33 &5 7
2016 427 H

I 4 25 5 A
Control Theory & Applications

Vol. 33 No. 7
Jul. 2016

DOI: 10.7641/CTA.2016.50913

Petri P {5 b A B B vH SR R B - sk AT VA

HEEEL2T, BRigeRL2S,) X EL2, ok S
(1. PR NS TR, Rt 300350,
2. B AR REN LA NPT i S8 =2, R 300350; 3. H [ R B22RE, KAt 300300)

FHE: A SCIEF AR 1 9K 2 (semi-tensor product, STP) J5 i1 5T 1 38 Petri ¥ (Petri nets, PNs){5 br A1 [ FF ()5
7] 8. 754, R FHSTPIT vE L T AN K U5 RE, 23 B FR Ky Petri M (11455 45 J5 7 (siphon equation, SE)F & B 7 #E(trap
equation, TE). JL 9%, UEW] T 71 5 Petri X 145 b5 A B B 23 590 S5 A0 F SR A5 A 77 FE(SE)FA B B 5 FE(TE) K AR 2R, R,
25 T VS Petri P T 5 AR AL B BIF I 55092 )5, SIEB R S0 45 SRULIH T A ST VE I AT M 58 Rk, AT
B 5 320 T Petri AR A R BB 1) V102 AR AR08, & 00 R B R () Ffeid iz .

KRR Petril; 15 H5; BABIE SEFERI ok AR, Eh5 718 MR 2

hE 4 %S TP273 XEkFRIRAD: A

Calculation of siphons and traps in

Petri nets using semi-tensor product of matrices

HAN Xiao-guang'?f, CHEN Zeng-qiang">3, LIU Zhong-xin'2, ZHANG Qing?
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Abstract: We address the problems of calculating siphons and traps in ordinary Petri nets (PNs) by resorting to the semi-tensor
product (STP) of matrices. First, two matrix equations, called the siphon equation (SE) and trap equation (TE), respectively, are
established by using STP. Second, it is proved that the problems of calculating all of the siphons and the traps in PNs are equivalent
to solve all nonzero solutions of SE and TE, respectively. An algorithm is proposed to calculate all siphons and traps in PNs. Finally,
an example and some experimental results are presented to illustrate the theoretical results and show that the proposed approach is
more effective than the existing approach in calculating all siphons and traps in PNs. The proposed approach only requires matrix
manipulations.
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1 5|5 (Introduction)
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THZ U U RR R RGN EE. JF K
[F0 - ANffE FIBEHLAEAT A AR A 2L e 3 Tk A
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TESERR R GEH, EBURA S A TR AR HE R 7).
DRI & B R AR 2 P AR AR AR, 1 HAT I 4y e i
PR JE S WILE A SN A R G, — B IAE
ORI BRAT AN At ], I A 63 £ 4 4, L

S O DRI, PR i G RN TS 2 Petri Y
RGP T B ) 2 —16:9-101,

h T AR RBEA RS ) 1) R, S TR ) 1) R
i) 4% B Petri M R S8 115 b AT AR, 21 H 374 15, TH5
et e By b S N S RN O 5 WL
LR PEARBORNANAZ 51| g iy it AR o [ e 1k g R 1)
5 R RO R T F A i U745 S b, TS
PR FIE B B I 32 G AR S i B0 1. IR, M R 4
TR AR5 R IHEE, 15 Petri W9 BT {5 bn A1 FE B2 Al
i PNER. AR AEE BTN, P A7 AR BRI S8 507 1 KR
SERE TR, HABEIREE ).

