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A b s t a r c t  
 

T h e m eth od  of  op ti m i z ati on of  th e h ard w are am ou nt i n ad d res s i ng  c i rc u i t 
of  c om p os i ti onal m i c rop rog ram  c ontrol u ni t i s  p rop os ed . M eth od  i s  b as ed  
on ex p ans i on of  th e m i c roi ns tru c ti on f orm at b y  th e f i eld  w i th  c od e of   
th e c las s  of  p s eu d oeq u i valent op erati onal li near c h ai ns . M i ni m i z ati on i s  
reac h ed  d u e to d ec reas i ng  of  th e nu m b er of  term s  i n s y s tem  of  B oolean 
f u nc ti ons  d es c ri b i ng  th e ad d res s i ng  c i rc u i t. An ex am p le of  ap p li c ati on of  
p rop os ed  m eth od  i s  s h ow n. 
 
K e y w o r d s :  c om p os i ti onal m i c rop rog ram  c ontrol u ni t, c od e s h ari ng , 
c ontrol m i c roi ns tru c ti on, PAL , s y nth es i s , g rap h -s c h em e of  alg ori th m . 
 
Z a s t o s o w a n i e z m o d y f i k o w a n y c h  ł a ń c u c h ó w  
elem en t a r n y c h  w  o p t y m a li z a c j i  j ed n o s t k i   
s t er u j ą c ej  

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

 
W  arty ku le p rz ed s taw i ono m etod ę  s y ntez y  m i krop rog ram ow aneg o u kł ad u  
s teru j ą c eg o z  w s p ó ł d z i eleni em  kod ó w . M etod a j es t z ori entow ana na 
z m ni ej s z eni e li c z b y  m akrokom ó rek PAL  w  c z ę ś c i  kom b i nac y j nej  u kł ad u  
d z i ę ki  z as tos ow ani u  z m od y f i kow any c h  ł ań c u c h ó w  b lokó w  op erac y j ny c h . 
Prop onow ana m od y f i kac j a p oleg a na d od ani u  d o każ d eg o ł ań c u c h a 
d od atkow y c h  m i kroi ns tru kc j i  z  kod am i  klas  ł ań c u c h ó w  
p s eu d oró w now aż ny c h . W  arty ku le p rz ed s taw i ono takż e w aru nki  j aki e 
m u s z ą  b y ć  s p eł ni one ab y  m oż li w e b y ł o z as tos ow ani e p rop onow anej  
m etod y  oraz  anali z ę  j ej  ef ekty w noś c i . 
 
S ł o w a  k l u c z o w e :  m i krop rog ram ow ana j ed nos tka s teru j ą c a z  w s p ó ł d z i eleni em  
kod ó w , m i kroi ns tru kc j a s teru j ą c a, PAL , s y ntez a, s i eć  d z i ał ań . 
 
