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XX 4+ y) =% X Xy =2 0

(a) 0+0=10
(b)1:-1 =1

(@) ab+a'c+bc=ab+a'c
(b) (a+b)@ +c)b+c)=(a+b)a +c)
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(@). f(Xq, X, ..vy X)) = X F(L, Xy .oy X)) + (X)) F(O, X, ...y X))

(b). f(Xq, Xo -y X)) = [Xq + F(O, X5, ..oy X)) [(X) + £(2, X, ...,

Xn)]

. f(A,B,C)=AB+AC +AC
~ f(A,B,C)=AB +AC + A'C=Af(1,B,C) + A’ f(0,B,C)
= A(1XB + 1xC + 1'xC) + A'(0xB + 0xC + 0'xC) = A(B + C) + A'C
— f(A,B,C)=A(B +C) + AC=B[A(1+C) + A'C] + B[A(0 + C) + A'C]
= B[A + A'C] + B[AC + A'C] = AB + ABC + AB'C + AB'C
~ f(A,B,C)=AB +A'BC+ABC + ABC
= C[AB + ABx1 + AB'x1' + AB'x1] + C[AB + A'Bx0 + AB'x0" +
A'B'x0]
= ABC+A'BC+AB'C+ABC +ABC
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Postulates and Theorems of Boolean Algebra

Postulate 2

Postulate 5

Theorem |

Theorem 2

Theorem 3, involution
Postulate 3. commutative
Theorem 4, associative
Postulate 4. distributive
Theorem 5, DeMorgan

Theorem 6, absorption

(a)
(a)
(a)
(a)

1 +0=x

x+x'

(b)

(b)
(b)
(b)
(b)
(b)

(xy)'

xix +y)

VX
(xy)z

(x + y)(x + z)
¥y

X




THEOREM 1(a): x + x

Statement
r=(x+ x)°1
=(x+ x)(x + x')
=x + xx'
=x+0

THEOREM 1(b): x-x = x.

Statement
xx=xx+10

= X% 4+ xx’

= x{x + x')

=x-1

= x

THEOREM 6(a): x + xy = x.

Statement
x+xy=x'14xy
=x(1 +vy)

= x(y + 1)

= x+1

=X

Justification

postulate 2(b)
5(a)
4(b)
5(b)

2(a)

Justification

postulate 2(a)
5(b)
4(a)
5(a)
2(b)

Justification

postulate 2(b)
4a)
3(a)
2(a)

2(b)
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ABC + ABC=AC

(a(b+z(x + a’)))’ =a’ + (b + z(x + a’))’ iJue U
=a’+Db’(z(x+a’))’
=a’+b’'(2’+(x+a’)’)
: a’ + b’(z1 + X,a,,)
=a’+b’(z’ +x'a) s

(W +X +Y' +Z) W+ X +Y +Z2) W +X +Y +Z)W + X +Y + 2)=
WX +Y)W +X +Y+Z)W + X +Y +2)= (W + X + Y)W + X +Y) =

¥

o e
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- EXAMPLE 2.1

Simplify the following Boolean functions to a minimum number of literals.
L x(x' +y)=xx" + xy =04+ xy = xy.

. x+xy=(x+xN)x+y)=1lx+y)=x+y.

2
J. (x+y)x+y)=x+xy+xy'+yw =x(l+y+y')=ux
4

. xy+x'z+yz=xy+x'z +yz(x + x')
=xy+x'z+xyz+x'yz
=xy(1 + z) + x'z(1 + ¥)
=xy + x'z.

. (x +v)x" + z)y + z) = (x + y)(x' + z), by duality from function 4.

= ll-l..l-..._.z" + l_l'-er]f {_rr-_vzr]r{-_l_l'-v."z,]f Sanl {-.t. + -.r.-' + _,EJ‘{_T + -..r. + EJ}
= [x(y'z' + y2)]' =x'+('2 +y2) =1 + (7)) (2)
=x"+(y+2)y' +2')

¥ +yz' + y'z
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Wy’ + WX'Y + WXYZ + WXZ' = WYy’ + WXy + WXY + WXZ'

=Wy + Wy +WXZ' =W+ WXZ =W
(a+bc) =(+ (bc))=a(bc) =a(b’+c)=ab +a’c

(a(b + z(x + a)))’ =a +(b+z(x+a))
=a +b (z(x +a))
=a' +b' (zZ+(x+2a))
=a' +b' (z+x(a))
=a' +b (z +Xxa)
=a' +Db (z +X)
(a(b +c) + a'b)=(ab +ac +a'b)'=(b + ac)'=b’'(ac)=b'(@" + ¢’
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AB +A'CD + BCD =AB +A'CD :Jbe O
(@+b)@+c)(b+c)=(a+b)@ +c)

ABC +AD +BD+CD=ABC + (A’ +B)D + CD=ABC + (AB)D + CD
=ABC + (AB)D =ABC + (A’ + B')D=ABC + AD + BD
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U buffer:

Buffer

U Not:

Inverter




U Xor:

Exclusive-OR
(XOR)

O Xnor:

Exclusive-NOR
or
equivalence

g =Xy +xy
= I:F }r

xB0=x
xD1=x'

x®&x =20
x@&x'=1
xBy' =x"®y=(xBy)'

F=xy+x'y
¥ =(xDy)




(a) Truth table
with H and L

(c) Truth tah.ic for -
positive logic

0

(e) Truth table for
negative logic

: low , high active s g0

L

Digital
gate

(b) Gate block diagram

Logic Signal Signal

valuc value

1 - i 0 - T

1l f. 1 i
(&) Positive logic (b) Ncgative logic

1 —

(d) Positive logic AND gate

(f) Negative logic OR gate
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F=(a+bc) - F=(a+bc)' =a’.(bc)’'= a' .(b +¢C) :Jte U

