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9o I VEYAES Pk WAlE Z2422 2438 Exponential Random Graph Model
0173 Aeabate] A doleld] Agsle] FF VEYIS ZEAQ ZaA~S BasY. 1 4
I Aeapelel T WEQAE 71808 AlE 124 BAS FFEe YEAI} 92 dAdA FFehe
ARE FEZh Fofs Btk 718 JEle] FFARES SAMGAE 2R 98 AUHEA &gtk B3, w7l
DAARIA AR FEske F2E 2] oEYd. & ol YA itk s Feke SAIAE BERE

09 APAA A WAV ehd s AL AR 8T WEAY 49 D dAERE dEe 2
$ F71H9 IE JReAe] 471 M Ry @9E BT TR BT A9 PR U dFE F
kel

Ad FELFE F7HR] dF 7L Ao s I

.M Z2 Tu MEHAE Bido BEe AL YEYAS
Tdske 71989 e wEeld. oAl T,
shuel 7194 9] QaraR 3 ggol v 7IdEe] ¥

7199 AR 719 EAe] wow dojd Tl g AL 2] A HE VIYeR o

F gtk 2ol B2 719l FRA B Ad FE A deel vE A @3 st B

O B2 A w8 E Eolka dnh diitRe] £ AAWAES FefeprlE oY ol9 o] T

dAdAe TEdAe 43 2 B g At EYAE shue] 53 A8 (Complex Adaptive

AES Hrtetel A5E FEEAS] 7140 % System: CAS)H. 55 ASAT Azte] S5

AS ozttt 53] F82 #5& M & wet 53T FeR Pl S A gota 2

AAE B0l e AsAddddA g5 HENZ = 2H38ke Al2dE 2¥t(Holland, 1996).

#elo $eA LRy dxH st st & (emergence) o & of2} WEAHQ 2450 4

g 7199 Tw UEAAY 7= 3 ¥l digh = sAEeR Qs ARe 72U Y, 44 Fo ¢

B3 o5 e BAet] 44tHChoi et al.,  BoAle @S T FF UEYAE FF A

2001). 2H MIEHAE T4l B a3l AR dAFeEA AA Y] B2 o F LS ©f

o] shute] 71gdel olafsbrid A ook FAEHG S ¢ glon v WIS 45T ¢ Ao ®

FHEZF0Y: 2019. 1.5 ARietE: 2019, 12, 2
* o] mEE 2017 Wiels weito Il Ade ot d A7Y (NRF-2017S1A5A2A03069011)
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3 AR Rl 7uks £ #El VIHEY dAE ¢u
U5 24 A WekE B A gl
THChoi et al., 2001). 2= o} AR F 7
HE A AA s 243 A% d7e 28
old] £ A+ FH HEHYIAE 5 FA=
Q128tar o] AlzElo] YehlE F03 SAEE
A BA 71 =R wol BAstua) gt
TH UEYIE 71EH o st 7ol g
Z19Al E2ket BEE AFFoEAN FAHE o
Afoltt, F 7192 A& Fd Adewn T4 o
AE 2=tk 7] Ale] 7kl 71ed 9,
A 2E 58 53 I8 7199 923 A4
g ez o} zdd A3 oaEH S 3t}
%, 71BA s Fi719e $43% 35 7199
EAel| wet Fu Al AR AR HM she
P37t AT I VEYIe ME =29 &
gl SJeiA FA27F 498 et ofvg} F 7|9
4o Ho AgshiA ARE PJAE vEo] d
T ATt A E B0, e 7 BAE TR
o 3 719e] RV 245 g FaA 2R
Adade] Q27| % sHAT FLe R Ee fAL
g S 7H Z1gdoleti Aeado] A28 7
o] ¥ wold 4 dth(Shalizi and Thomas,
2011). =3 HEHYAS FJA= q"suq,] 2 94

=

(in-link) & ®o 1 Pﬂ 7
7H 7Fede] At olg) 7

Al HES AT AEHQl o LHXHZ# ZRA| 25l

As Agatdx FrAow Fad et & &
AtHLusher et al., 2013). ] o] FF U E
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HEC] gHAlelA] 7118 Hol At} ofof B A
Me a7 UEHD U9 435 AeES dHst
Nz vEZ 43 “Jt’é—%

SHAEAY 5 WEHA
Haz} g}

71&9] Fw vEND 4
37 &4 0] AHE-E AT 3] =
Aot e IARY Ve FeAse 7wl
2 3 55 ASAE B e A Ao
Exponential Random Graph Model (ERGM)
< Al SR AR S 5T LﬂE"JEL l‘ﬁc’ﬁﬂ

A S 53 4 9t AA, ERCME

ﬂ-‘
o

S 9Fds 9T AR E Hl%‘& iz‘iﬁfﬂ
B e Ay W 7 AT 594 7Mgshe
ol MEHA BAAME AFsA &t skt
P27t o P29 Yot el = & 7t
o] w271 wolth. &4, ERGME that
A WAFES 228 § A ERGME =29 &

