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Abstract

To scientifically and objectively evaluate and analyze the efficiencies of regional innovation sys-
tems is a good base to analyze and make policies of regional innovation. Data Envelopment Analy-
sis (DEA) is one of the most used methods for evaluating the efficiency of regional innovation sys-
tems (which are referred to Decision Making Units). Decision tree model is a tree structure, which
is a process of classification based on feature; it is an important, useful and visual tool of data
mining. Combining the advantages of DEA and decision tree model, this paper presents a hybrid
model to evaluate and analyze the efficiencies of regional innovation systems using DEA and deci-
sion tree method. Based on the evaluation of the efficiencies of 31 regional innovation systems in
China, the classification decision tree is established and its role in strategic decision making (or
policy making) of regional innovation systems is analyzed.
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W XA FT R G (PR R SR R ITT) AN A AR B RPN 7. MR R EWNBEH, RrE TR
XSEFIEAT I RIIERE, B—FMNATZHT SR ZENERE TR . &30/K4 & DEABAIAI JURN
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B 2L KA 2 R R EEFIR . XIRGIE R G0 — A0 A 1 BRI ) SR $E N4k
R NAET RS, RIRE G RGN E B RGE  FRIE X I 5 3G AR R 1) A
B BHERPAN 5007 % XA RGMRCEE, ST U#XIE GRSl a8 HEcE, Ak
P& 1 XA BT RE 77 B R A [1]

H1 36 [H 2 418 %% % 2K Charnes %5 A (1978)42 t (1) 54 £3.4% 43 #1(Data Envelopment Analysis, DEA)#
R[22 RSB . P2 R G &R B oA A AR - 7. A5 T8 DEA #H
RO X B R AR RCREREAT TR FE . XIS B 2 Hi(2002)iz H DEA CCR AL PFAN 1 X 158
B RGRE S HORA RN, FEHEAT O RGN 7028, PR HER I B SR [3]. AT 5. R4 (2004)
iz DEA J7iE 57 IR E 30 MTEUX AT 7 HARAQIHT MR, 255 B3R M H AR G 8 AR5
s PAEBIK[4]. FMRAL. TLRTH ., 245 (2009) % £ E A I XA HT RE MBI R AT TR, 45
TR, WEXKIREH ARG RIS, X2 AERRCRACT 2 EUN, I 2RI BRI 35 gk ) A& F [5]

SR, DEA BIALZEAE(ZHAN. 2/ )R B, XIS R 400058 75 2R 7 s 4
i, X EFE DEA FE N 1 & FhECE T VA 20 B 5 AT HARAZ 4, DU 50 4 R ) L ) X IRBHT R 4t
MIBCR S %, Hodr, SR TR — Rz AR IE M E T E, 2 Quinlan $2H
(17 1D3 F1 C4.5 LA K Breiman %5 A2 1) CART Hik[6]. PRIFEHIBIELE R TEEEM), RonFETHREXS 5L
BIHAT 7 2R 72, B AR B B v et AT 2R 5 SCUTRA I D SR, o Sk B ORI 43 S
I

4ty DEA BEBUFNSE ik — i B WG] 1), O SH 10 1T U SEG 1 AH I FE[ 7]
[8], HAEXIRANHT ST IR, FEASCAEZ AL, ARSI TR A SCK 455 DEA HAYA]
R & B, $e 4G 12 DEA B 5 i T v 2 i =X, 3R E 31 AN X I
RAMBEMEN . BHEAPEN 500 A EZH PSS N IRE 31 AN XA RARCER
it by AT o SR S R ) XA T 2R G R e SR (BB 1 ) A FH
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2.1. DEA VRN 15

BB n A XA R S8, RNV BT (decision making unit, DMU), &AM EEEICAE m BT s Fh
FI':EU %‘_ J /I\y%%ij—t DMU] H"Jﬁk*uﬁtﬂﬁ%%(Xij,ij,'”,ij)*D(ylj,yzj,""ysj) 4 J :1,“‘,n ° y%%
.78 DMUg FRIAR RS 240 AT LU R 41 43 00 i 45 2

S
DUy
max @, ==L 0
2 Vi%io
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i=1 171
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Fort DMUo AR DMU, v, (1,---,m) Flu, (L,---,5) R RHFELE, 29F Archimedes JE55/. FIH
Charnes-Cooper A& #t, K73 SRR AL (1)t D9l R S840 RO 2Rk LR 2R «
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max 6, :_Zf;l Yro
Zi:lvixio
S u )
s,tﬂj.:@g]ﬂj:l,...,n @)
V. X

i=1 177
UV 26, =1 s =1, m.