1 .  I n t r o d u c t i o n  
 

C o n t r o l  u n i t  i s  o n e  o f  t h e  m o s t  i m p o r t a n t  p a r t s  o f  a n y  d i g i t a l  
s y s t e m  [ 1 ] . I f  a  c o n t r o l  a l g o r i t h m  t o  b e  i n t e r p r e t e d  h a s  t h e  l i n e a r  
n a t u r e  [ 2 ] ,  i t  c a n  b e  i n t e r p r e t e d  b y  C o m p o s i t i o n a l  M i c r o p r o g r a m  
C o n t r o l  U n i t  (C M C U ) [ 3 ] . N o w  C o m p l e x  P r o g r a m m a b l e  L o g i c  
D e v i c e s  (C P L D ) a r e  w i d e l y  u s e d  f o r  i m p l e m e n t a t i o n  o f  
c o m b i n a t i o n a l  a n d  s e q u e n t i a l  c i r c u i t s  [ 4 ,  5 ] . O n e  o f  t h e  m a i n  
p r o b l e m s  a r o s e  i n  t h e  c a s e  o f  c o n t r o l  u n i t  i m p l e m e n t a t i o n  w i t h  
C P L D  i s  d e c r e a s e  o f  h a r d w a r e  a m o u n t ,  t h a t  i s  d e c r e a s e  o f  t h e  
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U k o ń c z y ł  w  r o k u  2 0 0 3  s t u d i a  n a  k i e r u n k u  i n f o r m a t y k a  
o  s p e c j a l n o ś c i  i n ż y n i e r i a  k o m p u t e r o w a .  O d  2 0 0 4  r o k u  
p r a c u j e  w  I n s t y t u c i e  I n f o r m a t y k i  i  E l e k t r o n i k i  
U n i w e r s y t e t u  Z i e l o n o g ó r s k i e g o  n a  s t a n o w i s k u  
a s y s t e n t a .  J e g o  z a i n t e r e s o w a n i a  z w i ą z a n e  s ą   
z   s y s t e m a m i  o p e r a c y j n y m i ,  t e c h n i k ą  c y f r o w ą  o r a z  
a l g o r y t m a m i  e w o l u c y j n y m i .  
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n u m b e r  o f  P r o g r a m m a b l e  A r r a y  L o g i c  (P A L ) m a c r o c e l l s  r e q u i r e d  
f o r  i m p l e m e n t a t i o n  o f  a  p a r t i c u l a r  l o g i c  c i r c u i t  [ 3 ,  4 ] . I n  c a s e  o f  
C P L D ,  t h i s  t a s k  c a n  b e  s o l v e d  b y  d e c r e a s e  o f  t h e  n u m b e r  o f  
c o n j u n c t i v e  t e r m s  i n  t h e  s u m -o f -p r o d u c t s  o f  f u n c t i o n s  t o  b e  
i m p l e m e n t e d  [ 5 ] . T h e  a r t i c l e  p r o p o s e  s o l u t i o n  f o r  t h i s  p r o b l e m  i n  
c a s e  o f  C M C U  w i t h  c o d e  s h a r i n g  a n d  e l e m e n t a r y  O p e r a t i o n a l  
L i n e a r  C h a i n s  (O L C ) [ 2 ,  3 ] . 

 
2 .  B a c k g r o u n d  o f  C M C U  
 

L e t  a  G r a p h -S c h e m e  o f  A l g o r i t h m  (G S A ) Γ b e  u s e d  f o r  
r e p r e s e n t a t i o n  o f  a  c o n t r o l  a l g o r i t h m  [ 6 ] . L e t  B={b0,  bE}∪E1∪E2 
b e  a  s e t  o f  G S A  v e r t i c e s  a n d  A b e  a  s e t  o f  a r k s  c o n n e c t e d  s o m e  o f  
t h e s e  v e r t i c e s . H e r e  b0 t h e  i n i t i a l  (s t a r t ) v e r t e x  o f  G S A ,  bE i s  t h e  
f i n a l  v e r t e x ,  E1 i s  a  s e t  o f  o p e r a t o r  v e r t i c e s ,  w h e r e  M =|  E1| ,  a n d  E2 
i s  a  s e t  o f  c o n d i t i o n a l  v e r t i c e s . E a c h  o p e r a t o r  v e r t e x  bq∈E1 
c o n t a i n s  a  c o l l e c t i o n  o f  m i c r o o p e r a t i o n s  Y(bq)⊆Y ,  w h e r e  
Y={y1, … , yN} i s  a  s e t  o f  d a t a -p a t h  m i c r o o p e r a t i o n s  [ 7 ] . E a c h  
c o n d i t i o n a l  v e r t e x  bq∈E2 i n c l u d e s  s o m e  l o g i c a l  c o n d i t i o n  xe∈X ,  
w h e r e  X ={x1, … , xL} i s  a  s e t  o f  l o g i c a l  c o n d i t i o n s . A  G S A  Γ i s  
n a m e d  l i n e a r  G S A  i f  t h e  n u m b e r  M e x c e e d s  7 5 %  o f  t h e  t o t a l  
n u m b e r  o f  i t s  v e r t i c e s  [ 3 ] . 

