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Se WA R E R, B E AR AR R AR ARt B B A TR T A A R R A R A
AUk, ELFE AR R P 4 (19161 R 07181 A R BhA 19200 45

RGFRE e MR AN A R, TR RGBT AT IR 2. ik Petri MIEN RS
AT AR, HEELE Petri WAZMREME. BIHW NIE, B8E RIIE X Petri M AZ T
RV P ) R T 4 SR AR SCHR [12) BEAY IR b, AR SR ST T S Petri I R G FR e A E
JF /2.

ARSI EERH RO A

(1) A —SEHESAE Petri W ATUER 28— B 1Y, B4 Tt Petri W RGHITFHT AL A3IR & 22
R FTIRPEAE « P s AR 1 B P4 o5 AT B RSS2

(2) N TAET PG T Petri W R GEERE ML) R, ZEAT/RAREHEZE ~, 153 7 —ASENIA 5 Petri
W RS IR RN AT R (WLIESCER (17)). xS TR RAE T Petri M AGUARIREAIIEE.
FHUE T2, A SCARB] T A 5 Petri W FR G0 P47 s F 8 M0 B 22 464

(3) N TWHIA I Petri WM RGHIBUEVEIE. 25T TH T Petri WARG IR kDA 1AL
SE SR — BB ARV . BT IX SRR, 38 T Petri W RS0 75 P4 & H 51 1) 70 2 4544

(4) FIFHA T Petri W RS IARRSI ST RENFRIR & DT arik b g, St 7 s iV ks
PR BRI A A AR, BRI S TE T8 BT SO AR R R T R ) AR

RIS ZHW T 25 2 WA T ARSCHTH 2R — S BN, SRR | R Tk AN
Petri WML M ARCEE S, 45 3 e T 5 Petri M ARG HIAL S IE W8, 565 4 W T H R Petri
I 28 435 () R 1 10 e e AR AR R BRI 2R i, 36 5 T R S WA AR A 78 U7 ).

2 FEFENR
2.1 FFSiRAA

o |X| S X K.
o Nt RINIEREELES.
o R™ FIRSHIN b n 4EF M R RRINE S
o Myxn Fx m x n SFEFERI R IISES .
o M ;) FRHERE M 47 5 j JIITER.
o Row; (M) R/ M K5 i 17
o Col;(M) LMl M HIZ j 4.
o Col(L) R L M IIES.
e D:={0,1}.
o # B € Mpyxn, I/ By €D, Vie {1,2,....m},j € {1,2,...,n}, B}k B NAi/RKHEFE.
® Bouxn 78 m x n A0 RHFER I EE A
e 50 :=10,0,...,0]T.
NGRS

o OF FORFAIFERE L, MISH kA1, 1 <k <n.
o Ay i={01,82,...,07; A, = {89,8L,...,0m}).

n»’n? n’-n?

1) IXHE “defl FEHE Petri 9 R S8 HRE AR IR BI5 T 2 ) e R .
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o #7 L € Myxn, H Col(L) C A, (vesp., Col(L) C A,,), Bk L NBHEMLE (resp., | SUBHHHIFE).

o Lonxn (165p., Lonxn) TRBEIAFE (vesp., | SUBHHIE) MIKIIES. 75 L € Lo (resp., L €
Lonsn), WL =[50 62 ... §in ], fEICHN L = 6pmlin, iz, ..., in), i € {0,1,...,m}, 1 <k < n.

o W A€ Lywm, E(A) = {i|Col;(A) € A,}.

o W A= (aij), ., € Bmxns B= (0i),,, € Bmxn, WHFE AV B = ((ai;) V (b;))
((aij) A (bij)),sens FeH vV F A G300 7RB BT HGZ HANE BUS 5.

o B AcBuxn O(A) :={A € Liwn|ANA =AY FEHIH, © € Bux1, Ox) :={y € AplyAnz =y}

o Rows(A) FRM/RHRE A 4T HIAT /RN,

2.2 ZEFERIFEKETR

AANFTABA ST F BIAE R~ 5K EAR ) — L8 Y 25 . A S I 2 ke S AR TE TR PR /i 48 D0 SCHiR [21].
EX 1([21]) ® AE Mpxn, BE Mpyg, WM A5 B ITKERE X UWITF:

ANB :=

mxn’

AD(BZ(A(X)I;C/”)(B(@I;C/Z,), (1)

H k =lem(n,p) £ n 5 p BN AEE, @ NHEFER Kronecker 1.