AR AR ) Q) AR R U, (L, 8) BV (L m), 136, =1, U] DMUg#ly DEA 34;
AN, FHFRN DEA TR (inefficient). T DEA %L DMUs #JRE T A BRI
TE ] DEA BRI H BRI A 205 ERUR R It 2 I, AT 3E N PSRBT 43 AT B o

2.2. REWHFZE

TE R, % N ASFEAR(RD R Fon) AR 4E S B | MFFIE A (B DEA BRI N 577 H
AR, DL KAMAEIGN: DEA A2 JToREE) N3 RA R C, 4r RS TTE M B W23 H — Rk ok
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I3 P LA B RS L — SR EE ) o DR SRR HH 45 mONA [ 322 (2 000 3 SR N 93 SO) 2R e 245 A
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1) 1 (deviance):

D = _ZkK:l Mi log P (3)
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2) H(entropy):
D, =-Y 1, Py log p, (4)
3) J&JEFEH(Gini index):
D, =1-3.. Pi ®)

JE R AT [ A B X T URR AN iR b R AN R 2 SR S p, R 15493 % (misclassification rate) i /ME N5
U 53 PR BB E -

RIEIAHAEE S, /LIS I A BSOS FE ARG S TR, 38 T R A2 S AT W R A,
X

R L WA BRSNS, THEIUAFFERHZEAR R A LLIR R JURS, X — MR A, X
FRERI RN IUE a, MRAEFEAR S A=a Bl “ 27 8B 7 % S o EIk Sy S, Bk, FIH A (3)~(5)
THE A= a A aliFebr;

IR 2. {EATA ATREMIERIE A CALCEANIFT AT 20 05 a v, IRl FEAR B /N IS E R 06 7 £
V15 RAE N RARRHE S ARV 70 i KB ARARRIE S BRI 0 i, NI VAR AN T 45 5, BRIk
TES> BB AS T 45 i 25

W 3. WEAST4E AR AR DR 1RO ER 2, B AR T
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AT LT B SR 4 SR RN BN T P0E RME,  BOREARSE AN Sl FR b N T Tl AR, B8
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3. Scfilsrr

B DEA BEAIRT A [ KR 31 ANXIRAH R81(E . HIRXAERE T 2012~2013 IR A1
B RBCRAT AN o SRS X1 B (2007)i8 F 3= e R 2 o W S5 ge it T, ik I or 7 X 38 R&D
FHXS R DEA VN HEFR A R[] Sz BEFUR, AL DEA AN AL B (s AR 5 8 iE 3l ) HAR
BNETE:

Xz 2012 SEXIRAH 74 R&D i (1271);

Xo: 2012 4 Hb 7 W BURH: $3K (12.8) 5

Xg: 2012 4EX Ik AH £4t R&D A 71 (T A%).

[FJ I, AEXF XA HT RGEHEAT DEA FHXTA RAEPPAN I, B 24 2% B A EREN BI77 HH IR ISR I 1], A SO
SEZIEIBRT R —4F . [RtG, DEA R8T F RN 5003735 30 i B Ak 7= 25 80K :

yi: 2013 [ A SO TR 18 SO (R

Yor 2013 fEERH L F BN SN (12 7T) s

ya: 2013 AR it DA (E T 3R 00):

Ya: 2013 4F B R FE R T B (T) o

HAKM) DEA #5772 8 W3 1 1058 2 1 E 5 8 51, BT Bl Yy ks T b [ B R & -1 =) i
RATHIAR B gt %R 48[10] [11] [12].

i H DEA 3 EMS XF3R[E 31 /ANXIREIH R S HARX ZRAE 0 #HATHE, HEERAIER 1 15 9
Hl. Horb, HRREHICHES N E = {dbE, i, TI%, 100, )UK, RS, SR, Bk, HR, B,
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Table 1. DEA Input and Output Data and Efficiencies of regional innovation systems
= 1. XiAIF &A% DEA A5 U R REXNHE

