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Lel %' be the set of all These markings (he final markings for I'y. Pictorially.
1" can be deserthed as follows '

Sy Syr

— \\"

Fig, 3
(iy Tor Nei{l. G} (1) for XN==T B
“Note thal only the transition ¢ 18 enabled at /.. that M, [c> M. where
M}S=-3, and thus X7 will Have thé same behaviour as X Henee, fello=X(I).
’ ' oEE 0.E.D.
This 1lieorem is not trué for P/, But'a similar result holds for this family.
Remark 2.7. et Le V# be «n arbitrary language and ¢ be dnew symhal
(re V), I Le ¥ then {r}ly fijesD -
Thearem 2.8. The families L1 G T arc na’ clased under €
Preof. Let N & {L. . 1"}, Suppose that N/ is closed under the € opera~

tion. From the equahty DL, L= ¢ (C({c] L, L)) (Theorein 2.6) and from
Remark 2.7, it follows that X’ is closed under the D operation, wlich is a con-
tradiction (Theoren 2.3). Henee, X/ is not closed under the Coperation. Q.1x. 1.
3. Concluding remarks and opeun problems. ree  Peiri net classes of
languages are nol closed under e 1), S. ¢ operations. In a further paper we
shall investigate more profoundly these operations in order to ohtain positive
closure resuits, The question if a change in the definition of a P/7-net (ot in
the form of language accepltanee) is really necessary, remains open. Another
open problem is to define a >’measure” of Tcloseness” for a class of languuges
nnder certain operalions. '
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A REFINEMENT OF THE MATCHING ENTENSION OPERATIONS
BY

C. MASALAGIU, T. JUCAN, F. TIPLEA

L. Tntreduetion. We have shown {12] that the classes of Petri net lan-
quages are nol closed under the inatching extension nperaiions, contradicting
the mluition. The purpose of this paper is to express these operations in 1‘01’111:;
f’f _(‘Jihm':l«':nm\ n o;:oraiim']s on languages and in terms of _simpler operations,
to see where the “erash® could stand. One-svinbal maiching extension opera-
lions are introduced and closure-properties for familics of I;’eh‘i nel languages
and for classical families of the Chomskv hierarchy under these OJ)CI:QHOB;;
are studied. Positive results are obtained. For necessary definitions and no’.:i‘-
Bions we refer Lo [T We only note that we consider’ P/ T-nels with infinile
capacilics and the families of languages of the Chomsky hierarchy are deno-
ted by 20 £,0.2, £, v ‘

2. Gne-symbol - Matching Extension  Operations. Matehing extension

apuerations are obtained by recursively “enlarging” a given language by words
nf another I:l]}gnungt‘. What happens if we admit only a one-syinbol extension ?
['he answer is thal these restricled operalions have nice closure properties
and the initial operations can be expressed in terms of the new ones. The formal
definition of the one-symbol extension operations is given bellow.

Let Ly, L, be fixed languages on an alphabet V. We consider the following
propertics of a language L'c V* )

E?{%h Ly L,st’;

Ly Ly if wel,, w=w i T* ‘
2l hany Ly 15 wy, with wy, w,= V¥, w,#>» and meaesl

(for some ¢ e VY, then was L' o o 7 - ’

(Ps(l_‘l, L)) il wel,, w=ww, with w,, w,e V*, w,# and aw, =L, (for
some g<= V), then awe L'
I._‘Ol" Fny ff“ L,cV* we c!cnnlo by Dy(L,. L,) the smallest language which
safi{.ﬁffe:s I,{('I,l, L,y and P?(Ll, L), by S(L,, L,) the smallest language which
safis ics F;\_I{:' L) al}fi Py 1 L,y and C,L{,, L,) the smallest language which
satisfies P{(L,. Lg)_, Po(Ly.ae,) and” Pi(L;. L;). These are respectively the one-
symbaol r:ght-mah:n_mg extenston, the ope-symbol left-matching extension and the
an-symbt_)l left-right-maiching extension opérdations. To express. D, S, C(f12]
in It he telrn}s ofDD,.SSI,CC., let usnote that I, S, C could be obtained by successi-
vely apphving ), Sy, C, to the given languages. For any L,, L, V* and M=
={D, ‘S. C} we define K gl )

(iy MLy Loy=L,

(i) MLy, L)y=M (ML, L), L.y, for any nzl;
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M i .

