 1 & FE

TEH F DEA YN ik, S (1405 6 F 1 2 FI = Y DEA J5 36 R
AT ) DX A AT L ) A B HE O o i, O3 B B R sl X R RRHE Ok
EKWFE. Li B 2:9 fE T Yang 25 GEEFEDEA J53%, #4358 [ & M
TAMRRHECR S FEAE A, KRR TVA S Malmquist 45 PE R IEE (MPD 5%k
MG, HXRE&E 0 R ERHEBEE AT VPl . Zhang 26UVR] A 2013-2019
S RIREIR TS AR RBRHEBOSE , ¥ CO2 MR ARMIE B e A1/~ e, J S 4047 1
48 —SF AR R, BE NS A RN T — BRSO i, A PR CE
BRHEBAT LI BRI R FH 28 . AT BRHE R 7E o Li S0 7 —Fh e T
I SCHA A ORI T PR B DEA J7ik, TR AN A AT LA B AR L)
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WP B RE IR AL 7 R R, & N2 7% 2015-2019 4F Hh [ K HLAT L
B R REIRA PR R AT T SR T Li VA% 8T A AR R 1 [
FUVRRAE, B AL FERRHEZ) 5 ) GEEFDEA 77 5 3L FIHT ¥ Malmquist-Luenberger
AR (MMLPD FHZES, IFINE 1 AT e HE s fg o AR
HHIER B R 3R

2.2.3 SCHERIRTE

R IR SCRER AR AT DAE B, AR RS T e B, B, $E
ARG 5 R H T R RS AR DL A [ E A HY DEA KRS MBI B A R B PR Y
Bt DEA J7iE 4855 . BRI T UM R, AR EEE AR AN & 1) 18],
HARIT:

(D 7E PR F R AF=H DEA BRLF STk, 2 50 il &k s
(1) EEF ¥4l DMUs HIRCE, SRS RARMECRIE EEF R 0fE— 1t HAE PPN 2
FRBER T H RSN F RN, SRR MIPN &R ICERSTE DMUs
W%, FEE, 24 EEFs AT S DMUs ZIEK3ES. fEXFh5E
$iERT, B4 DMU #56 H CRmEF, A6 708 CaERI EEF, XA
FHAATZ IRV AR M Bl

(2) fEME M= RN, B T2 500 5 R AT WA A B E A DMUS
FIRCR, AN BRI E I R B = . FsE b, IR 2 RALAE [I#]
RUBHATE SAPER, BHEEZNMMEFA A BHRHRAMEHR, LRBAK
AN SRR AE, BT DURF A 2 1) 4 DR A [ s R0 AR 0 AT 4 AR BS54
ST, @ —EEH TR TR R SR R BRI R,

B B, AW a4 5 TR A= H DEA BRI AR K H R o
W A8 XA Ty i (1 EL VP SBAR SN B 5 A Y DEA LAY, BEME— AT
NIEMPHGFE, 54 DMU #ae 7 RE H O . BARmS, A0t
H 7775 VAN DMU R8T % BB R EEFs WA ORI S840 F 105K
%, EXFEIEHLEIT, F4 DMU MU BIFBCRIE, B w55 F e ir
NISE &S
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2.3 KEINE

BAa 28 ik B S LK, wp [ A A0 40 S B AT O SRR e, JF
ST TAR 22 B S AR E T AU, L BRE A2 s AN T R/ R R VR T
BRI BUA i 7ik . H5E, AFXS DEA JPiERIME &M 3 BT 1 &
SRR . HIk, ARFTEAGNE DL T AR SCHICHIEW, 8H T A7 E R
PRI R ] £E AR RUREAR U RCR PP I FE b, 25 B8 [ 5 A 205K T ) 58
Friv)l, 3RS SO MESUEE IR, AL AT S RHA ST O [
AP~ i DEARERY, fEAGHE— IR
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B 3T AT XIEZ R E E M~ H I RE R H N H

3.1 A5 o) Rtk

DEA JEIEMARBERIEN 2 3 T V2 H M GE, IWTAWI K 5 4
o G0 DEA JRiE B st sb s, nl E g n ek e, Bl R —
A DMU VAR H LUK BT 2AT s i, A2 i2m B A DMUs. SR 78
SEBRRLH T, DMUs BB HAFF & iz, 1Rtz (A R, tnss
HBE| DMUs 15287 HFigbm 1 SR [E 8 1Y, PR AL IR 7= AR g ] 5
Ho EXMIENT, S0 DEA J77EH AN 2 B e Fr= H 2.

