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s p e c i al i z at i o n  i n  s o f t w ar e  e n g i n e e r i n g  an d  n e t w o r k  
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A b s t r a c t  
 

Pu r p o s e  o f  t h i s  wo r k  i s  t o  s u g g e s t  a  p a t h  f r o m  f o r m a l  m e t h o d s  t o  
i m p l e m e n t a t i o n  i n  d e s i g n i n g  c o n c u r r e n t  s y s t e m ,  t h u s  h e l p i n g  f u r t h e r  s t a g e s  
o f  s y s t e m s  d e v e l o p m e n t  t o  g o  o n .  Au t h o r  f o c u s e s  o n  m a p p i n g  o f   
n o n h i e r a r c h i c a l  C o l o u r e d  Pe t r i  N e t s  m o d e l  t o  c l a s s  m o d e l  o f  t h e  s y s t e m  i n  
J a v a  a n d  C  l a n g u a g e .  Au t h o r  e x t e n d s  a m o n g  o t h e r s  f o r m a l  m o d e l  wi t h  
i n f o r m a t i o n  wh i c h  wo u l d  i m p l y  g e n e r a t i o n  o f  c l a s s  m o d e l s  f r o m  f o r m a l  
m o d e l ,  c o n f o r m i n g  t o  J a v a  s p e c i f i c a t i o n  a n d  C  l a n g u a g e ,  m a k i n g  
c o n t i n u o u s  i n t e g r a t i o n  p o s s i b l e .  T h e  wh o l e  c y c l e  wo u l d  b e  p r e s e n t e d  wi t h  
c h a n g e d  Pe t r i  N e t s  m o d e l  o f  s i m p l e  c o n c u r r e n t  s y s t e m .  
 
K e y w o r d s :  Pe t r i  N e t s ,  f o r m a l  m e t h o d s ,  m a p p i n g ,  J a v a  c l a s s ,  C  l a n g u a g e .  
 
Od  m e t od  f orm aln y c h  d o i m p le m e n t ac j i  n a 
p rz y k ład z i e  m od e lu   w si e c i  P e t ri e g o  
sy st e m u  wsp ó łb i e ż n e g o 

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

 
C e l e m  p r a c y  j e s t  z a p r o p o n o wa n i e  ś c i e ż k i  p r z e j ś c i a  o d  m o d e l u  f o r m a l n e g o  
s y s t e m u  o p i s a n e g o  s i e c i ą  Pe t r i e g o  d o  i m p l e m e n t a c j i .  Au t o r  s k u p i a  s i ę  n a  
r z u t o wa n i u  n i e h i e r a r c h i c z n y c h  m o d e l i  s i e c i  d o  m o d e l u  k l a s  
o d p o wi a d a j ą c e m u  o b i e k t o we m u  p a r a d y g m a t o wi  p r o g r a m o wa n i a  j ę z y k a  
J a v a  i  p r o c e d u r a l n e m u  d l a  j ę z y k a  C .  Au t o r  r o z s z e r z a  m o d e l  f o r m a l n y   
o  i n f o r m a c j ę  u m o ż l i wi a j ą c ą  d o k o n a n i e  k o n we r s j i  d o  m o d e l u  k l a s   
i  p r o c e d u r .  C a ł y  c y k l  b ę d z i e  z a p r e z e n t o wa n y  n a  p r o s t y m  s y s t e m i e  
ws p ó ł b i e ż n y m .  
 
S ł o w a  k l u c z o w e :  S i e c i  Pe t r i e g o ,  m e t o d y  f o r m a l n e ,  r z u t o wa n i e ,  m o d e l e  
k l a s  w J a v a ,  p r o c e d u r y  w j ę z y k u  C .  
 
1 .  In t rod u c t i on  
 

Tec h niq ues f or map p ing  c onc urrent  sy st ems mod elled  w it h  
C oloured  P et ri N et s t o d et ailed  d esig n and  c od ing  is p resent ed . 
P lac es and  t ransit ion are aug ment ed  w it h  c onsist ent ,  
c omp lement ary  c lass mod el/ p roc ed ural f unc t ions. Th e v alid at ion 
inf ormat ion w ill be c onsid ered  lat er but  not  in t h is art ic le. Th e 
inf ormat ion is t h e ext rac t ed  f rom mod el’ s xml f iles and  g enerat ion 
is ac c omp lish ed . R ules f or ext rac t ion are d esc ribed  by  and  
id ent if ic at ion and  c od e g enerat ion is d one by  DO M  [ 5]   p arser. 

