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LANGUAGES OF SYNTHESIZED CONCURRENT SYSTEMS

DANG VAN HUNG

Institute of Computer Science and Cybernetics
Hanoi, Vietnam

1. Introduction

This paper deals with the analysis of behaviours of con-
current systems synthesized from particular parts. Such sys-
tems have attracted a great deal of attention. Important cont-
ributions are [C1,3,4.51.

We propose in this paper to describe a set of computation
sequences of a concurrent system by mean of the formal languages.
This, to our mind, has a little sense in understanding concur-

rent systems more essentially.

In the second section, we shall defined synthesized lan-

guages and in the third one, its application will be discussed.

2. Synthesized language

The concept defined in this section closely concernes the
concept of the synchronization behaviours introduced by Nivat
£53 s

Let LZ’L2 be languages on alphabets 21,22, respectively,
z:zlnzz, Homomorphisms hl and h2 are defined on 21 and
22, take values in I.

hl(a) = 4f a8k then a else e,
hz(a) = €Ff a€l then a else e,

where e is the emty word.

Suppose L=h1(L1)nh2(L2). Each element of L is consi-

and L.

dered as a sequence of synchronization elements of Ll P
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(The reason will be seen later.)

Definition: The language

=1 -1
U B () @ Ry (w)
weL
is called a synthesized language (SL in short form) of Ll and
LZ.
In our definition, (@ is the symbol of the projetive
product defined by E.Knuth, Gy.Gy6rgy and L.Ronyai [13J.

To make the definition more clear, we should note that:

wery () @ Byl (w)  iff

U T A Agsenesd
= -1 2 . -
W, = a7/.1al.2_,o..,cz7’.Z e hl (w), T,<T <0<t ,
_ -7 5 ; 3
Wy= ajlaj2,.oo,ajs € h2 (W)s  J13T g% 0res<d s

{iz,iZ,..o,iz}u{jl,jg,..a,js}z{z,z,...,n}.

and w 1is the longest common word of w4 and Woe
Considering Li as sets of behaviours of processes Qi,i:1,2,
we can identify [ with the sets of sequences of synchroniza-

tion promitives of these processes.

A synthesized language of two regular languages is regular.
This fact can be proped by constructing an automaton from ones |

recognizing the component languages.

Assume that M M2 are automatons recognizing L; and Lg:

1’
o
My = (@7527567,975F )

(o]
My = (Qgs29585,q95F5)

We construct automaton M as follows:
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=
I

(Q,ZZUZZ,G,qo,F)

) o o
@ = @,2Q,,9 = (ql,qz), F = F,xF, ,
(61(q1,a),q2) if a ezl\z,

6((q1,q2),a): (q1,62(q2,a)) i€ & ezg\z,

(éz(ql,a),éz(qz,a)) if a €z,

It is easy to prove that the language recognized by M is

SL of LZ and LZ . The proof is omitted.

By induction we also defined the SL of the #»n given lan-
guages LZ’L2’°"’Ln° That is, the SL of LZ’LZ"°"’Ln is

the SL of LisLgseeesl, 4 and L . It can be seen that this

definition does not depend on the order of LZ’LZ"°"Ln'

The concept introduced above can be used to study state-
machine decomposable systems, such as a sets of behaviours of
vector of processes introduced by Nivat [5]. In this paper we
shall apply this concept to present the set of computation

seaquences of the computation system introduced by Janicki £2,31.

3. Languages generated by S-nets

S-nets (simple nets) introduced by Janicki [2] are a par-

ticular case of Petri nets,

Definition (2)

A simple net (S-net) ©~N=(T,P) consist of:
i) a set T of transitions,
i) P e ZTx2T - a relation over 2T, a set of places,

where T and P satisfy the following conditions:

(¥a€T)(3p,q€P):(a€left(p)nNright(q)); P=¢ <iff T=4.

((z,y)eXxX, right(x,y)=y, Lleft(x,y)==).
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Denote by SNETS the set of S-nets. For NJ,NZGSNETS,ngNg
1ff P15P2. Relations is a partial order over SNETS.
We shall adopt the following notations:
N,UN, = sup{lN Ny}, N 0N, = inf{N ,N,},
U N = sup{N|Nes}, N = inf{N|NES}.
Nes Nes
Theorem 1 [2J]: Algebra (SNETS,U,N ) 1is a complete lattice
with the smallest element (@,0)
A marked S-net M=(N,B,E) consists of:
a) 3-net W,
b) Be2f - initial marking, and
&) E€2P - final marking.
d ; N P B ;
l-step reaching relation RJ : T+2" 22 is defined by:
v, m.e28y, o m,)erYa) 2
12 P 1 rf
M,="a = M,-a and ang, a‘cM,.
(where a'={p€P|a€right(p)}, °‘a={p€P|a€leftip)}.
A word WSA1A 9500050, is called a firing sequence from marking

M* to marking M" if there exists a sequence of markings
M’:MO,MJ,,Q.,Mn:M" such that:

(M Mi)eRg(ai)’ =1, 8, ws e s

=12

The language L(M) of M 1is the set of all firing sequ-

ences from the initial marking to the final marking.

