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A b s t r a c t  
 

H y p e r g r a p h s  a r e  u s e f u l  m a t h e m a t i c a l  t o o l s  f o r  a  c o m p a c t  r e p r e s e n t a t i o n  o f  
r e l a t i o n s  a m o n g  l o c a l  s t a t e s  i n  t h e  s t a t e  s p a c e  o f  d i s t r i b u t e d ,  c o n c u r r e n t  
c o n t r o l  a u t o m a t a  ( c o n c u r r e n t  s t a t e  m a c h i n e s ) .  T h e r e f o r e ,  a p p l i c a t i o n  o f  
h y p e r g r a p h s  i s  m o r e  e f f i c i e n t  a n d  i n t u i t i v e  t h a n  t r a d i t i o n a l  s o l u t i o n s .  F o r  
t h i s  r e a s o n  w e  p r o p o s e  t h e i r  a p p l i c a t i o n  d u r i n g  t h e  d e s i g n  p r o c e s s  o f  
r e c o n f i g u r a b l e  l o g i c  c o n t r o l l e r s .  I t  m a k e s  i t  p o s s i b l e  t o  d e c o m p o s e  a n  S F C  
o r  a  r e l a t e d  c o n t r o l  i n t e r p r e t e d  Pe t r i  n e t  i n t o  p a r a l l e l  o r  s e q u e n t i a l l y  r e l a t e d  
m o d u l e s .  
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 Ró w nol egł a d ekomp ozy c j a aut omat ó w  w sp ó ł b ież ny c h  z w y korzy st aniem h ip ergraf ó w  

 
S t r e s z c z e n i e  

 
H i p e r g r a f y  s ą  d o g o d n y m  n a r z ę d z i e m  m a t e m a t y c z n y m ,  u m o ż l i w i a j ą c y m  
z w a r t ą  r e p r e z e n t a c j ę  r e l a c j i  w s p ó ł b i e ż n o ś c i  l u b  r e l a c j i  n a s t ę p s t w a   
w  p r z e s t r z e n i  s t a n ó w  l o k a l n y c h  c y f r o w e g o  a u t o m a t u  w s p ó ł b i e ż n e g o .   
Z  t e g o  w z g l ę d u  z a p r o p o n o w a n o  i c h  w y k o r z y s t a n i e  w  p r o j e k t o w a n i u  
r e k o n f i g u r o w a n e g o  s t e r o w n i k a  l o g i c z n e g o .  H i p e r g r a f  p o z w a l a   
w  p r z e j r z y s t y  s p o s ó b  o p i s y w a ć  n i e  t y l k o  r e l a c j ę  w s p ó ł b i e ż n o ś c i  m i e d z y  
s t a n a m i  l o k a l n y m i ,  l e c z  t a k ż e  p o g l ą d o w o  p r z e d s t a w i a  i c h  p r z y n a l e ż n o ś ć  
d o  t e g o  s a m e g o  s t a n u  g l o b a l n e g o .  U ł a t w i a  t o  d e k o m p o z y c j ę  d i a g r a m u  
S F C  l u b  r ó w n o w a ż n e j  m u  i n t e r p r e t o w a n e j  s i e c i  Pe t r i e g o  s t e r o w a n i a ,  n a  
m o d u ł y ,  n a  p r z y k ł a d  s z e r e g o w e  l u b  r ó w n o l e g ł e .  W  a r t y k u l e  p r z e d s t a w i o n o  
s p o s ó b  d e k o m p o z y c j i  r ó w n o l e g ł e j  c y f r o w y c h  u k ł a d ó w  w s p ó ł b i e ż n y c h ,  
o p i s a n y c h  z  w y k o r z y s t a n i e m  s i e c i  Pe t r i e g o  p r z e p r o w a d z a n e j  z a  
p o ś r e d n i c t w e m  d e k o m p o z y c j i  h i p e r g r a f ó w .  C e l e m  d e k o m p o z y c j i  j e s t  
p o d z i a ł  r e k o n f i g u r o w a n e g o  s t e r o w n i k a  l o g i c z n e g o  n a  w s p ó ł b i e ż n e  
m o d u ł y ,  z  k t ó r y c h  k a ż d y  m o ż e  b y ć  o p t y m a l i z o w a n y  i  s y n t e z o w a n y   
z  w y k o r z y s t a n i e m  k l a s y c z n e j  t e o r i i  a u t o m a t ó w  c y f r o w y c h .  S p o s ó b  
d e k o m p o z y c j i  s i e c i  Pe t r i e g o  z  w y k o r z y s t a n i e m  k o l o r o w a n i a  g r a f u  
w s p ó ł b i e ż n o ś c i  l u b  w y s z u k i w a n i a  p o k r y c i a  k l i k a m i  d o p e ł n i e n i a  g r a f u  
w s p ó ł b i e ż n o ś c i  ( a  t y m  s a m y m  g r a f u  n i e w s p ó ł b i e ż n o ś c i ,  c z y l i  g r a f u  
n a s t ę p s t w a ) ,  j e s t  j u ż  z n a n y .  O p r a c o w u j ą c  n o w ą  m e t o d ę ,  w z i ę t o  p o d  u w a g ę  
f a k t ,  ż e  h i p e r g r a f  w s p ó ł b i e ż n o ś c i  m i e j s c  s i e c i  Pe t r i e g o  o p r ó c z  i n f o r m a c j i   
o  r e l a c j i  m i ę d z y  k a ż d ą  p a r ą  m i e j s c  p r z e k a z u j e  d o d a t k o w e  d a n e   
o  i s t n i e j ą c y c h  w  n i m  k l i k a c h ,  o d p o w i a d a j ą c y c h  w c z e ś n i e j  w y z n a c z o n y m  
s t a n o m  g l o b a l n y m .  M e t o d a  d e k o m p o z y c j i  r ó w n o l e g ł e j  a u t o m a t ó w  
w s p ó ł b i e ż n y c h  z o s t a n i e  z i l u s t r o w a n a  p r z y k ł a d e m .  Po k a z a n e  z o s t a n ą  
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l o g i c z n e g o  z  w y k o r z y s t a n i e m  h i p e r g r a f ó w .  
 
