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Research on the evolution of industrial collaboration complex
network structure and resource allocation .

Empirical analysis from big data of Chinese artificial intelligence enterprises

CUI Shengjun', WU Zhuang', YU Lina’

(1. College of Management Engineering, Capital University of Economics and Business, Beijing 100070, China;
2. College of Urban Transportation and Logistic, Shenzhen Technology University, Shenzhen 518118 ,China)

Abstract: Under the paradigms of complex economy and network economy, this paper applies complex network analysis
methods and industrial chain knowledge graph technology to the innovation of industrial organization, constructing multi
dimensional complex networks of industrial cooperation. We propose indicators such as the industrial cooperation index,
the concentration degree of industrial network structure, the industrial cooperation monopoly index, and the complexity
index of industrial organization. Employing the two-stage regression model (IV2SLS), and empirically analyse the
correlations between the centrality of enterprise networks, market positions, agglomeration coefficients and market
performances.
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K9 A EIEEZML& S LOG(PROFIT_SCORE) i) IV2SLS #1 OLS [ElJ/34& R

MODELL MODEL2 MODEL3 MODELA MODELS5 MODEL6 MODEL7 MODELS
IV2SLS OLS IV2SLS OLS IV2SLS OLS IV2SLS OLS
complex_net R =0. 546 R=0.561 R =0.549 R =0.563 R =0.562 R=0.572 R =0.551 R =0.565
Adj R =0.546 | Adj R =0.561 | Adj R =0.549 | Adj R =0.563 | Adj R =0.562 | Adj R=0.572 | Adj R =0.551 | Adj R =0.565
F=6734 F=7165 F=6842 F=7230 F=7206 F=7507 F=62876 F=7294
CONST 7.007 3 *** 6. 7157 *** 6.822 5 *** 6.573 3 *** 5.944 2 = 5.953 6 6.909 5 *** 6.941 0 ***
(139.263) | (139.318) | (137.081) | (135.708) | (118.287) | (121.533) | (139.942) (142.394)
0.7850** | 0.9527 **
COMP_DEGREE(1 -2) (20.840) (30.751) — - — ~ - -
(0.5 - CLUSTER) x 0.004 8 ** | 0.014 1 ** _ _ _ _ _ _
(COMP_DEGREE(t1-2)"72) (3.168) (9.826 )
T 6 039. 990 2 ***[5 631. 562 9 ***
DE_CENTER(T -2) - - (33.349) (33.231) B B - B
(0.5 - CLUSTER) x _ _ 1. 698¢ +06 ™ 2. 564¢ +06 * _ _ _ _
(DE_CENTER(T -2)%2) (14.948) (24.800)
. 44.778 6 7 | 32.3396
COMP_CLOSE(t-2) — — — — (37.743) (27, 143) — —
(0.5 - CLUSTER) x _ _ _ _ 3 429.306 8 ***[3 665. 708 7 *** _ _
(COMP_CLOSE(t-2)72) (67.341) (72.855)
I——— 7 - - - - - 4.555¢ +04 " [5. 102¢ +04
COMP_BETWEEN(t-2) (43.528) (53.844)
(0.5 — CLUSTER) x _ B B B . - ~7.413¢ +06 ** | ~7.708¢ +06 ***
(COMP_BETWEEN (t -2)"2) (-23.69) | (-25.089)