The main result can be stated as follows:

i
Theorem 2: Let M :(NI’BZ’
= 0=
S-nets. Suppose ¥ (NZUNZ’BZUBZ’E

a_
El) and M '(Nz’Bz’EZ) be marked

JUE ).

Then the language generated by M 1is the SL of L(MJ)
and L(M2)o



Proof: Denote

— e —_—
JFLMY), D,=L(My), L=L(M%),

T:TlﬂT T=T1UT P:PIUPZ’ B=BJUBZ, E:EJUE2°

22 5?

Our task is to prove that:

L=SL of L, and L.

Taking w=a.,a,,...,a €L, we show that w belongs to SIL
12 m
of Ll and L,. By definition of L(M), there exist

2
MJ’M2""’Mme 2P such that:
N A = -
(M,_,,M.)€R (a ), ©=1,2,...,m, M _=E,M =E. (2)
Assume that @. ;. 5eee,ds is the subsequence of w
il bt/

containing occurences of transitions in T, Sisils w5 @ s

o P

J17 o Jg

is the subsequence of w containing occurences of transitions
in T2, and 0102’°’°’cq is the longestcommon subsequence of

Ay Qs oees and Q.. @ e oA containing occurences of

3 ~a g . dzdg Ig
transitions in 7. That is,

{jz,j2,noo,js}u{i1,i2,.ao,il}:{l,g,o-c,m}_,
j1<j2<aoo<js, 7: <7: <ooo<7:Z o

1 "2

We shall show that:

1
(e B 7, MW R YR (aY . BELBeess by
Ty_1 1 Ty 7 1 '%
and
X,
(M, N Py, M.0 P,)€R “(a, ), (it By RPN ¥
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This follows from the fact that NJ and N2 are S-nets.

Since N1 and NZ are S-nets,

N

VE@T  =>tUt c P,\P,,

VtETZ = tUt < PJ\P2.
Consequently,

¥h=1,25emsnls Tf ih_1<ih—1 then

M. N P_=M.
2 1 "z
n-1

Y=l ,2, vunyBs ET jk_1<jk—1 then

M. T PoMe 0P cue 2H, P,

Je-z 2 d3% 2 dgml 2

&F js<m then Mj +10P2: o :MmﬂPZ,
s

f iz<m then MiZ+JnP1: o :MmﬂPZ.

Since MOHPJ:BJ? MOOPZ:B2, MmﬂPZZEZ, anPZ:EZ and (2)
a, a; «e.a; GLJ, Ao s wiswils €L2. By definition of $SL,w in
1 %2 Z 91 93 I8

SL of L_,L

12=g"
Reversely, take W=a,ag...a, in SL of L1 and L_,. By
definition of SL, we have:

w, = a, a. ...a; er (Zf w=e, tzro),

w, = a, a. .c.aj €L (Z2f w=e, ig=0),

w=a, a, «..a, is the longest common subsequence of w4

L€ sBggnnd 5Bs FT woiT anss a3l Yo By By vn nallls
S L 12% 2 3

{il,i2,c..,iZHW{jJ,jg,...,ig}={r1,r2,...,rp b

q
11<12<...<£i 3 J1<32<°..<%3, P1<rq<...<rr

o

L q

3



(10:30:r0:0 by convention).

Therefore, there exist Mé ,Mi ,.,.,Mi and
o 1 [/
M% ,M% ,...,M% such that:
da 93 Jdg
/2 N
VA=1,2,...,1, Mé ez 1,(M§ ,Mé )eRlz(ai ),
h h—1 h h
P N
¥k=1,2,...,8, M e2 2,42 , M )eRlz(a. S
k Ik-1 k Ik
y) 1 2 2
M. =B, M, =F., M. =F,, M €E.:
%y i) 7 1 J, 2 dg @
We construct a sequence MO,MJ,O..,Mm of markings of ¥
by:
M, =B,

gl .
M.=M UM, if ze{rz,rz,...,rq}.

In remain cases, if i:ih with he{1,2,...,1} then

=m! uM®  with % in {71,28,:00528) Bo that g is the
Tt iy g k
bigest number, which is less than <, if i:jk with k in

{1,2,...,8} then Mi:M% uM®  with & in {1,2,..,1} so

nodk

that is the bigest number which is less than jk. (3)

by
We claim that
L2 . . B |

N
;_gsM;)ERI(a.).