EEXT BIRIX BT, THE Pete T A 75 A5 AR B
B I o i T i s O 12 5
FOAH ] A, I A FE AL V5 Petri Y 1045 A BB
o] AT R LB AR A5 (WA ST | BEA) AR 13C
BR[12], 1 56 A0 7K R E5 4 1 B 2K (conjunctive
normal form, CNF). 3R J& F| FH 2846 75 12 K CNFI T
AL T (prime implicants), B3 2] MERW.
) FH 3 32 28 TR 3 — A — TG, X — e E Rt
AT A1 R AT SR A Petri 4 (11 BT A 45 AR A B BF. (U,
PR R SR 2 1+ Y 1] Ly, Hh Ly

i=1j=1

FIRF I TSN, R — MR K
T BRI R B RN RN, SCHR[11] 32 T &
16 )3 Ak, B B X CNF A 1] F A (clauses)

AT VLR R AR T A8 R RN, ARAE SR I
N (EPCNFH 70 S L SC AN E S ) I8 e
LV R . O A0, JERER AN T R HE S
AT AT S LSE I AR O (R 2 TR R,
— b TR S Petrd 45 KR AR BIF AR V40 22 0%
L.

BT, — P A RSN, YR RU(STP), HifE
AR A2 H A UST g E Tl A PRy . 24
CLJE A T AF 2 RS (1 3 FH F 5 48K, B 4 A R Y
2119201 4 R i 212221 B[ B LR R 45
TIZSTEE ST PEAI A 21 DL SCRR [26]. 20, 4 1) 308
HRE. HHRRENZEDNS RGN, STPEIEH A
R T, BT S Petri X5 Br A G B ) 80T 5144
A 7RIS A KA ) 8. Rk, R STP 7055 Petri
WS AR AR B AR F AR B 24, 32 Mok &
BB, ARSI AL P ECEE R RUAOE AR5 T 5 1
FARFsRAR S H R TAE.

ARSCH) FHETTER AT R

1) —FlBr AR T, BRAE RS i) 215K B, 14 WK
N T S Petri B9 (RS R AT AR

2) T MBS AR R B R SR AR
AR, BRI STPHS & 45 45 U3 A0 A HE BE 7 12, 43 AR
2 g Petri W 45 br 5 RERI B B 5 R, FFUERH 745
Petri (5 b BABI ] 8053 53 S50 T SRAB A5 RE R BB
JT AR A

3) Wit I i HPetri™ BT (5 B FBA B — N
WL, S A AR TSI AT PR RN

AL WA H R : ZB20 A T AT B A
i, AR IE AT 5 . STPIIIE & A AH K S 18 | Petri
W5 AR AR B MR S AHOC S 8. 2R3 AL T STP 7k
HENL T Petri W IR br 7 FERIBAEBIE T RE, vt Tk
Petri 9 T A7 15 b5 A B B 00 A7 2005002, 5154715 R 5241 43
BT, BE579T 0 SEUG 45 R BB6 71T R AR SC A AR K 5T
J7ln).
2 T4 %0iR(Preliminaries)
2.1 £55#iBH(Notations)

© Mysn Foomm x nSERERE S

« coly (M) FRoRFEFE M ) 551

- col(L) ForHkE LA S5

- D:={0,1}.

- | X RS X

< Ay i={061,6%, - ony, Horp ok g AT RREL,
I kS, k=1,2,--- ,n K, ¥n=2 4, :=
{63,02}. Hfhdh Ay = A.

L€ Myen, Hool(L) C A, WFKL 4
FE B, Looen R 75 12 85 50 BE R BG4 B 47 L €
Lo, WL = [68 %2 o0 §in ], fEEA

L = 6,,[i1,02, -+ ,in), i € {1,2,--- ,m}.

« RFIRSEEUE g W SIS
2.2 FEFER¥TKEFR (Semi-tensor product of ma-

trices)

X7, R ARSI H 2R 5K 2 A1 (STP)

LB 2. A3 OCSTPEE G214 DL SRR [27].

EX 1 WHIFFAE M pn BEM,yy WA
Bk AR e Sk

bt = lem(n, p) An S pitis /N a5, @ 5
) Kroneckerf-.

FE1 YGn=pif, ()W Ax B=AB, HISTPA I
FERETRAN . EAN SRRSO, A 2755« x 7.

