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P o STAT AL P AT B g R 2 451, i 0o £
WHERIE . A BB SFRARREAT R, I
SEH E BT AN F B BEIRAR A X A AT R
AR FISEI, AR B RE S8 B3N 5P AT PAT e st Al
RABAT .
233 PATHIE

244 il & M T e o5 25 7 5 5K B 78 2 FEAL AT
AL B A S M TR R M S B A RS
DAERASE RN A 7= Ja) A e DA A2 PR A8 4 (1) T 3%
RBE S MR o 14T ) T X 2% 7 ) ) KR AR

W, FIHFRESMEEAR, i, $EHCE 7 7 R
HATEAS, R AESEEAR, TR A GERIHL
BRERES PR, I E S SR A et
fEd. fEAERY, MEERHIE RS, R
i SIS 18] (1 A8 BRI, Se i AE = k. T2
TR SRR 0 R A s AR 3
HCHR[33,67,741F8 H, 45A T KR DAOs.
X PSR, ARMIHIE T KRBT Pl
NBURBESEN, 5880 LT-4s 50 10 i 7155 sh Al ik 7157
. BRARBLHETEAANE HMEL RN T
fE, AT SEBUX AR ZEIE S B AR A il i b2 S
BLT 5.0 MEER Sy, FATHLERT. P EAR
gil"O1 SPATREIRD, SPAT X BBl T IR 5N
JIv M HEEA TN TR, BRe.
24 AT )3 Y SE IR R A R A ) (S8

234 FATRGE

A48 3 F5 48 10 W S0 X 28 0 2 1 50 3R
B RGOMERRNT. B PR 2 MR ARSI . XTIk,
o E R B B ST T RTR A T 26T ACP 1IFAT
ZZ38F & DeCAST!), 44% TransWorld. PRECOM.
RoadScope SEDJREMEER, 1@IdSEhR RGAIN M A
TREZIMMNZE, SMESH ERECRIAT
WAL, XA @ RN E A T 8
L7 B, @ TAT AT SR 7 N 52 B &
4t, 51 FEPRRGMEH S .

0 SR [ A FE — TR AR 52 3 5 i 82 i 11
FHGE, 0 TR 3 M AR
LA LR B B AT TR (EERZRN L@
355 F 0 AT R T S DA B R R B R R R B
BRI . BT AT RGN T4 T
OV A7 TR TR O B s, DU R A AR
5 ISR B RUAR 2 B, AT PR R A 2 i
A, TR R IR ET B IR AR T 22



“128 - R S HA R

5%

B eI, STAT 25 s AR A R S A AR
WG 3 KRR, i N LA IE IR
HRERL, BB AHRAL, JHE B W ash 5]
TR A A R AR
235 AT F

VERE R A BE R AR AR, B AiE A
NTHRE. TR ER RIS, DIONE T 2E
A% “AEAE” A “ARE” ShIEE] “HE 7. “FAT
P 2 Syl P72 5 B UL ) bR AR B
R “Z 1T (TR “IHIT (FEHAD” f
CHIT CEREEHAD” SFIFRIEME T DR
AT R, RREIEAE . 5 BB 5
AT A, TN S =R SPATIE2
AR R AR AR, 4 AT YE . TAT AR AT
TS, BT ACP J7iESE AT S I A FAT AT,
SRV RIS ATEERIAT ), PR EaE, BR
RREAS, 51450 N 3 JEL A AR St £ 7 1 R S 1.5 1)
AT A RS AP A 2

3 TFESHTRGEHEXANSEKA

TC T AN AT AR GUARRE {5 B B [0
SEH, HCRA B Ry e B R A A A], X B St S
BEAT @A, (EASCURIBLSE e — H K, DI AR A
FERESRAH. BT d 5T RSt Aa N EK X
Tl 70T Y B R A0 A T R A 2 N S KR AR
B, AEIXASASA] A AATT AT DAk e A g PR 1, S
JT AR LI 11 AT 2R G U 9T B0 T R 0 2 [ X B
ettt F S . AL E T R GEAT AL, N
AR ISt S B2 2% R G i) B S 42 e R .
BAERIERE . 0 EAR, AT E S PN S
J7 AT AEAN ] o

