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Fig. 12 Computational experiment for production plan of steelworks

FO RO RS T S A ATIT R SEIF 2320 FUBURREE s R 5 550 A R S
FHRLE03 FHINE, I 3P0, SRRV T ATt AMAE A RBC , FE AR 00 A T RS, AT T
SIS, SR PR R AN T RGBS R ARG S A F bR S
FEEIN R ILSE S AR SE IR AR R RS RS S A T RS SR

SR THE T A 3040 s AT RSO AL A K h 7

R SehR 5%
Sl T P

W ALRL TSR

| (EEir vk I Hr

el

| TR | it

B3 AT

Fig. 13 Parallel execution of steelworks



—t

R S48 2018,36(21)

www.kjdb.org

19

6 ERtEHIE

FEFATHIE o, B X KA E A2k 7R oK 4
A 775 3K 5l (procustomer—driven ) 717 il i
0, FRZ Okt 2 ilid  FR AR A&l 14 firs o 7EAt 2
T, PRI A AL JE S 7 i R B (RN R
2 5% T UZ 5RHE SR, ko hilE e

A A

SN T LA A S8 BT | il A 1 A
I LI P P R0 R dhs 3D 4948 5 3D FTENAFHOR
S DL X BB R A = i R G 257 (R AT PR
D2 el VN SRR B T W £ 1 LN T X A= 2 e

KA e il A e =

7 RE
B B v Eakake s
<! m’? -
| IR | ;i '

|z 1%5&&&5'

|
| LR L s ﬁwermp |
| 20 45 T R U !ig
I
| TR |Wﬁﬁﬁ|

K14 Fhexhilid s

Fig. 14 Social manufacturing process

Tl 5.0 BT 4 e i A 6T B 52 HL Bl Y CPSS
TV IREE, AEIE ) 5% 50 B A5 H I R+
FFG S B REE 2R AR LR ) S
ARFBe, WS i B ST R A R R 4, A
STk A m L T b AT A 6
NTRG: ARl 1 RS0 i ok sh 4 2 ) Eghm | F 3k
N R AT S 1 SR el s B AR

—E R I — 58 Tl i v 0 % R At 2
CEA A REAR Seit A il BoR 4SS R
(Rt AR ) Koz 78 8 o A i is &, i A 55
A& AR TS5 77 i 1 4 A i J A A 7= o 1
P, SEELSEETAL AT AR RIS A B A SR B
7B SR . AN AR, — kR SE S
RSy AR KRR BE L AT BB I AN HR P LA 7E HLRE 5 ¢ ™
AR, TR T H 2 P CMOs B TFBEFRE B T
N R S H B R SEERFITRCR B T 5 HAR AR
N T A Z SRR . Tl A A BAL R IR BE il
WMRAT T CEAT A ST R A PRI A

2% 3k (References)

(1] Bhd . K TR Bihe— MRS —
R R 9Bk, 2017, 52(6): 1-12.
Yin Ruiyu. A discussion on "smart" steel palant: View from
physical system side []J]. Iron and Steel, 2017, 52(6): 1-12.
[2] He22 T, AUk, 258, 45 8 Tl 4.0 P RTINS 2025 5%
R A vRILI]. A8k, 2016, 51(3): 1-8, 26.

Bi Xuegong, Li Jiulin, Li Peng, et al. Brief discussions on Ger-

M 22 3f

man industry 4.0, Chinese manufacturing 2025 and intelligent
metallurgy [J]. Iron and Steel, 2016, 51(3): 1-8.

3] oA R, R, iR, AF BB L) A EIR R + CPPS A
I B8k, 2016, 51(4): 1-7
Zhang Jianliang, Zhou Yun, Xu Runsheng, et al. Model of inter-
net +CPPS for smart steel factory[J]. Iron and Steel, 2016, 51
4): 1-7.

[4] T3 . N GE
(1): 1=

Yu Yong. Information architecture design of Tangsteel industry

il i 15 B AL SR BEIH()). R, 2017, 52



—t

20 www . kjdb.org

RE=482018,36(21)

for intelligent manufacturing[J]. Iron and Steel, 2017, 52(1): 1-
6.

