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A b s t r a c t  
 
F u n c t ion al  d ec om p os it ion  h as  im p or t an t  ap p l ic at ion s  in  m an y  f iel d s  of  
m od er n  en g in eer in g  an d  s c ien c e. T h e p r ac t ic al  u s ef u l n es s  of  d ec om p os it ion -
b as ed  m et h od s  f or  v er y  c om p l ex  s y s t em s  is  r es t r ic t ed  b y  c om p u t at ion al  
c om p l ex it y  an d  m em or y  r eq u ir em en t s  of  ex is t in g  al g or it h m s . E f f ic ien c y  of  
c u r r en t l y  u s ed  d ec om p os it ion  al g or it h m s  is  d ep en d en t  on  t h e s ize of  
d ec om p os ed  f u n c t ion s . O n e of  t h e c r u c ial  p ar t s  of  f u n c t ion al  d ec om p os it ion  
is  t h e in p u t  v ar iab l e p ar t it ion in g . I n  t h is  p ap er ,  t h e “ d iv id e-an d -c on q u er ”  
p ar ad ig m  is  u s ed  t o p r op os e a n ew  in p u t  v ar iab l e p ar t it ion in g  m et h od . I t  
h as  t o b e s t r es s ed  t h at  p r op os ed  m et h od  is  n ot  t h e in p u t  v ar iab l e p ar t it ion  
al g or it h m  it s el f . I t  s h ou l d  b e t r eat ed  as  a g en er al  s c h em e,  m et h od  w h ic h  
c an  b e c om b in ed  w it h  t h e al g or it h m s  g en er at in g  in p u t  v ar iab l e p ar t it ion s  
( s y s t em at ic al l y ,  h eu r is t ic al l y  or  b y  al g or it h m s  b as ed  on  B D D ) . 
 
K e y w o r d s :  F u n c t ion al  d ec om p os it ion ,  S h an n on  ex p an s ion ,  l og ic  s y n t h es is . 
 
Met o d a d o b o r u  z m i en n y c h  w d ek o m p o z y c j i  
f u n k c j o n al n ej  b az u j ą c a n a ek s p an s j i  
S h an n o n a 

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

 
D ek om p ozy c j a f u n k c j on al n a m a zas t os ow an ia w  w iel u  d zied zin ac h  
w s p ó ł c zes n ej  n au k i. W  ar t y k u l e zos t aj e zap r op on ow an y  al g or y t m ,  k t ó r y  
p ozw ol i n a s k r ó c en ie c zas u  ob l ic zeń  n a et ap ie d ob or u  zm ien n y c h   
w  d ek om p ozy c j i f u n k c j on al n ej . O p is an a m et od a b azu j e n a p ar ad y g m ac ie 
„ d ziel  i r zą d ź ” ,  w y k or zy s t u j e ek s p an s j ę  S h an n on a. N al eż y  p od k r eś l ić ,   
iż  zap r op on ow an a m et od a n ie j es t  al g or y t m em  d ob or u  zm ien n y c h  s am y m  
w  s ob ie. S t an ow i og ó l n y  s c h em at ,  k t ó r y  m oż e b y ć  w y k or zy s t an y  w r az  
z in n y m i m et od am i d ob or u  zm ien n y c h  ( m et od a s y s t em at y c zn a,  m et od y  
h eu r y s t y c zn e,  m et od y  op ar t e n a d r zew ac h  B D D ) . 
 
S ł o w a  k l u c z o w e :  D ek om p ozy c j a f u n k c j on al n a,  ek s p an s j a S h an n on a,  
s y n t eza l og ic zn a. 
 