(D TTFEHAPAT RGEREIEAFE .. TTFHK
PRT RS BRI I 75 B i 5| A
F RIS IR B, o
FHE b ETE S EAAIEA S, B PGC, Fit
FRBRIIARE, R IE N OB 705 1
i — K% o HAET, Bi% ChatGPT &5 AU AL 15
R, N TR BEIEN A ROv R, HBR s
TETHH R IR L B . AT RGURIR TR
W, ZPIERGUE KRR, A2 dRk A TR A 3K
ENHRSER . T B PATRAEEREV R
KA TR G, RAG AL, A
21 A, AT RGHER SR RE R R, I H R

3, RN E T @ LIS AR . AEAN T RS
BEATSRB FION L d i AN T 2R G B B S A B ) s st
BEAT SR 3 AN . HETHAT ARG CL) Z N T
ZAT AN

(2) FEFHAHAT RGNZLEBEAR. LT
9% A RE AU AR E O, (RN SO R 4L At S g
g 2e Nt RYTGR AMIF RS . T0F 8 4h e 1 XHIE S
IR BE AT BL R AT IR IS tH: F7 3 LA iy
WHER IAE R oy It B AL 7 n] A
WHRERI TR dh o AT RGBSt AR
2% A G0N B2 R R, A AR LLEL S 2R 4 D i
—H1, FIHATLRG LI I RGN 54E
RO, A B SESER AT AT AT LU B O R 4t
AT AT 5]

(3) FTFHAFAT RGBT E GAR. TTF
v E RS A28 N R KA, DRI e 7 1 IR
KB TR T RIS i . ABLAE
HAFRE N RTUR KA EAR o 110747 R G0 58 1A
JIE 4002 R X e DR s 522 ) L) 35 B, DAL P AT
GUIBTFURE 2 SR TR R RGN EAR . J2 | s
RIPPAl S LS I HERE S5 T T . “ RESEACH.” fE
TG T T BRI R A AN S B K 2 [A] i)
AEH., HEIAET AR ASREAT s, i
AT RS, W L ZARBUE B R SIS R 4
I IAEE,,  HEAh 28 St A2 B o I St 5 0
MRAE, MRS R S P IAT KR SR SO
B 2 G i ) AV BB AT 5%

(4) JUF 5 ATAT R GEAE DL S8 o K B 37 5
AFE. BRHBOK, o5 X 8 A W A
TRLNGE . AR BT IR BE LT
HAREARWAED, HATHH Foo el o
FHIPAFNH . BRU, XN 2R
N, Rm AR 17 R G E N H
TrmEE., BTk, BexE. gERks
BT A A, X AU N AR R B S
R 2 TREAAL & R, DAy SE bR R 48 0 A7
BOR S ORBEH P B e (et i e Rk O 3 2
ERZE

4 REERE

WAL IR, N AR ANLAS B4
BRIKE, JuF I —RICE RS (S8 Mk
YIS, CBETEA AR B AR AR



1M

HRMRSE: TTFH 5 TAT RS RBIUR. WH RS <129 -

Ry TN A RIRIRFSRATA N T 2
o Je3dism iR LD RS T2, AR5 4
2 7B S EE B AR S, BIMRAER

ANE LS AE B2 B AL, R ST AT A
R T NSRIBUEMER T, AT RSt A B A
B TRE S AR ME AN & S R ) SR B R U 152 1)
AL, PR T DAY EE B RGN T E L, L
ACP R ITERIAIMA 28, HNSERR IR A,
W N T ARG @A A8, MRS S sl s
FRAEL B JE A I AT AT 55 R 558 L A S ) 7t
R RIS AT RS . TN 5
TN ARG TT S, oo T il S R SRl &
ARG TR BERE S RARE R,

B K-

[1] STEPHENSON N. Snow crash[M]. New York: Bantam Books, 1992.

