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Parallel Intelligence and CPSS in 30 Years: An ACP Approach

YANG Jing"? WANG Xiao® WANG Yu-Tong' LIU Zhong-Min* LI Xiao-Shuang' WANG Fei-Yue"®

Abstract Based on the traditional cyber-physical systems (CPS), cyber-physical-social systems (CPSS) incorpor-
ate the consideration of social signals and social relationships and exploit the nearly unlimited human, data and in-
formation resources in cyberspaces to break through the restrictions of limited resources and space-time in physical
spaces. However, the complexity of human and social behaviors in CPSS intensifies modeling gaps between actual
systems and their models, so that those systems evolve into Merton’s systems that are difficult to predict and con-
trol. To bridge the modeling gaps, the ACP-based parallel intelligence (PI) framework transforms models from sys-
tem analyzers into data generators to make Merton’s systems computable, testable, and verifiable by combining
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“Artificial systems (A)”, “Computational experiments (C)” and “Parallel execution (P)”, which provides a method-
ological foundation for unifying the contradiction between emergence and convergence in complex systems.
Moreover, this paper summarizes various applications based on CPSS and PI from eight aspects: Parallel control
and intelligent control, parallel robotics and parallel manufacturing, parallel management and intelligent transporta-
tion, parallel medicine and smart healthcare, parallel ecology and parallel societies, parallel economic systems and
social computing, parallel military systems, as well as parallel cognition and parallel philosophy. Finally, we discuss
the technical support and future direction for CPSS.
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periments, parallel execution
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Fig.1 The basic philosophy and structure of CPSS"

HEWEER ARG 7T E R RSl
7, OSSR SAT NN 2 RS 2,
Il 7 3 R gAY (M2 N TR S) A1)
NI B D& TS H TS BAE B &R
iR “AUE R, HMELURIR AR CPSS Hr i %
SEARE S TA AR SN RO R DB ) “ERE
B (18 2). BriE “BRUE e V2 48 DLSE E 4 22 K
BRI 44 B S AP RETS 51 T RGUAT ) “H IR SEIL T
& (Merton's self-fulfilling prophecy laws)”, A%
OEER “HTE ST A BB, TS
BB A T B SRS BRI R S 2
—R NIRRT RS, EZRGT, NREGEM
PLas 8 BeRe g 3L A 2% | JRATi847 . th A TRk 58
BA] — TR H bR, “BRIUE fE R e ma B4R 3 “BR
ARG, HARHE A2 25 E H AT RS 515
i, RGN — I 2 PR A o J0 VR d i v B T A 3R
73, AT R GE AT D9t 50 M LA RS it 0. AT it
KR ETCEER “BRET R G0 AT B, R Re
AR

2004 4, W ERFEABE H SR TR ECERIT T
PR AT R, BB RGN S A
A R, A “BRIUR G0 ARAS AT THELL AT
ATBGAIE, N TRAN @A v S it 7R R (K 3). sk,
FAE 1994 4, £ IR A &4 ARy
Bm - AR/ TR T R4, M5, 14
CEAER AR T, KB NTAT RS AT
HHREME. FIriRafderxoem AN TRS
(Artificial systems, A). 115 55 (Computational
experiments, C). “F47H1AT (Parallel execution, P)
M) ACP J5iEN. Horp ) N LR GURE, 11



616 H 3

(8

S 49 %

REAU =S A Yy EE A [a)
N Ll
B i \
A O RIS ¥ %
L \NNeWes/ T
| R
| s RE-E
T < N
5 ) EEEY S
= fif T A (LI SR R (L N—— ’
R i 72
B 2 AT RZFIYRE 2S00 R )20
Fig.2  The modeling gaps between actual systems and
artificial systems®
FATHAT (P)

ANLRS (A) [« > W R 5
2 51145 TGV | EESE
ik e T e 5l & A
B3 TR R
Fig.3 The framework and process of

parallel intelligence®”

SKERM, PATHAT R H 1. ACP J5 320kt i iR
AE~ TR REAN 5] 3 8 BETE R N — 1A, R — A ek
LA RN T2 6], A 2 A AN BEAL I A 5
J&, i “TofE BT A, BEMSEEL “EREUR
G KA RORME. 4h, NLRGMIELFR RFEHI KR
AR =X — — X2, X —, ZXZ, KERT
i) P 52 % E RUSK A RS T B2 . FESR R R v, A
TRGASLER R G2 18 M S .8l AT, 78
TR B, B AT R e

1 ERFHER

MSEBRIGOLE, RE AN %2 CPSS i 74
I FH R4, (B B 28 i 1D 4 Je 4Bl CPSS K
FEM K3 7). 2000 /A4, HIERPHERITGE K RE,
Ak BRAT SN IS B 22 42 52 2™ B M. v 4E
5B a, F R AT RS Bt
H (CSP) RGHIWHIT, Rl & CSP SLBLAIR
Hz{k (CSP for knowledge automation), F -7

AfG B EMAA R, RN, ANA#EZE (Human
flesh search, HFS) I G IZ W 7E H [F (30, 4K 10 & 4E
3| 56 [F A0 A%, JET 2006 )R K R AR 1Y
MRS 2200 N HE R 2 DL E BRI OAREE, &A%
W &, #REBMEIRN— M o1 7.
2001 SRR BB FAE (B 4) B2 —ild
CNPHR R RG] 1 F AU PE K I BN B AL &
BT BRRAL, HW RE AR B N R ABR
KPR R, DRI N A 2 51 58 — OGRS 12 1)
KVE. 4, ZHEWERY o BAEE(E Bk
W2 0T LUK HE BRI s A EH, IX R A A [ A
B & geds i A R g TR ROt — 20 mes 1 X CPSS
B, TG 5E R 1T CPSS AW R
M#EIZ 214 (Cyber movement organizations,
CMOs) JF T AR F 2000 A4 #k#E
FEROAL T I IEHR N (Open source intelligence
group, OSIG). T4 )5, £ ERERE T AT
NAEL TR N (E 175 b Rt | 2 Y
br EWA W Hf— ARS8 7iETa kAR T
PEB2S 5 —RVEED I T N 8 R AN 52 1
FEBO g H, Hi B B 78 A 2 8 S 5E R
E%%[Q. 15, 35].

2004 F, B #EEE (LS B R B YIE T
KFZRIRA) AFIRT 36 B B KR} 2 5L e o i), U7 i)
IEAE R BB B TAE R £ RERBFE 51, X7 3L [A]isf
T I S A T R A AR A AL 2 L) “CSP
55 B3k (CSP for knowledge automation)”
H B B 7. 2006 4, BRI
AR R IR CPS (CPS for knowledge dis-
covery)” Z JAH, FHHEZh S E E R 2RS0T, K
NUEF E#SL CPS AR S22, 2k, CPS
FEME ST N s T B R ST AL 2007 4F,
R} Bt pe 7. S AT A 5E € [ 22 2050 AFERH K
JEIRLZ . T RER ZREA ERIR B B0E. Haolk.
ik MGG IR CPSS (AWM R %) A “H
K", Y5 BEAR M “HaehliE” i, 3
FEORH . T 2P0 T2 i AT, | CPSS AH IR AR

2010 £, £ KERBF 7T A8 CSP ARG A4 N
CPSSP. 2011 4, Mo BB AR S AR TR
A 2, BERNEES BaER T T
BRI TT 1), £ RERA AL L8R B T CPSS Ky 7t
U, B K BARR RS2 025 BRI AT 28
FGHRVER “Human” Z #efd “Social”, /&
CPHS = HCPS. HH1 T2 2 NN “Social”
W EE VS Y “Human” B0 72, %3 BURBCR
g4, 7F 2019 4£, “Human-CPS (HCPS)” — i fE X1



3 3 Wi AT

fit5 CPSS: =R BRI 5 R E 617

PIEG A EA N _E R AT — 5k S A \

fEt FEARZEE TR LK.

MR B AHERIRE A 93, B3
R DX 3 B At I AR AR %
L fEE.

W A2y oy i & A Oy
AERZLTINER,
LU PR B S B B

W RATI 2 2 it & A Oy
AERIZLTNER,

DA 3R ) SE B B 4.

Hor—fr M RN 7% F— Ay
FRERRIIR, DRMER A A,
MRS TR B BB X m7.

©

0]
Mop.com
K4 2001 SECER R B RE S

Fig.4  The Microsoft Ziyao Chen Incident in 2001

R E R R L Bz ARG, CPSS. CPHS #
HCPSARER A — AW FL 07 [ A e 40, H2 e 44
Fr A B A IE.

PIEEA KRR DIFE, WA CSP 2 J5 K1
CPSS, W EAEASYHAE B RS 7 7 E
SR AR T BB AIM AR, BT
W AZIE S BEUR . AL L R S A R AT
ﬁ%&ﬁklﬁﬁéj}T%i/*%fﬁﬂ;m%é}ﬁﬁ?%ﬂ’l%ﬁ%
ARG, AT EA B HE [ Rl 2 (1 7 23 2 A

ZEEOA RS — AP R
ZA], FAF T RIS 2 R

HORZE A2, nE by H 332 H 8BS 2> (Internation-
al Federation of Automatic Control, IFAC). HPx
THHEHLA 2 (Association for Computing Ma-
chinery, ACM). IEEE HPr R %, N 58072
(TEEE Systems, Man, and Cybernetics Society,
IEEE SMC). £% T2 EFrZ i
Council on Systems Engineering, INCOSE)\ 2%
EAEER 2 2 (Institute for Operations
Research and the Management Sciences, IN-
FORMS) A X IEEE [H fr% e 282> (IEEE In-
telligent Transportation Systems Society, IEEE
ITSS). [ ATt WG B RS s BHIT B
P Je 75 By B Re BRI e b s b B R et 2
THESPATE BB O P EREBR B RS

T s ) [ R B SR 5 b N RO [ 7
PR EPﬂ%fﬁfﬁj(%EP E &5 522w
O DA A RS2 e 3 A 0T T I e i 44 RO BIE TEATLAL.

2 KETESEFRIER

FETRIR-PEE R =AM R B B4 29
HE R ARG E R BT RIMATRGE R
ARG, FIHEDILEREAR, BEMAETY
PEAEFE 0 B FUORION A SR & PR B TR T
HGURA NI B, SEIFAT A E A B R
ZAEA RV E B AR F AL R, AP E R R
G RBE TR RN WL W, =35 Z (A BLA P
iﬂﬁ% BEE KR N TG it ESEE AR

&, Lt ENUN R R RENLES, AR A

FERC AR TR, e mA B AL,
Qéﬁ‘ﬂliiﬁqj FEAR T NS AR &5 B0
K5 pis, N 7 —ME BAESE, A4S
PR 1 61 A% [R) R B A3 ), o0k NS 2
1704 T BRI, FE A seil 1 3 R
. A =00(E BIRELE 2 IR THILE B REK
S-S B R 0L 7 T R B S % ) 52 B i ) R BRI A,
L%T “FFERERIAR (Intelligent technology) HISCRF™ .,

BREHARZ IT M KM B2 = B, AT
il e N AL 2 R AEAE R 3 AR RR I R A2 1 2 AT,
IT & kELIEAD T E AR (Industrial tech-
nology) HIr B A5 EH A (Information technology)
lgfl\Ef(L I3 I IR N AL 2 A7 AE ) BEIE AN FR AN

AT PRI ) R it 1 oAy ) A

5YHERRGHLL, LW BEERRY i#
— B hnsE TR R RANYE RFE KRG, g HT
FICHEY R T2 RE. ERZ OB T
NTL &G, His TR 5| R SE 1.5 1147 AR

%> (International



618 H ] (e &S 1 49 &
- . Bkl thoe7 (6] 3R A ]
Wy s ] %Tﬁ 75 (8] ({Cybcriﬁacc) (Socﬁ :sl:pace) (Physicspace)
(Physicspace) (Cyberspace)
B ML B RY (CPSS) e |
YIS LFHER ffﬁ;i?%l P o M) L A
(Physical world) (Mental world) (Artificia — =
world) - o ® AT AT q 2
~ =
BEYRASXSHR 5 BAXFR B ISR ZA5YI%G <« SHREIHE < I S5EE
ZIT: Tk IH IT: {5 BHAR BrIT: BHEBA . N . .
A T F6 LT ACP [ 2005 RSO T B i
IRy TG Sk Fig.6  ACP-based parallel intelligence
framework for CPSS™
Kl 5 AW EE RS AT GE R R RE

CPSS: A smart infrastructure for

Fig.5

parallel intelligence®”

£ CPSS 1, C. P\ S =& Lk e TEE, HK
PR ERT PR FEIAA, “PPARERILSL IR B RS
PRI, of AR L <SRRI A 2 A1 ER
O BRI, S RO E S «CRERILEERIME B HE
BN IR, RN A AP 4 3fE B R G2
TR ARG R ) =t SR SR A e, IR RS
N REIRTHER S fE (Hybrid intelligence).