L e t  a  s e t  o f  e l e m e n t a r y  O L C  CE={α1 ,  … ,  αG} b e  f o r m e d  f o r   
a  l i n e a r  G S A  Γ ,  w h e r e  O L C  αg ∈C i s  a  v e c t o r  o f  o p e r a t o r  v e r t i c e s  
[ 2 ,  3 ] . R e m i n d ,  t h a t  e a c h  p a i r  o f  O L C  a d j a c e n t  c o m p o n e n t s  
c o r r e s p o n d s  t o  s o m e  a r k  i n  t h e  s e t  A. E a c h  e l e m e n t a r y  O L C  αg 
∈CE h a s  o n e  i n p u t  a n d  o n e  o u t p u t  Og. L e t  e a c h  v e r t e x  bq∈E1 
c o r r e s p o n d  t o  m i c r o i n s t r u c t i o n  MI q w i t h  a d d r e s s  A (bq) a n d  l e t  t h i s  
a d d r e s s  h a v e  R b i t s ,  w h e r e  

  MR 2log= .                (1 ) 
 
L e t  Fg b e  t h e  n u m b e r  o f  c o m p o n e n t s  i n  O L C  αg ∈CE a n d  l e t  

Q=m a x (F1,  … , FG). E n c o d e  e a c h  O L C  αg ∈CE b y  b i n a r y  c o d e  
 

  GR 21 log= .               (2 ) 
 
E n c o d e  e a c h  c o m p o n e n t  o f  O L C  αg ∈CE b y  b i n a r y  c o d e  K(bq) 

u s i n g  v a r i a b l e s  Tr∈T ,  w h e r e  | T| =R2 a n d   
 

  QR 22 log= .               (3 ) 
 
T h e  e n c o d i n g  o f  c o m p o n e n t s  s h o u l d  s a t i s f y  c o n d i t i o n  
 

 ),1(1)1()( FgibKbK gigi =+−= .               (4 ) 
 
I f  c o n d i t i o n  

 21 RRR +=              (5 ) 
 
h o l d s ,  t h e n  l i n e a r  G S A  Γ c a n  b e  i n t e r p r e t e d  b y  C M C U  w i t h  c o d e  
s h a r i n g  [ 3 ]  d e n o t e d  f u r t h e r  a s  U 1 (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  o f  C M C U  U1 
R y s . 1 .  S t r u k t u r a  m i k r o p r o g r a m o w a n e g o  u k ł a d u  s t e r u j ą c e g o  U1 

 
I n  C M C U U1, a m i c ro i n s truc ti o n  ad d res s  i s  rep res en ted  as  
 

 )(*)()( qgq bKKbA α= ,       (6 )  
 

w h ere bq∈B1 an d  bq i s  a c o m p o n en t o f  O L C  αg∈CE, s y m b o l  *  i s   
a s i g n  o f  c o n c aten ati o n  [ 3 ] . T h i s  c o n tro l  un i t o p erates  i n  th e 
f o l l o w i n g  m an n er. 

I f  Start=1 , th en  z ero  ad d res s  o f  th e f i rs t m i c ro i n s truc ti o n  to  b e 
ex ec uted  i s  l o ad ed  i n to  reg i s ter R G  an d  c o un ter C T . I n  th e s am e 
ti m e, f l i p -f l o p  T F  i s  s et up  an d  Fe t c h=1 . N o w  m i c ro i n s truc ti o n s  
c an  b e read  o ut c o n tro l  m em o ry  (C M ) . L et c o n ten ts  o f  R G  an d  C T  
f o rm  th e ad d res s  A (bq) , w h ere bq i s  a c o m p o n en t o f  O L C  αq∈CE. 
I f  bq∉Og, th en  s p ec i al  v ari ab l e y0 i s  g en erated  b y  C M  to g eth er 
w i th  m i c ro o p erati o n s  yn∈ Y (bq) . I f  y0=1 , th en  c o n ten t o f  C T  i s  
i n c rem en ted . I t c o rres p o n d s  to  un c o n d i ti o n al  j um p  i n s i d e th e O L C  
αq. I f  bq=Og, th en  y0=0  an d  b l o c k  o f  i n p ut ad d res s  (B I A )  g en erates  
f un c ti o n s  

 ).,( XτΨ=Ψ                (7 )  
 
T h es e f un c ti o n s  f o rm  th e c o d e o f  n ex t O L C  to  b e i n terp reted . I n  

th e s am e ti m e, c o un ter C T  i s  c l eared . C o n ten ts  o f  b o th  C T  an d  R G  
are c h an g ed  us i n g  p ul s e C l o c k . I f  〈bq,...,bE〉∈A, th en  s p ec i al  
v ari ab l e yE i s  g en erated  to g eth er w i th  m i c ro o p erati o n s  yn∈Y(bq) . I t 
l ead s  to  res et o f  T F , Fe t c h=0  an d  o p erati o n  o f  C M C U i s  
term i n ated . 

