Programe de aplicatu

UN MODEL DE PROIECTARE SI
OPTIMIZARE A CIRCUITELOR DE
COMUTATIE

Conf.dr.Moise Cocan
Asistent Dorin Bocu

Universitatea din Bragov

fn lucrarea de fati ne propunem s prezentim o
modalitate de proiectare a circuitelor de comutatie
precum $i optimizarea acestora.

Vom prezenta in acest sens un algoritm care
realizeazi proiectarea §i optimizarea unui circuit de
comutatie utilizind structurile Reed-Muller, deci
facind apel la operatiile modulo-2.

Pornim de la ideea ci cerintele de bazi ale oricirei
structuri capabile s# permitd descrierea §i optimizarea
circuitelor de comutatie sint urmitoarele:

(i) completa functionalitate, care constd in
posibilitatea de reprezentare algebricd
distincts a fiecirei functii booleene de un
numir dat de variabile;

(ii) flexibilitatea care presupune maleabilitate
in functionare astfel ca algoritmii
design-ului circuitelor sd poati fi realizati
si utilizati cu usurint;

(iii) posibilitatea de realizare care presupune
faptul ci operatiile de bazi au corespondente
fizice in circuitele de comutatie.

Toate aceste cerinte sint satisficute de algebra
modulo-2 si chiar pot fi extinse pentru structurile
GF(q), cu g-prim, sau q=pk cu p-prim, kEN.

Ne propunem, deci, s realizim sinteza unui circuit
de comutatie, care si realizeze o functie booleand dati.
Presupunem c# se cunoaste functia booleani si,
implicit, si forma sa normald disjunctivi:

2-1
f(xl,xz,...,xn) =gb dm,, 1)
unde m; sint minitermenii functiei f, deci au forma:
m, = x‘fi.l,xgi-z, ,x:i.n, @ € {0,1} ,xO =i,x1 =X
iar d; sint valorile functiei f:
f(ai,l’ai,z""’ ai,n) =d. unde < ai,l’ai,Z’“"ai,n)zs i>10

Exemple
(i) Cazul n=2.
B{ry%y) =4d%%, +4E %, + X%, + d XK, .
(ii) Cazul n=3
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Observatie. Firi restringerea generalitdtii se poate
presupune cd functia booleana f este simplificatd, adicd
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expresia booleani este expresie minimald, in caz
contrar aplicindu-se algoritmul Quine-McCluskey.
Teorema 1. Oriciirei expresii booleeene de forma
(1) i corespunde o expresie Reed-Muller de forma (2).

2oy
f(xn,xn_l,...,xl) - 120 T, 2)

Demonstratie. Mentiondm faptul ci in expresia
booleani suma s§i produsul sint, respectiv, suma
booleani si produsul boolean, in timp ce in expresia
Reed-Muller acestea sint suma, respectiv produsul
modulo-2.

Se procedeazi prin inductie dupd n (n fiind numérul
variabilelor).

Pentru n=2 avem:

3 3
f("z”ﬁ) =.—'§b dimi=l§0 &7

unde
C=T20d
% 1000 go
c 1100
pl= 1 = = 1
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Seremarci faptul cd Ty = Ty * Ty, unde “*” reprezintd
produsul Kronecker.

Pentru n=3 avem:
7

7
f(x3,x2 ’xl) =i§0 d;m, = 20 7Y

i
c=13.d;T3=(TI*TJ=kT1=TE*Tr

fn cazul a n variabile avem:

2 —1 271
f(xn.,xn_l,...,xl) = E dm, = 2 s
i=0 i=0
unde

a a a,

T =x e x el X 1 )
suma este sumd peste GF(2), a;; €{0,1}, x"=1, x'=x
iar vectorul c se obtine:

C=Tnnd; TH=T1*T1*...*T1;

: L., 4
n =
Tu—l Tn—-l

Pentru cazul a n+1 variabile rezultd:

nt+1 nt+1
2 -1

2 -1
f(xn+1,xn,...,x1) = izb dm, = izo T,

cu
Tn ’ d=T d
c= o = o,
n+1 2
T T
e ———

To+1=T1*T1*...%Ty
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n+1 ori
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Observatie. Deoarece T ~=T_ . (n€N), cu

Ty=(1), corespondenta c<»D este bijectiva unde
P n
C={c/c€{0,1} ,p=2,neN},

[ X n
D={ade(01} ,p=2 ,neN}.
Considerdm acum expresiile Reed-Muller
generalizate, adici expresiile de forma:

2-1
[(Rys Roero o) = 3 G,

1=
unde J'ri sunt pitermii generalizati, obtinuti din pitermii
corespunzitori 77; substituind variabilele booleene x;
(j=1,...,n) prin variabilele x; (j=1,..,n) respectiv, unde
;{j = xjsau;cj = ij = XjGB 1.

