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New Decomposition Method for Cyber-Physical Systems Based on Interpreted Petri Nets

CHEN Yuhao.TU Hangian and XIANG Dongming

School of Computer Science and Technology, Zhejiang Sci-Tech University , Hangzhou 310018, China
Abstract Petri nets are widely used for the modeling and analysis of Cyber-Physical Systems(CPS) , which typically involve mul-
tiple concurrent tasks. To simplify the implementation of CPS, these systems can be decomposed into several independent compo-
nents. Existing CPS decomposition methods,such as algorithms based on integer linear algebra,suffer from high time complexity,
while decomposition methods that rely on monitors incur significant communication overhead. To address these issues, this paper
integrates the advantages of existing decomposition approaches and proposes a novel CPS decomposition method based on Inter-
preted Petri Nets(IPN). The proposed method incrementally decomposes the network using constraint conditions, generating in-
dependent State Machine Components (SMCs) to effectively reduce the model size. Additionally,a new signal synchronization
mechanism is introduced to replace traditional monitor-based schemes, significantly reducing synchronization overhead. Experi-
mental results demonstrate that the proposed method achieves a decomposition time complexity of O(7n”) in most test cases.,
which is far superior to the exponential complexity O(2") of traditional methods. Furthermore, the generated component set is
more compact and efficient.

Keywords Cyber-physical systems,Petri nets,State machine components, Field-programmable gate array.System decomposition

CPS MMM EZF B . Rk E CPS REAKRE
B NH R AR Z M0 T . CPS % &
il 55 T S 1 O T TED IS 5 ™ R Bk SR . B, 7E & AR R
AEHL I CPS R4t , #0408 FLIT R AR Bh 8 S5 45 B
i) I s o e N Rl IR ST e 52 D) 1 BT R 0B

1 3l

i

HEY MRS (CPS) & — A 4 BT 5 38 5 A= il T fig
TR REEH X REER R EER M. 2Pl
ARG NSRRIz A . T SR sy

FH . CPS 3 8 Tt ab 3 2% ok & F A PR i 4%, 40 % 46 R
H, #% CASIO) AL 7] 48 B T TBE 51 (FPGA) , DL 52 31 85 1 4L
b 5 seet Rl . b T RIS RN % 5T R CPS i)
HI5ERE, Petri E N —FR R TE LA T B B A
A R R R SR R T R AT R BE ) DA R

FfE H I .2024-10-21 B H I .2025-02-24

TR RL R, SCHRES 18 T —Fh CPS 2 fiff 5w
R WK 2R G o0 Ak D9 T Sy B AR B4 2E 0 O T 4 03 A 4
PR AR A S Y FR 8 NI IR R R T A . A
FH Petri FIX) CPS 28 58 BE4T 23 % W] L 3 86 7 it J 19 2 2 4

HATH FR A RBHF R4 (62002328) WL HE TR RHIF L 45 25 % T % 42 (24232123-Y)
This work was supported by the National Natural Science Foundation of China(62002328) and Fundamental Research Funds of Zhejiang Sci-Tech

University(24232123-Y).
WEVEE A A B (dmxiang@zstu. edu. cn)



50

Com puter Science FEME Vol.52,No. 4, Apr. 2025

RN AR A5 ML 4H 1 (State Machine Component, SMC), R4 %t
T 167 P AR A3 ik ok AR W] DL Bl 58 B AL LE T B K
HRATRBIE I TGRS o il 3o B2 00 52 2 B W] e 2 B4R B
WG o AU K 1 B Ik ) HE E L O T AR S B
TR BRI K AE . LAh . Acharya 207 45 1}, CPS 4 fF
Z 1) 1R A8 A 2 O T L 3K — AR TE 40 A R AL 1 S 1 I
SRR O, Bk, mR R IR SE N A BB R Rk
Mo s DU A SO B X S0 5 A R 8 IR IR & A 2
VFa) ey 25 250 3 ) 52 L

FI A i 09 R 58 4 % 5 15 J& Matinez-Silva 57357,
P71k T R A A M AR o B R TR S R AR SMIC
. Wieniewski 2599 % Matinez-Silva 77 ¥ #E 47 T 1h 4k, H
FI T AT SMC 43 1 2 75 RE 6% 52 35 0T A PR 0T . 45 e il 2 A 35 2%
PEN BT 25 R B b T ERGH R R, R %07
B4 B I 52 24 B 473 S 8 B L LT T sl Pk A 3 AN AR
HE, Ye ZU I T FE T 52 0 7K 5 (Place Impact Level,
PIL) A& T — BB 19 70 i 05 ¥k . X7 ¥ BE B 4 Petri 1 43
&AL E LIRS RS IFRIET 2 RARE S H
SRR GRS AT R LM RS E . AT e ) 2
BT OG®) B0 Jo i 280 T e T AN i 0l HL B/ 2
T W R AR OR AE R A R R RIAE . X I T ALY
WETFRHME R,

