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A b s t r a c t  
 

T h e  m e t h od  of  d e s i g n of  c om p os i t i ona l m i c rop rog ra m  c ont rol u ni t  w i t h  
c od e s  s h a ri ng  a nd  e x p a nd e d  m i c roi ns t ru c t i on i s  p rop os e d . T h e  p rop os e d  
m e t h od  i s  b a s e d  on a p p li c a t i on of  s p e c i a l a d d re s s  t ra ns f orm e r t o f orm  a n 
a d d re s s  of  m i c roi ns t ru c t i on on t h e  b a s e  of  i t s  re p re s e nt a t i on a s  p a i r < c od e  
of  op e ra t i ona l li ne a r c h a i n, c od e  of  c om p one nt > . T h e  c ont rol a lg ori t h m  i s  
d e s c ri b e d  u s i ng  f low -c h a rt  w i t h  e le m e nt a ry  op e ra t i ona l li ne a r c h a i ns . S u c h  
a p p roa c h  p e rm i t s  t o u s e  a ll p os i t i ve  f e a t u re s  of  c od e s  s h a ri ng  
i nd e p e nd e nt ly  on c h a ra c t e ri s t i c s  of  i nt e rp re t e d  f low -c h a rt  of  a lg ori t h m . 
T h e  p rop os e d  m e t h od  p e rm i t s  t o d e c re a s e  t h e  s i z e  of  c ont rol m e m ory  i n 
c om p a ri s on w i t h  a ll k now n m e t h od s  of  s u c h  c ont rol u ni t s  d e s i g n. An 
e x a m p le  of  p rop os e d  m e t h od  a p p li c a t i on i s  g i ve n. 
 
K e y w o r d s :  C om p os i t i ona l M i c rop rog ra m  C ont rol U ni t , c od e  s h a ri ng , 
e le m e nt a ry  op e ra t i ona l li ne a r c h a i ns . 
 Proj ek tow ani e CMCU  z rozszerzonym i  m i k roi nstru k c j am i  i  elem entarnym i  OLC 

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

 
W  a rt y k u le  z a p re z e nt ow a no s p os ó b  p roj e k t ow a ni a  m i k rop rog ra m o-
w a lne g o u k ł a d u  s t e ru j ą c e g o z  w y k orz y s t a ni e m  m e t od y  w s p ó ł d z i e le ni a  
k od ó w  z  roz s z e rz ony m i  m i k roi ns t ru k c j a m i . W  m e t od z i e  t e j  w p row a d z ono 
s p e c j a lny  t ra ns f orm e r a d re s ó w , k t ó ry  g e ne ru j e  a d re s y  m i k roi ns t ru k c j i  
re p re z e nt ow a ne  p op rz e z  p a ry  < k od  ł a ń c u c h a , k od  e le m e nt u  ł a ń c u c h a > . D o 
op i s u  a lg ory t m u  s t e row a ni a  w y k orz y s t a no s i e ć  d z i a ł a ń  z  e le m e nt a rny m i  
ł a ń c u c h a m i . T a k i e  p od e j ś c i e  u m oż li w i a  w y k orz y s t a ni e  w s z y s t k i c h  z a le t  
m e t od y  w s p ó ł d z i e le ni a  k od ó w  ni e z a le ż ni e  od  c h a ra k t e ry s t y k i  
i nt e rp re t ow a ne j  s i e c i  d z i a ł a ń . Z a p rop onow a na  m e t od a  u m oż li w i a  
z m ni e j s z e ni e  roz m i a ru  p a m i ę c i  w  s t os u nk u  d o w s z y s t k i c h  i nny c h  z na ny c h  
m e t od  p roj e k t ow a ni a  j e d nos t e k  s t e ru j ą c y c h . W  a rt y k u le  p rz e d s t a w i ono 
t a k ż e  p rz y k ł a d  z a s t os ow a ni a  p rop onow a ne j  m e t od y . 
 
