


-+o-- Invener

D AND&We

> NOR gate

I)p XORgate

n  NAND gate Jr>- X N O R  gate

=r>-  O R  g a t e

2d 3.1 Standard Digital Symbols
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Logic Symbol

Equation

Y=A

Truth Table

A Y

t
0 1

I 0

zd  3.2 Inverter Logic Function

A N D

Truth Table
Lop  Symbol

A(” ABy

B--cJ  ’ 0 0 0

Equation

-t

0 1 0

1 0 0
Y=AB 1 1 1

CT455

;d 3.3 AND Logic Function
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Wl9lQ  3.1 AND Truth tables

A B AB A B C

0 0 0 0 0 0

t0 1 0 0 0 1
1 0 0 0 1 0
1 1 1 0 1 1

1 0 0
1 0 1

1 1 0
1 1 1

A B CD

0 0 0 0
0 0 0 1
0 0 1 0
0 0 1 1
0 1 0 0
0 1 0 1
0 1 1 0
0 1 1 1
1 0 0 0
1 0 0 1
1 0 1 0
1 0 1 1
1 1 0 0
1 1 0 1
1 1 1 0
1 1 1 1

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1

3.4 bbPdPd  (NAND FUNCTION)
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NAND

Truth  T a b l e

A B
I y

0 0 1
0 I I
1 0 1
I 1 0

$I6 3.4 NAND Logic Function

1”11519  3.2 NAND Truth tables

A B AB

t

A B C

0 0 1 0 0 0
0 1 1 0 0 I
1 0 1 0 1 0
1 1 0 0 1 1

1 0 0
I 0 I
1 I 0
1 1 1

315 ‘mu  (OR FUNCTION)

ABC A B C D ABCD

0 0 0 0
0 0 0 1
0 0 . 1 0
0 0 1 I
0 I 0 0
0 1 0 1
0 1 1 0
0 I 1 1

1 0 0 0
1 0 0 1

1 0 1 0
1 0 1 1
1 1 0 0
I I 0 1
1 1 I 0
1 1 1 1

1
1
1
I

1
1
1
1
1
1
1

1
1
I
1
0
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Logx  Symbol

!?.quafion

Y = A + B

Truth Table
A B Y

00 0

-t

0 1 1
1  0 I
I1 1

z&  3.5 OR Logic Function

wl319  3.3 OR Truth tables

A B A + B

t

A B C

0 0 0 0 0 0
0 1 1 0 0 1
1 0 1 0 1 0
1 1 1 0 1 1

1 0 0
1 0 1
1 1 0
1 1 1

3.6 pd0  (NOR FUNCTION)

A + B + C A B,CD A + B + C + D

0 0 0 0
0 0 0 1
0 0 1 0
0 0 1 1
0  1 0 0
0 1 0 1
0 1 1 0
0 1 1 1
1 0 0 0
1 0 0  1
1 0 1 0
1 0 1 1
1 1 0 0
1 1 0 1
1 1 1 0
1 1 1 1

0
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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NOR

Logic Symbol

Y = A + B

Truth Table

AB Y

00 1

-t

01 0
10 0
1 1 ‘0

I& 3.6 NOR Logic Function

011519  3.4 NOR Truth tables

TABLE 3-4 NOR Truth Tables

AB 1 A+B A B C

0 0 1 0 0 0
0 1 0 0 0 1
1 0 0 0 1 0
1 1 0 0 1 1

1 0 0
1 0 1
1 1 0
1 1 1

A + B + C A B C D

0 0 0 0
0 0 0 1
0 0 1 0
0 0  1 1
0 1 0 0
0 1 0 1
0 1 1 0
0 1 1 1
1 0 0 0
1 0 0 1
1 0 1 0
1 0 1 1
1 1 0 0
1 1 0 1
1 1 1 0
1 1 1 1

3.7 &qW%l  (EXCLUSIVE FUNCTIONS : XOR AND XNOR)

Exclusive OR gate ~fltl07fUfl&!?J  2 GIIyVlaaCl:  1 6bly9l

A + B + C + D

1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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XOR

Logic Symbol

Equatica

Y=A@  63

Truth  Table
AB Y

00 0

t

01  1
10 1
11  0

2lk 3.7 XOR Logic Function

d%6f615thW.6%Q~  Exclusive NOR &.6O~h~6UpS5~hh~fh1  XOR t%.6gWJQ4

XNOR &il6Viln’u?Pja’l~~6dU  1 l&Q  0 &j 6&QWO~6fh6 1 %I%  High

XNOR

Lqic  Symbol

Y=XZ-b

Truth  Table

2d  3.8 EX-OR LOGIC FUNCTION

3.8 m~~lslPduss~~$aetn(PuLSED  LOGIC GATE OPERATION)
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A ,