BEE AL MG R RERRAEMNKE, RZ W
RNRCERR T HFF N R, HE Kk
AR5 T K 2R AR B A5 (AR R 40 () il 5 1)
KA 7 (] 2 AR HOGEEAE T Ol AR A 2 F
TR R AR, R AR 2 R RN TR 2% A
FIRB N 2B AL SR 2N, SEIL R AR RS &
g M B M PE B RGN ANR, 5
o B AE Ui FE ) M AL 2 B e SEAR 2 Y, O R
B, 43 By Fiig FH P 75 22 A0 BRI 308 A1 B A &
KGRI N s 9. BRI CPSS B FH [ SEBIL 06 2
BOBLE B RE A AR TR EOR, WAt 2 ¥, ZiRA 3
M A H b R A% AR AP

TERBARBI AT, s S AEAPLEE 2
TAER — RHFE 2 B EE & FiR B KRR
VERREAEXT G, SEHUAR ) B 204 e SREL B A
ARG RIEA SRR, FHR B B2 I m) 4L P S
BARGHE I THELE, a8 ) A 55 502 % B %
RGP E M ZHEE. Z 28 (Uncertainty, div-
ersity, complexity, UDC) $¢fiF #4855 fe R4
REE. B WSL (Agility, focus, convergence,
AFC) Rtk Rk, D206 7118 H 3h 4k i\ B 2
T ACP W PAT & REAEZE AR AR T, Wi 6, iZAESE
A=A HEBE T F 5%, kR

PG J2 ) 5 B

R A [ i B S R SR B RN TR 4wl B
ER A R, WA 6 fros, Eid s HrElse
AT AT, 5 ST R 2 4 1 R RAT 9 92 25t
JSLFR A SR . R 2] B, AT RS
S brd7 i B B R B &, A A N G A 2
NGAZEJ AR <o AR AL RS
A5 br RZ Gt e e MIE, B SEbr RGN E A
7 TS AR ) — R AT BE I B AU 3. 8 SE I8 AT PP il
XN, ALRGENTESLRIT 6, R A
TWAS R 57N SEPR R GENAT . AEF AR BAR 5X
T, NLARGE LR RGSLN L ER, I Hsfr
HEME H P T, ML RGES AT ARG
1T N ZE SRR S HOFE RO B H]. E 2, X
Tl 7 A5 /N B A 7 e, A B SR Ik
WRRE, REW A BCRBAERTEN R, Mk E 2
AGHUGRZ G GRS P

ACP ikt B SR AL ARG«
CERT IR RO ALK, FE A E B AL SERAE )
THESRIBE 2 R G I sebr i, b, NTRS
RS SCHIRIRAE AL W] U A Gt ) A S 1 el
B iy i THEL SRR o Ay TN IE R A R
FHRAE, 207 HAAR T P AT AT A sk
ke R SR R L, et AT 3. B
€ HAR. N RGMELER R YL 8] IR HE S8
HE) AT PAT AT DS B R RGHAH g,
B A AT R RE R

3 BMIESRE

TATBRE AR T ACP F7HE M —FIHi A
TABEFIGHES, JEH bR A F L QIR
KFPAT R REIOALE >, EEQ T =



3 3 WiEesE: PATRRE S CPSS: =R R BB S e 2 619

AL 1) MRS SERRR R RGN NN T RS
2) MIFITHE LI N 25, TUAITEAE B 2% R 485 3) il
MBS AR S EMAN T RGN L L SME
4, MSEBL B2 KRG H-TAT 0 55 H. @
I REAAELSE A T, P AT e T AHESh S Br R 4t
AWrET N T RS, ik 7 22 KRG HTIH I i)
UDC #kik, LB T X R R RGN AFC & L 1% ]
(7). 5T RASCH PEAR T 117 B BETR BE CPSS
FIEEA IR

3.1 ALRZHIME

NI ARG5E AT E RS, £5KPr AR
GUrE RE L 8] (M B AU AR ). M N T AR gen]
LA JE SR PRASRIAE FLARAE — AN W] 58 1 S 56
PRI, IO B G A A L 4 ) S A S A ) ok
KR AR YEER ARG, N TAEANRT
N2 HA WX KRB IR RGN F, N TRGIF
FEREHUR FSL R G, MR G 14
LHIT. ERRMAFELSEZHERE XK, &
s WNCEIN: VA GBSl

XTI (A I SEPR R, BN T RS
A BLTE M AN AT 2 AN R] EE R S kO, al a A
KRR AN FIIR TRESETT i, W] LAAE HE 40 25 1] AR
Pa A R I PEAL B FR R AN (4 AU S AR, B — AN R
PSR H S B S s R GErh — M AT RERO IR TS R
BE52Z, NLRGWAE N ZMARGEZHE, H
I S22 2 ] T SR B SEAR 5 96 R LI PR, AT AR e
KB RGN ENZ TN T RS, Jtt— 5 B H T
T BEA 5] T8 e it e de 4 ).

3.2 FATERAZEPHITESR
S BR T 5B R Geh REAT 32 B UAn 45 RIEAl

WIAERERE, DAL AL SE B St P K 00 A Al 42, A
PSR RE R R, 1R SEPR R GE P HEAT SRAR A7 AE VF
ZEARIRS, JF el A G 9F A R g mf ER M, U
BT ML — PR RGN I, AT RS
BEMAR KPR R G TS EHRAE N T ARG AT
S8 SR SR A% GE B SR (1R PR, D Jm 452 (1) R 5
A H SR B HR AR (K 8).

NI RGUNA 2 Rhml GerE AN 2 1 se a7,
SIS R LIE 2 TN TR G it T e 5
THAE AT A RS20 TR SR IR T A 2
HUR (Fisher) =B, BYEEALAL BN 5 500 A0
DX R IO s — A N AR e ] DUAR 08 H i
PUAL B AR AN 2 AT A R T S se 8, JF B
NN LRGI T FLEE RN R SI2BR R G —Fh AT
BEMIEAL DT 7). RTLLE Y, AR R 8 DTSR IS
DU, THELSS e 78 73 A I B 2 8] (1 FCSE AL
i, B FE N LRG0T T, 4 sk
B R GE PR TE AL A B 3 22 TR RGE H 24 A 25 T R 8
MR, It — Pl AT AT SEBL 5] S e

3.3  ETFITHITHERRMKL

DN RE NS S U ORI L T SIS SRS KR P 5 5
R SEPR AR 8, AR S PR B A2 A0 S 1 A
RBH, AT B REMEZR LU AT AT I 7 2, HEZh kR
KRGS, K5 T SLFR R GERAT AR
A FERR I SE Br 2 G 10 25 1 e R s =
Ja, PATHATRZ T E N B S Br R G, TE R
SRR SR RN, @ M sEBR KRGS AL
RGHPREFT NESR, X Lbr RGBT
71, REKhRGEBIL T AN LRS. 7o, %
bR R GEHPIRES AT AT LY N TR GEH R 5
SRR BHE S, SR A S S H RN

BRI

RE LI S

(VR)

BAEE LR G
j;fﬁi » » » (EARREED

5 A% R

i A Ik
(VS) (AS)

UDC

BR

KEHE
N

AT AT
(P) » »

AT AR5
(AC)

K7 AT ACP MPHATEfE: A UDC 2] AFC™
Fig.7 ACP-based parallel intelligence: From UDC to AFC™



620 H 3

S 49 %

R RS RTT SR

456 H AR BEE HR

PR

WIS

HETHRAMA TR RS

PR | A

BT ESE

8 T NLARZ ML

Computational experiments based on

Fig.8

artificial systems!”

TARGHME, REVRERAGE N T RGRE
LR IIRA. ZR L, CPAT AT A% L AR RT DL
N HE S ELE) 55 A S48, FEAVUAT DASE v s s 2 2%
RGN TR, [RS4SR 75t 1) K
JERAZACALS 1 7870 RIHE %

NEESSZ

AT REAE R G B R G M E B %
MR T — B BRI R, Wi T H SR
KA NTHEIER AN N TRGH T E LK DL
HE S 2 G IR S & AN AT, O REAIATT 4R
7 HET ACP Tk HIHOR SCHE.

FEPV BT S, B 1R AR S AT AR,
XEEHEIRAE N TR GRS B R EZ 1E
FY. A& B AT B EORC, ay DUM A % F N T3 5%
HE AR AR B 10 SE bRz S AR LA R 4, el
xR R BER BE O S B SRR R R, R
BEX RS AL HAREAT 5 51 54k, P AT
2P IR AT A 40 AR R B AR o 2] UM T
FRH)— PR BB 2S 27 ) BB HE L, iZAE AL AT 5 R
T SRPR RGN T ARG F BR800 K%
AT RGN . AT R RER H AR I g A0
EHAE IR ARG RIS RE, AT By —
W5 %, EAMERENS 5 BNt P B R 2 47 il 5
PR T, 3B RT AREAT X R R R Gt B O
fiti, TR = B A% R G B S 3 KT 2 52
MEBAGNEE TG, RaiEHEET &1
e T A R GEEAT IS PR, A AR IR R T
BARGREATT A, BRSSP RGP AT
W= BEANRE K G ENRGEXTT
PR “NAE [l B R AT, B Rt RS A
AAELZHRTE T T BRIFAFARPLE], 7 1]
WIAE S5 5E 507 %, IRt ] LA B i 40l 37 5
A RE BN TR E T HES) R G S PR
i AT HER = RUhIE AT

3.4

YIRS Pl i) e i A, I 7R
—EERARR IR RGBT 5 A I RE R K H g R
27 4x, IFHESN R GER Y BRR 5 Ui # R AR AL
. XHUBE SR BAT &5 Al X DUBL SO R] 45 A
G, KB kERge TRtk 2esS
NS5, AT XCREES fE AR . EiE— 2B IR
A TIXREEIE Y “THR IR, @I fE N TIX
HEA ) A ] P AT B AR SRR, SEBIL RS X R
BEARGEAANAL N T A )8 B TR

4 KA

T ACP HTAT B RERESE, DA 2 BLAE 2
RGUNIRL B, 7890 KA ACP JrikiIi sy, ik
Fe Gt J7 iR TCTR R DK AN T RG HE T Xk BAAR 7304 S
ANTE i B R S 5 AL, IR X SR 55 e A 9 B4R
FIPERESR T, ARG VUK AR, ZHESE D AE 14T
S B R AT LS NS PAT IS AT
HEREEEAE. TR S B R R, TTAESS
TR TR ARG SRR TITEHRA
Gt AT S AT B 2RI )\ AN SUAT 2 T2 N
A, B R B S . 9 R 1P TR RE St
LZBEREISE IR IV ENE S

AT S E e T

SPAT R AT I P AT 2 IR AT I 2
HF AT R RIS B i R GRS TR
P MRS AT 55 I BORSCHE . DUl o G N 5
EREAR R RNER 2 BEVEA R I I8, SETHERI R 5t
HRZACRE ), ~PAT RN S AL IR AR RS AT
FGE, T R I RN 37 557 B 500 AN S B 37 55 )
s AT BORE R T S SE I X AR AR I A
RO ZREHATINGRAPPAG, @l AT AT R
IEEN ZR G, T SRAT SE 47 A ROR . B X AL e
B HE, AT MR SPAT LS RS 2R R S
HFANE WA TS 5, JF BSRBLN TR
Hym B aibaik. J A, JHRE-PAT st 77 5
Open-PV (Open Source Parallel Vision Platform)
CAENLT ™, I RAT T LR R A, W Bh5E L
R 7h YN SSIRSBES

AT R O R R AR AR B R G E
) AR A e Rk T Rl DL =8 S
NLRGEM LRI RS tHE LY M 5 iz
MG s PAT AT R R S AR T N TR G
bR gE, HiE N T RGNS R S0 1 HE R AL
PRI, & 10 JE7n 1 B 5% 2 PAT IS 2L A
2R A RS E), NTRGM LR RS R4 RE

4.1



3 3 Wi PATR RS CPSS: = T4 & eI [ml i 5 e 22 621

[ A S RS ]

| rommsweEn

AT SEAT IR

TS, OO

--[ PHEFSRURE |

AT

SHATES 5P ATHS

- Rt

N T.&% (Artificial systems), 71455236 (Computational experiments), “FAT#4T (Parallel execution)

K9 PATEREAIHL Y HAE B RGN R
Fig.9 Applications of parallel intelligence and CPSS

- ™
S5t
ANL#RG B L AT RS
WA | [ A ssn
AL 5% ARG =
N =~ = RGN
SRR T T g e Kl
L LS ey
10 BHE I PATHERIAELR
Fig.10  Self-learning parallel control framework™

g B WS, SEbr R e 1A % BUW H AR L. FATH
5 2 E A 7 IR W T o b TP AT R A
FIEARPERE, N PAT IR IR J5 B2 O 2 B 54
SE VIR SR B IR LA, (AR O N T RE T AR I
ST N TR RER R SR AL 7.