MESC T ATHL, Hn=p i, X (1) A Ax B = AB, RIVAEFE A4 7K B AR 0 R B e AR 14
R, fEA FEORBETHIL T, A IS E/75 “x 7,

EX 2 ([21]) —MRALFERE W, & mn x mn FEFE, HoE LT

Wimm] = 0mn[l,m+1,...,(n=1)m+1,2,m+2,...,(n —)m+2,...,m,2m,...,nm|. (2)
3138 1 ([21])) W X e R™, Y e R™, NI
Wi XY =YX, W, YX = XY. (3)
SIFE 2 ([21) WHERHFE @, = diag[ol, 62, ..., 67, 1]
X?2=9,X, VX eA,. (4)
2.3 Petri ¥

NG A3 8], AT R A ST FH BN Petri P — L2 25, ¢ Petri RS RIS 5 HL A4
AR W SCHR ([3,22].

— AL Petri BB —A 4 84l N = (P,T,E,W), i P = {p1,pa,...,pn} BB RER
B, T = {ti,ta, ...t} BARAWRBILE, F C (PxT)U(T x P) BRI/ RRZRES, PNT = ¢
HPUT #£¢, W: F — {1,2,3,...} NIKERBGREL AV R/ WIEEIRES Mo B Petri P&
N = (P, T,F,W) &~ A& RG, KA Petri MRS, 1L A (N, Mp). WR W F — {1} (BIBRE W
R EMEEZE T 1), RENEIE Petri M, BCN N = (P, T, F). ANR—BtE, ASCCUR 5 Ritie
I Petri M. J7HAN, AXHHE e PUT MATERSFEHEDNICH 2 ={ye PUT|(y,z) € F} M
z*={ye PUT|(x,y) € F}.

—/™ Petri M RGE (N, Mo) BAW TN ART KA % teT, % Vpe P:pe®t— M(p) > W(p,t),
Ho M(p) FoaRFERT p B4 AL, MIFRARIE ¢ fEFR IR M RAERER, 18 Mt >. & Mt >, Wn[f§
Bl— A HIARIR MY, AEF Mt > M/, 32 M (p) = M(p) — W (p,t) + W (t,p),Vp € P.
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XF—A Petri MRS (N, Mo) K, WMBRAFEMLREBITITFH 0 = t,t;,...t5, € T2, i3
Mo > M, FRARE M’ M M FIER. Petri MRS (N, My) FIAEMEEILHN R(N, My), H215E
My € R(N, M), Bl R(N, My) = {M € R*|Fo € T* : My[t > M}. ¥553th, F Ry(N, My) Fom MNWIEEHR
W My HAER kPAIAHEE. X, R(N, M) = Ure, Ri(N, Mp).

— Petri RS (N, Mo) /&1 F124 HALY (N, Mo) BFIFTA PERTER & S, Bl vp € P, 3k, €
N*t fif3 VM € R(N,Mo), i M(p) < kp. — ML ¢t € T RIGHIH BN VM € R(N, My), E1F
£ M' € R(N, M), {13 M'[t >. WIR Petri MRGE (N, M) FIRFNITAZIEH, R (N, Mo) NG
Petri W RGE. N THFIT (N, Mo) (AR S M FIERE M 1), B SCIHE 1) Petri IR SE (N, My) A2T%
[ R 5.

