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A b s t r a c t  
 

M e t h o d  o f  d e c r e a s e  o f  n u m b e r  o f  PAL  m a c r o c e l l s  i n  t h e  c i r c u i t  o f  M o o r e  
F S M  i s  p r o p o s e d . M e t h o d  i s  b a s e d  o n  u s a g e  o f  f r e e  o u t p u t s  o f  e m b e d d e d  
m e m o r y  b l o c k s  t o  r e p r e s e n t  t h e  c o d e  o f  t h e  c l a s s  o f  t h e  p s e u d o e q u i v a l e n t  
s t a t e s . Pr o p o s e d  a p p r o a c h  p e r m i t s  t o  d e c r e a s e  t h e  h a r d w a r e  a m o u n t  
w i t h o u t  d e c r e a s e  o f  d i g i t a l  s y s t e m  p e r f o r m a n c e . An  e x a m p l e  o f  a p p l i c a t i o n  
o f  p r o p o s e d  m e t h o d  i s  g i v e n . 
 
K e y w o r d s :  M o o r e  f i n i t e -s t a t e -m a c h i n e ,  PAL  m a c r o c e l l s ,  C PL D ,  
e m b e d d e d  m e m o r y  b l o c k s ,  f l o w -c h a r t  o f  a l g o r i t h m . 
 
Op t ymaliz ac j a sk oń c z onyc h  au t omat ó w 
Moore’ a w u k ładac h  CP LD  

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

 
W  p r a c y  p r z e d s t a w i o n a  z o s t a ł a  m e t o d a  z m n i e j s z a n i a  i l o ś c i  m a k r o -
k o m ó r e k  w  u k ł a d a c h  t y p u  PAL  p r z y  p o m o c y  a u t o m a t ó w  M o o r e ’ a  F S M . 
M e t o d a  t a  j e s t  o p a r t a  n a  w y k o r z y s t a n i u  n i e u ż y w a n y c h  w y j ś ć  o s a d z o n y c h  
o b s z a r ó w  p a m i ę c i  w  c e l u  r e p r e z e n t a c j i  k o d u  k l a s y  p s e u d o -r ó w n o w a ż n y c h  
s t a n ó w . Z a p r o p o n o w a n e  p o d e j ś c i e  p o z w a l a  z m n i e j s z y ć  i l o ś ć  w y m a g a n e g o  
z u ż y c i a  s p r z ę t o w e g o  b e z  z m n i e j s z e n i a  w y d a j n o ś c i  s y s t e m ó w  c y f r o w y c h . 
Po d a n y  r ó w n i e ż  j e s t  p r z y k ł a d  a p l i k a c j i  z a p r o p o n o w a n e g o  r o z w i ą z a n i a . 
 
S ł o w a  k l u c z o w e :  a u t o m a t  M o o r e ’ a ,  PAL  m a k r o -k o m ó r k a ,  C PL D ,  
w b u d o w a n y  b l o k  p a m i ę c i ,  s c h e m a t  b l o k o w y  a l g o r y t m u . 
 