AT 2 P BRI BLE 5 ) D R B K

FRART SRS 125 39 PR A S50 0L, g S P T L o
AHEZR, HOGHEAR R A5 M R e RRAMT N =%
P RIESA. B 11 R 1T R85 AT ST 1)
FEAMELE. ~PAT 5 SIHE SR S ) S Bt A R i)
CONHURE T R T SCHIN TR S8 R B R BT
I, BEJ AR LS /N AT A R B R A 4
J KRB, JupLEs o SRR R I 2R 2 H it g
PEME S8 SR I B, R R T 5] 4%
R, BRI RS T ERER ARG E R
FE55 BREHERIIR, 5 B I 22 R0RR AT O, #Eim
AHT RO, I DAy HE A SR R, AT A 15 R
A2 S I RERENS 1 SR ANHEAT . PAT A STl AL
i~ FRANT B S b £ ik — > e B A AL &
Gurh, MO SERR R 2% 7 S5 v I e P 25 b 00 A e 5
SR, AR AR H AR A WS AL, ST R 2 R
G AT,

IR A GBAT RN T AR Tl R AEAE
i 2 KB (R IS UE AT A BE ORI IL AT R, (EAR S



622 a o o w om .
: FbAL p 4 .
T HRKELT R 55
[omgit]  [mimen] pitt [ B e | [Eame
FUE LT 5 4% | e
e i R WA | | kAig
"Iﬁrﬁn _Ei]i?‘ ) WLEss] | Boidsd ||
Lm0 g | s

S22 CPSS

11
Fig.11

I T B AE B b PE AN R T T O A ok T
BRI AE, = 5 R TE) . N 70 9% 4 A BELAS 1 0
U R I BN HEHE . P AT AR $2 i T — b
CNIERIE MR RS, %R GRS H AL LK
SHEEARGH BRI, ERRFAREER
1R N RREETHUNRE ST, T PR (DK E
I, 2% R G851 NI P > BIHLAR, #5200 A% Ze Ik
TRERT NS ZR S 30 MR 4 56 )™ B ARORE, a4l
SRR AR, B SRR I A R A 55, B
B IE S5 S SR, I 4T ROt R G A
PR BEAT 7R 4 BRSSP AT I R G A b
REVUAE AR PRI TR P S 1, iz e F iRt 7'
R S,

FATHREA S FITHIE

B L 2 S DI R R AN RAEVE K I 42 &,
A G il 3 1 O DL 2 i S PEAG B REAL S
(K5 5R. A7 R AR BOR 5 A MOR L  (1 n 2N
AN BHE RS T, ER G R R EZ S S, e
D7) 5 2R RE A T B AN )3 A 3 CoR BRI i 17 15 1R 5.
SPATHLAR O AP AT ARG S AR DY IR ) T AT
AR, UG R AN BB T — D ATATHY
Jrie). AT HIE (8] 12) BT AR E S BR SR
MDHAFAE T A2 RGP GG R, BT LS
PR RS QG P A, DU RE A DR i N T 37384
I, Aol A B R S 2R e i R Ak, Ak T 2R
TR JBE A 5 R Ak AR B S AT HL AR R B
JE SCHIRE S, BRI R R pLEs , 1E 9 Se bR 2l

4.2

ARG TH

Parallel learning based on parallel systems!®

AT
M 4% B s 7 B
(BFR L) e -J (HLEART) f-J
i) :
s T,
T "
'
28 7 il
"y v | SRR
(egeil EFILIA
&
= &
i 32515 4 &
%N 5
N X
«t
kst |
AT
HER%E AERT) |
K12 SPATHIGEHESE R

Fig.12 The framework of parallel manufacturing®’

Pl MR EE, 22T ACP J7E S B 3L &% 1)
RS B 13 R PATHLES RGN, TATHL
A CE B LA 10 R G20 I 1 R SRR LA
TSR A, N T RS 1H AL
AT AT 78 B R AE A, R AR VR Dy e
s, AL RERE ARG CPSS b R S8 R
BB GRS AT HLEE AT APAT BN &R
i AT HLAS IR AL, EATREN NI
Filifg (A 44 77 55 3l P TR R, R AR H — 28 NS
LA5E I B T RE A 2 B N e s 1 AR



WiEesE: PATRRE S CPSS: =R R BB S e 2

623

K 13

SATHLE R G

The system architecture of parallel machines!

80]

Fig.13

REEE WGk Bh Ty 2 2L, BEAE BE I 2 i A%
&, KEEGEREZH AR RIERG T, REIE R
41 5 AR BE AN TR i 0 D ORAIE S 2 IR B ) 1t e
T g, MRt LA i B s BT T3 R E R B DL
S 1) L, AT REVR LUB I TREIR R G0,
5SPR RGFATIAT L S AL, (e 2 B RE
AR ) A e . TRLRE 7 3 RE L AR R RS A P AN 5 8,
WA ISR A M I R 2%, 23U e B A AL

e P BN AT AL AN v BT TR SR, P AT H Ry )
K 52 B HL X 22 R AR AU R R 2 8] 25 4, BL CPSS A
ACP T a2k, 852 b L R 28 GE3E 3 K 1L HL Y 2%
g, R AN B RS B B S AL Y
PR GE. R AZRE K BH REAN XU RE S5 L ARTE 7 R,
SPATAZ HL AP AT FE Y S R A BRI B
Gef) S fift b ORUE Pt A RS FL4ED i R 10 i e 5 2
4. BExE H AT RS R A R B, TATH L
(181 14) AT REAO L S5 BLSEm™ (o bl IF) A, 48
SERN BN B RG. 2P E RGN
ZEEE O [F) R GEAE DL 5 R 58 LA S 1) 37 35 (A
55, U N T FIOMNTT BRALR 2 4 XU, 38 i A7 1
MR ERER A TIFROEE L —— 42
H T A R, AT IR EECY 7R A A 4
AR A RS A ORI 5, IR S
I R G AR AR T S, S A AL AT
IR 22 A didt TAE.

FIEBSEHRIE

I, HTFRERR. 2550 EHERU K
1T AR 2R, 42380 R St b DUAT A AT I i 8 5
Bk PATEHEEET ACP M1 CPSS FIH R sz H.3).
SPATHAT S5 7 WA S &P R H R R g
BN (R 5 Ay s Yab G I o

TIBRGEE T 5 AT NE RS AR
fheX R, AN BA—E MYt 2d g, &—
A SRS (2 FEAE R R G BE AL L S2R A
M K A B Jt P A 458 45 i) 0 A A2 3 2R 4 0 DR K
2 LA A E IR0, BT CPSS ISP AT RS

4.3

( ) FiF ( )
S TR u’i
L G,
}Q £ TR ol L
BELTA - VR IR gy & |
=1 AR e |
i
v AU o
HESE R
HEA H HERLR Bt
(«on)
SRR R L B R NEE TR N PO T
i :  _ mEfEuTs | - P -
{ {yl > R BRI DRI S RO R A
S [ A3 1 25 ) NS
. ‘ TR AR S
s J 9 J
[ f
|
[ WS HR Y

Fig. 14

14 AR R

The concept of parallel mining™



624 H 3 1t = Eitd 49 %
JEls. a0 102103 Z g (B 15) kR A A B AR TS A B St s A —.
S3AITS AR, T ) R A S R AR A T R kA2 E RAE TR TG, &t aa it b n

BB R4, ﬁxﬁlr‘X]LTE/T%}EB/JX
I 1% 28 GoM I AR S b 7 2R 0 K S i Kt
AR B A N A0l R 4, Tﬁh%ﬁuﬂ:, AT
TS 3 B 5 R A8 AT T i R AR R AL
EFRAE R RGN TR RS 7T
wERNTES T, B E R A ST
2010 4F B EWR AT 0EE B AR S PtMS!Y, 1E
THRE. IMILIE %Dm%:ﬁ%é}ﬂﬁﬁlﬁTixﬁ%
[ B2 FH RO

20 25 BB T TR A b 1 B K T
[, AEL T o TRIAR 2 PR 5 R M 22 DA R R
ANZE 50 il A R Bt O P AT S O S I AN T
FHHRI RIS FOR 58 R 2 1) B B B AT 55, JFd
WAE AT R AIRALR, 155 IS 5
LRI M SRR, AT B R G A
R W 5 REMBELED, Jodr ik 42
Efmiiﬁﬁﬁljﬁ@ﬁ%l, IR S ) B, B
$% B AN SNBSS, TR AR ) Bh A
P 725 Bk 53 110 2 B SR AN A1 SR 58 1 S AR S S B
AR RN ERAT RE SCRIRE AR N 232 R0 2 > JEAE,
SR A BAE A, B AE AT R (S
A2, N s AR A R A SR K RE 0. TN 2 3 U 2R AT
Hor, P TN AT RERI AR, BT SEN, SEHLA
BB ANAE 2 A RORFTTRIM A bR, 51 R E S
FEA R — RPN EE AT B, HoEd R
B R G b A 2] B SR RE S AE B St S BRI AT,
515 HSL AR A B TS S Uk RE ) S JE
o B =AM RS AR, SEIEA

S5 — = "/I\j\ e

- R
2 g D =
EHEET By By B ps P
R S Uber 473t
Kl 15

Fig. 15

FRNE. BEGANESLbRET SRS, —
ok A 458 R i D 4 THD HE A 10 3R BT BOR 4 BT g
71, 7 R To vk i AR R O B . B
WA TAERAE, T T BN 2 R 20 Mk (1) 52
Mol 4 2. Al N B3 00 BRI 2 R R 2 kL A
FERI M R85 (1) B0 2 T 1 S # A A5 Al &
IMEEG SR, T ACP HiEMFITa
(K 16)00 {582 Agent 254 A, iF 4l () I
FEAES A B, B WS ST &5, [F
N ) FH B0 R AR AN SO PSR SRR SEHL AL IB 4T
AR AL, @I T R SR, G BTN [R RA
TRE AR AT VIS AT BRAS . R 2k sl By~
ATPAT, PRI T BT IR A B WS, B A SEI P AT 4
MRS SEH B A —, HEB VIS AT it & 1 A W 7t
K 16 R T PAT L SEARZB TR,

FITEFSEERER

BEXE LR ST T iR o O A 22 0 PR AR
RETKUASK AT #iBh2 FIE%HZIKETE A AR
P2 XEH**/EU\%D%E S5 L0 S AT R A
FIFH CPSS FI°FAT ﬁéﬁ/ﬁﬁn 'ﬁ@%*ﬁ?@lﬂ“ﬁﬁ’]

AR, BUIT BRSNS 7 A B 2 K I S b
B ZA RN, AR SR e NSO A PR
SETILEE. BRI AT UM AR —— [R5
K, AT RGN BETAT 3 AT HdE A
AV RIER, A SELIMEA R S48 3 Hr BT ARt
R T — A AATHIHEZS

B2 Bt A2 = 2 0T 0 0 3 A N SR 2 B,

4.4

T (18:00-18:30)

SN
TP ﬁﬁi‘éﬁ
K2R
L=hE (18:00 18:30) '
5) 17
) #,~———-qﬁhiﬁ ()ﬂ%+
FHLHHE

LY

1) Mgk
/(ﬂs;g
E e
000700
mm%m

: 2) AT

| o
(8:30-12:00, 13:00-17:00)

s
(12:20-12:40)

BT CPSS K47 20l R 40

Parallel transportation system based on CPSS!



3 WM AT EIRE S CPSS: =4F & & i [l il 5 i &2 625
|

| Aol g B
| BN REsS
| |

K16 ATk f A TR

The basic workflow of parallel enterprise!

110]

Fig. 16

RAFEE, BE K REEZMIRNERR
. N Bl B AW T, R sy 1
BB ST R R R B a0 BE B AT A
HH, SEHES N R TEEAS ) PATER G H T
— AN T 5. I 17 fR, SPATEE R R R
Bt i A R RN 2 5 N Uk ATk, BINEL
FNEARMYLENELE, NEERMETE, /G &
RIS RS, b e N AR 2 v e 3 AR 15
%, B S0 R A B IR SR TT O R,
FRIENLAR N AE SE A 26 TAE. A NEEA 6 5
TR BRI OG, B BN FE M A = A e %,
AT E GNP S N el o I 56 ) | I NSRS
Btk BAR T BOR BAR G, TA4T 15 24 1 ML 8 S 45 4
SPATF RN, AT BRI, SPAT B0 S AT HR I
P47 By B 120 S HOR R A R E S A ROk 45
K-S ZEATEH ), R s B AR E R, kR
EBIT T E.

45 FITESS5EITHS

ANTABRGHR. N TR RG] AR
FABRFEE BESREEMRESRG™. K
W R GEE A 2 R G AL Ry, A2 R K
W22 A A% L 2 — ABARME AR B IR s A A
i PEAN M, SR AR AE TR B X
SRR R AL R GRS AT P A EUORHIREE. Dy T
KB E BN IR 551 P I 47 M B R RE A=,
18 Frzi, AT AL AR AW A AR B & 3
855 AR B R RO 2 DR AR T T AT A, R —
AN EE A NTAO R S8, BETT B EIEA R85
FEELT M AR A R, SPAT R R GerT B
A A A AL 22 SRR S| AT IR AT 9, A
AP BEAR A R OR AR, ( E T Rr AR ML I
RJE.

kv Rslin] the {5 B2
(Physicspace) (Social space) (Cyberspace)
- TATHAT - —
SATERE (WB) SPAFEEE (RER)
# i3
1 WL AN o
% LRI & BRI b
) )
N B NEL IR YNV

17 T CPSS BT ER R4
Fig.17

The framework of parallel hospital"”

SehrAlk R4

NI RS

s TR A

Parallel agriculture intelligence technology*”

Fig.18

bR (B R LAY <R a e SO 5 S NS AN
SRR Ak 2 0% A DRSS AL R, AT
Wl (B 19)1 APAT AR 0 A BN B AR
MR GG — VI FHR A ERBT R, SRS
ARIAFBIATIZAT. AT B AT 2 RGEAT LA
X BB B S SR, AR AR B AO I T At
IBATIERE, RIS, LSO T Bk &
I ROs AT BAR, Qs S Al e il 10 . A RIS
By FR 325 1) A0 R4S

X P AT DAL o N A R G — g
ZEKE), T DAAE A Ao AT 0 2 R B AL 25 5. IX
Yo R BA B MBI A TFE BRI
PE AR SR i, 2 080 B RA AN 22 7 T R A% 4
APEARIIAE . AR, T DX 2R G A 1 A
SEVE. SR G e, X ILA X HLEEHE 2L A PR
AR BH A 27 — A R TTE. 2T ACP |
AT X BRI BRI AR R 2 . PATIX R
BERTDAO A E AN AN TIXBEE R 48, A TIX
BBE RG-SR e X PV R Gk AT S8
S AR, BEme AT OO, 8 B AR AR R X
BRBE R G FREAT S T REIE BRI I A5 2R TATIX
B 2 G i N T DX AN I S DX BRAE ) JE S22 L
AP IR S0, S B0 HAR G0 UE R SRR 00, O X B
ARG RS TR brin 5, SRt Z A



626 H Zlj (e =4 (4 49 &
e = 1) 2% ) Y . -
/ %ﬂ;lﬂ N\ / JAE 40025 ) N\ . KR E Zh Ak N
i [ O (P ik e e
N e s | REOERSE S e \4/(\ \ KHARNT K55
=17 st AL
{ a
ma ) Wi FATE RS
e cp) AR
S ACP
peos — ;
*Mﬁ*’ﬁ HH Kl i S e
T St v | (I gk
515 N . N a0
Bl 20 BER MBS EA RN
FAFAT Fig.20  Technological framework of smart societies!*!

K19

Parallel city with real-virtual interactions!