EX2 A FAHEW, 2 Pmn x mn
FERE, HoE anF:

W[m,n] = 5mn[1,m +1,---, (n — 1)m +1,

2m+2,---,(n—1)m+2,---,



%7 M FHIBEEAE: Petri PG ARFIBAREH SRR oK AR 7 851
m,2m,--- ,nm]. (2) AL —MERRS W AW A A

S KX e RAIY € RIS, W

SIE2 1) wX € REATIE, HA € M,
y
AX = X(I, ® A). )
2) WX e REMFIE, HA € M., N
XA=(,® A)X. 5)
SIEE 3 WEERHIEM, = 041, 4], W

X?=MX,VX € A. (6)

2.3 PetriM (Petri nets)

AT S, X A LA AR SC BT FH # Petri
() —SeHE & M 458, 4T 5 Petri W4 B 1 1N B AR (1)
4 WL SCHR [2]58CHR [3].

—ANPetri M B E—NICUAN = (P, T, F,W), 1
H: P={p1,p2, , P JNAREFTEE, T= {t,, s,

Lt RN A R, FC(PxT)U(T x P)
KRR FEARES, PNT =goHPUT # ¢, W :
F —{1,2,3,- - PAIR FBREL. AR 46 bR/
WIUHIR S Mo APetriM AN = (P, T, F, W) — 3l
ARG, WA Petri W R 4L, i (N, M), IR W -
F — {1H(EPAR BV (1) o BB 1 25 1), AR %
HPetri™, HFHILAN = (P, T, F). ALV H
TS i Petri .

H TR, FEASC T e € PU TS
JatEamic e ={ye PUT|(y,z) € F}flz =
{ye PUT|(x,y) € F}.

—MNEEEFT TS # S C PYRRNEIR
HACY S C S SERMFEBEY HACY S C - S. Wi —
AME BRI SAS BE 2 7 BALABAF AR (BB 1 I, 0]
FRS A HEAAZIRGEARREHD. R —AMEIREERHS A
A S FAATATAS AR (SR, WIFRS by e/ ME b (e /N
BIF). JTAT 1 e /M A (e /N B BIF) B R BE ARG b (AR
FEABIE), (EIFASE BT RSEAE AR GEARFEBE) B A 55/
fER RN,

AT JE S0, Petri X R b R S 6 37 UM 2. 450
AUIE UL, BERS T T UH SRS AR I 7 VA FIREE T F
BF. BRI, O T TS, ASCLME AR RS
Tk, BEABER g AN S5 8.

3 Petri WS F5F B BE Y 11 55 (Calculation of

siphons and traps in Petri nets)
3.1 15 bR A0 PE BE 9 38 48 3R 7R (Logic expression of
siphons and traps)
{5 ARAE Ky Petri W FEAN 1) S5 MR I, & WA IRAS
JoK HAT HiPetei W R 25 #2730 AS 21 AR BRI E X

MAERELt e T, I RAFAEE T p; € S, i1
(t,pi) € F. WHFHEERT P, € S, iifi(p;,t) € F.
NP RS IR SAT I TR, ik, %
ﬁﬁiﬁﬁ%%X = {x17x27 e 7xn}7 /H;EP n = ’P”
2, €D,i=1,2,--- . n. wr,=12 H{XXp, € S. NI
A X 5 SZ A E— R f, How R
flxi) =pi, 1 =2, € X. (7)
i XGFX; 43 0 2R s AH Y T -t A IR X 1 4R
V [XGFIV [ X193 A2 7od AR B PR BT B0 2. T}
TARIEL;, AU F A
VX = VIX]=1,7=12,--- ,m. (8)
XFE, Petri N = (P, T, F ) T4 1 bl 2 o R 3%
AR

VIX;] = V[X,] =1,
V[X;] = VX, =1, o
V[X; ] 5 V[X,n] = 1.
MRS IS A ) SRR h
Z\l(v (X;] = VvIX;) =1, (10)
Hrbm = |T.
AU, KfPetrib N = (P, T, F)IFEBE, 47
Z\l(v (X;] = VvI[X;]) =1, (11)
Hrhm =|T).

