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THEOREM OF STANDARD FORM FOR SELF—MODIFYIN@
SOME CLOSURE PROPERTIES AND DECISION PROBL|

Tran Tho Chau
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The construction of a standard form for self-modifying nets is interesting, as

be used in different cases, e.g. to prove the closure properties with respect tc

" and concatenation. As in ordinary Petri-nets, A-transitions play an important rol

paper gives a construction of standard form for self-modifying nets with terminal m

Some closure properties of associated languages are shown and some decision pr
are solved.

1. NOTIONS AND DEFINITIONS.

Definition 1. IV is a set of nonnegative integers. A self-modifying net is a 5-tuple;
N = {P,T,Pre, Post, M, }

where P = {p1,pz,....pjp} ( Set of places)
T= {h Ea, “wtlTll ( Set of transitions)
PNnT=0
M, is a |P|-dimensional vector (the initial marking)
Pre:Px PAxT— N A
Post : T x P, x P — IN, where P, = PU {1} (1 ¢ P).
N is called post-self-modifying net, if

Pre:Px {1} = IN and Post:Tx P, x P— IN.

The marking M-which is a mapping from P into IV is denoted by a | P|-dimensional
M = (M(p1), M(p2),..., M(pp)) € IN'P!| where M(p;) means the token in place p;
Given M € NPl being a marking, then the function
Vm : Pr — IN defined by Vis(q) := IF ¢ € P THEN M(q) ELSE 1.

Definition 2. A transition ¢ € T is said to be firable at M, if for all pe P

M(p) >= z pre(p,q,t).Vau(q).
gEP,

Definition 3. A transition ¢t € T is firable from the marking M to M’
M 5 M' <=t is firable at M

and

Vpe P:M'(p)=M(p) — ) pre(p,q,1).Vi(q) + > post(t,q.p).Va(q)
geP, qEP,
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tion 4. For any word W = t;11;»...{;, and two marking M and M’, the firing relation
M will be defined by the following recursion

M2 R empty word)

MYy A et om Yomr and MY - M

tion 5. For any transition t € T and marking M € NP1, we define two marking tp-,

tar== Z P’:'('-{ILQ-”-VM{?) (pe P)

JEP,;

tars 1= Z post(t,q.p).Vu(g) (p€ P)

qe Py
i

ition 6. Let N = (P, T, pre,post, M,) be a self-modifying-net (post-modifying-net)
T — X U {)} be a labelled function, among them X is a labelled alphabet. Then
V.h, X, My) is called a labelled net with terminal marking M.

ition 7. Let A = (P,T,pre, post, M, h, X, My) be a labelled SM-net with terminal
ng. Then A is called standard form, if

M, =(1,0,..,0) € NP M; =(0,0...,0) € INIPL,

ions. Let N = (P, T, pre.post, M,) be a self-modifying net, M; a terminal marking,
T — X U {A} a labelling function (in the case h : T — X U {A} is called A-free, if
A VteT).

Ran(M,) = (M e NPI3W e T - M, 2 M)(reachability set).

3llowing families of languages a.re defined

WUN) =AW e T* IEWEJ?\'P' M. % M} (firing sequences of N)

:E,"'\'F,ﬂ’f!j ={WeT’ 11'v.f — Mj}

[N, k) == {R(W)|3M € NP1 M, 2 M}

[m h, M) = {h(W)|3M € NPl . M, = M}

sar(psa) (V) = {Lo(N)IN : self- modifying net (post-self- mﬂdifymg net)}

;mqu}(N My) = {L,(N, My)|N:self-modifying net (post-self-modifying net, M; ter-
marking)}

sarcpsany(NV, h) = {L(N,h)|N : SM(PSM)-net and h: A-free labelling function}
sar(psm)(Noh, Mp) i= {L{N, h M)|N : SM(PSM)-net and h : A-free labelled function
f; terminal marking}

barpsay (N B Mp) == {L(N,h, My)IN : SM(PSM)-net and h: labelled function and
rminal marking}.

3. SOME RESULTS.
em 1. (Standard form) For any labelled SM-net (PSM-net) with terminal marking

A= (P T pre post. M, h X, Mff)
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there exists a labelled SM-net (PSM-net):
A' = (P, T, pre’,post’, M,, k', X', M}),
which is equivalent to A in the sense of the languages, such that
M. =(1,0,..,0) & M}:(u,o,.;.,m.