3T RS FAT SR

128]

Fig. 19
FITEFRGSHSITE
B #E 2 LA B2 YR A A AR B AN BB n bR A3
Je, KEMIA S A TS B 52 3h 25 bt BU7E v ok
BT R OR A AT AT . X E S
YO AL R P, 2N FL S 3EAT 7R A
HF A, A5 ) e e SR B AT S PR AT 58 A L (HIX
0] L TEVE sE A HERR T AN A ), RA RS
Fe M TR A, Wi L B AR 2 25 R4t
(TSR BAR FN T IEAR R, F fif iz n) R S B P LE
PATET Ra KB R E R RGN E RS
TIERI A2 5 i R S, DL RN A2
KU RG LI E, LA RS AT E
SIS TTIRGE G, A N Tk HE SIS AT R
4, B FAt &5 BRI E RS SR R,
BRIt =S AR S 5 K T R
FIABE AR A2 X G AN B8 FIASE 1) v B R R A ool
KBRS 7w A2 E 5 MBS E R, imm
FEox B 5] A S O T RE, A ARSR I R A 2
R AT £ B & Mo S B R T BB
RS EH, BN R PFERER KR S a%s
T HE R r) i, 21 ACP It &071% (K 20),
BT A A 2R 2 5 1 A 2 AL 1) #E 2 IR 55 30
AT KGRI e /1, e N T2 R H Lt &
G RE S H.A), AR B A SR B S A OC
HIIR a5 Al tHEA AT AL, aE e i s H
B\ AT HAT S5 7 S A 2 R G R AT T
MAERE 5 35 ) SR B D Re, #EMse ORI R
FERIU S ) B A 2 B 3 H Bl

FITEERS:

SRS R FE AT A= N R D A A N iR = | A4
Fro G MREAWTIRAE, HFIEH DG A K. Sk

4.6

4.7

GRS, BUREP RS R A T R,
Al IS ) PRSI 2% ORI R sk, 3 BB O A
OB ARG BT L DL AR AL
P DLR AR A OAZ ) SRR 20, e 21
Fros. AR 2 W W IR ARSI S, RASERT 1R
AH A7 GRS P FR. 0 255 SRR R sk )
FERATE, T [ 5K 22 A I i ) B i A,

;:HH ﬁjza,- A:Efé:ﬁjzw
WE 2 ) 22 4 A 2% % ] 22 4
"_\—|,7 N
TN = R AR 15 SHAR m R

@y \N\ E
‘\i .'.’Xmﬁjzn K{y IS
ol ETCE o
L — <L i
SR SRR |
K21 BIREESFES /2 P A= A I
Fig.21  Modern war: Physical level, cyber

level, social level™

T ACP WPPAT E SR R el 7870 FI I 3%
o2 [8) T AT 26 (T B S BR AN a2 1a], G2 —AE4)
B 23 I R HEAT U PR AR PEAL A RT
BEIR AR, PR NN DA+ (K8 4121 517 8 U5 5
AT AR RGN, WP AT SPAT LR A
X AR B 2% PR RE SE LB, RENS e ORI T il R 4,
RIHESKCT, ARG P EZ A&, R
TAFRARZ FEHEMBUA SR ES, RS
PR AR AR R EFAT B PUE I R T AT
TR FNSPAT R N IARER S 1 I AT R S
e R GRS AR R TT ). AT
O I i A R SRR RETS IRAR R AN I AFAE
A2 AF S0 AT M IR R, P ATIRE
SR B ACP J5ikdTil TR EH ARGk
THRIE S M B THEA B IRIR ], K AL 15



3 WM AT EIRE S CPSS: =4F & & i [l il 5 i &2 627

B RNV iy B MR R AE i, RATE R TE.
AR WS SRR R R RSB H T, K
JEIETPAT R BE TR RN R A s L ZE
WA R, BRI T A AR 4%
iR 2, HESE B Sl iR A A R

4.8 HITANHERITEE

2016 4, AlphaGo [ E K RGINH 155 feH R ik
WG] T ORI ORVE, R AR R R ER K R Skl it
B REAR. T T AR SR L B (0 2, Bk, =
FiIT HARIFFAF DR RARRAEZES., =F 1T
FOR I 6 EHIRZIN T FH5L400, B R R B
IR =AM A, R A, F
TRERWIT FE 51 OV A R R e ROR, HE H T )
RERH AT 21X — B R 3 22 B0 HES)
WA R R L AT B AR S
MAFTER) Being, 22401 Becoming 2 AH1{E #Y Be-
lieving. “FATH % (I 22) L 7 R TR kiR, 7
MEEAN G FEIR B 2 R g

AT BAERISPAT AR AT I S B R P AT
BAEBIR 2 53 55 | — ) B, 72~ FAT R B 4E <8l
E” BT RESE A —FE B R, AT 8 4 X6t ot JE
ORI A S e S W S8 B = 5 I o =20 N
AT EE SRS RSB AR NH T2
HEE R, Mma) gzl 3 sh i i SR T,
B ATE AT AR HER A Re R SR K .

5 AREKEE

Bt 4 AL S R R R, CPSS I TR ¢
PERI L 22 52 A MG TR B4R 785, AR DGR AR IR R 1
AW R AN 583 A2 48 2 2 355 1) 77 77 TH T 785 5K
EARAs %, Hrh, 3T ACP A7 8 B 77 054

JTRAFAER] CPSS $RAE MR b = i) SCHEE AN 5] 401,
RESEHAN G RN CPSS M ERK BEHBAIEE.

1) M 200 P 32 51 5. X CPSS #7-Hrfl
JF B A R IR I SE R G, e I SE R SRR
Z PR AN AER S 2, R R AT, SEBLRT CPSS
A ARSI T L TR RS CPSS
s sR A, 15 BT 5 SO0 8 RE DL 5 o i 22
R REPE, A I [) A1 ) g A 48 2 40 R B s 5, 78
PIRRE RGHPRES - E 6], LI R JI A&
Tstte. 51 RIS RS CPSS [ A%, CPSS
MISEAT B B 07 1k S 2 OBt S IR S5, K 281
() o () BEAR 5 S S HL S B AR A T B st 5, T2
S RE S LA s 5, i 24 T S FE A i 3 AR
7

2) WECAAL B FIR H SRR Bt BT
7= P SaaS (Software as a service) ARHIEHI MRS
BRRMRGAL LI T T, 2 T4 B R
CPSS th, #dla. 5 B 55K SAE5 MR To % 1.
S FEZe A Sk ok, AT E 30 58 B A R iR Th
AE SRR AR B 3L, Bt i, CPSS Kk
JE RS AL S NHVIAE A I 22 TS [F) 3 g sk (1]
B SE IRIIBC S, SEIL%& R RE AR B4l A 1) il 1)
F IR L3, BARAR W R) B 77 3CE AT AN JER 4R 22 56 20
PEH FEBRAE R FARA S RIRSCHK, 2
FIRTIRE (AR, Jes. BRI, E1E5E) e A
it e, Seal A aetk.

3) MO BB 2 SR B TR 54t
R IRMERSET, IS CPSS th FHf )7 e 5 ok
e LASKT. D] a0 A AT O 2256 AR B AL
A R, T2~ A7 B BE DR 1 Bl AT
i, 3N KK R IR AN B8 B R AR, BETE A
WA, 5T ACP 1) CPSS UMM &L=,

Three —
world R 1 35, k57 2 k5 3
EX 5 I Physical world Mental world Artificial world XV
e fite 21 i
:W%_i% Being Becoming Believing
Three CYCE R A
Ph}IOSO_I)\I‘l}’ Phenomenographical Process philosophy Parallel philosophy
=R philosophy of being of becoming of believing
Three o I .
knowledge FiRHR TR %R 51 FHR
=Fhain Descriptive knowledge Predictive knowledge Prescriptive knowledge
Bl 22 AT RS AR AR R
Fig.22  Parallel philosophy: Process of parallel interaction and entanglement between

virtual and real and correspondent prescriptive knowledge system!

141)



628 H

Eitd 49 %

BN BN IR ARSI Rl 2 T B AR, “liEk AR
B Iy TR K ORI 1 RSB M HRO, BV AL
D S 6 TR T M ok SR TR D A T 1 R L I AR Ao
FTAERE A A2 BOR B, P AR s 25
HRH BE B 28 (Smart data), S5 A2 KUK
FERESEHBN) “CPATHES7, da A CPSS 5
PRSI S CPSS A 47y, AT oAz 3 5k
CPSS A& A 7 7).

4) MAAE B8 B ANLIR G FH BN — 4. b
NEHFE CPSS KR FBk B R %, NRMPL A
) 5 A 2B oRBR & . ARG R 1 A [ B 1)
AR Z LN ANIREHTEE, NH AN
BN R G — 8B . 33— 0 3 RE UM H: SR AN I S
A gh &, KPR SRt G, NRMBLE L A A
T, T2 BIESR — K AT RGTEA.

5) AT EBELATE X HBE R e R BE & LR BE.
DAO I DeSci S ZHA PHHBEARMPATHA
IRE S A, A DeEco A DeSoc B4 S HARAIHE
TN N 1 0 N A ) BTN 1% s L 1
TR & TS 58 ek, R E FINIE
(Calibration and certification, C&C) 5 % & F 5
ilE (Verification and validation, V&V) BN —M
AT R B R G ANE S IR IR PR, T HT IR R
PV A A AR AR 190,

fE EIR BRI K R WA b, BT AT R R
(] CPSS W& 8 #e RGAKIGAESLE REVR. HL A%
N )3 PRI 57 PR A & AN R 32 1) 07 1) A4
RAEEE BRI, AR SEFS BOR K [F] I
55 T 1% 5 G 1 iR 2 R 0 575 AT BAH B 1) OGTE,
i, Jy CPSS M it i #RAE R g/ L= B F
TR SO R G A B RS T ACP
HRHESE R e RS N A E AR S 2 1 5.

6 5B

B AUE BEE ORISR e, IR e
TANERE AR Z A RAR. HI AR ZHA
I AZ P AAE LR AL X, (AR S5 TRASH
mAh e, B &I s UL AL B AL S
FRAE. 2R AL 2 VI BRAE JE R GuME B mti Bt , 38
/R IRIIE S ACSIETINE - 3 X 7/FEER 1 ANV E C N | L
AN T A A % Fi 5 BB JFBL ACP J7iE N
BARTFB, MW RGH) UDC H4i  fe R G
AFC, HIESKBLRIR A Zh 468 H ks, 210 Tk 5.0
AR A4 T AL E B R GAAT R G
WA I AL, B A A R UL SR e R S 3
AHEZR. BE)E, vl Tl ACP J7 ik i MAE P AL
A B ARG HRERE. 2 MBEEE RS+

ATERER MR ARG WS 5 G P JE Xt
MG B EE TR AR RS T
AR AE T AT 42 ) 55 R RE AR 1 45 )\ A T T A L P A
R, RYIE PO TIZIT R R AT S DR TE R T e
AT iR &, e fa, AT AP EE R RGEHAR
KK JETT RIS RS BEAT T HHE IR 2. AN
NAEZEGE R ARG+ AT E e R E AN TR L
FEACAIRD AL A R 2, RRoR it — D IR T IS
RIR BEAL KT, BET AR HiAk S AT R A

B

R AR B R E S S H MR 15 ML
2 R K LIRS CPSS Wi H AT 7t i At
QAII A 2 Z 40 B 2 i) [ 5K A S 3 == 0t
NAFRRE OB, 540, BXARRIEREES
RSP ESTH “ERP3.0: MM FATE P RS HIS
R AW 7T (2013-2017)” fil “3F CPSS 1)
TR Tl A= 77 o R B R B Bh A6 &R G R B A 56 IE
(2016-2020)” N FATEEE S CPSS MK it T
A I B a3CRE, 1R R IR B B

References

1 Wang F Y. CAST Lab: A Cyber-social-physical Approach for
Traffic Control and Transportation Management, ICSEC Tech-
nical Report, 1999

2 Wang Fei-Yue. On the modeling, analysis, control and manage-
ment of complex systems. Complex Systems and Complexity
Science, 2006, 3(2): 26-34
(ERER. RFERRGMEM, 7. BHAEHE. SRAGE
MR, 2006, 3(2): 26-34)

3 Zhang J, Pan L, Han Q L, Chen C, Wen S, Xiang Y. Deep
learning based attack detection for cyber-physical system cy-
bersecurity: A survey. IEEE/CAA Journal of Automatica Sin-
ica, 2022, 9(3): 377-391

4 Lucia W, Youssef A. A key-agreement scheme for cyber-physic-
al systems. IEEE Transactions on Systems, Man, and Cyber-
netics: Systems, 2022, 52(8): 5368—5373

5 Duo W L, Zhou M C, Abusorrah A. A survey of cyber attacks
on cyber physical systems: Recent advances and challenges.
IEEE/CAA Journal of Automatica Sinica, 2022, 9(5): 784-800

6 Tyszberowicz S, Faitelson D. Emergence in cyber-physical sys-
tems: Potential and risk. Frontiers of Information Technology
& Electronic Engineering, 2020, 21(11): 1554-1566

7 Wang Fei-Yue. Artificial societies, computational experiments,
and parallel systems: A discussion on computational theory of
complex social-economic systems. Complex Systems and Com-
plexity Science, 2004, 1(4): 25-35
(E®ER. ATAbe, iFESER. TR S KTz
VARG EF AN IR, HRRE S ERERE, 2004, 1(4):
25-35)

8 Wang Fei-Yue. Parallel system methods for management and
control of complex systems. Control and Decision, 2004, 19(5):
485—489, 514
(FERER. PAT RGTT RS H ARG E B 26 5 T,
2004, 19(5): 485489, 514)