S ł o w a  k l u c z o w e :  h i p e r g r a f ,  t r a n s w e r s a l a ,  s t a n y  l o k a l n e  a u t o m a t u ,  s i e ć  
Pe t r i e g o .  
 1 .  Int rod uc t ion 
 
T h e  s i z e  o f  t h e  l o g i c  d e v i c e s  g r o w s  u p  v e r y  f a s t  n o w a d a y s .  

T h e r e f o r e  t h e  p r o t o t y p i n g  p r o c e s s  c o n s u m e s  m o r e  a n d  m o r e  t i m e .  
O n e  o f  t h e  m o s t  i m p o r t a n t  s t a g e s  o f  t h e  d e s i g n  p r o c e s s  i s  t h e  l o g i c  
s y n t h e s i s .  I t  t a k e s  n o t  o n l y  a  l o t  o f  t i m e  b u t  – w h i c h  i s  e v e n  m o r e  
i m p o r t a n t  – h u g e  C P U  a n d  m e m o r y  r e s o u r c e s .  C u r r e n t  s y n t h e s i s  
m e t h o d s  a r e  b a s e d  o n  t h e  u s a g e  o f  t r a d i t i o n a l  g r a p h  t h e o r y  [ 1 ] .  
S u c h  a  s o l u t i o n  w a s  p e r f e c t  f o r  s m a l l  d e v i c e s  w h e r e  t h e  
c o m p l e x i t y  o f  t h e  d e s i g n  i s  r e l a t i v e l y  l o w .  H o w e v e r ,  w h e n  t h e  s i z e  
o f  c o n t e m p o r a r y  d e v i c e s  a t t a i n s  m i l l i o n s  o f  g a t e s ,  m a n y  
a l g o r i t h m s  t h a t  a r e  b a s e d  o n  g r a p h s  h a v e  t o  b e  m o d i f i e d .  
A  s o l u t i o n  t o  t h i s  p r o b l e m  c a n  b e  a  h y p e r g r a p h  w h i c h  i s  m u c h  

m o r e  e f f i c i e n t  t h a n  a n y  c l a s s i c  u n d i r e c t e d  g r a p h  [ 1 ,  2,  3 ] .  T h e  
u s a g e  o f  h y p e r g r a p h  t h e o r y  p e r m i t s  t o  s t o r e  a n d  r e d u c e  
i n f o r m a t i o n  a b o u t  t h e  d e s i g n  n e e d e d  f o r  f u r t h e r  s y n t h e s i s .  
M o r e o v e r ,  c u r r e n t  a n a l y s i s  m e t h o d s  o f  t h e  h y p e r g r a p h s  a r e  m u c h  
f a s t e r  c o m p a r e d  w i t h  t r a d i t i o n a l  s o l u t i o n s .  
I n  t h e  a r t i c l e  a  n e w  d e c o m p o s i t i o n  m e t h o d  o f  c o n c u r r e n t  

