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Abstract: Urban complex system has the characteristics of multiple scattered elements, complex multi-dimensional rela-
tionships, dynamic structural changes and high degree of social function coupling. Real-time global data perception, hierar-
chical decentralized collaborative scheduling and complex dynamic relationship construction are the key issues of accurate
modeling and fine management of urban system. The social computing technologies based on ACP parallel intelligent me-
thod provides theoretical basis for the problems. Based on this, the large-scale, multi-modal, high-dimensional and total fac-
tor modeling of urban complex system was carried out. Based on the chain code mechanism of virtual-real dual parallel reg-
ulation, the key technologies of social computing were proposed and its system architecture was designed to realize the glob-
al chain communication and polymorphic application of urban complex system. The architecture can provide an important
paradigm for the oriented distributed, intelligent and active response of complex urban management in the future.

Key words: urban complex system, social computing, parallel intelligent, chain code mechanism

Wi BE: 2021-05-08; 2@ BHA: 2021-06-12

BIEEE: ThE, x.wang@ia.ac.cn

EEWMA: FEEEAUT RIS (No.2018AAA0101401)

Foundation Item: The National Key Research and Development Program of China (No.2018AAA0101401)



%24

PP A=A T30 5 A R AL U SR BE BRI L 229 -

1 3l5

W RGN E R, AU
Tk, AR BT R EEE ISR,
EAE NS EWATRSEEATIRE, DR
- A H AR RS & B R AMUAHE
Atk AT 2RISR I RGN HRRRE,
W HATSERE L Atk PR A8 M S R
fE o IXELFLZAEITAAAEN, M2 HA E 0K
BRI SR E RS A ML 2y
SR RIWTFU 24 R RMIERT T A% 25 1712, 1
RN Cn e IR . S SRS HERT#)
HAg EE s s,

2020 FLK, e g FE 55 e 48 A 2R
CHARTUR” “HTaR” BAENG T — RYIBUR
Jitio 2021 £ 3 H, (AR NI [ [ 5F Mt
S REER A VYA FAF BRI 2035 43 5 H PR EL)
I 4 50 3 T 1R DB S & RN AT 4 B
56, M T A R . AR, BEARVHRR
N TAECHES) T 4, R R R
ARG DL T SEIEHE 12 4. A PRI AR 2 H1ZY
Ik T S A% RGBT R A R P R ) 14,

N T R ks RB RV 0TS
BRI R, RS AR T —8 5T ACP
(RPN L4k 4 Cartificial societies ) « v & 52 16
(computational experiments ). “1-47 4T (parallel
execution)) 7k ST ER AR, %k R
R SRy PR B RN /TN 2 e N E L R s N
ACP Jii%, FIHN LRGN E A4t 070, Wi &
RGUAT A, ST SR AR AT
STV, B PAT AT X B 2k I AT 5 | 3
A EIlO22 T, AT R O e A B
A N 1 T AN Vs CE B L 2 BT B
TN, e A BT o B AL
FUKE 27K o % BRI S N A i ik i 2 R 4
SRR R AU R R Bk
BNAS K AR LA O e AR T B LA

A SCKG AL 2 VR A% R 40 B 4 o 3
W, FRBHRWTE R RS E RS
P S LR B R AR ), O S 2RIk T BRI 2%

2 K
KEH . =iE. XEPdE. N TREGE. BT

SR AE T — AR R BRI PR i e A0 3 I A R Tt
THMMT R RE MR AL ELCOPRY,
(NN RC 7 <ol P o A AN S
R RS TS BRI ROCR S THE e R B
HFH, X i DR B N
ORI D PSR FITE=R Nl 1 217 N U E TN
TSI “ R 7o N2 B AR TP RE 22 R BERA AT
LA ESRAAIUR N SIS 5y AU TRIT I AE,
M UERZ T E T+ S350 1 J2 AR R A it i &2
I BG4 B IR ()