9 Wang F Y. The emergence of intelligent enterprises: From CPS
to CPSS. IEEEF Intelligent Systems, 2010, 25(4): 8588


https://doi.org/10.3969/j.issn.1672-3813.2006.02.004
https://doi.org/10.3969/j.issn.1672-3813.2006.02.004
https://doi.org/10.1109/JAS.2021.1004261
https://doi.org/10.1109/JAS.2021.1004261
https://doi.org/10.1109/JAS.2021.1004261
https://doi.org/10.1109/TSMC.2021.3121205
https://doi.org/10.1109/TSMC.2021.3121205
https://doi.org/10.1109/TSMC.2021.3121205
https://doi.org/10.1109/JAS.2022.105548
https://doi.org/10.3969/j.issn.1672-3813.2004.04.002
https://doi.org/10.3969/j.issn.1672-3813.2004.04.002
https://doi.org/10.3969/j.issn.1672-3813.2004.04.002
https://doi.org/10.3321/j.issn:1001-0920.2004.05.002
https://doi.org/10.1109/MIS.2010.104

3

L] WiEesE: PATRRE S CPSS: =R R BB S e 2

629

10

11

12

13

14

16

17

18

19

20

21

22

23

24

25

26

27

Zhang J J, Wang F 'Y, Wang X, Xiong G, Zhu F H, Lv Y S, et
al. Cyber-physical-social systems: The state of the art and per-
spectives. IEEE Transactions on Computational Social Sys-
tems, 2018, 5(3): 829-840

Olaverri-Monreal C. Blockchain-based intelligent transporta-
tion systems: The human use of cyberphysical-social transport-
ation systems [President’s Message|. IEEE Intelligent Trans-
portation Systems Magazine, 2022, 14(6): Article No. 5

Wang Fei-Yue, Tang Shu-Ming. Concepts and frameworks of
artificial transportation systems. Complex Systems and Com-
plexity Science, 2004, 1(2): 52-59

(£ KER, Bl N L@ ARG MEA BB SER G R, ERA
G5 E MR 2004, 1(2): 52-59)

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

Wang F Y, Carley K M, Zeng D, Mao W J. Social computing:
From social informatics to social intelligence. IEEE Intelligent
Systems, 2007, 22(2): 79-83

Wang F Y, Zeng D, Hendler J A, Zhang Q P, Feng Z, Gao Y
Q, et al. A study of the human flesh search engine: Crowd-
powered expansion of online knowledge. Computer, 2010, 43(8):
45-53

Bemporad A, Bicchi A, Camacho E, De Prada C, Di Bene-
detto M D, Damm G. Systems and control recommendations
for a European research agenda towards horizon 2020 [Online],
available: https://mycore.core-cloud.net/index.php/s/kJZPeM-
MtDQvc77R, March 1, 2022

Lamnabhi-Lagarrigue F, Annaswamy A, Engell S, Isaksson A,
Khargonekar P, Murray R M, et al. Systems & control for the
future of humanity, research agenda: Current and future roles,
impact and grand challenges. Annual Reviews in Control, 2017,
43: 1-64

Netto M, Spurgeon S K. Special section on cyber-physical &
human systems (CPHS). Annual Reviews in Control, 2017, 44:
249-251

Smirnov A, Kashevnik A, Shilov N, Makklya A, Gusikhin O.
Context-aware service composition in cyber physical human
system for transportation safety. In: Proceedings of the 13th
International Conference on ITS Telecommunications (ITST).
Tampere, Finland: IEEE, 2013. 139-144

Wang F Y. Parallel intelligence in metaverses: Welcome to
Hanoi!. IEEE Intelligent Systems, 2022, 37(1): 16—20

Wang X, Yang J, Han J P, Wang W, Wang F Y. Metaverses
and DeMetaverses: From digital twins in CPS to parallel intel-
ligence in CPSS. IEEE Intelligent Systems, 2022, 37(4): 97-102

Wang F Y. Control 5.0: From Newton to Merton in Popper’s
cyber-social-physical spaces. IEEE/CAA Journal of Automat-
ica Sinica, 2016, 3(3): 233-234

Wang Fei-Yue. A framework for social signal processing and
analysis: From social sensing networks to computational dia-
lectical analytics. Scientia Sinica Informationis, 2013, 43(12):
1598-1611

(E R A2 E S0 S5 5 M IS ARESE: A 2o A% B M 2% B v
HEHEMNT T, B EREE: (5 8RR, 2013, 43(12): 1598-1611)
Wang F Y. A big-data perspective on Al: Newton, Merton, and
analytics intelligence. IEEE Intelligent Systems, 2012, 27(5):
2-4

Wang F Y. Shadow Systems: A New Concept for Nested and

Embedded Co-Simulation for Intelligent Systems, University of
Arizona, USA, 1994

Wang F Y, Wang X, Li L X, Li L. Steps toward parallel intelli-
gence. IEEE/CAA Journal of Automatica Sinica, 2016, 3(4):
345—348

Wang F Y, Zhang J J, Wang X. Parallel intelligence: Toward
lifelong and eternal developmental AI and learning in cyber-

28

29

30

31

32

33

34

36

37

38

39

40

41

42

43

44

physical-social spaces. Frontiers of Computer Science, 2018,
12(3): 401-405

Wang F Y. Beyond X 2.0: Where should we go? IEEE Intelli-
gent Systems, 2009, 24(3): 2—4

Wang X, Zheng X H, Zhang Q P, Wang T, Shen D Y. Crowd-
sourcing in ITS: The state of the work and the networking.
IEEE Transactions on Intelligent Transportation Systems,
2016, 17(6): 15961605

Wang Fei-Yue. From nothing to everything: An investigation
on research of artificial societies and complex systems. Science
Times, 2004-03-17

(E KB N—EEEI R AT E5ERKGH5K.
K, 2004-03-17)

Wang Fei-Yue. Social Computing and Prototype Systems De-
velopment for Key Projects in CAS, Chinese Academy of Sci-
ences Reports of Major Projects, 2004

(EKER. H2it B SRz 2G5 B R RGN, - ER
5B HE ORI H R, 2004)

Feng Z. A Behavioral Study of Chinese Online Human Flesh
Communities: Modeling and Analysis With Social Networks
[Ph.D. dissertation], University of Arizona, USA, 2012

Zhang Q P. Analyzing Cyber-Enabled Social Movement Organ-
izations: A Case Study With Crowd-powered Search [Ph.D. dis-
sertation|, University of Arizona, USA, 2012

Wang Fei-Yue. A Brief History of Human Flesh Search: From
Crowdsourcing to Cyber Movement Organizations, SKL-MCCS
Technical Report, 2011

(EKER. NIRRT L NARBRBIS ML, xRS
R s ] [ ) s BRI, 2011)

Zhang Q P, Wang F Y, Zeng D, Wang T. Understanding
crowd-powered search groups: A social network perspective.
PLoS One, 2012, 7(6): Article No. e39749

Zhao W, Abdelzaher T. Preface to the special issue: Toward an
efficient and effective internet of things for cyber-physical sys-
tems. ACM Transactions on Cyber-Physical Systems, 2018,
2(2): Article No. 7

Zhao W. CPS: A New Academic Discipline and Its Networking
Challenges, Technical Report, American University of Sharjah,
2019

Strategic Research Group for National and Public Security
Technology, CAS. National and Public Technology in China: A
Roadmap to 2050. Berlin Heidelberg: Springer, 2009.

(R E K S A S22 e GUR R SO AL b E 2 2050 4EE
KGN ERBORRIERIE. Joat: Bt 2009.)

Strategic Research Group for Information Technology, CAS.
Information Science & Technology in China: A Roadmap to
2050. Beijing: Science Press, 2009.

(h RS S SURRE O, P IE % 2050 5 BRI R
PR ALRT: BbE H R, 2009.)

Strategic Research Group for Advanced Manufacturing Tech-
nology, CAS. Advanced Manufacturing Technology in China:
A Roadmap to 2050. Beijing: Science Press, 2009.

(F R R 2 B S o et U R B 4. 7P & 2050 4R St i i
BHE R R 2. dbat: Bl HiRtL, 2009.)

Zhou J, Zhou Y H, Wang B C, Zang J Y. Human-cyber-physic-
al systems (HCPSs) in the context of new-generation intelli-
gent manufacturing. Engineering, 2019, 5(4): 624—636

Liu Z M, Wang J. Human-cyber-physical systems: Concepts,
challenges, and research opportunities. Frontiers of Informa-
tion Technology & Electronic Engineering, 2020, 21(11):
1535-1553

Li L, Wang X, Wang K F, Lin Y L, Xin J M, Chen L, et al.
Parallel testing of vehicle intelligence via virtual-real interac-
tion. Science Robotics, 2019, 4(28): Article No. eaaw4106
Wang Kun-Feng, Lu Yue, Wang Yu-Tong, Xiong Zi-Wei,

Wang Fei-Yue. Parallel imaging: A new theoretical framework
for image generation. Pattern Recognition and Artificial Intelli-


https://doi.org/10.1109/TCSS.2018.2861224
https://doi.org/10.1109/TCSS.2018.2861224
https://doi.org/10.1109/TCSS.2018.2861224
https://doi.org/10.1109/MITS.2022.3209035
https://doi.org/10.1109/MITS.2022.3209035
https://doi.org/10.1109/MITS.2022.3209035
https://doi.org/10.1109/TITS.2010.2060218
https://doi.org/10.1109/TITS.2010.2060218
https://doi.org/10.1109/TITS.2010.2060218
https://doi.org/10.1109/MIS.2007.41
https://doi.org/10.1109/MIS.2007.41
https://doi.org/10.1109/MC.2010.216
https://mycore.core-cloud.net/index.php/s/kJZPeMMtDQvc77R
https://mycore.core-cloud.net/index.php/s/kJZPeMMtDQvc77R
https://mycore.core-cloud.net/index.php/s/kJZPeMMtDQvc77R
https://doi.org/10.1016/j.arcontrol.2017.04.001
https://doi.org/10.1016/j.arcontrol.2017.09.018
https://doi.org/10.1109/MIS.2022.3154541
https://doi.org/10.1109/MIS.2022.3196592
https://doi.org/10.1109/JAS.2016.7508796
https://doi.org/10.1109/JAS.2016.7508796
https://doi.org/10.1109/JAS.2016.7508796
https://doi.org/10.1360/N112013-00094
https://doi.org/10.1109/MIS.2012.91
https://doi.org/10.1109/JAS.2016.7510067
https://doi.org/10.1007/s11704-018-7903-5
https://doi.org/10.1109/MIS.2009.48
https://doi.org/10.1109/MIS.2009.48
https://doi.org/10.1109/MIS.2009.48
https://doi.org/10.1109/TITS.2015.2513086
https://doi.org/10.1371/journal.pone.0039749
https://doi.org/10.1016/j.eng.2019.07.015
https://doi.org/10.1126/scirobotics.aaw4106

630

H Zlj

¥ i

49 %

45

46

47

48

49

50

51

52

53

ot
t

56

57

58

gence, 2017, 30(7): 577-587
(Edhg, &bk, £, BEF B, £ R PTG EEER
—AFB AR, IR 5 N TR BE, 2017, 30(7): 577-587)

Sun Wei-Qing, Zheng Yu-Qi. Energy 5.0: Stepping into a paral-
lel era of virtuality and reality interaction. Process Automa-
tion Instrumentation, 2020, 41(1): 1-9, 15

(FMER, 8L, VR 5.0: WAL H AP, B3k
%3, 2020, 41(1): 1-9, 15)

Lv Yi-Sheng, Chen Yuan-Yuan, Jin Jun-Chen, Li Zhen-Jiang,
Ye Pei-Jun, Zhu Feng-Hua. Parallel transportation: Virtual-
real interaction for intelligent traffic management and control.
Chinese Journal of Intelligent Science and Technology, 2019,
1(1): 21-33

(B rE, BRI R, $IRE, 2L, R, RRE. P70E: B
ST H BN RE OB E B S 1. B BBl S HEOR R, 2019, 1(1):
21-33)

Wang S, Xiao P S, Chai H F, Tu X J, Sun Q, Cai H, et al. Re-
search on construction of supply chain financial platform based
on blockchain technology. In: Proceedings of the IEEE 1st In-
ternational Conference on Digital Twins and Parallel Intelli-
gence (DTPI). Beijing, China: IEEE, 2021. 42-45

Qin Rui-Lin, Zhou Chang-Le, Chao Fei. A survey on machine
consciousness. Acta Automatica Sinica, 2021, 47(1): 18-34
(Zamk, Ji B oK, 56 LB R i Lrik. A3, 2021,
47(1): 18-34)

Yu Hong, He De-Niu, Wang Guo-Yin, Li Jie, Xie Yong-Fang.
Big data for intelligent decision making. Acta Automatica Sin-
ica, 2020, 46(5): 878-896

(Tt s, EEA, 458, Wk KEE R RE. B3t
244, 2020, 46(5): 878-896)

Zhang T, Cong Y, Dong J H, Hou D D. Partial visual-tactile
fused learning for robotic object recognition. IEEE Transac-
tions on Systems, Man, and Cybernetics: Systems, 2022, 52(7):
4349-4361

Yu Xin-Yi, Wang Zheng-An, Wu Jia-Xin, Ou Lin-Lin. System
design for human-robot coexisting environment satisfying mul-
tiple interaction tasks. Acta Automatica Sinica, 2022, 48(9):
2265—2276

(BERR, E1E%, RINEE, WA, il AR AR 55 I ML RR
REGEWT. AEMLFIR, 2022, 48(9): 2265-2276)

Jin Zhe-Hao, Liu An-Dong, Yu Li. Hierarchical human-robot
cooperative control based on GPR and DRL. Acta Automatica
Sinica, 2022, 48(9): 2352-2360

(&T5, X%R, G, B+ GPR FIRE RS ] 140 2 AN
WEREH]. B3R, 2022, 48(9): 2352-2360)

Xue J R, Hu B, Li L X, Zhang J P. Human-machine augmen-
ted intelligence: Research and applications. Frontiers of Inform-
ation Technology & Electronic Engineering, 2022, 23(8):
1139-1141