[5] 28, ol ¥, B0, Tl 4.07 5 b B ER Tl [J]. B9k,
2015, 50(11): 1-7.

Li Xinchuang, Shi Cantao, Zhao Feng. Industry 4.0 meets with
China iron and steel industry[J]. Iron and Steel, 2015, 50(11):
1-7.

[6] JAAEZE, B L, XA, 45 . LR S il i i A U 5T Pk
1. TN i1 R SE, 2017, 23(3): 624-639.

Zhou Jiajun, Yao Xifan, Liu Min, et al. State—of-art review on
new emerging intelligent manufacturing paradigms[J]. Computer
Integrated Manufacturing Systems, 2017, 23(3): 624-639.

(7] K4, TROE, 2RIX . BT S HREIOCHEAR ). T
MU RIS 2258, 2016, 22(1): 1-12.

Zhang Yi, Feng Yiping, Rong Gang. Reference model and key
technologies of smart factory[J]. Computer Integrated Manufac-
turing Systems, 2016, 22(1): 1-12.

(8] SRAHLIE . T[] 41 2> AL I ] B4 RE T 36 1A R 25 R ). B PSR
IS 25, 2016, 22(7): 1779-1788.

Zhang Zuguo. System architecture for SNS—based collaborative
intelligent manufacturing[J]. Computer Integrated Manufactur-
ing Systems, 2016, 22(7): 1779-1788.

[9] M %%, ZRA8, BRFAF, 55 . B EIE = b B B T

RNV BEBORERR)). THAHLE U E R S8, 2016, 22(7): 1619~
1635.
Xiao Yingying, Li Bohu, Hou Baocun, et al. Planning and
scheduling technology review supply chain management in
smart manufacturing cloud[J]. Computer Integrated Manufactur-
ing Systems, 2016, 22(7): 1619-1635.

[10] B ffide, skt . H T REE MR 2 T HORMERL ). 3L
ERHERS, 2016, 22(11): 2691-2697.

Lii Youlong, Zhang Jie. Big—data—based technical framework
of smart factory[J]. Computer Integrated Manufacturing Sys-
tems, 2016, 22(11): 2691-2697.

[11] AREEF, T RER, Mk, 55. M Tolk 4.0 6EIR 5.0: F gk

TRAR GRS I SR R AL A Bk 4R, 2015, 41
(12): 2003-2016.
Deng Jianling, Wang Feiyue, Chen Yaobin, et al. From in-
dusties 4.0 to energy 5.0: Concept and framework of intelli-
gent energy systems|J]. ACTA Automatica Sinica, 2015, 41
(12): 2003-2016.

[12] ERER, Fhvar, VL, 45 %8 5.0 B AEI AR B Tl BT
RASERIUHA]. AL, 2018, 44(5): 922-934.
Wang Feiyue, Sun Qi, Jiang Guojin, et al. Nuclear energy
5.0: New forms and architectures of nuclear power industry
in the intelligent age[J]. Acta Automatica Sinica, 2018, 44
(5): 922-934.

[13] ERER, sKM&. BRI  MES A5 [)]. A sh ik,

2017, 43(12): 2061-2070.

Wang Feiyue, ZhangJun. Smart network: Concepts, problems
and platforms|J]. Acta Automatica Sinica, 2017, 43(12): 2061-
2070.

[14] FE TR, XUWER . 3T AN TR R i 2 2R BB Bi2 BT
ARLJ). #EH TR, 2002, 9(4): 1-6.

Gui Weihua, Liu Xiaoying. Fault diagnosis technologies
based on artificial intelligence forconples process[J]. Control
Engineering of China, 2002, 9(4): 1-6.

[15] £ RER. AT RGTTIE S RI R G BEAERI]. #2205
DK, 2004, 19(5): 485-489.

Wang Feiyue. Parallel system methods for management and
control of complex systems[]J]. Control and Decision, 2004, 19
(5): 485-489.

[16] £ RER . IHE S8 T 755 B2 R GEAT e i M SEFA ().
RG24, 2004, 16(5):893-897.