 
2 .  Colou re d  P e t ri  N e t s 
 

C oloured  P et ri N et s (C P N s) is one of  sev eral mat h emat ic al 
rep resent at ions of  d isc ret e d ist ribut ed  sy st ems. A s a mod elling  
lang uag e,  it  g rap h ic ally  d ep ic t s t h e st ruc t ure of  a d ist ribut ed  
sy st em as a d irec t ed  bip art it e g rap h  w it h  annot at ions.  

C P N  is a lang uag e f or t h e mod elling  and  v alid at ion of  sy st ems 
in w h ic h  c onc urrenc y ,  c ommunic at ion,  and  sy nc h roniz at ion p lay   
a maj or role.  

C oloured  P et ri N et s is a d isc ret e-ev ent  mod elling  lang uag e 
c ombining  P et ri net s w it h  t h e f unc t ional p rog ramming  lang uag e 
S t and ard  M L  [ 3,  4 ] .  

S t and ard  M L  p rov id es t h e p rimit iv es f or t h e d ef init ion of  d at a 
t y p es,  d esc ribing  d at a manip ulat ion,  and  f or c reat ing  c omp ac t  and  
p aramet erisable mod els.   
 
3 .  M ap p i n g  t o Jav a lan g u ag e  
 

A ut h or assumes t h at  t h e C P N  mod el is p rop er and  t h e f ollow ing  
map p ing  d oes not  af f ec t  simulat ion of  t h e C P N  mod el. M ap p ing  
alg orit h m t o g enerat e c lass mod el [ 8 ,  9 ]  f rom C P N  mod el in 
Desig n/ C P N  ap p lic at ion t o c lass d iag rams is as f ollow s. 
a) O ne sh ould  mark  t h e p lac e w it h  init ial c lass p lac e t ag   
as on f ig . 1. Th e p lac e is c h osen as basic  t o g enerat e 
imp lement at ion c lass. Th e c omment  w it h  c lass name 
(* init ialC lassP lac e@ c lassname: obj ec t 1* ) or t h e c olour in p lac e 
w ill be t h e name of  t h e c lass.  

Th e at t ribut es t o t h e c lass may  be ad d it ionally  ad d ed  t o init ial 
c lass p lac e t ag  as t ext  examp le. 

 
 

 
            ( A u x i l i a r y  a r e a ) 

 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 

order 
( order, s t af f )  

s t af f  

[ i f  ( order= B i g )  
t h en  S t af f = E x p ert  

el s e t ru e]  

O rder 

O rderI n  

( * I n i t i al C l as s P l a
c e@ c l as s n am e* )  
S t ri n g  i d[ ] ;  
S t ri n g  n am e;  
/ * c om m en t * /  

E n t erO rder 
( * m et od@ i n * )  

@ + 5  

O rderE n t ered 

E n t eredO rder 

S t af f  
S t af f P ool  

  
F i g .  1 .   C P N  m o d e l  an n o t at i o n  e x am p l e   
R y s .  1 .  P r z y k ł ad  m o d e l u  C P N  z   d o d at k o w y m i  o z n ac z e n i am i  
 

Th e init ial c lass p lac e t ag  is c onnec t ed  w it h  t h e p lac e w it h  t h e 
auxiliary  c onnec t or (sp ec if ied  in Desig n/ C P N ). 
b) Th e met h od s of  t h e c lass w ill be relev ant  t o t ransit ions w h ic h  
are c onnec t ed  t o t h e p lac e w it h  arc s w h ic h  w as mark ed  as init ial 
c lass p lac e. Th e g uard  c od e on t ransit ion w ill be set  as c omment  in 
t h e bod y  of  t h e met h od . 
-  Th e p aramet ers of  t h e met h od  are t h e c olours f rom t h e p lac es 

w h ic h  are c onnec t ed  t o t h is t ransit ion but  d irec t ed  t o t h e 
t ransit ion. 

-  If  w e w ant  t o rest ric t  t h e amount  of  p aramet ers of  t h e met h od s 
t h an w e mark  t h e arc  w it h  t ag  (* met h od @ in* ). Th e ret urning  
v alue f rom t h e met h od  is t h e v alue of  arc  d irec t ed  f rom t h e 
t ransit ion or d enot ed  by  (* met h od @ out * ) as on f ig . 2.  