S ł o w a  k l u c z o w e :  M i k rop rog ra m ow a ny  u k ł a d  s t e ru j ą c y , w s p ó ł d z i e le ni e  
k od ó w , e le m e nt a rne  ł a ń c u c h y . 
 1 .  Introdu c ti on 
 
A  c ont rol  u nit  (CU )  is one of  t h e most  import ant  part s of  any  

dig it al  sy st em [ 8] . I t  c an b e impl ement ed as c omposit ional  
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mic roprog ram c ont rol  u nit  (CM CU )  [ 3 ] . M odern t ec h nol og y  l ev el  
permit s t o impl ement  su f f ic ient l y  c ompl ex  dig it al  sy st em u sing  
sing l e int eg rat ed c h ip of  t h e t y pe “ sy st em-on-a-c h ip” ( S o C )  [ 4 ,  5 ] . 
A s a ru l e,  S o C inc l u des t h e f iel d-prog rammab l e g at e array s 
(FP G A ) ,  wh ic h  c onsist  f rom L UT -el ement s (l ook -u p t ab l e)  and 
dedic at ed memory  b l oc k s (DM B )  [ 4 ] . I f  model  of  CM CU is u sed 
t o impl ement  t h e c ont rol  u nit ,  t h en FP G A -b l oc k s impl ement  t h e 
sy st em of  mic roinst ru c t ion addressing  and DM B impl ement  t h e 
c ont rol  memory  wit h  t h ese mic roinst ru c t ions. 
T h e l imit ed amou nt  of  inpu t s of  L UT -el ement s l eads t o 

nec essit y  of  dec reasing  of  t h e amou nt  of  arg u ment s in t h e 
addressing  c irc u it  of  CM CU. O ne of  t h e met h ods t o sol v e t h is 
prob l em is appl ic at ion of  c ode sh aring  wit h  ex panded 
mic roinst ru c t ion and it  permit s t o u se t h e opt imiz at ion met h ods 
of  M oore FS M  [ 1 ]  in c ase of  CM CU. T h e met h od of  CM CU 
desig n is proposed in t h is art ic l e,  su c h  t h at  it  permit s t o u se al l  
adv ant ag es of  c ode sh aring  and t o preserv e a minimal  v al u e of  
c ont rol  memory . M oreov er,  t h ere is a pot ent ial  possib il it y  t o 
dec rease t h e amou nt  of  DM B in c omparison wit h  k nown desig n 
met h ods. 

 2 .  Mai n def i ni ti ons and b ac k grou nd of  CMCU  
 
L et  a c ont rol  al g orit h m of  a dig it al  sy st em is represent ed as  

a f l ow-c h art  of  al g orit h m (FCA )  Γ [ 1 ]  wit h  set  of  nodes 
B= { b0, bE}∪B1∪B2 and set  of  edg es E = { ( bi , bj) |  bi , bj∈B}. H ere b0 
is a st art  node of  FCA ,  bE is a f inish  node of  FCA ,  B1 is a set  of  
operat ional  nodes wit h  t h e c ol l ec t ions of  mic rooperat ions 
(mic roinst ru c t ions)  Yq⊆Y ,  wh ere Y= { y 1,  … , y N} ,  B2 is a set  of  
c ondit ional  nodes wit h  el ement s of  t h e set  of  l og ic  c ondit ions 
X = { x 1,  … , y L}. 
L et  u s f orm a set  of  el ement ary  operat ional  l inear c h ains 

( E O L C )  C= { α1,  … , αG} f or FCA  Γ and l et  t h is set  sat isf ies t o t h e 
f ol l owing  c ondit ion:  
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L et  Fg is an amou nt  of  c omponent s of  E O L C and l et  

F m a x = m a x ( F1,  … ,  FG). L et  u s enc ode t h e E O L C b y  t h e b inary  c ode 
K ( αg) wit h  R1 b it s,  wh ere R1= ] l o g 2G [,  and l et  u s enc ode t h e 
c omponent s of  E O L C b y  b inary  c odes K ( bt) wit h  R2 b it s,  wh ere 
R2= ] l o g 2F m a x [. L et  u s ex ec u t e t h is enc oding  in su c h  manner t h at  
c ondit ion 