A, =5 A 3 S (W), FAY SR ol
gt 7|24 72 FHEVIA A HEE TTAY
T Uk AA, ERGM2 M ARE 5+ Aot
7|E VESZ AFELS YEE ESY 2 st 7]
& BAEE AT Ltﬂ JRORN o] B HiEe
2 g 7ME AR ske dl A it ERGME
AEYoldSs &4 dd UES A vuE F
& M-S AR 5 sk ol2lg ERGM] ZdE
< 71 UEYA 24 PP EdA & F jle A

A ATERE A
o

2 Re thest gol 7Y 2994 BF
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AR o] EYH7 A
2k okl M= 7H‘§7]°4 FEolA e B
J ﬂr/} HEA O

P

WPF/W 80L4EH Rt

9 G #3t
2 Wernerfelt(1984) &= A47]

Based View)& 3l

Ao ZAo| gl

AT AEel OW 7154 ©]
A2 Al HFafof ghrta
Aok ALE o) 74 £
Nanda(1993)2 3
o™, Das and Teng(1998)& 72K, 7]€7<}

2e8 A9, FHAYCZ Chen and Chen
oA, AN, v Ades

O

"‘a T AT

?1"%6}7]1;:_ 8}“
;;-a}oq AR E e

FEN] Al ZsA A JE
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HE 79 7]
idiosyncratic interfirm linkage)<

(relational rent)s} AAS-HE @A & AUk
FASAT. o] 22 oA tRLe F

1o

,\
\_/
OFN
o

L)Y H =

mx

A=)
I
.

TE2 241714 (focal company) 2}

23 e FEAete] A A
(dyadic relationship)& #4J9] 7|2dt9z2 44
3ttt MacDuffie and Helper (2007)& A5t
el FufA-FwAF 7He] A BATE oA
PR A A7ER FEste] Attt 2T
o] tFAYLA 2Rlo] FHE A7l e A&
WA AR A Tzl ol P A-F Ak
G BAZE verdth S A, dH]
&3 s v 8 T2 Hisbote WFoR i
TaA #AZE e Aolth. '] JIT(Just
In Time) Al2®lo] 274& o] F-H¥ Fuja-FHAt
7+l B AEA FES 25 GHY S 9oL

H 1 =

)

o4 AL B A A
< By A e Rapl Hn. A4
q

(]

"éa 373 |
M Aol P4 A4 (co-opetitive) BH =
A FaA-saA #A 5 vk F3 #A
EAst, W2 94 dA7F A4 #AY 44
ojvf 25, 7119 ATt A dFS nA
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4= 7] wiZolth(Uzzi, 1997; Choi et al. 2002;
Kito et al., 2014). ¥ #AAAM = F == 2F
o oA AR F AR YEYA St uj
B H (embedded) =AM F w=9] #AA A P
(relational behavior)& AH3sHA| Retrhs oA
o] 3171 w#o|th(Wasserman and Faust, 1994).
2, UEH Y 24& 2Fp] dJeiMe Favt
T2 J 3o A9A G nH=A (d: FeiA-F
w2 WAL FEA-EEA BA o9 dEF
nx=A]) AT Slefof gt} ofel] wet v|E

HAE FAste 7IESHRE AR AT AT
AlZFetth. Wu and Choi(2005)& 8714 Aldl&

ol FuAkE BRdAM Y FaiA-FEA, FEA-
TRA T A #AE Fete A
A-gw2l 7He] A #A fE & ASoE A
A}, o]F FEATFAA Choi and Wu(2009)=

6]— /‘

FOA-BEA-FIAL A A 4 el
woz Y, 2TY AU A BA,
N D T

rlru

Faha, 557} =
02 dZd vA= 9
U EHZGA 7189 s FA7t ofd 47t &
ojo} gty FASIAY. &, Wu et al.(2010)
o AFM e FlA-FEA-TEA 3 A B
AMY FaA-gaAt 1t FHA A4 BA o
af Awugth AT A3 FujA-TEAt 1] B
3 4 FeA A4 BAC g A
. Pathak et al. (2014)= 47}

EQIA A F29 724
UH Simmel (1950) ] #|Ag HZ
= ojn

= T

wEo nA e G AZo]
=

T AYEyd FF

ll‘

[
J 8L 1

- o=

2 (tertius gaudens: ©]5-A]g
Eﬂ ZE$~ g2~ (tertius iungens:
2EIAY dAH" =2 A}

01—0 EE
— T A=

—_=
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ol MZE A& 7FestA ) A wet 35
U EH A7} o9 zstete=A] A Bk

SHAIRE, olelgh kAt 9 AR} HAE V| EE R
st A7 FH7Idel TF 7Idel Hi I
71990] oAl T 7199 :IL“H7]°S°] He Fe Ul
EfAe] 545 wdskA] Sata )tk of2ig @A
< FEshe oz 2 AAAY 4 (Social
Network Analysis)s €83 HES A #HAA

o] dEo] 7] AT, MEYA #A

FAES g #4 - FA(dyadic), A
(triadic), S 8915 (cohesive subgroup),
A Y EY A (whole network) -

]}\1 E%Lz% o
2 BAE F 7] WEd 2 f88E e 9
2013).