CLUSTER 2252367 | —3.1816 " | —2.6089 ** | —3.1564 ** | —0.496 6~ | —0.5213 ** | —2.134 1 ** | —2.7347 **
(-41.386) | ( =52.503) | (-42.806) | ( =52.102) | ( —6.194) (-6.580) | (=35.752) | ( -46.100)
. 0.0099 ** | 0.0082** | 0.0090** | 0.0079** | 0.0145** | 0.0089™* | 0.0097** | 0.0082 "
MARKET_POSITION (25.894) (73.960) (28.313) (72.082) (57.282) (81.570) (32.321) (75.994)
LIFE 0.6284 % | 0.6136°* | 0.6299** | 0.6182** | 0.5670" | 0.5719"* | 0.6301°* | 0.617 1
(108.119) (107.571) (108.972) (108.984) (98.494) (100. 874 ) (109. 197) (109.112)
GM STAFF 4. 115e =05 *** 3. 643e — 05 *** [3. 006e — 05 ***|2. 458e — 05 *** |4. 341e —05 **| 5. 05e —05 *** 2. 669e — 05 ***| 2. 23e — 05 ***
- (5.047) (4.544) (3.695) (3.068) (5.426) (6.392) (3.287) (2.792)
INVSUM 1. 768 — 06 *** [1. 578¢ — 06 *** [2. 168¢ —06 *** 2. 455¢ —06 ™ [2. 169¢ — 06 ** | 3. 14e —06 *** |1. 871 —06 *** |2. 152¢ — 06 ***
(9.967) (9.067) (12.712) (14.684) (12.920) (19.163) (10.959) (12.874)
ABILITY 6.022 0 *** 5.6317 *** 5.890 3 *** 5.574 0 *** 5.120 4 = 4,959 0 *** 5. 802 4 *** 5.43]1 8 ***
(48.768) (46.331) (47.888) (45.981) (42.036) (41.182) (47.205) (44.878)
DISTRICT 1 24706 % | 2.2657 % | 2.4105% | 2.2070** | 2.0825 " | 1.9218"* | 2.4680°" | 2.1022**
- (48.507) (51.050) (47.363) (44.526) (41.501) (52.31) (45.049)
DISTRICT 2 15454 | 14572 | L.5161°* | 1.2207 " | 1.3595°* | 1.5217** | 1.4310""
(34.176) (31.747) (33.6) (26.923) (30.381) (33.169) (31.678)
DISTRICT 3 . L4779 | 1.5398** | 1.4682** | 1.3131°" | 1.2847"* | 1.6075"" | 1.3812**
- (30.954) (29.960) (30.805) (29.837) (26.617) (26.349) (32.171) (28.064)
DISTRICT 4 1.3483° | L1769 | 1.3195°* | 1.1592"* | 1.2993** | 1.1796"* | 1.4289** | L1.1087 ***
- (17.369) (15.412) (17.065) (15.218) (17.052) (15.656) (18.499) (14.581)
DISTRICT 5 0. 1482 ** 0.249 8 ** 0.1121 0.226 1 0.0286** | 0.2080** | 0.2330*** 0.19138
- (2.100) (3.602) (1.595) (3.268) (0.413) (3.040) (3.320) (2.777)
ENTTYPE 1 —0.7455 % | —0.5839 % | —0.6749 " | —0.5366 " | —0.5450 " | —0.3937 ** | —0.817 L ** | —0.6533 ***
- (-11.073) | (-8.827) | (-10.059) | (-8.129) | (-8.232) | (=6.018) | (-12.200) | ( -9.920)
ENTTYPE 2 7.9425 " | 7.5307** | 8.0628** | 7.6726** | 7.3251** | 6.9400"* | 7.7612** | 7.3464 ***
- (63.081) (60.756) (64.295) (62.083) (59.092) (56.558) (61.868) (59.468)
ENTTYPE 3 15169 | 11848 | 1.3881** | 1.0392"* | 1.3610°* | 1.0019** | 1.3482** | 0.9900 ***
- (13.029) (10.341) (11.981) (9.099) (11.918) (8.867) (11.646) (8.685)
ENTTYPE 4 17066 | —1.4160** | —1.9339 " | —1.6194 ** | —2.1968 ™ | —1.594 6" | —1.8582** | —1.5559 ==
