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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,L,53o

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 Nivát
C 5 □ .

Let be languages on alphabets E^E^., respectively,
E=E^nEg° Homomorphisms and h2 are defined on 1 and
E^j take values in E.

h^(a) - if a6E then a else e3

hgia) - if a6E then a else e,

where e is the emty word.
Suppose L=h )̂r\h 2(L g). Each element of L is consi­

dered as a sequence of synchronization elements of L and L 0.
-L о
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(The reason will be seen later.)

Definition : The language

U h 1 (w) ©  h 1{w)
wGL

is called a synthesized language (SL in short form) of L 2 and
L 2 *

In our definition, ©  is the symbol of the projetive 
product defined by E.Knuth, Gy.György and L.Ronyai Cl]„

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

ueh^(w) ©  h^{w) iff

и =
a l a 2 3 * * • * a n 3

w i=
CL • CL • • о 9 • % CL • €

г 1 г 2 Ъ 1
h j 1 ( w ) 3

1 2 * y n*

W 2=
a . a . , . »  о .  a . 63 i  c 2 c s h ~2 \ w )> C i ^  C 2^ 3 • • ° j  ^  <7 g  j

and w is the longest common word of w  ̂ and w 
Considering L. as sets of behaviours of processes Q.3i=l323 
we can identify L 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 r 
recognizing the component languages.

Assume that M^3M^ are automatons recognizing Lj and

M1 = (QJ3 гг,Ь 13q°l3Fг )

M2 = 2 jZ 236 2*q 2’F S'* °

We construct automaton M as follows:
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M = (QзЧ UV

Q = x Q2
о

>4 = (q\»q°2 )» F F 1xF2

’(6 3a)3q2) if a e z 3\ r

a) ~ * 1 (<?13&2(q23a) ) if a e z 2\z

.(ő 1(~q13a)35 2(q23a) ) if a 61

It is easy to prove that the language recognized by M is 
SL of and Lg . The proof is omitted.

By induction we also defined the SL of the n given lan­
guages . That is, the SL of LL.L'......L isl3 23 3 n l3 23 3 n
the SL of L~3L03...3L and L . It can be seen that this± cj Yl 1 7Z
definition does not depend on the order of LL.L'n..0..L .1 2  n

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 Nivát C51. In this paper we 
shall apply this concept to present the set of computation 
seauences of the computation system introduced by Janicki C2,3I.

3. Languages generated by S-nets

S-nets (simple nets) introduced by Janicki C23 are a par­
ticular case of Petri nets.

Definition (2)
A simple net (S-net) N=(T3P ) consist of:
i) a set T of transitions,

T T Tii) P c 2 x2 - a relation over 2 , a set of places, 
where T and P satisfy the following conditions:

( VaGT) ( Эрл qSP) : ( aGleft (p )fîright(q ) ); P=0 iff T=0.

((x3y)eXxX3 right(x3y)=y 3 left(x3 y )=x).
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Denote by SNETS the set of S-nets. For N23N^QSNETS3N2<xN2 
iff F2~P2‘ Relati°ns is ? partial order over SNETS.

We shall adopt the following notations:

N2UN2 = sup{N1,N2), N ^ N 2 = inf{N1,N2}3

U N - supiNINeS}3 N = inf{N \NëS}„
NQS NGS

Theorem 1 C23: Algebra (SNETS,U ,D ) is a complete lattice 
with the smallest element (<?,0)

A marked S-net M=(N3В3E ) consists of:
a) 3-net N,

pb) £62 - initial marking, and
Pc) £62 - final marking.

N P P1-step reaching relation R 2 : T-+2 x2 is defined by:

P N
(4M13M2e2^)3(M23M 2)eR1(a) tff 

M 2 - ‘a - M 2~a'and ’ac^23 a'<xM2%

(where a* - {pGP \ alright (p ) }3 * a={pGP\aGleft(.p)} .
A word w=a2a23 о .о3an is called a firing sequence from marking 
M3 to marking M" if there exists a sequence of markings
M3 =M .M..... =M " such that:o3 1 3 n

i=l3 23 ... 3 n.

The language L(M) of M is the set of all firing sequ­
ences from the initial marking to the final marking.

The main result can be stated as follows:

1 9Theorem 2 : Let M = (.N 23B 23E 2) and M =(N 23B 23E 2) be marked 
S-nets. Suppose M°=(N2UN23B 2UB2 3 UE2).