Wang Fei-Yue. CC5.0: Intelligent command and control sys-
tems in the parallel age. Journal of Command and Control,
2015, 1(1): 107-120

(£ RER. 484% 5.0: “PATIARHI R BEARE S TEHIE R, 1545 5 154
4R, 2015, 1(1): 107-120)

Wang Fei-Yue. Software-defined systems and knowledge auto-
mation: A parallel paradigm shift from Newton to Merton.
Acta Automatica Sinica, 2015, 41(1): 1-8

(ERER. Bk e LM RS 5 R Ak AR BRI AT
. ABEEER, 2015, 41(1): 1-8)

Li J H, Wen G H, Lu R Q, Wang Y, Zhang S M. Networked
knowledge and complex networks: An engineering view. IEEE/
CAA Journal of Automatica Sinica, 2022, 9(8): 1366—1383

Cheng L F, Yu T, Zhang X S, Yang B. Parallel cyber-physical-
social systems based smart energy robotic dispatcher and
knowledge automation: Concepts, architectures, and challenges.
IEEF Intelligent Systems, 2019, 34(2): 54-64

Li L, Lin Y L, Zheng N N, Wang F Y. Parallel learning: A per-
spective and a framework. IEEE/CAA Journal of Automatica

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

Sinica, 2017, 4(3): 389-395

Miao Q H, Lv Y S, Huang M, Wang X, Wang F Y. Parallel
learning: Overview and perspective for computational learning
across Syn2Real and Sim2Real. IEEE/CAA Journal of Auto-
matica Sinica, 2023, 10(3): 603—631

Wang F Y, Zhang J J, Zheng X H, Wang X, Yuan Y, Dai X
X, et al. Where does AlphaGo go: From Church-Turing thesis
to AlphaGo thesis and beyond. IEEE/CAA Journal of Auto-
matica Sinica, 2016, 3(2): 113—-120

Wang F Y, Zheng N N, Cao D P, Martinez C M, Li L, Liu T.
Parallel driving in CPSS: A unified approach for transport
automation and vehicle intelligence. IEEE/CAA Journal of
Automatica Sinica, 2017, 4(4): 577-587

Wang X, Li L X, Yuan Y, Ye P J, Wang F Y. ACP-based so-
cial computing and parallel intelligence: Societies 5.0 and bey-
ond. CAAI Transactions on Intelligence Technology, 2016,
1(4): 377-393

Yang Lin-Yao, Chen Si-Yuan, Wang Xiao, Zhang Jun, Wang
Cheng-Hong. Digital twins and parallel systems: State of the
art, comparisons and prospect. Acta Automatica Sinica, 2019,
45(11): 2001-2031

(BpkER, MR, £, 518, ERA. BFEEEPT RS K
JEIUIR . XFEL IR, A B2k, 2019, 45(11): 2001-2031)

Tian Yong-Lin, Shen Yu, Li Qiang, Wang Fei-Yue. Parallel
point clouds: Point clouds generation and 3D model evolution
via virtual-real interaction. Acta Automatica Sinica, 2020,
46(12): 2572-2582

(BB, TEF2, 255, £ KER. SFAT RS B HM A s L RS
YT TT. H AN AR, 2020, 46(12): 2572-2582)

Wu C J, Hamada M S. Experiments: Planning, Analysis, and
Optimization (3rd edition). New York: John Wiley & Sons,
2011.

Meng Xiang-Bing, Wang Rong, Zhang Mei, Wang Fei-Yue.
Parallel perception: An ACP-based approach to visual SLAM.
Journal of Command and Control, 2017, 3(4): 350-358
(FFEUK, E2, kM, £ RR. PAT A ACP AR TE AL 5L
SLAM HARHR . $84E 5420 274), 2017, 3(4): 350-358)

Wang Fei-Yue. Parallel control: A method for data-driven and
computational control. Acta Automatica Sinica, 2013, 39(4):
293-302

(£ RER. AT H]: B0 KBl i SR 1 5 vk B L R,
2013, 39(4): 293-302)

Yuan Yong, Wang Fei-Yue. Parallel blockchain: Concept,
methods and issues. Acta Automatica Sinica, 2017, 43(10):
1703-1712

(5, IR PATXHEE: M, TR S R, B3 baEaR,
2017, 43(10): 1703-1712)

Wang Fei-Yue, Meng Xiang-Bing, Du Si-Cong, Geng Zheng.
Parallel light field: The framework and processes. Chinese
Journal of Intelligent Science and Technology, 2021, 3(1):
110-122

(£ RER, ok, ALBEE, BAE. P76 AR SR, &
AERl S HHEAR SR, 2021, 3(1): 110-122)

Wang K, Gou C, Zheng N, Rehg J M, Wang F Y. Parallel vis-
ion for perception and understanding of complex scenes: meth-
ods, framework, and perspectives. Artificial Intelligence Re-
view, 2017, 48: 299-329

Li X, Wang K F, Tian Y L, Yan L, Deng F, Wang F Y. The
ParallelEye dataset: A large collection of virtual images for
traffic vision research. IEEE Transactions on Intelligent Trans-
portation Systems, 2019, 20(6): 20722084

Li X, Wang Y T, Yan L, Wang K F, Deng F, Wang F Y. Par-
allelEye-CS: A new dataset of synthetic images for testing the
visual intelligence of intelligent vehicles. IEEE Transactions on
Vehicular Technology, 2019, 68(10): 9619-9631

Wang Fei-Yue, Wei Qing-Lai. Intelligent control: From learn-
ing control to parallel control. Control Theory & Applications,
2018, 35(7): 939-948


https://doi.org/10.11959/j.issn.2096-6652.201908
https://doi.org/10.1109/TSMC.2021.3096235
https://doi.org/10.1109/TSMC.2021.3096235
https://doi.org/10.1109/TSMC.2021.3096235
https://doi.org/10.1109/JAS.2022.105737
https://doi.org/10.1109/JAS.2022.105737
https://doi.org/10.1109/MIS.2018.2882360
https://doi.org/10.1109/JAS.2017.7510493
https://doi.org/10.1109/JAS.2017.7510493
https://doi.org/10.1109/JAS.2023.123375
https://doi.org/10.1109/JAS.2023.123375
https://doi.org/10.1109/JAS.2023.123375
https://doi.org/10.1109/JAS.2016.7471613
https://doi.org/10.1109/JAS.2016.7471613
https://doi.org/10.1109/JAS.2016.7471613
https://doi.org/10.1109/JAS.2017.7510598
https://doi.org/10.1109/JAS.2017.7510598
https://doi.org/10.1016/j.trit.2016.11.005
https://doi.org/10.3969/j.issn.2096-0204.2017.04.0350
https://doi.org/10.1109/TITS.2018.2857566
https://doi.org/10.1109/TITS.2018.2857566
https://doi.org/10.1109/TITS.2018.2857566
https://doi.org/10.1109/TVT.2019.2936227
https://doi.org/10.1109/TVT.2019.2936227

3

L] WiEesE: PATRRE S CPSS: =R R BB S e 2

631

74

75

76

7

78

79

80

81

82

83

84

85

86

(&K, BRPOR. BakiEb]: NI BT, EH it
N, 2018, 35(7): 939-948)

Wei Q L, Wang L X, Lu J W, Wang F Y. Discrete-time self-
learning parallel control. IEEE Transactions on Systems, Man,
and Cybernetics: Systems, 2022, 52(1): 192—-204

Li L, Zheng N N, Wang F Y. On the crossroad of artificial in-
telligence: A revisit to Alan Turing and Norbert Wiener. IEEE
Transactions on Cybernetics, 2019, 49(10): 3618-3626

Wang F Y, Zheng N N, Li L, Xin J M, Wang X, Xu L H, et al.
China’s 12-year quest of autonomous vehicular intelligence:
The intelligent vehicles future challenge program. IEEE Intelli-
gent Transportation Systems Magazine, 2021, 13(2): 6-19

Laidi R, Djenouri D, Balasingham I. On predicting sensor read-
ings with sequence modeling and reinforcement learning for en-
ergy-efficient IOT applications. IEEE Transactions on Systems,
Man, and Cybernetics: Systems, 2022, 52(8): 5140-5151

Wang Ting, Xu Xiao-Quan, Tang Xiao-Ming, Huang Qing-
Qing, Li Yong-Fu. Precise clock synchronization in industrial
internet of things: Networked control perspective. Acta Auto-
matica Sinica, 2021, 47(7): 1720-1738

(CEHE, #R/ADBL, RERSS, SR, 2R KA. LIk e (RORS i)
B D AL R R W AL B B 2R, 2021, 47(7): 1720~
1738)

Lu J W, Wang X X, Cheng X, Yang J, Kwan O, Wang X.
Parallel factories for smart industrial operations: From big AI
models to field foundational models and scenarios engineering.
IEEE/CAA Journal of Automatica Sinica, 2022, 9(12):
2079-2086

Bai Tian-Xiang, Shen Zhen, Liu Ya-Ting, Dong Xi-Song. Par-
allel machine: A framework for the control and management for
intelligent machines. Chinese Journal of Intelligent Science and
Technology, 2019, 1(2): 181-191

(FRF, Veie, XUHERS, SEPGfA. AT HLES: —Fh R RENLAS A0 B
SYEHIRELL. AR SEARFR, 2019, 1(2): 181-191)

Wang Fei-Yue, Gao Yan-Chen, Shang Xiu-Qin, Zhang Jun.
Parallel manufacturing and industries 5.0: From virtual manu-
facturing to intelligent manufacturing. Science & Technology
Review, 2018, 36(21): 1022

(E R, mER, W7, K&, FATHES Tk 5.0: ARz
EFIR EEHIE. BHE TR, 2018, 36(21): 10-22)

Li S M, Wang Y T, Wang X, Wang F Y. Mechanical design
paradigm based on ACP method in parallel manufacturing. In:
Proceedings of the IEEE 1st International Conference on Digit-
al Twins and Parallel Intelligence (DTPI). Beijing, China:
1IEEE, 2021. 1-4

Pu Zhi-Qiang, Yi Jian-Qiang, Liu Zhen, Qiu Teng-Hai, Sun Jin-
Lin, Li Fei-Mo. Knowledge-based and data-driven integrating
methodologies for collective intelligence decision making: A sur-
vey. Acta Automatica Sinica, 2022, 48(3): 627-643

(HESR, R, XI4R, IS, Phak, 23R8, SRRIEGEE b
I 95 30 OB A RE TR ST VA L3R . B ka4, 2022, 48(3):
627-643)

Yang J, Wang X X, Zhao Y D. Parallel manufacturing for in-
dustrial metaverses: A new paradigm in smart manufacturing.
IEEE/CAA Journal of Automatica Sinica, 2022, 9(12):
2063-2070

Yang J, Li S M, Wang X X, Lu J W, Wu H'Y, Wang X. De-
FACT in ManuVerse for parallel manufacturing: Foundation
models and parallel workers in smart factories. IEEE Transac-
tions on Systems, Man, and Cybernetics: Systems, DOI: 10.
1109/TSMC.2022.3228817

Bai Tian-Xiang, Wang Shuai, Shen Zhen, Cao Dong-Pu, Zheng
Nan-Ning, Wang Fei-Yue. Parallel robotics and parallel un-
manned systems: Framework, structure, process, platform and
applications. Acta Automatica Sinica, 2017, 43(2): 161-175
(BRHA, E0b, iR, 8RR, AmT, £ UR FAANSEANEF
EARG: AR, SH0. SR, F 6 RIS, 6L,
2017, 43(2): 161-175)

87

88

89

90

91

92

93

94

95

96

97

98

99

Chen Long, Yuwen Xuan, Cao Dong-Pu, Li Li, Wang Fei-Yue.
Parallel unmanned system. Unmanned Systems Technology,
2018, 1(1): 23-37

(MR, F=0CHE, BARBE, 21, £ WK FATEANRG. EARS
HoR, 2018, 1(1): 23-37)

Zhang J J, Gao D W, Zhang Y C, Wang X, Zhao X Y, Duan D
L, et al. Social energy: Mining energy from the society.
IEEE/CAA Journal of Automatica Sinica, 2017, 4(3): 466—482

Huang Bo-Nan, Wang Yong, Li Yu-Shuai, Liu Xin-Rui, Yang
Chao. Multi-objective optimal scheduling of integrated energy
systems based on distributed neurodynamic optimization. Acta
Automatica Sinica, 2022, 48(7): 1718-1736

(ethivg, £5, XM, XFE, il LT omnmassmit
Meia IR 2o 2 ARG BE. B 3024k, 2022, 48(7):
1718-1736)

Tang Hao, Liu Chang, Yang Ming, Tang Bi-Qiang, Xu Dan,
Lv Kai. Learning-based optimization of active distribution sys-
tem dispatch in industrial park considering the peak operation
demand of power grid. Acta Automatica Sinica, 2021, 47(10):
2449-2463

(RS, X, W, wabag, VR, Bl 25 R8 d I 7 SR 11 L
M X BN AC R SR R 2E ST A, B Bk, 2021, 47(10):
2449-2463)

Zhang Jiang-Feng, Wang Fei-Yue, Su Ye, Chen Bo, Wang Zi-
Xiang, Sun Jian-Dong, et al. Research on power grid primary
frequency control ability parallel computing based on multi-
source data. Acta Automatica Sinica, 2022, 48(6): 1493—1503
(TRICF, ERER, R0, BRUE, VEEFH, IR, & T 2 IRE0ER
B HR X — A AT BE AT T R AT B4k R, 2022, 48(6):
1493-1503)

Liu Jin-Chang, Yang De-Sheng, Sun Fei, Wu Hong-Xia. Paral-
lel grid system framework research. Electric Power ICT, 2016,
14(8): 7-13

(R, BEEIE, P07, RAMR. PATHRME RAERBI L. BE
REBERAR, 2016, 14(8): 7-13)

