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MATCHING EXTENSIONS FOR PETRI NET LANGUAGES
BY

F. TIPLEAN. T. JUCAN, €. MASALAGIU

1. Introduction, in [1], {5} [6]1hree new operations on languages have
been iutroduced and studied. These operations, called “'prolongations”
by the author, arise naturatly in conneetion with the behaviour of some real
systems. In this paper we study closure properties of classes of Pelri net langua-
ges under matching exfension (prolongation) operations. Unfortunately we
have obtained only negative results. A more complex investigation is needed
and we shall do this in further work.

We begin with some notions of formal language theory and net theory.
For missing concepts and notations, we reffer to [2] and respectively to [3].

Let V be an alphabet, i.e. a finite nonempty sel. Then V*=V*y {3}
denotes the frec monoid generated by V., where V* is the set of all finite
nonempty strings (or words) over \ and x is the empty string.

Any subsel L= V*is a language (over V). A family of languages is a non-
emply class of languages, £, which is closed under litteral isomorphisms
(i.c. changes of alphabets) such that not all clements L& .£ are the empy set.

The union, intersection, product, transpose, left-derivative, right-deri-
vative operations on languages are denoted by U. 0w~ &, arrespectively.

A homomorphism h: V*—U* is catled k-linear (k> 1) if (Yus V*) (|u/<
< k| h(t))D, lu heing the length of the word .

We adopt the standard notation for the classical families of languages
of the Chomsky hierarchy : £, (recursively enumerable sels), £, (context-
sensitive sels). £, (context-free sets) and £, (regular scts).

These families are closed under union, intersection, product, transpose,
left-derivalives, right-derivatives and homomorphism, excepting the family
-2, which is not clused under intersection and the family £, which is not closed
under homonorphismn but is closed under k-linear homomorphisms.

We are ready to give now the definitions of the matching extensions
operations for languages.

Let L,.L,s V* be fixed languages. Consider the following properties
of a language L'c V*.

(PdLy Ly)) Lyl

(P{L,, L)) if wel' with w=ww, w,<V* w,eV* and w,asL, for some
asV then wasl';

(PoLy L) i we L' with w=ww,, w,s VH, w,e V¥, and
aw, = L, for some a€ V then awelL’,
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Forany L, L.= V* we dennte by D{L,. 1
o A I £ i L1+ L) the smatlest tanguage whicl
z’:iiigg: Pf,)(zz, I}z))azl(]l ]P]EI(} ].;).)by S, L,y the smallest Inn?{u: o \\'Eﬂ:‘l:
ath Falln L) and Py(Ly, 1) and by (L. L,) Lhe smallest langnage
:-‘ih;(;h salt1;f‘1cs PI(LI,. Ly), Po(Ly, Ly and Py(Ly. L.,). These are 1'-'-':])t-)(:i i\'cT\”?ﬁ(,
h‘qz-mc.:rrr{rg-c:r!cnsrqn, the left-mateling-extension and the left riqhﬁmal
cI thg-exlension operations (prolongations, in 4], {5], [6]). In [7] [8] it
féo'_.vu Lthat £, and .2, are closed under 1), 8, C; £, is not closed und‘m‘ n,s (‘3
a 1S 9}(}50:] undolr D.Sundif I,=£,. L,=.2,hen D(L,. L)), SiL,.1I )1- :.2”
':‘iw follonlru]]g result. is also worlh mentioning {81 . o