AT HER . A EOPEA [ E P2 DMUSs FIREER, SOOI T H A PRk
PER AR, HLmE et 7 GEEFDEA fAU%T DMUs #HT 41800l . R1, £
GEEFDEA #RAIIHESL T, —Lea i R BLZA AR MEORIE EEF HME—1E AN
EEFs /= IR ORI A A7 AE 025 22 500, s, HIT i8R 4550 (1) EEF
Rt DMUs B A, Al DMUs ANB &2 ik $0 EEF, K AFA
DMU Egi[a T B CimertT. AT e fipTA DMUs JE#E kM EEF,
Zhang Z57OE 7 —Fl Cross-EEF S8R IFAN 71k, &1L RV DMU i #54F
H A Al EEF KPFH B CATEE DMUSs BB

SR, TR —A DMU Kk, iR J5GEsE— A3 A A EEF
KV AT DMUs, 230 T H e oA R EEFs K HAEGUOFAS 52 m . sk
F, EHEA DMU KBV E, SFEEZ N RAFIN EEFs CRARIER I 3.3.1
), XAFAS R W TR EEF SR HiAth DMUs. Bt4h, ZA4EA
FH) EEFs MIfATES S EUSERAG M ARME— VR &, ESR DEA 2 UM T iEH
(I IR Gk H ARASE Y T DAFH K ok A il R34, (L VA I Af 17 o U 43 A e 5 2
A DL PR IX S A

N T AR LR B e A R AR A R — 1), AR EE R T —
BT X IR1 22 SRR [ 8 A= 7 R VP DMUs. %%, TEEETEL, %05
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TRUTAE R 2 A S

EAVFEES DMU 8T e A M EEF BEAT VR, DIIRIS HH AR5 77,
FEABVERTBL, @2 iE AR DMU B A e Al EEFs kit 5 Al DMUS 124
HAE, MG EIEE DMU X RCRE .. HIk, S50 XA SR —#,
KENQ TN Z AN AT 8520 (SMAA-2) T77%, FFRs FZITIER X AL
MR RAT SRS, T DMUs 32158 0 i . fea, KRR N ] 31 2022
FIRFAT I 32 K A IS -

3.2 12! [B] [

Yang %6044 1Y) GEEFDEA LAY, 2 AMAGUSIPAN I 70 b S A . it
4b, GEEFDEA B2 %) EEFDEA BMPIANJTHI it . — 2k | EEFDEA
TR SRR SCR I T R0 8, 2 fE vk T EEFDEA KR o i 45 [ 5 fi e
H R A TRD 1 sl R B i (s L. AR S AN S, — R R R M BT
17 DMUs [fR% R, Ml se ot EEF MM E: =R F BT e SC 10 el iy T VP45 BT
5 DMUs [F1350%

B EHAnNDMUs, FADMUMFEMMBNY;( =12,...,mj=1,..,n),
/T%I;iusﬁtljjlz%ﬂzn}ﬁ&yr](r = 1;2) ---1S)$Dl$q]%%cu}ﬁﬁft](t = 1F2’ "'Il)o /E\:E‘ji
Y fej = F (Vt), FRAEH. 5T Yang B0 5N %50, GEEFDEA

TIPS — 0 R S R S A AR T A T

min Yi=1 Yies YtOij
Y1 brYrjt s Ve(Fe+8) _ 4 .
I, vixij =1v)
S, 6y =0 vt (3-1)
s.t.

agj = max{c?tj,O},Vt,j
ftj + 6tj =0, Vt,j
Ur Vi Ve 2 0, 6 is free.

Frf, v ARy S BN AR E Ry, 3N, (R R R £ B
B, 5, MTEMRGE, EHER 0, TR BN E R AR, M6, A
FDMU, 07 8 b 6, A Rk 5] EEF; 6, IEHCE A DMU, AN LT

DMUs #5HL43 505, 4 ik 5] EEF: 6,9 0 BBk DMU, 07 B 75 A5 1L il
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5% EEF. ik, #AY (3-1) A LLEHAT U0 AR f.

min Yior Yie1 Vel 8l
Yio1 hrVrj+Sbay Ve(fej+8¢e)) =1vj
L v (3-2)
S.t. Z] 16t] 0 vt
fej+ 6 =

Urs Vi Ve = 0, 6 is free.

AR (3-2) T8 BN, (t =12, ..., Lj = 1,...,n), ARV

TADMU; [ 52 = f BN (fy + 675), FEAEBENAIE R i A= H R FEAS
AR, VRS DMUSs TERRRY (3-2) ML FRA I, Brel e A 3L R pL
T ~3L EEF.