Y (Hearnshaw et al., Bogatti and Li
(2009) & saAlede A7 HE JEL T&@% o]
GA AL ANA A}E 485 e
e NdE (s, gol, 724
I%, o948 9= AL
al.(2013)2 &&%

=
=

(clustering

1I

i (power-law
o] EAStHTE. o] 9
a3 BHAA A

distributlon) =

A= er AAE] B VE

7o deAs F439. Bellamy and Basole
(2013)& 2F A& A 2HS YEYA T2, YE

A2 B, MIEHT AHor o] I8 HE

A3 BEAo T UdYAE Ao, Kim(2014)
< 37 UEHZANAN FFHAL] 724 ule]do]
TFj71de] £94 Al ko] 2 AT

Kim et al.(2011)& AsatdelA 71 7F A<k

Wl BF WA TR FF UEAZE 2
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ERGME 23% RSt

St ®E3F Carnovale and Yeniyurt(2015)+&
HEN T #HAA FFAE Al el Ao E%

B AT o)y Akﬁl‘ﬂé‘ﬂ*‘:‘“«l TE FoA
HEYZY YA ZEAAZS A nedozEH
7 UEHN I 2249 EAL F48taA} gt

2.2 U 7x A

UEHZe 7190l FaF 2 | o] 9o = Wiz
ARl Fx a9l oaiA AL 4 Ark(Lusher
and Robins, 2013). 71¢9] Adle d5o=2 o]
HAA 3 A4 7193 Al o|HA7] wEel
71nte] £ 08 YEYArt Y454 F=oh &
S Ao R I MEYANA F 71 9 At

EAetA ¢ shue] T Ad WA ©vE A

Robins et al.(2007), Lusher an

(2013) ol A A 744 WAH

TAME F7 VIEA D 482 F e ol 714
Z2A 2~ - 2B (popularity), Z54 (activity),
A& (two-path), ©187d (transitivity), FAMS

Y 35 HEHZ &4

(homophily) - = A¥E}
Z2A2 (a)e 2EM (popularity) & 24 olw]
O Ao 2Ry F52 e 719S U B2
NP ERYH g wE F
28t Foj i wonl ks wat
2RE EAE Fullste 7S A7) EokAn A
goll ek TRl HolAdAM o BE ¥
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Faust, 1994). <
&) &5 A

104 A9l w29 (719

9% 719 Bl slEs 53

AT

>,

LRl B EA Y] H
gl YAlA 25 Ay HER AME
ot} divkatd, WAl Fx57]¢
%%@O]ﬂ 7] wZolth(Wasserman and

Pattison, 1996). d& €9 o|&4 (transitivity)

wel rlu ool U me J

O/\]./\}ngath) ‘é{jg—}J‘OTODE -Q‘HE
Ewom O-HM g9 2gel 4 A5 B

Aol 24 + giok, A ARAIgel Bl
4 45 52 48T AE NFA A9 27
§3% o8 A4 LAzt BAo) AaEs
YEYD B0 E A3aA 4
ool AEAQ ALY FAS F8G 5 9

.

20| Exponential Random Craph Model
(ERGM)°]tt. ERGM2 MEH AN HA9 &
Aol g wole

L ru

A1 4 I h(Lusher
et al., 2013). ERGM& So] & o|FEH o]
a= s e F24 FeEivt Jdebd o
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} »}0}7} ERGM
Wk (directional), Bl & (nondirectional), ©]
(bipartite), t5 Al (multiplex) 59 thet 3
go WEIdE A& 7}sdtthLusher et al.,
2013: Wang et al., 2013). °]*3d ERCM<
Fota fredd EFEA UEH]Z P4 o™
o] bt FEFE A A F UEE
(Lusher et al., 2013). ¢|&3 FHo=
#< ERGM2 B& Bopo] dA7oA &85 3§
t}. o & 50, 49 (Ghosh et al., 2016; Kim
et al.,

.|_,

O
of_’i r{m rlo ox =

S ot r}i
fr e

ol

2016; Lomi and Fonti, 2012; Lomi
and Pattison, 2006)< B]%314 X & (Cranmer
et al., 2017; Desmarais and Cranmer, 2012a;

Lee et al., 2012), A+&A3HGoodreau et al.,
2009) 59l Hofolx Z&5 1 g HIE 4
8 Yrkar 9l

YEY Y] 91F gdo|1,
Aw WS v &4 93 &4, 9 &4, 12

Y 35 HEHZ &4

a9l tek SAE 5ol XFE F Ut o] & 4o
= A o3t ge B9 nad
Pr(X=x)=(1/k) eXD{ZnAzA ] (1)
y

o714 XE n MY =EZ o|HZ YEHAL
nxn 32719 A4 PB4 (adjacency matrix)o]c}.
xE HolEd oa Ha" YEYI AF PHo

XS B4R X, ik Al 942 ¥
S Urhhe GEUsT vt i Aol 927}
glom X =1, gled

X, =00t} Az o9 7%
2915 7T, 2, (x)E T2 29 A9 YEYA
AA i delol FAZFH(network statistic) &
el oE 5o A7} o]3A (transitivity)©]
2t o)8 A A} A (transitive triad) 9 7H57}
2,x)7F 2 F vk e 7 89 Ad dig A
F2A 89 A9 dFE s et = #5H
dolE xE vt ® FHgrh. ke 4(1)¢] &&
#ol 2 F UEE B F= Aot 3, ol

EEE e BE 7bsd U EY A dsjA 4
(1) v v 2 o] 10o] HES BAste 3
o|tt. ERGM< th& 2oz /gl %13011 o
o 245 24 (log-odd) #122 F8F & Ut
2008b).