BI I

A I

AQBI
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3.9 %KrWd~bu~¶4  (COMBINATION LOGIC CIRCUITS)

A K=F+G=AB+AC
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I n p u t s
A B C

0 0 0
0 0 1
.o  1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

0 0
0 0
0 0

-1

0 0
0 0
0 1
1 0
1 1

output
K

- K = A B + A C
0
0
0
0
0
1
1
1

D = A + B

CI

Inter-
L=CD=C(A+B)

mediate
I n p u t s node Output

L = C(A + B)

A

B

F=(A+B)+%

Ti

C

75



Inputs
A B C

0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
I 1 0
1 1 1

Intermediate
nodes output

i

F F=A+B+xCL M

0 0
0 1
1 0T1 1
1 0
1 0
1 0
1 0

-
0

Nae:F=A+B+C
by inspection of the

1 truth table.

1
1
I
1
1
1

- - _-
W=MN=A+B.C+B

Inputs
A B C

lniermediate
nodes output

1
1

W=A+B.m
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Intermediate
nodes outputI n p u t s

A B

0 0
0 1
1 0
1 1

F G M

l-t 0 1 1 1 0 1 1 1 0 0 1 1 M=m  Note: by inspection M = AB)B  of the
truth table.

i

CT 455 77
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I
I
I
I
I
I

t

4

I
I
I
I
I
I
I
I
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3.9.2a90%~0~nolfisrPrma~~~~~~~~~

(Logic Circuits from Boolean Equations)

L=AB+ACD+BC+BCa

D

B

C

L=xB+xD+BC+BCE
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M = (A + ?r)(A  + B)(-+D)

A
B M

C

B

D

M  = (A + B)(A + B+C)(B+D)

B

C

D N

A

D

B

D

___s
N=ABBCDADBD

C T  4 5 5 79



m”aaf.iia  3.11 fnduuawrj~~mmn5

P=(B+c+D)+(Ti+%i+C+D)+(A+B+C+6)+(A.+C)

A--b--x A-,+x

a&  3.19 Traditional and IEEE/ANSI logic Gate Symbols
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3.11 BOOLEAN ALGEBRA

Eq. 3-1 AB = BA AND operation
-

Eq. 3-2 AB = BA NAND operation

Eq. 3-3 A+B=B+A OR operation
- -

Eq. 3-4 A+B=B+A NOR operation

Eq. 3-5 AOB=BOA XOR operation
- -

Eq. 3-6 AOB=BOA XNOR operation

CT 455 81



Eq. 3-7 A(BC)  = (AB)C AND

Eq. 3-8 A(BC)  = (AB)C NAND

Eq. 3-9 (A + B) + C = A + (B + C) 6R

Eq. 3-10 (A + B) + C = A + (B  + C) NOR

Eq. 3-11 A(B  + C) = AB + AC

Eq. 3-12 (A + B)(C + D) = AC + AD + BC + BD

& 3.20. Distributive Law Equivalent Circuits



111 %fiTildl~WiJOWil  A(B + C) n"lflg  DistributiveQfl&H  ~17Jfl~dl~Fik! 2OCz

d1rvi1n'u  qwnn'wii?&;aln~lsl4

WI519  3.6 Truth Table to Verify the Distributive Law

Input

A B C

0 0 0

0 0 1

0 1 0

0 1 1

1 0 0

1 0 1

1 1 0

1 1 1

B +  C

0

1

1

1

0

1

1

1

output # 1

A(B + C)

0

0

0

0

0

1

1

1

AB AC

0 0

0 0

0 0

0 0

0 0

0 1

1 0

1 1

output # 2

AB+AC

0

0

0

0

0

1

1

1

Eq. 3-13
Eq. 3-14
Eq. 3-15
Eq. 3-16
Eq. 3-17
Eq. 3-18
Eq. 3-19
Eq. 3-20
Eq. 3-21
Eq. 3-22
Eq. 3-23
Eq. 3-24
Eq. 3-25
Eq. 3-26
Eq. 3-27
Eq. 3-28
Eq. 3-29
Eq. 3-30

T=A
A+A=A
A+-b;=l
A + O = A
A+l=l
A+AB=A
A+AB=A+B
A(A f B) =  A
A(A  + B) = AB
A,A =  A
A.;i;  =  0
A.0 = 0
A.1  = A
(A + B)(A + B) =  A
AB+AB=A
(A + B)(A + C) = A + BC
AOB=Ai?+AB__  - -
AOB=AB+AB
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(a) Original circuit

iGPx
(b)  First simplification step
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Eq. 3-31 A+B=AB DeMorgan’s
Theorem 1