5T RIRAILH) EEF, GEEFDEA J7ikMIsE —#ir i@ Bii (3-3) iHH
A~ DMU IR :

, >Mm ovix;
egEEFDEA min = i=1 Lllk
Zr=1ﬂTYTk+Zt 1Yeftk
L vixy) > 1,Vj (3'3)
S.t. Z‘r 1ur}/r1+2t 1yt(ft]+5t])

U Vi, Ve = 0,V7,0,t
AR (3-3) MR ARCR A R AA ZMMEA T L, RO R fRilE
JITi DMUs & 17— A FE 86 RO i _E b AT PPAG 9 .

3.3 {RAUH)E

3.3.1 fizREHL

FEREE AP H DMU AMAGUEEN B 79, N T 5 8 AR E (K 72 3
Bl AR 3-1 FIEESF B LA FIER DMUSs 78 & @ A7 8 o B A
(58 SLRCRAT 5y o ZEEFBIIEA 9 DMUs, 7% DMU 1AM 2 AN &
R R

Bl 3-1 il 7 =ANETAT RLATUYTHT . ZRBXGAE (B &ML DEA #52
RIRAF 2, RRFIA AT LBAGE, (46) MLEA,CE, ()
7 GEEFDEA AL bk 45 1 15 AL AT T, 2 DMU, A BB R EEFs
FIIPIAS. GEEFDEA AL A I 5 1) EEF RIFAL R 4G 1 DMU, %51

A1, Bi, D1, F1, Gi, Hifl WEEIFE—NALE, Az, B2, D2, F2, G2, Hofll Iy
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WAER—ALE. RN, B 3-1 R H TA AN E . A, &
O Flm A HEBLA G E, MR BLA, CLE, IAZ 008 AR A" s O ATkl B HUAE
K2k 5 H 0739 B'AI B,

% 3-1 AU

DMUs Input (X) [t 52 A= (V) fi] 52 F 77 H (Y5,)
A 1 5.29146 8.75984
B 1 5.23861 3.57825
C 1 0.48899 0.3622
D 1 3.53328 7.27163
E 1 9.27681 0.20684
F 1 494398 8.30095
G 1 2.20908 9.49323
H 1 0.81993 7.69988
| 1 0.33434 7.52795

>
O 25 5 75 10 125 15 175 20 ]

3-1 BUHFE B A= T 5E4E (PPS)
CADMU,FIDMUg ABIKAEH DMUS f71E 2 ANA8 kA3 5r . K 3-1 v A,
DMU,TEX A EEFs b5t R A4 T UL N2 sk 22, 4 fdi FH DM U, 5545

oA’ oA

AN S5 876 BT T Ay €y Ey 1AL Co B VEARDMUR IR, 5% I 1 202 43 il
N RZZ RAERIL OB’ # OB, W% o [k, % SHIHEY T 161

oB'' OBIIO
SEAPE UL DMU fRAE 2 AN RS .
H b, £/ EEFs WAEAEAES FE DMUs 2 [R5 4. fEiXFhse i
&= N, B4 DMU #A 8 ciifwids, FEmR T E CERE EEF, X f#{5h
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M2 AR . IEWE 3-1 FioR, DMULAFTEZ X E s AR EEFs, 24
DMU,i%E#E ) EEF X i DMUs AT RCREEAT B X DMU AR, 433 ()PP
SR TCEFAFDMU IR . IBAt, A R HEN B I DM U, AT LA £21% EEF
EVFM A DMUs 0% . RItl, ASCH R e A= L0, /AL 7 — AN
(IR SK AR He DMUs 2 [8] ) 55 4 i f

3.3.2 T XERZ MR E E M~ HIFN TG A

AR EREHEH —FE A T E A DMUs IS, RIS T IX [H]
AT USRI 58 RO~ M YPAN T7iE . 1% 50T Zhang A5OETH HH R f) i — 25
U, BEMBICSCERERAEME— R, T DMUs 124 2 A5 FIIR A 2L
RV, BRIMTE R A B B 1% 5 FE DMUs BT S Al I3 46 A0RT VR T .