BAR CPS Ak Jr i 3 5 456 £ Fh SR W, LA S8 43 R AFAS [
TR AN, BN, Sui 550 3 F BB R 5 50 i 4 45
B BT AL AR A R T T CPS MR, A T Tk
R ] R AR SCHE B i RS AR e 2SS T PIL U5 iR AT
G3 LA /NS S0 B, (EIX LA R T — AN ) 4
0] fife 2 T35 4 > 1 A S [R] 25 I B ) AR % Sl R R R 7 Stk
TE fi# B Petri M (Interpreted Petri Net, IPN) 3Rl F . 5] A
TEZARES B BRI A . o, 25 3 45 i T e i 0 4
AU % 8 M L 35 B 0T ARAIWT AR ORI T AN AR
FRU B B — SR T 8 4 5 3004 W M n) Y B AR E I, O
HER B L0 R B B EAT AL B, B Je O T PP A ISR M A A
BV K o R IS S5 RN F FPGA F & #4750 50 e S5 )
X, B FPGA AR [ 3 R i BE 3R 4707, S5 56 BB A5 A 8L
LI J5 A IR AT AT

2 fRFE Petri M

EX 1 fit B Petri M JE — RNt d IPN=(P,T,F,
M, , X, YU Hirr,

()(P,T,F,M,) & —4 Petri |";

(DX B—A 5285 M 1A IR AE S
S A R RS A

(AT 1€ T 76 H M 68 LT 4 AAMS 5 4 1 40 1 2 ief
A RE M fih %

(40—~ IPN R et 50, Hod, 24t
HWEGNEN p WARIC A EEAN BT S B DANS 8
1A, PRI, R Gt i A A2 I AR S T AR B8 62 9t
il & s DT 0 R 3R e AN AEFESE RS

fift B Petri 90388 5o HL 45 A4 AR DU 45 Petri R4S A 15 EL A ()

%9Y 7‘?3#/'\

CPS RGiAT Jy BB 1 R R K, B3 IR 25 10 728 A6 R A8 3T A9 ok &
Z AR T LA AR A o ) SORNE 5 2 1R R AT A R

EX 2 ff#H Petri A —AW il 2 € PUT, KA - «
BWEL Ay | (yoao) €EFHESE « « HEX Ny | (2,
WEF),

EX 3 CREHLAMSMOM 14 Petri M A 5 % 1
0 BRI RREILE A ETEREZERE 1A
AT 1 A E T, SMC BRI AR IC A & 1 AR,

FE X 4(Petri &) —A Petri | PN=(P,T,F,
M) St FAER € TR « e =138 H |« [ =1, 4 %4
i FVE R R e — AW I B R mpt™ . AR
330 Petri M PN' = (P, T, F',M,"), W0 1 i ", Petri
o 249 5 R L 9 o A R o g SR B A R BT L OF BLIR B R G
JROR Y JE A Cn g bk A B RS .

= 3

P
macroplace
1 Petri M2
Fig. 1 Reduction of a Petri net

EX SRR FEFIAEREIZ=0 & Petri M
PN=(P,T,F,M)H—A 55 .

AZ=0 QD)
Hor, A & PN AR BE

EX 6 A K (PIL M 2 — 250, H T &
PEFR p WIRTAE RIS 42 T K p 19 2 5000 IR IR S B 4% 1 1 A2
EECELH A R, B, p ZE 2 P — DRI, - py=
(Y H pso ={0be o BA—H0 PR R ps o, PR 0 R RIS
BLZ A T2, A PEAN A BT { oo ps b5 SO T AR S B 5%
o FE + ps Ups 1 HA — AT 0IR TORSHLRAE, B
Alps) =1,

3 CPS HEMIR S MU T E

h T HEFE CPS 2 ad B2 P 40 2 TR A ) 25 6 R L 3 T iR
B¢ Petri MAE S ML, 51 A T RSN R 255 Z kB
G NIRRTy . WIRVER FER LW Z 1
SRR LAY i AR S R R 2 TR TR A 04 8 s A SR AR
TFAREE L Z AR i A G5, 02 2 AR I 09 [ 25 fi
RN, BT ik, oy e AL AR ST ¢ AR S kR
L 1) 2 K 6 2

