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|. Problem Formulation

l. A full adder inputs three bita( b, ¢ ) and outputs the sum and the carry bits
(s, ¢ ), Write thetruth table of the full adder and the correspondBsugn-of-
products canonical expressions of the two outputs.

Truth table:

a b c,|s c.

0 0 0[O0 O SoP expressions:

0 0 1|1 0

0 1 0110 s=ab'c,, +abc’,, + ab’'c’,, + abc,
0 1 1/0 1 — abe’ " b h

1 0 O 1 0O Cout_acin-l_a Cin-i_a Cin+aQn
1 0 1|0 1 = ab + ag, + bc,,

1 1 0|0 1

1 1 1|1 1




ll. Laws and Theorems of
Boolean Algebra

ll. Prove using Boolean algebra tlalh’ + a’'c’ + bc’ =a’b’ + bc'.

Solution 1: use consensus
a’b’+ac + bc’

=ab’+bc’+ac’ commutativity

=ab’ + bc’ consensus

Solution 2: use combining & covering
ab’+a'c’ + bc’
=ab’+ (a'’c’b’+a’c’b) + bc’ combining
= (@b’ + ab’c’) + (bc'a’ + bc’) commutativity & associativity
=ab’ +bc’ covering



lIl. Laws and Theorems of
Boolean Algebra

lll. Prove using Boolean algebra that« b)(a’+ c’)(b’+ ¢’) = (a’+ b)(b’'+ C).

Solution 1: use consensus

(@'+ b)@+c’)(b'+ c)
= (a'+ b)(b’+ c’)(@'+ c) commutativity
=@+ b)(b'+ ) consensus

Solution 2: use combining & covering

(@'+ b)(a'+ c’)(b’+ ¢)
= (a'+ b)(a'+ c’'+ b)(a'+ c’'+ b’)(b’'+ C’) combining
=((@+Db)(@@a+b+c))((b’+c+a’)(b’+c’)) commutativity & associativity
= (@'+b)(b'+c’) covering



V. Karnaugh Map

V. Use Karnaugh map to simplify functid(a,b,c) = 2’ m(1,4,7)+ 2" d(3,6)
List all possible minimal two-levesum-of-products expressions. Show the
Boolean expressions. No need for the logic diagram.

There are two forms of maps

F
a

C) 00 01 11 10
)

ol O (1 X 0

1] 1 0 ¢1) X

Pls: a'c, bc, ac’, ab
EPIs: a'c, ac’

All possible min SoP expressions:
f=ac+ac +bc
and f=ac+ac +ab



V. Karnaugh Map

V. Use Karnaugh map to simplify functidé¢@,b,c) = 2'm(0,3,5)+ .2 d(2,4)
List all possible minimal two-levegdr oduct-of-sums expressions. Show the
Boolean expressions. No need for the logic diagram.

There are two forms of maps

F
2R¢/00 01 11 10

NOBD
1] x 1(o\j-

D 4

Pls: at+b+c’, a'+b’, b’+c, a'+c
EPIs: a+b+c’, a'+b’

o 1 (x r[Oj x)

oOROE

All possible min PoS expressions:

f = (atb+c’)(a’+b’)



V1. Universal Gates

VI. Check if the set is universal and explain. Assuconstants O and 1
are available as inputs.

l. {OR, NOT}
OR, NOT already exist, only need to construct AND

:} < m (X +y) =xy

i. (NOR}
—o— % (X +X)" =X
) ) D () Exty

. %%iiﬁi:> (X +y) =xy

P11




V1. Universal Gates

VI. Check if the set is universal and explain. Assuconstants O and 1

are available as inputs.

. {f(x,y)} where f(x,y) = x' +vy

Do— <y
D) e

n -

X f(X’O):X’-I_O
0 ] y f(X’y) = X’
—x f(f(x, 0),y) =f(x,y)
0 —y "I merey =(X) +y
y foxy) =x+y
R
X [ y X |
o f(x,y) 0__ly f(x.y)

f(f(x, f(y, 0)),0) = f(f(x,y’),0)
= (X" +y,0) = f((xy)",0)
=Xy + 0 =xy



V1. Universal Gates

VI. Check if the set is universal and explain. Assuconstants O and 1
are available as inputs.

Iv. {f(x,y,z)} where f(x,y,z) = xy' + yz

1 — X — 1
> —_ e BYOTIYEYO
0 —1Z - y
X f(x,y, 1) = xey’ +yel
3 1 ] ¥ f(X’y’Z)— = Xy’ + y
_ oty
0 —x
. _ | f(0,y,2z) =0ey’ + yez
_} - 12 ™ =yz




VII. Shannon’s Expansion

VII. Describe the following function in minimaum-of-products form

f(x,y) = xy'@ (X+y)yp xXy¥p vy’

Expansion for variable x:

f(x,y)=xef(1,y)+x *f0,y)
f(1,y)=yDyDoDy =10y = 1Dy =y
f(0,y) =01 Dy Dy =1DyDy =yDy =0

f(x,y)=xey+x e0=xy
Expansion for variable y:
f(x,y)=yef(x, 1) +y ¢ f(x, 0)

fix, )=0P1PxP0=1PxPH0=xF0 =x
f(x, ) =x PxPoP1=1H0P1 =11 =0

f(x,y)=xey+0ey =Xy