FEE A= M e, BTSRRI DMUs 383 RCIRES I BT 7 22
P ot /0N R R B SR i o M KR Y T o 2% A A 2 I T VR PR TR AR PN
A7 H R 1R S HEBSS lHnA DMUs, %~ DMU JHAEmFh A x; (i =
1,2, ...,mj=1,..,n), FBsMIEREEM” Hy,;(r = 1,2, .., s)FIUFPE 2 77 H

fe(t=12,.., 0 b, AR E A 2Ty AT, i E A R AT A

Yy fey = Fe (Vt), FoRHH. Frssliadt EEF AT

min P 1 Dte1 VelSel
Yr=1 lirYTj+th:1Yt(ftf+6fJ') =1vVj
i vixij (3-4)
st Tmdy=owe
fej +6: =0,

Uy Vi Ve 2 0, 8 is free.

oA, pp, v B Ry 3 AR AR e M=y, BN, [EE R H £ 1
BUEE . 8 Ros S e R R B i, FL R AR AP, 6 = 0, VE.
M (3-4) RAFLVER, ATTMERM, TEHMHLEBU NG, 26 =

YelSejl, aey = (1651 + 84)), By =5 (1841 — 8;), TTLAE:

19



TRUTAE R 2 A S

min Yhoi Ni—a(ay + Bey)
Yy b Yrj — By vixij + o1 Ve(fyj + @y — Bj) = 0V
2111 1(0(1?] ﬁtj) =0,vt (3-5)
s.t. Yt vixi; = C,

tht] +ag — ﬁt}
s Vis Ve Ay Prj 2 0

Hor, CRIEFHLMMER (3-5) M HAFRECHIE. TERME (3-5)
ZJa, TR —H By, v v af, BiFSS. HLL, &S DMU R

ANxj AR E M H Ny iﬁ%)ﬁﬁ‘]iﬁ%ﬂﬁﬁﬁfﬁ+6§jo sesh, A

#J5 1) DMUs FI30%35°8 1, 1X% DMUs 2R | — A 3L EEF.

—LE SRR IR (3-5) B RME—I, 24T 24 EEF. B4
DMU 5 f [] 1% 55— X e A Al EEF S H S A1 HE DMUSs. Zhang 2580
SINT —FEIENLE], FEHRH T Cross-EEF ¥ 5. 4R, M EYFR, %
TR A ZAREEAT Iy, i DMUS FE44 B HERRPE .

NT IR, EXAERRy =0L.nr)’s v=(0h0,0)" u=
(g, oo s )RS = (8), Vi, 7,8, jo ARAE Zhu ZESTRT Chen 2500 7T, 7E 5/

TRBESRME MR (3-5) fAEETLMREZ AN RMM. Hik, & XEASEE A AT
[¥) EEFs, BT
S = {(w,v,u,8)|y,v, 1, 6 satisfy Model(3 — 5)} (3-6)

H1 T ] 5 A H AP AE, DMUs Z IRIfFE BB AR ) X R . B4 DMU
R B WA A sThik A Al EEF SRS E SIS DMUs, RHitk, %
A EEFs XHVFMEFRAERI G — 32t T kiR TEXFESL T, AT SR —F%
JEREAS DMU iy s AHT EEFs 17575

DEA 28 MR BRI [FI 5 & 17 VPRI, BT A TP HEZRISE,
FITLL, AR T X A28 OB A & 5 A7 Y DMUS. 28RS 3L 53 N B
B

—FrBt: DMUs H T

TEEHVERT B, B DMU A LLE#E— A A EEF X9 E O E
DMUs B2, B (3-5) HirmBEIRIME Nopti*, R TAEE 4G 7E
MIDMU,, Hi KECGAE T LOEE R mss (3-7) 3351,

20



TRUTAE R 2 A S

Max Y5o1 hrYrd+Eee: Vefed

Eqq =

YR viXia
Xie1 Z£=1(Uftj + B:j) = opti”,
Yio1 ey — Zyvixij + Dtca (Vefej + @y — Bej) = 0,Yi,7,t, (3-7)
s.t. Yi=1(aj — Bj) =0, V¢,

Yeftj + agj — Btj =2 0,V¢,j,
Uy vi'yt'atj:ﬁtj = 0.

N TAET R, WA (3-7) 3T Charnes-Cooper 84, 7] 73 3£ LAY,

Egq = Max 51 UyYra + Lt=1Vefea
=1 Z£=1(0~’tj + B¢j) = opti”
=1 UrYrj — Zﬁﬂ’ixij + Z£=1(thtj +aj— Bej) =0,Vi,r,t,j
it Vixig =1 (3-8)
Xioi(agj — Bj) =0,V
Yeftj + @y — Brj = 0,V¢, )
K Vi Ve @ty Bej = 0.

