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S HQP THANH CUA CAC QUAN HE DPONG THOI
VA CAC MANG PON PUQGC DANH DAU S

HOANG CHI THANH
PIOTR PROSZYNSKI

Bai bio niy d& cip d&n vin d8 tdng hop cac mang Petri. Gid s cho trudc hat mang
“Petri duge danh ddu, chang t8i s& dua ra nhiteg qui tie x4y dung mang Petri 12 hop cia.
c¢ac mang d6. Yéu ciu chinh & d4y 12 phAii bio dAm giF nguyén duwgc cang nhidu cing 14t
nhitng cdu tric dong cha cAc mang ban diu. Pdc biét chii y déa nhitng tinh chit ddng cia
mang téng hgp nhu tinh an toan hoic tinh kich hoat eue bd. Song. vdn d& téng hep cic
mang ma bio todn tinh an toan va tinh kich hoat euc b)d, n6i chung la khdéng gidi duoec.

Dua vao nhirng k&t qui nghién ciru v8 mang Petri cla Janicki [, 2], cac tac gi% az
dua ra duge nhitng qui tic d& hop thanh cho cac mang don dugec danh ddu. Theo cich tidp
cam cha Janicki, quan hg dOng thdi déng vai trd dic biét i1, 2, 3, 4]. Kh4i niém nay la co .
s 48 dwra ra cich thirc tdng hgp cic mang. Ciing cin nhin manh ring khong th& thi&t iap
-dwge nhitng phu'o'nd phap tdng hop tuong tw néu nhu khong dya vao nhu-ng k&t qui nhus
aa cdug b3 & cac tai liéu tham khio.

1 - MOT SO KHAI NIEM CO SO

Ching ta hiay nhic lai mot sd khai niém trong [1, 2].
1. Quan hé déng théi.

Dinh nghla: Quan he¢ C C X X X dwge goi 1a SIR — ‘quan be¢ khi v:\ clu kln »é ca
4inh d4i x4ng vA khong phan xa, nghia l1a-

) (Ya, b € X) (a. b) € C (b, 2) €C
2) (’v’a,cb €X)(a, b)) EC=>a=Db
Ung véi mdi SIR — quan -hé C chang ta dinh nghia hai l6p tAp con cia X: kens (€
+a kens (C) nhu sau (Xem [3];
kens (O =fACX|(Va,bE€E A a, ) €ECU dx & VeEANG €N oE c}
kens(© =fACSX|(VabE AN (. WECK(VeE A Fa €4 G, o €]
.b& cho don gidn ky hleu, ching ta hay dinh” nghla phép todn sau: -
" Binh HJIH(I A, B C X . '
AXB={@a, b € XX ‘(IJF#b&(a, b) € (A X B)'\V. (axmf;
‘Lru y:néu CC XXX la SIR — quan he¢ thiC=X X X — G cﬁng la SIR - quag
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hé va C =C.
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Néu €Cov 1a 18R elia X thi ede guan h¢ sir {cov) va snT(cov) C X XX duege dink.
=ghiz nhu ssu cBng st 12 SIK — quar hé {qurn h¢ dugc xic dinh tir tadp phid);

Dinh nglia : (2, b) € sir lcov) S a 4+ b & (¥a € cov) a E A holic b & A.
(a, D) € it {euyy e a + b & (FAEcov)a €A&DE A,
Tat nhi(‘n':r €ecoy) = X X X — sir (cov).

2z llgngy

hing ta sé thp trung xé1 vhirg mang duec goi 1a mang don nhu &a @Qinh aghis.
arong |1, 2]. €hing ts Lilu mang doyn la cap N5, P) trong.d6 T la tap chc churyén vin
P13 t&p chc vitrivd ed tinh ehit:

D Ve aF g8 *¢

2Vp.qerp=qg&p =g =p=gq

Nghia 12 ede vi tri duge xic dinh thdong que nhimg cai chuydn, con qu:n ké
FC TXPWVPXT nhu trong mang 1dng quat 14 khéng eAn thidt nira (xem [1, 2]).

Tap edc mang don voi quan bé thi te b phin

Ti. PP & (T2, Pa) 6> Py C P2

& 13p thanh dan. Trong dan mady chfing ta cé: ‘

L Ni'U Kz = Ty PY Y (T2, P2} = (T4 U Tz, P1 U Pab.