Hou Jia-Chen, Dong Xi-Song, Xiong Gang, Zhang Jun, Tan
Ke. Parallel nuclear power: Intelligent technology for smart
nuclear power. Chinese Journal of Intelligent Science and Tech-
nology, 2019, 1(2): 192—201

(BEZXER, #PGRL, RENI, SRR, R FATHH: G B RN
BREHR. FHERE SRR, 2019, 1(2): 192-201)

Wang Fei-Yue, Jiang Huai-Guang. Parallel battery: The frame-
work and process for an intelligent and ecological battery sys-
tem and related services. Chinese Journal of Intelligent Science
and Technology, 2021, 3(4): 521-531

(FERER, M6, AT R FRAESRILER SRS KR
TEZLANARE. AR 5HAR SR, 2021, 3(4): 521-531)

Chen L, Hu X M, Wang G, Cao D P, Li L X, Wang F Y. Par-
allel mining operating systems: From digital twins to mining
intelligence. In: Proceedings of the IEEE 1st International Con-
ference on Digital Twins and Parallel Intelligence (DTPI).
Beijing, China: IEEE, 2021. 469-473

Yang Jian-Jian, Ge Shi-Rong, Wang Fei-Yue, Luo Wen-Jie,
Zhang Yu-Chen, Hu Xing-Tao, et al. Parallel tunneling: Intelli-
gent control and key technologies for tunneling, supporting and
anchoring based on ACP theory. Journal of China Coal Soci-
ety, 2021, 46(7): 21002111

(Paffd, SR, £RER, D0k, IKWJR, #1006, & AT
T ACP BURKI -S43 Re il B S RBEEOR . BER 224,
2021, 46(7): 2100-2111)

Kumaravel S D, Malikopoulos A A, Ayyagari R. Optimal co-
ordination of platoons of connected and automated vehicles at
signal-free intersections. IEEE Transactions on Intelligent
Vehicles, 2022, 7(2): 186-197

Wang X, Tang K, Dai X Y, Xu J T, Xi J H, Ai R, et al. Safety-
balanced driving-style aware trajectory planning in intersec-
tion scenarios with uncertain environment. IEEE Transactions
on Intelligent Vehicles, DOI: 10.1109/TIV.2023.3239903

Liu Xiao-Bo, Liu Peng, Cai Zhi-Hua, Qiao Yu-Lin, Wang Ling,


https://doi.org/10.1109/TSMC.2020.2995646
https://doi.org/10.1109/TSMC.2020.2995646
https://doi.org/10.1109/TCYB.2018.2884315
https://doi.org/10.1109/TCYB.2018.2884315
https://doi.org/10.1109/MITS.2021.3058623
https://doi.org/10.1109/MITS.2021.3058623
https://doi.org/10.1109/MITS.2021.3058623
https://doi.org/10.1109/TSMC.2021.3116141
https://doi.org/10.1109/TSMC.2021.3116141
https://doi.org/10.1109/JAS.2022.106094
https://doi.org/10.1109/JAS.2022.106097
https://doi.org/10.1109/JAS.2017.7510547
https://doi.org/10.1109/TIV.2021.3096993
https://doi.org/10.1109/TIV.2021.3096993

632

H Zlj

(8

¥ i

49 %

100

101

102

103

104

105

106

107

108

109

110

111

112

113

Wang Min. Research progress of optical remote sensing image
object detection based on deep learning. Acta Automatica Sin-
ica, 2021, 47(9): 2078-2089

(RN, RN, 322 %, TR BAR, Fw, VEBL FETIRBEE 2D
K E G AR R DO A . B 3 2Rk, 2021, 47(9):
2078-2089)

Ding Fei, Zhang Nan, Li Sheng-Bo, Bian You-Gang, Tong En,
Li Ke-Qiang. A survey of architecture and key technologies of
intelligent connected vehicle-road-cloud cooperation system.
Acta Automatica Sinica, 2022, 48(12): 2863—2885

(17K, 5k, Z=TH, AW, BR, 2 sk, B Re M4 % = i
[F R GE 280 5 R BRI S 4838 . B 3l b4k, 2022, 48(12):
2863-2885)

Gao T Z, Pan H H, Gao H J. Monocular 3D object detection
with sequential feature association and depth hint augmenta-
tion. IEEE Transactions on Intelligent Vehicles, 2022, 7(2):
240-250

Wang F Y. Toward a revolution in transportation operations:
AT for complex systems. [EEE Intelligent Systems, 2008, 23(6):
8-13

Xiong G, Zhu F H, Liu X W, Dong X S, Huang W L, Chen S
H, et al. Cyber-physical-social system in intelligent transporta-
tion. IEEE/CAA Journal of Automatica Sinica, 2015, 2(3):
320-333

Wang F Y. Scanning the issue. IEEE Transactions on Intelli-
gent Transportation Systems, 2015, 16(5): 2310-2317

Yuan Jing-Ni, Yang Lin, Tang Xiao-Feng, Chen Ao-Wen.
Autonomous vehicle motion planning based on improved RRT*
algorithm and trajectory optimization. Acta Automatica Sinica,
2022, 48(12): 2941-2950

(GEIYE, Mk, REmEUE, BRIBOC. 26T B0k RRT* 51T HELZE
IR RRIR I8 Zh M. BBl kAR, 2022, 48(12): 2941-2950)

Ding L, Terwilliger J, Sherony R, Reimer B, Fridman L. Value
of temporal dynamics information in driving scene segmenta-
tion. IEEE Transactions on Intelligent Vehicles, 2022, 7(1):
113-122

Xu Z R, Jiao X H. Robust control of connected cruise vehicle
platoon with uncertain human driving reaction time. IEEE
Transactions on Intelligent Vehicles, 2022, 7(2): 368-376

Liu Xiao-Yu, Xun Jing, Gao Shi-Gen, Yin Jia-Teng. Robust
self-triggered model predictive control for accurate stopping of
high-speed trains. Acta Automatica Sinica, 2022, 48(1):
171-181

(RIBET, H42, mR, BN, md s R i b 2 S e Bk
Tz B3R, 2022, 48(1): 171-181)

Zhou C X, Liu Y Z, Sun Q S, Lasang P. Vehicle detection and
disparity estimation using blended stereo images. IEEE Trans-
actions on Intelligent Vehicles, 2021, 6(4): 690—698

Qin Rui, Zeng Shuai, Li Juan-Juan, Yuan Yong. Parallel enter-
prises resource planning based on deep reinforcement learning.
Acta Automatica Sinica, 2017, 43(9): 1588-1596

(ZREE, W, U508, 325, FET IR IR S S (K-FAT b BT
Xl EEhLEEIR, 2017, 43(9): 1588-1596)

Lv Qing, Zhao Kui, Cao Ji-Long, Wei Jing-Feng. Research and
prediction of lung diseases based on text and images. Acta
Automatica Sinica, 2022, 48(2): 531-538

(FVHg, B2, Bk, BRI, TS0k 5 BB R o 70 5 Tt
M. BBhEEHR, 2022, 48(2): 531-538)

Fan Jia-Wei, Zhang Ru-Ru, Lu Meng, He Jia-Wen, Kang Xiao-
Yang, Chai Wen-Jun, et al. Applications of deep learning tech-
niques for diabetic retinal diagnosis. Acta Automatica Sinica,
2021, 47(5): 985-1004

(VEZAE, skintn, BEWT, fTEESE, BEE IR, 530k, 4. IRBEY: 215
IEAERE PR LB AR S W h I RLA. A B4, 2021, 47(5):
985-1004)

Wang Fei-Yue. Parallel medicine: From warmness of medicare
to medicine of smartness. Chinese Journal of Intelligent Sci-
ence and Technology, 2021, 3(1): 1-9

114

115

116

117

118

119

120

121

122

123

124

(F RER. PATEE 22 R 22 I B B e 2. B el 2 5 1
AR, 2021, 3(1): 1-9)

Wang Fei-Yue, Jin Zheng-Yu, Gou Chao, Shen Tian-Yu,
Zheng Wen-Bo, Wang Jian-Gong, et al. ACP-based parallel
medical imaging for intelligent analytics and applications.
Chinese Journal of Radiology, 2021, 55(3): 309-315

(FERER, SRS, AR, LA, MO, £, 5. T ACP
TIIE AT A BRSSO 22 2k 2021,
55(3): 309-315)

Wang Fei-Yue. Digital doctors and parallel healthcare: From
medical knowledge automation to intelligent metasystems
medicine. Medical Journal of Peking Union Medical College
Hospital, 2021, 12(6): 829-833

(FRBR. BB 5 PATER T BT SR B 2 i B R G0 g
R, PRI E, 2021, 12(6): 829-833)

Wang Yong-Jun, Wang Fei-Yue, Wang Ge, Wang Xiao, Wang
Yi-Long, Li Rui. Parallel hospitals: From hospital information
system (HIS) to hospital smart operating system (HSOS). Acta
Automatica Sinica, 2021, 47(11): 2585-2599

(EPE, £RER, £, B8, £, 5. TA7ER: AERE
REMAGHHBEREERS. @bk, 2021, 47(11):
2585-2599)

Wang Fei-Yue, Zhang Mei, Meng Xiang-Bing, Wang Rong,
Wang Xiao, Zhang Zhi-Cheng, et al. Parallel surgery: An ACP-
based approach for intelligent operations. Pattern Recognition
and Artificial Intelligence, 2017, 30(11): 961-970

(KR, Skig, &AEUK, 28, £, skERK, . PATFAR T
ACPHIR BEF AR5 7. BGR 5 5 N T8 68, 2017, 30(11):
961-970)

Wang Fei-Yue, Gou Chao, Wang Jian-Gong, Shen Tian-Yu,
Zheng Wen-Bo, Yu Hui. Parallel skin: A vision-based dermato-
logical analysis framework. Pattern Recognition and Artificial
Intelligence, 2019, 32(7): 577-588

(£ KRR, A, ERT), TLAR, K6SChE, T8 SPAT Rk BT
B R B T 43 BT AE 42 B QIR O DA AR, 2019, 32(7):
577-588)

Wang Fei-Yue, Li Chang-Gui, Guo Yuan-Yuan, Wang Jing,
Wang Xiao, Qiu Tian-Yu, et al. Parallel gout: An ACP-based
system framework for gout diagnosis and treatment. Pattern
Recognition and Artificial Intelligence, 2017, 30(12): 10571068
(E®ER, K5, Moooc, £, £, BBRF, & PAT ks &
T ACP M- FATHNIZTT RGHES. BiUiR B 5 A TR &E, 2017,
30(12): 1057-1068)

Wang Fei-Yue, Zhang Mei, Meng Xiang-Bing, Wang Yan, Ma
Jiao-Nan, Liu Wu, et al. Parallel eyes: An ACP-based smart
ophthalmic diagnosis and treatment. Pattern Recognition and
Artificial Intelligence, 2018, 31(6): 495-504

(ERER, KM, FARUK, ENE, S, xat, & PR & T
ACP WM& RER A 2T . BCIRA 5 AN T8 %, 2018, 31(6):
495-504)

Zhang Mei, Chen Ling, Wang Fei-Yue, Wang Xiao, Guo Yuan-
Yuan, Yang Tian. Parallel gastrointestine: An ACP-based ap-
proach for intelligent operations. Pattern Recognition and Arti-
ficial Intelligence, 2019, 32(12): 1061-1071

(7R tfE, R4y, £ KR, £, EJooc, B, FA7 Bz 3T ACP
B Re H W gm 2T BREUIR S N BE, 2019, 32(12):
1061-1071)

Wang F Y, Wang Y F. Parallel ecology for intelligent and
smart cyber-physical-social systems. IEEE Transactions on
Computational Social Systems, 2020, 7(6): 1318-1323

Kang Meng-Zhen, Wang Xiu-Juan, Hua Jing, Wang Hao-Yu,
Wang Fei-Yue. Parallel agriculture: Intelligent technology to-
ward smart agriculture. Chinese Journal of Intelligent Science
and Technology, 2019, 1(2): 107-117

(FRHRE, EFHMH, g, Ei5T, £UR 7R W R &SR
WA REROR. B RER A SEORER, 2019, 1(2): 107-117)

Han Hong-Gui, Zhang Lu, Lu Wei, Qiao Jun-Fei. Research on
dynamic multiobjective intelligent optimal control for municip-
al wastewater treatment process. Acta Automatica Sinica,


https://doi.org/10.1109/TIV.2022.3143954
https://doi.org/10.1109/MIS.2008.112
https://doi.org/10.1109/JAS.2015.7152667
https://doi.org/10.1109/TITS.2015.2478319
https://doi.org/10.1109/TITS.2015.2478319
https://doi.org/10.1109/TITS.2015.2478319
https://doi.org/10.1109/TIV.2021.3094836
https://doi.org/10.1109/TIV.2021.3131641
https://doi.org/10.1109/TIV.2021.3131641
https://doi.org/10.1109/TIV.2020.3049008
https://doi.org/10.1109/TIV.2020.3049008
https://doi.org/10.1109/TIV.2020.3049008
https://doi.org/10.3760/cma.j.cn112149-20200321-00214
https://doi.org/10.1109/TCSS.2020.3044129
https://doi.org/10.1109/TCSS.2020.3044129
https://doi.org/10.11959/j.issn.2096-6652.201904
https://doi.org/10.11959/j.issn.2096-6652.201904

3

L] WiEesE: PATRRE S CPSS: =R R BB S e 2

633

125

126

127

128

129

130

131

132

133

134

135

136

137

2021, 47(3): 620—629

(BRLUAE, TRBE, A, TeR 6 IS KBS R 3 2 HArs fe
MRACEERIBFFC. B30k, 2021, 47(3): 620-629)