L et ΠC={ B1, … , BI }  b e a p arti ti o n  o f  th e s et CE, w h ere Bi∈ΠC i s  
a c l as s  o f  p s eud o eq ui v al en t el em en tary  O L C  [ 2 ] . R em i n d , th at 
O L C  αi,αj∈CE are n am ed  p s eud o eq ui v al en t O L C , i f  th ei r o utp uts  
are c o n n ec ted  w i th  th e i n p ut o f  th e s am e v ertex . L et c o n d i ti o n  

 
 31 RR <            (8 )  

 
tak e p l ac e, w h ere 

  .log23 EIR =                 (9 )  
 
H ere IE=|ΠE | , ΠE ⊆ΠC an d  Bi∈ΠE i f f  o utp ut o f  O L C  αg∈Bi i s  

n o t c o n n ec ted  w i th  bE. I n  th i s  c as e w e p ro p o s e i n s erti n g  o f  s p ec i al  
c o n tro l  m i c ro i n s truc ti o n s  [ 8 ]  to  d ec reas e th e h ard w are am o un t i n  
b l o c k  B I A . 

 
3. M a i n  i d e a  o f  p r o p o s e d  m e t o d  
 

L et c o n d i ti o n  
 g

R F>22          (1 0 )  
 

tak e p l ac e f o r an y  O L C  αg∈C1, w h ere C1 i s  a s et o f  el em en tary  
O L C  f ro m  b l o c k s  Bi∈ΠE. L et us  i n s ert an  ad d i ti o n al  c o n tro l  
m i c ro i n s truc ti o n  MCq i n  eac h  O L C  αg∈C1. T h i s  m i c ro i n s truc ti o n  
h as  f i el d  y0=0  an d  f i el d  F B  w i th  b i n ary  c o d e K(Bi ) , w h ere αg∈Bi. 
L et c l as s es  Bi∈ΠE b e en c o d ed  us i n g  v ari ab l es  zr∈Z, w h ere | Z | =R3. 
I n  th i s  c as e G SA  Γ c an  b e i n terp reted  b y  C M C U U2 (F i g . 2 ) . 

I n  C M C U U2,b l o c k  B I A  g en erates  f un c ti o n s  
 

 ).,( XZΨ=Ψ              (1 1 )  
 

c o n tro l  m em o ry  C M  i s  us ed  to  k eep  m i c ro o p erati o n s  yn∈Y, s p ec i al  
v ari ab l es  y0 an d  yE, an d  c o d e v ari ab l es  zr∈Z. P ri n c i p l es  o f  C M C U 
U2 o p erati o n  are c l ear f ro m  F i g . 2 . 
 
 

  
F i g . 2 .  S t r u c t u r a l  d i a g r a m  o f  C M C U  U2 
R y s . 2 .  S t r u k t u r a  m i k r o p r o g r a m o w a n e g o  u k ł a d u  s t e r u j ą c e g o  U2 

 
L et us  p o i n t o ut th at C M C U U1 i s  a M o o re f i n i te-s tate-m ac h i n e 

(F SM ) , w h ere R G  o utp uts  are us ed  as  s tate v ari ab l es  [ 6 ] . T h e 
p ro p o s ed  ap p ro ac h  p erm i ts  d ec reas i n g  o f  th e n um b er o f  term s  i n  
th e s y s tem  o f  i n p ut m em o ry  f un c ti o n s  Ψ. I t al l o w s  d ec reas e o f  th e 
n um b er o f  P A L  m ac ro c el l s  i n  l o g i c  c i rc ui t o f  b l o c k  B I A  f o r U2 i n  
c o m p ari s o n  w i th  U1. T h e d i s ad v an tag e o f  p ro p o s ed  m eth o d  i s  
i n c reas e o f  th e c y c l es  n um b er req ui red  f o r ex ec uti o n  o f  c o n tro l  
al g o ri th m  rep res en ted  b y  G SA  Γ. 