Ching ta quan tam dde bidt dén mol 16p con cac mang cho phép phﬁn ra lh.u;}z-
3#&1:; mang sg cﬁp {trong dveng véi may hire han (rang thai. :

.;«x

}B;nh nghm, Mang 'N = (T, P) duqc g{n m w c&p ‘khi va chi khi:
1Y N'Ea‘atom trong dim cie mang don. ~ 7 '~ P
2) Mbiseai ‘chuydn cha mang Nochi €6 dimg mot vi tri vao va mot vi (ri ra.
Dinh hg).in Mang N = (T, P) 1a mang ci'inh llnrong khi va c]n khi t0n tai tap mang:
o cip "}\'1..._,. Nm;’ sa0 eho N = N1 WV .. U N,
Bay gio ehing ta dua ra Kkhii nigm mang duoe danh div:
Birh nghia : Mang doh duge dank ddu’{hoge’goi 1i{ 14 mang don déanh dfuw) li moe
5 Da MN = (T, P, Mur) trong do:
= (T, P) — li mang don,
MarC‘zP Ia mp cée danh ddu, Mar dong voi qnan hé dat duge ticn va Mii cda.
mang Ny . . .
Binh nglin - Mang don danh d"iu {T. P, \Iar) ¢6 tinh kich hoat cue bo khi va chi khi
Ya € THIMy. M2 € Mar? 2 C M; & a” C Mo
Dinh nghia: Mang den danh diu (T, P, Mar) 1a an toan khi va chi l:hi
VA C P)(Va € DCanaA= &(31\1 € Mar)a U A C My

&N x~¢&(?u eu.u) A UAC M).

Gia s& N = (T, P)-1a mang ehinh thudng, N = NiU Na U ..U N, Irong dé Ny =
CF; PPli= 1., nfla edc mang so cap. Khi d6 corvg = il‘i. Pn} s& la phii clia P. €6 1hé-
chirng minh duqe réng AT, P, kens {sv {c o0 £ 1a mang don dénh dau. Mang nay-duge got
A mang danh ddu ty nhmn VA quan lu' 81T (co\pi duge goi 1A quan k¢ (uu;, lbn fai va k¥
%itu 12 coexz. . . s N R :
Mang don danh ddn (T P, ‘!hr) trong 86 {T, ) 1a mang chinh lhxronﬂ va Mar C
kems {coexg) s& 12 mang dénh didu néa (v nhidu ndu nhu né c6 tinh kich hoat cyc bo.
Can lvu ¥ rdng & 43y bl mbhie fai nhaog khai nidm ¢dnthidt va nhitng khai nitm -
may eiing chi néu 1Hm 14t va khbng hinh thie. 008 hidu,chi. tift hon ban dec ¢6. the xem-
i 1 Trong {.':LLmdm (mar! da so sinh caceh hi‘p cdn cta Janicki wéi (ae edeh h(‘p
- edm kh&c.
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11 — S HOP THANH CUA CAC SIR-QUAN HE

. M6i mgt mang don dianh d4u xac dinh mot SIR—quan hé dwoc xem nhu 1a quan hé he oz

ﬂﬁnu thok. Noi chung, d6 1a quan hé cing tdn tai va duge xic dinh bdi coexmar = sir(AMar}
(xem ["]) Trong trudng hop mang danh die ty nhién thi quan hé¢ nay twong deong véi
quan hé coexg =sir (covg) Didu nay durge suy ra te b 4& sau=

Bb a8 1 ([2]).
D&i véi mdi SIR—quan hé C
sir (kens (C) = sir {(kens (C) = C.

Gia st (Ti, P1. Mary) va (T2, Py, Marg) 12 nhitng mang don danh diu bit ky va C, Gp
12 mhitng SIR—quan hé d@ng v&i nhing mang d6. Muc dich cha chung ta 14 dwa ra duge
ohép hop cac SIR—quan hé Cj, C2 thanh quan h¢ méi 1a m& rosg clia nhitng quan hé truge
46ng thoi 1A SIR—quan hé rag v6i (Tt \V Tz, P1 v P2). Hidn nhlén s m& rong & dav hidu
theo nghia khoug diy di, nghia 12 phai han ché bt mot 88 nhirng yéu ciu trai ngugce nhau
ciia cac quan hé thanh phin.

Ching ta hiy s& dung dinh nghia sau ciia Janicki [6]:
C; € X1 X X1, Cg € X2 X X2 1a SIR—quan hé
Ct @ Cz2 = sir (kens (CP U kens (C2)).