[2] WIENER N. Cybernetics: or control and communication in the animal
and the machine[M]. New York: John Wiley & Sons, 1948.

[3] GIBSON W. Burning chrome[J]. Omni, 1982, 4(10): 72-83.

[4] GIBSON W. Neuromancer[M]. New York: Ace Science Fiction Books,
1984.

[5] FCSMT- Il PLESUEIE: BRMEHHE G M) b, 0w,
FRER, B ARG BT B R, 2017,

THOMAS R. Rise of the machines: the lost history of cybernetics[M].
Translated by WANG X, ZHENG X H, WANG F Y. Beijing: China
Machine Press, 2017.

[6] GELERNTER D. Mirror worlds: or the day software puts the universe
in a shoebox...how it will happen and what it will mean[M]. New
York: Oxford University Press, 1991.

[71 MYSTAKIDIS S. Metaverse[J]. Encyclopedia, 2022, 2(1): 486-497.

[8] LEE L H, BRAUD T, ZHOU P, et al. All one needs to know about
metaverse: a complete survey on technological singularity, virtual
ecosystem, and research agenda[J]. arXiv preprint, 2021, arXiv:
2110.05352.

[9] Frebh. JoFEd IR, PR R ED]. AT EE, 2022, 9(5): 1-11.
CHEN Z. Metaverse: status, challenges and development[J]. AI-View,
2022, 9(5): 1-11.

[10] #Uik, FHEE, BME. oFd PRI LTEREASNAD]). &
Bl SHARZAR, 2022, 4(3): 324-334.

WU Q, JI X T, LYU L Y. Artificial intelligence technologies and ap-
plications in the metaverse[J]. Chinese Journal of Intelligent Science
and Technology, 2022, 4(3): 324-334.

[11] WANG X, YANG J, HAN J P, et al. Metaverses and DeMetaverses:
from digital twins in CPS to parallel intelligence in CPSS[J]. IEEE In-
telligent Systems, 2022, 37(4): 97-102.

[12] WANG F Y. Parallel intelligence in metaverses: welcome to Hanoi![J].
IEEE Intelligent Systems, 2022, 37(1): 16-20.

[13] WANG F Y. The emergence of intelligent enterprises: from CPS to
CPSS[J]. IEEE Intelligent Systems, 2010, 25(4): 85-88.

[14] E KR FTFRGNESER RGN EEMEH[I]. 25 5058,
2004, 19(5): 485-489, 514.

WANG F Y. Parallel system methods for management and control of
complex systems[J]. Control and Decision, 2004, 19(5): 485-489, 514.

[15] WANG F Y, HE F B. Large amplitude vibrations of rectangular plates
with random geometric imperfections[C]//Proceedings of International
Conference on Vibration Problems in Engineerings. [S.l.:s.n.], 1986:
385-390.

[16] WANG F Y. Monte Carlo analysis of nonlinear vibration of rectangular
plates with random geometric imperfections[J]. International Journal
of Solids and Structures, 1990, 26(1): 99-109.

[17] WANG F Y. Shadow systems: a new concept for nested and embedded
co-simulation for intelligent systems[J]. Tucson, Arizona State, 1994.

[18] SARITAS M T, TOPRAKLIKOGLU K. Systematic literature review
on the use of metaverse in education[J]. International Journal of Tech-
nology in Education, 2022, 5(4): 586-607.

(191 JAg&, Eilgs, Fv, & ERSTFHIT SR BRI,
2022, 42(12): 13.

ZHOU X, WANG HY, KE P, et al. Review of meta universe reserch at
home and abroad[J]. Journal of Modern Information, 2022, 42(12): 13.

[20] DIONISIO J D N, GILBERT R. 3D virtual worlds and the metaverse:
current status and future possibilities[J]. ACM Computing Surveys,
2013, 45(3): 1-38.