-  If  w e d o not  w ant  all t h e t ransit ions t o be t ak en as met h od s t h an 
w e mark  t h e t ransit ion w it h  (* met h od @ not t ak en* ) (C ond it ions 
on arc s w ill not  be t ak en int o ac c ount  in t h is art ic le). 

c ) Th e same st ep s f rom a) t o b) w e p roc eed  w it h  anot h er p lac e 
w h ic h  w ill be t h e init ial c lass p lac e. 

S y nt ax f or d enot ing  ot h er d ep end enc ies i.e. t h e p roblem of  
p oly morp h ism in obj ec t -orient ed  p arad ig m w ill be c onsid ered  in 
d if f erent  p ublic at ion.  
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Ord e r 
 
 

Ord e r 
 

C l a s s  Ord e r{ }  

m e th o d  E n te rOrd e r 

p a ra m e tr to  th e  m e th o d  

Ord e r 

E n te rOrd e r 

R e tu rn  o b j e c t f ro m  th e     
m e th o d  

  
F i g .  2 .   T r a n s l a t i o n  s c h e m a   
R y s .  2 .  S c h e m a t  r z u t o w a n i a  d o  m o d e l u  k l a s  
 
 
4. P r o c e d u r a l  v s . O O  
 
T h is pseudo code sh ow s t h e dif f er ence b et w een O O  appr oach  

and pr ocedur al . T h e t y pe of  l ang uag e f or  C  is pr ocedur e or ient ed 
and f or  Jav a is ob j ect  or ient ed. C l ass is eq uiv al ent  t o st r uct ur e and 
m et h od of  t h e cl ass t o f unct ion out side t h e st r uct ur e.  
 
cl ass O r der   S t r uct  O r der  
{   {  
f l oat : pr ice;   f l oat : pr ice 
ent er O r der ( S t af f ) ;  
}   }  
   ent er O r der ( O r der ,S t af f ) ;  
 

T h is is t ak en int o account  w h en sw it ch ing  b et w een Jav a and C  
st r uct ur e of  pr og r am  is needed. 
 
5 . M a p p i n g  t o  C  l a n g u a g e  
 
A l g or it h m  f or  m ar k ing  is t h e sam e. A ut h or  sug g est s using  t h e 

sam e m ar k ing  f or  pl aces, t r ansit ions in O O  st y l e. I t  w il l  b e t h e 
opt ion of  par ser  Jav a/ C  l ang uag e g ener at or  t o ch oose t h e 
im pl em ent at ion ( t im e consider at ions is not  t ak en int o account  in 
t h is ar t icl e) . T h e al g or it h m  w il l  t r eat  t h e t r ansit ions connect ed w it h  
t h e pal aces m ar k ed w it h  init ial  cl ass pl ace t ag  as f unct ion w it h  
appr opr iat e r ul e i.e. cl ass is t r eat ed as st r uct ur e as f ir st  par am et er  
t o  f unct ion w h ich  is r el ev ant  t o t r ansit ions in C P N  m odel . 
N um b er  of  par am et er s t o f unct ion and r et ur ning  v al ue t h e sam e 
t r eat ed as in m apping  t o Jav a al g or it h m  3 b ) .  
N um b er  of  f unct ions and st r uct ur es g oes w it h  t h e sam e 

appr oach  as in 3 c) . 
 
6 . P r e r e q u i s i t e  t o  b u i l d i n g  f o r m a l  m o d e l  i n  

m a p p i n g  t o  J a v a / C  l a n g u a g e  
 

C r ucial  r ol e of  successf ul  and accur at e m apping  is t o anal y z e 
and m ar k  C P N  m odel  t ak ing  int o account  ob j ect -or ient ed 
appr oach  descr ib ed in par . 3. T o ach iev e t h is t h er e is onl y  needed 
m ar k ing  w it h  init ial  cl ass t ag  f or  each  f unct ional  ar ea of  t h e C P N  
m odel . T h is m ar k ing  w il l  not  af f ect  t h e m odel  and t h e w ay  it  is 
sim ul at ed in D esig n/ C P N  sim ul at or . 
R ul e 1 :  if  t h e m odel  is soph ist icat ed and no t r ansit ion is g ood 

f or  m ar k ing  as t h e m et h ods in O O  appr oach  t h an m ak e  
a sub m odel  using  sub st it ut ion t r ansit ions ( C P N  H ier ar ch y )  and 
m ar k  t h is t r ansit ion w it h  ( *  m et h od@ in * )  t ag .    
 