(i) AI(Ly. L) = L.iOM':’(lm Lz). o
i Bt i the corresponding definitions.
llowing facts are immediate from spo B
'}-?};;;ufr?kn;.l. %or any L. L,2 V* and M= {D, §. C} we havs
(i) MLy Lpy=U AL, L)

w=l

Yi cany n20:
0y ML, LYys My (L, Ly for any n2 0. |
8:?) };l(lhl(.,-(. “)pxisijg [.-;I 0 such that ML, L)=MYY1L,. L) then

A __\fE . L . .
;”l(lq.'h’(l';rzl)a?l':‘;]'g[ lll' a F?\mi]\' of languages is closed under M,, where M= {D.S,

) i1 - MY for any nz 1.
M n it is closed under M7, 3 o . ‘
i lh:nm(‘ properties of D,. Sy, €, and the exact relationship belween ), S,

C, and D, S, C, are emphasized in the following results.
Tt ,S8.C ¢ lithe
Lemma 2.3, For any L, L,= V* we have

(i) Sy(Ly. Lay=Dy(wy, L)

(i) DT L) =Si(Ly. La).
Proof. (i) Lef !IJESRsz). Then dieS,(L,. L,). There are two cases

Casc 1. we L, Then, welL, and hence weD,(L,, L,); s @
(;asc 2. there exist nel,, a=Vsuch that n=u,u,, me VT, u, U =1 g
! 2 ‘ i EVE G,e V¥ dyae nee s
and w=qau. Then f=ifi,d, =L, G,=V" i, V* u,aCLi alzcl hozc e
e D,(I. I..). Because w = ita we deduce that weDy(L, L, an en

1\ Lagy Lea}e

[ ) — B
Sl Ly DL 1o ‘ .
The converse inclusion follows mm a simil: av. L

(ii) We consider L,, L, and from (i it follows that S,(L,. L,)=Dy(L,, L.),
L |

: Ly, L.)=Dh(Ly, L,). Q.E.D. '
]lpn(c('i;sxﬁ:rj;'z)2.4. T(tnlx; ;211113;; of langquages wl{ ich is closed under franspose

ion i d under D, iff il is closed under S,.

Opera!;r;r:nl;:l:lg:‘:;. For any LII,IJ{ZL V* we have C,(L,, L)y=Dy{(L,, L,)u Sl(?l.t{;fl)t.
Proof. Obviously, Dy(Ls, L)y Si(Ly. L)< Cy(Ly, L). Lel us prove tht

CALy. L) DL, LY Sy(L,, L,). Let weC,y(L,, L,). There are three cat

-1 hag)= »

onsider : . .

E‘ase 1. weL, Then, weD|(L,, LYJS(L,, Ly); s S el

Ca‘s-e 2. there exist ueL,, as V such that u=un,u,. 1, = Ve, i, , U, R

and wta Toen weDibe LJEDUL LIS L), e~

e 3. there exist uel,, asV suc =U,, U, ,

E::lewzau. Then, we Sy(L,, L) Di(Ly, LU Sy(L,, L. Q.E.D.

From Lemma 2.5 and Corollary 2.4 it follows _ ranspose
Corollary 2.6. Any family of languages closed under unton, .

it is closed under C,.
an S}l‘f;orDelt)n tt2.173.cl~"?31r' any L,, L:E V* gnd any M = {D, §, C} we have

M(Ly, L)=M\(Ly, Ly).

1 Tov _._!) 1, l o F(i] .S alI(l ‘: thE )]I]Of
; 2 ; '( ’ -)' I

Pr af. L(’t us I) ove that D(Lh Lo) 1 1 ] 7 '

fO".() WS Z Sil'ﬂilﬂr wa )’- LEI‘, w ED(LI, Iu:)- then, Ihele e-\ISt' Woyeery Wa

gy, € ¥V such Lhat

i
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() weel, and w,—=uw ;

(i) for anv i, Og<i<n, W= wiw?, whe VA, pie v wid, <4, and w,, =

=Dty -

We prove by induction on i O<k<n, thal we DY(L,, L,).