a u t o m a t a  i s  p r e s e n t e d .  T h e  s y s t e m  i s  d e s i g n e d  a s  a  P e t r i  N e t  w h i c h  
i s  d e c o m p o s e d  u s i n g  h y p e r g r a p h  t h e o r y .  T h e  a i m  o f  t h e  m e t h o d  i s  
t o  d i v i d e  t h e  c o n t r o l  a u t o m a t o n  i n t o  c o n c u r r e n t  s t a t e  m a c h i n e s .  I t  
i s  i m p o r t a n t  t h a t  a l l  o f  t h e  d e c o m p o s e d  m o d u l e s  c a n  b e  a f t e r w a r d s  
o p t i m i z e d  a n d  s y n t h e s i z e d  w i t h  t r a d i t i o n a l  s o l u t i o n s .  
 2 .  Main d ef init ions 

 
I n  t h i s  s e c t i o n ,  f o r  t h e  r e a d e r ’ s  c o n v e n i e n c e ,  w e  r e c a l l  s o m e  

d e f i n i t i o n s  r e l a t e d  t o  P e t r i  n e t s  [ 4 ,  5 ]  a n d  h y p e r g r a p h s  [ 1 ,  2]  w e  
n e e d  l a t e r  t o  e x p l a i n  t h e  d e c o m p o s i t i o n  o f  t h e  a u t o m a t a  i n t o  
c o n c u r r e n t  s t a t e  m a c h i n e s .  
 2 . 1 .  H y p ergrap h s 

 
A  h y p e r g r a p h  i s  a  g e n e r a l i z a t i o n  o f  a  g r a p h .  I t s  e d g e s  - k n o w n  

a s  h y p e r e d g e s  - c a n  c o n n e c t  a n y  n u m b e r  o f  v e r t i c e s  [ 1 ,  2,  3 ] ,  
w h i l e  c l a s s i c  g r a p h  c a n  c o n n e c t  o n l y  t w o  v e r t i c e s .  
F o r m a l l y ,  a  h y p e r g r a p h  i s  a  p a i r  ( V ,  E )  w h e r e  V  i s  a  s e t  o f  

v e r t i c e s ,  a n d  a n  E  i s  a  s e t  o f  e d g e s .  H y p e r e d g e s  a r e  a r b i t r a r y  s e t s  
o f  v e r t i c e s ,  a n d  c a n  t h e r e f o r e  c o n t a i n  a n  a r b i t r a r y  n u m b e r  o f  
v e r t i c e s .  F i g u r e  F i g .  2 s h o w s  t h e  g r a p h i c a l  r e p r e s e n t a t i o n  o f   
a  h y p e r g r a p h .  O n e  o f  t h e  m o s t  p o p u l a r  r e p r e s e n t a t i o n s  o f  
h y p e r g r a p h  i s  i n c i d e n c e  m a t r i x  w h e r e  v e r t i c e s  a r e  r e p r e s e n t e d  b y  
c o l u m n s  a n d  h y p e r e d g e s  b y  r o w s  o f  t h e  m a t r i x .  
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The minimal number of hyperedges that are connected to all 
v ertices is called as a hyper-graph transv ersal ( F ig. 1 ) . There are 
sev eral methods to compute transv ersal of hypergraph. F or 
ex ample,  it can be achiev ed through the reduction of the incidence 
matrix  [ 1 ] . 
 
 

 
 
R y s .  1.   H i p e r g r a f  H  o r a z  j e g o  t r a n s w e r s a l a  
F i g .  1.   H y p e r g r a p h  H  a n d  i t s  t r a n s v e r s a l  
 
The complement of a hypergraph H=(V,E) is a hypergraph 

H * = ( V , E * ) ,  in w hich E *  is a set of all subsets of V  that are not in E. 
I t means that H *  contains all hyperedges that are not present in H . 
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R y s .  2 .   S i e ć  P e t r i e g o  P N 1 o r a z  j e j  g r a f  z n a k o w a ń  
F i g .  2 .   P e t r i  N e t  P N 1 a n d  i t s  r e a c h a b i l i t y  g r a p h  
 