[21] KELLER J, SIMON G. Toward a peer-to-peer shared virtual reali-
ty[C]//Proceedings of 22nd International Conference on Distributed
Computing Systems Workshops. Piscataway: IEEE Press, 2002:
695-700.

[22] GOODFELLOW I, POUGET-ABADIE J, MIRZA M, et al. Genera-
tive adversarial networks[J]. Communications of the ACM, 2020,
63(11): 139-144.

[23] RAMESH A, DHARIWAL P, NICHOL A, et al. Hierarchical
text-conditional image generation with clip latents[J]. arXiv preprint,
2022, arXiv: 2204.06125.

[24] ROMBACH R, BLATTMANN A, LORENZ D, et al. High-resolution
image synthesis with latent diffusion models[C]//Proceedings of 2022
IEEE/CVF Conference on Computer Vision and Pattern Recognition.
Piscataway: IEEE Press, 2022: 10674-10685.

[25] KYE B, HAN N, KIM E, et al. Educational applications of metaverse:
possibilities and limitations[J]. Journal of Educational Evaluation for
Health Professions, 2021, 18.

[26] SINGH J, MALHOTRA M, SHARMA N. Metaverse in education: an
overview[J]. Applying Metalytics to Measure Customer Experience in
the Metaverse, 2022: 135-142.

[27] HWANG G J, CHIEN S Y. Definition, roles, and potential research
issues of the metaverse in education: an artificial intelligence perspec-
tive[J]. Computers and Education: Artificial Intelligence, 2022, 3.

[28] YANG D, ZHOU J, CHEN R, et al. Expert consensus on the meta-
verse in medicine[J]. Clinical eHealth, 2022, 5: 1-9.

[29] SUN M, XIE L, LIU Y, et al. The metaverse in current digital medi-
cine[J]. Clinical eHealth, 2022.

[30] YANG D, ZHOU J, SONG Y, et al. Metaverse in medicine[J]. Clinical
eHealth, 2022, 5: 39-43.

[31] ALLAM Z, SHARIFI A, BIBRI S E, et al. The metaverse as a virtual
form of smart cities: opportunities and challenges for environmental,
economic, and social sustainability in urban futures[J]. Smart Cities,
2022, 5(3): 771-801.

[32] WANG Y T, TIAN Y L, WANG J G, et al. Integrated inspection of



© 130 ¢

BRERL 2 S HOR AR

5%

[33]

QoM, QoP, and QoS for AOI industries in metaverses[J]. [IEEE/CAA
Journal of Automatica Sinica, 2022, 9(12): 2071-2078.

YANG J, WANG X X, ZHAO Y D. Parallel manufacturing for indus-
trial metaverses:
IEEE/CAA Journal of Automatica Sinica, 2022, 9(12): 2063-2070.

a new paradigm in smart manufacturing[J].

[34] WANG F Y. The DAO to MetaControl for MetaSystems in metaverses:

[33]

the system of parallel control systems for knowledge automation and
control intelligence in CPSS[J]. IEEE/CAA Journal of Automatica Si-
nica, 2022, 9(11): 1899-1908.

A, BEMR, T E, & T EIEM]. bt AR,
2021.

XING J, ZHAO G D, XU Y Z, et al. Metaverse pass[M]. Beijing:
China Translation Publishing House, 2021.

[36] WANG F Y, ZHANG J J, ZHENG X H, et al. Where does AlphaGo go:

