Boolean a={v:a, =1y b={v:b =1} c={v:c, =1}
Gates

C=—d
S— 1 T .,
NOT & > cy=1-a,
AND ] \/ﬁ\' —_ c=anhb
f cy =ayNby, =a,b,
RN c=auUub
("\_ c:alb"
OR J—} cy=a,Ub,=a,+b,—a,b,
— N\ c=a®b

XOR ) .
h_i_/fir__%1 cy=a,®b, =a,+b,—-2a,b,
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Multiplexer

< X,—mux >

<0,0,x,mux >

m=mux(c,b,a)

—x = mux(x,0,0)
xNy=mux(x,y,Xx)
XU y=mux(x,x,y)

- b m=(cNb)d(—cMna)
m m=c?b:a
— > my =cyb, +(—-cy)ay
>4 | ¢y =0:my =a, m=a®(cn(a®b))
— cy=1:m,=b,
Shannon Decomposition
S, ex) = (=0 f(0x,-x) O N f(lx, o)

mux(x,, f(1x,---x,), £(0x,---x;))
(I=x)f(0x,---x;)+x f(1x,---x;)
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Full Adder

lcon Function a, +b,+c, =s,+2r,
i‘.—[\ oot sy=a,®b, Dc,
b . —: pecification ro=ab, ®b.c, Dcya,
;—\] Implementations

b TT SC, i @
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Boolean Basis

< X,—,MN,JU >

0¢<0,x,N,U,® >

<0,x,N,@ >

<x,N >

01/10/2002

<0, x,—,MN,U,D >

0=x®x
a®b=(an—-b)u(—anb)

0==0=-1=(1)= :

11—z

—x=0® x
aUb=a®b® (anb)

—d = a;a
aUb=(=a)N(=b)

anb=—=(anb)
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Net-list

r s = mux(e, d, ¢)

Il r = mux(m, b, a)

11

| r m = mux(c, b, a)

d = mux(m, a, b)

b — m_ =
: all al \ e = mux(r, ¢, d)
— i
o = Sl o
I 5
aly E—
Al dil

bl o m = mux(c, b, a);

H

d = mux(m, a, b); r = mux(m, b, a);

Topological Sort e = mux(r, ¢, d);

s = mux(e, d, ¢);
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Logical Simulation

hl‘r | _
] b
k [
b Hm‘ H—T a b Cc|Ss r|d miela+tb+c s+2r
uan T o ojooof 0o O
(LH* 10 0 RN EIEAE] I 1
. bl ol1 0 1] 1 1
- o 111101 2 2
Topological Sort
mf(bg) 1 elo00] 1 1
r = mux(m, b, a), d = mux(m, a, b) 1 O 1 01 O O 1 2 2
e = mux(r, c, d) 0 1 1 01 O 1 1 2 2
s = mux(e, d, ¢) 1 1 1 11 1 1 1 3 3
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Synchronous Register

i=>i2"
r=§:m2N

r=1271i

i r
> >

Clock is implicit: = D 0(t—)

NeN

All registers share the same clock.
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r==27;1
> >
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r=2I
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Feedback

Problem: bad = "bad
bad,=1-bad,
bad, = %eé {0,1}

No problem: tog = z~tog

tog, =0 tog,, =0
togy., =1-tog, tog,y,, =1

Solutions:

bad

_‘_n_ﬁ_

1. No combinational feedback
2. Stable combinational feedback
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Sequential

Circuit Schema
cm2(i) = (s,c) | | | @
Net-list { g = Z(l D S) @\ X D
c=iNs} | "S

Infinite Boolean System

s, =0 S| = X, Sy = An-
X, =1, X, =1IDs, Xy =Ly Dsy
CO:O 01:i1m51 chiNmSN
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Binary Counter

O O BT

i=c|0]

- - * Fy

@...®.,.@.>

FY

vsfof vsf1] vs/2]

/[ Binary n bit counter

fun Counter(n:int)(incr:net)= (s:net[n], ovfl:net) {
c[O]=incr; // carryin
ovfl=c[n]; // carry out
for (k<n) (s[k], c[k+1] ) = cm2(c[K]); }

/] Counter modulo 2

fun cm2 (incr:net)= (s:net, ovil:net) {
s = reg(incr * s);
ovfl =incr&s; }
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