7 . R e p r e s e n t a t i o n  o f  t h e  C P N  m o d e l  i n  x m l  
 
T h is is a f r ag m ent  of  r epr esent at ion of  C P N  m odel  sh ow n in 

par . 2  in x m l  [ 1 , 2 ] , t ak en f r om  D esig n/ C P N  ex por t  f unct ional it y . 
K ey w or ds m ar k ed b ol d ar e used in par . 8  t o g ener at e cl ass m odel  
and pr ocedur al  r epr esent at ion in C . 
 

< w or k spaceE l em ent s> 
< cpnet > 
< g ener at or  t ool = " D esig n/ C P N "  v er sion= " 4 .0 .5 " / > 
< pag e id= " id7 5 " > 
<trans id= " id7 8 " > 
   < nam e id= " id1 2 3" > 
   < t ex t >E nt er  O r der  ( * m et h od@ in* ) < / t ex t > 
   < / nam e> 

<c o nd  id= " id1 2 4 " > 
< t ex t > 
[ if  ( or der  =  B ig )   t h en st af f  =  E x per t  el se t r ue]  
< / t ex t > 
< / cond> 
< t im e id= " id1 2 7 " > … 
< t ex t >@ + 5 < / t ex t > 
< / t im e> 

< / t r ans>… 
<arc  id= " id1 35 "  or ient at ion= " pt ot " >… 

<p l ac e e nd  idr ef = " id1 0 6 " / > 
<transe nd  idr ef = " id7 8 " / > 
… 
<anno t id= " id1 37 " > 
< t ex t >or der < / t ex t > 
< / annot > 

< / ar c> 
<p l ac e  id= " id1 0 6 " > 

< ! -- 3 r eg ions( s)  w er e f ound --> 
< ! -- R eg ion 1  of  node --> 
< t y pe id= " id1 0 8 " >… 
< t ex t >O r der < / t ex t > 
< nam e id= " id1 0 9 " > 
… 
< t ex t >O r der  I n< / t ex t > 
… 

< / pl ace> 
<au x  id= " id1 33" > 

< t ex t > 
( * I nit ial C l assP l ace@ cl assnem e: O r der * )  
S t r ing  id[ ] ;  
S t r ing  nam e;  
< / t ex t > 

< / aux > 
<au x -c o nn id= " id1 6 2 "  or ient at ion= " nodir " > 

… 
< node1  idr ef = " id1 33" / > 
< node2  idr ef = " id1 0 6 " / > 
< ! -- no t ex t  w as f ound --> 

< / aux -conn> 
… 

    < / pag e> 
< / cpnet > 
< / w or k spaceE l em ent s> 
 

8 . O b j e c t  m o d e l  o f  c l a s s  i n  J a v a  o f  f u n c t i o n a l  
e n t i t y  o f  C P N  m o d e l  

 
T h is cl ass m odel  r epr esent s cont ainer  w h ich  h ol ds inf or m at ion 

ab out  cl asses and m et h ods t o b e g ener at ed.   
 
C l ass C l ass_ { 

S t r ing  nam e;  
S t r ing  com m ent ;  
M et h od m et h ods[ ] ;  
int  id_ aux _ cpn;  
int  id_ pl ace_ cpn  
};  

C l ass M et h od{ 
S t r ing  in[ ] ;  
S t r ing  nam e;  
S t r ing  out ;  
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String comment; 
} ; 
 

B el ow is p resented a  l ist in J a v a  l a ngu a ge wh ich  h ol ds a l l  
ma rk ed cl a sses a ccording to sp ecif ica tion in p a r.  3  a nd 5 .  
 
L ist l = new A rra y l ist( ) ; 
l . a dd( new Cl a ss_ ) ; 
 

9. E x t r a c t i n g  d e p e n d e n c i e s  u s i n g  D O M  
 
D O M  p a rser b u il ds in memory  th e comp l ete stru ctu re of  th e 

docu ment to ma nip u l a te a n X M L  docu ment.  O nce th e docu ment is 
l oa ded,  its da ta  ca n b e ma nip u l a ted u sing th e D O M .  T h e D O M  
trea ts th e X M L  docu ment a s a  tree.  

