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Abstract

A Petri net can accurately reflect the corresponding changes in a system when events (transitions)
occur. The reachability graph represents all dynamic information of a system. Therefore, in the sce-
nario of a complex Petri net system with a significant increase in reachable markings due to initial
marking changes, appropriately storing reachable markings becomes a major challenge. This paper
addresses the storage of reachable markings and proposes an algorithm for identifier compression.
By encoding the markings that need to be saved, the actual token numbers do not need to be
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stored, and only the compressed identifiers need to be preserved. On this basis, a redundancy eli-
mination algorithm is further proposed, significantly reducing the memory space required for
storing identifiers. Then, through experiments, the proposed algorithm’s compression effective-
ness is verified. Finally, due to the additional time required for validating the compression algo-
rithm on reachable markings, the implementation of the compression algorithm in CDUA (Com-
pute Unified Device Architecture) is presented, and its effectiveness is examined, along with rele-
vant analysis.
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BE& LA e IIE AZ O Dok 4.0 BRI BIK, 2 An sl 18R @R EEik. BEXRXRM RS
i AR, I FLAT AR DA 2 e 0 R v b S B R G RSB, 7 H I AE B B o N e [ 2] P R
BEREIA MRIE . MfHFH Petri POZEBE, 1E AT DA X S ER . Petri W] LURS i RA 0 A7 ARSI U6
RAS BIRI L SR IR AE LS BRI, AR S5 Pl DRI 52 26 R IR AS AR
1R[3]e FTLA, 4% Petri PGB 168 BRI R G0 @A 208 H L B AR L.

T Petri PRAEF MR I S HUBE R BRI R A, rTEE 412 —ANMBONEM. /ISR ITE.
FERI AR R A, 7R ZE PR HE R o B R — D TR . BT AR AL B A AR
AR [5].

FETHE —A Petri PIIFTA FIAARIRES, B TRIMEFEE K AERM, B 2 MR R, wha T Re
HEARR A, HE PR  CBIERRE” o Kk, S% B 407, Rargemd WA
2 [E] o BEXFIX IS, X ALR AR AT 4 A — AL S o T 53—k U I H OBDD (7 Utk
)R ELDG . OBDD st — A 20 A IR bR AT A LA AR IR Y 7515 [5]0 BHXTA 5 Petri W, HEFR IR
B RSONT L R AT IR AR R AR, IS IIGETAR R, FTDUE ] CAAAERI s 1R . R ESE ARG EEAE |, 42
H T Petri M A[IASRIRAY OBDD LA ZBDD iR /7iE[6]. T EERNE, XBEH LB A %
BREYE Petri PIIRTIARRIRAT, HEA SEBRE R IREEAT RAE . ASCEE W T o] DB 2 R 48 bR IR 5002,
SEH T IR PRI EAR SN, FF FLE I B 7 ORI IR TR H B T AR

2. tHXHEH
2.1. Petri %

SESL L[] —A Petri WE LN —AFCH, PN =(P,T,Pre,Post,M,), .
P={R,P,,---,P,} K3 m MRS
T={T,,T,,---, T } R n MEILHBIIES

Pre=PxT fREMEFT EAZIT A MK

Post =T x P AX3E WAZIT 2 22 By 96 )5
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M, IR XS M P=2" U{0}, BIEAE /PB4 REIIVIA L1 4L

TEXS RGEHAT R HTIS, Petri WAE 1A RS REAEFA IR A XA SR, K —
NAIE, 2IBOYNEEKFEEHES), Wl e VBRI BN MRIREN S —MRR, REA R
B R DL RORH N B RS AR, FRZ A — DRSS . B AN M, M- M X SRR IR A R gl
Gotyoeot, SEEASE IR IT, & = My Mty -t M, J RSB RS A . #5 M, 3 M, B2 o Wik, id
fEM,[o)M, , Bid M, =M o).

FEX 2 RN 7]: WH vpet, ﬁM(p) > Pre(p,t) , IBAERFRARIE ¢ R fFRER

SEX 3 EBERSM) [7]: EFFIRM T, BT ¢ ERES BT Bibsil M, 1724, 18ME MM, ,
Hh M, BRIUGE -

Mnew(p) :M(p)—pre(p,t)+post(p,t)

FEXS —ANEEFEN] Petri MSSHEBEAT 04T IF B AR R, f 20t S S — A rEseil. Jf
HAE BB R AT A AR IR 8], A0 00 A 8 3 2 A AR T S i g e (R0 8T TR R 2 T, 3 AT R TOR AT 3 #2
SRR, 97 RATRERRATIA B RSk, RO R RAR IR AT L, SR A T S R b A
RARRE ST A FRRS, MR, SR IZRR, BN, gRekdtrism.