There are the following cases:

a) i:ih’ Be{Z,2,vesslt}, ihﬁ{rl,r2,o..,rq}. In this case,
M.:MZ UM% with k defined in the definition of M. and
T, g £
i-1=¢, , (Z,_, can be in {rl,rg,...,rq} or z-l=dy (4
does not belong to {rl,rz,...,rq}). By definition, M, , =
M% UM% . Noting in this case a% U'ai GPJ we have
k-1 Ik h h
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N
(M,_,,M.)€R (a).

b) =74, ke, 2,432} and jke{rl,rz,...,rq}. In exact-
ly the same way with interchanging the role of ¥ and NZ'

1
N
we have (Mi Mi)ERl(ai)'

_1-’
c) ie{rl,r2,...,rq}. In this gase, there exist # and k
such. that. J+:=%;=%: = S0; M.:M% =M", .
k “h 1 1 J
h k
If i-1=i, =g then M, _=mM>  um%
-— _ -— _13 LT . . .
h-1 Yk-1 1-1 o1 Jp—1

If L—Zzzh_l#gk_l, then Jp-7 1is the begest number in

{JZ,...,JS} which is less then <2, ,; if z—Z:Jk_l#zh_l then

ih-l is the begest number in {il,...,iz} which is less then
jk—]' So, in any case of -1, Mi—J:Mi u M% , and since
-1 k-1
that:
(M M )GRN( )
TR Rk e o

The proved property of sequence MO,M
weL(M%y,

1,...,Mm shows that

This completes the proof of our theorem.

Corollary: The language generated by proper net M=(N,B,E)
is the sythesized language of languages generated by sequen-

tial components creating it.

Proof: Since M 1is proper net, there are elementary nets
NJ,N2,...,Nk such that:

N = NJUNZU..OUNk.

For every i,Mlz(Ni,BﬂPi,EﬂEi) is a marked S-net
(2=1,...,k). The corollary is an immediate consequence of

theorem 2.

Janicki has used proper nets to model parallel computation
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systems. The corollary given above tan be used in proving the

correctness of synthesizing concurrent systems from sequential

parts.

Example: Consider the following proper net:

N =
where: r : read,
i input,
o : output,
" write, C) ¢ initial place, C) final place.

This net is the union of three sequential components:

LJ:(ri)*, L2:(i*o*)*, L3:(wo)*

By the corollary, we have:

I, = {cis™ e ™

N | n>0,m>0}1} ,

here E{rnwmomin|n10,m30}3 is the trace language on

under the relation I={(r,w),(r,0),(0,Z2),(Z,w)}.

LN is the behaviours of read-write systems.

Conclusion:

{r,w,Z2,0}

In this paper we have only considered representation of

L)
behaviours of systems svnthesized from their components. The

combination of concept given above and trace languages used in
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searching parallel system will be considered in the future.

The author would like ot thank prof.E.Knuth for helpful

advices.

REFERENCE

£ E.Knuth,Gy.Gyory, L.Ronyai: A study of the projection
operation. Apllication and theory of Petri nets, 52,
Springer-Verlag, Berlin Heidelberg-New York 1982,

£21 Ryszard Janicki: An algebraic structure of Petri nets.

Lecture Notes in computer science, Vol.83,1980.

E31 Ryszard Janicki: A construction of concurrency relation.

Lecture Notes in computer science, IV/1981.

CL3 Peter Hendersen, Yechezkel Zalestein: Sychronization
problem solvable by generalized PV-systems. JACM,
Janury, 1980, Vol.27, n-1

51 Nivat,M.: Synchronization of concurrent processes. In
pre. N-80-3, Janvier 1980. Paris.

L63 E.Knuth: Petri nets and regular trace languages. 25-th.
April, 1978, the University of Newcastle Upon Time, com-
puting labor



_43_
0 SSZEFOGLALAS

SZINTETIZALT KONKURENS RENDSZEREK NYELVEI

Dang Vah Hung

A dolgozatban a szerzd bevezeti a "szinkron-nyelv" fogal-
mat, amely Knuth E16d [C63] altal mar korabban definialt foga-
lomnak tovabbfejlesztése. A szerzd a fogalom segitségével
tanulmanyozza a Janicki [3] altal bevezetett rendszereket.

A dolgozat f6 célja jobb betekintést nyerni a parallel rendsze-
rek strukturéajaba.

SASBIKMU CHUHTE3HWPOBAHHEIX KOHKPYPEHTHHX CUCTEM

IIaHnr BaH XyHTD

B paboTe BBOOUTCS IIOHSITHE CHHXPOHHOT'O A3HKa, KOTOpoOEe AB-
JISeTCA pa3BHTHEeM 6Aa3HCHOT'O IOHATHA BBEIOEHHOI'O KHyTxOM Omss usy-
YeHHS CHCTEM BBeIOeHHHX AHUUKUM. [leslbr paboOTH COCTOUT B TOM, 4YTO-

6B JIyulle IIOHATH I[IOBEEeHHEe MapallyieJIbHEX CHUCTEM.
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