Then the language generated by M is the SL of LiM^ ) 
and L(M2 )о
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Proof: Denote

L^=L(Mj ) 3 Ь2=1(М^)Л L=L(M°l,

T = T ^ T 23 T=T2UT2J P=P2UP23 B=B2UB23 e =e 2u e2<

Our task is to prove that

L=SL of and L,

Taking w=a2a2,„.„»am&L3 we show that w belongs to SL

of L2 and L2. By definition of L(M)3 there exist
M'3M'3...3M б 2P such that: l3 23 3 m

( M 3M.)6R Л а  .) 3 i=l 3 23 о . . 3m3 M =E3M =E. (2)
Is J. Is J. Is О Til

Assume that a. 3a . 3 ... 3a . is the subsequence of w
г 1 г 2 Ъ1

containing occurences of transitions in T3 a. 3a. 3...3a.
31 32 3s

is the subsequence of w containing occurences of transitions 
in T2, and c2o23..v3Cq is the longest common subsequence of
a . a . ...a . and a . a . ...a . containing occurences of
г1 г2 гI _ 31 32 3s

transitions in T. That is,

{ 3 1 j J о 3 • • • ° • ^ 7 } ^ ̂  3 ^ л • •

t7 7 ̂ «7 о ̂ Ъ о • • ■

We shall show that:
N.(M. n P M.n P jei?/(e .) , h=l 3 2 3 . . . 3 l г̂  - l3 г7 1 1 г 3 3 3 3 3h-1 h h

and
N.

(M П p m  П P )q r ‘(a )3 k=l3 23 ... 3 s.
3 к-l 3k d 1 гк
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This follows from the fact that and Ng are S-nets
Since N and N are S-nets,

-L Cl

4t$T2 => tUt g P2\P13
4t&T2 => tut я p2\p2.

Consequently,

4h=l323 ...3l3 if i^_^<i-^-l then

M. n P=M. ^ 7n P - г ~ 1 г +i 1n-1 n-1
= M. ,npг -1 l3 n

Чк=1,23 о . . j s3 if then

m . n p =m . ^,ир = ... =M . 7np 
ik-1 2 2 Ч -1 2

if j <m then M. , ,ПP = ... -M Ups 3 +1 2 m 2 3о
if ъ i<m then M. J p = ... =M Up i ъi+1 1 m l

Since МоПР2=В2, МоПР2=В23 МтпР2=Е23 МтпР2=Е2 and (2)
a. a. ...a. 6L,, a. a. ...a. 6L0. By definition of SL.w in ^2 г2 гг l3 з2 з2 js 2
SL of L2jL2 •

Reversely, take ь)=а^а9...а in SL of and L . By1 ú- TTl J. cj
definition of SL, we have:

w , - a . a .1 г г _
1 2

W Г, = a . a .
2 3 j 3 2 3 3 ° ss

w=a a ...a is the longest common subsequence of w1
rl r2 Tq 1

and w 9 (if w=e3 r=o)3

{ £ 2 у i 2 j • • •} £ U { j ̂ j 2 3 • • s

{ i 2 3 i 2* ° • • 3 i î U { 3 j 3 3 23 * *

Ъ1<г2<' *'<гг, л 31<3 2<0 '

з З  }  =  { r 1 3 V g 3 . . . 3 V T  } 3

Я
<3 3 r1<r.7<. . . <r
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(г =j -г =0 by convention).О О О
1 1  1Therefore, there exist M. ,M. andг 3 г~3 3 г,

2 2 2 o l l
M. ,M. ,...3М. such that:
3о 31 3s

Vh=l 3 23 ... 3 13 M1. 6 2 1, 1 1 ^ 1
3K  )eRl (ai )згк-1 гк 1 гк

4k=l323.,o3s3 M 2. e2 23(м2 3 M2. ) е д  2(a. )
3k 3k-l 3k 1 3k

1 1 2 2AT. =B^3 M. =E43 M . =EC13 M . =En.г l3 о г1 1 2 ■’s 2

We construct a sequence of markings of N
by :

MO - B,
M .=M2.l)M2. if г г г J ie{r 23 yi VJ T23' * q1’

In remain cases, if г-г. with he{l323...31} then
1 2  n 

M ,=M. UM. with к in {1323
г гН Зк

• • • j s { so that j^ is the
bigest number, which is less than i, if i=0i with к in
{2,2, . . . . s } then M .=m \ UM2.

