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ABSTRACT

This study suggests an integrated model composed of factors of industrial environments and
technology capacity for corporate diversification decision based on industrial organization theory
and resource based perspectives, We examine the proposed model using patents and financial
data of 272 applicants for 6 years (2010~2015) in the smart factory ICT convergence technology
(application and platform field) sectors. The result of analyzing the fixed effect panel model
shows that technological competitiveness has a positive effect on corporate diversification. Also,
the additional result of analyzing the two-stage least square fixed effect model indicates that
the convergence patent ratio increases technological competitiveness. Based on the results, we
provide implications for corporate diversification strategies and government R & D policies for
commercialization of corporate convergence technology resources and competencies.

Key Words : Smart factory, ICT convergence technology, Technological capability, Patent
citation network, Panel model analysis
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FHZ 42k e 22 71ed Ao dignie] Ao ICT§7 e 71Ee] 7«
7 Aol FAlE 7EAE HAARI 71 Roks 2Rl ot FAlol2elA Aejshe §31
&l 27)| o)de] olF 7|& A7) Bi(integration)sto] 7]Ee] &0 ZA] ok Al
7155 L3eke FAlV|eS oulgith (&8 7elA, 2014; Borés et al,, 2003). ICT§E7]
%o] ZHgH EFH< o9 AnfEFHL A ICTV|&S H835te] B w=1 21829l
1 AAGE B3l ATl o] HAslE A EAS U & e A ICTEH A=A
2dlo g AzIA o] A SR, FARY, ArHEzt, wEE AL viEsd 59 YUt
A& A& g Aol E8kd 7E Az Az 7FssHl st ICT7 &%

= Al
=

o
%

A71eH Aikge] FEd ¢ I 7I3E AFd) o]E% ICI§ &L 7€ V&
o] SHAIE SESHL 7149 TIe 52 AR tskel 22 glgEs ST Ay T
TS 53l M2 7HA] AZol 7198t (Curran and Leker, 2011; Hacklin et al., 2009;
Harianto and Pennings, 1994; Kodama, 1995).

saaRE SN §7IE] FaAol tirddl wet, HZ A ARES S &
71 Tk gk Aol &ds] M HL oA IE ¢ 2006, AR o]43F,
2013; A4 9], 2015; Z&- 794, 2014; Curran and Leker, 2011), Gambardella and
Torrisi(1998) ] §871&= gt APd-58st Aok A5 ulel o] F7Ie= Qs 3
SHE FFEAE AP 0R A5e A7EL vEe Aotk =3 §vIsel 719 §
A&EH a2 QI A5 E7HA sEaAE yehr] $leie 714 A g o]
7195 7] #A Sollx A EE dEk 22 AT B3] aRlEo] A g Eofof
sk, AYATEL FHA] o282 BAld 7IWtelaL Jlo] §7Ied] dHadE A

olg Meid FHI¢ WHEe FUSE ol Yol FRAU ol2H APE ¥k,
L
g

(<3

=2

%
F71e 22 7ol 7199 Adukasiel 22 Es | vXe 9FFEs AFeta
2} gt} thedst ofoll A8-d 5 Je ICTE7IES ML 2

G el M&Esh= AFgeHsl Aes Sate] 53 AMEE Bt aF o2 Fgele e
Z3A(economies of scope)E A& 4= QA (Silverman, 1999), o= F3s}o] S7gHs} o g
shaL PRI ol AETe 2N ALARQ] A =R 4 Jrh(Hamel and Prahalad,
1993; Melicher and Rush, 1973). §3], & AFolxe A thzst A4 a2le] tatd&l
5248 aefetazl AizA o237 A7 NS 37 vkdete] 71949 Al thztslel A4
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2309 g FHEIFS AAlskaL, At 23S AESR ICTHR7Ie@lZeAd 2
EE Hob 53] 297199 53] & AFrolHE o] 85t AFHoR FAst. £

Tk 7199 ARieras) exb@gell dFE viAE 89E ket sTIed 22 71eY
o] IS ATH=A, 7199 s IEA R A3 R s § AR o438t dEy
I} g5 R&D A=} Adsto] §87]eAde] AIsE Adietell g AP S Alsstazt
Gisss

ok o e NE

I, o]23 vj73 & 714 A

7199] 739l o] Fa AF F shbrt AFd P S Akl gk #e] 58(Cool and
Schendel, 1987)2.2, 719¢] A J4HE =017] Halixe= A9 B A4 3 79
< oFo] A& A"k Ao Fasith 7199 AR A7t 7190l Bhd A ol
2 75 719783 s WA =, 71de] Bfstal sl Aol His] A9 del F&
Btols 7192 S S8] E8skAl all 7199 8771318 sl dt At A9
0 29| Xzl thgt AAA A tHst dEke T ER AMTFsE 7S ARk Bt
8o 2 E83l=E HY 2] A (economies of scope)E A&shi= AZFolc}(Silverman,
1999). webA] theFet 71 ool Ae2  Je FIAKIOZA 9] FTIEL A2 A9
o= Xjlehe thst Ak Hals Fristete] 7o APdHEeR gk Aol -3k
(Levy and Sarnat, 1970) A&A1 713 A 9% /1L 37 JA85S F76les Fegh
CHo ™A - g, 2007).

7199] ttztsl oAb A ol v AP Q5L Ut AXE, ARIFAHRIETR), 1Ea
7195439 A APHA MFE 2 5 vk (Ramanujam and Varadarajan, 1989). 71418
73 Aol A=A (institutional economics)ell 71¥kste] 7k TAle} 87 T2
Q8RlEo] FHY ol Q152 R 7199 a9 o3t =kt AAF@THWan and
Hoskisson, 2003). AF48H74 2 @910 2= ARRIZH o2 oA AAAFE, AHEA, A
Hellxl 71gol 2kAIsh= 914 Tl 7199 Aiekzsls F71sleit). miAlet e g 7199 Ay
249 #sto], A7 (resource-based view) ol 7193 2] WFA1d =fo] o2
o233} o X ARl FEFE vIAETHE sk A2oltt £ dFtekE §8TIE] AMdeHd
3t SrAHEA | A= AAE A 913 54 stoll, Atz o|E3 AHd7Ria o] 27
sto] 719] AR QR e dgs FAHeR dAetaat gt



1. MEXZ0|E 2o AlY Cizet ZER0I

1) ANE3™L=

AelzAoloE 21187 walel oJs) F1elel theakt Aot Agecka 1) o)
oll, ol2fdt BAolM A A= 73 9dEkll Slo] Fa3 2% aglo] Brk(McGahan and
Porter, 1997; Scherer and Ross, 1990). A|RAAAZ} == ZAAEZ &4} Agn]8-3 &4
Ax 7199] th3t AP ekl M2 T FEFES Al e Hastal ot 23 AH
ATEL BATEl FoHEE T Aol &3 7IdEe] 239 A&H RS sl Al
*]74 AlolE ol Fshs AEhHsts ¥4 ¢3-S gttt Y2 Haveman(1993)2 w5
87195 o3t AFelM TIHES BATECl 2 A9 e R JYshe Ak wis)
£ *lEJU‘rJ— Harshgirt. o2 A S A-elE Al FoArge] AT =&
TE dA I F ALY vFE Sol 76‘“301 gk Ao g JEFro =X 71| ohtst
HAE g 2o v A garlelis FATEe] wokd A B B 8
o] AHrfjido] arzEo] 72 x7gu|go ] oA, 53] thAstd 229 Aeole= o] & 24
H|-go] WGl B} weha] FATET} =2 49 sl tigh ofgke] ZHasstal, vhst
g 7192 23| AIHEAE F4ste] A Ales FAFITH(3R], 2008; Bowen and
Wiersema, 2005). ZHA71E87 oM = 73A o] A1 GaiAH BANH o= AAte] BA-4-2
£ B3] flste] HlzyA FEZE QY] A7 |E S Fo AVIE e Eold
ste ozl Hope #dA e AleE T3t stele 3ol ddvkar Awgitt
AzHFH ICT7 0] §E 2rtEFAF 739 A=Y ICTAY] 242 ii-des A%
o} e 44718 RIS, Az B JlERobl $8E ICTHEI4S Sust /142R
AR1e] A4 A e s Do sl A9] Ul AV ok A TZekE Bl AR
THE AET 5 e B o e o] Aled Aer 5T 4 k. 53] AnE

o

3] shito] A1 Ha glo] BAT ThE ARJRoES] A5 T/ 1%l thet 5271 vt
£ e nepstel $o3%9 7131E Fus] skl AkitZIst ol Ao apyer)
AR FEANIS Ao ARBATES] BRE AFT AN 008)2] ATIHE e