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

from church-Turing thesis to AlphaGo thesis and beyond[J].
IEEE/CAA Journal of Automatica Sinica, 2016, 3(2): 113-120.
VAN DIS E A M, BOLLEN J, ZUIDEMA W, et al. ChatGPT: five
priorities for research[J]. Nature, 2023, 614(7947): 224-226.
BUBECK S, CHANDRASEKARAN V, ELDAN R, et al. Sparks of
artificial general intelligence: early experiments with GPT-4[J]. arXiv
preprint, 2023, arXiv: 2303.12712.
KM, Frifd, F@Th, 2. W5 Transformer 7T B S5 ) A
PUR K FRED]. B3E AR, 2022, 48(4): 957-979.
TIAN Y L, WANG Y T, WANG J G, et al. Key problems and progress
of vision transformers: the state of the art and prospects[J]. Acta Au-
tomatica Sinica, 2022, 48(4): 957-979.
FRER AL S RS, T RS KTERMEESRTRS
THRBTFITIR[]. RARG S SRR, 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, WANG X, LI L X, et al. Steps toward parallel intelli-
gence[J]. IEEE/CAA Journal of Automatica Sinica, 2016, 3(4):
345-348.
WMREE, BRIBIE, ERE, & BrREA 5T RS KEIVR. ATt
J B[N, EBMbaEIR, 2019, 45(11): 2001-2031.
YANG L Y, CHEN S Y, WANG X, et al. Digital twins and parallel
systems: state of the art, comparisons and prospect[J]. Acta Automati-
ca Sinica, 2019, 45(11): 2001-2031.
FRER. B AEE R RS R Rl ) S 5
K [)]. E Bk 2E3R, 2021, 47(10): 2301-2320.
WANG F Y. Intelligent control in 50 years: from K. S. FU’s vision to G. N.
SARIDIS’ inspiration[J]. Acta Automatica Sinica, 2021, 47(10):
2301-2320.
ERER. A AlphaGo FITATEAE: JAR 5 RE[T]. B, 2016,
34(7): 72-74.
WANG F Y. From AlphaGo to parallel intelligence: insights and pros-
pects[J]. Science & Technology Review, 2016, 34(7): 72-74.
ERER. BT SPATEST . IWEST AR BB R G R REE
2E[J]. PhRIEE 2446, 2021, 12(6): 829-833.
WANG F Y. Digital doctors and parallel healthcare: from medical
knowledge automation to intelligent metasystems medicine[J]. Medi-
cal Journal of Peking Union Medical College Hospital, 2021, 12(6):
829-833.

[46]

[47]

(48]

[49]

[50]

[51] 4

[52]

[53]

[54]

[53]

[56]

[57]

[58]

WANG F Y, DING W W, QIN R, et al. Parallel philosophy for Me-
taOrganizations with MetaOperations: from Leibniz’s monad to Ha-
noiDAO[J]. IEEE Transactions on Computational Social Systems,
2022, 9(3): 658-666.

HRE, RTE, MERE, & BT AMIRELM D]
SRR, 2017, 3(1): 48-56.

GECL,ZHU Y C, DI Y Q, et al. Theoretical framework for equip-
ment parallel simulation[J]. Journal of Command and Control, 2017,
3(1): 48-56.

FRER. AR BT B AR ] SEEAEIR]. 1982.

WANG F Y. Reliability criteria for accumulated fatigue failure dam-
age[R]. 1982.

FRER. VRIS 57 SR B SR )], TR )22, 1982.
WANG F Y. The vision of fatigue experiments by computer simula-
tion[J]. Fracture Mechanics, 1982.

ERER, EFE, WIRRL RAER SUERTE R T R[]
LR 2222 4R (B AR 2R, 1988, 22(3).

WANG F Y, WANG J M, XIE Y Q. An application of good lattice
points in least square method[J]. Journal of Zhejiang University (Nat-
ural Science), 1988, 22(3).

NE, TR, SR, & 5T ACP RN T HUESSIE AT R
SRR, OBZEH ARG TEEER, 2010, 10(6): 22-28.
NING B, WANG F Y, DONG H R, et al. Parallel systems for urban
rail transportation based on ACP approach[J]. Journal of Transporta-
tion Systems Engineering and Information Technology, 2010, 10(6):
22-28.

TORER. WM S MRS A R EGTEh: KT PATERHARN
Wit[)]. £FiZEE KRG TIE, 2012, 26(3): 5-10.