(A GE=IDACA (=1
Hh X, W52 F e MM AGSEE, ZEFNAEZE
KA G 2B {5 5 Al A G S A TRTRRRAS . I TUABI L 1
At 7 B 2 JBIR T — A CPS B4 Petri W #5552 451,
I 53 i Ry P ALE Herh AR iy, R E AT Y L AR A 5 A
SN TR 2515 5 20 B2 43 A0 A B0 28 5 0, (0 A BT o 5 [ i =,
Filz, 53 BIAE R AE L 1, (9 SF T 5514



MRS 45 3 TR R Petri MG HT AL CPS 4 7

& 2 o ff A 2 I i [a] 26
Fig. 2 Synchronization between decomposed modules
&8¢ PIL Jr ¥ 1 20 0 4% 11 4 I 78 8 B 4544 v, 7T /g 3
HAREIT o 8 5 F R MR R K sl . A T e — I
B, PIL J7 3647 T B0k A AL 7 AW 45 1 n =X (2) .
0, ﬁﬂ%ﬁ(f\/'p\t' |:1>V([€\£.\ < tl=D

pO=1 2D I+ |>D+ 2 I(] - ¢|>1D), (2)
1€« p tEpe

HoAt

Horb A FR R BB, AR — A P2 T R AT B A/ s AR AT A
EOIRB ML B2 R G ZE IS FIR T HARAE T WRES
MLA A, B0 PILAE# S 0. 3 i O 45 58 BR 45 4 14 58
L3 i SR o VAR C IR E

A DL b o 1 20 3R AR SCER T A% B Petri B AR L SMC
MR R A E 1R,
L1 B Petri MMl SMC A
B — R Petri M IPN= (P, T,F,M,.X,Y)
i CIREPLALEESS

1. 24f& IPN 8 IPN'=(P'. T".F'. M, . X. Y) ;
2. for Yp'€P'do

300 HE XD A I K BT H a5
4. end for

5. while A(pmax) >0 do

6. @#E SMC.S= (", T",F" .M, X", Y" ;
7. B HE# PE BT praie 5

8. for V t' € puax do

9. Hilt Rt

10. * U"=puate »t" * = Prnaxs

11. T'=T"U{t"};

12.  end for

13. for V' € puax * do

14. Sl s

15. e =puates * "= Pmaxs

16. T'=T"U{t"};

17.  end for

18, AP AR pmax 5

19. P'=P"U {puc} U{pmax s

20. if P"HTA ETERAS ST IR AR then
21. M prae T IN— A BIHRARAC 5

22. endif

23. S=SUS;

24, AR PN

25. A AP Fl P s
26. end while

TESTIE 1 45 U0 ik W 2 %) A B 47 24 L 5 AR 4R

YR A5 A VAL 43 2 5 HLAS 0F — 2B SE i 45 1 . B 0 i 1
H A5 B I #0423 00 57 I B — AR ZS LA 1 L 9 46 A0 98 T — 4~
[F) 25 FE T prae o 3 PR JUT 0T WLl — AN SRR A, ZESEBR B 4T
B AR S ATAMAT . RSB A Rk A MERT)GE .,
BT EEH TR ARKENRG A H., LK IPN f
FE T BB A AR 1 G RS ) B 2R R

()(Ii?li * (n—i+1)=00)

xR 280 CPS. 53k 1 BB A R4 U A RS LA .
W AESTE 1 S5 0GP 4 00 A BY 75 77 A6 AN W 2 RS HL
LA AR T L 15 5% B Matinez-Silva B 5E 5K i e JF A28 &, A
MR ECHE R A RISV, mTFEE BB ERbTH
T EE 4 I R A R AT BB R R4/, HAY
JEL b T 2% 455 AR OR 5 A AT ] R Ry B 24 T Bl 24 SR AT Ak £ R
Ja S0 o T B B2 2 B A sk IR B 02,

T LR R B T A FE T W PIL {E A, BA kK
PIL{EMEA—E RA 14, SR, Tie kA B A &
K PIL (E M E A AT 5 W& 7= A 77 & 2R i RS L4l 14
£h . REASFEN /T e FEORR WA ES M
XA RIATE RGBT K,