T Br: DMUSs fihif
TEARVERN B, (RFEDMU, I RCRAB E ;g N LI R, DMU; [ 55 KA 5 /)N
RCRAE A LU AR (3-9) HEATHHE:

Y51 W YrjtEbar Vefe)
DR vixgj

Yo Tema(ag; + Byj) = opti®

e 1 WY — ik VX + Dty (Vefej + @y — Bej) = 0,Vi, 7, t,j
Yro1trYra + Bte1Vefra — Eaa 2t Vixig =0
Yi=1(agj — Bj) = 0,Vt
Yeftj + @y — Brj = 0,Vt, )
Prr Vi Ver Qe Bej = 0

BT (3-9) B AIEGMBIA, Sh=c——vi=h*v, 7 =h*y,

i=1ViXij

PR

Eqj = Max/Min

(3-9)
s.t.

Eqj = Max/Min ¥3_1 tryrj + Yt Yifej
Y1 Biea(ag + Brj) = h opti®
i yrj — Ly vixij + Lica(Vefej + @y — Brj) = 0,Vi, 7, t,

Y51 rYra + Di=1Vefea — Eqa L1t ViXia = 0 (3-10)
s.t. X vixi; =1
Yiz1(ag; — Bj) =0,V
Yefej + agj— By 2 0,V¢,j
U Vis Ve @ Bejyh 2 0

FE FEDMU o I A AT RIS A RS T AT 3R T, A7 (3-100 19 HAx ek
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$E BRI MEDMU, R, 62 2R AR F B o B 45 313 g
ESRIEY . I (3-10) ik Lol Al B BReR s, FRUEDMU, %
RIS BB SONIR VAL, BD[EL, EYS]. MRABIK MOV, fRth 7 0 5 2.

SEH 3.1 DMU,HIRCRAAE K [ [EL;, EY7 |1 #0251

SEHE 3.1 U L% 1.
& 3-2 X A5 X HE
DMU, DMU;
1 2 n
1 [Ef1, EfT] [Ef;, Ex5] [Efn Efn]
2 [E31, E3T] [E33, E35] [EZn E3n]
n [Exi Enr] [Exz, Enz] e [Efn Efnl

Ve MMEL = EYIE, SRR I KT DA SR

SRR (3-10), W] LA FI A [ A H DMUSs (1 X 8] 38 XK1 .
R 3-2 RIX AR XA, ZE M P 26 B BB R R A DMU 1 E IEAK
FH, HiBRE; =Ef =Ejj=1,..,n

WRIEEHE 3.1 WA, DMU;IRCRAEIFARME—H, WDMU AR T HE
DMUs BRI HEZ 2GRS HHPPHA DMU BIX SR ER A EE,
SLRER S E AT M B AR . B, & DMU,RIDMUg X 8350 43 58 [0.2,
0.4)#1[0.6, 0.7], WIDMUg ) HE4 5T DMU,. {HR, H{DMUFDMU, KX 8] %%
FAE 5> 7 9[0.3, 0.7]41[0.4, 0.8]iF, A LUK ILIXH > DMUs HIRCRE R L EE,
BRI RLZ I i € B DMU AR R A7 B ? XK RO A B 5 2R IR AV 8
[ — A EE 2 ]
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2022 FEIRZFEATIE 32 KA ARV o XS AR /3 AEE 9 NE S, il E
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CUESD N (EED) (%)

CHN L 1443495 146145 3803.4 4.2581 0.7582
CHN I 94470.8 118648 3600.4 3.8532 1
CHN Iy 86797.7 141681 1440.9 3.0332 0.8510
CHN I 78755.7 100000 318 2.6305 0.8187
CHN Is 57354.7 112113 607.3 23582 0.9954
CHN I 81583.9 128928 1471 1.9674 0.5878
CHN I, 91489 400000 1881 1.2631 0.3335
CHN Ig 46564.2 288186 472.1 1.1537 0.5646
SWE Io 56991.8 89195 3821.9 15281 0.8043
JPN Lo 557522.2 372817 25371.4 9.8383 0.6664
JPN L 197456.2 204035 6294.2 4.5626 0.5914
JPN L, 134844.6 141983 1918.7 26413 0.4994
JPN Ls 61216.3 167950 2349.2 1.7293 0.6875
JPN Ly 34641.3 117177 12635 1.2282 0.8369
JPN Ls 34224.1 69193 1427.4 1.1188 0.8041
JPN L 31359.8 281075 857.3 1.0559 0.7673
JPN L, 557522.2 135636 3589.5 1.0415 0.2038
USA L 257035 183000 17937 4.8019 0.7921
USA L 244718 157000 10019 4.4731 0.6993
USA Iz 62131 99290 5519 1.8956 1
CAN Iy 29086 158000 1514 1.2764 1