TN 51 BRSOk [12], BN ARSCHTE LA S Petri W R ok e PR AN E PE ) R E OO0 B

5138 3 ([12]) F 5 Petri MRS (N, My) FIARIRSIAS A RSN MR = 0 R — AN Wk
HEXR

xz(k+1) = Lu(k)x(k), (5)

Hb Le Loyom NETE Petri MRS (N, My) AT — FRARFERSIERE, (k) AT w(k) 23 BN (N, M)
kW ZFRRAASTE R B, m = |T|, s = |R(N, Mo)|. 2 (5) TN (N, Mo) [FRIRTEL T FE.

3 H# Petri MAGHIREM
3.1 #RKHE
EX 3([23]) o, feD Moty g BARRIERIAGT IR IFIE 39 5E SN
at+gf:=aV P, axgB:=aAlS/f, (6)

Horr v ONIZEETBOES, A NZHABUEH.

HIZE X 3 &1, {D,+p, x5} MR T —MUEL, FRENAT RS B3 30, fEAi /RARBUESE T, AT L
S8 SCA R FE R (AT 2R A AN A 7R SRk

EX 4 WA= (aij),,4n € Bmxn: B=(0ij),,4n € Bmxn M

mXxn

A+BB = (aij-f—[j’bij)mx” c Ban. (7)

/F‘:ES( 5 i& A= (aij) € Bmxrm B= <b"J)n><s € BnX87 m\u

mXn
AxgB :=C = (Cij)mxs € Bixs, (8)
ot cij = (ainxgbyy)+i(ainxsboj)+5 + +5(an2 X Bbn;). FHM, A € Bosn WIAIRERARN

A(k) = AxgAXpg---XgA, Vk€N+. (9)
k

2) T* F7R Petri MRS (N, Mo) 28T 7 HIH K54
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3.2 Petri MAFZHFREM

EX 6 B M NAEF Petri MRS (N, Mo) FI— MR, Bl M € R(N, My). WRAFAE— MR
BIE t e T, fif3 M[t > M. FrARIE M A Petri MR GE (N, Mo) BI—F 5.

EX 7 & M, NG Petri MRS (N, M) H— AP, M 5& (N, M) H— MRl g
M MR A bRRFUE S A RS TE GRS T M, WIFRFRIN M 758 M, e r. mf
(N, My) HIH—FRIRIE M, K RFEER, FR Petri MRS (N, Mo) 16V 21 M, JbREFEER.

JAERI, F X (M, 0, k) RmMFRIE M RS kBT ER BRI, 458 X (M, 0,0) = M,
H o FoRKEN k MEREARIEFA). M S 7 w50, ARl M 7EF A M, A2 Fase 124 BA A7
1 T(M) e Nt 1§15

X(M,o,k) ={M,}, VYk>T(M). (10)

FY T, (M) FonfEis (10) AL RN IEEEEL, FR T,(M) bRiR M. X8, A5 Petri M &R
48 (N, Mo) IR E e SN
Tp = maxMeR(MMO)Tp(M). (11)

Gy, T, Wi e T, < |R(N, Mp)|.

FEA Tt Petri MRS (N, M), HORE AT FEW (5) From. WA (5) RE SR MrR
THIFTAHREASE. 5 T(M) Kokt M N A (R ARE M RIS, WA W R4,

SIEE 4 WA Petri MARSF (N, M) AR IRBEATTREMI (5) i, M = 6 € R(N,My) N
(N, M) BI—MRIR, B (LW 10%) = {in,d2, ..., ig}, M

[(M) =T(5)) = {50,812, ... §ia}, (12)

m> Ym>

b s = |R(N, Mo)|, 0 NAEIE ¢, BB, 1<) <q
HE b, (M) Roamh M B 2T —NMESGERE, B T M — 27, H o7 RoRWITE T 7
2. B TR R TR RAUR 5 2 4, D(M) A B KRR

(k) = Ha(k), (13)

Ho o(k) £on k WHZBRRARER, ak) = (W' (k),u2(k),. .., u™ k)T Fon k FZESREB T 1
FEER, 3 H ol (k) = 1 RoRIE 5 BRI 2(k) FRMEREN, B w/(t) = 0. H € Byxn FXN Petri
MRS (N, M) B REASITAERE. PR, A T 5] 2.