heorem 1.1, L

Fhon- 1 Let V' be an alphabet and I, L, be two languages over ¥,

(i) D(Lyy Lo} o= U C({e} L, L))
(1) S(L,. Lay=c{(C(Li{c}. L))
where c¢: V', B
It is not known cither if 2, is closed under ot i
) 5 15 scduuder C, nov if I, = -
imply C(Ly, L)< Lyfor L), x” S fLyel,and Lye.0,
Conser_egtar.dn;g P(é}n neis..i\'f: -shall cansider PJT-nots without :-;.p:zci‘ty
mﬁnitzlza;, (21:11(‘5‘;) _\ (S, T]_: I'S: “1’1) will ienceforth ‘denote a P T-net (with
i a s). Asusual: §, T, FFand. W are thesel of places. {he s
‘ . : N 4 ‘ aces, Lhe set of
:l:'lgs:t:o;]s,}‘i_llo‘flm} l.(;]allﬂll an_d the weight funztion, resppci%vcl\'. A n:u::T{in“g
Mej\-‘ig" ’“h;r{:’ ;\) ]fi a ma{).pn;:s; A S— N, also. represenied by a veclor
1 ; S| is the cardinality of § (N is the sel of nonnesulive inl coer:
h ality yset o nonnegalive Jers
(1)\;) rc;ipol.es the sct of all markings of X, The relation ' =« 'u?d "\-f‘f”r;j(-{‘h)t-
erations " -1% and " —* are nbwise extre D i o s
(narkingl) ix }_N"', e componentwise extrnded from N o veclors
Let Zw(S, T3 F, W) be a PJ T-net,.; ing
) (S, T F, a PjiT-nel, Af bea mavking of ¥ and ! be o transi-
};0;1: Then ¢ is cnabled at M, written M[f> iff M(s);\\'(s, H (fm' )L"l]lhsd;sg
1s enabled at M then { may occur, yielding a new marking A" given by

R'(s) =M(s) —W(s, ) =W, s} for all s€8.

The transformation of M into AI" by i 1

ation . ¥ ihe occuring of ! is denoted by A [{=1{""
%ﬁt M be a marking of the P[T net Z=(S, T; F, W) and w=}l I;te}{"
i ehn,L: is L:‘nablcd at A, wrlttcr! Miw>, T there exist the nmrkinqsth... M
c at M=A7A{, and fon: any i} 0gi<n, Mt 4> Mg, We will oncé“q ":’ii .
repres}gnt the transformation of A7 into M, by w as M['w> M o

y convention, M[A> M for every 3 of . For a ing :
: ¥l 4 aking 3 of X we de-
note by [M> the smallest set of markings of such thaélrl e ‘{ L dc.

(i) Ms[M> ;

(i) if M,e[M> and M, |5 M;Tor some feT. {hen M’-.é-[,‘u’tz-
In the graphical repr i i ise ci i placs d boes
o tmi;{fions, presentation of P/T-nets we use circles for ?laces and ho xES

The arces f s F are labelled by W() w er 1¥( S AT BIE
et F are I v W([) whenever W{(f) >t A marking M i
indicated by drawing M (s) black dots (lokeus) en cac(l{)]fhf.acv s. e

In order Lo define a Pelri net lang ify {
- . “‘ a 'i guage ene has to specify four quanti-
ties : the underlying Petri nel X=(S, T; F, W), theinitial marking M(ie NE,
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a (usueliv finite) set of final markings e NS and a labelling function b T— X,
where N 1s an alphabet.

The fourthuple 1" (X, M. 4, 1y is sometimes called the labelted P/ T-
net with terminal marking set. For simplicity, we shall call it. a structurc (as
in 30
Considering a structure == (2. M,. A0 and extending [ te a homo-
morphism [ @ T#—=X* in the obvious way, or omitting { if it is the identity,
we define the following {vpes of Petri nel languages and the corresponding
fonguage {amilies.

B 1(y={{wywe TN\ IMe I Mofw=>M}
is the [~ vpe or terminal language of Z;

(i Gy= {lqw) e T*A 3 € AN IM 2 M M (w>M"}
is ihe G-tvpe or covering language of £;

(i) P(I) = {{w) s TAM[w=] is the P-fype language of L3
(V) T(T)y = {liwe T*A IMeXNT; M w>MAWMIeT :

Mt =)t is the T-lype or deadiock language of 5.

The families of L-tvpe (G-type, P-type, T-type, respectively) janguages
are abbeeviated Iy L(fi, P, T). Among many possibilities for choosing certain
lukeiling functions, The most simple is one where [T]==|X and { is an isomor-
phism and may tiusbe omitled completely by choosing X= T, In this situation,
il languages of either type are calied free Pefrinet languages. Petri net langua-
ges oblained by extending the codomain of { to XU {1} are called arbitrary
Pelri nef longiiages or languages defined by using »-transitions.

Fer iy fomily X of Petri net lavguages of either type Xe{L,G, P, T}
and N/(X*) denele the corresponding class of free (respectively arbitrary)
Petri el iarguages.