>

AR =7} 7] s 58 Fole AVt e AoE yehgon, ilv|&d
3 A= AlEot AW o8 At $13t B BRE At Ao 9] &9
ojdtia B gt vl ort wehx] AntEFR ICTgd7]E 297198 A W AREAR =
Lol AFE XISl 58 FUAIZ Ao e 5 glor o]d thed} e 7S
atict.
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H1: A373Ae Z=s A4 943 752 39412 Aol

Al BAZETY e 719 8400 o R tSsr] As AR A= A
=
=

competition)o]] 2J3tH, 71€HAS B8l FAT-HE R 7[FEL 2 VIHE U] =2
ololz} AF e Ass}(Nelson and Winter, 1978). 71&¢] 71&3 84|12 | ds}aAl t}
2 ok 7les At e AN 71de dArlER A stk 1<
HAE A ¢ lon, bkt 7Rl S 5t AVleR ek Zledalgde] 5

3} £ 5T F Yt 7edAEE FHst 719 feket Aol dig
7195 7t AAcENE BAE ¢ v FAF 9% wold F ar(Baum and Mezias,
1992; Baum and Singh, 1994), AA719E2 2H7leA4e A2 5 Jok(Barney, 1991;
Porter, 1990). B8t T}ofgl tofe] 7|& o3-S Rt 7|&4AE S g o thge] AR
S v = o, AR BAA
s At 7199 AEA s 7FssAl & 4 ekEFER], 2008, 2009; Kulatilaka
and Perrotti, 1998). WA ICTg7&% o] th2 #olke] 7|&¥ §3E M2 V&S
hehs oM 7IedAES SR 7199 B, 78] e elr A=
A=l thgt Ho71A7E HolFER A oAskE AR 02 s 5= glom, o]
o2 22 7S st

H2. 7139 713492 A o943 £E& SdA12 Aot

FZolle 71932k i (legitimacy) E ol ZA3A 7] 2PHs} 55 A5iAT|L
B 719ET] dgFe fAMIS Fhdhes AEA 78 44 ko] 23 AE, 71489,
52 7149 S FUIARItE F80] A7l okEFER, 2009; Deephouse, 1999;
Porac et al,, 1989). 5, 813 7oA 4ol AYS 83k B4 F3sH(mimetic
isomorphism)7} 7199¢] 17, F5A, A71E FoEHE Ad FHE &oleA st
(DiMaggio and Powell, 1983), 719 7t AR 2 A2 uF Sl 354 D T-U=ke] ghain]
| 2ol o5 SAA Y5 (positive externality) oF7[3HO 24|, 7|3 TAHOZ
28-3R, 2009).

7 Aol i S Aol A9 AR Z16 3 AN Fhshs UEY el



[ O [} -
Al 7173480l T2 7ol Biel diido] Ho] BkA F3st dxe] vEhd 9tk
(Haunschild and Miner, 1997). &¥e] t’de] E 79 712129 SAES dHske 34
4 $1A](positioning) & AT =X 714 AEE tlS A2 = Ut ol2fgh A=A

T AR 7R 7d o g AR AAs 24 AFtelie 724 a9 (structural hole)&
ARgS} LA Fuloldt ARS)A 2 o] EAl8R= ¥l F7HBurt, 2005)S oJHsh= A%
2, 54 Aol thste] 722 Fulo]  YXE FHe 7|9 T Aol tig $AAS 13
3o 7]3]44 0] 7Fsstch(Powell and Smith-Doerr, 1994), B8 722 o] 9)x|= 219
ol wE2A H2d 5 L, 713l¢k 7]el gk FEe] ARE W] ds F A Fo=A
71999] A= FthAIZIcH(Powell and Smith-Doerr, 1994).

kA, 714 AESs HE 71Ye] 724 Wl AXTE mibE 33 A
AAA Aol tigt FAAS LIATFO 2N 74 AEE TS A3 207 s
o a2 Fulel A J190e] 34 2 PRl Baulg Gadles
Ao s S AIRS ThsAle]l TS AR Z|UE = Sl olof vt 22 7
‘A8t At

>

& o Aol
mo Yo

i

H3-a 7199 724 39 A g8t 52 FUAZE Aol
H3-b 7199 724 39 71€3A9L SUANZ Rolo

2. XA [HrEEMel AMY Chztet 2RI

1) {SX}(slack resource)

7199] oHFAAL B R 529 719S5S A8 71Ye] BAstaL e Ao s
ZZo] AEag Akehe dl 283 HA FES 2% AYoR Ao = gt 7ol
RS o fA e 2AERE GAs] Y8 AEEHAY AuiXE 5 e AAHeE &8
7hset Aoz, 7] Efo] Al sgEck (= 454, 2011). oFfAHE2 Al 714 &
3, & 54T ol v =R g2 o8 7Fsdt FEle] AUl E87sf(available slack)
o} 2§ o7 AIAE] ool ojn] FEo] gAME 27 APu|E FE SEE F e
ZAQ1 31575 odfr(recoverable slack), Z12]a F7H4]] diEolu A 52 3l 9%
370 2 RE A= 4 e n|Eakd el A odd-(potential slack) 02 F-E-HTHCheng and
Kesner, 1997; Geiger and Cashen, 2002; Greve, 2003). 435 & A7|AH thu] FAju]&

I 22 A o= AlEe AFERE 2288 7 e AT sHoE, AT 2 719

o
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Ajdon Ao AAckE 71 FIurt cizisiel 2 A% Aeke 2 8 5 ot
(Geiger and Cashen, 2002; Ghoshal and Bartlett, 1988; Levinthal, 1997). 7]33)& %3l
A Aot 719l 87838 7 3AAR] A /e m(Martinez and Artz, 2000),
A o471 APAAT A STIAFI AL B s @ 31 Jrh(Wiseman and Bromiley, 1996).
&3 tztst ATrelld e Aot 7199 w9l tst 2Fell 584 JFEe Agshke F
& @9log FelEm glth(Martinez and Artz, 2006). Wby AnlEFRe] ICTE37E ¥
w7199 Bpole AR e s ATAsETE AEA ZE2 F AUe A8
2 FowA, W TPsE 18S aet AITAEHE $715 & oz aiE 5 9
o}, ool TheF 2L 7S Ay,

H4. 7139 o Age A 943 82 T2 Aol

2) 7|esigg ez Mol J|&sAtd

0|

7199 A7 EFL 7IEFAE AEshe 5% 2ol Bt 7199 71841
7199 77 S5 B3l /IS EY, e e A 71Tl S 8A 9T
A&t

7199 diE 22 F2 7199 RRDFAREY 52 RRDATER F4 5] R&D £}
ARe ko2 FPE RAD BES Sl Salsh e AT Asbt B 7199 Tl
Aoz HAgct wetr] Seish 2o AQAIEL 719d0] HASHE F1EAA Agle] 24
AEE oufsiH 1HEZAe HAARI 71edAl k] A%7F drt, Hall et al.(2005)-2 4,800
N wl= Azl R&DFEAS} 535171 Z7I97HAE oJWleh= Tobin's Q o 542 J¥F4E
A& AAIGE vl T} Pakes(1985)= S3dl& el 7] A& Fol 7199 7t
TUE2 71dH7tel S8 dFES AT, 53] 5519 STt 71971 Wt mA=
FFHo] A= 2= AAlsTt. ol 7199 WA Ze el 71983l mixlE &

2 A53% A7E(ee et al, 2001; Schoenecker and Swanson, 2002) o|2]o]l=, Kim et
1.(1989)9] A7+ AIETRA HIS, 71089 vlF F 7ol 5555 7IYe Ho
32 YLSF-S FgaL Hagit, fAksH 7199 thsl 253t BAlAE, oEd -
1992(2007) 2] ZR2A 4] F42719 td dTtelld 53¢ 22 ARAH o] BErs
A A AZFLT7t AAS7HS Eolv A3 ASToEA, 7Iguiel £449 Jes
g3 S 2o = 3 AP gE B BIAE SUHAE F deS Bt
|5 R&DFAR} 5319 22 7IedAldgd-s e 71995 71488l = 20|
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B, $7HA L AAE LS Bal Al dEgtewy 7Ide] muke 2y
RS EAH o Woldt & glol, ATFARS slels tasl wae F7153 Aot
olell Thed} e 7MIe Agaelet