2.2. BRAEGEE

BUER] Petri PRTIE MR TT A, WA —MRRE B, B rh R TR A A 2
WET, FEFTPRIEE . B A Jo s S 4i b 5 A A7

SR IR (8], BN iz, I HSEHL B 5o B B AT A R IR A b, I ZEARD,
XFR IR ISR 5, R SRR EL A DR X AN B i KA Bk s 54 i vh B3
HH

ZEOT ORI EAR (8. FUEEEA AR, AERIFEEN PR M AOFE £, T A OR B 5 — AN T T
R, 3N RAVEEN LB RAF 2 11 T 5 55— AR 2 TR 221

B AT Gk short B ( 2 AN BN 5, AR DL AS s 246 532 (0 LR ) 1 s

0|5 0| 2 0| 7 0] o0 0| o0
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5| 3 2 | 5 5| 0
(c)

Figure 1. (a) Stores an uncompressed array of short data type; (b) Stores a short array
with equal-length compression; (c) Stores a short array with delta compression

& 1. (a) FEHARMIELEHY short BUELR; (b) FHEFKIELERY short BIELE; (o) 7
HZE 53 B 4880 short BI%4R

i FAFT(S, 2,7, 0, 0)H short RIS, R 48, wlE 1), —3 5 M 10 T35 19 A 745
S FE R AT, WlE 10)Frr, B ECREOY 7, S ERUAT BUR G R R, —
HFE 6 FWNRPMIANAE: B ESRWISELE, WE 1R, MUNFRE 6 T R/NKNAF. FEER
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I, BRI P AR R i g i e — B R Rl 7N & (R A TR AL B
FRR, 1R T BRI, e TR B R .

3. E4sE A

FESRH Petri BRI TIARRIRIN, 5 24708 Dl iid I0bRiR, 7 EAIETAR IR, B e Xt B BFR iR
BEAT RV, AEEA U IMBI B AR 408 — DRFMBIE S P RARRE, %R LRKP R, 4
W2 UGEA, AT RASRICEI A AR R . 25 H T Ik BRI A Dy AR an 575 1 o

Algorithm 1. Petri net reachability graph construction algorithm

B5% 1. Petri MAABIMBEE L

input: M, , Pre, Post
output: M,

1 while(M,, isnot Empty)do

2 VM, eM,,

3 remove M, from M,

4 add M, to M,

5 SRHEREARIT AR enables

6  fori=1 to enables size do

7 M, :Mi—Pre(-,t)+P0st(-,t)

8 if M, notin M, or M,
9 add M, to M,

10 end if
11 end for
end while

g —A Petri W B RIAFRIA AT LU — short BV R KR, g ul, EAEFIENL T, —/NER
e E U2/ N % T 32,767,

BExE BT R A BRI RS, SRt TR IREHT R AR S . TEAEAE TR IR, (AEA IS R AE S 1
FRif, o] DATE— @ FERE oD 2= 0] 5 A o TR P Rl R 4 792 L R AR SR

3.1. FKEBESS

XFF—A Petri W5, 305 &N FE AR TBURIFE B BO A ) PRIk, BT ROK 24 mT bR iR o R
FEHEH, AR TETEANEKMAER 8 PIREEICRAAIN . —BRIE T, FABOXA KB 171N T
27 FTRAMEHK, (FHFEKImALK LA IAFR .

Kb KA R TG, XMRIRT, e R e s B o N ok ®os . AT
ARAE A ERK A 46 ) PTA AR IR, R4 Zm] DUE A T & ok iH AL
plmf“um max (byte_size)

Compression rate =
total need byte

Hor,
Compression rate i [ /& K48 % ;
max (byte_size)$8 142 77524 HT AR IR 1 5 RHE B0 75 (10 5719 s
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placeNum $i5 )& 24 1 Petri (1) ¢ T L

total_need_byte & 2 RIEAT RAGHT, FEBOXAMRIRFT TR 175750

A8 FH 45K G A e 247 P IR BR TR ) 4 A T3 FH B /N R RT G N AFSRAF T . AN iRl v SERR IR H 3
AT B B B4 o0 AT IA R R AT S8 g b 1R i 0 50025 2 Pl