LTt o R R DA AN TR R
Ky MAETLUR 3 A0 2 EEAD, e
BEVEAERESS RRAE, SAMATEXEILA,
R Y, AR . I, SR
ARG B PR OGBS S L 2 S Bl AN 2
B 1B B UL o 5 5E, dT Hodia i A
PSR B TR A ARA TS A L SE
L, BARIE NSNS RN AN S3E %583 5t kAT
TREHZIRE, HI RIS I i
s JLUC, ST G 2 5 BB RS HEE
frt, BURBEE OV 2 A ROt A, PR
T 2 HARIR A RS RS D )5, T EhRES
FOE M T35 N B s e =, i R kb5
MEEEh SRS ELLSEIL; fm, R R 2 A
JE A BN TR s &2, 27
TN ET7 58 N 55 5 SR L B 5 5k 22 18] ) i 4
RS, /b 2R 2 B 52 10 1 H )
DERCAIZEAR

HRT, AR GERIROARAR R DL ST 2 2k
SV, JCIHE BRI B . 23
PRI RV Bl A St B A UL HE 55 7 Th A7 41
DN o DUAT WURZR ) J7 RS B SER TROR 2]
W ARG, PIa D) IR R A RS
FREFE ST A BORAR R, SEBLR kT R 2 R g
PN SN/ NI EN I ER AR AT 5 NI S E ol
DRI R 2k s T B G . AR R
TSR D R, YR AE S BRI AR 42l
SEIEAE IR SS, HEShITT R B oA R REAE
e L PR U A2

3 EEEHERRGHHLSITERFRY
RRBERA

T T R RS i, 4%



*230 - BHRERLE SRR

H3E

B, ASCOUH EMER Y T b T R R
Gt TR RGN, WEL 1 P . A DAL
TR SO T IR B BE R AL A B, R T
s BT (0 2 B HER SN SR L . BT IR
(K12 EAR AR RTHEL 2 T35 BN R
PN ) ST B EU S 5% N ¢ AV /S
T4 B S AR5 R S 2 SRR 2 W AL
GUITAROC R, AT SE LI T 5 A% R I A S
WA Z AT, FEBOR L 2 ke 2 3 5t “ 28
B BRI AL AR

TR T R S8 R 2 R A KR K AR
ey ML ZEES AR N BEAARUR
e PR £ I AR A7 DR 1 el LA S B 4 AT
NBER ), JERL AT A B, B, mgt
DIESE-EATEAL T E MRS /85 % PR DS
A S APTAE P (12 Bk R AL AR S5 44 A0 Kb
AT R PRI EIANTE AR U RN AL i o
S PRFE U 10K H % A 3 A AN E, ATk T
Sy 55 R 5 AL i AT e 2K PR 3T 20 A A M 1A T R
W PORIAIVGES, SEBLABLEST k35 5 AL &
T I A S EA, LUSORHIT 4l 1R 2 A KL
i O SE IR 1A AR AR G TR EREE L i K
Vi PRI, RO B AU AT 3 %
B IS Il i vt 7 A B AT HE T L

N TR R AR B2 AN 2T 2 R
2 R JEE S ) S RL SRR AR i AR 5 v SR B0 25 R
F I, TR T e R B A B 4 R
4; (heterogeneous privacy information network sys-
tem, H-PINS), SHLEH ] IR, Sl 4% A
H-PINS (¥ 43 dhs o0 A AU P 580 b, A5 ki i
YUk, B5R K. AR B ARG T A H
KAEFAIEAEIRTT RS R AT 1795 5, BT
W RAERERAE R ] H R AR A, O
SEIRTHEEAE RIS . S TR BR S II 2 738
B A T B2 R G A EdE A L A%
AT SO R AR Al IS TR T R 2k
SRR VORIV E S IR NI RSP
LR AR K 2 7 e A AR = R B Ay, DA
FEDRIMRESRLTEE B I 25 2 eSS AN B

BEXIR T SEAR S A AE LA —hRiR, AWK AR
DU BEHII . BhASULAC, BAAOCHRIEREAE LU 4% mT
ORI S8 1), R SRR B i AL R ORI R B AR
REE . B, R 2 AN SRR
T SEAA, PRI TR) M2 ) 45 B2 REAT IR, BRIk
W SEARLED B S ME— BRI B & e L. FLIR,
RS AR TG B SRINI G R AL I S T VA M i
25 [ [ AR I G SCRAE, VHETT R R 48
H S ORI AAURE SR T R ST B, e K