1 .  Int rodu c t ion 
 
A  c o n t r o l  u n i t  i s  v e r y  i mp o r t an t  b l o c k  o f  an y  d i g i t al  s y s t e m, i t s  
f u n c t i o n  i s  c o o r d i n at i o n  o f  o t h e r  b l o c k s  i n t e r p l ay  [ 1 , 7] .  A  mo d e l  
o f  M o o r e  f i n i t e -s t at e -mac h i n e  (F S M ) i s  u s e d  v e r y  o f t e n  t o  
r e p r e s e n t  t h e  c o n t r o l  u n i t  [ 5 , 6] .  T h e  c u r r e n t  s t at e  o f  
mi c r o e l e c t r o n i c s  p e r mi t s  t o  i mp l e me n t  a c o mp l e x  d i g i t al  s y s t e m 
u s i n g  s i n g l e  c h i p  o f  t h e  “ s y s t e m-o n -a-c h i p ”  (S o C ) t y p e  [ 1 1 , 1 2 ] .  
A n  ar b i t r ar y  l o g i c  o f  a d i g i t al  s y s t e m c an  b e  i mp l e me n t e d  u s i n g  
P A L  (p r o g r ammab l e  ar r ay  l o g i c ) mac r o c e l l s  o f  S o C , i f  t h e y  u s e d  
C P L D  (c o mp l e x  p r o g r ammab l e  l o g i c  d e v i c e s ) ap p r o ac h  [ 8 ] .  T h e  
t ab u l ar  f u n c t i o n s  c an  b e  i mp l e me n t e d  u s i n g  e mb e d d e d  me mo r y  
b l o c k s  o f  t h e  S o C  [ 5 ] .  O n e  o f  ac t u al  p r o b l e ms  i s  d e c r e as e  o f  t h e  
h ar d w ar e  amo u n t  i n  t h e  l o g i c  c i r c u i t  o f  c o n t r o l  u n i t  [ 6] .  
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T h e  s o l u t i o n  o f  t h i s  p r o b l e m p e r mi t s  t o  d e c r e as e  t h e  c h i p  ar e a 
o c c u p i e d  b y  c i r c u i t  o f  c o n t r o l  u n i t  an d  i t  g i v e s  t h e  p o t e n t i al  
p o s s i b i l i t y  t o  i n c r e as e  t h e  amo u n t  o f  d i g i t al  s y s t e m f u n c t i o n s  
i n s i d e  s i n g l e  c h i p .  T h e  p e c u l i ar i t i e s  o f  b o t h  P A L  mac r o c e l l s  an d  
mo d e l  o f  c o n t r o l  u n i t  s h o u l d  b e  t ak i n g  i n t o  ac c o u n t  t o  s o l v e  t h i s  
p r o b l e m [ 5 ] .  T h e  p e c u l i ar i t i e s  o f  P A L  ar e  w i d e  f an -i n  o f  
mac r o c e l l s  an d  v e r y  l i mi t e d  n u mb e r  o f  t e r ms  p e r  mac r o c e l l   
[ 1 0 , 1 2 ] .  T h e  p e c u l i ar i t i e s  o f  M o o r e  F S M  ar e  e x i s t e n c e  o f  
p s e u d o e q u i v al e n t  s t at e s  an d  r e g u l ar  c h ar ac t e r  o f  s y s t e m o f  
mi c r o o p e r at i o n s  t h at  p e r mi t s  i t s  i mp l e me n t at i o n  u s i n g  e mb e d d e d  
me mo r y  b l o c k s  [ 2 , 3 ] .  I n  t h i s  ar t i c l e  w e  p r o p o s e  t h e  me t h o d  o f  
o p t i mi z at i o n  o f  t h e  amo u n t  o f  P A L  mac r o c e l l s  i n  t h e  l o g i c  c i r c u i t  
o f  M o o r e  F S M  u s i n g  t h e  ab o v e  me n t i o n e d  p e c u l i ar i t i e s .  

 
2 .  Bac k g rou nd of  Moore F SM desig n 
 

L e t  c o n t r o l  al g o r i t h m o f  d i g i t al  s y s t e m i s  s p e c i f i e d  b y  
f l o w -c h ar t  o f  al g o r i t h m (F C A ) [ 6]  Γ = Γ ( B, E ), w h e r e  B = {b0, 
bE}∪E1∪E2 i s  s e t  o f  t h e  v e r t i c e s  an d  E i s  s e t  o f  t h e  e d g e s .  H e r e  b0 
i s  i n i t i al  v e r t e x , bE i s  f i n al  v e r t e x , E1 i s  s e t  o f  o p e r at i o n al  v e r t i c e s , 
E2 i s  s e t  o f  c o n d i t i o n al  v e r t i c e s .  T h e  v e r t e x  bq ∈ E1 c o n t ai n s   
a c o l l e c t i o n  o f  mi c r o o p e r at i o n s  Y(bq) ⊆ Y, w h e r e  Y = {y1, … , yN} 
i s  s e t  o f  mi c r o o p e r at i o n s  o f  d at a-p at h  [ 7]  o f  d i g i t al  s y s t e m.  T h e  
v e r t e x  bq ∈ E2 c o n t ai n s  a l o g i c  c o n d i t i o n  x e  ∈ X , w h e r e  X  = {x1, … , 
xL} i s  s e t  o f  l o g i c  c o n d i t i o n s  (f l ag s ) [ 1 ] .  T h e  i n i t i al  an d  f i n al  
v e r t i c e s  o f  F C A  c o r r e s p o n d  t o  i n i t i al  s t at e  a1 ∈ A, w h e r e  A = {a1, 
… , aM} i s  s e t  o f  i n t e r n al  s t at e s  o f  M o o r e  F S M .  E ac h  o p e r at i o n al  
v e r t e x  bq ∈ E1 c o r r e s p o n d s  t o  u n i q u e  s t at e  am ∈ A an d  c o l l e c t i o n  
Y(bq) = Y(am).  T h e  l o g i c  c i r c u i t  o f  M o o r e  F S M  U1 s e t  u p  b y  
s y s t e ms  o f  B o o l e an  f u n c t i o n s :  