1 .  In t r o d u c t i o n  
 

F u n c t i o n a l  d e c o m p o s i t i o n  c o n s i s t s  o f  b r e a k i n g  d o w n  a  c o m p l e x  
s y s t e m  o f  d i s c r e t e  f u n c t i o n s  i n t o  a  n e t w o r k  o f  s m a l l e r  a n d  
r e l a t i v e l y  i n d e p e n d e n t  c o -o p e r a t i n g  s u b -s y s t e m s  i n  s u c h  a  w a y  
t h a t  t h e  o r i g i n a l  s y s t e m ’ s  b e h a v i o u r  i s  p r e s e r v e d ,  w h i l e  s o m e  
c o n s t r a i n s  a r e  s a t i s f i e d  a n d  s o m e  o b j e c t i v e s  a r e  o p t i m i s e d . T h e  
m o t i v a t i o n  f o r  u s i n g  f u n c t i o n a l  d e c o m p o s i t i o n  i n  s y s t e m  a n a l y s i s  
a n d  d e s i g n  i s  t o  r e d u c e  t h e  c o m p l e x i t y  o f  t h e  p r o b l e m  b y  d i v i d e -
a n d -c o n q u e r  p a r a d i g m  a n d  t o  f i n d  a n  a p p r o p r i a t e  n e t w o r k  o f  
c o h e r e n t  s u b -s y s t e m s :  a  s y s t e m  i s  d e c o m p o s e d  i n t o  a  s e t  o f  
s m a l l e r  s u b s y s t e m s ,  s u c h  t h a t  e a c h  o f  t h e m  i s  e a s i e r  t o  a n a l y s e ,  
u n d e r s t a n d  o r  s y n t h e s i s e .  

A l t h o u g h  t h e  m u l t i -l e v e l  f u n c t i o n a l  d e c o m p o s i t i o n  g i v e s  v e r y  
g o o d  r e s u l t s  i n  l o g i c  s y n t h e s i s  o f  d i g i t a l  c i r c u i t s  a n d  i n f o r m a t i o n  
s y s t e m s ,  i t s  p r a c t i c a l  u s e f u l n e s s  f o r  v e r y  c o m p l e x  s y s t e m s  i s  
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l i m i t e d  b y  l a c k  o f  a n  e f f i c i e n t  m e t h o d  f o r  t h e  c o n s t r u c t i o n  o f  t h e  
h i g h  q u a l i t y  s u b -s y s t e m s . I n  t h e  s u b -s y s t e m  c o n s t r u c t i o n  p r o c e s s  
t h e  f o l l o w i n g  t h r e e  f a c t o r s  p l a y  a n  e x t r e m e l y  i m p o r t a n t  r o l e :  a n  
a p p r o p r i a t e  i n p u t  s u p p o r t  s e l e c t i o n  f o r  s u b -s y s t e m s ,  d e c i s i o n  
w h i c h  ( m u l t i -v a l u e d )  f u n c t i o n  w i l l  b e  c o m p u t e d  b y  a  c e r t a i n  
s u b s y s t e m  a n d  e n c o d i n g  o f  t h e  s u b s y s t e m ’ s  f u n c t i o n  w i t h  b i n a r y  
o u t p u t  v a r i a b l e s . C o m p u t a t i o n a l  c o m p l e x i t y  a n d  m e m o r y  
r e q u i r e m e n t s  o f  e x i s t i n g  a l g o r i t h m s  a r e  s t r o n g l y  d e p e n d e n t  o n  t h e  
s i z e  o f  a  d e c o m p o s e d  f u n c t i o n . S e v e r a l  e f f i c i e n t  h e u r i s t i c  m e t h o d s  
h a v e  b e e n  p r o p o s e d  f o r  d e c o m p o s i t i o n  o f  f u n c t i o n s  w i t h  m a n y  
i n p u t  v a r i a b l e s  [ 6 ,  9 ] . H o w e v e r ,  d e c o m p o s i t i o n  o f  c o m p l e x  d i g i t a l  
s y s t e m s  d e s c r i b e d  b y  l a r g e  t r u t h  t a b l e s  i s  s t i l l  c o m p u t a t i o n a l l y  
e x p e n s i v e  a n d  r e q u i r e s  a  l a r g e  a m o u n t  o f  s y s t e m  m e m o r y . 

A  m e t h o d  w a s  p r o p o s e d  i n  [ 1 0 ]  t h a t  r e d u c e s  t h e  c o m p u t a t i o n  o f  
f u n c t i o n a l  d e c o m p o s i t i o n  o f  g i v e n  B o o l e a n  f u n c t i o n  t o  
d e c o m p o s i t i o n  o f  i t s  c o f a c t o r s . T h e  a d v a n t a g e  o f  t h i s  c o n c e p t  i s  
t h e  p o s s i b i l i t y  t o  e x p a n d  t h e  o r i g i n a l  f u n c t i o n  w i t h  S h a n n o n ’ s  
e x p a n s i o n  r e c u r s i v e l y  u n t i l  c o f a c t o r s  h a v e  s a t i s f a c t o r y  s i z e . T h a t  
a l l o w s  t h e  d e s i g n e r  t o  a d j u s t  t h e  a l g o r i t h m  t o  a v a i l a b l e  s y s t e m  
r e s o u r c e s .  