H5-a. 71349 R&D FAFE=E A b3l &2 SN RAold
H5-b. 719¢] R&D FFE=E 7I€Z4A¥S SUAZ2 Aol

H6-a. 7199 €953 A d43t 82 TN Rold.
H6-b. 7149 &953iTE 7I€d48E TUAZ Aol

717t AR 71EAake] oFA AL oju|sh= R AA| xFYe] RRDAT 7149
W95 thiskshs W9le] A 2H9le) R&D Ho g TR & o), 7|go] FHa 7%

oS,
rlo

E55E ol8sle] ST o, 53519 FoAS Wshs Btelle 53] 8T E
AR (Stuart et al,, 1999). A F7IE7IL 22 1919 A 2Fdellx o] R&D ek
BF A 71EEA4S 38T u i 539 Ve 52 AR dEadE vhdd el
A71Ea Yk (Griliches, 1990), £3] §37]49] 73-¢ thafst 7|gol, %3], AlgjRolrl &
Ask= 5485 487 $lste] 53] 218 HlolEE 283 U EST WHES 483t 53
?1-8- 24 (patent citation analysis)ol|x] 53]¢] ¢1-8-(citing) ¥ Q1-8-(cited) 9] 7H'd2 ;q;q 9
i FES Hetels ©A7E Hof, 317 (core technology) ¥#R7F ofue} Bt 7] 719
A3 vl & 335l 71& (linker technology)el tdt dheto] 7haslch(Z8-2- 7‘4’-‘#,
2014). S3Q18AAIE 7IeTEolM TR A, == 71Y0l, e olE 3¢
o] FAH 7|&AR AAE oJu|dtt}(Jaffe and Trajtenberg, 2002). &5FA4 7+ AATZE
felgto 24, 7leg @l 3ol % TS Fe FAe B 7lEEel oug IS v
Ac7Fs MT T ok vEAR #4E F AT F e WA A (betweenness
centrality) A= =29] w7 d&E Uehlie ARE2A, 71egde] addxs 8 71et
2% FesdE Uehlis S48 JId R osld & vk 2=8-- 79X (20149 714
715 AgAToxe vIEAZY wPliFAAd ARE A8sto] A7es TstaL, o
g I FWES BAE 7ol ZIJUIE RN FAA TS et s AN
ot w2, 54 Zlol tiste] miPiFAdS o83 ST AET o2 T Vs
ol B 7%, 7I¥, & A4S sk J};}i’lﬂr TS SR 7 I olFER HE Ve
=5 94 9 Feke 939 Ve B Ve ES

Ll




394 ICT s&7I&0M9) 71&57=0| 71 tifelof OiXj= ¥

EG AT} 5% 94 S Zew Aug & ik

H7-a. 71%0] 298 539 71e8rE A g8 788 SUAZ Aob.
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N
2. gAA
1) BolE] 4%
2 7o) PSS 98l AnhETA ICTYIE(CIZ A0 2 ZRD)d agsle
2 A7tes AR 71444 5 B8] Flute] WEEAL 9 }04 R

O

12 ol 3t] 2000020154 7R 516 AEB B ICT714EoHoNZ 2SI 2
9B 955 48167 SRS, = el ne] kst 5 719 AT Holel Slute] v
242 9Iste] B /I 481670 BHIIES 2,1437) FUUE F vIF PPIQoR S5
272MS] AR COMPUSTAT dlelellol = ol §afel +0a15ic), 20y 71415
of 71t 7199l SICTIER SEE UE AdEe (B¥ 13} 2

Nv M

~
o

2) Ha

I

(1) A1 tHzk3(Category Diversification)
B ooAqte] &= AR thdsl(Category Diversification, CDIV)Z, o] dwbdo g
A AP B &, AERY] Aot slAg-slewt A, 2l &3 |y a8 54
sk 4= o}Hitt et al,, 1997; Jacquemin and Berry, 1979; Palich et al., 2000). ©] 7}
AEZY] 2o} s AG-5|HRE A7t 7199 et Bt 2 AddArt SAshs Ao
Husa glow(Palich et al, 2000) &3 A9 7= AAEFE HITS Alol&
HhedshA] Fheh(ehg R, 2008). wWEbA] £ ATtelMe JIES AFY 99 ok wE 0] RS
s vzl A2l JIEER 9] A(Entropy index)9} #38E-8]4]7F A4 (Hirschman-
Herfindahl index, HHD)E #-&3}lo] 11 a5 H|wsle] A= XIS FHsiara} o}
HA] Jacquemin and Berry(1979)¢] IER 3] th2}3} Ho= 2t 7|¢g9] ARGl ¥ migo
o2 Ak Algledele] WES) 8 welalel AT td Z19 i9) Aljlede | WES
Pkl 3 WPy = Sy / XS, oWl Sy= 719 19 A3 jell tigh 717t B2te] &),
714 i9] ARl THASHCDIV)E thae] (2] DI o] Al telld 719 i9] 7} Pyke] v
£ AT dE =01 7190l g AIAHE] FFshs 789 CDIVERS 00] =t B3k 71|
ZF w9 MaHEe FY3 vlFog B¥E uf = Py = 1/n, CDIV 32 log no| Hc},

CDIV_ENT; = > {Py * log(1/Py)} (G N

223l Berry(1971)¢] s1AE-814% A thao] (A 23 Zo] td= 714 i8] A9
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j BT Py AT #tE T 7helaze jo g1 F 1ol ARgtsto] Aedit

CDIV_HHL[ = 1 - Z] llt (Z\—} 2)

(2) NARBABE (Actual Rivalry : ARIV)

A tHtstel] f-ojulgh “5383‘% Alssh=(H8R1, 2008) APEBATES 48813t
BAZES ke Wil o8l SAE & e, dibE o AR SHY AHHDE
bz o] AR (market concentranon) 2351 Xe2A Z A7 1G] AR
g ztol& whadshA] Hgtths ©do] Jok(abAnl, 2008). weba] £ dATtelMe AA71¢
APFAMT S vk AEA FATE(ARIV)E 28351, (4 3)3 o] ZF AF el 1=
g 71959 APFES itehs s1AE Al aHelM ALl APERREE AlRtete] A=
gt A2A e fhol ST AR AP el 52 ovlshs whd, 1 Frol
75 A7 APFREel &5 BA7IH FASH deS ovigitt

ARV = 35 (pie * Dk mSZm) 2 3)

(3) 717348 (Technological Competitiveness Index: TCI)

Aol 3F5(2008) 2] ATollA a7Ng 7€ AY A|4=(Technological Competitiveness
Index, TCDE A-83to] £ A9 531&U7199 7184 8s SAse o= &3
ol 7IE€AAH(TCDL (2] 49} 2ol 7]1E53IA4 (Revealed Technological Advantage,
RTA)9Jr 71& 993 X4 (Current Impact Index, CIE F3F 302, TCly » 10]H tA|-

A719] i7} 7ok 5] AT} Bs] A EIgon] 1 Robe] 7SR o} HeH
o7 JEdAge] 555 vzt

TClis = RTAi x Cllist (}’\1] 4)

o], 7|&S3AFRTA)= 5319 FATTS B4k AE2A (A 4-D3 Zo] A3l

=971 17} =3 2= %?ﬂ(PT)—r S, 7 %’E‘O]: s8] U537 HToR tedEn
uEr 54 FAE iAoz ofd Zleiotel ¥4l EFS AL Al tig ARs
Xﬂ*&?}‘:}. =, RTAw 101 Aol S9719 7} 71sok soll iAoz nlare-go] glom,
RTA=15 HE5Ert AA BdrEds ongth



1s7‘/ ZP /sf
RTA,, = (2] 4-1)

(EPTM / ZZP%»

g 7 dFEATCIDE A vAAL Y 7193 ovlshe ARE, 297199 7]
=2Q1 AJF A0l &&-Hnt. AT E (2] 4-2)¢F o] tr Al BE FAES] JA| 7ed
of ZYE3] 9 JJ8<(Forward citation frequency)ell thek, tA[-oll 9714 i9] s 7]%‘?—
of ZYE3] 2] I8 (Forward citation frequency) H]F 02 ARZFCH

FWG st
CII,

" Z ZFW ist

(A 4-2)