 
 Φ = Φ ( T, X  ),               (1 ) 

 
 Y = Y ( T ),           (2 ) 

 
w h e r e  T = {T1, … , TR} i s  s e t  o f  i n t e r n al  v ar i ab l e s  t o  e n c o d e  t h e  
s t at e s  am∈A, R  = ] l o g 2M [ ;  Φ = {D1, … , DR} i s  s e t  o f  e x c i t at i o n  
f u n c t i o n s  o f  t h e  F S M  me mo r y .  

T h e  s t r u c t u r al  d i ag r am o f  M o o r e  F S M  U1 i s  s h o w n  i n  F i g .  1 .  
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F i g . 1 .  S t r u c t u r a l  d i a g r a m  of  M oor e F S M  U1 
R ys . 1 .  S t r u k t u r a  d i a g r a m u  M oor e’ a  F S M  U1 

 
H e r e  c o mb i n at i o n al  c i r c u i t  C C  f o r ms  f u n c t i o n s  (1 ), w h i c h  ar e  

t h e  e x c i t at i o n  f u n c t i o n s  o f  D  f l i p -f l o p s  o f  r e g i s t e r  R G .  C i r c u i t  
C M O  f o r ms  mi c r o o p e r at i o n s  (2 ).  T h e  p u l s e  S t ar t  i s  u s e d  t o  l o ad  
t h e  c o d e  o f  i n i t i al  s t at e  i n t o  R G , p u l s e  C l o c k  i s  u s e d  t o  c h an g e  t h e  
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content of RG from code K(am) of cu rrent s tate am∈A to code 
K(aS) of th e next s tate aS∈A. I n cas e of C P L D -b as ed S oC  circu it 
C C  is  imp l emented u s ing  P A L  macrocel l s  and circu it C M O  is  
imp l emented u s ing  emb edded memory  b l ock s  [12 ] . 

T h e b as e to form th e s y s tems  (1)-(2 ) is  th e direct s tru ctu ral  tab l e 
(D S T ) [7 ]  w ith  col u mns : am is  cu rrent s tate of F S M ; K(am) is  code 
of cu rrent s tate h av ing  R b its ; aS is  s tate of trans ition, K(aS) is  code 
of th is  s tate, Xh is  conj u nction of s ome el ements  of th e s tate X (or 
th eir comp l ements ), th at cau s es  trans ition < am, aS> ; Φh ⊆ Φis  
col l ection of excitation fu nctions  th at are eq u al  to 1 to s w itch  RG 
from K(am) into K(aS); h is  a nu mb er of trans ition (h = 1, … , 
H1(Γ)). T h e col u mn am contains  th e col l ection Y(am) ⊆ Y. 

A s  a ru l e, th e nu mb er of trans itions  H1(Γ) exceeds  th e nu mb er 
of trans itions  H2(Γ) of eq u iv al ent M eal y  F S M  [2 ] . I t l eads  to 
increas e of th e amou nt of P A L  macrocel l s  (h ardw are amou nt) and 
s ometimes  nu mb er of l ev el s  in th e circu it C C  of M oore F S M  in 
comp aris on w ith  th es e ch aracteris tics  of eq u iv al ent M eal y  F S M  
[5 ] . T h e v al u e H1(Γ) can b e decreas ed b y  tak ing  into accou nt th e 
exis tence of p s eu doeq u iv al ent s tates  of M oore F S M  [1] . T h e s tates  
am, aS∈A are p s eu doeq u iv al ent s tates , if th e ou tp u ts  of 
corres p onding  op erational  v ertices  are connected w ith  th e inp u t of 
th e s ame v ertex of F C A  Γ. L et ΠA = {B1, … , BI }  is  p artition of th e 
s et A b y  th e cl as s es  of p s eu doeq u iv al ent s tates  ( I  ≤ M). L et u s  
encode th e cl as s  Bi∈ΠA b y  b inary  code K(Bi) w ith  R1 = ] l og 2I  [ 
b its . L et u s  u s e th e v ariab l es  τr∈τ for s u ch  encoding , w h ere 
|τ| = R1. 