PRI, A g 2
I3 4 PetribIN = (P, T, F) T {5 br A1
B AT B IR A X (10) A (1 D) FIRR 2 Sl e

3.2 BRI FER R (Matrix representation of
logical variables)

N T ARRNEHEX Q0K A DR, i
WA SRR, ik, 81 ~63, 0 ~ 63, WD
={0,1} ~ A={63, 03}, Hrh« ~ " ROREIRAF N K
. JFH R0y A 1R ) TR A, 03 D 0 1 ) R 5K
XFE, G X € D5z € AZ I AEE — ARG

(%)

H - XFoR@EA R X W@ AR 5 BISTPAI K i
(151 BR6, nKGIX AN XU HE) o — e . BiED Al
A" Z [T R

X = (X1, Xo, -+, Xn)' €D, W

X X
r = (ﬁ)é) X e X (ﬁ;ﬂ) eA".  (12)
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RTH AN 5 BT Petri PRI b 77 RERIBE BT
FEATEESLAISR AR e 22 o0 BERE). e AT K B STk [20].

515 wEHLEr,ye A zVyhiiiuaH,
x ANyNEBER, x — y WESIEHE. N
zVy = Myzy,
x ANy = M.zy, (13)
r —y = Mxy,

o My = 6,[1,1,1,2], M, = 6,[1,2,2,2], M; =
52[1, 2,1, 1].
. k . e
Sl 6 a= _><1 x; =04, JH~IJ$J (ks B AH T HH
j:
TS 2
_(Bi—

7 =i, (14)

Bj :Bj,1 —$j*2k_j, j = ].,2,"' ,k?,
Hr: By i= 2% — 4, [a]| RRAHL a5 o385
3.3  FE4H(The main results)

EE 1 ZESEXA0)FX A1) 55N R
v e

Lz =b, (15)

Loz = b, (16)

Hf1: Ly € Lovon (i = 1,2) REWE—TAAERZHAE,

T = X T}y b=105.
k=1

iE AE A0y K A5HZER, A DR 16)1H)
SEM AL ATE.

5 b, B 0y # 2o v R E HT V), A HX
(NFZLS (—)3FhZ a5, RGBS,

AL K] = VIX) =

CTHVIXG] = VXD (VX = VX)) -

C

(V[X;] = VX)) =

m

¢ ma(V XGD Y XD ma (v XD (V [XR])] -

3

3

C

[ma(V [X DV [Xon])]

my = mg (mg " g wg ) (MG @y )]
[ (mig ™ g @ )My g @, )] =
m—1 t1—1

my i mymyg

51—1
C "I}k%.'.xk%lmd xu%xuil

tm—1 Sm—1
mymy" T T MG™ Ty - - Ty

Hrpeml =5, |X;| =s;, |X;|=t;, 25 €X;, 2,5

€eX;,v=12- s, w=12,---t;, =12,
-, m.

REFIGIH1-3, AL

Jj= =

T UEWIME— P, RAT A HNIFEL, # L, A

7i=|
T

vV [X;] = VIX,])=L -;1 i,

1=

>3

=

J

>3

(V[X;] = VIX,])=L} _Eil ;.

i=1 i=
IA Ly # LY, Wiz frfee € {1,2,-- -, 27}, filife
coly(Ly) # coly(L}).
B, e = x 2, = 8.,

i=1

Z{l(\/ [Xj] —V [X]]):Ll DE .’Ei:COIt(Ll)7

A (V[X;] = VIX)=L; x z=col,(L}).

j=1 =1
X Ecol, (L) # coly(Lh) A A, Me—VEAHIE.

i, 2b = 63, MzRAS5) KT UEEE.