2. Miatehing Exiension Operations on Petri Net Languages. The mat-
ching extension uperaiions have been introduced in [5] to model the beha-
vionr of some cconemic systems. These are real syslems with intrinsic con-
currency. for which Petri nets could be their finite deseriplions. Matching
exlension operations applicd to Peiri net languages could be interpreled in
the following natural waoy © the activity of a P! T-net is conlinued by another
P! P-net (which “learns” frowm the first ). vielding a new system. The classes
ol Pelri nel languages should thus be closed under these operalions. Surprisin-
glv, this fuet is nol true, s0 new problems arises : is the definition of a P/ T-net
sufficiently rich te model concurrent behaviour corvectly ?7; are the classes
L. P, TG the.enly intoresting tamilies of languages connected to P/T-nets i
should {he opetetions D S. C he simplified 2 T

Tiie purpoce of:1his papet is only to show that the classes X/, X {L, P,

T.G) aue net cicsed under D), §, €. To start with, we give a technical lemma
which wiil help us to reduce some proofs. ,

Lexmna 2.1, Let V' be an alphabel, a € V and L be a language such that

(1) Vs the smallest alphabet such that L V¥

(2) therc exists w, wy &€ V" such that for any nE N, w,a"w, < L.
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If L= X/, where X= {1, G. P, T}, then for any struclure T =(Z. }M,. Ay such
that L=X(T) we have =~ =

() Ve T,
(i) for any s=S§: W(s, a)< W(a, s). where L=(S. T.F, W)

Proof. Given V,a=V, Xe {L.G, P, T} and Le V* 3 language such
that L& X/ and L satisfies (1) and (2).1et'T be a structure U=(X. M, )
such thal L=X(I"}), where E=(S, T; F, W,

(i) follows direetly from the hvpotheses.

Let us show thal (ii) holds. Suppose by contradiction thal there exists
se S such that W(s. a)=W(a. 5). Since whaw, = X(17) it follows thal there exist
the markings M,, M,. M, N* such that

Molw, > M [a=M,lw, > M,.
Let m==M,(s) and p=W(s, ay—W(a, 5)>0. We have m3 p since «a is enabled
at M,. Consider k=[m/p]+1. It is tasy o see thal a* is not enabled at 3f,
and hence w,a*m, & X(I') contracting the fact that wa‘w, s L= X(I.

Hence, (ii) holds.

The general method for obtaining negative closure results is to use this
lemma to prove that some particular languages are not in the families X’.

Lemma 2.2. The languages L,= {a. bi* {aju [\} and L,—{a"ba™/n, m»
20}y {a"b™in, mz{} arc not in the familics Lf, 6P,

Proof. Let us prove that Ly 1!, Suppose by contradiction that L,e [/,
then, there exisls a siruclure I'=(S, M, M) such that L, =1(I"). Let T
(S, T; F, W), From Lemma 2.1 it follows that :

(i) {a, b},
(i) for any s« S and any <{q, b} - W(t, 5)» W(s, D).

Since ba=L,=L(I") we deduce that there exist the markings M, N¥ and
M,e # such that M,[b>M,[a>M,. Since asl,=I(I"), ¢ is cnabled
at M, Let M, eN*, M,fa> M, From (i), it follows that M2 M, and since
b is enabled at M it follows that b is enables at M, Let M, N5, M, [b= M, We
have then M,[a>M,[b>M,. 1t is easy to see that M,=M, hence M,s._#
and ab € L(T"), bul abé L, =L(I").

The fact that L, is not in the families ¢/, P/, T’/ can be proved analo-
gously (the only difference is in the way of acceptance of ab and ba). The same
is true for L,. If a*b2e X(I") =L, then ab*a e X(T'), but abatL..

Theerem 2.3. The families L', G’, P!, T’ are not closed under S and D.

Proof. We consider the following languages : Li={\ a}, Li={x a,b,
aa, ab, ba. bb}, L,={a"ba"/n, m>0}y {a"/n20} and L,= {3, b. bb}. It is easy
to see that L, L,, L, are in the familjes L7, G, PY, T7. Weshow that L.eX’,
X< {L, G, P}. More precisely, L,=X/I"), where I'=(Z, M,, /), T being the

. P/ T-net .below (Mo=(2), A={1), (2)}).
' D -J\_)*“D 4 By changing I' into I =(Z, M;, ®), M, {3) we have
Fig, 1 also L, T/,

-
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Dircctly from the corresponding definitions we obtain

S(Ly, Ly)={a. b *aly 1
and

D{La L= {a"ba™[nm> 0}y {a"b"(n, m= 01,

But, from Lemma 2.2, these languages are not in LA GE proTe,
We proceed in a similar way for C. B

Theorem 2.4, The family P! is not closed under C. Q.E.D.