T h i s  p a p e r  p r e s e n t s  t h e  i n p u t  v a r i a b l e  p a r t i t i o n i n g  m e t h o d  t h a t  
u s e s  c o n c e p t  p r e s e n t e d  i n  [ 1 0 ] . T h e  d e c o m p o s e d  f u n c t i o n  i s  s p l i t  
i n t o  s e t s  o f  i t s  c o f a c t o r s  a n d  t h e  i n p u t  v a r i a b l e  p a r t i t i o n i n g  f o r  o n e  
o f  t h e  c o f a c t o r s  i s  e v a l u a t e d . A s  t h e  s a t i s f a c t o r y  p a r t i t i o n i n g  i s  
f o u n d ,  i t  i s  v e r i f i e d  w i t h  t h e  r e s t  o f  t h e  c o f a c t o r s . I f  i t  s a t i s f i e s  
d e c o m p o s i t i o n  c o n d i t i o n s  f o r  a l l  t h e  c o f a c t o r s ,  t h e  G  f u n c t i o n  c a n  
b e  c o n s t r u c t e d . A p p l i c a t i o n  o f  “ d i v i d e -a n d -c o n q u e r ”  p a r a d i g m ,  
a l l o w s  r e d u c i n g  t h e  c o m p u t a t i o n  t i m e ,  a s  w e l l  a s  s y s t e m  m e m o r y  
r e q u i r e m e n t s  o f  f u n c t i o n a l  d e c o m p o s i t i o n  a l g o r i t h m s  f o r  
c o m b i n a t i o n a l  c i r c u i t s  d e s c r i b e d  b y  l a r g e  t r u t h  t a b l e s .  

 
2 .  B as i c  i n f o r m at i o n  
 

H e r e ,  o n l y  s o m e  i n f o r m a t i o n  t h a t  i s  n e c e s s a r y  f o r  a n  
u n d e r s t a n d i n g  o f  t h i s  p a p e r  i s  r e v i e w e d . M o r e  d e t a i l e d  
i n f o r m a t i o n  c o n c e r n i n g  b l a n k e t  a l g e b r a  a n d  f u n c t i o n a l  
d e c o m p o s i t i o n  m e t h o d  c a n  b e  f o u n d  i n  t h e  p a p e r s  [ 2 ,  3 ,  5 ] . 

 
A. Functional decomposition 

 
F u n c t i o n a l  d e c o m p o s i t i o n  r e l i e s  o n  p a r t i t i o n i n g  a  s w i t c h i n g  

f u n c t i o n  i n t o  a  n e t w o r k  o f  t w o  s m a l l e r  a n d  i n d e p e n d e n t  c o -
o p e r a t i n g  s u b -f u n c t i o n s ,  i n  s u c h  a  w a y  t h a t  t h e  o r i g i n a l  s y s t e m ’ s  
b e h a v i o u r  i s  p r e s e r v e d . 

T h e  s e t  X o f  f u n c t i o n ’ s  i n p u t  v a r i a b l e  i s  p a r t i t i o n e d  i n t o  t w o  
s u b s e t s :  f r ee v ar iab les U a n d  b ound v ar iab les V,  s u c h  t h a t  U ∪ V =  X. 
A s s u m e  t h a t  t h e  i n p u t  v a r i a b l e s  x1, ..., xn h a v e  b e e n  r e l a b e l l e d  i n  
s u c h  a  w a y  t h a t :   
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U = {x1,...,xr} 
 
a n d   

V = {xn–s+ 1,...,xn}. 
 