Algorithm 2. Fixed-length coding compressed identification algorithm

Bk 2. FREBERREE

input: R E4EbRIR M,
output: E4ETEHARIR M, ,
for i = 1 to placeNum
max = max(max,Ma (1))

end for
need_byte = max %8 == 0?max/ 8 : max/8 +1
com_type = (need_byte +1) / 2
count=1
fori =1 to com_type
if count%2==1
9 JE4EE] short i\ s
10  count++;
11 end if
12 else
13 E45%)] short HIME )\ AL
14 count++
15 end else
end for

01N LN AW N =

i EE R, S R 46 Petri I AIARIRIFAS— € RES RIEE A RUR , WIER 4 RTFR IR P i
RIFEH BAATARE 2 735, AR APRRBAT S AR BIBOR . v T AE— R LA I AN )
AL PR T T R TR ZE 2 i R 4 75 3.

3.2. ENRBESE

AR — P T 22 0 SRS Y Petri W RTAARIRIEAE T B, WAL, KRERKE
DA S s/ ME, SRR, I HARFEE, T SR A7 T8O (B 5 B - TR 2248 P 7 R B R 8. 9 TR
FTREMVIEE S TR LTI, BR T IRAF A SN, BRI R A XA R R BOR R A7 . BRI 1
GRS T REH I, X IEEAMBALER, % F A R A

A FH 3 A At 10 22 702 i 7 3ok s 4 P b AR 8 L 4 2 ] DASE T T A R B
max_ bits * placeNum

8
new_byte

total need byte

new_byte = mid_byte +

Compression rate =

Horr:
mid_byte LR A7 HE T 755G
max_bits A7 BT it B B KA 3
placeNum 7~ T4
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new_byte /N K46 /5 77 E 071

total_need_byte 37~ AR He 48 F 75 22 10 7 1T 4L

A5 FH X et F R R 4 BT L — e R B3R 7R ROR . I H, RATREETEER TR AL HAZ,
TEERNZ, WRFERUGRIEFEAR R, 552 R M AT iAol . 4 i xd nl s An iR A A
SO I PR 22 53 i s 4 B B, IR 3 .

Algorithm 3. Improved differential coding compressed identification
algorithm

Bk 3. MutREN R EGEIRREA

input: fFE4bRiR M,
output: E455EHARIR M,
1 fori=1 to placeNum

2 max:max(max,Ma(z));
3 minzmin(min,Ma(i));

4 end for

5 mid:(short)(max+ min)/z ;

6 diff = max (max— mid, mid — min)

7 bitC = getBits(diff ) +1;

8  /THE RS )G 75 2 short B3
9 len= ( placeNum*bitC + 15) / 16

10 //FFRERT ) P4 4725 7]

11 shot’t[len] M, ;

12 Mcom[len—q:mid;

13 diflndex = 0,bitIndex =0 ;

14 fori=1tolen

15 diff =M, [i]— mid ;

16 if diff >0

17 18 diff e 45 g B — k)

18 #shi—1Az, bitlndex +1;

19 if bitlndex >16

20 difIndex ++;

21  bitIndex = 0;

22 end if
23 end if
24 else

25 diff BT HEE B A
26 end else
end for

4. SLHITEIE R S5 R 534
4.1. AI{TH4EIEHE

I Java iR SEEL 11X P9 A 5 48 S0 6 R AT S B . SR HT EALEHUN 2.8 GHz, 7} I HEN A 4 Gb.
S — MR AR Petri ME5HY, 155G EBOT A B W IAARIREOR A ] . FESEIER B, DR
FEA R & b A PAE RN
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Figure 2. Example of a complex Petri net
& 2. B2 Petri 7RI

WK 2 fias, % Petri S5 R & —ANH 14 ANFEFTR 10 ANMASIE AT ST . BEEYIIERRIARE, Wik
FRRE b Ak, FEHRE Rttt , o HBDIRAS EEOE SN, B 24 75 S BCIRE 2 H
CIRIET .

NT PRGSO, TERVFIIENT, tFE R RIAPR RS & R a5 7 248 30 1)
WAEZE [ D8 1 T R, B2 ReRe T tH B 2 R hRiR .