O i

ST U6 R VR SE R N IS O, ST — AN B
FEUB RGN ZEO NN, KRG R—DREHALEEMN
BEER I R Y. e SCHR 190 b B4R i . % R S0 i R
Petri R ANE 3(a) fras

FERRGERA T, R ITHE PR G T AR E ().
AL LA I B VR B A 1] 0 (o) B 2845 4 B8 R T84T T
Cyz s ys) s BB BIRIE X W15 A B (e 50D o RIS, 6 IRAE
AR 23 e B A R AR A B AR FEE (L ) SR A AT
ST (v o MEPERT I BRI BREC L9 8 F )%
FTE o) B PRI R TT ST I (s o TSR B KT 7 22 1
FTHF B4 e iERE 5 56 P . T 300 4% % 28 A8 IO 310 9 4 58 4 B A
BFEG (oe) s BEERUK TG I, R G0 1 B e MRS I/ F
— R . R Petri M 9 AN BRI 8 N8 I 4 AL
Hordn B R py & — DR AR IC . IR B 00 2 T
5% e,

B F LA _F A R Petri AR, B4 AR SCHR MR B0 7606
Iy M RS ML . 15 R G AR R S Bl 24 B O PR AR — A
MR Petri I, XA BT, N2 TE s o150 2085 Mt £F
BAREILIE X H I ITF £ MBI po ., ps B #h —
A2 FE it m py o At 15 5 40 0 75 5 R 56 P2 T[] L, R mp
FEAE 3 AEIERT Mmpy smp. FMimps o FHU AT EE A1
PIL {8 4 2 (b2 BT i PIL G40 0). I8 ik, 2 8K mp,
AT R mp, Tomps) N R G 40 L B A T — RS
HLAPES: o BT , 3 GoAE R £ PR B2 17 LA™ 26— 1Y fige
B Petri [, 25 5 1 R A R A LT S Cps TEZ AT E BB 15 A
BT ps Mlmps (R 1 ps Fl po 42 WD BB e, WG B R
A A PERTRY PIL A L I 20 45 8 — A3 RS HLA . &
L RGEARAF R — A RE WA EAS=(S1,S:,S), Hrf
S;=(P,,t.F, .M, ,X,,Y.),i=1,2.3,



52

Com puter Science FEME Vol.52,No. 4, Apr. 2025

SRR g R E 3(b) — K 3(dD FrR , BARESHLA 5
S B IR BT

P, =dler spssps)

2)Py=(Idles s p3 » ps » ps)

DP;=C(p1spuisprsps)

xp: car at door

x2: doorl at left

x3: door2 at right

xy: daylight

Ixy: dark

Xs: car at garage

Xe: car in garage

yi: doors close

2 doorl open

y3: door2 open

vy lights on

Ys: garage open

z) 2 z3: syncSig

mpy: pay Pss b

mpa: p3s Pes Pss
By s

mps: pas prs Pos
Ly 15y 17

&z

xe&zy

@ HIT5RME
R g

©) HEEAIE

ERAIER
(b) £EA|TEHE G EEE

T 3 R s Y e oy fi 25 R
Fig. 3 Example model and decomposition results
D 20 28 4 09 T 23 D RE AN [ DR A0 B KT 4 ol i 0 W
AR LA o A8 B OB S B AN R 2B 5 = AT R 4B
JiR B BER B R % C # FPGA % 4 (1 5 F Xilinx
ZYNQ-7 FRF)) oS¢ 8L, 3 G814 Dy RE Al o 15 4 09 iy A R 3 3
FEATRE ., Hd R B RS d A0S 7RG e 4 s,
RDTE 4 FT py M BNIR A BDOR AR 5 2 S5 5 & MM p A0 78 B O
NE p, o B T B A OGR4 %XQL%B@JP»%?J?%
IT E/\WU\ME%Hﬂm CRGEITRT —RIEH .
S5 T B 1% R e dk IR A AR LA

car at do car at garge dark car in garge
. g T
@ aclk ‘Hﬂﬂﬂ ﬂﬂﬂﬂMﬂﬂﬂﬂ ﬂﬂﬂﬂﬂﬂ ﬂﬂﬂﬂﬂﬂﬂﬂl
iI: \\0l
wz; ) (1 0
wzg | 0 1 X 0
wo/n( 1 X 0 (1 [ 0
won(_fo_ ) 1 Y 0o N 1
w2, X1 Yax
o i/o ; B ]0 — 7\1 : "o
w2 J AN 3