 K ( bgi+ 1)= K ( bgi)+ 1     ( g = 1 ,  … ,  G )             (2 )  
 
h ol ds f or any  pair of  adj ac ent  c omponent s bgi,  bgi+ 1 i = ( 1 ,  … ,  Fg-1 ) 
of  any  E O L C. 
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In this case an ad d ress A(bt) of  microinstru ction Y(bt) f rom the 
nod e bt∈B1, su ch that bt∈Dg, can b e rep resented  as 
 

 )(*)()( qgq bKKbA α=     ( 3 ) 
 
w here ∗  is a sig n of  concatenation. T he rep resentation ( 3 ) is 
named  cod es sharing  [ 3 ] . L et u s f ind  p artition ΠC={ B1, … , BI}of  
the set C on the cl asses of  p seu d oeq u iv al ent OL Cs . L et u s encod e 
each cl ass Bi∈ΠC b y b inary cod e K (Bi) w ith R0 b its, w here 
R0=] l o g 2I[, and  l et u s u se the v ariab l es f rom the set V={ v 1, … ,v R0} 
f or su ch encod ing . 
T he F ig . 1  show s the stru ctu ral  d iag ram of  CMCU U1, w hich is 

b ased  on ad d ress rep resentation ( 3 ) and  transf ormation of  the 
cod es of  EOL C into the cod es of  the cl asses of  p seu d oeq u iv al ent 
OL C. 
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F i g .  1 .   S t r u ct u r a l  d i a g r a m  o f  C M C U  U 1 
 
H ere comb inational  circu it CC imp l ements the system of  

ex citation f u nctions of  the f l ip -f l op s of  reg ister RG  
 

 Ψ=(V, X).             ( 4 ) 
 
It means that the circu it CC rep resents a circu it of  

microinstru ction ad d ressing  of  CMCU. C ou nter CT k eep s a cod e 
K (bt) of  comp onent of  EOL C, w hich is rep resented  b y internal  
v ariab l es Tr∈T, w here |T|=R2. R eg ister RG  k eep s a cod e K (αg) of  
EOL C, w hich is rep resented  b y internal  v ariab l es τr∈τ, w here 
|τ|=R1. T he cod e transf ormer TC imp l ements the system of  
f u nctions 

 V=V(τ)           ( 5 ) 
 
and  it f orms the cod es of  the cl asses Bi∈ΠC. T he control  memory 
CM k eep s microop erations yn∈Y, the internal  v ariab l e of  
synchroniz ation control  y0 and  internal  v ariab l e of  
microinstru ction f etch control  yE. T he f l ip -f l op  TF f orms sig nal  
Fe t c h  to w rite ou t microinstru ctions f rom CM.  
S u ch org aniz ation of  a control  u nit p ermits to u se the minimal  

nu mb er of  f eed b ack  sig nal s in comp arison w ith al l  k now n 
stru ctu res of  CMCU [ 3 ] . B u t if  cond ition 
 

 R1 +  R2 >  R             ( 6 ) 
 
hol d s, w here p arameter R is d etermined  u sing  amou nt of  
op erational  nod es M=|B1| as 
 

 R=] l o g 2M[,            ( 7 ) 
 
then the siz e of  control  memory CM is increased  in comp arison 
w ith its v al u e 

 V0=2 R * N0,           ( 8 ) 
 
w here N0 is amou nt of  b its need ed  to rep resent the 
microop erations yn∈Y and  internal  v ariab l es y0 and  yE. T his siz e of  
CM characteriz es al l  k now n stru ctu res of  CMCU [ 3 ] . If  cond ition 
( 6 ) hol d s, then amou nt of  DMBs  to imp l ement the circu it of  CM is 
increased . T he method  of  org aniz ation of  CMCU w ith ex p and ed  
microinstru ction and  el ementary op erational  l inear chains is 

p rop osed  here and  this method  p ermits to sav e and  ev en to d ecrease 
the siz e of  CM in comp arison w ith ( 8 ) f or arb itrary FCA Γ. 
 