- (-11.786) | (=9.944) | (-13.391) | ( —-11.384) | ( -15.389) | ( —11.299) | ( -12.891) | ( -10.977)
INDUSTRY 1 23166 " | 2.2620** | 2.2618** | 2.2313** | 1.9085** | 1.9841"™* | 2.2275** | 2.2179 "
- (53.230) (52.948) (52.088) (52.304) (44.356) | (-11.299) | (51.221) (52.190)
INDUSTRY 2 28213 | 2.5603 " | 2.7568** | 2.4955** | 2.6004 " | 2.3992 % | 26608 | 2.4253
- (38.002) (35.034) (37.292) (34.23) (35.649) (33.239) (35.968) (33.319)
INDUSTRY 3 2.4115 ** 2.3114 ** 2.362 09 *** 2.264 6 *** 2.017 0 *** 1.978 8 *** 2.281 8 *** 2.2132
- (53.922) (52.658) (53.076) (51.689) (45.761) (45.435) (51.108) (50.563)
INDUSTRY 4 Z0.542 1% | —0.418 1 | —0.5376 " | —0.4202 " | —0.5817 " | —0.408 6 " | —0.6406** | -0.4785**
- (-11.649) | (-9.167) | (-11.606) | (=9.237) | (-12.739) | (=9.077) | ( -13.800) | ( -10.530)
TYPE 1 5.302 3 *** 4,788 6 *** 4. 866 4 *** 4,387 8 *** 4,202 2 *** 3,781 1 *** 4,921 7 *** 4,3155 "
- (52.199) (47.805) (47.710) (43.616) (41. 696) (37.878) (48.508) (43.041)
TYPE 2 14947 | 1.5694 %% | 1.4944 % | 1.5607 ™" | 1.2857 % | 1.4279"* | 1.4964** | 1.5238 "
— (24.135) (25.818) (24.234) (25.738) (21.149) (23.783) (24.303) (25.175)
TYPE 3 0.7252 %% | 0.8937** | 0.8164** | 0.9661** | 0.7210 " 0.952 = 0.7660 " | 0.8940 **
- (12.638) (15.871) (14.267) (17.189) (12.811) (17.130) (13.423) (15.948)
TYPE 4 —0.5150* | —0.536** | —0.3333** | —0.3583 " | —0.2647 *** | —0.2074 ** | -0.3804 *** | —0.428 8 ***
- (-11.043) | (-11.720) | (-7.143) | (-7.849) | (-5.772) | (-4.589) | ( -8.189) (-9.431)
) 15.7663 | 14.3012** | 15.4600 ** | 14.2267 *** | 14.5264 ** | 13.9228 ** | 15.3763 ** | 13.8106 "
GM_STRUCTURE_I (85.175) (78.051) (84.167) (78.332) (80. 168) (77.805) (83.877) (75.853)
I 7.7433 " | 6.7490* | 7.6225** | 6.6795** | 6.7975** | 5.8113"™* | 7.9171** | 6.7293 ***
CM_STRUCTURE. 2 (65.284) (57.450) (64.410) (56.943) (57.990) (49.905) (67.137) (57.550)
) 2.0042 %% | 2.3309°* | 2.0531°* | 2.3050** | 1.9847 ** | 2.1385"* | 2.1654 " 2.284
GM_STRUCTURE.3 (29.877) (35.261) (30.905) (35.176) (30.433) (33.173) (32.457) (35.041)
R ~8.4852* | —7.4753** | —8.3903 *** | -7.4838*** | —7.8583*** | —7.0329** | -8.3368*** | —7.5268 ***
CM_STRUCTURE.4 (-138.468) | (-121.068) | ( —138.310) | (122.259) | ( —130.415) | ( —115.406) | ( -137.253) | ( —123.951)
- —10.0212** | —9.190 1 *** | —=9.9108 *** | —9.168 1 *** | —9.506 1 *** | —8.8860 ** | —0.8777 *** | —9.2424 ***
GM_STRUCTURE_S (=117.085) | ( =108.207) | ( —116.406) | ( —=108.411) | ( =112.833) | ( ~105.947) | ( ~116.074) | ( —109.906)