2.2. P e t r i  n e t s  
 
A  P etri net is one of the representations of discrete distributed 

systems. I t is a labeled oriented graph w hich consists of places,  
transitions and directed arcs. A  place is mark ed w ith a circle w hile 
a transition is represented by a line. S uch a structure permits for  
a simple description of describe concurrent processes. To analyz e 
and present a P etri net in a more complex  and intuitiv e form,   
a reachability graph is created. I t represents the reachability of the 
states in the P etri net. The reachability graph can be used to find 
erroneous states or states that cannot be reached [ 6 ,  7 ] . A n 
ex emplary P etri net,  P N 1,  and its reachability graph R G 1 are 
show n in F ig. 2 . 
 
3 . M a i n  i d e a  o f  p r o p o s e d  m e t h o d  
 

3 .1 . T r a d i t i o n a l  m e t h o d  o f  c o n c u r r e n t  
a u t o m a t a  d e c o m p o s i t i o n  

 
I n order to present the new  idea of P etri net decomposition,  the 

traditional method ought to be presented. The algorithm of control 
automaton decomposition based on the graph theory can be 
div ided into follow ing steps:  
 

1. Creation of the macronet for the initial Petri Net. I n 
this stage the macronet is created. I t is performed using 
w ell-k now n solutions [ 5 ,  8 ]  and it is not under the scope 
of this article. 

 
2 . F ormation of the reachab ility  g rap h G . B ased on the 

macronet prepared in the prev ious step,  the reachability 
graph is created. I t contains all states of the P etri N et. 

 
3 . F ormation of the relations  of the concu rrency . To 

perform this stage the cliq ues in the reachability graph G  
ought to be found. F urther analysis of the graph allow s 
us to find the relations betw een states in the macronet. 

 
4 . Comp u tation of the s u b nets  of au tomata that cov er all 

macrop laces  in the macronet. This step is performed by 
finding the minimum cov er of the reachability graph G . 

 
5 . R ep lacement of the macrop laces  b y  ad eq u ate 

concu rrent s tate machines . F inally initial P etri N et can 
be decomposed into concurrent control automata based 
on the results achiev ed in step 4 . 

 
The idea of macronet creation and its decomposition w as 

proposed by A ndre [ 5 ] . I t is based on the classical graph theory. I n 
this article the new  method of decomposition of macronet is 
proposed. I nstead of creation of the graph,  the reachability 
hypergraph is created. Therefore the hypergraph theory is used to 
compute the subnets of the initial P etri N et. 
 

3 .2. N e w  m e t h o d  o f  c o n c u r r e n t  a u t o m a t a  
d e c o m p o s i t i o n  

 
The process of the P etri N et decomposition using hypergraphs 

can be div ided into the follow ing steps:  
 
1. Creation of the macronet for the initial Petri Net. This 

step is similar to the one show n in the traditional method 
of decomposition. A n ex emplary macronet M N 1 for the 
P etri N et P N 1 is show n in F ig. 3 . 
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R y s .  3.   M a k r o s i e ć  M N 1 
F i g .  3.   M a c r o n e t  M N 1 

 
 
2. Formation of the reachability hypergraph H. I n s t e ad  o f  

t h e  g r ap h ,  r e ac h ab i l i t y  h y p e r g r ap h  f o r  t h e  m ac r o n e t  i s  
c r e at e d . F i g u r e  4 i l l u s t r at e s  t h e  r e ac h ab i l i t y  h y p e r g r ap h  
H R 1 f o r  t h e  m ac r o n e t  M N 1. 

 
 

 
 
R y s .  4.   Hi p e r g r a f  z n a k o w a ń  HR 1 d l a  m a k r o s i e c i  M N 1 
F i g .  4.   R e a c h a b i l i t y  h y p e r g r a p h  HR 1 o f  m a c r o n e t  M N 1 

 
3 . C ompu tation of the complement H*  of the hypergraph 

and  formation of its  trans v ers al. T h e  r e s u l t  o f  t h i s  
p r o c e s s  i s  t h e  s am e  as  h y p e r g r ap h  c o l o r i n g . H o w e v e r  
v e r y  o f t e n  c o m p u t at i o n  o f  t h e  c o m p l e m e n t  o f  h y p e r g r ap h  
an d  f u r t h e r  f i n d i n g  i t s  t r an s v e r s al  i s  f as t e r  an d  l e s s  c o m p l e x  
t h an  h y p e r g r ap h  c o l o r i n g  [ 2 ] .  