5138 5 WA Petri MRS (N, My) MbriiEb 7 2= (5) Fiam, M == 6t € R(N, M) A
(N, Mo) H1—AMFRiR, N

(M) =T() = ©(Coly(H)), 1<i<s. (14)

5 1 FERE 1 FiRifa It Petri RS (N, M), FIEEFRIR My = (1,1,0)T,

FIUFH STk [24) HEVE (ILSCHR [24] TRREEE 1), AT LA EIE 1 i 5t Petri RS ATIA
# R(N, My) = {My = (1,1,0)T, My = (0,2,0)T, My = (2,0,0)T, M5 = (1,0, 1), My = (0,1, 1)%, M; =
(0,0,2)T}. AFRIR M,y ~ 64,1 <0 <6; i t; ~ 0,1 <j <4 HRX (5) TLAERE 1 FIRE R
Petri M R 4t AR IRTEAL T FE N

x(k+1) = Lu(k)x(k),

Hri L =66[2,0,1,5,0,0,3,1,0,0,4,0,4,5,0,0,6,0,0,0,0,4,5,6].
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1 BR Petri MAEZ (N, Mo)
Figure 1 A bounded Petri net system

HiE 4 FIS (13), AT LA F)
(k) = Ha(k),

Horb H N 1 PR Petri MR GEHAE BEAS TR R, B

101100
110010

110010|
000111

PABRIR My = 63 A, B3 5 7750, T(M,y) = ©(Cols(H)) = {62,063, 61}, BIASIE to, 83, t4 FEFRIR
My FARAEREM.

N TR G Petri W (N, Mo) IR R4, AR—MtE, K (13) AR (5). Bk, H
(13) i a(k) B (5) T u(k), BN

z(k+1) = Lu(k)z(k) = LHz?(k) = LH®,z(k), (15)

HH o, W5 2 P,

4 A:=LH®,, L = [Blk(L),Blky(L),...,Blk,,(L)], HH Blk,(L) € Bexs RHFE L HIZE §j A
THYERE, 1 <j <m. WIEHERE L, H @, 19E XL, HIFEE:

I3 6 A I Petri WAL (N, Mo) ARSI TN (5) B, W)

A=LH®, =) Blk;(L), (16)
j=1

H H N Petri MRS (N, My) FI1E BEAS T HFE.

MEEA T Petri MR (N, Mo) Fag PERF, AT ZRE N —MrR 25 — MR iR 20 %%
7, RGO PRRE AL — B, 26 A = LHO,, AR — DM A/RERE. IXFE, R TR
(15) FIHIA G Petri M RGE (N, Mo) A& MEIEATIE. A, EEAM/RARBHELE T H BT (15). XHE,
TR (15) AN R 5 e

z(k+1) = Axga(k), (17)

Hrh A:= F x gH x g®,, = Blk;(L)+5Blky(L)+35 - - - +8Blky, (L), z(k) = (z1(k), 22(k), ..., a"(k))T #
Nk BZIFR R R ER N, BHilE 29 (k) = 1 29 BACUYPIEFRIRE kBRI Pk EIbRR M, = 6,
B, 27 () = 0. Krh, 2(0) = (2(0), 22(0),...,2™(0))T N T Petri MRS (N, M) HIHIEEFRA.