[e)

(Hunter et al.,
logit (P(X;;=11n.X5))= D 1,02,(x) 2)
A

Xoe X5 AL yrA YIEY IS J3 AR

2 Jehid. 6o, WEAD A% 2,9 W3 B
Agonn x,2 A9g YA Mg 2 WaA
% 24 shllA X, 7} 0oM 12 ¥ o +2 &
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ol Aol o3t BAF
JAth(Hunter et al.,
JH1

=7h Qeh} wske
2008b). 4(2)=
wE i e 2

A&

A TI"E ‘4"4 A EEﬂﬂf"‘
2= HAg§ H (Markov Chain Monte Carlo
maximum hkehhood estimation: MCMC-MLE)
EoH/\i Z7 3tk (Snijders, 2002). MCMC-MLE
< WA pseudo-likelihood WHOZ 3 %
—% Yo 2 AlZtete] ofe] Mol dY U EYHAE
= AlEYold 239 #5 dHo|HE Hlusty
=9 A7t YA ete THeAol AAER AFE X

A3 Y7k I o)t (Snijders, 2002). MCMC-

4>

oEiﬂl

N

Bk

=

MLES] #4-2 Okz} 7z ziod g2o] g 7
o= MLES L3 741 T F dvke A
olty, AAEA = ERGM= A}im F Qe gy
2 2ZEYodA MCMC-MLE 4<& s}
A=

V. ¢t Zat
4.1 2 ¥ Hjo]H

e AsAee 35 UEHIE BM

el 20179 8o I3HE 2017 AsALY A

o HolHE AT ekt e Ae
el FAbete FE QAEE 2HUCR ot
e gezdels o A = dA= o
Fzo] Fojsta vt At Ay g A
A dexgelr wid itk A7) AEE
136

P>

H]—-soh/\g o] = O}f’-i

=

[¢)

gl v dA=

= =

&4 A8 T,
7} WA 71
HE QHAM=
132705 A 98 2237}14 719€ &4 Tt
olof we} o 77370¢] o} FellA A
% ol=Z& 5817t} o & UCINet(Borgartti et
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t}. = OEM 9Ale 2& TFAZRY A3 =
Yo Q3 BEo|} A ES FFELS ol
& Stk
4.2 g

4.2.1 F&5H

ERCM =89 £&HW4E YEYAL Ay 34
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g 591, A#A 4A A EEHL Z19Ee M= A
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A2 k) i sl AR sl Am, A
of Aefet @R Qlaf AH|&o] RotxlE 7He
ol 7l Wzelth. 7 719 1 A9 A F
el Ao AH(absolute difference)® =% 3t}
E3E A e R A A, gl A

3, vhzee] A A, FA] A At

0

P>

uel gEAL FEAZL W FEAT He %S
3t Multiple 2-pathet PPF7HAIZ F 719
7t A8 transitivity7}b A8 £ dEd o2

multiple transitive closuregta 3t} tha] 2|

multiple transitive closuret 714 A4 BZ 7}
& o8] multiple 2-path7} £A1842 A4 BE

A EAs FHFolE e 4dS Uehdt). Popularity
4.2 4 WAAH Fx 891 © o] 71l dubt ket ARA R EE
We7ke 24ske 72 Q9lolth ¥ activity
719 ST FAF 2F HE Qo] yaHer A% © ool 7ol duh theFe FEA o dE ke
= 72 8% (structural configuration)‘i 714 Ve 45k Fx alloth
LAY BAE ARt 8Qlol E Utk £ 4 2l 71& 9755 WA popularityE ERGM
Foll A AbEshE 7124 72 89S FEle Ao 2olel 23AA w| 7letetA o2 TFEA S FHA
(£ Delth Arce 71249 ZEA2EA & 7Y (geometrically weighted) dhute] A2 Ths
o] tZ 7|delA BAE FFshe AL LIy o Atk Popularity®5+ o} activity, multiple
EfAe] 4= g FAg. 2-path= 71 B7} 71 2-path, multiple transitive closure® 7]3}4
A ARREH FE5 WA {9 719 BE ©E 714 o2 7AE FAA shue] o R W gwodegree,
CollAl Twdle 4&FE Uehlle Z2A2. o2l gwdsp, gwesp?l Tz Lol ZAAZ
g 2-pathe F 719 A% C 3t 2] 427t & E Aol ERGM 23 gt Al 342 57
A = ed o) e AgS multiple 2-pathet 714 RY statnet 7)Ao LEH ergm 374
1 @t 5, multiple 2-pathe F 719 2+ o] (W4 3.10.4)¢] MCMC-MLE (Markov Chain
g U 7S THde ZRAAE ES Monte Carlo Maximum Likelihood Estimation)
Transitivity® 719 A7} 719 BelAl g&3stz 71 W& ARSIt (Hunter et al., 2008b).
d B7H71Y C ] A gEFeohd 719 AZF 7150 Cell