I n  th i s  arti c l e w e p ro p o s e s y n th es i s  m eth o d  f o r C M C U U2, 
w h i c h  i n c l ud es  th e f o l l o w i n g  s tep s :   
1 . C o n s truc ti o n  o f  s ets  CE, C1, ΠC an d  ΠE f o r G SA  Γ. 
2 . E x p an s i o n  o f  O L C  αg∈C1 b y  ad d i ti o n al  c o m p o n en ts . 
3 . E n c o d i n g  o f  O L C  αg∈CE, th ei r c o m p o n en ts  an d  c l as s es  Bi∈ΠE. 
4 . C o n s truc ti o n  o f  c o n tro l  m em o ry  c o n ten t. 
5 . C o n s truc ti o n  o f  tran s i ti o n  tab l e. 
6 . I m p l em en tati o n  o f  C M C U l o g i c  c i rc ui t. 

 
4 . A n a l y s i s  o f  p r o p o s e d  m e t h o d  
 

L et us  c o m p are h ard w are am o un t o f  C M C U U1 an d  U2 us i n g  
th e p ro b ab i l i s ti c  ap p ro ac h  s ug g es ted  i n  [ 8 ]  an d  d ev el o p ed  i n  [ 2 ] .  

T h ere are th ree k ey  p o i n ts  i n  s uc h  an  ap p ro ac h :  
1 . Us ag e o f  c l as s es  o f  G SA  i n s tead  o f  a p arti c ul ar g rap h -s c h em e 

o f  al g o ri th m . E ac h  c l as s  i s  c h arac teri z ed  b y  p aram eter p1, w h i c h  
i s  treated  as  p ro b ab i l i ty  o f  th e ev en t th at a p arti c ul ar v ertex  i s  an  
o p erato r v ertex  o f  G SA . I n  c as e o f  l i n ear G SA , p1≥ 0 ,7 5 . 

2 . Us ag e o f  m atri x  m o d el s  o f  C M C U [ 6 ]  i n s tead  o f  l o g i c  c i rc ui t 
i m p l em en tati o n s  w i th  s tan d ard  C P L D  c h i p s . I n  th i s  c as e th e 
h ard w are am o un t i s  d eterm i n ed  as  c h i p  area o c c up i ed  b y  
C M C U l o g i c  c i rc ui t. 

3 . Stud y  o f  rel ati o n s  S(U2) / S(U1) , w h ere S(U1)  i s  an  area o f  m atri x  
real i z ati o n  f o r C M C U Ui(i=1 ,2 ) . I t i s  p ro v ed  [ 2 ]  th at s uc h  
rel ati o n s  are th e s am e f o r b o th  m atri x  real i z ati o n  an d  l o g i c  
c i rc ui t i m p l em en tati o n  w i th  s tan d ard  C P L D . 
T h e m atri x  real i z ati o n  o f  C M C U U1 i s  s h o w n  i n  F i g . 3 . 
 
 

  
F i g . 3 .  M a t r i x  r e a l i z a t i o n  o f  C M C U  U1 
R y s . 3 .  M a c i e r z o w a  r e a l i z a c j a  u k ł a d u  C M C U  U1 

 
L et us  p o i n t o ut th at s o m e d etai l s  s uc h  as  St a r t , Cl o c k , T F , 

Fe t c h are o m i tted  i n  F i g . 1  b ec aus e th ey  are n o t i m p o rtan t f o r 
f urth er d i s c us s i o n . I n  F i g . 1 , c o n j un c ti v e m atri x  M1 i m p l em en ts  
term s  F c o rres p o n d i n g  to  term s  Fh(h=1 ,… ,H )  o f  C M C U tran s i ti o n  
tab l e, d i s j un c ti v e m atri x  M2 i m p l em en ts  i n p ut m em o ry  f un c ti o n s  
Φ, Ψ;  c o n j un c ti v e m atri x  M3 i m p l em en ts  v ari ab l es  Am∈A, w h ere A 
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is a set of CMCU addresses; disjunctive matrix M4 imp l ements 
microop erations yn ∈Y and additional  functions y0,  y E .  

L et K  b e the numb er of vertices in G S A  Γ ,  then  
 

 [ ]KpR 12log= .              (1 2 ) 
 
B l ock B I A  can b e view ed as Moore F S M having   
 

 KpkG 11=            (1 3 ) 
 

states,  w here k1≤ 1 . B l ock B I A  has R1 outp uts and L+R1 inp uts,  
w here R1 is determined b y  (2 ). T he fol l ow ing  formul ae from [ 2 ]  
 

 ;3.1/)1( 1 KpL −=                 (1 4 ) 
 