WANG F Y. Organization and action of war in cyberspace: discussion
on parallel military system[J]. Journal of Military Operations Research
and Systems Engineering, 2012, 26(3): 5-10.

FRER. CPATIE S BOR IR BT R ED]. B A E IR,
2013, 39(4): 293-302.

WANG F Y. Parallel control: a method for data-driven and computa-
tional control[J]. Acta Automatica Sinica, 2013, 39(4): 293-302.
ERER. 1R 5.0: PATRACKFAT I IRE R[], HRER, 2015,
34(6): 563-574.

WANG F Y. Intelligence 5.0: parallel intelligence in parallel age[J].
Journal of the China Society for Scientific and Technical Information,
2015, 34(6): 563-574.

Siiti, SE, MEM, & TATRERS: MR E e
KRG ARG AR, 2019, 31(8): 59-65, 85.

MA S Q, CHONG Z Q, HE F L, et al. Parallel energy systems: a game
method for composite social-technical systems[J]. Proceedings of the
CSU-EPSA, 2019, 31(8): 59-65, 85.

LIL, LINY L, ZHENG N N, et al. Parallel learning: a perspective and
a framework[J]. IEEE/CAA Journal of Automatica Sinica, 2017, 4(3):
389-395.

R, BRI CPATXUEE: M. TRAS NIRRT B3
%, 2017, 43(10): 1703-1712.

YUAN Y, WANG F Y. Parallel blockchain: concept, methods and is-
sues[J]. Acta Automatica Sinica, 2017, 43(10): 1703-1712.

ERER, mER, WHT, & CFTRES T 5.00 AEMHIGES)
HREHIE]. B SR, 2018, 36(21): 10-22.

WANG F Y, GAO Y C, SHANG X Q, et al. Parallel manufacturing



1M

HRMRSE: TTFH 5 TAT RS RBIUR. WH RS

* 131

[59]

[60]

(61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(71]

and industries 5.0: from virtual manufacturing to intelligent manufac-
turing[J]. Science & Technology Review, 2018, 36(21): 10-22.

EAEK, R, Tk, S5 TATEGN: ACP BHRERLSE SLAM $R
PRI, fE4E 53 H 4R, 2017, 3(4): 350-358.

MENG X B, WANG R, ZHANG M, et al. Parallel perception: an
ACP-based approach to visual SLAM[J]. Journal of Command and
Control, 2017, 3(4): 350-358.

ERER, TR, EAEK, & CPTTER BT ACP R BET AU
D] BN 5 N T3 EE, 2017, 30(11): 961-970.

WANG F Y, ZHANG M, MENG X B, et al. Parallel surgery: an
ACP-based approach for intelligent operations[J]. Pattern Recognition
and Artificial Intelligence, 2017, 30(11): 961-970.

FRER, I, BIRGL, . TATNSZ S AL —FioE#t
HIPIZE BRG], T EEL: (5 EREE, 2017, 47(7): 811-831.

WANG F Y, YANG L Q, HU X Y, et al. Parallel networks and network
softwarization: a novel network architecture[J]. Scientia Sinica (In-
formationis), 2017, 47(7): 811-831.

LI L, WANG X, WANG K F, et al. Parallel testing of vehicle intelli-
gence via virtual-real interaction[J]. Science Robotics, 2019, 4(28).
FRER. CPATE L BAMERWRMESHESHEESHZ
DAO[J]. H3EIkE4R, 2022, 48(11): 2655-2669.

WANG F Y. Parallel management: The DAO to smart ecological
technology for complexity management intelligence[J]. Acta Automa-
tica Sinica, 2022, 48(11): 2655-2669.

LU J W, WANG X X, CHENG X, et al. Parallel factories for smart
industrial operations: from big Al models to field foundational models
and scenarios engineering[J]. IEEE/CAA Journal of Automatica Sinica,
2022, 9(12): 2079-2086.