Hi¢n nhién, Ci® C2C (X1 V X)X (X1\s X2 ciing 1A SIR—quan hé. Quan hé Ct ® C2 c6 the
Bidu dién thong qua Ci va C2 vd nhitng phép toin co s& trong li thuyét tdp hop nhw sau:

Binh ly 1: Vé6i moi SIR —quan hé C CX;X Xy, C2 CXp3 X X
Ci® Ca=CtV C2—((X1NX2) X (XiNX2)-CiNC) v (X1~X2) X (X2—Xp)
=(C1V C2 —(XiNX) X (X; N X2 V C1 N Gy V(X1 —X2) X(Xa—Xy).

‘Ro rang 12 C1 ®.Cy ¢6 md rdng cac quan hé C, Ca.
Phep toan ® c6 thé s& minh hoa nhu sau:
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Nhitng vang c6 gach bidu dién quan h¢ C; @ Ca.
Dinhly 2:
i C X1 X X1, C2 CX2 XXz la SIR—quam he &i® ,2—(.1 U Cn

Teé dinh 1y nay chung ta ¢6 thd duwa ra cich tinh C; @ Ca theo mSt eBng thic khie
x4t tign loi:

CO®Ca=(X3V X)X (X1 \V X— (CjUCﬁ)-

Mot s hé qud :
DIXINX<I=200 =GVt VXXX : o
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X=X =200 C=0NEG

DG=0. == OC= X~ X2 XXz = Xp.

Dé dang nhan thiy €1 ® Ca 1A réng néu Ci va €2 d8u duoge xhc dinh trém cing moe
“Bp hop X va GG N Ca=¢

Cu thé hon ta ¢6 dinh Iy sauv:

Dinh I 3: C; € X; X X1, Cp CXg X X2 1a SIR—quan hé. :
€@ Cey=0 khi va chi khi X;CTX2& C C X1 XX1—C1 hoie X2 CX;&(C CX2X Xg — Ca.

Bay gid ching ta tim cAch ghép nhirng quan hé cung tén tai dque xac dinh:boi su-

#Faak dido eila mang.
Gid s& MNp = (Ty, Pi, Mary) va MN2 = (T2, P2, Mar2)la nhitng mang don danh dfu bies

€oeXMary = sir (Masri), coexpfgr,= sir (Marg).
Dira vdo dinh i¥ 2 chiing ta thu dwgc két qui sau:
COCX prary © COCX ppy o = sir (Mar))V sir (Mara),

Wi wiy phép © s& don gidn 40i v6i nhirtng quan hé cung tOn tai.

I11—SU HOP THANH c0A CAC MANG DON DANH DAU

Gia thidt MNy = (T3, P1, Mary), MN2 = (T2, P2, Marg) 12 nhitng mang don danl diwe
Bt x§. Bay gio chang ta sé tim cich xiy dung mang don danh ddu mdéi 1a hop cta MNj va:
MN-. 6 rang 12 mang cin tim phai ¢6 dang: (Ty V T2, P1 VU Pg, Mar), nghia la céu tric-
#nh dd hodn tean xbe dinh. Theo két qud da c¢6 & phiin trude chung ta cling co the tim-
Hage gquan hé cung tOon lai trén co s& cac danh ddu Mary, Mar2(n6i moét cach khie tim duge-
gman Leé elng tOn 1ai trong mang tdng hop):

€oeXyr. . =T COCX g 1 [C] coexyy re

= sir (Mar1) U sir (Mai2)-

Tuy nhién, ¢6 dwoe quan hé coexyar ciing chua thd xéc dil;h duoc Mar, BOi vi e6-
#2 wd nhida 16p danh ddu Mar khac nhau cho cing mél quan h¢ cing t3n tai. Luu ¥ ring:
wife choa tdp Mar sao chio coexpar = sin(Mar) = coexpmar; @ coexxMar, 12 phii hét ste
#hdn 1rong, vi voi nbhirng t4p danh dfiu khac nbhau thi mang s& c¢6 tinh chdt khic nhaw
@ode vo1 mOt s8 18p Mar thi (T: v T2, Py U P2, Mar) c6 thd s& khong phai 13 mang don=
Zauh ddv. Mt khac ching ta cling thdy la phuong phap x4y dung Mar tr quan hé-
e \ayy © coexpar, €6, the Lkhée nhau tiy thudc vao 16p cac mang don dianh diu ma
#a ghon.