@ 1Y F+x3 39 (Firm’s Structural hole, FSTHole)

S7199] 724 3l 5319 2o vietH] Flsfo tie WA HEE W AXAES
B3 71g0] Al 71zl thek thE 7199 71eA14 @A Fel theto] $A| 22 23410
A AAE oulgittal & = St o]t 727 e Zd7|Y I UESA B4

B8 A= 4 o (2] 5)3 o] Burt(2005)°] oJ& At UEL A A2k network
constraint) 0 2 Alxkekc},

Lo

)

;= (wlj + Zwi/quj)2 (Z\JI S)
q

- wy o 719die] A & 719djekel A Bl wlg
- Ywwy 7197 7199 BES 98 570449 719q2 AXE v

_4

7149 FzA Ful W YL sle] B A= /\U]-E 37 ICTHA EAYd53]
§9 Sofs] SUUL of vk SV 5 48719 ) 2 Lo ML =

Q1719) i8] 01T (o whE WESS AloF A Aelelr), HaAE 0 Astel
o]Ae ¢3te] 7199 T2 FW F= 1-(UEYA A FXE FHLsle] BHLS
Astgon] FxF Fuizro] S48 thE 7|gE7e] B0l g A3 XY= A sh=
o= SN & gl

o

obo rU-{N‘

o

—{N' 1o o

N
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(5) AAL(Slack resources)
A= (2 6)F o] AE o FAH]-&(Bourgeois and Singh, 1983; Graves and
Waddock, 1994; Hambrick and D'Aveni, 1988; Hambrick, el al.,, 1996)2 Z#3lc}.

PSlacky = Fli / A (A 6)

(6) R&DAFE(R&D intensity, RDINT)

R&DYPFEE (A 7)3 2ol wiEd o] A7l FA= vl&E S48E (D'Aveni and
Ravenscraft, 1994; De Castro and Chrisman, 1995, Palmer and Wiseman, 1999), ¥¥2]
Atz et logarto = ArEsiint.

RDINT;, = IOg(R&D—]vE‘Z}‘—’En / viEH;) 217

(7) &953]4(Patent frequency: PTs)
Z953TE el 71 v 298 S3FPoe] FoE ARkt

(8) §§53]Hl5(Convergence patent ratio, CVratio)
FHEHTE (2] 8)F o] el 719 7t 298 Sl (Py Tl §353Y

(CVPT Y] H5-& Ao 22X 7 971l BA3 §87Ie ARt 52 4510
CVRatioy = CVPTy / PTy (4 8)

ofuf, & ekt IS8 FHCVPTE thaat 22 A o= AE6l9drt. HA] Hacklin
et al.2009)°ll 275to] 7|1Eg 585 olF7Iss 7ol 9283 wiE E3ske S3l=A

£ ZIsEok vAE a2 5SS Aot T e S-S Hste, (4
9)¢] 202 AXE 71&g A4 (Technology Convergence Index, CVindex)Z o]4-3}%1
o} &, A 43153 (observation patent, x)2 <183+ FAIES]E(forward patent, y)©]
53 F8 IPCA=E olgsto] YIEYIE 743 F, 7} QI855](y) 8 1PCo w75
8 AP BTWoainrey) S AT 1 F (2] 9)9F o] #F EAW IS E 183 S31(y)
T2 1PC w7lF3A AFBTWiainrey) = FARTO 2] S 0ES x)7F -2 o
£ 7lEEoks 1 A4 7lofeke dEA ARE A ol olFEok 7Y B

L o

il



21 8-5F FAESF| o] T2 IPCEF7I BAUd AgEs| 2] T2 IPCE-Fot 2o vi7|5dA
e 002 Asto] AlxketH, 185359} 9Q18-53]9] IPCERVE ¢4 Fdg EAgt &

519 71&§ 8RN 00] drt. oo 2 AxbE 7&gEAS(CVindex) 9] Ftgk(mean) o]
ol %fﬂ% —?ﬂf’a TAetal 719 1 Aol §HESE TR 559 5 et

i

CVindex_heterox = Yy BTWiinwcy (21 9)

(if mainIPCx # mainIPCy, 0=BTWmainwrcy=1
if mainIPCx = mainIPCy, BTWmainircy=0, x=cited patent, y=citing patent)

©) FAWF
SAMTFRA ZIUTRE wgsiler o= Z 7o FHETE AR st AhEst
it

2) Ifd 2 A7

2 A7 SIHEY 7IgA99 ATA Aol AR mE AKY oAs e
ik s ﬂﬁl% A7) A A=, A 61d 7IRE St (20009~2005) 9] HdHlo]E &
o] g3t 7R Y-S AAsTt

Hdug dASg o, WA b3t dd AYATFHB 2 AT, 2011 23R, 2008;
Artz et al,, 2010)0lx] A5t B ZAS 01 =97199] 7] o8t 23 glo] 714
9 71 AE(TCD, 722 M (FSThole), §E53]0]F(CVratio), FHS3|(PTs), 12]aL
R&D FF=RDintensity)9} 22 7[&4 AHde 1d9] AREME AAstaL, 7|19l /A4
(SlackR) 9} EAMS0 71T (Fsize) @ AR ARAZZ(ARIV)= thzsle) 5o A|Hog A
Akt

o= Ry A ASS st 7195823 ek AREAZA0 o Ao
2 AFshs Ba3A 55 246,720, 0.°=0)2 AT A3}, mF o] g FAFo] 1493250
2 1% Tl AF7VEE 7178kl /o, 719EARA e} ARSEARNTT EAsHE Ao R
et =3k 5R¢=9 A=(hausman test) A3} 1A &I (fixed effects) B39} 1A a9}
(random effects) 28 7t 7|GEA G 2] EA]ofitol i3t E(u/Xi)=09] AF7MES A53H
A} m=75.642 1% $ZolA u]st ztol7} A Ao Jehdtt ¢-=gt B AE
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[

£ 33t A8 23] A go] ARMES RIS & glon webA] AT AAIYE 71970
Ao EACl 7198 1 A& S AHo g 3715t} niAlgte 7 E&mro] Aj7HE] W
3} 8395 EAs= AP7dH(autocorrelation) #AJollA o] A Al 2] A1) thzts) o] £
Al B719] AR thAs) el mlXE dFEo] 5% frolaEelr] frefuldt Ao R S H
o(F(1,271)=4.721, p<.05), o1& AJH(t-1)¢] A}ﬁ t2sl oES 23 AHHrE 716k
ot HEHo= (4 1009 AR BYE FARY 0T At At

(',

g

CDIVy = Bo + W + PiCDIViy + B2ARIVy + BsTClig.y + BsFSTholejy + PsSlackRy
+ B()RDintensityK[_l) + B7PTSn + ﬁgCVI‘atiOm_D + ﬁ9FSiZ€ﬂ + € (/}Jl 10)

2yo] Ao uAgad sdR P EAlshs a3 £ Tl iTE 7 EA4)
she WS BAIsH] S8t F7ERE o s (2] 13 o] 2u A HiAsH 1gad =3
(two-stage least squares Fixed effect model; 2SLS Fe)-& AAISIt}. FA1H o2, 7|&73A)
919 A5 54 719e] s R&D &F20] A= 8Rlol A dgFe] FYUacle] Hm,
uebs t43stE 71d9es AAE TlEgAls AarTlet 2o 94410 A4 vk
AollA Aldtizstel 71¢9] 71748991 1 4w AT SRR, 2009). HEg
7173 8L RDEF B AiiisEe] Axgr) HrkArnz et al,, 2010). weha =7
Z(instrumental variable) 2 7|<73AS(TCN)S #8311, 71&3AHo] 257 He 19
A EgM= 71eA S (FSThole, RDintensity, PT, CVratio)& AWHzER A As}o]

olE F4sct.