C o n s e q u e n t l y , f o r  a n  n-t u p l e  x, t h e  f i r s t  r c o m p o n e n t s  a r e  

d e n o t e d  b y  xU, a n d  t h e  l a s t  s c o m p o n e n t s , b y  xV. 
L e t  F b e  a  B o o l e a n  f u n c t i o n , w i t h  n > 0 i n p u t s  a n d  m > 0 

o u t p u t s , a n d  l e t  (U, V) b e  a s  a b o v e . A s s u m e  t h a t  F i s  s p e c i f i e d  b y  
a  s e t  F  o f  t h e  f u n c t i o n ’ s  c u b e s . L e t  G b e  a  f u n c t i o n  w i t h  s i n p u t s  
a n d  p o u t p u t s , a n d  l e t  H b e  a  f u n c t i o n  w i t h  r +  p i n p u t s  a n d  m 
o u t p u t s . T h e  p a i r  (G, H) r e p r e s e n t s  a  s e r i a l  d e c o m p o s i t i o n  o f  F 
w i t h  r e s p e c t  t o  (U, V), i f  f o r  e v e r y  m i n t e r m  b r e l e v a n t  t o  F, G(bV) 
i s  d e f i n e d , G(bV) ∈ {0, 1}p., a n d  F(b) = H(bU, G(bV)). G a n d  H a r e  
c a l l e d  b l o c k s  o f  t h e  d e c o m p o s i t i o n .  

L e t  βV, βU, a n d  βF b e  b l a n k e t s  i n d u c e d  o n  t h e  f u n c t i o n ’ s  F i n p u t  
c u b e s  b y  t h e  i n p u t  s u b -s e t s  V a n d  U, a n d  o u t p u t s  o f  F, 
r e s p e c t i v e l y . 

 
Theorem 1. E x i s t e n c e  o f  t h e  s e r i a l  d e c o m p o s i t i o n  [ 2] 

 
I f  t h e r e  e x i s t s  a  b l a n k e t  βG o n  F  s u c h  t h a t  βV ≤ βG, a n d  βU • βG ≤ βF, 

t h e n  F h a s  a  s e r i a l  d e c o m p o s i t i o n  w i t h  r e s p e c t  t o  (U, V). 
I n  t h i s  a p p r o a c h  t h e  d e c o m p o s i t i o n  p r o c e s s  c o n s i s t s  o f  t h e  

f o l l o w i n g  s t e p s :   
 

• a n  i n p u t  v a r i a b l e  p a r t i t i o n i n g  (t h e  m o s t  t i m e  c o n s u m i n g  p a r t  o f  
t h e  p r o c e s s ),  

 
• c a l c u l a t i o n  o f  p a r t i t i o n s  βU, βV a n d  βF,  
 
• c o n s t r u c t i o n  o f  p a r t i t i o n  βG,  
 
• c r e a t i o n  o f  f u n c t i o n s  H a n d  G. 

 
T h e  i n p u t  v a r i a b l e  p a r t i t i o n i n g  p r o b l e m  i s  N P -h a r d  s i n c e  f o r  

o p t i m a l  s o l u t i o n  i t  i s  n e c e s s a r y  t o  s e a r c h  t h r o u g h  a l l  p o s s i b i l i t i e s  a n d  
t h e  s e a r c h  s p a c e  i s  e x p o n e n t i a l l y  d e p e n d e n t  o n  t h e  s i z e  o f  t h e  
d e c o m p o s e d  f u n c t i o n . F o r  l a r g e  f u n c t i o n s  (i n p u t  v a r i a b l e s  n u m b e r  
o v e r  20), a  s y s t e m a t i c  a p p r o a c h  i s  v e r y  i n e f f e c t i v e . S e v e r a l  e f f i c i e n t  
h e u r i s t i c  m e t h o d s  h a v e  b e e n  p r o p o s e d  t h a t  p r o d u c e  s o l u t i o n s  o f  
o p t i m a l  o r  n e a r  o p t i m a l  q u a l i t y  [ 6 , 9 ]. T h e s e  m e t h o d s  d r a s t i c a l l y  
r e d u c e  t h e  n u m b e r  o f  p a r t i t i o n s  t h a t  h a v e  t o  b e  c h e c k e d  t o  f i n d   
a  s o l u t i o n  o f  s a t i s f a c t o r y  q u a l i t y . H o w e v e r , s i n c e  t h e  t i m e  n e e d e d  t o  
c h e c k  o n e  i n p u t  v a r i a b l e  p a r t i t i o n i n g  s t r o n g l y  d e p e n d s  o n  t h e  s i z e  o f  
t h e  d e c o m p o s e d  f u n c t i o n  (F i g .1), t h e  e f f i c i e n c y  o f  t h e s e  m e t h o d s  f o r  
f u n c t i o n s  d e s c r i b e d  b y  t r u t h  t a b l e s  w i t h  l a r g e  n u m b e r  o f  r o w s  i s  
g r e a t l y  r e d u c e d . 