A gEeH He A el Z2A20, 5,
1) € £°l, popularity= Thdt 22 202 shte] gAFoR St

n—1
gwidegree:e“z {1*(1*67
i=1

ne w29 D= WY Ad H
o el et A

2 0l]olo

@,?l el popularitys 4Y
ehe ol Al F49 dHEE st
degeneracy)7} ZAE F A TlslEH R TISAE
Hunter(2007)& %10}7 =
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(in-degree) 3kl @9l k== W&, ala>0)E 714 (decay) &
| AR gL o]RA JaEE o8 pEXE
MEAQ Fele

#

JeY g QA%
A 3l $ARes X

I AFE FHE ol FHEA e Al (model
2o EFAH(Hunter, 2007). °]°ﬂ ek g e
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1
T
H>
0
=)
ofu

(F2) 2 M 2mo} oF HET A9l 57f ile] &4

in-degree 0 1 2 4 9 10 14 16 20 34 50 80 145 164
= 185 21 5 2 1 1 1 1 1 1 1 1 1 1

out-degree 0 1 2 3 4 5 6

i 9 32 48 91 36 6
Wk A2 J= A9 54 A g A4 H= 39 54 A
HA T9d | 99 & AA THY | 99 ) &<
A Az 68.590 50 | 41,713,632 2] oo ZE] 520 21 | 157,204
7)ok s A} 34,720 73 | 31,641,854 ek 250 72 | 61,530
g2 A5 | 15,663 15 | 12,311,643 o}o]o} 338 29 | 222,860
BEAEA} 4,911 55 3,627,340 o] 2QEREH 1075 44 | 673,316
2eAAER | 4,254 17 6,248,416 INEFETY 340 50 | 116,963
) dge 20174 712, E9 L 20169 T 7)1 E (0 )

Pro EHAE 110l W 42 = S8 FHOoR AvHE Jolu, E o e Aix

oA 9 ggdt 25 Btk ek dd vt = AL AEE A o7 AHH = Folt}, WA A

2 7S AEEE OEM 949 diaksal, 710} T A BE Akaike's Information Criterion
( .

=
.o Ae4E nyge) Agwe i—zvm »&a‘s&u}(Humer

\ oA et al., 2008a: Kim et al., 2016). Model 39|

g, g, ofojo}, Ao AQEREIH JAFEF, AIC #o] 7PF Hoemz dolHd thik 2g9] 7
A5, A8 Folom A9 HAE] W (F 2)  FEt MY = o AYE A4 AEE A
o sttt Tk Model 39l gt A= AA A= (28
olth. o] AES B AA #3549 oy #H

4.3.1 A5 74 23 9 A= FH ATE vgeR TR 100Me A EY

o)9g YA BE YEALY AEES HnG

ERGM E39 AFE F4¢ 2¥d= (& 3)F  F Utk AlE5E 3T I8 - node, edge, dyad,
2t Model 1& 7]191e] SAR 23kaF R goln, triad - o thgt log-odd gtolth. FH< A& AA
Model 2= F 719 1t W45 F718 By o|t}, S ez Bhxn 252 A g0 A%E
Model 32 7% SRIE7HA] BF £3¢ Bo|t}, Uehdoh @2 A d2 AlEgeld 1009 F 95

dPH o2 ERGM B39 AYPEE HEst= W ®o] 23Hd 95% Al 73hE 589 o] el 4
He F 7RG stue 2t R3] AR/ AFE A Al A5kl XA F T Bo] A8t &
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(X 3) ERGM 289 A= Fd Z1}
Model 1 Model 2 Model 3

Variables Estimate  Std. Error Estimate Std. Error Estimate  Std. Error
edges -5.6860 0.1499 *** -5.6950 0.2005 *** -4.5000 0.0000 ***
nodeocov.size -0.0002 0.0001 ** -0.0055 0.0014 *** -0.0018 0.0000 ***
nodeocov.age 0.0008 0.0003 * 0.0105 0.0038 ** 0.0101 0.0001 ***
nodeocov.sales 0.0000 0.0000 ** 0.0000 0.0000 0.0000 0.0000
nodeocov.asset 0.0000 0.0000 ** 0.0000 0.0000 0.0000 0.0000
nodeicov.size 0.0002 0.0000 *** 0.0056 0.0014 *** 0.0026 0.0000 ***
nodeicov.age -0.0161 0.0036 *** -0.0115 0.0037 ** 0.0079 0.0001 ***
nodeicov.sales 0.0000 0.0000 *** 0.0000 0.0000 0.0000 0.0000
nodeicov.asset 0.0000 0.0000 *** 0.0000 0.0000 0.0000 0.0000
absdiff.size -0.0055 0.0014 *** -0.0026 0.0000 ***
absdiff.age -0.0099 0.0038 ** -0.0093 0.0001 ***
absdiff.sales 0.0000 0.0000 0.0000 0.0000
absdiff.asset 0.0000 0.0000 0.0000 0.0000
twopath 0.0481 0.0000 ***
gwideg (a=1) -3.2090 0.0000 ***
gwodeg (a=1) 1.5220 0.0000 ***
gwesp (a=0.7) -0.1782 0.0000 ***
gwdsp (¢=0.7) -0.3643 0.0000 ***
AIC 2653 2585 2365