SR T R 24 R AR A EZi T
HF ISR (BARID) B [(#BED]
B | @)l g
et \ﬁ ommecze T I |
= “ I *_
' g S e 1= i
- 1 o mmRW
EN 7| I e
e 1/ =l *-
o - i i
/| BB - o mwm
lmme v 4 N = |
| B e ; e
hilE = T 83 S g
7| o B o eREE
{e=arz:SaRE 2T 3 S e ;*g!!!!!
" ﬂ ___________ :
(T g S ——— :
e — BTN
NI N WE T RE s :
i T Mg || | L W

BT T S R IR A T R B



%24

PP A=A T30 5 A R AL U SR BE BRI L - 231 -

Mﬁ%ﬁ*%%Aﬁim%% e, R

P SRRSO . 58 M TR T B AN D I BORS b
@ﬁﬁﬁﬁ%ﬁﬁ“%ﬁﬁ”ﬁ%ﬂ@”%“ﬁé”
AR W BObRVE, TR AE ARG L it
RIUR LA W 2 o il T S A SC R BEAT A AR 1L il
WL s, ST T R s A R R i

4 SZHHEEPIINEASHT

KRR SE T AE SRR SERT, RS R B2 &
FYR T L) — AN BRI B I R e R R K
DK, SEILHE B ARG G
SERERL TR X ISR AL R . AR IR B
RIS R Ge )y, PR RS . 4/
ﬁ%@%ﬁﬁ\m¢ﬁi@%kﬁ\ﬁ%ﬁﬁﬁﬁﬁ
IR REE. Ry, TR I, BB
*A“$*ﬁ”%a,ﬁﬁﬁ§ﬂ AR 231
RN, AT — SRR I A A fE RS, X st
BRARL T (I R B AR TREHERZ (0.999 9)
FETFBILaER (1) (R

W Rz I B R A s N W 2 B,
WL R T 2 2 R A AL ST RGN, UK
AP W . BE BATEBU R
IR, TF RTINS PO, A
BRESTR) R R 2 N R IRIAT TRl R, [R] 2455
N B3PI BRI EA T REVRE 3B, e K B R e 7 Jek
PUBAFURG I, WP U)W R G 5E, BRI
BRI SRS N B R TE T, P AR RS

DA L PR, SRR A HER ARG HE IR
BN ER PR AR B R oK
AT KET WL AN, TT
@%mﬁ%ﬂ%&i DX L T A L

PR S CTh-X SR B, SR A
Hﬁﬁ%%%@ﬁ%,u&%ﬁkﬁﬂﬁ\g\%ﬁ
BRI ULAC o

BREENG BTSN, IR AN S %ﬁmm
A5 BN, Al PR A 4
NGB AT H iﬁiﬁiﬁ%%ﬂﬁ?,ﬁ
SUR/SUE SEnli)i- 970N MITR R O S 6 VA ]
‘%MUL&l]?&&”W%;@ﬁ%@ﬁAﬁf
Wi BRI BBl AR ABh™. BOR. fH
IR He i@%ﬂﬂﬁmﬁ KR BEE o

5 HRiE

T 1) T B2 2% R G AL v R G D K
PR Al T i (R ol R EANT T 5 e A3
TR . AR, ST RSB R IR
JAHE KA 5 (e 1 “F R
i, XHZRGAEMER . mk. B ke, ERESE
TR T A SR . B B R R A A
BARAETI %EETH %%f%ﬁ,MWEﬁ
TS AN A 2 [ — 5 IR AT
AMﬁEﬂmﬁm@m,mikﬁé& B N Y
B AR e AERAN R, LA EEE LA
DEHCHR AR I 4 Tl e SR TR, AHULRC A

P, tbah, PSSR . R, Bk KRKG IR Z R P 1IESEIE Tl ASC
#/% Wik
W2y mpl AR | B | ks Bl . B BB «8. .8 .A. BER B
\ /
v
ﬁg‘éﬂk wIP 1%5%%@ [X
\ v / \ /
fHERA 24 T Tk e 5T
* * * * *
W T E R AL U B FEE

S G .