EX 3 FEFETTRE (15) F(16) 73 IR A Petri 1
N = (P, T, F){E s 5 FERBEBE 5 FE. AL,
Ly 53 MERA N = (P, T, F) W5 bRk BRI BB AR

FE 2 E B Pewri WY )13 b5 7 BRI BAE 7 FLi) A2 82
PRAAE TS EA KT R AR5 5 AT BB TR, R
THTF9 5 | 307 0] LU e AT TR R T

BEL; = Oolin, ig, -+ yign], i = 1,2, i; € {1,2},
§=1,2,---,2" U F5|HL:

5138 7 x:tgl a, =0k, M RE(15)(R(16))
(i BA M6, = 1.

i BN W = ﬁl x, = 0k, R (15) (R
(16) HIf. Wi

b=0l =L, X &, = 0y [iy,dg, - ,ign] 6, = &1
— Ug — ztb_<1xt— 2[Z17127 712"] ogn — Ug o

T B = w 3, = ok, Hiy = 1, W]
t=1

n . . k i 1
Litb_<1xt = 0 [i1, 12, ,dan| Oy = 05° = 0y =,

Sk JEITFE(15)(ERA16)) HIfE.

Hlx = v Ty
t=1
WEEE.
FE3 BN WA z = 65, (k < 27)FIA N
(1) e e AR BB )i, o = S5 TR I 1 1) 8k n 4 % 16
BN T Petri 5 bR A GBI 105, #52 = 65, (k < 27)
Hla =62, AITREAS) R A6) I, MFRe =65, (k < 2") K T7
FR(15)(A6) AR 2= 63, JITFE5)((16) AR
IS HE7, RS2 5 SRAFAF bR T RE(15) RIBA 5 72
COIIREE =5 A
xo= 065,00 e 5h
T iy <o < -0 <y <27
FIH 51 E6 A (12), AT LA X kA 1) 7] 52 B
Kok
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a1, Q, ", O,
Hfa, eR®, 1 =1,2,--- k.
N TR Petri W N = (P, T, F) NPT 5k AIG
BIF, ZES Flay (i=1,2, -+, k) Z IR QTR —ANOUH

Si=flew) ={p € Pl =1}, A7)
Hor:
a; = (5611,3312, 7xf1)T, xi eD, r=12,---,n.

i, By = (1,0,1,0)", WS; = {p1,ps}. RZ
IRER.

L1 WPewriMN = (P, T, F)II5E A5 77 FEFI
FABIE R 43 il =X (15) A=k A 6) Fras. Ul

1) PetriM N = (P, T, F)KI A {5 hs M e bs 5 72
CRNEEEE=S )

2) Petrib N = (P, T, F) A FaBE A BB 72
(16) T AR 2.

*Eiﬁz VXLS: {pilvpiw'" 7pi“}j"jPetri]X_>S]E:’:F)T
%P%*4#§¥%sﬁﬂéw;gxfﬁ§ﬁﬁal
=y, = - =z, =08, ALKz, = 62 WSHN =

(P, T, F) ) —MEbr(FE B 2 HACY o N E b5 i
AS)(FEBFTEE6) BN EZ AR

E 4 R T B AT N
Petri P —MEFR(BEFEH ) — > 7o 225511
3.4 HIERME LB HT(Algorithm and complexity

analysis)
3.4.1 BB (Design of the algorithm)

ST UL B BT AE, AT vk S Petri 4 it
AARPRAIBE B — N7 .

Petri PEFR(BAFE) FITHEL.

Step 1 VI5AZIT L, N\ BT AR A 1 126 i 4
= XM = X1, =1,2,-- ,m.

Step 2 FH5[H4, @ B 10)E ).

Step 3 FI 5 #1315 HLS A5 b 7 FE(15)
(BB FE(16)).

Step 4 IS AR RES)(FEBF T FE(16) K P A
AEFAR. FEAR T REAS)(FEPF T FE(16)) AR A, B
it Petri A5 FR(FABIF). 7700, 484 Step 5.