I n th is  cas e s p ecial  code trans former T C  can b e introdu ced into 
circu it of U1. I t forms  th e codes  K(Bi) on th e b as e of th e codes  
K(am), w h ere am∈Bi. N ow  circu it C C  forms  fu nctions  

 
 Φ = Φ ( τ, X ),               (3 ) 

 
and circu it T C  forms  fu nctions  
 

 τ = τ ( T ).           (4 ) 
 
T h e circu it T C  is  imp l emented u s ing  emb edded memory  b l ock s  

of S oC  [5 ] . 
I t is  p rov ed, th at s y s tem (3 ) h as  H2(Γ) terms  [2 ] . B u t s u ch  

ap p roach  h as  one draw b ack : it cons u mes  additional  res ou rce of 
emb edded memory  b l ock s  to imp l ement th e circu it of T C . 

I n th is  w ork  w e p rop os e th e des ig n meth od th at p ermits  to 
decreas e th e h ardw are amou nt in th e circu it C C  w ith ou t code 
trans former. T h e p rop os ed meth od is  b as ed on th e fol l ow ing  
p ecu l iarities  of C P D L  [8 , 10 , 12 ] : 
-  th e fan-in of P A L  macrocel l s  exceeds  s ig nificantl y  th e maximal  

p os s ib l e nu mb er of l iteral s  in th e terms  of th e s y s tem (1), th at is  
eq u al  to L + R; 

-  th e nu mb er of ou tp u ts  of emb edded memory  b l ock  can b e 
ch os en from s ome res tricted area {1, 2 , 4 , 8  } . 

 
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  
 

L et tF is  fixed nu mb er of ou tp u ts  of th e emb edded memory  
b l ock  and l et q is  amou nt of its  w ords , if tF = 1. T h e v al u e tF for 
F S M  U1 is  determined as  

 tF = ]  q /  M [.              (5 ) 
 
T h e total  amou nt of th e ou tp u ts  tS of al l  emb edded memory  

b l ock s  in th e circu it C M O  is  determined as  
 

 tS = ]  N  /  tF [ *  tF.                 (6 ) 
 
I n th is  cas e 

 ∆t = tS – N            (7 ) 
 
ou tp u ts  are not in u s e to rep res ent th e microop erations  yn∈Y. 

L et u s  rep res ent th e s et ΠA as  ΠA = ΠB ∪ ΠC, w h ere Bi ∈ ΠB, 
if condition 

 |Bi| >  1          (8 ) 
 

h ol ds , and Bi ∈ ΠC, if condition (8 ) is  v iol ated. I t is  cl ear th at 
b l ock  T C  s h ou l d forms  onl y  th e codes  of th e cl as s es  Bi ∈ ΠB. L et 
u s  encode each  cl as s  Bi ∈ ΠB b y  b inary  code K(Bi) w ith  
 

 R2 = ] l og 2 ( M1 +  1 )[    (9 ) 
 
b its , w h ere |M1| = ΠB and “1” is  added to indicate th e cas e, w h en 
Bi∉ΠB. L et u s  u s e th e v ariab l es  z r∈Z for s u ch  encoding , w h ere 
|Z| = R2. L et u s  dis cu s s  th e cas e, w h en condition 
 

 ∆t ≥ R2        (10 ) 
 
h ol ds . I n th is  cas e F C A  Γ can b e interp reted b y  p rop os ed M oore 
F S M  U2 (F ig . 2 ). 
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H ere circu it C C  forms  fu nctions  
 

 Φ = Φ ( T, Z, X ),               (11) 
 
circu it C M O C  forms  fu nctions  (2 ) and fu nctions  
 

 Z = Z ( T ).          (12 ) 
 