TE:p <0.017 ,p<0.05™ ,p<0. 17 MERMAR BEALE/N, HBHE B0 FOR § NE B0 B /NS 4 6050 (BB /B 3 iz,
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ST ARk 9 2 A BE 18855 . TYPE_4 19114 &
Bonth, v 2 RETA Rl S R E G T
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(W) eHitn
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(1) Ak, A ER 244 complex_

net G ANERLE W] 2% cap_net . BB S5 RN 28 inno_net
e RZERE) 5 () P 4 v B AR 1T B o)
(] rs BE R AR 3 . BT DL, AR SOR DE (1t -
2) B DE(t-2) .DE(t-6) .DE(t-10) AJF
PR, o AT A o a5 %) O 4 v M S U Bl
AR BRI TE 1 TV2SLS [l U5 45 5 mT LA 8% SRR
W HI ~ 83 HS, IFss 4ok Fafe
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A Er AT 5% W45 FEAL PR, IV2SLS [n] 9 25 31 R
i H1 ~ ik HS a7, B Il 45 R 5 hnfa g,
UEHE SN A T, > 4% 45 3R R %L CLUSTER <
0.5 i}, (0.5 — CLUSTER) x (DE(t-2)"2) ¥}
iE,Hr (0.5 - CLUSTER) x ( COMP_BETWEEN
(t=2)72) FRE R IE 5 3 785315 B 0 2% o 1 Xof
i G s AT W3 /9 IE 4 R 4E ., Al R (B A5
COMP_DEGREE #iz/MA 1 163. 54 5% 32.95, H.
K H COMP_DEGREE | . < COMP_DEGREE
110. 299, GERA Al 7 s B8 B vhuC R G RB O E |
NECP OIS TSR BEF U BCR, 4
b AR e A Boom R ik, AR R A
0 R A B RS A B IROAS T AT R R I, (R AR
TEECHE BSR4 B A Y 25 SR Ay
s (W 10)

max

£10 Pl ESEE M IV2SLS Hifaf@iEiain

P A VER 2= M 2% complex_net P A AVER 2= M 2% complex_net
(R FER I — i LT ) R FER Jo— 4 A3
At R=0.546 | R=0.548 R=0.560 R=0.548 | R=0.582 | R=0.585 R=0.591 R =0.590
Adj R=0.546] Adj R=0.548 | Adj R=0.560 | Adj R=0.548 |Adj R=0.582 Adj R=0.585 | Adj R=0.591 | Adj R=0.590
F=6735 | F=6806 F=7147 F=6815 | F=7808 | F=78% F=8097 F=8 091
CONST 70191 | 6 8484 6.0150™ | 7.1042°" | 3.9418"" | 3.8895" | 3.4019" 3.7102 ™
(139.707) | (138.008) (119.841) (141.508) | (70.975) | (70.291) (61.876) (66.954)
0.925 = 0.982 0 =
DEGREE(t -2 - - - — - -
GREE(1-2) (15.234) (10.033)
(0.5 —CLUSTER) x | 0.0449 =+ — — - 0,000 8+ — — -
(DEGREE(t-2)"2) | (9.079) (21.881)
5213.2046 1.022¢ +04 ™
DE_CENTER(T -2) (29,025 (24.97)
(0.5 - CLUSTER) x — 1.230¢ +06 = — — — 3.392¢ +06 — —
(DE_CENTER(T -2)"2) (10.414) (31.697)
71,0359 7 25.7361
LOSE(t -2 - - - - - -
CLOSE(t -2) (39.699) (21.878)
(O. 5- CLUSTER) X o o 6 196. 333 8 *** B - . 2 858. 835 *** _
(CLOSE(1-2)72) (63.112) (56.822)
3.737c +04 5. 467¢ +05
BETWEEN (1 -2 - - - - — -
WEEN(t-2) (34.463) (56.621)
(0.5 — CLUSTER) x — _ — 27,39 +06 — — — 3.916¢ +06 ™
(BETWEEN(1-2)"2) (~18.226) (19.36)
CLUSTER 244187 | —2.5216° | —1.4046°" | -2.1948 %" |-3.0499 | —3.2930°" | —0.9469 22,6835
(-39.989) | (—41.685) | (-19.646) | ( -36.709) |(-47.003) | (-52.738) | ( —12.149) (-46.918)
- 0.0105 ™ | 0.0110 0.0138* | 0.0113°" | 0.0108* | 0.0093" | 0.0146" 0.0118
MARKET_POSITION | (27.701) | (36.944) (54.120) (38.003) | (33.885) | (31.345) | (60.697) (44.938)
W p<0.01* p<0.05™ ,p<0. 1" ; A0SR FAGIT/N, WHRFETHEOLRIR s WA REUR /NS 4 467 50 (EOR /N 3 f,

M R
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