Wang Feiyue. Computaional experiments for behavior analysis
and decision evaluation of complex systems [J]. Journal of Sys-
tem Simulation, 2004, 16(5): 893-897.

[17] £RER. AT LR T RE—XTE RS

LU R E R TIHE]. 2R RG-S 2 R MER
2004, 1(4): 25-35.
Wang Feiyue. Artificial societies, computational experiments
and parallel systems: A discussion on computational theory of
complex social- economic systems[J]. Complex System and
Complexity Science, 2004, 1(4): 25-33.

(18] £ KER. “FATHEH]: BRI S 34 Jr )], A sk
2, 2013, 39(4): 293-302.

Wang Feiyue. Parallel control: A method for data—driven and
computational control [J]. ACTA Automatica Sinica, 2013, 39
(4): 293-302.

[19] T GBR . 3T 25 FITE17 255 10 2 25 W R ARG ).

VEE T R 2AAER, 2011, 33(1): 8-17.
Wang Feiyue. Study on cyber—enabled social movement orga-
nizaitons based on social computing and parallel systems|]J].
Journal of University of Shanghai for Scinece and Technology,
2011, 33(1): 8-17.

[20] £ RER. B W R G5 HR A Sk AT S R ) 7
TR A8k, 2015, 41(1): 293-302.

Wang Feiyue. Software—defined systems and knowledge auto-
mation: a parallel paradigm shift from Newton to Merton. AC-
TA Automatica Sinica, 2015, 41(1): 293-302.

[21] FRER. FATHOR: DR IIRR B B2 SRR REATEHR.

QAT FEE AR, 2015.
Wang Feiyue. Parallel material: From virtual material to soft-
ware— defined intelligent material|R]. QAIl Technology Re-
port, 2015.

[22] 2571, MREEAE, BAREE, 55 SFA7oa ) —HLaR7 ) i — A8

Jr



—t

R S48 2018,36(21)

www . kjdb.org 21

TUELEHERLT]. A St 7R, 2017, 43(1): 1-8.

Li Li, Lin Yilun, Cao Dongpu, et al. Parallel learning: A new
framework for machine learning[J]. ACTA Automatica Sinica,
2017, 43(1): 1-8.

(23] Befh, BG4, BRLEN, 45 AT S B ARG N A2
AT RTINS 55,2012, 32(5): 1010-1017.
Duan Wei, Cao Zhidong, Qiu Xiaogang, et al. Semantic model-
ing for artificial society in parallel emergency management
system[]J]|. Systems Engineering—Theory & Practice, 2012, 32
(5): 1010-1017.

[24] FIRA, E0, i, 5. PSR NS FAT R ARGEHER

R AR O B Y ] A Sk, 2017, 43(2):
161-175.
Bai Tianxiang, Wang Shuai, Shen Zhen, et al. Parallel robot-
ics and parallel unmanned systems: Framework, structure, pro-
cess, platform and applications[J]. ACTA Automatica Sinica,
2017, 43(2): 161-175.

[25] Edfide, A8, £ K. FATHSEEET ACP YR REMLSE A
I ABME2AA, 2016, 42(10): 1490-1500.

Wang Kunfeng, Gou Chao, Wang Feiyue. Parallel vision: An
ACP-based approach to intelligent vision computing [J]. AC-
TA Automatica Sinica, 2016, 42(10): 1490-1500.

[26] T RER. A2 5 S AL B 5 0 B B FEAKELL : MAL 2 AR IR 45

BN TH 5 BEIE AR AT T 0] E B R B RE, 2013, 43
(12): 1598-1611.
Wang Feiyue. A framework for social signal processing and
analysis: from social sensing networks to computational dialec-
tical analytics[J]. Scientia Sinica (Informationis), 2013, 43
(12): 1598-1611.

[27] £ KER. Mlas AR AK &S Tl A s ik 2 H1R A g ik
[J]. BHE SR, 2015, 33(21): 39-44.

Wang Feiyue. On future development of robotics: From indus-
trial automation to knowledge automation|J]. Science & Tech-
nology Review, 2015, 33(21): 39-44.

(28] %5, T GIR. KREEROR A RBVIR S R A Zh ik,
2016, 42(4): 481-494.