Basis . L=0. Then, w, &L, {(from (i)) and hence w, = DY(L,, L) =L,

Induction step. Suppose that for any L O<I< K 0 < k< o we have: w& D1, L.
Let us prove that Wi € DL 1..). From (iiy it follows that Uy =10 wE,
wie Ve v Widg,, €1, and Wity =w,ay+1. From the inductive hypothesis
and from the fact that DAY, L) =(D(I(L,, L,), Ly) it follows that w,. s
€ DY*YL.,. L,).

Now, we deduce that DLy, Ly)e Diy(L,, 1L.;) and hence (1., L)ye DU(Ly, 1.,).
Analogously, we can prove that Di(L,, Ly=D(L,, L)) and hence DLy L) =
=Dy(L.. 1.,) Q.E.D.

In this wav €, S, D are iterations of C,, Su Dy We return now Lo pro-
blem of the expressing Dy, S,, Cy in terms of other known operations on Jan-
guages.

Let V' be an alphabet. Then, by ¢, we denote a new symbol, he. e, ¢ v
and by I, we denote (he homomorphism

hl‘ . (VL, f’p) *—) "’*
defined by

by(aym | @ i @SV
' . M il g=e,

(the exlension on words is the classical one),

Theorem 2.8, Let 1., LS VX Then

(1} Syl L) =L hy(Ljn Ly). where L, =V{ep} ., and Ly=( {acy}
(L Ve, eV

(1) Dy(L,, L)=L, Uhp(Lyn Ly, where Ly w1, {eo}Voand L= V(U éi(1y)
{eva}). “er

Proof. iy Let we S,(L,, L,). We musl again consider two cases
Case 1. we L. Then W Loy he(Lin Ly).

Case 2. there exist uel.,, aeV such that U=thig, i, =V, u,e V=, auy =L,
and w=u«uu. Then acyu s L, dcyihill,=acpru <L, and henee acpusLin L), {rom
which il follows that aqu S he(Lin Ly). We deduce that 7, sLwh(LinLy).

From Case 1 and Case 2, it follows that §,(L,, Ly L, hp(Lin Ly). Let now
weLyh(Linl;). f wel, then WS Sy(Ly. Ly). If wehy(Lin L) then there
exists w’ & Lin L, such that W=hp(0'). We deduce that ' — acpt i, with wu, =
elL,and wit, =1.,. Moreover, W=ai,u, and hence we Sy(1L,, Lgyand Ly hy(Lin
0 L3S Sy(dy. Ly).

ii) can be proved analogously.

Corellary 2.9, The [umilies £, L, 0, L* Ph are closed under MY, for
any Mye D S, C\} and any nxl.

Proof. From Remark 2.2 it follows that it sufficies to prove that the
fumilies £, .£,, £,, L* P are closed under M, forany M,={D,, §,, C,}. But
this follows from Theorem 2.8, Lemma 2.5 and from the fact that these families
are closed wnder union, intersection, concatenation, left-derivatives, right-
derivalives and 2-lincar homomorphism ([2], [3])- The Dy(S,, C) operalion
could also be expressed in another way.
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e

Fheoremn 210, Let L. L.g V¥ Then Dl L)—= (I Ln LYy Iy
where L=Ly[(Lo] V —1{2.]) and Lol VNLO L (07 and 0 denole res-

pectively the right and left quatien! of languages). _

Proof. T.el we D (L, L) Wwel, then we(l..Lnl, . V)ul,. Supnose
e[, and =4, pvel, asV, p=tw, ,F#E it e[, Then, w=="ru, ve ..
aeV and hence we b, . V. Much more, w==pa ==, w,a sl and henes
==ty W, where == el us show that w, &1 and w, s 1.

Bul w, 1., from the definition of D,y L) We must show that there
exists ne ., vV osuch that u=fw,. Gl Bul u==1 and i1 =1, 1 sulfices to
show that w,= L. Becaust w,d < L., w0, it follows that . e LofV —{2.}. Bul
ww,=vr<l., and wye= Lo/ V—{3} and hence €L (Laf Vo — Py=1L

Thus, fer wy,el, w I.. From Lhis fact and!
since wel,, V we deduce that

Conversely, let we(l. inl,. ViulL,.

We have =1y, Y
—up. From w,=L il lollows ihat

L& we have i, =<l
wel Lnl, V.
i wel,, then we . L
1t wel., then wel inl, v. =1, w, el and w=vd,
Thus, W w,=0d, W;==1. Wi,
we LLaL, YV it follows that there exist
h that wea=w,= L, We st show thal
1is that w.s#n I we=ni Lthen
t possible because IV —

pel,, asV.
w, = L, and w,e ., V/L. From
vel,and as V., w=va, U =, 1, SLC
we DLy, L.y and the only thing 1o be provec
w,=d, p=w, L. Hence vel,and =l which is no
— 2} does not contain 2. Q.E.D.