T h e v ariab l es  Tr∈T rep res ent th e codes  K(am), w h ere am∈Bi and 

Bi∈ΠC. S u ch  ap p roach  p ermits  to decreas e th e nu mb er of terms  in 
th e s y s tem Φ u p  to H2(Γ) and nu mb er of emb edded memory  
b l ock s  are eq u al  for b oth  C M O  and C M O C . A s  w e can s ee, circu it 
U2 does  not incl u de T C . T h e nu mb er of inp u ts  in th e P A L  
macrocel l s  of U2 is  increas ed u p  to L + R+ R2, b u t it does  not affect 
th e h ardw are amou nt in th e circu it C C  in comp aris on w ith  M oore 
F S M  w ith  T C . T h e cy cl e time of b oth  U1 and U2 is  th e s ame in th e 
w ors t cas e. I n th e b es t cas e, if circu it C C  of U2 h as  l es s  l ev el s , 
th an circu it C C  of U1, th e time of cy cl e of U2 is  l es s , th at time of 
cy cl e of U1. T h erefore, th e p rop os ed ap p roach  p ermits  to decreas e 
h ardw are amou nt w ith ou t decreas e of dig ital  s y s tem p erformance. 

T h e meth od of des ig n of l og ic circu it of U2 differs  from des ig n 
meth od of U1 [6 ]  onl y  in s ome detail s . T h ey  are connected w ith  
es timations  of v al u es  (7 ), (9 ), (10 ) and cons tru ction of modified 
D S T  (M D S T ) to form th e fu nctions  (11). L et u s  dis cu s s  an 
examp l e of des ig n of M oore F S M  U2(Γ1), w h ere s y mb ol  Ui(Γj) s tay s  
for interp retation of F C A  Γj b y  M oore F S M  w ith  s tru ctu re Ui. 
 
4 . E x a m p l e  o f  p r o p o s e d  m e t h o d  a p p l i c a t i o n  
 

L et control  al g orith m of a dig ital  s y s tem is  rep res ented b y  
mark ed F C A  Γ1, w h ere M = 16 . L et F C A  Γ1 is  s et u p  b y  s y s tem of 
formu l ae of trans itions  [6 ] , w h ere v ertices  bq  ∈ E2 are rep l aced b y  
corres p onding  s tates  am ∈ A: 

 
 a1 � a2; a2 � a3; a7 � a8; a15 � a16; a16 � a1; 
 a3 � x1x2a4 ν x1/ x2a5 ν / x1x3a6 ν / x1/ x3a7; 
 a4, a5, a6 � x3x4a8 ν x3/ x4a9 ν / x3x5a10  ν / x3/ x5a7; 
 a8, a9, a10  � x4x3a11 ν x4/ x3a12 ν / x4x5a13 ν / x4/ x5a14; 

a11, a12, a13, a14 � a15.                (13 ) 
 
I t is  fol l ow s  from (13 ) th at M = 16 , R = | T |  = |Φ |  = 4 , ΠA = {B1, 

… , B9} , w h ere B1 = {a1} , B2 = {a2} , B3 = {a3} , B4 = {a4, a5, a6} , 
B5 = {a7} , B6 = {a8, a9, a10 } , B7 = {a11,a12, a13,a14} , B8 = {a15 } , 
B9 = {a16} . L et N  = 14 , tF = 4 , it means  q = 6 4 . A n anal y s is  of ΠA 
g iv es  u s  ΠB = {B4, B6, B7}  and ΠC = {B1, B2, B3, B5, B8, B9} . 
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Therefore, M1 = 3 , R2 = | Z |  = 2  as i t  fol l ow s from  (9 ). The c on d i t i on  
(1 0 ) hol d s an d  ap p l i c at i on  of p rop osed  m et hod  has sen se. 

L et  m i c roop erat i on s yn ∈ Y are d i st ri b u t ed  am on g  t he st at es of 
F S M  i n  t he fol l ow i n g  ord er:  Y(a1) = Ø, Y(a2) = Y(a6) = {y1, y3} , 
Y(a3) = Y(a16) = {y2, y4, y6} , Y(a4) = Y(a8) = Y(a12) = {y1, y7, y8} , 
Y(a5) = {y3, y5, y9} , Y(a7) = {y10 , y11} , Y(a9) = {y12, y12} , Y(a10 ) = 
{y1, y13, y14} , Y(a11) = Y(a15) = {y4, y13} , Y(a13) = {y7, y9 } , Y(a14) = 
{y2, y12} . L et  u s en c od e t he c l asses B i  ∈ ΠB i n  t he fol l ow i n g  
m an n er:  K(B4) = 0 1 , K(B6) = 1 0 , K(B7) = 1 1 . The c od e < 0 0 >  
c orresp on d s t o al l  b l oc k s Bi ∈ ΠC. L et  st at es of F S M  are en c od ed  
i n  a t ri v i al  w ay :  K (a1) = 0 0 0 0 , … , K(a16) = 1 1 1 1 . L et  c od e K(Bi), 
w here Bi ∈ ΠC, i s eq u al  t o c od e K(am), w here am ∈ Bi. 