BT (17), AL A T Petri MRS (N, Mo) ARiR ml i AN f ke i PR 32 34 5L
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EIB 1 WAHR Petri MRS (N, My) BIARREA T FEW (17) Fios, bR M,y = 68 € R(N, M),
M My Bk BN
Ri(N, M;_y) = ©(Col;(A®)Y), (18)

Ho AW RoRHE A 1 k IKATR R

JEER il (17) AT, (A) e =1 S BACSARR M 1—6EMA11—&1ﬁﬂ1%ﬁfﬁ%
AL ¢y, € T AH1F M_qt;, > Mj_q. X, E#ﬁmﬁiﬂ[ T, (A®) o =1 BHACHFEKEN k
ﬁ%%ﬁfﬂa:@@f-MeT*ﬁﬁALma>M,1l%sﬁu@&4

EIE 2 WAHR Petri MRS (N, Mo) BIARREA TR (17) iR, My = 6P € R(N, My) =&
(N, Mo) BJ—A>F1 5, W)

(1) &R M,y = &8 18 M, ARFRERIYS ALY

Col;(A®)) =67, Yk > T,(M;_,), (19)

/\EP T ( T— 1) jj*T-L/\ i—l E‘Jg%%ﬂrﬂ
(2) Petri MRS (N, Mo) 7£ M, AbRFERN S HALY

Col(A®)) = {67}, Yk >T,, (20)

Hrp T, N (N, M) IR

WERR BT (2) & (1) MEAHET, FE R FAE (1) SOzZEpa].

L b, WRARIR M = 68 1R A My,—y ARFRER. B3 (10) FIAFETE T,(M,—1) € N*T {615
X(Mi_1,0,k) = {M,_1}, Vk > T,(M;_y). HZH 1A, #50 M;_y =0t BKERTET T,(M;_,)
ZF%Tﬁﬁ%ﬁewdm%»—wqwﬁﬁmﬁiJ%zﬁum&4 RE MARIR M = 6!
HOR T IRES PR E G BRI FEUT M1, HE X 7, bRiR M;_y = 6 ££ M, JRFER).

Bl 2 MWFHEREE 1 FREAE R Petri MRS (N, Mo).

FIF e HE 2 PRI Petri W RGTEF1 5 Ms = 68 Zbifaett.

HL b, AR (17), B

z(k+1) = Axgz(k),

J
|

[011000]
100000
100000
100110]
010110

o
|

000011

Sy, ANEEIEEBE T € [1,6) {152 2 o2 (20) oz, Kk, B 1 Fis i Petri R4 (N, M)
TE AT My = 68 M R—AFRER.
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4 AR Petri MAGHIEEM

A EEDTRE T Petri MRS (N, Mo) KIARRRGHEE . ETHEZ AT, Je4HE 5 Petri W
ARG (N, Mo) KIARIR k D HTAETERR ML S A L — BEARSC R . A I LEPE T, A4 T FF Petri
WG (N, Mo) BEE MR 3 07 VE AN S 0 e U428 il 4 B T AT ROV

4.1 HBIAIAMEE

EX 8 W M e R(N,My) NH T Petri MRS (N, My) HI—NFRiR, M ) k S RITIEMEEE X
N AM' € R(N, My)|30 = tj,t;,--t;, € T* W1FM'[c > M}, FHHILS PRy (N, M) Fow, B

PRy(N,M) = {M' € R(N, My)|30 = tj,t;,---t;, € T* HfHEM'[c > M}. (21)
WL 1 W M€ R(N, My) NEF Petri MRS (N, M) BI—MriR B2 M € PR(N, M), I
PRL(N,M)C PRyy1 (N, M), Vk>1. (22)

R T M e PRy(N, M), WHRR M 09 (N, My) BI—FH7 . KR, ARYE AT 4R
PRi(N, M) HJ5E X, HFI3K (22) BOL.

W 2 B M e R(N,My) NG Petri MRS (N, My) HI—HRiR.

(1) Wk PRy(N,M) = {M}, W] PRy(N,M)={M}, Vk>1.

(2) WRAFLE i € NT 1§43 PR;(N, M) = PRy (N, M), Wl PRy(N, M) = PR;(N,M), Yk >i.

MERR (1) WARAL. FIE (2).

HWFEUEM k=i + 2 B or RUar, o md ST E.