Pentru 0 functie de n variabile existd 2" variante

posibile, numite expresii Reed-Muller generalizate,
fiecdreia corespunzindu-io polaritate bine determinata

pe{O,l,Z,...,anl},unde

<p>10 = <apap.. an>2 y aj € {031}: ] — 1: eIl

1, daci x. = X
J J

a. = i .
. 0, daca xj ==

J

Observatie. Expresiile Reed-Muller sint expresii
Reed-Muller generalizate de polaritate zero.

Teorema 2. Expresia Reed-Muller generalizatd de
polaritate p, pentru o functie de n variabile are forma:

Z-1
f(xn,xn_1 — xl) = iZO az,,
unde:
a= Z<p> e C;
Z<p> = Zau ® Zan_l * Za];

10 11

Zy= (0 1)’ = (0 1)-

Demonstratia se realizeazd prin inductie dupi n.

Algoritmul de generare al expresiilor Reed-Muller

generalizate constd, In esentd, in apelul succesiv sau
recursiv al unui set de proceduri dintre care
mentiondm:

— procedura Pefbicd, care preia coeficientii functiei
booleene reprezentate sub formd canonicd
disjunctivi;

— procedura Metpas, care determind coeficientii
expresiilor Reed- Muller utilizind metoda
triunghiului lui Pascal;

— procedura Typemax16, care permite generarea
matricelor patratice de dimensiune inferioard lui
16, implicate in calculul expresiilor Reed-Muller;
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— procedura Typemin23, care are acelasi rol ca
procedura precedentd in cazul dimensiunii
superioare lui 32;

- procedura Prodk, ce determind produsul
Kronecker etc.

#******************************************}

{Procedura Expand
******************#************************}
PROCEDURE Expand
(VAR af bf:tablou; VAR kf:BYTE);
VAR
limg,limc,i,j J1,m:BYTE;
pc:BYTE;

vinei,vincj:BYTE;
BEGIN

****************************************‘-F**}

{Salvare pas precedent
{*******************************************}
pe=kf-1;
Doilap(pc,limp);
FOR}1)2=1 TO limp DO
BEGIN
FOR j:=1TO limp DO
BEGIN
bf [i,j] :=af [i,j};
END;
******************a:************************}
{Generare stinga sus
*********************#*********************}
Doilap (kflimc);
FOR 1:=1 TO limp DO
BEGIN
FOR j:=1TO limp DO
BEGIN
af [1,j]:=Dbf [i,j];
END;

]
*******************************************}

{Generare dreapta sus
{*******************#**#t****************-‘k**}
vinci:=limp+1;
FOR i:=1TO limp DO

BEGIN
FOR j:=vinci TO limc DO
BEGIN
af [i,j]:=0;
END;
END;

*******************************************}

{Generare stinga jos
{*******************************************}
1:=1;
vinci:=limp+1,
FOR i:=vinci TO limc DO

BEGIN
FOR j:= TO limp DO
BEGIN
aff 1,j]:=bf [Lj];
l:=1+1;
END;
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******#********#ttt**t*********************}

}Generare dreapta jos
*11******.***************#*****************}
L=1;
m:=1;
vinci:=limp+1;
vincj:=limp+1;
FOR i:=vinci TO limc DO
BEGIN
FOR j:=vincj TO limc DO
BEGIN
af [i,j}:=bf [I,m];
m:=m+1;
END
I:=1+1;
END;
END;
********************#**********************}
{Sfirsit procedura Expand.
Jekokdkok ok ok kok ok ok ok kok ko kokkkokkokkdkokkokkkokkkkkkkk ok kK
sk ok ok ok sk ok ok 3k s ok ok ok ok sk ook ke sk sk ok ok skok ok kok ke kokok kR ok ok kR k kk k kK ok ok

{Procedura permite calculul vectorului dezvoltdrii}
{Reed-Muller de polaritate zero utilizind metoda}
{triunghiului lui Pascal
s ok sk ok ok ke ok ok ok o skok ok kR sk ok k ok sk ok ok ok ck ok ke kok ok sk sk k ok ko kR ok }
PROCEDURE MetPas
(VAR dfcfivect; VAR nf:BYTE);
VAR
ij;k:BYTE;
tivect;
BEGIN;
CLRSCR;
Pcﬂ)fcd(nff,d%
cf[1]:=d
b2 (EFl k:= n[ {-
BEGIN
FOR1:=1TO kDO
BEGIN
t [i]:=df [i]+df [i+1];
L[i]:=t [i] MOD 2;
j==nf-k+1,
cf [j] ==t [i];
END;