BB, MR T AR gl 48 nlA bR AT, BAREERE T AR (A, (R IEEAT IR AR,
2R, fE R IV E RN IR, JEARRI AR AN AL . 2 R DA (Al B a], i T

— BT AN T TH FIAAET
LA AT K 2 IR AR Petri WNZEM), EAREWIMEFR RIS R, (SRS LW 1, TE2nS[A)
HsFEb i 2,

EERE, NTHRRMAANE B FYA:
[0,5,5,5,5,5,0,0,0,0,0,0,0,5] ,

[0,9,9,9,9,9,0,0,0,0,0,0,0,9] ,
[0,11,11,11,11,11,0,0,0,0,0,0,0,11] ,
[0,15,15,15,15,15,0,0,0,0,0,0,0,15]

Table 1. Comparison of space occupancy before and after encoding compression (unit: MB)

= 1. wBES SRR SAZE LSRN MB)

A AR H ER Y FIURZE T 9wy THgE R
79.7 79.1 78.7 13,893
332.2 266.9 204.4 459,742
555.9 411.8 350.4 1,688,190
3351.7 3076.3 2876.7 13,744,293
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Table 2. Comparison of time consumption before and after encoding compression (unit: s)

2. RIBELERT ST BRATE LA (AL )

ENAR RS ZI) 2 ES
0.3 0.3 0.3 13,893
14.4 24.9 26.7 459,742

197.4 293.6 280.7 1,688,190

2836.6 3376.3 3185.7 13,744,293

4.2. CUDA H{Tscm

i 4.1 795, KR 7T S A S T DU KR Petri W4 3 PR A 28 () AT RO 4, B
AT ). A CUDA KIFATATHE Petri W TTIAFRIR, AT LA R0 A6 S I (] 72 4]
2 7R Petri MR Z5oRx B, AW BEATARPRIN, HLBUE ] CUDA Rl LA R AE FI 5T P A S 4 bR TR K 7
IR CUDA FHAT AL SIE T 2% (K TR (LA 3).

Table 3. Comparison before and after CUDA improvement

5% 3. CUDA MUHRIEXTEE

RS SR 2 vk SE 3 B THEEE R
<ls <ls <ls 13,893
16s 8s 8s 459,742
57s 18 s 19s 1,688,190

29min 17 s 4 min 33 s 5min 07 s 13,744,293

i CUDA 2Bl 1 A7 v 5ok A 5 SR I Petri W W IAAR NSRSV, JF HLELEL 7 AE SIS 1) . i
A 3 ATLVECNEWAIAE Hiok, M CUDA A RRIINR 7 iHERE, (HR AP E 4ibn IR R
STHFEASMIS A] o XAPLER [A] A 9% L IF A2 T ), BT PERERTIR, CUDA f# /] memcpy B8 #i7E
LS A i 6 S AT R FE DU, 2 52 B BE& S N A7 AT 42 JR) P AF KN

AT, R IAT I ROR S B8 wT DA T DN LG AR SR FiR o sk BU A2 b 6 [ T SR
R R e PULEIR R, UL R m A 2G5

W+,

WS+%
p
o

K NFATH BN
W NG DR ] L ) R AT 7 s
W, AR RE ) FRAT 73 s
p RGBS H L
Xt et CUDA AR T J5 B 94 i IR R OIS B, n] DA EDW A 2RI H AT TSR I 28 R
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Table 4. Comparison of speedup before and after CUDA improvement

%% 4. CUDA ustar /e hniR e 33t

Bk 2 bk B9k 3 ik ke A
1 1 13,893
2 2 459,742
3.17 3 1,688,190
5.78 5.14 13,744,293
—— CUDASZIL
— E IS
129 — ETUENIEZE S i st
10
8 -
H
H 6
E
4 -
2 -
O T T T T T
1 2 3 4 5

Figure 3. Speedup of various parallelization algorithms

B 3. BMHAITHERMIELL

FEQUIEL 3 s AT AL A I B B, rTABON B R, {5 CUDA X Petri [3R ]
IESEA YR IR RCR , (R R4 bn iR RE S, 2GR —E RN . LRI PR IR BRI 50U T
XA B o EREAEfE ] CUDA XX PR SEA 1 AT 5t (s 5, AEAE R [a) B9 oR4
BRI .

5. &5RIE

R 7 — M AEAR RS GE B RPN R K977 50 FETHEE Petri W IAAR ISEIT, AL
Ry ALGEEP RS A ook, T ARG AR IR AR 2 4 o 3l 5 R 4 5 (4 BT 5 (R I e A 5
FIPAF RSB B, 3G 1 TR VR A R

P2 I SR T A S A AT B W R R4 Rk LA, D] CUDA SEBUFAT NG . il
R4 VLKIE 3, AT EMHE oK, H CUDA X Petri WK AT GA S A B 2 1 IR AR, (R
HibR IR SR IG, G BRI . EREE PR IRBURIE S DL, XA IR ANA RIS

TP B R ER TR IE S IRAE Petri W T IAAR R A GRS J7 SUelid HE, MTTE— 2 3 e 2 (A A

i
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