T h e  s i z e  o f  t h e  t r u t h  t a b l e  d e s c r i b i n g  a  d e c o m p o s e d  f u n c t i o n  
i n f l u e n c e s  n o t  o n l y  c o m p u t a t i o n  c o m p l e x i t y  o f  a l l  d e c o m p o s i t i o n  
s t e p s , b u t  h a s  a l s o  a  l a r g e  i m p a c t  o n  t h e  s i z e  o f  t h e  s y s t e m  
m e m o r y  r e q u i r e d  b y  a n  a p p l i c a t i o n  i m p l e m e n t i n g  f u n c t i o n a l  
d e c o m p o s i t i o n . T h i s  f a c t o r  p l a y s  a n  i m p o r t a n t  r o l e  i n  t h e  c a s e  o f  
l a r g e  t r u t h  t a b l e s . 

T h e  i m p o r t a n c e  o f  t h i s  p r o b l e m  i s  i n c r e a s e d  b y  t h e  f a c t  t h a t  i n   
a  m u l t i l e v e l  d e c o m p o s i t i o n , t h e  d e c o m p o s i t i o n  p r o c e s s  i s  a p p l i e d  t o  
f u n c t i o n s  H a n d  G r e p e t i t i v e l y . T h e  p r o c e s s  i s  r e p e a t e d  u n t i l  e a c h  
b l o c k  c a n  b e  d i r e c t l y  m a p p e d  i n  a  l o g i c  b l o c k  o f  a  s p e c i f i c  
i m p l e m e n t a t i o n  s t r u c t u r e  [ 4].  
 
3. D e c o m p o s i t i o n  o f  c o f a c t o r e d  f u n c t i o n  
 

T h i s  p a p e r  p r e s e n t s  t h e  m e t h o d  b a s e d  o n  a  “ d i v i d e -a n d -c o n q u e r ”  
p a r a d i g m  t h a t  d e c r e a s e s  t h e  i n f l u e n c e  o f  n u m b e r  o f  r o w s  o n  t h e  
s e a r c h i n g  t i m e  o f  e f f i c i e n t  p a r t i t i o n i n g  . T h e  m e t h o d  i s  b a s e d  o n  t h e  
a p p l i c a t i o n  o f  S h a n n o n ’ s  e x p a n s i o n .  

 
 

Theorem 2 . S h a n n o n ’ s  e x p a n s i o n  
 
A n  a r b i t r a r y  l o g i c  f u n c t i o n  F(x1,...,xn) c a n  b e  e x p a n d e d  a s  

f o l l o w s :   
 
F(x1,..., xi , . . . , xn) = ix F(x1,..., 0, . . . , xn) +  ix F(x1,..., 1, . . . , xn) 

 
I n  t h e  c a s e  o f  f u n c t i o n s  d e s c r i b e d  b y  t r u t h  t a b l e s , S h a n n o n ’ s  

e x p a n s i o n  r e s u l t s  i n  r e p l a c i n g  a  t r u t h  t a b l e  b y  t w o  t r u t h  t a b l e s  
w i t h o u t  v a r i a b l e  xi  O n e  t r u t h  t a b l e  c o n s i s t s  o f  r o w s  f o r  w h i c h  
v a r i a b l e  xi h a s  v a l u e  1 i n  t h e  o r i g i n a l  t a b l e  a n d  t h e  s e c o n d  c o n s i s t s  
o f  r o w s  f o r  w h i c h  v a r i a b l e  xi h a s  v a l u e  0 i n  t h e  o r i g i n a l  t a b l e .  

T h e  S h a n n o n ’ s  e x p a n s i o n  t h e o r e m  i s  u s e f u l  i n  t h e  a n a l y s i s  a n d  
s y n t h e s i s  o f  d i g i t a l  s y s t e m s . A n  n-v a r i a b l e  f u n c t i o n  F i s  r e p l a c e d  
b y  t w o  (n – 1)-v a r i a b l e  f u n c t i o n s :  F(x1,..., 0 , . . . , xn) a n d   
F(x1,..., 1, . . . , xn). T h e s e  f u n c t i o n s  c a n  b e  r e c u r s i v e l y  e x p a n d e d  i n  
s i m i l a r  w a y  r e s u l t i n g  i n  a  s u m  o f  m i n t e r m s . 