Proof.
a) Let A = (P, T, pre, post, M,, h, X, M;) be a SM-net with terminal marking M;,

P = {Pl:P:Z:»»-:Pn}. T:= {tlptZ;---;tm}

h:T — XU{A} (labelling function)
M, := (X, Xa,...,Xn) (initial marking) .
M;:=(1,Ys,....Ys) (terminal marking)

Addition (n 4+ 1) new places : p, (start-place), pn41, Pn+2s -+, P2n (€nd-place), and tw
transitions: ¢, (first-transition), tm+1 (stop-transition).

Notation. flg := restricted function on B.
Also, then the net A’ = (P, 7", pre, post’, M;, h', X', M}) will be defined as follow

f
J
'

Fig. 1: The net A’ in standard form

where P' := PU{po,Pn+1,Pn+2,-»P2m}, T =tU{to,tm41}
X':=X; pre'lpxpxr = prelpxp xr
pre!(p. 1t =1, pre(pilitmi) =Y (i=12,..n)
pl‘ef(pn,‘.hp;,tﬂ{.;.l} =] (! = 1,2, .k.,‘ﬂ)
post’|7xp, xp = post|rxp, xpr
post’ (Y., 1. m1=X; =130
poat/(ts, 1, pisi) =% (i =1.2,.n)
Kir = hlr;  RB'(t) = h'(tmy1) = A
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:=(1,0, ...,0) € NIP

= (0,0, ...,0) € NPl
is easy to see that the transition ¢, fired only one time to transform the net A into
ial marking. The transition t,,4, also tired only one time when the net A run into
minal marking M, and finally the transition t,,,, fired to transform the net A’ into
minal marking M; = (0, ..., 0).
reover, L(N,h,My) = L(N', ', M}) where

N = (P, T pre post, M,) & N'=(P' T pre,post’, M,).

Let A = (P, T pre post, M, h, X, M;) be labelled PSM-net with terminal marking
irst, we can transform the PSM-net A as the SM-net A’ similar to a). But in the net
re exist the ares pny 1 0 2 I ., that are not in form of PSM-net, so by. using the
ds of R.Valk [2], we transform the arc PSM-net by respected transform one time

‘token based on A-transition:

A ot

P

“+‘o"},:—)'l % t-:z\‘o QA A
T P O]

5 B) Ema

Fig.2: Transform of the arc (pn4i,pi,tm+1) in the form of PSM
en we change back the SM-net A" into PSM-net A" satisfies
L(N.h, My) = L(N', b, M}) = L(N”, K", M ;)

k" is defined by /" and Fig. 2, M” = (1,0,...,0), M"; = (0,0, ..., 0).

em 2. The L:,’:.M“,SM}(N,!:, M;) is closed under union, concatenation, intersection,
yorphism. Inverse homomorphisms and intersection with regular sets.

E[mi’. In this report, we make the proof only for the closure to the union and con-
ion, the others will be seen in R.Valk’s works [2].

jure to the union.

cording to the theorem 1, we suppose that :

Ly = L(Ny,hy,Myy), Ly =L(Na,hy, Mp3) € Lgy(psu)(Nuh:M!)

them the labelled nets with terminal marking
= L(Ny, Fus X1, M) & Ay = L(Na, hy, Xo, My2) are in standard form.

nen the start-places of these two nets are coincident, we get a labelled net A with
al marking, satisfied

LiWls= L(N’,h,M}r),
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where A = (P,T, pre, post, Mo,h, X, M;) : M, = (1,0,..,0) and M; = (0,0,...,0),]
function h is defined on the bases of A, and hj: 1
hi(t), ifteTy i

VteT=T1UTy: A(t)= { ho(t), ifteTs

s
- sStop!
- Al 4 © A2 -
G stopf O 'stotz i
A2 1.
Stop 2

Fig. 3: Union of A, and A;

b) Closure to concatenation.

Similarly, let L, = L(Ny, k1, M), Ly = L(N3, hy, My2) be two languages genei
the nets standard form. Then two nets are concatened by the connection of the :
stop-transition 1 of the net A, with start-place 2 of the net A; and we have got t
satisfied

L=Ly.Ly=L(N,hMy): A= (P T, pre post, My, h, X, M;)
= (N,h, X, M;), where M, =(1,0,...,0)
M; =(0,0,...,0) and h is defined on the base of h; and hy:

hi(t), if teT

MeT=TVUTy: h(t)= { ho(t), if t €T,

O——i‘ A A O A" l“'

—|.
startt LBtoP1] giq.t, L Stor2

Fig. 4: Concatenation of Ay and A;

Notes. In the above proof, we considere T\ NT; = 0 as when T1 N T3 <> 0,
rename the transition of 73, and the functions pre, post are defined according to the
of the given nets.

4. Some decision problems.

1) The empty proBIems.
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'm 3.

The empty problem for the Ls M{pby)( ) is decidable.