Proof. Tet L'={) a} and L”=1{. b, ha, bac, a. act. The fact L'e P/
is straightforward. To prove that L€ P/, consider the structure I' =( X, M,
D) where ¥ is the P/T-net drawn bellow (together with its initial marking
Mow(1.1.1.0)) :

We have P(IN=L" and G(L’, L'")—
A, a, ac, ba, bac}. Since C(L', L") has not
the prefix property (b& C(L', L)), we de-
duce that C(L', L") P/ and hence P is
not closed under the C operation. Q.E.D.
% Theorem 2.5. The families G/, P!, T!
are closed under lcft-derivatives.

The proof of this theorem is analos
gous to that of Lemma 3 [10)in which it is shown that L7 is left-derivative-
closed, and hence we omit it.

Theorem 2.6. Lel L< V* be an arbifrary language and ¢ be a new symbol
(ce V). If Le X!, X={L, G, T}, then {c}l.=X'.

Proof. Let X< {L,G, T}. L V*, Le X and c& V. Then, there exisls a
structure I'=(Z, M,, #) such that L=X(I"). Let EZ=(S, T;F, W), VcT.
We conslruct the structure I =(Z’', Mg, M’), given by
(1) Z'=(S". 7".; F', W) where

ay S'=5y {s'}, s'&S;

by T"=1u {c} (we can assume that c¢ T);

¢} I"=FU{(s’, e)ju {(c, s)fs = 8, My(s)>0};

d)y W o N

3 4

Fig, 2

W(z, p), if (x, y)eF
Wiz, g)={ 1 , il (2, gy =(s", ©)
M,(s), if (z, y)=(c, s);
(2} The initial marking My : §'— N is given by
0,if z=8§
Mi(@)= ¢ 1, if z=s" and X< {L.G }
2, ff z=5" and X=T;
(3) For every M e # let M': S'~ N being defined by
M(x), if 8
, if x=35"

M(zx) = {
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Let #° be the set of all these markings (Hhe final markings for I'). Pictorially,
" can be desceribed as [ollows s :
SUT e Sur

™~

¥ig, &
() for Ne{L. 6} () for X=T

Note that cnly the transition ¢ is enabled al M., that 3M[cdAf, where
MISo 2, end thus X will idve the same hehaviour as 2. Henee, {3 L= X(I"-
' R Q.E.D.

This 1heorerh is not true for PX. Bit a similar result holds for this family.

Remark 2.7, Let L V* be an arbiltrary languags and ¢’ be’dnew symbol
(v V. 1T L] then {r}lu lePl o o

Theorem 2.8, The families L' G/, T are nol clased under €.

Proof. Let N € {L.G. T}, Suppose that X/ is closed under the C apera-
tion. From the equality DL L'y=¢ (C({c} L', 1)) (Theorem 2.6y and from
Remark 2.7. it follows that X7 is closed under the [) operation, which is a enn
tradiction (Theorem 2.3). Henee, N7 is not closed nader Lhe C operation. (Q.3.1h

3. Coneluding remarks and open problems, Liree Peiri net classes of
Janguages are nol closed under the 1), S, 0 aperations. In a further paper we
shall investigate more profonndly these operations in order to ohtain positive
closure resutls. ‘The cuestion if a change in the definition of a’ P/T-nel {or in
the form of language acceplance} is really necessary, remains open. Another
open problem is to define a measure” ol “closeness” for a class of languages
nnder certain eperations. ' :

REFERENCES

1. Best, I3, Fernan dez, G — Notolions and Terminviogi on Petri Ne! Theary). Arbrits-
papiere der GM1D, 195, Seeond Edition, 1987.

Cilarison M.A — Inlreduction to Fermal Languaye {heory.. Addison-Wesltex. 1978
D Janteen, M — Language Theary of Petri Nets, Sprinder-Verlag LNCS 251, 1986,

. Piaun, Gh — . Generative Model of Conversition, Stwiotica, 17, 1, 1970,

. Piun, Gh. — Generative Grammars for some Lconomic Activilies (Selieduling and Marshal-

ling Probtems), Foundations of Control Enginecring, Doznan, 2, 1, 1077,
6. Piu u, Gh. — A Formal Linguistic Approach fo the Production Process. Foundatlons of
Contro! Lngineering, Poznan, 1, 3; 1976,
7. Paun. Gh. — On a Prolengation Operation of lLongtogcs, Bull. Alath. de ta Soc. de Sci
Math. de R.S:R., 237(71),-1979. = - - - -
8. Pdun, Gh — The Generative Mechanism.of Econgmic Processes, Ed. Tehmici,
1980. {in Remanian).