*
light on sync from wait  close
Sz

close  wait

E 4 ROl RGAE FPGA b (1) SE B0 45 3

Fig.4 Implementation results for the FPGA of the example system

D http://www. hippo. iee. uz. zgora. pl

» http://gres. uninova. pt

5 LS

A SORE BT o R TR S S T E TR A
B 43 i 07 2DV R AT T IS X B L A B T 0 S TR R )
GRPENES., ERMNRBEEERSE T2 ENR
UF 1Y Petri WIACAS, 3 T BRI M TR R 5 L XIH1T#
il B S LAY CPS B 3 5%, B Ok IR T HIPPO-CPS ##i#
L 1 IOPT-Tools $i#E 42, XL IGAE Intel i7-12700H @
2. 7TGHz AbBEZE 14T,

(DL 1

TESZHG 1 5 T 24 Petri MUY HEF7 I3 L 1 2645 A
) J2E T AR S 5 3 A5 B8 i, LAY i 48k R ) B 2 A

YR (53 I ] 5 S R, A SO R B S TR B AR 1 Y
E7.%] HT B A5 2298 F Improved Invariants J5 325 ) B ] 2 [a] 24 A%,
IEE R 1 g, "L A SCRE ) O i A L
%%ﬁ{f (Improved Invariants) ,» AN X 7E 1 [8] %5 3R | 4 35 42
Fh, A A SMC $it B B b . K 2 40 T AR SR 58
R I8 o S i i e v D 7 VA =4 = Ry I 2 | | N
X en_err25 IR E Q4RI B4l AN A g 09 Bk DL AE
%”Eﬂ‘lﬁllilﬁﬁ%% WA SO e o ik AR b, 2 5k 1
PEAG 0 TS5 R AN TR S AN AR BT AR AT
i+ 55 RE A8 7 A BRI E] 7Y 5

1 AN R S (Y X L&

Table 1 Comparison results of different model experiments
Our method Improved Invariants
PN [P ITI " - 5 -
SMCs Time/ms SMCs Time/ms
assistive leds 6 3 4 0.05+0 6 0.27
irpl
auplane 8 6 3 0.06-0 3 0.27
preparae
manu actuator 9 10 2 0.09+0 3 0.58
e 17 13 5 0.14+0 5 0.85
ingredients
smart home 20 15 7 0.21+0 16 2.67
kbatata23 23 40 9 0.76+0 12 840. 64
mixerl0
. R 32 23 10 0.23+0 10 3.18
ingredients
kbatata24 48 80 8 0.75+0 21 13.58
garage 54 68 15 0.82+0 55 17.05
abc_parque 56 82 9 1.454+0 51 228.79
cn_crr25 200 51 176 4.79+452. 11 — =>1000000

()55 2

S8 2 LA mixerS BERUA G AL BB I HOE kA SRR
OO\ 5 32 300, LAVEAR A SC T 85 78 AR [ A5 280 1 A [ 3k RLAE
FBRF 8] V4 #E L I 5 12 48 77 % (Improved Invariants) #F 47 %} H ,
i s s,

180~ Our method
160~ Improved invariants
140
120
100
80
60
40
20

Time/ms

mixer5 mixerl0 mixerl5 mixer20 mixer25 mixer30

Model

5 AR B i 52 90 X L 45 2R

Fig. 5 Comparison results of extended experiments on the same model



MRS 45 3 TR R Petri MG HT AL CPS 4 7

53

SLH S5 R R B I R AT 55 O G N A SO vk B
[E1) 7 P 49 25 /N T AR B 5 1k

LSRR A SO SO Y PIL (4 PR E 43 i 5w N T T R
B Petri [, 57 Ab T LS8 CPS 40 fiff 77 1 B2 15 DL S %38 Petri
P FE o HCE ) P A2 2R B R AR . A L AR SCRTARY 2 1 32
AR — PR T S0 fifp i R 40T R RURE L S 45 2R Rk
TIZJTE R SR B R G B I R LA AR 2
S PETT T oM Bkt A B B0 AT 4 I T PR A

SR A SO TS BB i P 7 A — 2 R i, R
A R A 22 8 0w 21 2R G2 A9 AT O 0 AT L (ELAE R 8 S BN T R
SR EL VAR, Wi, T — 01508 8 8 6
2 i AR BOR S HLALME IR L 3l S5 A RS 6 91 25 05 1
DTUA i — P KRR S HLALAE

£ % X

—\Jr

7

[1] SARKAR B D,SHARDEO V,DWIVEDI A, et al. Digital transi-
tion from industry 4. 0 to industry 5.0 in smart manufacturing:
A framework for sustainable future[ J]. Technology in Society,
2024,78:102649.