— 751, BN PR;(N, M) = PR; 1 (N, M), Wl PR;1(N,M) C PR;,»(N, M), BJ

PR;(N, M) C PR;,»(N, M). (23)

F—J7H, HRL M’ € PRy (N, M), WAAHEMRERITFY] 0 = tj,t), -ttt € T*, 15
M'[o > M. XFE, WP MRIR M” € PR (N, M) Al M" € PRy(N, M), fif§ M"[t;, > M",
M'lt;, > M". XHN M" € PR;y1(N,M) H PR;(N,M) = PR;11(N,M), W M" € PR;(N,M). iX
FE, M’ € PRy (N, M). Ktk M’ € PR;(N, M), Rl

PR;{2(N,M) C PR;(N,M). (24)

F0 (23) F1(24) &1, PR;{(N, M) = PR; o(N, M) J&3I.

NI PR T Petri RS (N, My) BRI & DRI E SR T

WL 3 WHIE Petri MRS (N, My) HIFR IR (17) iR, M,y = 67 € R(N, My) N
(N, Mp) [—AFRif,

PRy(N, M, 1) = O((Row,(4)*)7), (25)
Hrf s = |R(N, My)|, A M /RHERE, Fow L=t (17) FioR.

EBR R (17) WAL (A)y) = 1 4 EACSFRR My = 67 REFIRRIR M,y = o7, tWEIE7ESE
REARE ¢;, € T 113 M;_1[t;, > M,_i. XFf, TEA/RRERELR R, (A)P) ;) =1 M EOCAFEERKSE
Nk EREASE TS 0 = t),t), - tj, € T*, 643 M;_1[o > M,_,. Bk, 3 (25) o7

Rl 4 WA Petri MRS (N, Mo) WA B T FEAI (5) R, M,—1 = 67 € R(N, My) N
(N, M) BI—ril, H s = |R(N, My)|, 3L — ARIRFEERHRE L = 05lar, as, ..., aums), M
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(1) PRy(N,My—1) = {df]agj—1)s4p =71 <j < m}.

(2) PRy1(N,M,_1) = U{PRy(N,M")|M’' € PR(N,M,_1)}, k=1,2,3,....

WERR X (5) MR, Lo 07, w 0P = 65TV GXFE, 6 € PRy(N, M) 4 HAUHAEEE AT
t; =00, €T, A3 6200+ = g7 KL, (1) BT

(2) AIHIE X 8 HEATE.

4.2 FRRRIRERE

LA Petri RSE (N, Mo), EAFRBAL TR (5) Fis. W5 (N, My) RATHGE R, wfel
FHATERI gy = o) FoRIBAAR R B 22, ERLERA R 2 M T, Potri M&
G5 (N, Mo) BEWHLE B THE S M € ROV, M) b, Ferbimsbl s s £ et ke, 5By FHkery
SRR, BANBR IR I 23 1T R N T AR

u(k) = Kz(k), (26)

Forb w(k) M w(k) 3 9ER kW2 zgy A ugy BRIRETEA. FREETRE K € My, NPRRRBUE
FE, HEA MW R
K = 6lkr, oy .. ks, (27)

Hrf s = |R(N, My)|, kj € {1,2,...,m}, 1 <j < s.
TEFRIR S A 2% (26) 1EFH T, B 7 Petri MM RS (N, Mo) FISIAHHER H

x(k+1) = LK®,x(k). (28)

WERFRR SRR (27) W2 K € O(H), WHR R mEHEE (26) £ RVFH. & F = LK®,, %, 5
EHlAE (26) £ AV AINY F = LK, /&ZHHH .

EX 9 WHI Petri MRS (N, Mo) FIARREA TR (5) FisR, M € R(N, My) /& (N, My)
O — AP 05 WRAFAE — PR IR R 2% (26), R RE (N, My) 16 M A2 FasE i, MR
HH Petri WRSE (N, M) AJ#E5E 2T 5 M.