Yuan Yong, Wang Feiyue. Blockchain: The state of the art
and future trends[J]. ACTA Automatica Sinica, 2016, 42(4):
481-494.

[29] XUHE, F0ib, s, 5 BpE SCRPRIR B 2 brid R
AR A Pk 21 BB S A T4 BE, 2016, 29(10):
876-883.

Liu Shuo, Wang Shuai, Fu Huanzhang, et al. Software- de-

fined crime scene analysis process and its knowledge automa-

tion scheme[J]. PR & Al, 2016, 29(10): 876—-883.

[30] B EF, FRER, XA . 2T ACP I AR f 2 F KK
N BB HORIS AT SE[]. A 3k, 2014, 40(2): 185-196.
Hu Yuling, Wang Feiyue, Liu Xiwei. ACP—based research on
evacuation strategies for high—rise building fire[J]. ACTA Au-
tomatica Sinica, 2014, 40(2): 185-196.

[31] ks, B, SR T L BRI 09 R AT R G S

REEHI[]]. A7 B 51, 2017, 464(4): 452-461.
Zhang Yi, Feng Yiping, Rong Gang. Intelligent manufactur-
ing—oriented technical transformation of manufacturing execu-
tion system[J]. Information and Control, 2017, 464(4): 452—
461.

[32] Wang F Y, Zhang J, Wei Q, et al. PDP: Parallel dynamic pro-
gramming|J]. IEEE/CAA Journal of Automatica Sinica, 2017, 4
(1): 1-5.

[33] Zhang N, Wang F Y, Zhu F H, et al. DynaCAS: Computation-
al experiments and decision support for ITS[J]. IEEE Intelli-
gent Systems, 2008, 23(6): 19-23.

[34] Wang F Y. Parallel control and management for intelligent
transportation systems: Concepts, architectures, and applica-
tions[J]. IEEE Transactions on Intelligent Transportation Sys-
tems, 2010, 11(3): 630-638.

[35] Li L, Wen D. Parallel systems for traffic control: A rethinking
[J]. IEEE Transactions on Intelligent Transportation Systems,
2016, 17(4): 1179-1182.

[36] Wang F 'Y, Wang X, Li L X, et al. Steps toward parallel intel-
ligence[J]. IEEE/CAA Journal of Automatica Sinica, 2016, 3
(4): 345-348.

[37] £ RER. PATHIE: B TR RERlE R SEORR]. 26

T AT FE PRl S SR B S e B
Wiz, g, 2017.
Wang Feiyue. Parallel Manufacturing: Intelligent manufactur-
ing science and technology in the new IT era[R]. Science
and Technology Innovation and Urban Management Forum of
the 20th China Beijing International Technology Industry Ex-
po, Beijing, 2017.

[38] £ RER. SANERTTL S H A8l A7l 5 Tl 5.0, CES
P AR 2(R). i, 2014,

Wang Feiyue. Complexity research and intelligent industry:
Parallel enterprises and industries 5.0, CES control engineer

summit|R]. Shanghai, 2014.



—t

22 www.kjdb.org NS 2018,36(21)

Parallel manufacturing and industries 5.0: From virtual manufacturing to
intelligent manufacturing
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Abstract Based on virtual manufacturing, a new paradigm of intelligent manufacturing, parallel manufacturing is proposed. It integrates
the concepts of cyber—physical-social system (CPSS) and industrial IoM by considering the complexity of physical, information and social
systems. Based on ACP (artificial systems, computational experiments, parallel execution) method, an intelligent system of steel
manufacturing is developed to realize parallel evolution, closed—1loop feedback and cooperative optimization. It consists of three parts,
namely, descriptive intelligence through software defined steelworks (SDS), predictive intelligence based on computational experiment and
optimization, and prescriptive intelligence using parallel execution between virtuality and reality. Through the comprehensive utilization of
descriptive, predictive and prescriptive intelligence, intelligent production is realized to transparentize and digitize the manufacturing
system.

Keywords parallel manufacturing; intelligent manufacturing; virtual manufacturing; artificial systems; cyber— physical— social— systems;
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