w5k ) <0001, ** p <0.01, * p <0.05

< JTHHunter et al.,

in-degree, AH4#A12] %
T &l 719ho] Ffake 71

2008a). +2& out-degree,

%7 (triad census), 9Z2%

(edgewise shared

partners), ¥ 22| 7|4 2t H9 A2l (minimum

geodesic distance) X5
HRo] ZroA AA B=Fko]l 95% AlZ| 7t
o] AA) VEYAES 2

P AL AT 5
sl de A% gl

Avigron 1 A3 o

3
X

=5

rlr

5]

ul

b

AL oe e Fx250 F

y

E

K204 7]eier AET &)
Zol yehdtte Seolth(Lusher et al., 2013).
Wil Al grol Folgte
7Bt o AA Yehve
(3 3)¢] Model 39 Edges ¥
T e -4.5 (p<0.001)°]t},

.

g3l 27 slof| A @
Y 72 899 O

AL HY 12 Q0lo]

L L
3

A

ol g =

ol Edges’} t}&

9 573 Fx 29 - 2-path, transitivity,

popularity, activity & -
7]t B.o} 13 A7
ERGM =

9]

01HE—O] o]_l/] o]/\}
UEhdth=
oA Edges

& ouat

e UW ﬂﬂﬂ‘“‘ﬂ A
A9 f%}(lntercept term) @ FAMG QU E Zhe

141



1z
[l

P>

0

:Z”‘l 7 g”q- gng
? o 7" i e I
01 2 3 4 567 89 014 30 A5 62 76 04 Tz 133 154 003102 021C 030T 1200 210
out degree indegree triad census
(a) out-degree (b) in-degree (c) A4#AL F57
e N
edge-wise shared parners minimum geodesic distance
(d) 928 F &9 7|9 (e) F 714 7t & Azg
TRk 719 F
(a8 3) Model 30i| Cist XMtz ZA} Za}
(Wasserman and Pattison, 1996). 22 7} 0.0101 (p<0.001) oI}t ol& v ¥FE
nodeocov MFEL FFAHY A Uid ¥FE 9] g3te FYsitte 24 dhollA ed Jdd s
°|t}. nodeocov.sizee FHA TEE Yehl+= & B8 358 7FeAel Ere Solth. FHEA
A4oly F3H 71"-’?—7} -0.0018 (p<0.001)°I% ol &4 F =9 (nodeocov.sales) @ A 5
T} olE g2 HME ave sddve 24 g (nodeocov.asset)= F2|3tA &Skt thEo 2
o T4 *’1:7} AS5E BAE FFE Ml FA4 9 &4 digt A5 AW EAL nodeicov.
=55 9uigit}. o E B9, T4 $7F 1007l sizee FEA Y FEE Yepdl=d A5 0.0026
7190l EXE FFE 52 (0.00929 ¥ 300 (p(O OOl)i AE AT o= YEA 9 FRI}
Hel 719L 0.0064% Z01Eth? nodeocov.age F2 oy 7|ge sty Z2FHSS ondth =
= TEAY dEHS Yele Weld =44 A 5&, nodeicov.agew ‘FuA9 9%= Vet Al
2) Edges® Al57F -4.5°]1 nodeocov.size®l Al57F -0.00180122 FH32] 5 (nodeocov.size)7F 100%™ log-odd#ke

— 4.5+ (—0.0018) < 100 =— 4.68°] T},

FaA9 #7271 300%™ log-odd #& —4.5+(—0.0018) <300
exp(—5.04)) = 0.0064°] T}
142

ols FEHoz WdlelH exp( 4.68)/(14exp(—4.68))

=0.00927} €} vRR7A 2
5.040]t}, o]Z BEgtow WslslW exp(—5.04)/(1+
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ERGMES 2238t AHEAIAY 22 HES T 24

71 0.0079 (p<0.001) 2 F4= 30k 2#e 714
UFE oY 7|9 o2 Y Falas Lot 77
o] A3 nfA 2 JE2] i (nodeicov.
sales)Z A4t 5 (nodeicov.asset) & &5 HE
43 FAol fFrofdt G vAA BTk e
2 A} 7F ¥Rl homophily Wl et A5
AT B2L absdiff.sizee F 719 P FR(ZEHY
7)o A A5 Yehle W o] go] 245
7 719 3 AtRe Ael7t At folth, WM o]
frol A5 F 7|9 1 R Apo] 7t AojA 7]
Aol R Helld FARE ST absdiff. sized
AdE -0.0026(p(0.001) 2 FHJ=H o=
T 719 2 AR Al At ALSE 3 dAt
44 7¥siel S5 dnigt oAl g F 71

o R} fAESE = e Hat AT ks
o] A= Leolt}, absdiff aged] A4%E -0.0093
(p(0.001)2 <9 #oz FHHJoH ol F

7199 fjFol v E F 719 1w AN

P4 7hsAo] mold S gulgt}, AT, njEY

(absdiff.sales) oY A4 2 (absdiff. asset) <
[e)