CDIVy = Bo + W + BiCDIVieyy + P2ARIVy + BsTCliy + PaSlackRy + PsFsizey + &
W]’IG’I‘C’, TCIi(t_l) = Bo' + ].li' + B@'FSThOlei([_D + BfRDintensityi(t_l) + Bg’PTSit
+ B9,Cvra‘[i01([.1) + &' 2 11)

v, 2584 43

B delMe AntEsR ICT7leRok (F, dEZeeld 3 Z23FE 7Iedobdd S3is
=93 7199 7IegA g B ATl Z1duast el niAls 38 AvEH
SU7149] A3} oabad BEe FAste] ASToeM, AntETE Jle ARstel gl



$R1%e Fane Bk st
7HATS sl WIPS Ho[EH[o]AE o] 8ste] 201088~2015T 7|3t F4¢tke]
2utEEAE 3 ICT7 |20k (fEeAlold 2 F3P) v=Ed53] 481670 st
2 ATl A8 Ve dg W ST H 72A 3Us stk 3
F 7IRF 481671 EAEES 21437 EHAE T VT ATIE 27274k AFARRE
COMPUSTAT H|o[EH[o] A5 F55to] AFgrtztstel RRDAFE, ARAH, A3 43 =
HATES SASIAL, 2 ol 283 HrEd] 714 $A4 2 olds AJaAIT (pairwise
correlation)= (& 1> ¥ %L‘:}
WSS 7 A e B o] AA| 6d 7]7F $eH200019~20059) ] AR E o83}
&%f& Zsfolul, 1 Aigho] iR 05015teke SHelgt & gik, gk 7t welo 249
FE-9] VIF(Variance Inflation Factor)7} 5 1.01~1.25¢] ®H9le] 20J3l=2 Yehdoew
A El%‘%’i*égi g 3739 F+ flv AR I = JUok(Belsley et al., 1980).

_ll-n_&

(E 1) 7IesAE

1 [ 2 ]3] 4[s] 67 [s8]oJw[uln
L ARIGst 1

AEZ ]

e I .

Aoz 089 1

3. AMdH2ist © HHI| 0,92 0.89*| 1

4. ;ﬁqzb} D 0.89*| 0.91%| 0.92**| 1

5. AR = 0.52*| 0.48*| 050" | 0.49*| 1

6. AR 0.03 | 0.06*| 0.06*| 0.03 [-0.02] 1
71T R 0.41*| 0.40%| 0.42" | 0.41**|-0.00| 0.04 1

0.01 | -0.02| 001 | -0.02]0,01| 000 | -002| 1
L T7EA 3 (1) | 0.11*] 0.12*] 0.13*| 0.15] 0.02| 0.00 |0.19**|0.05** 1
FHESHF (1| 002 | 0.02 | 003 | 002 |0.02| 001 | 0.03 |0.15* 0.18*| 1

11, 295384 (1) | 0.14*| 0.17*| 0.16* | 0.17*#(-0.03| 0.01 |0.19*| 0.03 | 0.34**| 0.05| 1
12. R&DAFFTE 1) |-0.07*(-0.09* -0.07**|-0.08**| 0.02| -0.02 |-0.20** -0.03|-0.14**| 0.02[-0.08*| 1

O | 0 | I
N
T
o,
o
i)
z

Min 0 0 0 0 0 |-6191|-581| 0 |-007| 0O 0 |-7.48
Max 286 | 285 1 1 006 | 2814 | 7.74 | 6.86 1 1 100 | 5.56
Mean 042 | 041 | 0.24 | 024 |011| 014 | 234 | 0.02| 0.14 |0.06| 1.16 |-1.85
Std 056 | 056 | 03 | 031 [0.09| 1.82 | 2.05 | 0.19| 0.27 |0.21| 5.15 | 1.68

=05
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[

WA AAIF (A 10)9] DAEI BBE AntESH ICTHE53] 29714 272709 67l
o] Hlo[H & o]gsle] g Arh= (R 2) 9 2o} TS dEiASE dERY
2528 1&2)9 HHI A58 3&4)=2 21zt Agate] BAslgnt WA dEZy =49}
HHI Al 25 22238 Aes AP E, oAb ol9d 7ledddd desd
de 71e8AY, 724 39, §453ME, 29531, RDFASTE) S TS o 239
28 AME(R2-within)7} Z7Fstct.

THAT S okl A dERY AFE FEUTE £ BY 28 AT 29
T (B=1.6092, t-value=10.29)7} A} t}zts}ell f-ou|gt &

(B 2) Arctztstof cist ndsnt2 s (A 10) ZE5Z0t
e gZsiA S - dEZY =40 S S 131 ke
T modell model2 model3 model4 model2 model4
Intereent 1307% 0945+ 1452#= | 1203%
reep (0339 | (045 | (0172 | (0227)
_ 1208 12077 2371 2365%
A v — - -
HIFAE D (028) 028 | 020 | 029
7K 1 1.6359%* 1.6092% -.0380 -.0436
A|AA 7= =] 7z}
lEces B0 | (1565 | sed | omsp | corszy | &
7 4 | -.0239% - 024 0087+ | 0085** 3
o R 12!]
oAt G0 | o006 | (006D | 003D | (003) 71 A=
[0253** 0229* 0174 0162
= - -
71Tt O118) | (0118 | (0059) | (0059)
74 2 071 0402+ ] )
2= A (. 2] 15!]
71ERARED B0 (0294) cogny | A=
7Md 3a -.0038 -.0182
ZA Ful (-1 7 717
TEA TR B0 (0293) (0147) & &
e 74 7a 0126 0189
[e] Ul-l_f_ H|=(t-1 7|17 71z
FRSSISCED | 60 (0299) (015) & &
N _ 7Ha 6a -.0095** -.0020
ZAEFF(-1 71z 71z
SERATED B0 (.0038) (0019) & =
7Ha 5a -.0251* -.0145*
== (- pa 1
REDHF=(D) (Bs0) (0148) (0074) 71 71
F'I'Z.CUOH Of variance due to 7928 8060 8186 8256
fixed effects
R2(within) 1274 1391 0736 0880
Number of observations 1,358 1,358 1,358 1,358
Number of groups 272 272 272 272

*p<.10, **p<.05, **p(.01



FogX 7 1B 0)0] A=
A o fAH(Bs=-.0240, tvalue=-3.97)2 frolE 1% Fov]gk Ao vyttt

5, oAb te] S7FES A tHs) o] Yol A d¥ES Alees ov 0}”1
uebd 334 FFEE 7PIE 7 2(Bs) 0)7F Z1AEAT. T Q1o g A off FAHlE
A= 7199 olAugolu A3t B F71 Foll AR o g FIFE wA|7] el ﬁxﬁ"ﬂ
FrAtoll tisto] QA= AldSHA ZAlolw-E defst (Lin et al,, 2009; Martinez and
Artz, 2000), webA A o7t S7FsteRbE B8 A TR X AFY G el 5 WS
AR thzhslz olsle] Al E 4 9= 9] 7HElKA] B3k Ao g e 4 )

a3 leqddd HgE T 7188 Bs=.071, =2.41)°] 5% FofgrEolA ‘n‘«]”]ffl
Ao vt 7Md 2B 0)7F A ER oW, ol e Ho] wokdE A vt =
< SRS ouigitt

W, S31Ed9t RRDJTES] 45 tHstol fovldt SFHE Alsshs 2 os ve
whovt I ko] ZHdH w2 R4 e ASHo e Adk 5515959 R&DA
Tt BoHESS ATE S AaARItE 23 vEisth 2 Akls A &
o, 531599 RRDFTEE 7IeA o 2A 7leAkde] 237t 4 5 Sl 7134
2 HFE Tt Al tsie} 22 Fell dFe vA Aom s & 5 Stk wEbA
olzjgl A5 7he] WA A (endogeneity) © & Qlste] 7Pd3 o2 Axpyl et Zlog

2
thyo 2 HHI E‘er}X]TE FAe 2 49| AFolA, APFRAAR =] ZA} FofusHA]
ore RAA gIte AFHE Zo@ U= 0436, t=56), 7M3 1B 0)e] 71Z-=12ch,
ol JdERY] AFE AREE model29lA] AR ARE F8FE(B.=1.6092, t-value=10.29)3}
Al Vet A2, 3 A0S ARTEE SAshs dERY A5 SHG A 1t A=
2o] zpol2 AZtsl B & glrk. dERY] thztel Ao - £ ARG vigst oA
o7 dAxd WFo] AL A9 FE whe o g AHAY jo WE S =S
<l WHA, HHI o2t} A= 54 7199 A9 vlEe] Enhe vhojsto] St
#Ho g A7 i AKY] t3te] dxd WiFe] 23S Fo] AU wehA dEZY)
thztsl Byexs Akl akde] vl AR R 34 a9t fofvlsiA el
kA, HHI th2}s) R olMe ARG frovlshA] 92 2434 Alesgdatos o
et Aow BAEL
23 404 o 52 HBs=.0085, t-value=2.81)2] 7% ol 1%0l- F-2Juldt 44 o
FHL AT Aoz deht 7M 45 0071 A ERleH, o) offAlate] IS