 .7.14.17 11 KpkH +=   (1 5 ) 
 

can b e used to estimate comp l exness of matrix real iz ation (F ig . 3 ). 
Using  (1 3 )-(1 6 ),  the areas S(Mi)1,  w here i=1 , … , 4  can b e found,  
namel y  

 ;)(2)( 111 HRLMS +=     (1 6 ) 
 

 ;)( 112 HRMS =               (1 7 ) 
 

 ;22)( 13
RRMS =                (1 8 ) 

 
 )2(2)( 14 += NMS R .   (1 9 ) 

 
T he total  area of CMCU U1 matrix real iz ation can b e found as 
 

 .)()()( 14111 MSMSUS ++= K
          (2 0 ) 

 
I n case of CMCU U2,  w e have 
 

 ;)(2)( 0321 HRLMS +=       (2 1 ) 
 

 ,)( 1022 RHMS =                 (2 2 ) 
 

w here 
  .log 223 GkR =                (2 3 ) 

 
I n exp resion (2 3 ) the coefficient k2≤ 1  determines the val ue of 

p arameter IE for a p articul ar G S A  Γ. T he val ue of H0 can b e found 
using  [ 2 ]  as a fol l ow ing  one:  

 
 .1.14.4 20 GkH +=                  (2 4 ) 

 
L et us p oint out that control  memory  of b oth U1 and U2 

occup ies the same area. I t means that S(M3)2=S(M3)1 and 
S(M4)2=S(M4)1. O b viousl y ,  the total  area needed for matrix 
real iz ation of CMCU U2 l og ic circuit is cal cul ated using  an 
exp ression simil ar to (2 0 ). 

S ome resul ts of our p rob ab il istic exp eriments are show n in 
F ig . 4 . 

A s it fol l ow s from F ig . 4 ,  the area of CMCU U2 can b e reduced 
up  to 5 0 %  in comp arison w ith U1. V al ues of p arameters k1,  k2 ,  k3 
w ere ob tained from anal y sis of our b enchmark G S A s. P l ot on l eft 
p roves that p rop osed method can b e used w ith any  l inear G S A . I f 
p1 is cl oser to 1  the siz e of CMCU U2 is smal l er. P l ot on rig ht 
show s infl uence of microinstruction siz e on area of CMCU U2,  
b est resul ts w ere ob tained for microinstructions containing  1 0  
microop erations. T his resul ts w il l  b e checked using  our ow n 
softw are,  w hich incl udes V H D L  model s of CMCU U1 and U2. T he 
method E S P R E S S O  [ 1 ]  is used for encoding  of O L C and their 
cl asses. T o g enerate a l og ic circuit of CMCU,  standard p ackag e 
W eb P ack w as used [ 9 ] .  

 

  

   
F i g . 4 .  I n f l u e n c e  o f  p a r a m e t e r  p1 ( l e f t )  a n d  N ( r i g h t )  o n  f u n c t i o n  η 
R y s . 4 .  W p ł y w  p a r a m e t r u  p1 ( p o  l e w e j )  i  p a r a m e t r u  N ( p o  p r a w e j )  n a  f u n k c j ę  η 
 
5. C o n c l u s i o n  
 

T he p rop osed method can b e used if additional  control  
microinstructions can b e inserted w ithout increase of resul ted 
control  memory  siz e. I t means that condition (1 0 ) shoul d take 
p l ace,  otherw ise eq ual ity  (5 ) w il l  b e viol ated and  

 
 .121 +=+ RRR               (2 5 ) 

 
I t means that the control  memory  siz e for CMCU U2 w il l  b e 

tw ice more than its counterp art for CMCU U1. 
I f condition (1 0 ) takes p l ace,  our statistic method show s that the total  

numb er of P A L  macrocel l s in l og ic circuit of b l ock B I A  can b e 
decreased up  to 5 0  %  using  the p rop osed method. T he b est resul ts w ere 
ob tained for g rap h-scheme of al g orithms w ith more than 5 0 0  vertices. 

D isadvantag e of this method is sl ow ing  dow n of resul ted dig ital  
sy stem. E ach control  microinstruction corresp onds to idl e cy cl e of 
sy stem data-p ath. I t means that op erational  l inear chains 
modification can b e ap p l ied if resul ted p erformance satisfies initial  
technical  req uirements. 

F urther devel op ment of our researches is verification of p rop osed 
method ap p l ication in case of control  units imp l emented w ith F P G A . 
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