S AT X1 X2 X3 Y1 Y2 Ya YVa 6
Je3 1063.4 199.9 2355 72,662 3826.1 20,354 20,695 1
Kt 360.5 76.5 89.6 14,976 42435 19,289 3141 0.792
b 245.8 44.7 78.5 21,543 1381.0 2811 2008 0.756
1L 132.4 333 47.0 8005 707.8 3228 1332 0.563

S 1015 276 318 4217 344.8 110 549 0.348
L 390.9 101.2 87. 2 20,976 2362.4 5430 3830 0.692
LS 109.8 25.0 50.0 9580 1431.3 386 1496 0.854

IR 146.0 37.6 65.1 13,229 610.8 296 2238 0.812
i 679.5 245.4 153.4 31,803 6823.4 88,710 10,644 1
LS 1287.9 257.2 401.9 52,623 24,854.0 127,965 16,790 1
WL 722.6 166.0 278.1 27,629 4360.1 14,276 11,139 0.787
2R 281.8 96.0 103.0 14,310 1831.4 2826 4241 0.698
Eizyed 271.0 48.5 1145 9820 3545.0 15,527 2941 0.720
anitl 113.7 275 38.2 7182 2289.6 3442 923 1
% 1020.3 125.0 254.0 25,849 8946.5 17,394 8913 0.784
R 310.8 69.6 128.3 21,466 4284.4 20,726 3173 0.792
Wk 384.5 54.4 122.7 27,779 24453 5209 4052 0.735
W 287.7 48.2 100.0 16,814 2564.9 1660 3613 0.785
IR 1236.2 246.7 492.3 36,277 27,8711 256,431 20,084 1
i 97.2 428 41.3 11,512 1126.2 1942 1295 0.827
piaea] 13.7 12.1 6.8 3284 121.4 571 449 1
EN 159.8 29.8 46.1 14,809 2624.2 24,836 2360 1
| 350.9 59.4 98.0 24,843 5160.5 19,217 4566 0.953
F 41.7 29.0 18.7 6037 372.0 154 776 0.756
= 68.8 32.7 27.8 8502 291.1 2019 1312 0.804
[ 1.8 5.1 1.2 302 11.8 56 44 0.746
(] 287.2 34.9 82.4 30,055 1374.0 4739 4133 1
Hfy 60.5 16.2 24.3 9485 140.9 242 785 1
i 13.1 7.2 5.2 1504 50.7 24 91 0.644
THE 18.2 9.6 8.1 2250 31.8 129 184 0.645
W et 39.7 33.0 15.7 8034 20.7 331 540 1

BRI xan X A1 X o RIRT SCHR[L0]: o A1 ya SRR T SCHR[L1]: o A1 ys SRUETSCHR[12] -

HAIR T DEA BRI A e AT, RSB o R NE = {3, b, it Asah, 07,
wAR, RRRIC, WL, =@ AREE. AR, R, Wi, e, e, DU SIM, s, pu. HE
TR}, /& DEA BRI I C X I AH R 5

MY A\ DEA P JEUa A R S B AR AR B, R B AR SRS, A E
BE— PR P PR . DEA X RCRAE 0 FeONBUE N “HR(0=1)" 1 “TeR(0<1)” #i5y
KA, JFK DEA BRI 577 HACEAF W4, (M RIS tree AR, RA&SAMmZENE N7 H

25 BT, L PSR I P 1 TR
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Figure 1. Classification tree

1. PERER

M1 5y B S a] W, SR SERHEEL T DEA NS A 7 MBS 3 AN EE ML viv X
Alys, FFPPAUTT 4 2 H0 PSRRI/ 1 DEA A R0 PRSI .

FUM 1: IF (y, >28917), THEN (¥3#.50 DEA %)

FU 2: IF (y, <28917 H.x, >33.15), THEN (k3 #.70 DEA %)

HEN 3: IF (y, <28917 , x, <33.15 H.y, >198), THEN (k% ¥t DEA ).