Theorem 211, The fumily £, ts not closed under Dy, Si. Gy

Proof. Consider the languages
L, = {ba"ba"badba"n, p. 4= al,
L, {ba*ba"ba"bjn. w30}
R= {bu"ba’"lm"bu“b;'n. m, p. };:}0].
We note that L. L,s£, and Re£, Much more, we have :
DLy, L)y=I4U {ba"baba"ba" bjn. .= 0}

and
Dy(L,y, Ln BB= fba"ba"bababjn, M 0t
, sinee the language

s that .2, is not closed under D
er inlersection with

from which it follow
0} is nol in L, (and £, is closed und

{ba"bamba"ba™bin, M=

regular sets).
94 and from the fact that L

From Corellary 2
it follows that 1., is not clased under S,. To show th

C, we nole that: .
(PR =hp(Cy({ev} . L1

, is closed under transpose
at £, is not closed under

vl ynder concatena-
which is a conlra-

where Ly, L,= V™
Now, if £, would
tion and homomorphism
diction. Q.E.D.
The closure of £,

be closed under C, (since Ly 15 clost
}, then £, would be closed under Dy

under C remains an epen probleni.
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The matehi
. alehing exten 3
is ancther apes - swon of & langunoe [ .
. : L proble : gunge L= £, w I
Cred, ! *ELE problew. But it is easy Lo prove the with a linguage L, =0
; "ZH‘:" - YneEN, : prove that if L€, I & 0 (hen
warem 212, 1 2 Lap &L, Lhen
A2 Ll 1o =0 )
ver 3 = L= 0T : .
1 L ]g_.; ””‘I] ”;“. Sk 2 A~y Ihg'”.f)?(["‘ I,) Q”([ [ .
. Proof. 2 s closed nnder lof s - (e L) CH(L,
ian and fiaile union I.’ Is i h hj elt and right derivalives .un('
sobs Mernd i Sl osed undes (‘(“;’“li"'l T U conentena-
! o W0 E ) Caredia R N [P
nacmorplismes and finite nng ialion, intersection with reaular
te union. From Lemma 2.5 : Qukn
’ a 2o and Theore
- ren

T
=0 we see it bhes
} HeEe G : i i
i o e the ouly aperations involved in. obiai
1.ohtaining S0 0
[a TS 1

G ptl\-\' ® procevd now to ke sludy of (he

& 'IIII neb danguaoes under .. S ¢ "

HOre 2‘13. ,]‘ . -[~ D ITRE

Proof. Frim I:}t’lf:le'fl('lmgl‘?. Lodand I oare closed under 1

Bimilics L and P are clos <2200 follows that it suffices to « for amy nx 1.

| I <.\£(§ closed under 1. suflices 1o show thal {he

e, E A0 where Ne p g . )
=(\—4|‘ K (;6- "?/.u. [ ) ;T](‘h 'h'll([‘\ = {[‘: ] _I' Ihl'l‘, 1“(.‘]’0 (\xi‘;l thl‘ . , B
how' less of L:'t'lnvr- i S =X =12 Let N = hS" Sll‘ll{'lll!'v I,

Somme 3:(;"1“"{ ;}Sl!;‘\ i\\.-:. :ln.'l:\-_ assume that .‘;ln‘-‘gl‘i({) ;'-mlli ; ;:;, }1'(_;_ Wit-

VR & £ 10ing i"f‘ s and techniesl considerations ST LL T, ),

> orbartmg e preol. erations are in order before  off

Let ]!c b [ er befors  effpe-

closure propertics of
're praperties of some classes

e sel l WIS el b 1 <l i
l (2 Ut X
i U{i[ ].Slllb.l’ wit 3 li“’.b“n( llbLl L.¢

H =1

=) (s T T

. s ] [t =

. We consider two dis l AIL) !(!2)}'
SUppose that 7', and 77
]‘= {‘”/l’e]](_}). c

