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Table 1 The characteristics of paradigm, means and ecosystem of each stage in the evolutionary path

(1) Local inter-connected business (2) Comprehensive interconnected (3) Open self-organizing
network commercial network innovation network
Paradigm: Networked manufacturing Service-oriented manufacturing Mass customization
(collaboration from off-line to (horizontal optimization of the (user-centered collaborative
on-line) value chain) innovation)
Means: Enhance the efficiency of all kinds Provide full connectivity and Enhancing openness and resource
of collaboration and enhance the promote equal opportunities sharing on demand and promote

connection capability of nodes between nodes the cross “reaction”

Ecosystem: Local inter-connected, Comprehensive interconnected, Factor composition on demand,
collaborative relationship is fixing vertical cooperation and innovation ability upgrade, more
and stable horizontal competition in value flexible

chain, flexible
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Figure 1 The control model of optimization and upgrading for the collaborative relationship in “Internet +” manufac-
turing industry
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Figure 2 (Color online) Network topology diagram. (a) Network 1; (b) network 2; (¢) network 3
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Table 2 Average length of shortest network path

Network Average length of shortest network path
Network 1 6.4
Network 2 4.7
Network 3 4.1
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Figure 3 (Color online) Distribution of the shortest path could be reached
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(in); (b) normalized closeness centrality (out)

(Color online) Power distribution of the closeness centrality of the network. (a) Normalized closeness centrality
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Table 3 Average intensity of the network node
Network Average intensity of the network node
Network 1 2.8667
Network 2 11.1579
Network 3 15.6990
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Figure 5

(Color online) Bonacich power. (a) Bonacich power (in) with 8 < 0; (b) Bonacich power (out) with 8 < 0
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Table 4 Index of small-world features of network

Network Weighted clustering coefficient Small-world entropy
Network 1 0.019 1.870
Network 2 0.995 1714.787
Network 3 0.656 504

x5 WERE
Table 5 Network density

Network Network density
Network 1 0.00009874
Network 2 0.00102201
Network 3 0.00196813
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Figure 6 (Color online) Statistics information of transaction by geographic location. Transaction number (a) and trans-
action growth (b) with respect to geographic location
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REY 4
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Table 6 Central potential of the closeness centrality and the eigenvector

Network Central potential of Central potential of Central potential of Central potential
the closeness the closeness the closeness of the eigenvector
centrality (in) centrality (out) centrality (total)

Network 1 0.2633 0.02267 17.2707 108.198
Network 2 0.4354 0.03841 266.1177 91.865
Network 3 0.7805 0.04055 652.0498 91.452

(3) WEEHLFLRT it

ST+ 25 SOV 3 Aol 21 200 A BE AN L A Ok T BOR BB RL A QR A B BT
MIEAL LB 2 0 R 27 28) e S BIORE < AR F A <G R T TR, ok, 4
WDy “HhZr | ORZ BE kg KRR, ROV S FHIEM A, By BRI rEL RN
PMER AR, FERIESETHIMERCR R EMENL S B, RN BN +7 . BURIG R I SC R IR
FERATENAWINE —— oy < KR, 5340, ERNE M P SRE RCR AL T L5, 7R
RORAEAF AV (A5 4E, JFpe “ B IE R 27 FIRpSesist. Hl@ b pME < R AE R, B 7 BOmgnik 2
BB, FFREREA Iz AT AT — SOy B B R <, cB IR BER T, 43
LA BUHIE ML PME SR R AT ICALTE 4, S8R 1A SCHE AL f) i 1

6 FEHip

SR, ECPTHEOR S AL AR AR, UELIBR I O B AR M A5 B AE SR 1 PO R, IR AE
SR I PIME 50 R T R AR . ASC AT B T o R 22 Al O TFTBCT 65 14 A BEWTE TE il Wb 50 2
X RIRMER G, SR EARHERGR I TN+ X HIGE AL PR RO TP A, 5
NE AL S B B € BT PP TR AR IR R, I3k TR L IR R B & SE PRIz AT ROl
Ba AT KB i, EELRIT.

BB AT 3 b ) M 5% 2R IR 28 LA I S R ORISR IR SORE, T FE 6 B 5| RS R A 2 (14
A NBE, FFAEGE R b AR B AL T 6 R B 78 70 A 1 B At 2 P28 T AL AR, AR HY
PN R IR, AN (SRR KA, AolkiE P bR R R, ML AWTE 2, &
M IEE B B/ B L T AL L0 55 B RIS R T WA 46K, ik P 5% & T A
HAN AL JRFBHEEE A 55 W 4, R RS 2 A% 00« A BRI 2%, THREN 2 & 1E . T
A RIH AL (2B RIHEL A 3.
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The optimization and upgrading of the collaborative relationship
in “Internet +” manufacturing industry
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Abstract The collaborative relationship in the “Internet +” manufacturing industry is a complex network. To
grasp its inherent laws fully to realize the transformation and upgrading of the manufacturing industry integrated
with Internet, a model of optimization and upgrading of the collaborative relationship in the ‘Internet + manu-
facturing industry, which is a closed-loop feedback control model under a control theory framework, is proposed.
An evaluation index system based on the theory of the complex social networks was designed, and an empirical
analysis based on the micro operation data of a large collaboration platform for the ‘Internet + manufacturing
industry was done. The results show that ‘Internet + can significantly improve the quality of the manufacturing
collaboration relationship and improve overall collaboration and innovation performance.

Keywords complex social network, modeling and analysis, optimization and upgrading, collaborative relation-
ship, Internet + manufacturing
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