BT 3, 4 A X9, IR @ EARIL RS H TH T Petri MARSE (N, M) 8850 M1 5
TN AR A ) 2% 1 i

EIE 3 WA Petri MRS (N, Mo) FIFRRETTFEW (5) iR, M,—1 := 62 € R(N, M) =&

— AT W Petri RS (N, Mo) R EE BFHTS My_y M HACHEE 1 e NP1 <7< s 1),
15
PR, (N, M,_1) = A,, (29)

Forb Ay N Petri MRS (N, Mo) ATIAEE R(N, M) MRETE, s = |R(N, Mo)|.
MERR HHE X T~9 DI, B RARAL.
NUEF . B PRA(N, Mp_1) = Ay JOL, HP 1 < r<s— 1. MA@ 3 8L 4 1, A, BRI
ARIR M,,_y FIAAHAE AT ATk AR ) 9F:, BY
A, = PRy(N, My_1)| J (PR2(N, M, _1)\PRy(N, M, 1)) J---
U (PR-(N, M, 1)\PR, (N, M,_1)). (30)
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RIE, XHF—A i € {1,2,..., s}, AR 1 € [1,7], 1643 5} € (PR, (N, My_1)\PRi,_1(N, M, 1)).
Y15 PRo(N, M,_y) = . HETT, tHAVEL 4 &1, 47 R0 ky € N+ (L < ks < m), (43

{ Ak, —1)s+i = D li=1,

X(k;—1)s+i (31)
s S PRli_l(N, Mp_l), l; € [2,7’].

LR K = 0l ko, ... ks], My =61 € Ay, W

X(M;_1, KM;_1,1) = L x (K&8\) x 6 = L x 6k x 5t = g, *i7 0+,

T, 2 My =6 € PRy(N,My_1) B, X(M;_1, KM;_1,1) = 6%; *4 M;_y = 6 € (PR;,(N, M,_1)\
PRy, _1(N,M,_1)) (l; € [2,7]) B, X(M;_1, KM;_1,1) € PRy, _1(N, M,_1). K, FEARIR RG] 4%
(26) fEFHR, B 7 Petri R4 (N, Mo) FIHEE B 2 M,

HA b, w3 MEER AL T IR SRR R R A (26) M7VE. BB NEE 1.

Bk 1 AR Petri MRS (N, Mo) I MFRIR S5 Hl 4% 1 e il
WA T Petri MRS (N, Mo) FIARELTTIRIN (5) 7R, Mp—1 = 6% € R(N, Mo) #& (N, Mo) H—F si. 7] RHL
USRI A0 (26) BT SR As R B f 88, ZEHAERT, Petri IR RS (Nk, Mo) REfETRE 2P
5 05 Mp—1. BAOPIRINT:

o Step 1. R 3 5L 4, THAFH# A M,—1 1 & DRITTEMESE PR, (N, My_1), IR BAATEIEREE 1 < 7 < s—1,
{15 PR, (N, Mp_1) = As. FIXFE 7 DAETE, R ILE. B0, 347 T —25.

e Step 2. HIA 4, ¥ As RN (30) WA FASHT AT IAMEEE M.

e Step 3. W{—4Aic{1,2,...,s}, FIFHAR 62 € PR, (N, Mp—1)\PRy, _1(N, Mp_1), iIH ;.

e Step 4. FIFH (31), 11& k;,i=1,2,...,s.
XEE, A AR RIATE UK (26) MIEATER IR I e il o

5 3 THRB 1 R FE Petri MRS (N, My) 1EFH7 5 Ms = 68 A IEE .
B, FIAE Petri W RGUIEFMT 5 M = 68 Ab 275 2 nTEEE 1.
HHmdl 3, i AMSBIPAT f M = 68 B PbRT il iAvELE, Bl
PRI(N7M5):{62’62}v PRQ(N7M5):{53763762’52}7
PR3(N, Ms) = {0},062,05,68,08}, PR4(N,Ms) = {6¢,02,08,64,00,05}.
(X1,
PR4(N, Ms) = As.