To form  t he M D S T of M oore F S M  U2 t he st at es am∈Bi shou l d  
b e rep l ac ed  b y  c l asses Bi∈ΠA i n  t he l eft  p art s of al l  form u l ae of 
t ran si t i on s. S u c h t ran sform at i on  of t he sy st em  (1 3 ) l ead s t o sy st em  
(1 4 ):  
 B1 � a2; B2 � a3; B3 � x1x2a4 ν x1/x2a5 ν /x1x3a6 ν /x1/x3a7; 
 B4 � x3x4a8 ν x3/x4a9 ν /x3x5a10  ν /x3/x5a7; 
 B5 � a8; B6 � x4x3a11 ν x4/x3a12 ν /x4x5a13 ν /x4/x5a14; 

B7 � a15; B8 � a16; B9 � a1.                (1 4 ) 
 
The M D S T i n c l u d es t he c ol u m n s:  Bi, K(Bi), K(am), aS, K(aS), Xh, 

Φh, h. I n  c ase of M oore F S M  U2(Γ1) t hi s t ab l e has U2(Γ1) = 1 8  
l i n es. The fi rst  6  l i n es of M D S T are show n  i n  Tab l e 1 . 
 
Tab. 1.  F r ag me n t  o f  M DS T o f  M o o r e  F S M  U2(Γ1) 
Tab. 1.  F r ag me n t  t abe l i  M DS T M o o r e ’ a F S M  U2(Γ1)  
 

Bi K (Bi) K (am) aS K (aS) Xh Φh h 
B1 0 0  0 0 0 0  a2 0 0 0 1 1 D4 1 
B2 0 0  0 0 0 1 a3 0 0 10  1 D3 2 

a4 0 0 11 x1x2 D3D4 3 
a5 0 10 0  x1 / x2 D2 4 
a6 0 10 1 / x1x3 D2D4 5 

B3 0 1 - 

a7 0 110  / x1 / x3 D2D3 6 
 
Thi s t ab l e i s t he b ase t o form  t he sy st em  (1 1 ). F or exam p l e, 

from  Tab l e 1  w e c an  g et  t he p art  of d i sj u n t i on al  n orm al  form  of 
exc i t at i on  fu n c t i on  D3, w here 

 
 D3 = /z1 /z2 /T1 /T2 /T3 T4 ∪ /z1 z2 x1 x2 ∪ /z1 z2 /x1 /x3. 
 
The P A L  i m p l em en t at i on  of t he fu n c t i on  D3 i s show n  i n  F i g . 3 . 
 
 

 z1 z2 x1 x2 T1 T2 T3 T4

1 D3

x3

  
F i g . 3.  I mp l e me n t at i o n  o f   f u n c t i o n  D3 
R ys . 3.  I mp l e me n t ac j a f u n k c j i  D3 

 
The t ab l e of C M O C  i n c l u d es t he c ol u m n s am, K(am), Y(am), 

K(Bi), m. I t  i s form ed  i n  a t ri v i al  w ay  an d  i n  c ase of F S M  U2(Γ1) i t  
has M = 1 6  l i n es. The fi rst  8  l i n es are show n  i n  t he Tab l e 2 . 
 