I n  [ 10], t h e  c o n c e p t  o f  d e c o m p o s i n g  c o f a c t o r e d  f u n c t i o n  i s  
i n t r o d u c e d . T h i s  c o n c e p t  i s  d e s c r i b e d  b y  t h e  t h e o r e m  p r e s e n t e d  
b e l o w . 

 
Theorem 3 . D e c o m p o s i t i o n  o f  c o f a c t o r e d  f u n c t i o n  

 
L e t  F1 a n d  F2 b e  c o f a c t o r s  o f  f u n c t i o n  F(x1,...,xn) w i t h  r e s p e c t  t o  

v a r i a b l e  xi. I f  t h e r e  e x i s t s  s u c h  a  f u n c t i o n  G, s o  t h a t  F1 a n d  F2 h a v e  
d e c o m p o s i t i o n  F1 = H1(U, G (V)) a n d  F2 = H2(U, G (V)) r e s p e c t i v e l y , 
t h e n  f u n c t i o n  F h a s  a l s o  d e c o m p o s i t i o n  F = H(U ∪ xi, G (V)). 

A p p l i c a t i o n  o f  t h i s  t h e o r e m  r e d u c e s  t h e  p r o c e s s  o f  
d e c o m p o s i t i o n  o f  a  f u n c t i o n  i n t o  d e c o m p o s i t i o n  o f  t h e  f u n c t i o n ’ s  
c o f a c t o r s . I n s t e a d  o f  d e c o m p o s i n g  t h e  o r i g i n a l  f u n c t i o n , t h e  
f u n c t i o n ’ s  c o f a c t o r s  a r e  d e c o m p o s e d . F u n c t i o n  G(V) f o u n d  i n  t h e  
d e c o m p o s i t i o n  o f  c o f a c t o r s  c a n  b e  u s e d  i n  d e c o m p o s i n g  t h e  
o r i g i n a l  f u n c t i o n , w h i l e  f u n c t i o n s  H1(U, G (V)) a n d  H2(U, G (V)) 
c a n  b e  u s e d  t o  r e c o n s t r u c t  f u n c t i o n  H i n  t h e  d e c o m p o s i t i o n  o f  t h e  
o r i g i n a l  f u n c t i o n . S i n c e  t h e  c o f a c t o r s ’  t r u t h  t a b l e s  h a v e  l e s s  r o w s  
t h a n  t h e  t r u t h  t a b l e  o f  t h e  d e c o m p o s e d  f u n c t i o n  (u n d e r  t h e  b e s t  
s i t u a t i o n ,, e a c h  c o f a c t o r  w i l l  h a v e  h a l f  t h e  n u m b e r  o f  r o w s  o f  t h e  
o r i g i n a l  f u n c t i o n ) t h e  d e c o m p o s i t i o n  p r o c e s s  f o r  c o f a c t o r s  c a n  b e  
p e r f o r m e d  m u c h  m o r e  e f f i c i e n t l y  a s  r e g a r d s  t o  c o m p u t a t i o n  t i m e , 
a s  w e l l  a s  m e m o r y  u s a g e .  

T h e  a d v a n t a g e  o f  t h i s  c o n c e p t  i s  t h a t  t h e  o r i g i n a l  f u n c t i o n  c a n  
b e  e x p a n d e d  r e c u r s i v e l y  w i t h  S h a n n o n ’ s  e x p a n s i o n  u n t i l  c o f a c t o r s  
h a v e  s a t i s f a c t o r y  s i z e . 
 
