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Measuring the efficiency of technology innovation of the
Global Green Car Companies by ANP/DEA Model

HyunWoo Kim - Jaehee Kim - Sheung-Kown Kim

Abstract : As the environmental performance is getting important in global automotive
industry sector, there is a need to build the intellectual capacity. Hence it is important to
measure the performance of the green car patent development of global automotive
companies. To do this, we propose to use Data Envelopment Analysis(DEA) Model with
Analytic Network Process(ANP), which generates weight coefficients of inputs and
outputs for DEA-AR(Assurance Region) model. We considered three inputs: corporate
asset, R&D expenditures, number of employees, and three outputs: patent counts, patent
citations and patent claims. The results showed that our model could measure the potential

of green car technology, and we could see the trend of the green car industry sector.

Key Words : patent performance, green car, ANP, DEA, assurance region
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ANP+= 1) 3 9 (supermatrix)S AFE3ste] H7ta o] AUAel 758 E&Hr) o
FHoA FH2EHE ¢ (h=1,2,...m) &% YERH 7z} FY2EE o, 700 Bl AS
THAA H ™, 2 B A e)iep ey, = HEFATE o= thg <OF 1> o] %¥
g 4= 9 T(saaty, 2001).

C, c, C,
11-€1p, €1-+-€p, Em1--€mn,

€1
€1
C .

W Wy e Win
€

W=

ey,
ey,

Cy : W/Vl VV:VQ T m N

€ N,

<3 1> ANPe| Cfs &

QR i daEe] ESblock)olehal ahm, w,el 2 A Al ol sEo

g BE Ao ae]] tiske] A ¥ H]E-(Consistency Ratio, CR)S o]-&3}o] A
ArE Fagth AR, F7Ee Azt e iHHE UEhE A8 (submatrix)
S AFgE] 71 HA] 28 i3 (unweighted supermatrix)S =3t UlA, 7hEE
) & & (weighted supermatrix)< 7+=3%t} o= i Zo] +=dsl7] YA o3k =4
2l def Fo] 191 #E 8 H(stochastic matrix)& == gont ol & 93l S =EH 9
A AFHE S} ool ASEhs e A S tHaAE e 7z Ao wahal, i E
S A3t oz, A FE A (column stochastic) AL WA ZIt) mix 2o g 7}

LAES 7t 7F FEE urzbx] tdEe] F3k WS (power) S 5] =3 tjalE



(limited supermatrix)& 73 -, =53 B o] 7z Brhaso] 7oA RS ARSI

2. A5 XFEY (Data Envelopment Analysis, DEA)

g FAEY AEES 7 A A @] (Decision Making Unit, DMU)E2] 4
g4l g84S Hrieke WY o 2 DEAVE F&38hA &89t &7+ CCR 23

(Charnes et al,, 1978)2 ¢ T FxIstAA A47Fs A3 (production possibility
47 A= 284 DMUE #x3ste], DMU 7179
AEFQ A4S 22 MR F8A H]# §4S AAsE H 85 e EYSE g o

St *’F"J%%(Constant Return to Scale, CRS)S 7}4 3o},

o] RFPo| A Fhol] Tl HohEk(s,)H AEFFE(s) o R TAE e o ¥
S F71go =M vg&4d DMUZF 7FA AL &= Bl aeAd S o (s, sl 93l
ZAel Fpopdt = gtk the-S A=7)E CCR R0l o WM4S 3713 2 3

(envelopment form)2] E.& o]t}

N
T;, = Zx,l.j)\j+si_, i=1,..m @)

Mro = Eyu j ’,,7 7'*1,...,5

/\>Oss >0

0, B7H’d DMUS €875 vERlin, DMU 7,9 #ko] 1o]H ‘S84, 184 &
oW MEggH 0w gt AT FX(reference set) DMU ;o] 7FeAE vERH,
v, DMU jo F982 igtelw, = DMU ;9| AFE84 rgkolth. 2,9 ¢, = H7H
4 DMU®| 79 & AFE8a gholth
271 CCR ¥ 9] Ao & Hl(dual form)Q! S5 =
F9 9 bz se gigk 7t ARE 9obE F Q) e 58 JE By

o] tH(Cooper et al. 2007).
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EA-AR(Assurance Region) 2% A}