L 3 AIE X 9 M1, IR (26) B AR bR R i 8, bl 4 AT R 1 BRI
Petri [ REt (N, M) HH5E B P17 5 M.
o, RIS 1L SITE BRI (26) Fms IS bR R s il 4.
Yk, M (26), ¥ Ag FFITH A My IAHIZSRTATATESE I F, B
Ag = PRi(N, M3) | (PR2(N, M5)\PRy(N, Ms))
\J (PRs(N, M)\PRy(N, M)) | (PR4(N, M)\PR3(N, M)),

|

PRy (N, Ms) = {83,08}, PRy(N,Ms)\PRy(N, Ms) = {62,564},
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PR3(N, M)\PRy(N,M) = {6¢}, PR4(N,M)\PR3(N,M) = {53}.

HEE—A i€ {1,2,3,4,5,6}, H13X 6% € PRy, (N, Ms)\PRy, _1(N, Ms), \J58 [, =3, 1y =1, = 2, I35 = 4,
Is=1s=1. FIHAR 31), BHEE k1 =1,3; ko =3 ks = 1; ky = 1; ks = 3; ke = 4. Kk, T K
PR U S 5 42 il 2

u(k) = K;z(k), (32)

H Ky =6,01,3,1,1,3,4], Ky = 64[3,3,1,1,3,4].
EAFR 2, A SO S I EUE T B 2 i8id MATLAB ) STP LRFZEMM. KT STP
BUE T VEGNA 24 I http:/ /1sc.amss.ac.cn/~dcheng/stp/STP.zip.

5 @H5ERE

ASCWETE T A T Petri M R GEH1 4 mi e 8 PEATERUE Pk i R B RE 0 1R ak AR TS, s
T AT Petri RGP A2 VERVBUE PERHATE. RN, it 1 Sefihn iR B i dz il 48 1 A
R JUASBIIRAIE T A SCHTA 45 R A AT PEATT 2k

ARSI RE AR O HE R A R A SR AR BTG, AR TARR SR AR Qi A A S i
AT BT A F Petri M ARGHIE G TRE N REBUENE LR INGS S R 1. AN, A %
AT 5 Petri MR GEHUBUE il BB & — MTER X PR L
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Semi-tensor product of matrices approach to stability and
stabilization analysis of bounded Petri net systems

Xiaoguang HAN'2, Zengqiang CHEN'2:3* Zhongxin LIU! & Qing ZHANG3

1 College of Computer and Control Engineering, Nankai University, Tianjin 300350, China;

2 Key Laboratory of Intelligent Robotics of Tiangin, Nankai University, Tianjin 300350, China;
3 College of Science, Civil Aviation University of China, Tiangin 300300, China

*E-mail: chenzq@nankai.edu.cn

Abstract In this paper, we investigate the problems of stability and stabilization for bounded Petri net systems
(BPNSs) by using the semi-tensor product (STP) of matrices. First, a new matrix equation, under the frame-
work of Boolean algebra, is established, and is based on our previous results presented on the marking evolution
equation of BPNSs. This equation made it possible to provide the necessary and sufficient condition for the equi-
librium point stability of BPNSs. Second, the problem associated with marking feedback stabilizability is solved
by introducing the concept and some properties of the marking pre-reachability set of BPNSs, respectively. By
resorting to these properties, the necessary and sufficient condition for equilibrium point stabilization is presented.
In addition, a design procedure is proposed to find all the optimal marking feedback controllers that implement
the minimal length trajectories from each marking to the equilibrium point. The proposed results, in this paper,
are based on the matrix form, thus the problems of verifying the stability and stabilization of BPNSs are expressed
in the matrix computation. This is very simple and straightforward work by means of the MATLAB toolbox of
the STP of matrices. The proposed results are of a very simple form and can conveniently be implemented on
a computer. Finally, several examples are presented to illustrate the validity and application of the proposed
approaches.

Keywords Petri nets, discrete event dynamic systems, semi-tensor product of matrices, equilibrium point, sta-
bility, stabilization
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