= 1
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[

A B3} o] SIS ou|gitt. ofiAbite] a3t 9] B 29| IERY] tpztst A4
of m|x|= & (Bs=-.0240, t-value=-3.97)3} t}2 A2 AF = om B A} PA] 7Y

L5783 o fAbte] wEo] i 7199 A= AP HlFe] s SAT HH A
ol 3784 S vR AR M = k. wEhA] 7] A= AP HiFe WE
ol thairl=, 71 29 YAl AR o FAR[E&Q] FA A7 S5 HPS A5t AF
o3l s AT E 4 Qo

ol9} o] JERY] tiztsl By sldd o8t By 1F 34 Aol glo] xfol7t veht

= s A8 & o, 54 719 W oA o] Azl whE WEel| vAe JFES
Tk A a 2L /A7 i8] A A9 RIS W3t SAd S = sEY
othztsl Aol el ofaFels 4Tl o] Bk ARl Ao ddkdn

523 4oz B 29} o], Ve FEE 7w, TR, §EE
%, S99, RRDAFTE £ A7) 7S 717k A= vEkith £ A3 A Jle
o] 74 Anuars 1] WA (endogeneity) 22 Qlste] 7P ¥ thE A#r} UeRd
Aoz FAS 2= 9
7120 WA EAIE aelste] R oR (A 11) odlX AAgE 294 HaoAlke R
ASSIRAL, 11 A= (3 3) 3 A2t AR ARBAG =S} ofAite] Rk 3 A
gt 1AREARY Y] 34 Aol FUA A= thE2A et
)AL o] AR ZEd A=l By 59 AERY] tztst By thsto] frofnfstA] %2
A9H(Bs'=.0005, z-value= 0.00)Z A& vbH, HHI t}z}3} A= 283 23 6ollM= 7=
BRG] 10% FrolEelld Foulgt E3H(Bs'=.1396, z-value= 1.67)7} &= 222 Vel
o} o= o]d A A Yol A Tl S SHATIE AL e AR ST
T Uk

T, 7B E S TEUTE H8e 197 BReA, 74 Y 92 vXE 724
e oEgy tiztsle] 28 5(Bs'=-.0785, t-value=-2.60)2} HHI thz}s}te] 238 6ol A (s
=-0767, t-value=-254) 25 ol 5% F2lulgk Aog yeh} +224 39 52
71€78R88E Al AL e A= siAE o= 7Hd3-b(Rs) 0071 7124 E ) &

par)

olN o

AR 716 AN Fohs B 535 dem TAE 72A el dA7t 1%
Apis) B3hE AN RA NEANAE IS 2AA dFEL AR Aow o

3 2= ot}
2o 2 7leAd]l SslEdT I JERY bAste] B S5oA 5% f-olrEellM By’
=.0080, z-value=2.00), 28|31 HHI ttZ3}e] 23 6ollM= 10% FroldollA (Bs'=.0077,



(E 3) AtgCizstof ciet 2CHA 2lAaxks D¥sntzd (A 11) 4E52x0

e A - dE2y | O2sAS - HHI A
T model5 model6 model5 model6
DV: ARICHZs
Intercept 1301 14407 - -
P (0339) (0175)
1208 2462+
A 3 (- : . _ -
FIseD (.0282) (.0300)
7M1 1.6359%* -.0390
A|AA A7 =l el 717
ey $50) (.1565) (0797) A il
7 4 -.0238%** .0088*** -
o 71X} el
eHfl $0) (0061) (0031) 7 A
0253** 0157
71T (0119) (.0061) i i
7Ha 2 0005 .1396*

AN (- y el
71ERAHED $:)0) (1623) (0836) il A
(Ist parh) DV: 71748 (-1)

Intercept ~0129 0123 - -
P (0467) (0175)
71 3b -0785* -0767*

ZA M (-1 7 7
TEA SR (B¢'y0) (.0302) (.0302) [ &

e 7Hd 7b 15607 15517
O TLE. Z(t- <N SNEl
THESHF 1) B0) (0306) (0306) e A
N _ 7Hd 6b .0080** .0077*
=) E &l (t. 12} )| €l
= 1:]_"1 6‘]‘["(t 1) (B8'> 0) (0040) (0040) ZH =1 ZH =1

7 sb .0002 .0001
R&DFAFTE(t-1 7 71z
HE=D ) (0153) (0153) i F
F.raction of variance due to 7927 8122
fixed effects
chi2(5) 608622 7893 .28
Number of observations 1,358 1,358
Number of groups 272 272

*p<.10, **p.05, **p{.01

zvalue=1.94) 71E84%5 SUATIe 344 a7t o= o2 vt Z7ME6-b(Bs) 0)7F
A Aeg vepdth 53] 35510 44 dE2vnzste] 2 5(8y/=.1560,
z-value=5.10)2} HHIA|G2] 28 6(By'=.1550, z-value= 5.07)°] 1% frol5oll] 7|&73-
A I v AR vEhgess ZKI7-b(E)0) AA] B AEE Ao Sl

e e SslEdannt 95T ) w70 e, Ssladeet 2
THEE] BAA Abele] ZleAdEY SASsHE 2L el BA ZleAide] Al vst
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[

TS SIS Bo 2 384 JFES Aleds A1 & vk v g REDIFE
o] B¢ ZlEttdste) nixle @] dERY bgztsle] 29 5(B,=.0002, z-value=.01)}
HHI thz}ste] B3 6(B,'=.0001, z-value =01) 25 foJulatA] ¢A] Jeh b=t o= 7|&
SPNLe] 71 297 A2 RDAFTEI} 7148 Alate] AgH o g3k A8
oF S5l9k 22 R&D AFHES 5 78RS ATle Aow M = ook

V. 2 &

B dve AT w7954 Wt *“} 57 ICT7I&2oHolZeAleld & &
gF) Se1E9719E2] 7H|aLE] gAstel vjxls 93 BMstit. TAIA = A3
&, 71784, 724 3, oiAk, 1Al §RSSIHIS RRDATEF AR a3t
oAl Gl i 7Hase 24 B dERLope] o] S5l FREFS AAlslaL o5
THES A7) Al sl 29714 ARAE ) SSAEE ol 8ste] XS F43)
ot 39 24719 272719] 20103~201537bA] 9] 6'3A] ARE vl oz spdAss 74
T, 1A a5 22 AT A9 ried Aol A vEE SHATIE 2t Sles
Assrt. F7H R Ve WrERIDITE, =Y Efﬂ—r, Zeg8AT e W8 &
I FAHE 297 HaAks RS AT A, TIesRard SYSelee 22 7
<7k it ZiedAHe SUATIE relvld S84 E3t S Al
B a9 o4 7oz WA §371e] At SHddN tst dekel riAle aE
ASHo=A, 71/ 28e £ 7188 §7IeRor dTEES V1YY A9z
Aoz BRMNZITRE Aol 53] ATZolEd A7 RS W SRS A7
1ol o2 ASTo=H ICTEH 531247199 AR o3t 3ol tha o2 7|ike Al
Aleteith= 71oi4de] sl

=4, 7199 st Ak Aol A7 AdolM et el S84S AlXlshE
AT=A Z1ode] it ZlegAdT N F2 AFHAT A T2l ide oL 9l
o}, & Arelis RYDATES} SdSslr, 12aL §U5sTH 22 7ieAd %—r—
o] 7173 HE TUHATIE &9lEelH, 73] Bata o g 71 A vAE) F5S
SHAZIE AR edde ASTe=A ZIeatde] Aliuast dFFEE Alsshs vrdE
= BAQJslgiet. o3t Al ZAste] gR7Ieolels ZIeEAlol 719 vas} hER e
713k 714 AdolRhe e AAlEITH

et

;|

orsﬂ 32

i

o
]11



AHdollr], 7120 STl 5319 Folut 53] dgnles 22

A9l 4 4 Ze] GFES FFtgot, B AT SREANF 2
H“ﬂ:% AL §R 1 uﬂé— Azt 5, SoA8 UENT BHE B9