X QA -

P RML ki AR

+ w

P/ g (g Hr

#’*zl] B

% “A” @ 0 'ﬂ o lEE
FUE AL A AL A ) B K S8m BT *’A;ﬁ&b\

Pl 2 dull B3 T Bl 22 1) 0 20 3 35 I



*232-

BRERH SRR

CiEE

PEH TR AR U AR GO, Ay SR RE ) T
MR “HEER T SRR 22 % .

S 3

(1

[2]

B3]

[4]

[3]

(6]

(71

(8]

[

[10]

(1]

RS, S RS R E RG] P EAE B AL,
2020(9): 47-49.

TANG H K, LIU D P. Analysis of complex giant system in smart
city[J]. Zhongguo Xinxihua, 2020(9): 47-49.

gy, THUC, M. —MRRERHSUER: TR E RS
RETRERT]. BRI, 1990, 13(1): 3-10.

QIAN X S, YUJ Y, DAI R W. A new discipline of science the study of
open complex giant system and its methodology[J]. Chinese Journal of
Nature, 1990, 13(1): 3-10.

PR, % FIE N RGN FITAEE: . AR SEHED].
VA FEIFSY, 2019, 4(1): 1-10, 128.

QIU B X. Urban governance from the perspective of complex adaptive
system: orientation, methodology and characteristics[J]. Urban Go-
vernance Studies, 2019, 4(1): 1-10, 128.

PR RECH AR A TE S B B SN 0], B EOR
LR H, 2021, 39(1): 67-69.

LU Y K. The innovative application of big data and informatization in
urban management[J]. Digital Technology and Application, 2021,
39(1): 67-69.

YR, BB, B REE AR ST IS AT LA B P RS AT
R P EEEEBEBLT, 2014, 29(6): 708-717.

CHEN R, JIA X F, ZHAO Y. Research on information coordination
patterns of city operation management in the age of big data[J]. Bulle-
tin of the Chinese Academy of Sciences, 2014, 29(6): 708-717.

VLRE, FMRNG, SR, Wl gom . 2R R IR R ).
S, 2018, 34(3): 38-50, 77, 183.

JIANG T, SUN K P, NIE H H. City level, total factor productivity
and resource mismatch[J]. World of Management, 2018, 34(3):
38-50, 77, 183.

HRAfE, Sbive, SKREM. R A R A S
HF 20002014 -7 1 DEA-Malmquist FEEGE[T]. ZeiF i) R
%, 2018(5): 110-118.

SHAO M W, JIN Z F, ZHANG J W. Measurement and analysis of total
factor productivity of urban agglomerations in China-a DEA-Malmquist
index method based on 2000-2014 data[J]. Exploration of economic
problems, 2018(5): 110-118.

TR, LRI, ARG AT w3 1l 52 2 1 i
A R B——DUAR M S XA BI[I]. RGERF5R, 2020, 28(4):
118-121.

XING X, JJANG X D. Management analysis on complexity evolution

of high-tech zone in regional central city from the perspective of com-
plex system[J]. Chinese Journal of Systems Science, 2020, 28(4):
118-121.

FERER. RTERERGRN IR 5TED]. 1 E AR,
2004, 6(4): 3-10.

WANG F Y. Computational theory and method on complex system[J].
China Basic Science, 2004, 6(4): 3-10.

g2 B A 115 15 B 4 o (0 N 5 R (0], ol B
WFFL(F TR, 2020(8): 62.

LIU Y. Application and inspirations of big data in urban epidemic pre-
vention and control[J]. Research on Urban Construction Theory (elec-
tronic version), 2020(8): 62.

FRER, EHIF, BREAT, & BOHRR: B EE BN
fE[T]. A ReRkE G BRI, 2020, 2(4): 305-313.