г гк Зк
with h in { 13 23 .0,1} so

that i^ is the bigest number which is less than CO•

We claim that

4i=l,23. . . 3m3 (Mi_13Mi )eRN1(ai ).

There are the following cases:
a) he{l 3 2 3 . . , 3 l] 3 i^0{r2,r2, „ . . 3r . In this case,
1 2M .-M . UM. with к defined in the definition of M. and

г гЬ Зк г
i~1=ih_1 U h_2 can be in {г 13 r£3 . . . 3 r or г-2-j^ (jfe
does not belong to {r73r 03 ...3r }). By definition, M . 7 -1 C[ ъ — 1
1 2M. UM. . Noting in this case a\ U’a. we haveг7 7 j7 г7 г7 1к-l dk h h
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< » í - 3 ' V eB? (V -
b ) г=«7̂ л fee{2J 2j . . . 3 1} and j . . .,r^}. In exact­

ly the same way with interchanging the role of N n and N 0,
N 1 Awe have (M . -3M . )GR-(a . ).г — 1 г 1 г

c) г6{г73г 03...3г }. In this case, there exist h and к
1 A q 1 Zsuch that j7-г,-г. So, M.=M . =M . .
k h 1 ih ik

If г-2=г, -, then M. -=Aîh-1 Jk-1> г-1 гк_2 3k_j

If then jfc-j -'■s t îe legest number in
(ijj • • • j Jg) which is less then г ̂  ̂j- if i - l = q then
г , is the begest number in {гпз...3г Л  which is less then
h ~ i  l i

1 2j7 . So, in any case of г-13 M . =M . и M. , and since 
K~2 г~1 гк-1 ck-l

that :

(«Í-З*» 4 )eRV ai )-

The proved property of sequence Mq3M^3 . . . 3M^ shows that
wëL {м° ) .

This completes the proof of our theorem.

Corollary : The language generated by proper net M=(N3B3E) 
is the sythesized language of languages generated by sequen­
tial components creating it.

Proof : Since M is proper net, there are elementary nets 
N^3N^3 . . . 3N^ such that:

N = N2UN2U..о UNk.

For every г3 Мг=( N .3 ВНР .3 ЕГ\Е . ) is a marked S-net ̂ 'l' ”Ẑ
(i=l3.o.3k)o The corollary is an immediate consequence of 
theorem 2 .

Janicki has used proper nets to model parallel computation



41

systems. The corollary given above can be used in proving the 
correctness of synthesizing concurrent systems from sequential 
parts.

Example : Consider the following proper net:

where: r : read,
i : input,
о : output,
w : write, £) : initial place, (Q) final place.

This net is the union of three sequential components:

Lj=(ri)*, L2=(г*о*)*3 L 2=(wo)*
By the corollary, we have:

г - /г ! п ™ m -п I . „- {Z{v w о г I n >0 3 m>_ 0 } D }

2̂ YYl Til Yl Ihere l{v w о г \n>03m>0}l is the trace language on {v3w3i3o} 
under the relation 1= { ( v3 w ) 3 ( v3 о ) ( о3 i ), ( i3 w ) } .

Ln is the behaviours of read-write systems.

Conclusion :
In this paper we have only considered representation of«behaviours of systems synthesized 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.
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Ö S S Z E F O G L A L Á S

SZINTETIZÁLT KONKURENS RENDSZEREK NYELVEI
Bang Vah Hung

A dolgozatban a szerző bevezeti a "szinkron-nyelv" fogal­
mát, amely Knuth Előd C 6 3 által már korábban definiált foga­
lomnak továbbfejlesztése. A szerző a fogalom segítségével 
tanulmányozza a Janicki [33 által bevezetett rendszereket.
A dolgozat fő célja jobb betekintést nyerni a parallel rendsze 
rek struktúrájába.

ЯЗЫКИ СИНТЕЗИРОВАННЫХ КОНКРУРЕНТНЫХ СИСТЕМ

Данг Ван Хунг

В работе вводится понятие синхронного языка, которое яв­
ляется развитием базисного понятия введенного Кнутхом для изу­
чения систем введенных Яницким. Цель работы состоит в том, 
бы лучше понять поведение параллельных систем.

что
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