ML o
1z
=2
o
e dn
BL
L
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7372

SERVICES-PREPACKAGED SOFTWARE

SAP, MICROSOFT, ORACLE, CITRIX
SYSTEMS, SALESFORCE.COM,
CADENCE DESIGN SYSTEMS, CA,
DASSAULT SYSTEMS, BLACKBERRY,
RED HAT, COMMVAULT SYSTEMS,
ADOBE SYSTEMS, SYNOPSYS,
INTUIT, ASPEN TECHNOLOGY,
NATIONAL INSTRUMENTS,
SOFTWARE, WORKDAY, SYMANTEC,
ELECTRONIC ARTS, TABLEAU
SOFTWARE, PROGRESS SOFTWARE,
NUANCE COMMUNICATIONS,
IMMERSION

24

8.82

7370

SERVICES-COMPUTER PROGRAMMING,
DATA PROCESSING, ETC,

IBM, ALPHABET, HEWLETT
PACKARD, TATA CONSULTANCY,
EBAY, TERADATA, FACEBOOK,
M2M GROUP, AUTODESK, NCR,
ALTABA, LINKEDIN, GROUPON,
BAZAARVOICE, DXC TECHNOLOGY,
RETAILMENOT, SYNTEL, VERISIGN,
SERVICESOURCE, HCL
TECHNOLOGIES, NS SOLUTIONS

21

7.72

3674

SEMICONDUCTORS & RELATED DEVICES

QUALCOMM, SAMSUNG
ELECTRONICS, INTEL, TAIWAN
SEMICONDUCTOR, TEXAS
INSTRUMENTS, RENESAS
ELECTRONICS, INFINEON
TECHNOLOGIES, ADVANCED MICRO
DEVICES, VIA TECHNOLOGIES,
SUMCO, APPLIED MICRO CIRCUITS,
NVIDIA, IMAGINATION
TECHNOLOGIES, CYPRESS
SEMICONDUCTOR, PHOTRONICS,
SYNAPTICS, MELLANOX
TECHNOLOGIES, HON HAI
PRECISION IND, SOITEC, INOTERA
MEMORIES

20

7.35

3663

RADIO & TV BROADCASTING &
COMMUNICATIONS EQUIPMENT

HITACHI, TELEFONAKTIEBOLAGET,
APPLE, NOKIA, ZTE, AVAYA, AVIAT
NETWORKS, ITERIS, ECHOSTAR,
MOTOROLA SOLUTIONS, ARRIS,
CHECKPOINT SYSTEMS

11

4.04
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TOKYO ELECTRON, ASML, APPLIED
MATERIALS, LAM RESEARCH, FUJI
MACHINE, ULTRATECH, PDF
SPECIAL INDUSTRY HINERY, NE ’ ’ 1
3559 | SPECIAL INDU! MAC , NEC SOLUTIONS, NUFLARE 9 | 33
TECHNOLOGY, HERMES
MICROVISION
FUJITSU, OCULUS VISIONTECH,
373 | SERVICES-COMPUTER INTEGRATED SYSTEMS | VMWARE, NETSUITE, UNISYS, s | 204
DESIGN IMAGEWARE SYSTEMS, MENTOR :
GRAPHICS, SONUS NETWORKS
CISCO SYSTEMS, CAVIUM, DIGI
INTERNATIONAL, VIAVI SOLUTIONS
R COMMUNICATIONS EQUIPMENT ’ ’ 2
3576 | COMPUTER CO CATIONS EQUIPMENT | o p 5CADE COMMUNICATIONS sys, | 7 7
JUNIPER NETWORKS, INFINERA
B XEROX, CANON, MITEK SYSTEMS,
3577 | COMPUTER PERIPHERAL EQUIPMENT, NEC EPSON. FINISAR, FORTINET 6 | 221
PHILIPS, DIGIMARC, CORNING,
3679 | ELECTRONIC COMPONENTS, NEC ADVANCED ENERGY INDS, LG 6 | 221
DISPLAY, BOE TECHNOLOGY
EMC, SEAGATE TECHNOLOGY,
3572 | COMPUTER STORAGE DEVICES WESTERN DIGITAL, NETAPP, 5 | 184
SANDISK
3600 | ELECTRONIC & OTHER ELECTRICAL TOSHIBA, SONY, PANASONIC, s | 184
EQUIPMENT (NO COMPUTER EQUIP) OMRON, EMERSON ELECTRIC :
5711 | MOTOR VEHICLES & PASSENGER CAR HONDA, GENERAL MOTORS, FORD, | || o,
BODIES NISSAN, TOYOTA :
DELL TECHNOLOGIES, INVENTEC
1| ELECTRONIC COMPUTERS ’ o4 | 14
357 SILICON GRAPHICS, ADVANTECH A7
ROCKWELL, VESTAS WIND
3620 | ELECTRICAL INDUSTRIAL APPARATUS SYSTEMS, FUJI ELECTRIC, SGL 4 | 147
CARBON
NIPPON ELECTRIC GLASS, DELTA
3670 | ELECTRONIC COMPONENTS & ACCESSORIES | ELECTRONICS, SAMSUNG SDI, 4 | 147
SAMSUNG ELECTRO-MECHANICS
3861 | PHOTOGRAPHIC EQUIPMENT & SUPPLIES | RICOH, FUJIFILM, KONICA, ALTEK | 4 | 147
TELEPHONE COMMUNICATIONS LEVEL 3 COMMUNICATIONS,
4813 SWISSCOM, KT, DEUTSCHE 4 | 147
(NO RADIOTELEPHONE)
TELEKOM
CONVERTED PAPER & PAPERBOARD
2670 SEALED AIR, 3M, AVERY DENNISON 11
701 PRODS (NO CONTANERS/BOXES) R, 3M, 3 '
3570 | COMPUTER & OFFICE EQUIPMENT HITACHI, LENOVO, QLOGIC 3 | 11
ALCATEL-LUCENT, OKI ELECTRIC
3661 | TELEPHONE & TELEGRAPH APPARATUS ’ 13| 11

CIENA




416 ICT g&7I&0Me Z1&3%=0l 71Y tz9ol OiXlz 9%

|
420 | MEASURING & CONTROLLING DEVICES, | FARO TECHNOLOGIES, TRIMBLE, B
NEC KEYENCE ‘
SMITH & NEPHEW, UNITED
S b
3842 Aogggggggcé{ ZI;?)PLI IIEIESHC & SURGICAL | /e ALTH PRODUCTS, EPISURE 11
T - MEDICAL
4812 | RADIOTELEPHONE COMMUNICATIONS VERIZON, TELEFONICA KD 11
211 | SECURITY BROKERS, DEALERS & MORGAN STANLEY, GOLDMAN »
FLOTATION COMPANIES SACHS, AMERIPRISE FINANCIAL :
LINCOLN NATIONAL, HARTFORD
6311 | LIFE INSURANCE ) ’ 11
NEW YORK LIFE INSURANCE
1389 | OIL & GAS FIELD SERVICES, NEC SCHLUMBERGER, HALLIBURTON 0.74
2911 | PETROLEUM REFINING EXXON MOBIL, CHEVRON 0.74
500 | CUTLERY, HANDTOOLS & GENERAL LIFETIME BRANDS, SIMPSON 074
HARDWARE MANUFACTURING :
3523 | FARM MACHINERY & EQUIPMENT DEERE, AGCO 0.74
3531 | CONSTRUCTION MACHINERY & EQUIP | CATERPILLAR, HITACHT 0.74
4560 | GENERAL INDUSTRIAL MACHINERY & ILLINOIS TOOL WORKS, 074
EQUIPMENT TSUBAKIMOTO CHAIN :
ATR-COND & WARM AIR HEATG EQUIP &

585 OHNSON CONTROLS, DAIKIN 0.74
3985 | COMM & INDL REFRIG EQUIP J ’ 7
3640 | ELECTRIC LIGHTING & WIRING EQUIPMENT | LSI, HUBBELL 0.74
3651 | HOUSEHOLD AUDIO & VIDEO EQUIPMENT | TURTLEBEACH, SHARP 0.74
3672 | PRINTED CIRCUIT BOARDS SANMINA, JABIL 0.74

SEARCH, DETECTION, NAVAGATION

812 ’ ’ ’ RAYTHEON, THALES 0.74
3812 GUIDANCE, AERONAUTICAL SYS ’ 7
3826 | LABORATORY ANALYTICAL INSTRUMENTS | SYSMEX, JEOL 0.74
3827 | OPTICAL INSTRUMENTS & LENSES KLA-TENCOR, CAMTEK 0.74
445 | ELECTROMEDICAL & ELECTROTHERAPEUTIC | INTUITIVE SURGICAL, CARL ZEISS 074