3. D e s i g n  o f  C M C U  w i t h  E M I  a n d  E O L C  
 
T he p rop osed  method  is b ased  on introd u cing  of  the b l ock  of  

ad d ress transf ormer ( AT) in the CMCU U1. T his b l ock  transf orms 
an ad d ress ( 3 ) into ad d ress w ith minimal  b its cap acity R and  it 
l ead s to CMCU U2 ( F ig . 2 ). 
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H ere the ad d ress transf ormer AT f orms f u nctions 
 

 Z =Z (T, τ),           ( 9 ) 
 

w hich are u sed  f or microinstru ction ad d ressing , Z ={ z 1, . . , z R}. T he 
p rincip l es of  op eration of  b oth CMCU U1 and  U2 are the same. 
C ontrol  memory of  CMCU U2 k eep s the el ements of  the set 

Y0=Y∪ { y0, yE}. L et CM k eep s M1 d if f erent col l ections Ym⊆Y0 and  
l et u s name them as ex p and ed  microinstru ctions ( EMI). L et u s 
encod e each EMI Ym⊆Y0 b y b inary cod e K (Ym) w ith 
 

 R3=] l o g 2M1[            ( 1 0 ) 
 

b its and  l et u s u se the v ariab l es z r∈Z  f or su ch encod ing . T he cod e 
K (Ym) can b e u sed  as ad d ress of  EMI Y m (m =1 ,… ,M1) in the control  
memory. If  cond ition 

 R3< R        ( 1 1 ) 
 

hol d s, then siz e of  CM is l ess that V0. 
H ere w e are p rop osing  the method  of  d esig n of  CMCU U2 and  

this method  incl u d es the f ol l ow ing  step s:  1 . C onstru ction of   
a transf ormed  f l ow -chart Γ; 2 . C onstru ction of  the set EOL C of  the 
transf ormed  FCA; 3 . E ncod ing  of  EOL Cs ; 3 . E ncod ing  of  
comp onents of  EOL Cs ; 4 . A d d ressing  of  EMI; 5 . C onstru ction of  
content of  control  memory; 6 . E ncod ing  of  the cl asses of  
p seu d oeq u iv al ent EOL Cs ; 7 . C onstru ction of  the tab l e of  
transitions of  CMCU; 8 . C onstru ction of  the tab l e of  ad d ress 
transf ormer; 9 . C onstru ction of  the tab l e of  cod e transf ormer;  
1 0 . C onstru ction of  the f u nctions Ψ , V, Z ; 1 0 . Imp l ementation of  
the circu it of  CMCU. 
L et u s d iscu ss an ap p l ication of  this method  u sing  as ex amp l e the 

CMCU U2(Γ1), that is CMCU U2 that interp rets FCA Γ1  ( F ig . 3 ). 
Transformation of initial FCA  

T his transf ormation is red u ced  to introd u ction of  ad d itional  
op erational  nod es and  to inserting  of  ad d itional  internal  v ariab l es 
into the nod es of  initial  FCA. In case of  FCA Γ1 the internal  
v ariab l e yE is inserted  into the nod es b9 and  b13, the stru ctu re of  
FCA is u nchang eab l e. 
C onstru c tion of th e  se t E O L C 

U sing  the method  f rom the w ork  [ 3 ]  l ead s to the set  
C={ α1, … ,α7}, w here α1=〈b1〉, I11=O1=b1, α2=〈b2, b3, b4〉, I21=b2, 
O2=b4, α3=〈b5, b6〉, I31=b5, O3=b6, α4=〈b7, b8〉, I41=b7, O4=b8, 
α5=〈b9〉, I51=O5=b10,  α6=〈b10, b11〉, I61=b10, O6=b11,  α7=〈b12, b13〉, 
I71=b12, O7=b13. A n anal ysis of  this set g iv es that G =7 , Fma x =3 , 
O(Γ1)={ b1,b4,b6,b8,b9,b11,b13}.  In ou r ex amp l e w e hav e R1=3 , 
R2=2 , M=1 3 , R=4 . 
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F i g .  3.   I n i t i a l  f l o w -c h a r t  o f  a l g o r i t h m  Г1 
 