B 4: IF (y, <28917, x,<33.15 H y, <198), THEN (Y% .50 DEA T3K)-

I FRHM [11R 53 %0 0.65(= 2/31) , BRI IEHI /- S LLBIiL )] 93.5%, FMIHREL P AN AR
ERER{inP

FHXS T DEA J& @4t L (Z 8N 277 ) RN BUAAER, SRR AL 1 B S SCUTRA ) R SR
T P SRR X S HT RS I BOE e F I T A MG R, FEMBATET XA R oA Bk r s
Wi R R A0 BT B ik ok . OB W T S X S A0H R0 SE M i E R &R, S XIBADH RS54 AR5
H &R, E MRS XIRAITECE, o kS8 S, SnkelidcE | S e, £
PR 5 AL 2 R B RS SR AW SO, 14 B

4, g5ig

DX S B 3T 2 Ge A F [E QB AR G F AL AR 7y R X TR g K AR R e ) B 23k ikl . DEA 72
PR X I AHT R G (PSR ST AR A R I B H VN Tk — . 1T DEA RE4EE(Z A 277 H)
R AR AR, A2 HLARIRU A ROk ST TE AR SR BT 2 i, A A B R SR 715 DEA 153
Wr & REAT HE— 2D R F2 00, R S TR S 7 A BV i SCHT A A ok SRR, D X BT R e
B E F PR VSR LA MERIE R . Ll i sl R, A2 &2 A DEA B8 5 Y s 77 i
IPF A 7 WA S A R



SEHk (References)

[1] Z=fdE, B, 4. XEOE REPNEER]. BHEE EEAL, 2010, 30(1): 13-14

[2] Charnes, A., Cooper, W.W. and Rhodes, E. (1978) Measuring the Efficiency of Decision Making Units. European
Journal of Operational Research, 2, 429-444. https://doi.org/10.1016/0377-2217(78)90138-8

[8] A, BEM. XIEAH RGAH SN 0] B B, 2002, 10(1): 75-78

[4] WAZ5, RS ETRASSHEOTN I XISE R GO SR 5T 0] BHE L, 2004, 25(4): 23-27.

[B] AR, WA, 2=, FEXIEOH RECH R A VN L i), BHEH SRR, 2009, 21(9): 2-8
[6] ZEMi. Suit2:d07ik[M]. dbat: R i, 2012,

[71 #ei&, sk, BT DEA 5 Ui 77 ik A AR 28 o) U 72 [9]. 1ML A%, 2002, 28(1): 220-221

[8] Wu, D. (2006) Detecting Information Technology Impact on Firm Performance Using DEA and Decision Tree. Inter-
national Journal of Information Technology and Management, 5, 162-174. https://doi.org/10.1504/1JITM.2006.010116

[9] ZANpE, B HT 5 DEA g R&D MM B IEN[I]. B Fi 5 Ak e & 3, 2007, 19(2): 108-112
[10] "FERHLES. o ERESG T EEE 2013 [R]. http://www.sts.org.cn/sjkl/kjtjdt/data2013/

[11] " ERMEE. T EEE A LEGE 2014 [R]. hitp://www.sts.org.cn/sjkl/gjscy/data2014/datal4.pdf

[12] HEBEAE SR, o E R TR R AR P ——& T £ Z 5 47(2008-2013) [EB/OL].

http://www.sts.org.cn/kjnew/maintitle/sub.asp?Main=15.

Hans Y
R BRI EZ T RS

BRI HIRSS (QQ~ TfE . HIEHE B )
S UL B 38 BT

24 /NI DL R A 1 BT e il

AT BITE L AR

B AT

IR 2R

G X 244 7 26 U IS RO A

¥efEiE b hitp://www.hanspub.org/Submission.aspx

HATIMEFE: mse@hanspub.org

Noga~wdhRE



https://doi.org/10.1016/0377-2217(78)90138-8
https://doi.org/10.1504/IJITM.2006.010116
http://www.sts.org.cn/sjkl/kjtjdt/data2013/
http://www.sts.org.cn/sjkl/gjscy/data2014/data14.pdf
http://www.sts.org.cn/kjnew/maintitle/sub.asp?Main=15.
http://www.hanspub.org/Submission.aspx
mailto:mse@hanspub.org

	Evaluation and Analysis of the Regional Innovation Efficiencies Based on DEA and Decision Tree
	Abstract
	Keywords
	基于DEA和决策树的区域创新效率评价与分析
	摘  要
	关键词
	1. 引言
	2. 综合DEA与决策树方法的评价分析模式
	2.1. DEA评价模型
	2.2. 决策树方法

	3. 实例分析
	4. 结论
	参考文献 (References)