4 . I n p u t  v a r i a b l e  p a r t i t i o n i n g  a l g o r i t h m  
 

I n  t h e  a p p r o a c h  p r o p o s e d  i n  [ 10], t h e  d e c o m p o s e d  f u n c t i o n  i s  
s p l i t  i n t o  s e t s  o f  i t s  c o f a c t o r s . A p p l i c a t i o n  o f  T h e o r e m  3  i s  
p o s s i b l e  o n l y  i f  s u c h  a  i n p u t  v a r i a b l e  p a r t i t i o n i n g  i s  c o m p u t e d  t h a t  
s a t i s f i e s  t h e  d e c o m p o s i t i o n  c o n d i t i o n  f r o m  T h e o r e m  1 f o r  a l l  
c o f a c t o r s . I f  t h e  p r o p o s e d  v a r i a b l e  p a r t i t i o n i n g  d o e s  n o t  s a t i s f y  t h e  
d e c o m p o s i t i o n  c o n d i t i o n s  f o r  a n y  o n e  o f  t h e  c o f a c t o r s , T h e o r e m  3  
c a n  n o t  b e  a p p l i e d . T h u s , t o  f i n d  i n p u t  v a r i a b l e  p a r t i t i o n i n g  t h a t  
g u a r a n t e e s  t h e  d e c o m p o s i t i o n  o f  a  f u n c t i o n , i t  i s  s u f f i c i e n t  t o  
g e n e r a t e  a  s e t  o f  i n p u t  v a r i a b l e  p a r t i t i o n i n g  t h a t  s a t i s f i e s  t h e  
d e c o m p o s i t i o n  c o n d i t i o n s  f o r  o n e  c o f a c t o r  a n d  t h e n  r e m o v e  f r o m  
t h i s  s e t  a n y  v a r i a b l e  p a r t i t i o n i n g  t h a t  d o e s  n o t  s a t i s f y  
d e c o m p o s i t i o n  c o n d i t i o n  f o r  a n y  o t h e r  c o f a c t o r . 

I n  T a b l e  1, t h e  i n p u t  v a r i a b l e  p a r t i t i o n i n g  a l g o r i t h m  t h a t  m a k e s  
u s e  o f  T h e o r e m  3  i s  p r e s e n t e d . F i r s t , t h e  d e c o m p o s e d  f u n c t i o n  i s  
e x p a n d e d  i n t o  c o f a c t o r s . S i n c e , a c c o r d i n g  t o  T h e o r e m  3 , v a r i a b l e s  
u s e d  i n  e x p a n s i o n  a r e  f i x e d  i n t o  f r e e  s e t  U, s i g n i f i c a n t l y  r e d u c i n g  
t h e  s e a r c h  s p a c e , t h e i r  s e l e c t i o n  i s  v e r y  i m p o r t a n t . T h e  s e l e c t i o n  o f  
v a r i a b l e s  f o r  e x p a n s i o n  c a n  b e  a i d e d  w i t h  r -a d m i s s i b i l i t y  c o n c e p t  
[ 8 ]. A f t e r  e x p a n d i n g  t h e  d e c o m p o s e d  f u n c t i o n  i n t o  c o f a c t o r s , t h e  
b e s t  i n p u t  v a r i a b l e  p a r t i t i o n s  a r e  c o m p u t e d  f o r  o n e  o f  t h e  
c o f a c t o r s . F o r  t h i s  p u r p o s e , t h e  h e u r i s t i c  m e t h o d s  o f  i n p u t  v a r i a b l e  
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partitioning can be used [6, 9 ] .  I n case of  sm al l  siz e of  cof actors, 
th e sy stem atic m eth od can be used ( ch eck ing al l  th e possibl e 
sol utions and tak ing th e best ones) .  H av ing done th is, com puted 
input v ariabl e partitions are v erif ied to ch eck  if  th ey  satisf y  th e 
decom position condition f or th e rest of  th e cof actors.  I f  not, 
v ariabl e partition is rem ov ed f rom  th e set of  possibl e sol utions.  
A f ter th is th e set of  sol utions is f ound th at m igh t giv e satisf actory  
decom position.  T h e l ast step of  th e al gorith m  is to ch eck  each  
sol ution, using T h eorem  3  to f ind input v ariabl e partitioning th at 
al l ow s th e construction of  a satisf actory  decom position.   

 
Tab. 1 .  I n p u t  v ar i abl e  p ar t i t i o n i n g  al g o r i t h m  
Tab. 1 .  A l g o r y t m  d o bo r u  z m i e n n y c h  w e j s c i o w y c h  
 