B el ow th e p seu do code f or ex tra cting dep endencies is 
p resented: 
 
Initialize list c lasses_ list to  k eep  o b j ec t m o del o f  c lasses 
L o ad x m l do c u m ent  
 
For all elem ents o f  tag  au x  
b e g i n  
f or eac h  elem ent g et v alu e o f  no de tex t w h ic h  c o ntains 

“ InitialC lassP lac e”  anno tatio n 
 

T ak e identif ier  o f  au x iliar y  r eg io n and f ind identif ier  o f  p lac e 
f r o m   th e au x iliar y  c o nnec tio n  
b e g i n 1  
 
 f ind au x iliar y  c o nnec tio n in C P N  m o del w h ic h  p o ints to  a 
p lac e th at is a star ting  c lass c o ntainer  
 
b e g i n 2  
 f ind p lac e tag  f o r  “ InitialC lassP lac e”  
g et c lass nam e 
initialize c lass_ o b j ec t ty p e C lass_  
 
b e g i n 3 
g et m eth o d o f  c lass f r o m  tr ansitio n c o nnec ted to  f o u nd  
p lac e  
initialize c lass M eth o d_ o b j ec t  ty p e M eth o d 
 
b e g i n 4 
g et p ar am eter s o f  m eth o d f r o m  p lac es dir ec ted to  
f o u nd tr ansitio n 
 
g et r etu r n v alu e f o r  th e m eth o d f r o m  p lac e w h ic h  is 
dir ec ted f r o m  tr ansitio n to  p lac e 
 

e n d 4 
e n d 3 

e n d 2  
add c lass_  o b j ec t to  c lasses_ list 
e n d 1  

e n d  
 
i f  c lasses_ list is no t em p ty  and u ser  m ar k ed ‘ to  J av a’   
t h e n   

p r int J av a c o de 
e l s e  i f  c lasses_ list is no t em p ty  

p r int C  c o de 
 

1 0 . C o d e  g e n e r a t o r  f o r  J a v a / C  
 
a )  J a v a  
c lass O r der {  
/ *  
S tr ing  id[ ] ; 
S tr ing  nam e; 

* /  
O r der E nter ed enter _ o r der ( S taf f  staf f , O r der  o r der ) {  
/ * [ if  ( o r der  =  B ig )   th en staf f  =  E x p er t else tr u e] * /  
} 
} 
c lass S taf f { }; 
c lass O r der E nter ed{  
S taf f  s; 
O r der  o ; 
}; 
 
b )  C l a ngu a ge 
str u c t O r der {  
/ *  
S tr ing  id[ ] ; 
S tr ing  nam e; 
* /  
}; 
str u c t S taf f { }; 
str u c t O r der E nter ed{ }; 
O r der E nter ed enter _ o r der ( S taf f  staf f , O r der  o r der ) ; 
O r der E nter ed enter _ o r der ( S taf f  staf f , O r der  o r der ) {  
/ * [ if  ( o r der  =  B ig )   th en staf f  =  E x p er t else tr u e] * /  
} 
 

1 1 . C o n c l u s i o n s  
 
I n th is a rticl e a  tech niq u e f or ma p p ing concu rrent sy stems  

model l ed with  Col ou red P etri N ets to design a nd coding to ob j ect  
oriented design in J a v a  a nd p rocedu ra l  a p p roa ch  with  C l a ngu a ge 
wa s p rop osed.  A l th ou gh  th is is sta rting p oint to consider deta il ed 
design a nd v erif ica tion.    

 
1 2 . F u t u r e  w o r k  
 
Considering tra nsf orma tion of  CP N  model  to design with ou t 

ma p p ing ta gs wil l  b e nex t step  of  work .  T h is sh ou l d b e considered 
deep er since it giv es ex a ggera ted code b eca u se common p l a ces to 
p a rticu l a r tra nsitions wou l d h a v e th e sa me meth ods.   
Consider work ing on new sy nta x  f or denoting oth er 

dep endencies i. e.  th e p rob l em of  p ol y morp h ism in ob j ect-oriented 
[ 6 ,  7 ]  p a ra digm,  time considera tions,  a nd v a l ida tion inf orma tion 
a l l owing ch eck ing model  time constra ints with  imp l ementa tion.  
Consider genera ting rep resenta tion to p seu do code,  wh ich  wou l d b e 

p a rsed b y  b a ck  end p a rser genera tor f or a p p rop ria te imp l ementa tion.  
 
1 3 . L i t e r a t u r a  
 
[ 1 ]  M e t a  S o f t w a r e  C o r p o r a t i o n ,  D e s i g n / C PN  t u t o r i a l ,  C a m b r i d g e   
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