 
 

 
 
 

 
 
R y s .  5.   T r a n s w e r s a l e  d o p e ł n i e n i a  h i p e r g r a f u  
F i g .  5.   T r a n s v e r s a l s  o f  h y p e r g r a p h  c o m p l e m e n t  
 

I n  o u r  e x am p l e  t h e  c o m p l e m e n t  o f  h y p e r g r ap h  H R 1 c o n t ai n s  
f o u r  h y p e r e d g e s :  H R * = { a1, a2, a3, a4} ,  w h e r e  a1 = { M P 1, M P 2, M P 4} ,  
a2= { M P 1, M P 2, M P 5} ,  a3= { M P 1, M P 3, M P 4}  an d  a4= { M P 1, M P 3, M P 5} . 
F o r  s u c h  a h y p e r g r ap h  t w o  t r an s v e r s al s  c an  b e  f o u n d  as  i t  i s  s h o w n  
i n  F i g . 5 . B o t h  i n d i c at e s  t h at  t h e  m i n i m al  n u m b e r  o f  h y p e r e d g e s  
t h at  ar e  c o n n e c t e d  t o  al l  v e r t i c e s  o f  t h e  h y p e r g r ap h  H R *  i s  e q u al  t o  
t w o . T h i s  m e an s  t h at  P e t r i  n e t  P N 1 c an  b e  d e c o m p o s e d  i n t o  t h e  
t w o  c o n c u r r e n t  au t o m at a. 
L e t ’ s  al s o  p o i n t  o u t  h e r e  t h at  t h e r e  i s  n o  n e e d  t o  c o m p u t e  an y  

c l i q u e s ,  w h i c h  i s  r e q u i r e d  i n  t r ad i t i o n al  s o l u t i o n s . 
 
4 . R eplacement of the macroplaces  by ad eq u ate 

concu rrent s tate machines . F i n al l y  t h e  au t o m at a c an  b e  
d e c o m p o s e d  ac c o r d i n g  t o  t h e  t r an s v e r s al  o f  t h e  
h y p e r g r ap h  H * . 

 
 
4 .  C o n c l u s i o n  
 
I n  t h e  ar t i c l e  a n e w  d e c o m p o s i t i o n  m e t h o d  o f  c o n c u r r e n t  

au t o m at a i s  p r e s e n t e d . T h e  m ai n  ad v an t ag e  o f  t h e  p r e s e n t e d  
m e t h o d  i s  t h e  av ai l ab i l i t y  o f  h y p e r g r ap h  t h e o r y  u s ag e  i n s t e ad  o f  
g r ap h  o n e . H y p e r g r ap h  c o n t ai n s  al l  i n f o r m at i o n  ab o u t  t h e  r e l at i o n s  
b e t w e e n  h y p e r e d g e s  w h i l e  i n  g r ap h  al l  c l i q u e s  h av e  t o  b e  f o u n d . 
F u r t h e r m o r e ,  t h e  p r o c e s s  o f  f i n d i n g  c o n c u r r e n t  au t o m at a c an  b e  
m o r e  e f f e c t i v e  b e c au s e  o f  h y p e r g r ap h  c o m p l e m e n t  u s ag e . V e r y  
o f t e n  c o m p u t at i o n  o f  t h e  t r an s v e r s al  o f  h y p e r g r ap h  c o m p l e m e n t  i s  
l e s s  c o m p l e x  t h an  i t s  c o l o r i n g . L e t  u s  p o i n t  o u t  t h at  t h e  r e s u l t s  o f  
b o t h  s o l u t i o n s ,  e i t h e r  t r an s v e r s al  o f  h y p e r g r ap h ,  c o m p l e m e n t  an d  
h y p e r g r ap h  c o l o r i n g  ar e  h e r e  t h e  s am e . 
 

5 .  A c k n o w l e d g e m e n t  
 
T h i s  w o r k  h as  b e e n  p ar t i al l y  s u p p o r t e d  b y  t h e  I n t e g r at e d  

R e g i o n al  O p e r at i o n al  P r o g r am m e  ( M e as u r e  2 .6 :  R e g i o n al  
i n n o v at i o n  s t r at e g i e s  an d  t h e  t r an s f e r  o f  k n o w l e d g e )  c o -f i n an c e d  
f r o m  t h e  E u r o p e an  S o c i al  F u n d . 
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