ASE frelai) ke o
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Al (arc) 58170 A
g TRkl 714l A7+ 1074, 500
ol 10009 wlwre] Z1delA gFdhe 297} 11
7}, 10007 ol4e] 71elA BFahe 4571 8270
o TEAE 7FCE TF A9 v ¥R

d
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of
—-
rir

(B 4) 7| 72 o 2| 2x

299 & 5009 vk 10007 W] gt 10007 ]/ OEM 3 H&
5009 ek 10 11 82 297 400 69%
10009 =5t 0 3 25 92 120 21%
10007 ] 7 54 61 10%
OEM 0 0 0 0 0 0%
3 10 14 114 443 581
Hl & 2% 2% 20% 76%
(E D) 7| oy o 2l 2=
S 42w 9t 42d0)7% 3} Hl &
4213w gk 65 209 274 47%
420 80 2217 307 53%
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gt = At} o] nodeocov.age®} nodeicov.age

B g ger FdE A dAlske

bt
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T

of AF7t 2
A3t
Thr o2 Ald 2 acle #e 2
t}. twopatht 7% 29 2-pathel di
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=
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A 7]EH1"J/} ojgAo] HE #—XHSP’\]
5 Ul FEAY HEAR AR T
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7t o 2-path7} 2814 &S n)dttt. o
75“’]’% %‘?15:} ].1:!:1 “4”—214— 7o Eﬂxﬂg E%%}_/r_ 9}1\]4_

,'3_7_.

[¢)

Proposition 1 (P1).
2 A& (2-path) 724}

HEH e 7240

P1<& twopathd A47) gt & ghol &
Al gwdspe] A157F =2 Fo2 237 wl &l
=EE wWAY. Ve BE AL S A 9E T

sloy o 719 A o Egtt(Pleffer and
Salancik, 1978). A4=AE FAGE &S s

= PEe
7] el otel B e dAlETF sty o
of thek Ak A4S 5 zkn glA] b o 7|
HoRRH 1 89 F¥ e dARE TEYS
Fhtel g7 o g M E 4 et

Proposition 2 (P2). ¥HAIES e/MAE &+

A =

P2+ gwdsp] AlF7F 2] %ko?c frelstr] m&

o =¥ WAt P2& F 71y 7kl 2 2-path
7} EAsle 4w =EGE A, ol P13 &
A A7 F5 HEHIAA F 719 2t S
719l 97 shupk EAES ofn|eitt, AHEAk A
Ao Fw WAA Fw 7193 24 719-e Gt

How A EFAME Zreth(Morris et al.,
2004). #A & O]%} T 7 ] 7+l 4474101]’\1

Atolofl gt Afgro 24 A thA] (relational rents)
£ g4 3H(Dyer and Singh, 1998). F 714 7t
o S/ 7190l 2] A A HE #A Ef ALk
AR} whEojof gh o] 7| o BA F Fol
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2 4 9. 2HBE AFA A9l BF MEAR
ANE % 719 2l ofel S BRAAE %
EACE 44T % gt

Proposition 3 (P3). T8 &S 4& U4
X] O]-‘——

&.

gwesp®] AF7F ol £ Fhol7] W&
=9 WAt P3E @EA S HEATE el 4
HEAE E T $es gt A 2]
A2 = AT A57F Yo 2147} B = oF
"tH(Louch, 2000). 3HAIRE,

H UEH o= w2 AziA o] A
A7F vl AYA7E 2 F= fleol 5ot $HA

SougkEel A 2F WAL W 54
Al <J3l Fel loiA] BA KaAke] FAHA
%8 /19 2 44U A oA R 2

°V1L 0153“% doj 7] 35t
AT EA}. gwidegree W
F= 71013 T «] in-degree® W&ol in-degree
9] o] A E FalA BF He &
AlgoltH(Hunter, 2007).

(¢}

D)
4»

_0|l_5
+ %

gwidegreed AlS7}F
gl gtz fosittd tE fx 8Qlo] Yt
Fejoll Al 71N 2T} popularity’} =& 714

o]

¢ 32 HEYT 24

= 5otk Wiz &9 ghol2hd popularity 7t
E2 7o) 7IdE B4 Qhes vt} gwidegree
of A 4 A% -3.2090 (p<0.001) o|A=H|
ol Y UEYIAET} popularity’} =& 7|19 0]
A= BA the ol Al 349 232 bt
BFo7 %9 ”( S ARkl B jdlA ==
shte] FEdAZE e gdES AME + Aok
gwidegree®] Al57t -3.2090] 2L decay#tol 1012
2 gwidegreeol B3 W3} FAFL oo} 20t

P(X, =1/X7)
1og[775 =—3.209% (1—¢ )"
P(X;; =01X)
=—3.209 % 0.632"

== j9l in-degrees %3t}
Aol (ad )9 (a) . 7}
q 719¢] in-degree® YER 1 Al
o 714 94 j2 F5 WA R 7}
99l log-odds #< UERATE I”oA H o]
-degree’t 2 719¥4E U B2 FHARTH
HETE log-odd gkol a d

olEth. ole &9 ate FoF HlHl A4
epdich HEA Y popularity’t TS U B
HES W & HAFE Aot} o] tha9 ¥

T
in

log-odd:
log-odd:

s 1 o
in-degree of node j

(a) ¥E49] in-degree (b) 35

s s w  w
out-degree of node i

9] out-degree

log-odds

4 s 3
# of shared partners

(c) #7194 & 3/ 714 &

o

Qg4 7z

zyst

AL H49A H1E 20204 28
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Proposition 4 (P4). in-degree’} 355 3712 &
& 7FsAdo] Eokth(preferential attachment).