Input:  t r u t h  t a b l e  o f  f u n c t i o n  F 
O utput: i n p u t  v a r i a b l e  p a r t i t i o n i n g  ( U, V )  s a t i s f y i n g  T h e o r e m  1 
( 1)  e x p a n d  f u n c t i o n  F i n t o  c o f a c t o r s  { F1, … , Fn} 
( 2 )  f o r  a n y  c o f a c t o r  Fi f i n d  s e t  S  o f  t h e  p a i r s  ( U, V )  s a t i s f y i n g  T h e o r e m  1 
( 3 )  f o r  e a c h  p a i r  ( U, V )  f r o m  s e t  S  d o  
( 3 . 1)  f o r  e a c h  c o f a c t o r  d i f f e r e n t  t h a n  Fi d o  
( 3 . 1. 1)  i f  p a i r  ( U, V )  d o e s n ’ t  s a t i s f y  T h e o r e m  1 
( 3 . 1. 1. 1)  r e m o v e  p a i r  ( U, V )  f r o m  s e t  S  
( 3 . 1. 1. 2 )  b r e a k  

( 4 )        f o r  e a c h  p a i r  ( U , V )  f r o m  s e t  S  d o  
    ( 4 . 1)    i f  p a i r  ( U , V )  s a t i s f y  T h e o r e m  3  r e tur n p a i r  ( U , V )   

 
 
 

A  sol ution q ual ity  depends on th e siz e of  S  set.  T h e m ore ( U ,V )  
pairs are ch eck ed, th e h igh er probabil ity  of  f inding th e better 
sol ution.  T h e good sol ution m eans th at is satisf ies T h eorem  3  and 
produces a sm al l  num ber of  outputs f rom  a G  f unction.  
T h e presented al gorith m  can be al so com bined w ith  B D D  

( B inary  D ecision D iagram s)  m eth ods.  I n general , th e cal cul ations 
w oul d be perf orm ed on sm al l er subtrees and conseq uentl y  th e 
tim e and m em ory  usage can be reduced.  M ore detail ed description 
ex ceeds th e subj ect of  th is paper.    

I n th e T abl e 2  som e resul ts are presented.  S ince it is m ainl y   
a th eoretical  paper onl y  a f ew  ex am pl es are presented.  T h e auth ors 
pl an to m ak e m ore ex tensiv e and detail ed tests.  

T h e T abl e 1  describes a cof actor-based m eth od.  H ere th e 
cof actors siz e w as set to not m ore th ane 2 0 4 8  row s.  
 

Tab. 2 .  I n p u t  v ar i abl e  p ar t i t i o n  s e ar c h  - c o m p ar i s o n  [ s ]  
Tab. 2 .  M e t o d y  d o bo r u  z m i e n n y c h  w e j ś c i o w y c h  - p o r ó w n an i e [ s ]  
 

Example S y s t emat i c  S ear c h  C o f ac t o r -b as ed  met h o d  
B i n 2 B C D  1 3 4  6 3  
S Q R _ 1 3  6 4 9  2 4 3  
C o n s t _ 9 7  6 3 7  2 5 7  
A p e x 3 _ 3  2 4 5 7 8  1 2 7 8 3  
A p e x 3 _ 7  1 7 4 8 8 9  1 0 4 9 1 0  
∑ 2 0 0 8 8 7  1 8 8 2 5 6  
[ % ]  1 0 0  5 8 , 9  

  
 
5. C o n c l u s i o n s  
 

E f f iciency  of  currentl y  used decom position m eth ods is h eav il y  
dependent on th e siz e of  decom posed f unctions.  D ecom position of  
com binational  circuits described by  truth  tabl es w ith  great num ber 

of  row s is com putational l y  ex pensiv e and req uires l arge am ount of  
sy stem  m em ory .  

T h e m ost tim e consum ing part of  th e decom position process is 
th e sel ection of  input v ariabl e partitioning th at guarantees good 
q ual ity  decom position.  T h e m eth od described in th is paper appl ies 
th e “ div ide-and-conq uer”  paradigm  in th e f orm  of  S h annon’ s 
ex pansion to spl it th e decom posed f unction into a set of  its 
cof actors and com putes decom position f or each  cof actor 
separatel y .  I t is designed to h el p h andl ing big f unctions.  T h e 
m eth od sh oul d be treated as a general  sch em e w h ich  can 
com bined w ith  oth er al gorith m s producing input v ariabl es 
partitions.  

I t h as to be stressed th at th e v ery  im portant adv antage of  th is 
concept is th e possibil ity  to ex pand th e original  f unction w ith  
S h annon’ s ex pansion recursiv el y  until  cof actors h av e satisf actory  
siz e.  T h at al l ow s th e designer to adj ust th e al gorith m  to av ail abl e 
sy stem  resources.   
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