Trubde khi di vao cde 16p mang cu thé, chung ta hay dinh pghia mot-sé6 phép toams
Yrém cdc mang don dinh ddu nhw sau:

Dinh nghta: Gia sit £: 25X X 5 2% 1) ham voi moi C C X X X 13 SIR — quan-
%2 thda min eae didu kifn:

13 1(O) 12 phi cfa X.

2 (VA€ ) (Va, b€ A) (3, b) € C U ldx

» Ve, €0IAENMa€A&D EA.

Phep tohn ®r duge dinh nghia nhe sau:
{T; Py, Marp) ®r (T2, P2, Mar2) = (T4 U Tz, P1 U P2, f(snr (Mary) @ sir (Mar2)).
Lwu ¥ 12 néu B khong phaila SIR — quan he¢ thi fiB) c6 thé 1& t4p bit ky (nghim-

Lk 418 = ¢).
Ham f nhe thé s2 duoe goi 12 co s& cta phép todn ®f1, con phép-todn ®r.s8 duge-

ot 1A phép hop cic mang dov danbh ddu theo co s6 1.
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Can cht y thém la dinh nghlia trén cfing chua khang dinh duoe (Ts V T2. P; U P,

b -(-s_n-(Man) ® sir (Marg))) s phéi 1a mang don d4nh ddu véi ham f bdt ky. Didu quan
trong bon 13 ciing chua khing dinh li¢u ¢6 ton tai ham f nhu thé d& t& nhirng mang don
dénh dfu bat ky thi phép hop theo co sé t ¢6 cho mét ham don danh ddu hay khong?

Sau d4y chung ta s& 1ap trung xét bai l6p ham co s& sau:

X
“KEN: 2XXX 5 92 : KEN (0) = kens (C) v6i moi SIR = quan hé C.

g XXX 2“‘X :
O = Jla. b la, ) € ¢ U {]2]}(¥b €X)(a. b € ¢}
voi moi SIR — quan hé C.
1. Sz hop thanh cita nhong mang danh dau tu nhién.
Cho truée hai mang chinh thuéng (T3, P1), (Tg, P2).
mf i H
Ty, Py = Vv Tj‘ Pj ., =12
j=i

i 1 i
covi=|P;, Py, ... P_|1aphiciaPji=12
Hém danh dfu 1y nbifn clia (T+, Py, i= ].2‘sé dwge tinh nhu sau:

Msari = kens (sir(eovid)), i= 1,2,

Hi?n nhién (T. P) = (T1 V Ta. Py U P2) cling s& 13 rgng chinh thudig va
eov = covy U «ov2 €8 J& phid cla Pr\V P2. Vi 14y (T, P, kens (sir (cov)) s¢ )2 mang dénh
diu ty nhién. Cuéi cing fa ¢6 hai chch tTng hop cic mang danh diu ty wvhién,

(T1, PV v (T2 Pi) = (T, P)
coexy :l sir {covy) coexy = l sir( cova) coexc = l sin (cov)

N
(T, P, kens (coexc)

(T1, P1. kens(coexy)) @5 (T2, P3) kens ccexa)) = (T, P, f(coexri; ® coexma))
\,\

frong dé Mi = kens(sir(covi)), i=1,2.
- Binh lj 4. P83 v&i phiing mang darh ddu (v nhién (T, ‘Pi. Mary) va (Ta, Pg, Marsz).
Mar, = kens (sir{cov), i=1, 2,
COeX y\ror ® coeXyrar, = sir(cov; Y cova) = coexc.
Vi viy néu f = KEN thi ca hai phép hgp sé cho ciing mot két qua va (Ty \UTa, Ps
\/P3, kens (coexMar1 & COeX N ) 1a mang danh diu tv nhién.

H¢ qud 4. Lop cho mang danh diiu ty nhién sé déng vé6i phép toan @ KEN

Riéng d8i véi nhiing mang so cdp danb diu ty nhién (T1, Py), (T2. P2) thi ham danh
ddu ty nhién sé 1a: ’

Mari = {[p}|p € Pi}. Mara= [{q] ] q € Py

Khi dé
=,

coex eoex =
Mar; ©€XMary

Té hé qua 3 1a c6: Coexy (53] COeXppory = (P; — P2) X (P2 — Py).

Cho nén

KEN (cot’mMarl @ coexy, ) = kens ((P; — P3) X (P2 — Py))

=llpallp€EPi-Pa&q€ra-P U |lp]lp €PN PR
= E(coexMﬂ“ & COCX oy ).