Encoding of EOLCs 
T his st ep  is exec u t ed in a t riv ial w ay . L et  t he EOLCs of  CMCU 

U2(Γ1) are enc oded in t he f ollow ing  manner:  K (α1)=0 0 0 ,  
K (α2)=0 0 1,  … ,  K (α7)=110 . 
Encoding of t h e  com p one nt s  of EOLC  
L et  t he f irst  c omp onent  of  eac h EOLC αg ∈ C has c ode w it h  

all z eros. T he c odes of  t he next  c omp onent s are det ermined 
ac c ording  t o ( 2) . I n c ase of  U2(Γ1) w e c an g et  t he f ollow ing   
c odes:  K (b1) =K (b2) =K (b5) =K (b7) =K (b9) =K (b10) =K (b12) = 0 0 ;  
K (b3)=K (b6)=K (b8)=K (b11) = K (b13)=0 1;  K (b4)=10 . 
A ddr e s s ing of EMI   
Cont rol memory  of  CMCU U2(Γ 1) inc lu des M1=7 exp anded 

mic roinst ru c t ions,  w here Y1= {y1, y2}, Y2= {y0, y1, y2},  Y3= {y0, y2, 
y3, y4}, Y4= {y2, y5}, Y5= { y1, y4}, Y6= {yE, y3, y6}, Y7= {y2, y3, y4}, 
Y8= {yE, y1, y4}. T hu s R3=3,  Z={z 1, … , z 3} ,  c ondit ion ( 1 1 )  holds 
and ap p lic at ion of  p rop osed met hod has sense. 
L et  u s enc ode t he EMI s Ym (m =1,…  , 8) in t he f ollow ing  

manner:  K (Y1)=0 0 0 ,  K (Y2)=0 0 1, … , K (Y8)=110 . 
C ons t r u ct ion of t h e  CM cont e nt  
T he CM of  CMCU U2 is rep resent ed b y  a t ab le w it h t he 

c olu mns [ 3,  4 ] :  K (Ym), Ym, bt. I n c ase of  CMCU U2(Γ 1) t his t ab le 
inc lu des M1=8 lines ( T ab le 1 ) . 
 

T a b.  1.   Z a w a r t o ś ć  p a m i ę c i  
T a b.  1.   C o n t e n t  o f  c o n t o l  m e m o r y 
 

K(Ym) Ym bt K(Ym) Ym bt 
000 y1 ,  y2 b1 100 y1,  y4 b6 
001 y0 ,  y1 ,  y2 b2, b7, b10 , b12 101 yE ,  y3,  y6 b9 
010 y0,  y2 ,  y3,  y4 b3,  b5 110 y2,  y3,  y4 b11 
011 y2 ,  y5 b4,  b8 111 yE ,  y1,  y4 b13 
 
Op t imiz at ion of  t he siz e of  CM is p ossib le w hen dif f erent  nodes 

bt∈B1 c ont ain t he same exp anded mic roinst ru c t ions. 
Encoding of t h e  cl a s s e s  of p s e u doe q u iv a l e nt  EOLCs 
I n c ase of  CMCU U2(Γ 1) w e hav e ΠC={B1, B2, B3, B4, B5} ,  

w here B1={α1} ,  B2={α2, α3} ,  B3={α4} ,  B4={α6} ,  B5={α5, α7}. 
T hu s,  R0=3,  V={v1, v2, v3}. L et  u s enc ode t he c lasses Bi∈ΠC in t he 
f ollow ing  manner:  K (B1)=0 0 0 , …, K (B5)=10 0 . 
C ons t r u ct ion of t h e  t a b l e  of t r a ns it ions  of CMCU  
T his t ab le is t he b ase t o f orm t he f u nc t ions ( 4 ) . A  p art  of  t he 

CMCU U2 t ransit ions t ab le is show  in t he T ab le 2. 