B IFARTEH FE
o AA W = HHS 7 7}-:—*4 o] At} AA =
5t OEM HAQl AhabEAt, 7]okabgat, gh=A]<l
Asat, BeAEA, Eread At in-degree
frol AA LﬂE%ELOﬂH M = nu 88 A5

Atk FEEAES O At Adste
OEMZ A& 7Fsdol 2 Aoz e ¢
Aot}

gwodegree M2 Al 1.5220 (p<0.001) =
FA AT, °]= out-degreee?] X7} 7|djET}
2 Zofl B29on activity 27} itka a4
T Utk gwidegree®t PHI7IAI R WsE A S o]
S5t A<l out-degreeol Wt 714
HAE M &5 78 F gl of A3 2.

i

AL
=13 3110
RS

o
e

o] -
AT

(‘)l'—r

P(X,; =1X) ,
1og[]75 =1.522x (1—e )"
P(X;;=01X])

=1.522 % 0.632"

q4718 De &% =X i9 out-degrees 53
th. o] & 2AEZ a8 A9 (2™ 4)9] (b)Th BX
] FHAY out-degree’t E&FE F7HAQI I
WAE 7H 7Fed e AFE ZolEs T F
ATt o] ofef o} 2 WAL EEHT
Proposition 5 (P5). out-degree’} 4% *

7tR THE 7hedel Aokl

146

0

ol 7l Ee] Algtd AR Qs Fw #AE
UF gol 72 e {171 wEolth. nodeocov
size®] AF7F wola (F M TR e
5 oo B dvhe AR dudEdt I
e 7I9ES TR & ol ofn o EiE
Aol Fwata Ao F7HQ F5 7S Hot
Z Aotk

npA RO 2 gwesp W] Al -0.1782 (p<
O 001) & F¥EAed gwespol #e+ W3 &7
& ted 2ol BoJHr. gwespe] W3} FAE

<= r/]rf‘— guE WotA] ke A Fhidte =
=9 F7t shvt Bolwts W gwesp ol SJEA
EgAe] Rzt ST g5 T F UE
EP9] 3k& WA o= Aol oW k gkl s

J -

(=
(EP,EP,,,) #°| (EP,—1,EP,,+1)& v} o
Y ES A7t Wsled &S Tath(Hunter, 2007).
71N ER® VY wEE Ffote AZE 7Y

Ao WMEolt. o & Jo ek thet 2ok

after

1og( )——0.1782>< (1—e 07)k

Pbefore
=—0.1782 %< 0.503"

o& AER WE Aol (¥ 49 (c)olH. 7I=
& F 719 2 3Rt 7149 ¢ et a9
< 29 Ffdke 719 a7 s T 1Y
i AZE FEo] FopAE AL U F gl 9
ol ofef A7} =&

Proposition 6 (P6). 3= JEY 71 B<
FE 37 A A 7FsAdel AXI

o

T

=

=2

o]

3L L
o H AR

Alel

rr
Fil

77l N2 B8 2

zyst
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Exploring Endogeneous Processes in Automobile Supply Network:
An Exponential Random Graph Model Analysis®

Chulsoon Park™ - Ahrom Kang***

Abstract

This paper analyzes the endogeneous processes that make up the supply network of the
automotive industry. A supply network is basically a network in which one company provides
goods and information to another. The actual network we observe is a structurally emergent
form in which several individual endogenous processes interact. The supply network is a
complex adaptation system created by interaction processes. Nevertheless, previous studies
have overlooked the interaction of these attributes or the endogenous processes. This is largely
due to the limitations of existing research methodologies. Therefore, this study will examine
the fundamental aspect of supply network as a complex adaptation system by using a new
network analysis method that recognizes interactions in supply network.

An Exponential Random Graph Model (ERGM) model was applied to the 2017 Automotive
Handbook to explore the underlying processes of the supply network. An ERGM is an novel
approach that incorporates endogenous structural effects of network and allows the interactions
among various covariates of nodes or links. As a result, the supply network in the automotive
industry was basically a chain structure. There were many types of chains that were supplied
by suppliers to other companies after its own processing. The basic supply chain did not share
intermediaries or skip tiers. In addition, it was difficult to find a structure that directly
delivered to customers. In other words, there was no transitivity which can be easily observed

in human networks. However, the more intermediaries they share, the more likely they are to
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have a direct trade relationship. In the case of the purchasers, we confirmed the phenomenon
of the rich get richer, which is the possibility of additional transaction when receiving from
various companies. As for the suppliers, it is revealed that the possibility of additional delivery
is lower as they are delivered to various suppliers due to resource limitations.

This study revealed for the first time the endogenous process that constitutes the supply
network of the Korean automobile industry. The ERGM model, which recognizes the dependencies
between explanatory variables, was used to analyze the fundamental processes of the automotive
supply network. Comprehensive inclusion of various explanatory variables to identify the

supply relationship in the automotive industry could lead to new conclusions, including the
results of previous studies.

Key words: Automobile Industry, Supply Network, Exponential Random Graph Models
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