9. Reisig, W.— Place| Transition-Sysiems; Springer-Verlag: LNCS: 251, +086
10. Starke, P. H. — Free Pairi Net Laaguages, Springer-Veriag LNCS 64, 1975
Receiped 1. V1. 1985 : . Departmeial of Mt hemafics

. - 8 o University of Tagi
6600 — lagi, Romania

Stk 2R

Bucurrsti

An. st Univ, JAL 1. Cuza® lasi
Informatica, 35 (1489)

A BRI FINEMENT OF THE MATCHING ENTENSION OPERATIONS
ny

C.o MASALAGIU, T. JUCAN, F. TIPLEA

) I Fntreduction. We have shown [12] that the classes of Petri nel lan-
.;1]1,1."150.‘; ‘('If‘ nulﬂ:‘losc‘(l under the imatching extension operations, coniradicting
f.( ;;: \1.1]]1.‘( n. Tae purpose of this paper is fo express these operations in terms
fwﬂ r.; her }:110\\ 1 (‘J].},[‘I'ZI_'IO‘I:IS on languages and in.tcrms of Lsimpler* operations.
| 5(‘.0,“,\ rere the “erash® could stand. One-svmbel matching extension opera-
'IIU]]ESfd!( mllg)cl uced and elosure-properties for families of Petri nel: languages
qn( 'l“li'(lah.l’l’[la]' families of the Chomsky hierarchy under these npm:aliom
;}(:‘ : ndied. Positive resulls are obtained. For necessary definitions and nota-
s PP e . b . L . - )
(»I-;p]-u ,\;[ :(R '; l[;n [:_:}.‘!'}\( only note Lhat we consider Pf T-nels with infinite
apacitics and The families of langusges of the € v hierar
HURYe: » Chomsky It -
o by 0 B o 4 (v hierarchy are deno
e UAm symhbol - Matching Extension  Operations. Matching extension
"}’“‘m;m? are ohtumefl by recursively “enlarging” a given language by words
f;_lanol el Ln}guugo. What happens if we admit only 2 one-svmbol extension 7
l‘;‘t;n]s‘\\‘(l is that these restricled operalions have nice closure properties
aln.f. he inilial operations cap be expressed in terms of the new ones. The formal
de unllmzal(‘;l 1Ii1c one-symbol extension operations is given bellow
el Ly, L, befixed languages on a LV ider i
: B ) guay an alphabet V. We consider the following
properties of a language L'c V# s
(PiL,. L)) L,ef;
(PALo L) i we : '
Al L)) W weLl,, w=w,w, with w,, w,= V*
_ . . ith w w3k and w,a<s
(forsome ¢ = V), then wu sl ; v S st
(PYLy, La)) if i
L L)) M we Ll w=ww, with w,, 1 i
- 5 i, e V¥ w an <L
some ¢= V), Lhen aw e L, o AR st dor
For any L S V* w
qﬂtisri?g JFth_Zl we (!cnotc‘ by Dy(L,. L, the smallest langnage which
[y 11% v - i
e 2) and PolLy, Loy, by Sy(Ly. L,) the smallest language which
:;ati;fie; P;\Ll. fz) al}d Pia 1 L) anfi C\L(;, L,) the smallest language which
satisfies f,g 1- ,?)._. }Q(Ll.-ufz) and’ Py(L;, L,). These are respeclively the one-
ml,r 1ho rgglz.gmatgn‘mg_ (u:im‘ sion, the onc-symbol lefi-matching exfension and the
inzc{.;;yn; 0 cfihrrght-'matchm_r} exfension opérations. To express. D, S, C([12])
\'e])']f;p](;]]:];:] nfDDl.SSl,CC1 let Ius noteihat D, S, C could be obtained by successi-
. . o o i
abpiving £, 5;, €, to the given languages. For any L, L,cV*aud M e
={D, S, C} we define : y v )
() MUL,. Ly=1L,
M Jn . i1
(i) ML, Ly=M(M“YL, L), L), for any nz1;