WANG F Y, WANG Y F, CHEN Y Z, et al. Federated ecology: from

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

federated data to federated intelligence[J]. Chinese Journal of Intelli-
gent Science and Technology, 2020, 2(4): 305-313.

FE, ORI, ERER. tbavhS RS GRS S G—  RE
HORD] AREFRIERIR, 2019(2): 58-62.

YUAN Y, HAN X, WANG F Y. Social computing: intelligent tech-
nology with the unity of open source and confidentiality[J]. Security
Science and Technology, 2019(2): 58-62.

KR, R, RZE ORI AR B S B -
i) 5 SN [T]. B TS, 2021(2): 84-96.

ZHANG Y D, WANG Q, LIU Y. Application of personal data in
community governance in “post epidemic era”: issues and strategies[J].
E-Government, 2021(2): 84-96.

BB AR SR T RROR DR I BOUR OB VR BRI ST 0], KB,
2020, 6(2): 69-82.

LI Z, HONG Y. Study on big data management for government based
on privacy protection[J]. Big Data Research, 2020, 6(2): 69-82.
ERER, BORZE, BICE. AR KRB SHIFORBLI]
FHIE B EAR S H, 2010(2): 5-16.

WANG F Y, ZENG D J, MAO W J. The significance, development
and research status of social computing[J]. Scientific Research Infor-
mation Technology and Application, 2010(2): 5-16.

WANG F Y. Social computing: concepts, contents, and methods[J].
International Journal of Intelligent Control and Systems, 2004, 9(2):
91-96.

FRER, BRR, BICE, & ARSI RIEAT 2 S NAM]. B
M= WK ZE T A, 2013.

WANG F Y, LI X C, MAO W J, et al. Basic methods and applications
of social computing[M]. Hangzhou: Zhejiang University Press, 2013.
ERER, EBE, =5, & Ao AR S B AR
568K [J]. REFEIEAR, 2015, 60(Z1): 460-469.

WANG F Y, WANG X, YUAN'Y, et al. Social computing and compu-
tational societies: the foundation and consequence of smart societies[J].
Chinese Science Bulletin, 2015, 60(Z1): 460-469.

FERER ATt HHSR AT RGE—K T RIS AR
SUHRIITTE[T]. ARG S AR, 2004, 1(4): 25-35.
WANG F Y. Artificial societies, computational experiments, and pa-

rallel systems: a discussion on computational theory of complex so-
cial-economic systems[J]. Complex Systems and Complexity Science,
2004, 1(4): 25-35.

WANG F Y. Toward a paradigm shift in social computing: the ACP
approach[J]. IEEE Intelligent Systems, 2007, 22(5): 65-67.

ERER. AT RRTE S B A RGN BRI RI[T]. S R,
2004, 19(3): 485-489.

WANG F Y. Parallel system methods for management and control of
complex systems[J]. Control and Decision, 2004, 19(3): 485-489.
WANG F Y, TANG S M. Artificial societies for integrated and sus-
tainable development of metropolitan systems[J]. IEEE Intelligent
Systems, 2004, 19(4): 82-87.

BURE. SRR R R PAT 225 [)]. Ly A3k, 2021,
47(S1): 96-100.

HANG C B. Parallel safety research on intelligent transformation of
open pit coal mine[J]. Industrial and Mining Automation, 2021, 47(S1):
96-100.

ERER, WOy, SR, . O TIACE . MR ASEA K
RIS R R TTE]. ARG S L RMERE, 2004, 12):
60-69.

WANG F Y, DAIR W, ZHANG S Y, et al. A complex system approach
for studying sustainable and integrated development of metropolitan
transportation, logistics and ecosystems[J]. Complex Systems and
Complexity Science, 2004, 1(2): 60-69.

e, Zhele, SO, 5. PATEIRRM: JET ACP IR AR A4



%24

PP A=A T30 5 A R AL U SR BE BRI L 233 -

PSP HI0]. H 3244, 2018, 44(8): 1391-1404
WANG X, YAO T T, HAN S S, et al. Parallel internet of vehicles: the
ACP-based networked management and control for intelligent ve-
hicle[J]. Acta Automantica Sinica, 2018, 44(8): 1391-1404.