The empty problem for the Lguy(psa(N, My) is undeciable.
oof.

Let L = Lo(N)€ Lsmcpsmy(N) be a language generated by

N = (P.T,pre, post, M,).

L = 0 will be decided after the following steps.

ap 1. Caculate all ¢, (i=1..]T])

>p 2. Find out, if there exists ¢;,, such that M, >= M,
ap 3. Conclusion, if it exists so L <> &; if not, so L = 0.

Let L = L(N,My) € Lsm(psmy a language generated by

N = (P, T, pre,post, M,)

:he terminal marking M;. Then L = 0 if and only if M; € R.(M,). Because the
1bility problem is undecidable for the SM(PSM)-nets, so the empty pmblem for
sm)(N, My) is undecidable too (see R.Valk [2]).

| The membership problem.
rem 4. The membership problem for the

Lsmpsm)y(N),  Lsmpsmy(N,My),  Lsmpsmy(N,h), Lgmpsm)(N, My)

idable.
roof.
| Let L = L,(N)€ Lsmpsmy(N) be a language generated by

N = (P, T, pre, post, M,)

"=ttty € T°. Then W = ;153 t; belong to L,(N), if there are markings M,,
y My with
Mo = My, My =2 M3, .., My_y =5 My

1 the contrary W ¢ L,(N).
milarly, let L = (N, M;) € LSM(PSM}(N| M;), and W = tj tis..tin € T*. Then W =
tix belongs to L,(N, M), if there are markings M,, M, ..., My with

M, =5 My, My 22 My, ..., Moy =2 M

) the contrary W ¢ L,(N, My). : :
Let L= L(N, h) € LSM(PSM)(N| h) (0[‘ y L(N,h, M!) € Lsu(psn)}, and 8 is &ﬁnitﬁ
.ontaining the label such that (W) = 8 with A: T — nX (-free labelled function}
=itz - Lin- g

milarly to the methodes applied to the above part a), we see where the word g8

ts to L(N,R) (or L = L(N,h,M;)) by a finite number of tests. So, the membership

m for the Lgypsam) (N, h)(Lspcpsmy(N, My)) is decidable. :
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3) The finite problem. 1
Theorem 5. The finite problem for the Lpsay(N), Lpsy (N, h) is decidable. “4

Proof. Let L = L,(N) € Lpsyu(N) be a language generated by the post-self- moé
net N = (P, T, pre, post, M,). It is added to the place and linked every transition to p‘

R

This place has not coming-out-way and it is used to count the firing of lransm
the net N:

Nl‘

h\:: O Peounter

Fig.5: The net

It is easy to see that peounter 15 bounded if and only if in the net N’ there is no i
- sequence &y, g, .oy Lig, ... from Mg

M, Ml,Ml 3 Mz, . Moy =5 My

and then according to R.Valk [2]: since the bounded problem for the post-self-modi
net is decidable, so the finite problem for the PSM-net is decidable too.

Similarly, the finite problem for Lpsym(N,h) is decidable: since h <> A, so the
" Peounter 1s bounded if and only if in the labelled net A := (N’, k") with A’ = A, there
any infinite firing sequence of labels a;, aiz, ..., ajx, ... starting from M,:

M, 25 My, My 25 My, .., Moy 25 M

where a;; € X and h: T — X.
So, as the above mentionned, the finite problem for the Lpsa (N, h) is decidabl

(€
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Hi KHOA HOC, KHTN, DHQGHN, t Xil, n” 3. 1896

DINH LY VE DANG CHUAN TAC CUA LUOGT PETRI SUY RONG,
MOT SO TINH CHAT DONG VA VAN DE GIAI DU'O'C

Trin Tho Chéu
Trucmg Dat hoc Khoa hoe Tur nhién - DHQGHN

3ai bdo d'@ cap téi "Dinh Iy vé dang chudn tic cia lwéi Petri-suy rong, mét s6 tinh chat
( vi van deé gidi duoc”. Chingtol da xay dung dang chuan tic cla lwdi Petri-suy rong,
iz minh mot s6 tinh chdt déng nhuwr két hop. két ndi, giao dong cdu, dong cau nguwgc
iao vai tap chinh quy. Dong thi chirng minh maét vai bai todn quyét dinh déi véi
Petri-suy réong nay nhu: Bai toan rong doi véi LSM(PSM)(N), Lsupsm)(N, M;); bai
thude d6i v&i Lsar psany(N), Lsmpsan) (N, My), Lsmpsmy(N,h), Lsmpsm)(N,h, My),
ai toan hiru han déi véi Lesu(N), Lpsm(N,h)

a7