joinl retiamines of
g RS O I, dewoted T, :
These r‘él:: also disjoint from 7 and 7, (¢ o ‘}[!‘ld_fc, and we
'S¢ renamings generale two bijections =i,
@l '[‘t'_'*}[“ 4} : :Ir‘;.—'tI]c
T {?(’I)EI. i [” _—
and the functions : : g )—f)

i T Ty s T T, i1, 2

where o (¢y=1, iff ="y —(1 , v gy . N

(i;;;‘;;:}lzj}(‘;&? 1 jl(tl‘l;:lf')u:tn a1 (_T.:!ll}t%)l):q(:]b:ﬂ? delined by
(i) T=17 T;U‘ T J'f"?' Bl h -
(i) &= {(s. s 5'1/<IE T A(s, %%1)) =y

Fo={U s)lseSAte T A(o:(l). e 1, i’

Fo={ls, ifse SN e T A, -pg(nj EF..:.

Fo~{f vlseSAle T A2l 3) =-F;

1':7 =l s SNl T A5, o)) EI.‘J-'I,::

Fs={l.s)fs=S A e LYNCRON sF,},

Fo={(s,)seS,Ate TIA(Gs, pt)) & 1,0
2k
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Fro={(t, 5)/s€ S;ALS TeA(@all), 9) eF,}.
Fy,= {(31’ Hite T, Tc"}’
Fa={, s)fteTy,
Fio={(ss, Ot e Tau T},
Foy={{t, s)lts T,uTe}.
Then, F= LljF. H

(iv) W:F—=N:

Wi, v) it (v, yeF,
Wz, y) it (z, ek,
) il (z, P EFUF U FuU P
Wz, ¢2(¥) if (z, P=ls,
Wa(:(2), V) il (x, ) Fy
Wz, y) ={ Wilx, $ul 1) if (x, y)sF,,
Wl(qh(x), ¥) if (x, p)EF,,
Wz, (1)) if (x, y)=Fs,
Wale.(2), ¥) il (z, peFs
Wy, u(y)) if (z, y)eFs,
Wo(do(2). ¥) if (x, NEFn:
{(hy M,: S—N: - R
Mi(a)* if reS,,
B I if x=s,
0 i z=5,;

f X=Pthen A =0 otherwise J# is constructed as follows: For a:jy n};l‘:(i)l.l—g
%cl? lé_ﬂtmlet MeNS* be anew marking such that M'IIS‘ﬂ}?dlg’Mlll”‘S(;r;;;nf‘lila(r.ﬁix‘l;
1 ' ! he set of these new markings. I y
—1 and M({s,)=0. Let /' bet . ‘ . For any faricn
’ NS be a new marking suc at M(S,=
%}?_”Z{Ian:lnéuiﬁsj)}li ll?(si‘)ffl. I.ett_/)" be the set of these new markings.
g == ¥ 2 bt =1
‘Then, A=Y M ;
(@ [: T—XuX,:

L(x) if ze T,
) = Loz if 2s T
L) i e T

l Il(l') if TE T;,

Where I‘: T‘—)X‘, i—'_-l, 2.
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~1

The intnition behind {his formale delbinition can be expressed by the following
icture.

; Ihe doted aves represent the actual connections hetween clements of

the corresponding sets and the others the {act that the s, are connecied with

every element  of  the correspon-

ding sel. Lel us show that L{T') =

Dy ).

LiDye DL, L) : Let we i),
Then there exist e T* and M= W/
such that M,|up-M and {u)=—w.
We must dislinguish two cases

ay M e d, Seme  {ransitions
from 15 and any lransilion f{rom
T are enabled at the initial marking
M. The application of o T-trans
sition leads to a nmew marking in
which the token from s, is moved
into s, and {ransitions from 7T are
nolonger applicable. Because we have
M(s))=1 and JM(s,)=0 we deduce
thal v<=1] (the samc is truc if the Ffirst transition is 7). From (he
fact that M|S; e/, we have w=iu) =l () =L, and hence we D,(L,, L,).

by M e /", In Lhis case only the following sequences of transitions are
from Ty; a unique transition from 79 transition from T, ; a unique transi-
tion from T, Formally we have u=uf'ud”’, v, T, e T, u,eT', t'< T,,
from which we oblain that w=l{u) ={{w, Y (HI(u)(1'). '

Let u,={,..., {2 and then
W) =Ly, WO =L(h®) L) =Ll N -Ln ), 1) =1q).
Bul ¥ i=1, n we have L(d,(0)=1(L.(") and L(, (1)) =1(2,(13)). Much more,
L)h@d). Lz (). Lip ) =L, and [2(4’2("))[2(?2("{’))---lz(?z(frg.))le(f')eLa-
Denoting L) by wy. LG(D)(7:8)). - Li(9:(12) (which equals L) l(oui2)...
~L(9ul7))) by w, and [(f') by
¢, we deduce that w=w,w,aqa,
wy#), uw,w,, L,asw, and
hence weD,(L,, L,).