> | APPARATUS MEDITEC :
GAMES, TOYS & CHILDREN'S VEHICLES
39%4 | 6 DOLLS & BICYCLES) HUAWEI, NINTENDO 0.74
‘ ‘ DOMINION ENERGY, FLORIDA
4911 | ELECTRIC SERVICES POWER & LIGHT 0.74
6021 | NATIONAL COMMERCIAL BANKS BANK OF AMERICA, HSBC 0.74
FUNCTIONS RELATED TO DEPOSITORY ‘ ‘
6099 | LANKING, NEC MASTERCARD, VISA 0.74
AMERICAN EXPRESS, CAPITAL ONE

141 | PERS DIT INSTITUTION ) 4

6 ONAL CREDIT INSTITUTIONS FINANGIAL 0.7
DOLBY LABORATORIES, ARM
6794 | PATENT OWNERS & LESSORS ’ 0.74

HOLDINGS
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SERVICES-ENGINEERING, ACCOUNTING
b b S N

8700 RESEARCH, MANAGEMENT NIELSEN, IMS HEALTH 0.74

8711 | SERVICES-ENGINEERING SERVICES SIEMENS, HONEYWELL 0.74

0100 | AGRICULTURAL PRODUCTION-CROPS CERES 0.37

1381 | DRILLING OIL & GAS WELLS BAKERHUGHES 0.37
HEAVY CONSTRUCTION OTHER THAN

1600 BLDG CONST - CONTRACTORS FLUOR 0.37

1731 | ELECTRICAL WORK GENERAL ELECTRIC CO 0.37
BOTTLED & CANNED SOFT DRINKS &

2086 ONATED WATERS COCA-COLA 0.37

2273 | CARPETS & RUGS INTERFACE 0.37
LUMBER & WOOD PRODUCTS (NO .

2400 FURNITURE) WEYERHAEUSER 0.37

2810 | INDUSTRIAL INORGANIC CHEMICALS AIR LIQUIDE TUNISIE 0.37
PLASTIC MATERIAL, SYNTH

282 ’ D

820 RESIN/RUBBER, CELLULOS (NO GLASS) UPONT 0.37
PLASTIC MATERIALS, SYNTH RESINS &

2821 ’ "TMANCHEMI

8 NONVULCAN ELASTOMERS EAS ¢ CAL 0.37

2834 | PHARMACEUTICAL PREPARATIONS ABBOTT LABORATORIES 0.37
BIOLOGICAL PRODUCTS, (NO DISGNOSTIC

2 ’ ARIAD PHARMACEUTICALS INC

836 SUBSTANCES) 0.37
SOAP, DETERGENTS, CLEANG

2 ’ ’ PROCTER & GAMBLE CO

810 PREPARATIONS, PERFUMES, COSMETICS & 0.37
SPECIALTY CLEANING, POLISHING AND

2842 SANITATION PREPARATIONS ECOLAB INC 0.57

3021 | RUBBER & PLASTICS FOOTWEAR NIKE INC 0.37

3211 | FLAT GLASS ASAHI GLASS CO LTD 0.37
ROLLING DRAWING & EXTRUDING OF

3350 NONFERROUS METALS NIPPON LIGHT METAL HLDGS CO 0.37
DRAWI INSULATING OF NONFE

3357 RAWING & INSULATING OF NONFERROUS WALSIN LIHWA CORP 0.37
WIRE

3510 | ENGINES & TURBINES MITSUBISHI HEAVY INDUST LTD 0.37
CONSTRUCTION, MINING & MATERIALS

’ S ~ ~

3530 LING MACHINERY & EQUIP UMITOMO HEAVY INDUSTRIES 0.37

3540 | METALWORKG MACHINERY & EQUIPMENT | KENNAMETAL INC 0.37

3541 | MACHINE TOOLS, METAL CUTTING TYPES | OSG CORP 0.37
SPECIAL INDUSTRY MACHINERY

0 OHN BEAN TECHNOLOGIES 0

395 (NO METALWORKING MACHINERY) J 37
PRINTING TRADES MACHINERY

3555 & KOMORI CORP 0.37

EQUIPMENT
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CALCULATING & ACCOUNTING MACHINES
3 OUTERWALL INC 1] o0
3578| (NO ELECTRONIC COMPUTERS) 37
3613 | SWITCHGEAR & SWITCHBOARD APPARATUS | ABB LTD 1 | 037
3669 | COMMUNICATIONS EQUIPMENT, NEC CHECKPOINT SYSTEMS INC 1 | 037
3714 | MOTOR VEHICLE PARTS & ACCESSORIES | GENTEX CORP 1 | 037
3720 | AIRCRAFT & PARTS MARTIN AIRCRAFT CO LTD 1 | 037
3721 | AIRCRAFT BOEING CO 1 | 037
3724 | AIRCRAFT ENGINES & ENGINE PARTS UNITED TECHNOLOGIES CORP 1 | 037
RCRAFT PARTS & AUXILIARY EQUIP
3728 gIE . ARTS & AUXILIARY EQUIPMENT, | b 5 - WELL COLLINS ING 1 | 037
DED MISSILES & SPACE VEHICLES
3760 | UL SSILES & SPAC CLES & || OCKHEED MARTIN CORP 1 | 037
PARTS
INDUSTRIAL INSTRUMENTS FOR ,
3823 SUREMENT. DISPLAY. CONTROL | MKS INSTRUMENTS INC 1 | 037
INSTRUMENTS FOR MFEAS & TESTING OF
2 IXIA 1
3825 | LI ECTRICITY & ELEC SIGNALS Xl 0.57
3851 | OPHTHALMIC GOODS HOYA CORP 1 | 037
MISCELLANEOUS MANUFACTURING
[ROBOT 1
3990 | NDUSTRIES OBOT CORP 037
4210 | TRUCKING & COURIER SERVICES (NO AIR) | UNITED PARCEL SERVICE INC 1| 037
4513 | AIR COURIER SERVICES FEDEX CORP 1 | 037
4833 | TELEVISION BROADCASTING STATIONS | VIACOM INC 1 | 037
CABLE & OTHER PAY TELEVISION
4841 TIME WARNER CABLE IN 1
841 | Coruicns W, C C 037
COMMUNICATION SERVICES, NOT
4889 | M ) NBCUNIVERSAL MEDIA 1| 074
ELSEWHERE CLASSIFIED
4931 | ELECTRIC & OTHER SERVICES COMBINED | PACIFIC GAS & ELECTRIC CO 1 | 037
5065 | HOLESALE-ELECTRONIC PARTS & HITACHI HIGH-TECHNOLOGIES 1 | 037
EQUIPMENT, NEC
5110 | WHOLESALE-PAPER & PAPER PRODUCTS | STAPLES INC 1 | 037
| WHOLESALE-DRUGS, PROPRIETARIES &
5122 e UNDES MCKESSON CORP 1 | 037
WHOLESALE-GROCERIES & RELATED
5140 SYSCO CORP 1] o0
> proDUCTS 37
5331 | RETAIL-VARIETY STORES WAL-MART STORES INC 1 | 037
5061 | RETAIL-CATALOG & MAIL-ORDER HOUSES | AMAZON.COM INC 1 | 037
SECURITY & COMMODITY BROKERS,
6200 | |\ LERS, EXCHANGES & SERVICES INTERCONTINENTAL EXCHANGE | 1 | 037
ERVICES-COMPUTER PR N
7371 | SERVICES-COMPU OGRAMMING INFOSYS LTD 1 | 037

SERVICES




ofyl . Ml - Z8F 419
N
574 | SERVICES-COMPUTER PROCESSING & DATA | BLACKHAWK NETWORK HIDGS | |
PREPARATION INC
7389 | SERVICES-BUSINESS SERVICES, NEC GREEN DOT CORP 1 ] 037
~g12 | SERVICESMOTION PICTURE & VIDEO DREAMWORKS ANIMATION SKG | | o
TAPE PRODUCTION INC
7999 | ARTS, ENTERTAINMENT, AND RECREATION | DISNEY (WALT) CO 1 ] 037
8111 | SERVICES-LEGAL SERVICES WOLTERS KLUWER NV 1 ] 037
8741 | SERVICES-MANAGEMENT SERVICES MAXIMUS INC 1 ] 037
Total 272 | 100