Nhirag k8t qua trén khong th® 4p duag duwge cho 1gp che mang dianh did nda ty
nhién, D31 véi 16p nay ta c6 k&t qui nhuw sau:

Binh Iy 5: V&i moi mang danb diu nta ty nhign MNi, MNz, néu MN; @ KEN MN2 1%
mang don dinh ddu thi né s& 12 mang an todn va cé tinh kich hoat cuc bo.

Tuy nhién chiang tdi ciling cho 1a c6 thd hop hai mang danh ddu niéa tge nhién MN;
v6i MN2, nghia 1a :

Gid thuyét : V6i moi mang danh ddu nda tg nhign MNw. MN2 ludn ton tai co s& f
sao cho MN:® ¢ MN2 14 an toan vA la maing don danh ddu co tinh kich hoat cuc bo.

So'ng chiing t6i chwra chéng minh duoge diéu nay.
2. 5w hop thanh ctia nhitng mang ¢é cac tap vi tri réi nhau.
Hé qua 1 ap dang cho nhitng tap ¢é c4¢ vi tri roi nhau ta thu dugc:
coeXprp T COBXMr \V COeTyNrg U P X Pa.
Tiap Mar co thé tinh theo cong thic
Mar = l\rI =M; U Mz | M{ € Mary, M2 € Marzl'. Khi 46 ching ta c6 dinh 1y sau:

Dinh ly 6: N&u MN; = (Ty, P1, Mary) vaA MN2 = (T2. Pp, Marg) 12 nhitng mang don an
toan (c6 tinh kich hoat cuc bd) ¢6 tap cac vi tri roi nhau (Py N\ Py=D) thi (Ty U Ty, Py V
Py, Mar) voi Mar duoe xac dinh nhu trén ciing 1a mang an toan (e6 tinh kich hoat cue bj).

Luwu ¥ ring chiang ta ¢6 thé d& dang chi ra sy (6n tai ham f sao cho f (coexpn 1y

= Mar. Nhung cong thte mo ta f [ai khong ciin thidt bdi vi Mar c6 the tinh don gidn nhe
& trén.

& trén ching ta d3 tim cach tdng hop mot s8 1(;p mang dic biét. Myc dich chinh 12
tim cach xac dinh Mar trén co s& han ché bét quan hé coexyr - N6i mét cach khac 1a tinh

Mar theo Mar, Mar; hing mot cong thirc don gidn nhit nhwng phii thda man.
sir (Mar) = coexpar, @ coexMar,,.

D2 gidi quydt dwge vAn d& d6 chiang ta phdi gidi quyst chc vdn d8& sau:
— Chon ham co s& f ¢ia Mar, va Mar, nhu thé nao.

— Lam th& nao d& bién ddi Mar =f Gir (Mar1) U sir (Mar2)) vé& dang Mar =
F (Mar,. Mar,). Chi mdt s3 treedng hop dde bigt (nbu da gisi thitu & trén) thi ham F m6&i
“tinh duoc.

K2t {udan :

& trén chiing tdi d& trinh bay cdch hinh th&e héa phép hgp cic maung don dianh
ddu. Nhitng k&t qui nay goép phin trid 16i cho cAu héi khi nio nhirng h¢ ddng thoi c6 thd
- hop tac dwoc v6i nhau va hé hgp thanh t&r nhitng hé con ¢6 dwge nhirng tinh chit gi?

Cac the gia hy vong réng nhitng k&t quid nghién c&u nay sg lam co s& d& gigp chang ta
hidu ro ban chét cla hién twong ddng thai.

T4t cd cac phin chéng minh nhitng k&t qui trén no6i chung 12 kb4 dai, néa chéng
t6i d& cong b6 & bai bao khae.

Céc tic gid v0 elng cdm on dng R. Janicki dd dong vién khuyén khich va cho nhirag
Loi gop ¥y vd gia.

Nh@n ngay 24-3-1985
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ABSTRACT
Compositions of concurrency relations and marked simple nets

The presenled paper concerns problem of Petri nels synthesis Assuming that twe
marked Petiri pets are given, the authors attempt to state the rules of constructing the net
consinted of them. The main requirement here is to save dynamic structures of the input
nets as far as it is posible. The resuls presented are a step forward in an answering the
guestion when some concurrent systems. Cooperate and what properties the composed
system have for given subsystems. the special attention is paid to the basic dynamic proper-,
ties of the composed net, as safeners ar local fireability.