[26] BEZE, BRIEE, GUREL, 45 PATACH: HESCHE) A Al
LI, R RERRE SRR, 2019, 1(1): 21-33
LYU Y S, CHEN Y Y, JIN J C, et al. Parallel transportation: virtual-real
interaction for intelligent traffic management and control[J]. Chinese
Journal of Intelligent Science and Technology, 2019, 1(1): 21-33.

[27] A2ke, VRSP, 370, B IR A A0 A i A B R JE IR B
X, FRESRIT, 2020, 6(17): 10-13
LI X B, XU Y P, HUANG L. Research on status and countermeasures
of urban intelligent transportation management in big data era[J]. In-
telligent City, 2020, 6(17): 10-13.

[28] R, g, MR, . OCTPAT M SRR S BARES . 1 RAE
WEILRD]. B3 AR, 2019, 45(6): 1074-1086.
ZHOU M, DONG H R, XU H C, et al. Parallel emergency evacuation
systems: basic concept, framework and applications[J]. Acta Auto-
mantica Sinica, 2019, 45(6): 1074-1086.

[29] i, HOTBURN KRB ERAE: RIL. FE. o HEI] WIdbLR Tt
AR SR BIZERR), 2021, 18(6): 51-54.
LI J. Local government big data management innovation: performance,
problems and countermeasures[J]. Journal of Hubei University of
Economics (Humanities and Social Sciences), 2021, 18(6): 51-54.

[30] hf. DARECHE S THE 22 30 i A B AR SE ] v [ A B AL,
2021, 24(8): 197-199.
MA P. Research on improving urban management level of Huai’an
with big data[J]. Management Informatization in China, 2021, 24(8):

197-199.
[31] #Ab =, NS IS “FE8” 7] LigfE Rk, 2018(8):
53-56.

HU S Y. Artificial intelligence makes urban management more “intel-
ligent”[J]. Shanghai Informatization, 2018(8): 53-56.

[32] EEwe, RN, 5K, 5. TH I 80 500 T v 21 0 S0 B @ i ).
TR EWEST, 2021, 28(3): 70-76, 84.
WANG L F, SONG G, ZHANG N, et al. Building an urban data model
towards smart city governance[J]. Urban Development Studies, 2021,
28(3): 70-76, 84.

(HEZ RN

TRFE (1985 ), 5, M, JEntii K
P O R E B DN R TR,
TERTFETT ) RE e . DXCERE L BERATHERE
522 M 25 FUAINR L

B (1986— ) , &, bl REHE O
2R TRENT, FFERFFT 7 0] A KA« X BB
Kafh it 5.

SIEE (1991- O, 2, deptii KEdR .01
FRIT, ETRFST T o K s M 48
SRR,

g (1975- O, B, 4, Hows b
TORFB AR PR A 7 # K mg TR,
FIEHFF T 0 N T RS A | b8 L
AT ETTE

EwE (1988- O, i, 4, HEEEERA
IR IIE ARG E SR ERE
FUSEIS AT R, E WIS oA
I SAAMBEHL . N TR RERIAAT M
LW

AR (1981- O, 55, KUK FHASHI)
WeEe ez AT, P E A
EIEE5 K, TEEE SN EEH & (IEEE
CRFID) I EERIFIT 1) A R E
NI RE PR AEHT—AE R ER A
HUREMAE SO RGP NN . R4 [EEE
Transactions on Computational Social Sys-
tems~ IEEE Internet of Things Magazine. IEEE/CAA Journal of
Automatica Sinica. (BN CERERIE SHAERD 55
FACEEAR T ZE . 2019 SE3RIH SRR BRI A

£ (1983— ), L, WL, FER2EREA
SR BT R A R G0 5 3 1 [ K
SIS FEI ST 01, EERFI T Aok X HesE
WA, THE S,

BRBEARAE (1996— O , &, HEEAB B
TS 52 2% 2 40 7 3 5 s il | R T s
i, BT MO AT X
BRI e A 2o