Tab. 2.  F r ag me n t  o f  t abl e  o f  C M O C  o f  M o o r e  F S M  U2(Γ1) 
Tab. 2.  F r ag me n t  t abe l i  C M O C  M o o r e ’ a F S M  U2(Γ1) 
 

aS K (am) Y (am) K (Bi) m 
a1 0 0 0 0  - 0 0  1 
a2 0 0 0 1 y1y3 0 0  2 
a3 0 0 10  y2y4y6 0 0  3 
a4 0 0 11 y1y7y8 0 1 4 
a5 0 10 0  y3y5y9 0 1 5 
a6 0 10 1 y1y3 0 1 6 
a7 0 110  y10 y11 0 0  7 
a8 0 111 y1y7y8 10  8 

 
I n  c ase of U2(Γ1) t hi s t ab l e has N  +  R2 = 1 6  ou t p u t s, eac h ou t p u t  

c orresp on d s t o si n g l e b i t  of t he ou t p u t  w ord  of em b ed d ed  m em ory  

b l oc k . The c od e K(am) i s t reat ed  as an  ad d ress of em b ed d ed  
m em ory  b l oc k  w ord  w i t h on e-hot  c od es of m i c roop erat i on s [3 ]  
an d  m axi m al  c od es of t he c l asses Bi ∈ ΠA. To i m p l em en t  t he 
sy st em s (2 ) an d  (1 2 ) i t  i s en ou g h 

 
 ηM = ]  N  / t F [            (1 5 ) 

 
b l oc k s em b ed d ed  m em ory  b l oc k  w i t h q  ≥ M. I n  c ase of U2(Γ1) w e 
hav e ηM = 3 . 

The i m p l em en t at i on  of l og i c  c i rc u i t  of M oore F S M  U2 i s 
red u c ed  t o i m p l em en t at i on  of sy st em  (1 1 ) u si n g  P A L  m ac roc el l s 
an d  i m p l em en t at i on  of sy st em s (2 ) an d  (1 2 ) u si n g  em b ed d ed  
m em ory  b l oc k s. There are effec t i v e m et hod s of t hese t ask s’  
sol u t i on  [1 0 ,1 2 ] , b u t  t hey  are ou t  t he sc op e of ou r art i c l e. 
 
5. C o n c l u s i o n  
 

E xp eri m en t s w ere p erform ed  u si n g  p rob ab i l i t y  b ased  m et hod , 
w hi c h i s p resen t ed  i n  [4 ] . B ec au se t he ac t u al  exp eri m en t  i s q u i t e 
c om p l i c at ed , i t  i s b ey on d  t he sc op e of t hi s art i c l e. The p rop osed  
m et hod  p erm i t s t o d ec rease t he am ou n t  of P A L  m ac roc el l s i n  t he 
c i rc u i t  t hat  form s exc i t at i on  fu n c t i on s of F S M  m em ory . The 
researc hes of t he au t hors show  t hat  t hi s d ec rease i s p rop ort i on al  t o 
c oeffi c i en t  

 η = H1( Γ ) / H2( Γ ).  (1 6 ) 
 
L et  u s p oi n t  ou t  t hat  v al u e H2(Γ) i s eq u al  t o t he n u m b er of 

t ran si t i on s of eq u i v al en t  M eal y  F S M . The ap p l i c at i on  of p rop osed  
m et hod  i s p ossi b l e on l y , i f c on d i t i on  (1 0 ) hol d s. O u r researc hes 
show n  t hat  i n  t hi s c ase t he hard w are am ou n t  i n  t he c i rc u i t  of F S M  
U2(Γ) c an  b e u p  t o 2 6 -2 8 %  l ess, t han  i n  c i rc u i t  of F S M  U1(Γ). The 
m ai n  d i rec t i on  of t he fu t u re researc h i s c om p ari son  t he p rop osed  
m et hod s w i t h k n ow n  m et hod s from  [9 , 1 0 , 1 2 , 1 3 ] . 
 
6 . R e f e r e n c e s  
 
[ 1 ]  Ad a m s k i  M . ,  B a r k a l o v  A.  Ar c h i t e c t u r a l  a n d  S e q u e n t i a l  S y n t h e s i s  o f  

D i g i t a l  D e v i c e s .  - Z i e l o n a  G o r a :  U n i v e r s i t y  o f  Z i e l o n a  G o r a  Pr e s s ,  
2 0 0 6 ,  1 9 9  s .  

[ 2 ]  B a r k a l o v  A.  A.  Pr i n c i p l e s  o f  o p t i m i z a t i o n  o f  l o g i c a l  c i r c u i t  o f  M o o r e  
f i n i t e -s t a t e  m a c h i n e .  / / C y b e r n e t i c s  a n d  s y s t e m  a n a l y s i s .  - 1 9 9 8 ,  № 1 ,  
p p .  6 5 -7 2 .  