»

‘DOWNTO 1 DO

END;

*******************************************}

{Sfirsit procedura MetFas
{*********************************t*********}
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PROCEDURE Typemin32
(VAR ma:tabloy; VAR dma:BYTE);
sk ok o o o ok ok ok ok o ok ok K R ko ok ok ook R Ak ok o ok ok ook ok ok Kok ok SOk SR ok
{Procedura afiseazi matrici ptratice de dimensiuni >16}
{care sint puteri ale lui doi.
******t#1#**********#**********************}
VAR
k1,i,j,n:BYTE;
npar:BYTE;
BEGIN
npar:=dma DIV 16-1;
OR k:=0TO npar DO
BEGIN
FOR 1:=0 TO npar DO
BEGIN
CLRSCR;
n:=0;
FOR i:=1TO 16 DO
BEGIN
FOR j:=1TO 16 DO
BEGIN
GOTOXY (j+n,i);
WRITE (ma
[k*16-+11*16-+]]);
n:=n+1;
END;
n:=0;
END;
GOTOXY(10,20);
WRITE( Apésati o tasta!!!™;
READLN;
END;
END;
END;
*******************************************}
{Sfirsit procedura Typemin32.
*******************************************}
PROCEDURE Typemax16
(VAR ma:tabloy; VAR dma:BYTE);

kckkkokckkokokkokok ok ok ok ok Kk KRRk ok kokk ok ko Rk Rk kckokokk Rk k

{Procedura afiseaza matrici patratice de dimensiuni < 16}
{*******************************************}
VAR
1,j,k:BYTE;
BEGIN
CLRSCR;
k:=0;
FOR i:=1TO dma DO
BEGIN
FOR j:=1TO dma DO
BEGIN
GOTOXY (j+k,i);
WRITE (ma [i,j]);
k:=k+1;
END;
k:=0;
END;
GOTOXY(10,20);
WRITE(’Apdsati o tastd!!’);
READLN;
END;
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*=k*4‘-*********t*i‘*l‘itt**‘##*ttt****t*ti*t**}

Sfirsit procedura Typemax16.

e e s R RS R R R S L L L L b
{PROCEDURE Prodk(VAR fd1,fd2:BYTE;VAR}
{fa,fb,fc:tablou);

*******************************************}
{Procedura permite produsul Kronecker pentru doud}
{matrici patratice
{Acesta este algoritmul specific al programului per
{ansamblu
{*******************************************}
VAR
i,k Lm,np:BYTE;

BEGIN
FOR i:=1TO fd1 DO
BEGIN
FOR j:=1TO fd1 DO

BEGIN
ki=fd2*(i-1)+1;
L=fd2*(j-1)+1;
IF fa [i,j] =1 THEN
BEGIN
FOR m:=1TO fd2 DO
BEGIN
p:=1
FOR m:=1TOfd2 DO
BEGIN
fc[k,p] :=fb [m,n];
pi=p+1;
END;
ki=k+1;
END;
END
ELSE
BEGIN
FOR m:=1TO fd2 DO
BEGIN
p:=1;
FOR n:=1TO fd2 DO
BEGIN
fc [k,p] :=0;
p:=p+1,
END;
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k:=k+1;
END;
END;
END;
END;
END;
*******************************************}
{Sfirsit procedura Prodk
******************1************************}

Pornind de la forma generald a unei expresii
Reed-Muller ne propunem si realizim un algoritm
pentru sinteza circuitelor de comutatie.

Conexiunile fundamentale, fiind conexiunile serie si
conexiunile paralel, orice conexiune se reprezinta ca o
combinatie a celor doud.

Pe baza acestor conexiuni fundamentale construim
conexiunile corespunzitoare operatiilor modulo-2:

Conexiunile corespunzitoare pitermilor
7;(i=0,1,2,...,2"-1) au forma:
unde

<i> = <ay,ap, ., 0p> 2
{jl,...,jm}={h/h6{l,2...,n} ,ah=1}

si au reprezentdrile:
Algoritmul pentru sinteza acestor circuite constd, in
esentd, in utilizarea procedurilor:
- Genpolgrm care genereazd polaritatea
expresiilor Reed-Muller;
— Sumbin care realizeazi calculul recursiv al unei
sume modulo-2;
— Prodbin care realizeazd calculul recursiv al
produsului modulo-2;
— Proda care calculeazi vectorul a, al coeficientilor
expresiei Reed-Muller generalizatd (a=Z<p>+©).
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