T a b.  2.   F r a g m e n t  t a be l i  p r ze j ś ć  CMCU U2 
T a b.  2.   F r a g m e n t  o f   t h e  CMCU U2 t r a n s i t i o n s  t a bl e  
 

Bi K(Bi) j
gI  )( j

gIA  Xh Ψh h 
1
2I  00100 x1 D3 1 
1
3I  01000 / x1x2 D2 2 B1 000 
1
7I  11000 / x1/ x2 D1D2 3 

 
C ons t r u ct ion of t h e  t a b l e  of a ddr e s s  t r a ns for m e r  
T his t ab le is t he b ase t o f orm t he f u nc t ions ( 9 )  and it  inc lu des 

t he c olu mns:  bm, A (bm), Ym, K (Ym), Zm, m . T he f rag ment  of  t he 
t ab le of  address t ransf ormer of  CMCU U2 is show n in t he T ab le 3. 
 

T a b.  3.   F r a g m e n t  t a be l i  k o n w e r t e r a  a d r e s ó w   
T a b.  3.   F r a g m e n t  o f  t h e  t a bl e  o f  a d d r e s s  t r a n s f o r m e r  
 

bm A (bm) Ym K(Ym) Zm m 
b1 00000 Y1 000 – 1 
b2 00100 Y2 001 z3 2 
b3 00101 Y3 010 z2 3 
b4 00110 Y4 011 z2z3 4 

 
C ons t r u ct ion of t h e  t a b l e  of code  t r a ns for m e r  
T his t ab le is t he b ase t o f orm sy st em ( 5)  and it  inc lu des t he 

c olu mns:  αg,  K (αg), Bi, K (Bi), Vg, g . H ere Vg is a c ollec t ion of  v ariab les 
vγ∈V,  w hic h are eq u al t o 1 in t he c ode K (Bi),  w here αg∈Bi and Bi∈Π′C.  
C ons t r u ct ion of t h e  s y s t e m  of fu nct ions  Ψ ,  Z ,  V  
T he f u nc t ions Ψ are f ormed u sing  t he t ab le of  t ransit ions of  

CMCU U2. T he f u nc t ions Z are f ormed u sing  t he t ab le of  address 
t ransf ormer. T he f u nc t ions V are f ormed u sing  t he t ab le of  c ode 
t ransf ormer. L et  u s p oint  ou t  t hat  t he most  nat u ral w ay  t o 
imp lement  b ot h CM and T C is ap p lic at ion of  D MBs. 
I m p l e m e nt a t ion of t h e  cir cu it  of CMCU  
T he met hods of  c irc u it  imp lement at ion on t he b ase of  CP LD ,  

F P G A ,  P ROM are w ell-k now  [ 2,  6 ,  7 ,  9 ] . T hese met hods are ou t  of  
t he sc op e of  ou r art ic le.  
 
4. C o n c l u s i o n  
 
T he met hod desig n of  CMCU w it h EMI  and EOLC p ermit s t o 

dec rease t he hardw are amou nt  ( nu mb er of  LUT -element s)  in t he 
addressing  c irc u it  CC du e t o u sag e of  p seu doeq u iv alent  
op erat ional linear c hains of  init ial F CA  Γ . T he ap p lic at ion of  
address t ransf ormer A T  p ermit s t o u se t he met hod of  c odes sharing  
u nder any  c harac t erist ic s of  F CA ,  w hic h det ermine t he v alu es of  
R,  R1,  R2,  R3. W e shou ld p oint  ou t  t hat  exist enc e of  A T  c au ses 
inc reasing  of  t he c y c le t ime of  a dig it al sy st em w it h CMCU. T hu s,  
t his met hod c an b e ap p lied only  if  resu lt ing  p roj ec t  meet s req u ired 
t ime c harac t erist ic s. T hese ou t c omes are t ru e f or all p rop osed 
st ru c t u res of  c omp osit ional mic rop rog ram c ont rol u nit s. 
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