SHEN Y, LIU Y H, TIAN Y L, et al. Parallel sensing in metaverses:
virtual-real interactive smart systems for “6S” sensing[J]. IEEE/CAA
Journal of Automatica Sinica, 2022, 9(12): 2047-2054.

WANG X X, CHENG X, LU J W, et al. Metaverses-based parallel oil
fields in CPSS: a framework and methodology[J]. IEEE Transactions
on Systems, Man, and Cybernetics: Systems, 2022, 53(4): 2138-2147.
YANG J, LT S M, WANG X X, et al. DeFACT in ManuVerse for pa-
rallel manufacturing: foundation models and parallel workers in smart
factories[J]. IEEE Transactions on Systems, Man, and Cybernetics:
Systems, 2022, 53(4): 2188-2199.

WANG J G, WANG X, TIAN Y L, et al. Parallel training: an
ACP-based training framework for iterative learning in uncertain
driving spaces[J]. IEEE Transactions on Intelligent Vehicles, accepted.
Wik, EWe, LW, & PATEEES CPSS: = HELRIIIHS
R[], HBMEER, 2023, 49(3): 614-634.

YANG J, WANG X, WANG Y T, et al. Parallel intelligence and CPSS
in 30 years: an ACP approach[J]. Acta Automatica Sinica, 2023, 49(3):
614-634.

A, B, BUVER, & TR MR (DTN): M. G40 Koksd
R[] HBMEER, 2021, 47(3): 569-582.

SUN T, ZHOU C, DUAN X D, et al. Digital twin network(DTN):
concepts, architecture, and key technologies[J]. Acta Automatica Sini-
ca, 2021, 47(3): 569-582.

ERER, BN, BN, 5. T OTAT RGUEIG HTAT R S B[]
TR SEEhl 4R, 2016, 2(1): 71-77.

WANG F Y, YANG J, HAN S S, et al. The framework of parallel net-

work based on the parallel system theory[J]. Journal of Command and

(721

(73]

[74]

[75]

[76]

[77

[78]

[79]

[80]

[81]

[82]

[83]

[84]

Control, 2016, 2(1): 71-77.

WANG F Y, YANG L Q, CHENG X, et al. Network softwarization and
parallel networks: beyond software-defined networks[J]. IEEE Net-
work, 2016, 30(4): 60-65.

ZE, GO, ZIEIE, 55 BT HERAE ST RTAT ol BRI
H LR, 2017, 43(9): 1588-1596.

QIN R, ZENG S, LI ] J, et al. Parallel enterprises resource planning
based on deep reinforcement learning[J]. Acta Automatica Sinica,
2017, 43(9): 1588-1596.

WANG F Y, YANG J, WANG X X, et al. Chat with ChatGPT on in-
dustry 5.0: learning and decision-making for intelligent industries[J].
IEEE/CAA Journal of Automatica Sinica, 2023, 10(4): 831-834.
FRF, TLRE, xUffehs, &5 “PATHLES: — R RedLas s il 5%
HIMEZE[I]. B ReRt - HHEAR 4R, 2019, 1(2): 181-191.

BAI T X, SHEN Z, LIU Y T, et al. Parallel machine: a framework for
the control and management for intelligent machines[J]. Journal of In-
telligent Science and Technology, 2019, 1(2): 181-191.

FORF, EI, R, & PATILSAS AT ARG 2. 45
M AR T RN BBk, 2017, 43(2): 161-175.
BAI T X, WANG S, SHEN Z, et al. Parallel robotics and parallel un-
manned systems: framework, structure, process, platform and applica-
tions[J]. Acta Automatica Sinica, 2017, 43(2): 161-175.

XSHFS, TR, MR, 25 ATk 4.0 FIREIR 5.0 R RERER RSN
B IR IR RHERLT). B3R, 2015, 41(12): 2003-2016.
DENG J L, WANG F Y, CHEN Y B, et al. From industries 4.0 to
energy 5.0: concept and framework of intelligent energy systems[J].
Acta Automatica Sinica, 2015, 41(12): 2003-2016.