Step 5 FIH 526, ¥ Ehr T HE(15) (BRI (16))
KA LR MEREX = (21, 2,) B,
FIF R 7)nT 1535 Petri W 1 BT A (5 AR (FEBIF).

3.4.2 B4 (Complexity analysis of the pro-
posed algorithm)

X8, WA M EER TS S 2.
SEFL 1 AN, 3K Petri I N = (P, T, F) [T 15 b

BAE O TSRk BT RS A6) T A AE M. T
AL TR R B L (i = 1,2) 4EHCH
2 x 2", B, AR S P4 ) SR ) T S A R R
o(2"), HfnFoRN = (P, T, F)FEHTIAN 4L

FHSCHR [16] 7] %1, Petri® (145 br A0 B B> £ b
W 2R GE AT A K SRR B K. B H Wk, TR
Petri W (1) I A7 15 B A1 B BT 0 A7 $ 30— AN 2 AU
Wk U U, T AEE TR v SR R A e FR B
(). EAR A S P 4 M IR 7 3k Al 2 AR A AR T T
(0(2")), (HAZITIEAE KA ek )iz 57, Hazs S
Fefai . Mook, HHARAEAER T EAH LG, A SO
RIS HAT LN LA

1) ARSI 702 B T RS A Y, o
HAE R 68E.

2) FIFIMATLABRISTP T 241, @ H# 5 F2(10) M1
(L) BEMS AR 2 S M e A R FERE D7 R, BIME AR5 F2(15)
MR TRE(16). 3X At — MR TTREA, EAMY
SERTRT A SKRAR T, T HAE T THSEH LSS,

3) FIHGIET, W HEPetriN = (P, T, F) {5 b
J7 RRQUS)FAFEA BT R (16) B BT Al 2 il A2 = a7 S
HAHEMTAE.

E S CTSTPHSLIIMATLAB T HLAG Ol RS
FRAC R oz 2 N GUEE, 45 SSTP L HLAA I P-4 A 28 L W4 41k
http://Isc.amss.ac.cn/ dcheng/stp/STP.zip.

AR TR T KT Petri WA AR R B S5 1)
AR R TIXNMATLAB T EAR ).

4 SE43 BT (Example analysis)

S T BT YA S T Petri A 1 T AT 1
BRI BB i) 8, 25 R an N 28 i Petri X 51 7. Bk AT
SCHER[11].

Bil1  HEEIFRKPetiMEN = (P, T, F).

K 1 Petril i3 451414
Fig. 1 The topology structure graph of a Petri net
A1 (10) AT N IR T e

[(xoVas) — x1]Alxe— (z3VXs)|A

[(xgVas) = xg] Alxy — (22 Vay) | Az — zg] =1.

A E FEIAIMATLAB T 546, 1 LIS 2B 1 7~ Petri
W R s T R
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Lix =0, (18)
Hrp: oz = Z_DZ xi, b=41,
L=0,[1,2,1,2,1,2,1,2,1,2,2,2,1,2,2,2,1,2,1,
2,2,2,2,2,1,2,2,2,2,2,2,2,2,2,2,2,2,2,
2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2.1,
2,2,2,1,2,2,1].

5 7R 50, SR TR (8 A 1IN ERAR, B
L= 5é4> 524, 5247 554,524, ‘%ia 6%175(1527 5327 521»‘%2-
MHIF RO (12), HFHAL yn T [/

x = (1,72, T3, Ty, Ts, Tg) "~ =

(1,1,1,1,1, 1), (1,1,1,1,0, )", (1,1,1,0,1, )",
(1,1,1,0,0,1)*,(1,1,0,1,1,1)*,(1,1,0,0,1,1)*,
(1,0,1,1,1,1)*,(1,0,1,1,0,1)*,(1,0,0,1,1,1)*,
(0,0,0,1,1,1)*,(0,0,0,0,1,1)*.
EAER 2RI (17) vT 50, BT [ Petri AT 1AM 5.
ARG

S1={p1,p2,p3ap4,p571?6}7 52:{P1,p27p3yp4,1?6}7
Sy = {p17p27p37p57p6}7 Sy = {p17p27p37p6}7