[2] GIRAULT C,VALK R.Petri nets for systems engineering:a
guide to modeling, verification, and applications [ M ]. Springer
Science & Business Media,2013.

[3] AWOTUNDE J B,OGUNS Y J.AMUDA K A.et al. Cyber-
physical systems security: analysis, opportunities, challenges.,
and future prospects[J]. Blockchain for Cybersecurity in Cyber-
Physical Systems.2023,102:21-46.

[4] HARKAT H,CAMARINHA-MATOS L M,GOES J,et al. Cy-
ber-physical systems security: A systematic review[]]. Comput-
ers & Industrial Engineering,2024,188:109891.

[5] OKS S J,JALOWSKI M,LECHNER M,et al. Cyber-physical
systems in the context of industry 4. 0: A review, categorization
and outlook[]J]. Information Systems Frontiers, 2024, 26 (5):
1731-1772.

[6] GROBELNA I,KARATKEVICH A. Challenges in application
of Petri nets in manufacturing systems[ ]J]. Electronics, 2021,
10(18):2305.

[7] ACHARYA S,KHAN A A,PAIVARINTA T. Interoperability
levels and challenges of digital twins in cyber-physical systems
[J]. Journal of Industrial Information Integration, 2024, 42
100714.

[8] MARTINEZ J,SILVA M. A simple and fast algorithm to obtain
all invariants of a generalised Petri net[ C] // the First and the
Second European Workshop on Application and Theory of Petri
Nets. Berlin, Heidelberg: Springer Berlin Heidelberg,1982.:301-
310.

[9] WISNIEWSKI R.KARATKEVICH A,WOJNAKOWSKI M.
Decomposition of distributed edge systems based on the Petri
nets and linear algebra technique[]]. Journal of Systems Archi-

tecture,2019,96:20-31.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

YE J,ZHOU M C, LI Z,et al. Structural decomposition and de-
centralized control of Petri nets[ J]. IEEE Transactions on Sys-
tems, Man,and Cybernetics: Systems,2017,48(8) :1360-1369.

SUI Q K,WANG Y L,LIU C L,et al. Koopman-Constrained
Hierarchical Deep State Space Model for Industrial Quality Pre-
diction via Cloud-Edge Collaborative Framework [ J]. IEEE
Tran- sactions on Systems, Man, and Cybernetics: Systems,

2025,55(2):1137-1150.

WOJNAKOWSKI M, WISNIEWSKI R,BAZYDLO G,et al.
Analysis of Safeness in a Petri Net-Based Specification of the
Control Part of Cyber-Physical Systems[]J]. International Jour-
nal of Applied Mathematics and Computer Science,2021,31(4) :
647-657.

CHENG Y. Research on FPGA Functional Reliability based on
Petri Net[ C] // Journal of Physics: Conference Series. IOP Pub-
lishing,2023.

DAVID R.,ALLA H. Discrete.,continuous,and hybrid Petri nets
[M]. Berlin: Springer,2005.

MURATA T. Petri nets:Properties,analysis and applications
[C]// Proceedings of the IEEE. 1989 :541-580.

LI C,LI Y,CHENY,et al. Synthesis of liveness-enforcing Petri
net supervisors based on a think-globally-act-locally approach
and a structurally minimal method for flexible manufacturing
systems[ J ]. Computing and Informatics, 2022, 41 (5): 1310-
1336.

BILINSKI K,ADAMSKI M,SAUL ] M,et al. Petri-net-based
algorithms for parallel-controller synthesis[J]. IEEE Procee-
dings-Computers and Digital Techniques, 1994, 141 (6): 405-
412.

ZAITSEV D A. Decomposition-based calculation of Petri net in-
variants[ C]// The 25th International Conference on Application
and Theory of Petri Nets. Bologna, Italy,2004 :79-83.
WISNIEWSKI R. Design of Petri net-based cyber-physical sys-
tems oriented on the implementation in field programmable gate

arrays[ ] ]. Energies,2021,14(21) :7054.

CHEN Yuhao, born in 2000, postgra-
duate. His main research interest is de-
sign and verification of embedded sys-

tems.

XIANG Dongming, born in 1986, Ph.D,
associate professor,is a member of CCF
(No. F7232M). His main research in-
terests include formal method, concur-
rent system analysis,and verification of

intelligent manufacturing system.

AT G B« A 50D