[ 3 ]  B a r k a l o v  A.  A.  S y n t h e s i s  o f  C o n t r o l  U n i t s  o n  PL D s  – D o n e t s k ,  
D o n N T U ,  2 0 0 2  ( i n  R u s s i a n ) ,  2 6 2  p p .  

[ 4 ]  B a r k a l o v  A.  A.  a n d  B a r k a l o v  A.  D e s i g n  o f  M e a l y  F i n i t e  S t a t e  M a c h i n e s  
w i t h  t r a n s f o r m a t i o n  o f  O b j e c t  C o d e s .  I n t e r n a t i o n a l  J o u r n a l  o f  Ap p l i e d  
M a t h e m a t i c s  a n d  C o m p u t e r  S c i e n c e ,  V o l . 1 5 ,  N o . 1 ,  p p . 1 5 1 -1 5 8 .  

[ 5 ]  B a r k a l o v  A. ,  W e g r z y n  M .  D e s i g n  o f  C o n t r o l  U n i t s  w i t h  
Pr o g r a m m a b l e  L o g i c .  - Z i e l o n a  G o r a :  U n i v e r s i t y  o f  Z i e l o n a  G o r a  
Pr e s s ,  2 0 0 6 ,  1 5 0  s .  

[ 6 ]  B a r a n o v  S .  L o g i c  S y n t h e s i s  f o r  C o n t r o l  Au t o m a t a .  - Kl u w e r  
Ac a d e m i c  Pu b l i s h e r s ,  1 9 9 4 ,  2 3 2  p p .  

[ 7 ]  D e  M i c h e l i  G .  S y n t h e s i s  a n d  O p t i m i z a t i o n  o f  D i g i t a l  C i r c u i t s .  
M c G r a w  H i l l :  N Y ,  1 9 9 4 ,  5 4 1  p p .  

[ 8 ]  G r u s h n i t s k y  R . ,  M u r s a e v  A. ,  U g r j u m o v  E .  D e v e l o p m e n t  o f  s y s t e m s  
o n  c h i p s  w i t h  p r o g r a m m a b l e  l o g i c .  - S Pb :  B H V  - Pe t e r s b u r g ,  2 0 0 2  ( i n  
R u s s i a n ) ,  6 0 8  p p .  

[ 9 ]  Ka n i a  D .  E f f i c i e n t  a p p r o a c h  t o  s y n t h e s i s  o f  m u l t i o u t p u t  B o o l e a n  
f u n c t i o n s  o n  PAL -b a s e  d e v i c e s .  – I E E  Pr o c  C o m p .  D i g i t .  T e c h n . ,  V o l .  
1 5 0 ,  N o .  3 ,  p p . 1 4 3 -1 4 9 .  

[ 1 0 ]  Ka n i a  D .  S y n t e z a  l o g i c z n a  p r z e z n a c z o n a  d l a  m a t r y c o w y c h  s t r u k t u r  
p r o g r a m o w a l n y c h  t y p u  PAL .  - Z e s z y t y  n a u k o w e  Po l i t e c h n i k i  Ś l ą s k i e j ,  
G l i w i c e ,  2 0 0 4 ,  2 4 0  s .  

[ 1 1 ]  M a x f i e l d  C .  T h e  D e s i g n  W a r r i o r ’ s  G u i d e  t o  F PG A.  - E l s e v i e r ,  N J ,  
2 0 0 4 ,  5 4 2  p p .  

[ 1 2 ]  S o l o v j e v  V .  D e s i g n  o f  d i g i t a l  s y s t e m s  u s i n g  t h e  p r o g r a m m a b l e  l o g i c  
i n t e g r a t e  c i r c u i t s .  - M o s c o w :  H o t  l i n e  - T e l e c o m ,  2 0 0 1  ( i n  R u s s i a n ) ,  
6 3 6  p p .  

[ 1 3 ]  Kl i m o w i c z  A. ,  S o ł o w j e w  W .  W y k o r z y s t a n i e  w y j ś c i o w y c h  
m a k r o k o m ó r e k  u k ł a d u  PL D  w  c h a r a k t e r z e  e l e m e n t ó w  p a m i ę c i  a u t o m a t u  
s k o ń c z o n e g o .  R U C ,  S z c z e c i n :  Po l i t e c h n i k a  S z c z e c i ń s k a ,  2 0 0 2 .  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Artykuł recenzowany 