S5 = {p17p27p47p57p6}7 Se = {p17p27p57p6}7

S = {p17p37p47p57p6}7 Sg = {p17p3ap47p6}7

Sy = {p17p47p57p6}7 S0 = {P47P57p6}7

S = {p57p6}-

FALTAERR R E, o] LA B I 7R Petri

IR 7
Lyx = b, (19)
I
L=0,[1,2,1,2,1,2,2,2,1,2,1,1,1,2,2,1,1,2,1,
2,1,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,
2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,
2,2,2,2,2,2,1].
BB TR (L)AL EEAR, B
& = 04, 064, 64, Oga» O 95+ 061 064 O 95 O -
A5 E6 A (12), H
x = (1, T2, T3, Ty, Ts, Tg) ' =
(1,1,1,1,1, 1), (1,1,1,1,0, )", (1,1,1,0,1, )T,
(1,1,0,1,1,1),(1,1,0,1,0,1)*,(1,1,0,1,0,0)",
(1,1,0,0,1,1)",(1,1,0,0,0,0)",(1,0,1,1,1,1)T,
(1,0,1,1,0,1)",(1,0,1,0,1,1)".
AL, BRI Petri WA 11N REBIE, FLARDTTR:

|

Sy ={p1,P2,P3, P4, 05, D6}, S2=1{P1,D2,P3, P4, D6}
S3 = {p1,p2,]337p5,p6}, Sy = {p17P27P4,p57P6}7
S5 = {p1,p2,P4,06}, S¢ = {P1,P2,Pa},
Sz ={p1,p2,P5, 06}, Ss = {p1,D2},
Sy = {plap37p47p5ap6}a Sio = {plap37p4>p6}>
Si1={p1,p3,P5,P6} -
X SR (1175 Petri (5 AT BERF 0 45 S — 3%
5 sEEG 4 (Experimental results)

N T BEIHA SCEE A S, X, X SR [11]
R 5 VR RIS SC T H 1 7 VAT X ER S EG. A,
A ST T MATLABSRFE. SR, 45 T X Wb
JTEN)—HesiG S8 B (LA AR o), Bk W& 1T
7. XL T 12ANBEHL A B Petri 4 41 . &
13 B Petri 4 1) RS R/ 1 17658, o, Petri M (1)
JOSF R/ B 1R R AR I A v s 11, B | P+
|T'|. CPUI[R) R F) 2 [/ 2 (2> Petri W4 45 s v 55 )
SFYJCPUR L. JITE 1% 124  Petri 51 -7 (5 An v H 5 FE
¥ #B AR IR — & 11 B HL(2.53 Hz. 2 GBPY 17« Win-
dows 7THHAER D) s T 1.

& 1 Petri Pz A7+ 49 Fia st R
Table 1 Experimental results on calculation of
siphons in PNs

(|P| +|T|) f5ks¥ CPUIH/s SCHR (111574 FICPUR /s

5 2 0.00 0.00
10 16 0.01 0.12
15 45 0.02 1.28
20 98 0.26 2.27
25 324 1.18 3.38
30 568 3.69 5.60

S 4 AR W, A ST T HR H I 5 A U 8 Petri Y
AR AR B L SCHR [1 1190 73 0 v S TR

E 6 LTRSS Rl N, F A A
Petri S AR CPURY [R] = ZE e T- LA R AN R R

D) AEAR T RRAS) S FREERE Ly 450 R/, RO A
SR T —Petri M FTA (S PRI TH SN T SRAGH5 5 F2(15)
I A AEZAE.

2) Petril ¥4 G5 4L, 2B KNIE, —AMPetri M5 RN
HUe T IXA W AR 4 2548, — SO0, A5 AR A BB 2 Petri
B AYANR WNGNEEE {5 (6 S
6 451 (Conclusions)
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AT SR ILAF AR T RERI A T FE AR A IR,
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