3. DEA-AR =23

Thompson et al. (1986)2 7]&2] DEA EdoA vehts i B3 v)ga) 3
7VeA wAE N7 918l DEA 23l AR(Assurance Region) A|2F2S F713k
DEA-AR 23S A¢tslth DEA-AR 282 7 £ 2 A&E249] 7haAdd o)
shek gk ek gk AAgst AE3ITE o] & 7] DEA RE3of nkedsto =

S

o
H= =1
2 8% 249 7FEAZE 0w EEH Y, A

A3 4= T R AEaLdd i A ME AAsks Aot L= 7Y

L

i
wrh e Ba4 FAE QA Ak ol 24 Y % AE 8L FolE FA 4 -
2 A A

H
Whs J3E d9ol WskE 7] wjiZo]th(Cooper et al. 2007).
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o] 7ol wlste] 1 qFEu AAQl Hel A oA 9ol lom, 1 A A 5ol
Athar A A sk Th WA, Cohen et al. (1996)2 7199] 2T A7/ 42} 71 A2
& ZE&skEd dof 1 ojFe] flthe AFAAE AABHATE $HH, Tsai(2005)= 3o
B2 2oke] AT Aol 711 e #AE, A2 R 719 2 R 7]
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Agrel AEAEE A HHEmst, 2001; Kiirtossy, 2004, Wang et al., 2007). S=3F

Trajtenberg(1990)2 53] ¢} A70En]-83e] =2 AaaA7E SA3v= A2 Al
A8kt

£3]9 904 = ¢ 537 g2 53l 93] d-&(Citation)® 3= Aeo]H )

Bl 53] Q184 37t B 58e =2 74 7HHE Adnh webA 189 3

B 3faL BAMNEY F Y 2 Thsdo] dtkar

SARE 7IHe TlE FEARE AT B ok}, a5

B 53819k 4 ZEx7F 2RE dAlel v AS Svgt(Albert et al, 1990;

Carpenter et al., 1981; Hagedoorn et al., 2003; Harhoff, et al., 2003; Kiirtdssy, 2004).
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521 7] %5 (Department for Business, Innovation and Skills) A% (http://webarchive.
nationalarchives.gov.uk) & vHIE O 2 9o &8 A E3 HolHE E3 AR Alo]
E<Ql WIPS (http://search.wips.co.kr)®] v]=53] dlo]gHo]~E 7|Hko 2 2003-2010
de] 2" 7 71 1060319 53] HelHE s 53 7 Ve 29 e Y
ok 71 =TF 58, Qo Wi F T el 3 o Folth A7) =5 E 7
Fo 2 3 AL ulmro] AAA 71 2 A AlAES ZE Qa2 (Huang et al., 2003;
Patel et al., 1991; Pavitt, 1985), 53] <18 AR A|~"lo] - & S5 o] 917] o]
ChHAlbert et al, 191). ¢ 2 4t& dlolH ] #4717k, Ead=
EEH e AlRlo] Aolste] Alxb7E dAsA RE thd b
o] S AL AA Fvh= S arddte], AR T2 WS sk A Hue §
G713kl AR T Fdo] Sl B Aol & Aol
ATk =3 AFUNE DsolA durHo R

EA8HA] F=vh= Wang(2007)2] A& 3ashe], A
of gl 1de] AlAFE 7kt

<E 3> Az tiE FAFS Gl Aotk ANP F& 98] 53l Ao
A AL 15 ol Al &S FsaL o] F 919 Fast AEdyE g8kt aela
ANPE ]38l Decision Lens Inc.2] SuperDecisions Ver. 2.2.3& AF83}lal, DEAE $]3H
SAITECH, Inc.2] DEA-Solver Ver. 3.0% IBM¢] CPLEX 1225 -&3}3ith

=5

f

;

£

<#E 3> Fe  MEAS JV=SAY
71Tt | AT R8s 2 58 ¢ | dd8 =+ | AT T
gk 291,917 7,526 345,320 241 1,182 3,422
HAagk 15,502 819 37,395 5 5 62
it 114,308 4,092 186,320 71 350 941
EFHAL 95,190 2,256 101,370 81 418 1,101
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