F=(X'yZ'+Xy'z) - F=(x+y'+z)(x+y+2)

Fx(yZ+yz) — F=(X+(y+2)(y+2)
L PRy ) (y+2)
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_F(xy,2)=(fg+Mp) (1;+M,) (1,+My) (f3+My) (T, +M,) (Ts+ M) (fs+ M) (+My)

F(x,y,z)=ntM(0,1,2,....6,7)




S &b gl b e,

SP XU swled o laibiwl o9 U
(POS: Product Of Sum)  :p S b ¢ gozxo o malol> O

S oz &y U 50 9] Cawsy £ gamme O pabol> 0,8 1391 Caway I Sua U
sl 3 3l o> ool

S 398 (5999 G o plod I Juol> OF aloz o jluibiw! oz Juolo alosr Sy U
Cawl 00l JoSo b oolw




Fe &b wle b g,
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F(xy,z)=f,my+ f,m+ fm,+ fymg+ f,m,+ fom+ fome+ f-m,

F(x,y,2)=2m(0,1,2,....6,7)
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Table 2.6
Truth Tablefor F = xy + x'z

X ¥y z
0 ] 0 Minterms
0 1

1 0

1 |

0 0

0 1

1 0

1 1

Maxterms
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Table 2.3
Minterms and Maxterms for Three Binary Variables

Minterms Maxterms

Term Designation Term Designation

M x+ vtz M,
1, . M,
1> . ; M,
M x+y M,

M,

."rf_.-.,

M,




|

XyzZ + Xyz' + X’yz

:

OCOOHOO

O OO O
OO d—d10OO

OO OO




=2(3,6,7)

XyzZ + Xyz' + X’yz

G =

m3
+
S
+
m7
I
O

OCOO—HOO 1

OO OO
OO OO 1

OCOOO A v




G =Xyz + xyz’ + X’'yz

G=m,+mg+my;=2(3,6,7)

l

G = MM, M,M,M. = 1(0,1,2,4,5)

X
0
0
0
0
1
1
1
1

PP OOFREFOOK
P ORORF O O|N
PP OOEFr OOoOG

G = (Hy+z)(xty+Z') ()Y +2)(X +y+2) (X +y+2')
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fi=x'y'z+xy'7" +xyz =my + my + my

h=xyz+xy'z+xyz' +xyz =my + ms + mg + my

=x+v+x+y +2Mx" +v+2'Nx" +y +2
— J'Hr[] c .'MJ R J'I-ff_q = 1"”_-‘-. : .'Wf-,

x+y+zix+yv+2Nx+y +2)x" + v+ 2)
— .ﬂ”"]”l.""fjlw._l_
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Express the Boolean function F = A + B'C as a sum of minterms. The function has
three variables: A, B, and C. The first term A is missing two variables; therefore,

A=A(B + B')= AB + AB’

This function is still missing one variable, so
A=AB(C+ C')+ AB'(C + C")

= ABC + ABC' + AB'C + AB'C’

The second term B'C is missing one variable; hence.
B'C = B'€(A +A')=AB'C +A'B'C
Combining all terms, we have
F=A+ B'C
= ABC + ABC" 4 ABR'C + AB'C' + A'B'C

But AB'C appears twice, and according to theorem 1 (x + x = x), it is possible to
remove one of those occurrences. Rearranging the minterms in ascending order. we
finally obtain

F=A'B'C+ AB'C + AB'C + ABC' + ABC
ny + my + ms + Mg + My

When a Boolean function is in its sum-of-minterms form. it is sometimes convenient to
express the function in the following brief notation:

F(A,B,C) = 2(1,4,5,06,7)
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EXAMPLE 2.5

Express the Boolean function F = xy + x'z as a product of maxterms. First, convert
the function into OR terms by using the distributive law:
F=xy +x'z=1{xy +x)xy + 1)
=(x+x)y+x)x+ 2Ny + 2)
= (x" 4+ y)x+ 2)(y+:2)

The function has three variables: x, v, and z. Each OR term is missing one variable;

therefore,
=R RIS Y R D
x+z=x+z+yw=x+yv+2)lx+y +2)

y+z=y+z+xx'=(x+y+z2){(x"+y+2z)
Combining all the terms and removing those which appear more than once, we finally

obtain
F=x+y+z2)ix+y +2)x"+y+2)x' +y+2')

- JW| ]JM]_'H_1M_-:
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B D
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(a) Sum of Products (b) Product of Sums

Fig. 2-3 Two-level implementation
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NOT Gate

D
AND Gate
|

OR Gate
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D

(b) Exclusive-OR with NAND gates

L
L
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®7 Y NOT Gate
=) > e

OR Gate

T
——

AND Gate
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INVERTER




i Cutput goes LOW only

when all inputs are HIGH.

LOVY state Is
active-HIGH the active state.

(a)

B=AB Cutput is HIGH when

A+
\-\\ ® any input is LOW.

HIGH state is the
active state.

(B)

active-LOW




SiglE Cutput goes HIGH when
any input is HIGH.
HIGH state is
active state.

Qutput goes LOW only
when all inputs are LOW.

LOW state is
active-LOW active state.

(b)
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Table 2.5
Truth Table for F = A + B'C

b -8
-
(g

ot S = I = R = R ==

0
0
1
1
0
0
1
1
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Table 2.4
Functions of Three Variables

X y F 4 Function fi Function f;

0
0
0
0
1
1
1
1

o = EE == B
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