'The converse inclusion can
be proved in a similar way.

The previous proof can be
modified without major difi-
culties 1o obtain P(Ty=D,(L,,
L,).

Theoremn 2,14, L is closed
under S, Ynz 1.

Proof. 1f sullices io show
that L is closed under S,

Fig, 2 This proof paraliels the prece.

g, 1

4 == Malematica
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eding proof and we give only the intuilive representation of a
for which L(I"Y=8,(L,, L,), L,, L,< 1.
The initial marking is given by

structure I

Ml(s) if s=85,
M2 i .

Mo(s) = Mis)y i seS§,
1 il se {5, 54}
0 if s=s,.

To obtain the set . of final markings for I' we define the {ollowing sels
of markings

M={Me NS(IAM, < My, M[S,=MIAMS, = MEAM(s,) = M(s,) -
=0A M(s,) =0}
M =M e NS|(IM, € M) (IM, € A,) (M]S,=MAM|Sy=MAM(s,) ==
— M(sy) =0A M(s,) =1).

Then, M =0 A and T is completely defined.

Corollary 2.14. The family L is closed under C} operation, for any nx> 1.
Proof. The statement follows from Remark 2.2, Lemma 2.5 and the
fact that L is closed under union [4].

The results obtained in [12] and in this paper can be summarized in the
following diagrams.

l £, 2 [ Ly ‘ L [ P ‘ > P L322y
D? yes yes yes yes yes yes yes yes
s» yes yes yes yes e yes yes yes
C'l' yes yes yes yes & yes yes yes

where nz 1,

D, no

D RO noe no no
8, no S no no no no
Cq no C no ne no noe

3. Concluding Remarks and Open Problems. The main open proble ms
are derived by inspecting the above diagrams. Moreover, the results obta ind
suggest that a general study of a ’measure of closedness® for classes of lang ua-
ges is in order. We shall try to do that in future papers.

0 A REFINEMENT OF THE MATCHING EXTENSION OPERATIONS 351
REFERENCES
1. Best, E., Fernande z, G.—Nolations and Terminoloyy on Petri Net Theory, ArbeitsF
papicre der GMIDD 195, Second Edition, 1987
2 Hoperoft,J E., Ullman J D.--Formel Languages and Their Relation lo Aulo-
mata, Addison-Wesley, Publ. Comp., 1969.
3. Harrison M. A. — Infroduction to Formal Languaye Thevry, Addison-Wesley, 1978,
4. Jantzen, M. — Language Theory of Petri Nets, Springer-Verlag, LNCS 254, 1986.
5 PAun, Gh. — A Generative Model of Conversation, Semlotlea, 17, 1, 1976,
6 PAun. Gh — Generafive Grammars for some Economic Activii jes (Scheduling and Marshal-
ling Problems), Foundations of Control Engineerlng, Poznan, 2, 1, 1977.
7. Pdaun, Gh — A Fermal Linguistic Approach to the Production Process, Foundations of
Control Engineering, Poznan, 1, 3, 1976,
8. P dun, Gh.— On a prolongation operation of languages, Bull, Math. de 1a Soc. de Sei. Matk,
de RSR, 23 (71), 3, 1979.
9. Paun., Gh. — The Generative Mechanisms of Eronomic Processes, Ed. Tehnicd, 1980
{in Romanian),
10. Reising, W.— Place [ Transition Systens, Springer-Verlag 1.NCS 254, 1986,
il. Starke, P. I1. — Free Petri Nets Languages, Springer-Verlag. LNCS 63, 1988,
12. Fiplea, F. I, Jucan, T, Masalagiuw, €. Maiching Ixtensions for Petri Nel

Received 1V 111989

{ anguuges (this volume).

Department of Mathematics
Universily of Iast
6600 Iasi, Romdnia