Zhao Chun-Hui, Hu Yun-Yun, Zheng Jia-Le, Chen Jun-Hao.
Data-driven operating monitoring for coal-fired power genera-
tion equipment: The state of the art and challenge. Acta Auto-
matica Sinica, 2022, 48(11): 2611-2633

(AR, HIVENY, FOFER, WRZE 58, SR Rl ORI i S 847
T PR S B, [ 34k, 2022, 48(11): 2611—
2633)

Han Hong-Gui, Zhang Lin-Lin, Wu Xiao-Long, Qiao Jun-Fei.
Data-knowledge driven multiobjective optimal control for mu-
nicipal wastewater treatment process. Acta Automatica Sinica,
2021, 47(11): 2538-2546

(RRATHE, TRBHR, /N, FR4e 6. iR AT IR gk S 3R T T 7K ik
R 2 HARfRALIES]. B3R, 2021, 47(11): 2538-2546)

Yang Q M, Cao W W, Meng W C, Si J. Reinforcement-learn-
ing-based tracking control of waste water treatment process un-
der realistic system conditions and control performance require-
ments. IEEE Transactions on Systems, Man, and Cybernetics:
Systems, 2022, 52(8): 5284-5294

Lv Yi-Sheng, Wang Fei-Yue, Zhang Yu, Zhang Xiao-Dong.
Parallel cities: Framework, methodology, and application.
Chinese Journal of Intelligent Science and Technology, 2019,
1(3): 311-317

(BEZE, R, 5k, KRR, B HBIR AT : FEAHELE
TES RN, BEeRFE SHEARER, 2019, 1(3): 311-317)

Wang FY, Qin R, Li J J, Yuan Y, Wang X. Parallel societies:
A computing perspective of social digital twins and virtual-real
interactions. IEEE Transactions on Computational Social Sys-
tems, 2020, 7(1): 2-7

Ramanan P, Li D, Gebraeel N. Blockchain-based decentralized
replay attack detection for large-scale power systems. IEEE
Transactions on Systems, Man, and Cybernetics: Systems,
2022, 52(8): 4727-4739

Chen W, Zhang T Y, Zhu H Y, Wang X M, Wang Y H. Per-
spectives on cross-domain visual analysis of cyber-physical-so-
cial big data. Frontiers of Information Technology & Electron-
ic Engineering, 2021, 22(12): 1559-1564

Yu H, Cai H M, Liu Z Y, Xu B Y, Jiang L. H. An automated
metadata generation method for data lake of industrial WoT
applications. IEEFE Transactions on Systems, Man, and Cyber-
netics: Systems, 2022, 52(8): 5235-5248

Wang Fei-Yue, Wang Xiao, Yuan Yong, Wang Tao, Lin Yi-
Lun. Social computing and computational societies: The found-
ation and consequence of smart societies. Chinese Science Bul-
letin, 2015, 60(5—6): 460-469

(ERER, EWe, 55, £, L. it TSRS B8
o LS AR, BHEIEIR, 2015, 60(5—6): 460—469)

Shi Wei, Feng Yang-He, Cheng Guang-Quan, Huang Hong-
Lan, Huang Jin-Cai, Liu Zhong, et al. Research on multi-air-
craft cooperative air combat method based on deep reinforce-
ment learning. Acta Automatica Sinica, 2021, 47(7): 1610-1623
(i, S ihk, FOGKL, WAL, M4, MG, & TR R
M Z MU R RO R 5T, E AR, 2021, 47(7): 1610~
1623)

Wang Fei-Yue. The organizations and operations of wars in cy-
berspace: A discussion on parallel military systems. Military
Operations Research and Systems Engineering, 2012, 26(3):
5-10

(F KK, T SR A (E S S AR5 47 3 KT AT E AR
Wit EHEZEE R T, 2012, 26(3): 5-10)

Bai Tian-Xiang, Wang Shuai, Zhao Xue-Liang, Qin Ji-Rong.
Parallel weapons: Weapons towards intelligent warfare. Journ-
al of Command and Control, 2017, 3(2): 89-98

(FURHM, b, e, ZREkS8. P47 IS 1 B el 4 i il
RIS THI4R, 2017, 3(2): 89-98)

Xing Yang, Liu Zhong-Min, Liu Teng, Qin Ji-Rong, Bao Zhan,
Wang Fei-Yue. Parallel tanks: Defining a digital quadruplet for

138

139

140

141

142

143

144

145

146

147

148

149

150

smart tank systems. Journal of Command and Control, 2018,
4(2): 111-120

OWBH, XLB R, X, ZR4k25%, @H, £ EER. PATHE w8
MR L R B OHAR. $RFE S FEH R, 2018, 4(2): 111-120)

Yang Dong-Sheng, Wang Kun-Feng, Chen De-Wang, Bao
Zhan, Su Zhen-Dong, Wang Rui, et al. Parallel carrier fleets:
From digital architectures to smart formations. Journal of
Command and Control, 2018, 4(2): 101-110

(FAARTY, Edhid, PRpEE, (A, J5RAR, £4&, 5. FATmEE: A
i B2 ReATEE. FR4E S M AR, 2018, 4(2): 101-110)

Wang Fei-Yue. Intelligence 5.0: Parallel intelligence in parallel
age. Journal of the China Society for Scientific and Technical
Information, 2015, 34(6): 563—-574

(ERER. 54K 5.0: “PATRAR AT A R AR, 2015,
34(6): 563-574)

Wang Fei-Yue. Parallel philosophy and intelligent science:
From Leibniz’s Monad to Blockchain’s DAO. Pattern Recogni-
tion and Artificial Intelligence, 2020, 33(12): 1055—-1065
(ERER. FATH 2 5 E RERL 2 WA E R ) Monad X Y
2 DAO. B 5 AT RE, 2020, 33(12): 1055-1065)

Wang Fei-Yue. Parallel philosophy: Origin and goal of intelli-
gent industries and smart economics. Bulletin of Chinese
Academy of Sciences, 2021, 36(3): 308-318

(ERER. SFATE 5 e S5 BB AP AU R B s,
Bl ki T, 2021, 36(3): 308-318)

Wang Fei-Yue. From computational thinking to computation-
al culture// Academic Department of the Society, China Asso-
ciation for Science and Technology. Communications of the CFF.
Beijing: Science and Technology of China Press, 2007. 128-135
(EWER. M SRR /) ERE AR 2R
. BT OB S ARV SR T HOE BT S G A A HE R, AL
50 ERHEEROR ik, 2007, 128-135)

Wang Fei-Yue. The culture of computational society-oriented
computing quality: Computational thinking and computational
culture. Industry and Information Technology Education, 2013,
(6): 4-8

(£ KEBR. T TS AL 2 AT SRR IR TS S T R oA
TAPAME B4 HE, 2013, (6): 4-8)

Wang F Y. The DAO to federated intelligence and decentral-
ized autonomous federation of intelligent systems (DeFiS):
From cognitive intelligence to ecological smartness. Interna-
tional Journal of Intelligent Control and Systems, 2021, 1(4):
1-5

Wang F Y, Ding W W, Wang X, Garibaldi J, Teng S Y, Imre
R, et al. The DAO to DeSci: Al for free, fair, and responsibil-
ity sensitive sciences. IEEE Intelligent Systems, 2022, 37(2):
16—22

Wang S, Ouyang L W, Yuan Y, Ni X C, Han X, Wang F Y.
Blockchain-enabled smart contracts: Architecture, applications,
and future trends. IEEE Transactions on Systems, Man, and
Cybernetics: Systems, 2019, 49(11): 2266—2277

Wang F Y, Qin R, Wang X, Hu B. Metasocieties in metaverse:
Metaeconomics and metamanagement for metaenterprises and
metacities. IEEE Transactions on Computational Social Sys-
tems, 2022, 9(1): 2-7

Wang F Y. The engineering of intelligence: DAO to 1&I, C&C,
and V&V for intelligent systems. International Journal of Intel-
ligent Control and Systems, 2021, 1(3): 1-5

Wang F Y, Song R, Zhou R, Wang X, Chen L, Li L, et al.
Verification and validation of intelligent vehicles: Objectives
and efforts from China. IEEE Transactions on Intelligent
Vehicles, 2022, 7(2): 164-169

Li X, YeP J,LiJJ, LiuZ M, Cao L B, Wang F Y. From fea-
tures engineering to scenarios engineering for trustworthy Al:
1&I, C&C, and V&V. IEEE Intelligent Systems, 2022, 37(4):
18-26


https://doi.org/10.1109/TSMC.2021.3122802
https://doi.org/10.1109/TSMC.2021.3122802
https://doi.org/10.1109/TCSS.2020.2970305
https://doi.org/10.1109/TCSS.2020.2970305
https://doi.org/10.1109/TCSS.2020.2970305
https://doi.org/10.1109/TSMC.2021.3104087
https://doi.org/10.1109/TSMC.2021.3104087
https://doi.org/10.1109/TSMC.2021.3119871
https://doi.org/10.1109/TSMC.2021.3119871
https://doi.org/10.1109/TSMC.2021.3119871
https://doi.org/10.1360/N972014-01173
https://doi.org/10.1360/N972014-01173
https://doi.org/10.1360/N972014-01173
https://doi.org/10.3969/j.issn.1672-8211.2012.03.002
https://doi.org/10.3969/j.issn.1672-8211.2012.03.002
https://doi.org/10.1109/MIS.2022.3167070
https://doi.org/10.1109/TSMC.2019.2895123
https://doi.org/10.1109/TSMC.2019.2895123
https://doi.org/10.1109/TCSS.2022.3145165
https://doi.org/10.1109/TCSS.2022.3145165
https://doi.org/10.1109/TCSS.2022.3145165
https://doi.org/10.1109/TIV.2022.3179104
https://doi.org/10.1109/TIV.2022.3179104
https://doi.org/10.1109/MIS.2022.3197950

634 H 3

g
¥

Eitd 49 %

B & PEBEER A ST R
7% FA G0 B ) R o ST
EHETTA. 2020 FFERAFALRL TR
Qm%%i%uAI%ﬁnﬁﬁ%¥
i, thalig, NTHEEME=
%‘%Iﬁﬁu/vﬁ.
E-mail: yangjing2020@ia.ac.cn
(YANG Jing Ph.D. candidate at the State Key
Laboratory for Management and Control of Complex

Systems, Institute of Automation, Chinese Academy of
Sciences. She received her bachelor degree in automa-
tion from Beijing University of Chemical Technology
in 2020. Her research interest covers parallel manufac-
turing, social manufacturing, artificial intelligence, and
cyber-physical-social systems.)

‘ F OB ZRRFANLERYRA
; 2. 2011 £F3RAGREH TRE M 2% T
T2 240, 2016 AF3R 1S H BB B
KA 0. EERRS
[ Ak 2 W28 0 M, A 2Cil, B
RESRAVIE A LA
E-mail: xiao.wang@ahu.edu.cn
(WANG Xiao Professor at the School of Artificial In-
telligence, Anhui University. She received her bachelor

degree in network engineering from Dalian University
of Technology in 2011, and the Ph.D. degree in social
computing from the University of Chinese Academy of
Sciences in 2016. Her research interest covers social
network analysis, social transportation, cybermove-
ment organizations, and multiagent modeling.)

ErME P EFREER A ST TR
Ik ARG SR X AR = B
PROFIE . 2021 FFIRAG A E AL B K
S B R S 1 ) AR R A
Ao, EEBFTT FOTH RN, &
15 S R
| E-mail: yutong.wang@ia.ac.cn

(WANG Yu-Tong Assistant professor at the State
Key Laboratory for Management and Control of Com-

plex Systems, Institute of Automation, Chinese
Academy of Sciences. She received her Ph.D. degree in
control theory and control engineering from Uni-

versity of Chinese Academy of Sciences in 2021. Her
research interest covers computer vision and image an-
omaly detection.)

XUBER  ALT5 BRI BARAT T
FEFL I 2020 R 3R A ERE B K
EHRAE TRE 20 EE
77 T AR RE R GRS NI ER I B8 iE
FNIE, JUH 2 B AR BRI A
E-mail: Liuzhongminafi@163.com

: (LIU Zhong-Min Senior researcher
at North Automatic Control Technology Institute. He
received his Ph.D. degree in management science and
engineering from University of Chinese Academy of
Sciences in 2020. His research interest covers training,
validating, and certificating of intelligent systems and
personals, especially for heavy duty smart machineries
and operations.)

N EERA R E ST R
Ik ARG PR SR [ X SR
. e FEREFTT IR A 2 R

, SRAL S SRR REAC L

E-mail: lixiaoshuang2017@ia.ac.cn

‘ V4 (LI Xiao-Shuang Ph.D. at the

' State Key Laboratory for Manage-
ment and Control of Complex Systems, Institute of
Automation, Chinese Academy of Sciences. His re-
search interest covers imitation learning, deep rein-
forcement learning, and intelligent interaction.)

EHRER P EEEAR A ST TR
IR R GUE P S ) B X AU S
FO. FEB AT R RG, B
IRARGUERE, BT SR A SGEE
e

E-mail: feiyue.wang@ia.ac.cn

s g (WANG Fei-Yue Professor at the
State Key Laboratory for Management and Control of
Complex Systems, Institue of Automation, Chinese
Academy of Sciences. His research interest covers mod-
eling, analysis, and control of intelligent systems and
complex systems. Corresponding author of this paper.)



	1 国内早期进展
	2 关键元素与基本框架
	3 操作与流程
	3.1 人工系统的构建
	3.2 平行智能系统中的计算实验
	3.3 基于平行执行的闭环优化
	3.4 相关技术

	4 应用
	4.1 平行控制与智能控制
	4.2 平行机器人与平行制造
	4.3 平行管理与智能交通
	4.4 平行医学与智慧健康
	4.5 平行生态与平行社会
	4.6 平行经济系统与社会计算
	4.7 平行军事系统
	4.8 平行认知与平行哲学

	5 未来展望
	6 结语
	致谢
	参考文献