ZHAO C,LV Y S, JIN J C, et al. DeCAST in TransVerse for parallel intelli-
gent transportation systems and smart cities: three decades and beyond[J].
IEEE Intelligent Transportation Systems Magazine, 2022, 14(6): 6-17.
WANG K F, GOU C, ZHENG N N, et al. Parallel vision for perception
and understanding of complex scenes: methods, framework, and pers-
pectives[J]. Artificial Intelligence Review, 2017, 48(3): 299-329.

LIU Y H, SHEN Y, FAN L L, et al. Parallel radars: from digital twins
to digital intelligence for smart radar systems[J]. Sensors (Basel,
Switzerland), 2022, 22(24): 9930.

WANG F Y, ZHENG N N, CAO D P, et al. Parallel driving in CPSS: a
unified approach for transport automation and vehicle intelligence[J].
IEEE/CAA Journal of Automatica Sinica, 2017, 4(4): 577-587.
ERER CTATH Y BT S EE T AN &I H D).
RE2EBERE T, 2021, 36(3): 308-318.

WANG F Y. Parallel philosophy: origin and goal of intelligent indus-
tries and smart economics[J]. Bulletin of Chinese Academy of
Sciences, 2021, 36(3): 308-318.

TR, PATHESE R AT SR B S iR R
HRARIERR]. B RERLE S EORFR, 2021, 3(3): 245-255.

WANG F Y. Parallel philosophy and intelligent technology: dual
equations and testing systems for parallel industries and smart so-
cieties[J]. Journal of Intelligent Science and Technology, 2021, 3(3):
245-255.

FORER, EHSE, BRET, S BORAES: MIPBSREEE BB Re].
HRERHE SRR YR, 2020, 2(4): 305-313.

WANG F Y, WANG Y F, CHEN Y Z, et al. Federal ecology: from fed-
eral data to federal intelligence[J]. Journal of Intelligent Science and
Technology, 2020, 2(4): 305-313.



© 132

HEE BT

Bk (1994 O , 5, FEEERED)
STt G, FEM R RO E sh
o, 2RSSR, BN

BR3E3C (2000- ) » o, PEBHEERE S
BT FERI B AR G B 55 42 il [ 5 B s
Krsmits, BTN A
I H .

e (1998- ) , %, FEEEEESML
BTt 2 A8 N TR BE R4 [E i Sl
EE A, FEGIA T WOATATHIE . 4L
2t . N LAY E R A%,

IR (1994- ) , &, it pER
Wt E Sh A F7E T R 2% R g PR s ) [l 5K
HRSRI BB, B EE T A
TP RS A .

EBE (1988- ) , &, Hid, ZEKFEA
TR IR, &SR Lt 7B b
£, BT RN N AT 43S
N Sy R AV I E A Ny

BEE (1979 ) , B, FEBFEBRKE
AT BB R 2%, BRI
BERG. TATRRE. Hlasse %,

EFFK (1993- ) , F, L, FPEFKE
TrEARE P2, AT, FEH
T MRNECT 2 BEER M A sh B0,

EFXEK (1961- O , F, FEBEEAD
AHIF TR AT 52 A 2 07 B 4 o 1) 5 o
WE AL, FEFRI NPT RAENTT
RSN AL PR, MiRE
Mtk




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF005B57FA4E8E201C004300540050201D005D0020005B57FA4E8E201C004300540050201D005D0020005B57FA4E8E201C004300540050201D005D00204F7F75288FD94E9B8BBE5B9A521B5EFA7684002000410064006F006200650020005000440046002065876863900275284E8E55464E1A65876863768467E5770B548C62535370300260A853EF4EE54F7F75280020004100630072006F0062006100740020548C002000410064006F00620065002000520065006100640065007200200036002E003000204EE553CA66F49AD87248672C676562535F00521B5EFA768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /WorkingCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 400
        /LineArtTextResolution 1200
        /PresetName <FEFF005B9AD852068FA87387005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