Eq. 3-32 AB=A+B DeMorgan’s
Theorem 2

A+B = x ii

Vlfp#WJ~ DeMorgan tfliJl~n%&b%iaad~ 2 haM~0oJlflfla'l  i%Wb0fhJ0GWfll~ 4

iTaiaaads
_---

Eq. 3-33 A + B + C + D = A B C D DeMorgan
Theorem 1

Eq. 3-34 ABCD=A+B+c+D DeMorgan
Theorem 2
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3.14 fIlWl~ddundVl¶JQ~0d  (BOOLEAN EQUATION SIMPLIF’ICATION)

--- --
Simplify A B C + A B C + A Ij; c

SlMPLlFlCATlON  STEPS EQUATION USED
- - -
A B C  +AfiC +  AB-6

xB+AB-6 Eq. 3-27

B(x + AC) Factor out B

SlMPLlFlCATlON  STEPS EQUATION USED

B(X  + x C) Eq. 3-13

B(X + e, Eq. 3-19

AB+EC Eq. 3-11

iYa0h  3.18 rnsn~3PldRu%~~rPlr~~~~U

Simplify ABCD + ABCD

SIMPLIFICATION STEPS MUAilON  USED

ABCD+ABCD

1 Eq. 3-15
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- -
Simplify (x + B + C)(A + B + C)(A  + B + -6)

SIMPLIFICATION STEPS
- -

EQUATIONS USED

(A + B + C)(A  + B + C)(A  + B + e,

(A + g + c)(3i + i? + C)(A  + B + c))(7i  + B + c) Eq. 3-22
- - - -

[(;i + ii + C)(A + B + C)][(A  + B + C)(A + B + c)J
- -

[x + B][B  + c] Eq. 3-26
- -

[ii + A][B  + c] Eq. 3-3

B+XC Eq. 3-28 W

Simplify AB(CD  + EF)

SIMPLIFICATION STEPS

AB(CD  + EF)

AB + (CD + EF)
- -

x + B + (CD)(EF)

EQUATION USED

Eq. 3-23

Eq. 3-32

Eq. 3-31

x + E + (C + B,(Z  + F) Eq. 3-32

A+B+e6+cP+6P Eq. 3-12

Simplify (x + B + C + D) + (A B c D)

SIMPLIFICATION STEPS EQUATION USED

(A + B + C + D) + (A B e D)
=---
ABCD+ABED Eq. 3-31

--- --
A B C D + A B C D Eq. 3-13

A?jiZ Eq. 3-27
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Simplify (x + B)(A + B)(x  + B)

SlMPLlFlCATlON  STEPS EQUATION USED

(A + @(A + B)(A + B)

[(A  + i?)(A  + i%)][(x  + B)(A + B)] Eq. 3-22

rmrm Eq. 3-26
- -
A B Eq. 3-1

Negate (X  . v + x + Y).

Solution (X*P+X+y)=(X.F).X.F
=Q+Y,.X+F
=x.x. I+  y. x. y
=(X.X).I+X.  (Y.F)
=O.F+X.O
= o + o
=o

Negatex.B+A.B.
- -

Solution (A . B + A - B) =  (A  - B) - (A - i?)
=(A+i?).(x+B)
=A.ii+A.B+B.,i+i-f.B
=O+A.B+X.i?+O
= A .  B+ii.B

(a) D =;~BC+ABC+ABC+B~
(b)  W=-Y(X+Z)+Z(-X+Y)+XZ

(a) D=,&BC+A&+ABC+Bc
= (2 +  A)(BC)  +  ( A C ) @  +  B) +  Bc
= BC+AC+Bc
= B(C+c’)  +AC
= AC+B

( b )  W=  ~((X+Z)+Z(~+n+xz
= xr+vz+  xz+  Yz+xz
= XP+z(~+R+Y+X)=XF+Z(l)
=XP+Z
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Sim$ify the following logic equations using Boolean algebra:
(a)H=XY+  d+xi2+xiz+x(Y+~+x

- -  - -
(b) P = ABC + ABC + XBC + ABC + A% + ABF

- -
(c)  X = R (P + FQ + Q) (Q +  lip)

(d) Z = (AZiT  + Ai%  + ABC + AB?) (A + B)

(e) W = AC + AD + z

(f) A = P + PQR + Q + R

SOllttiOtlS

(a)
H=~?+fi+Xi?+Xti+X(Y+jZ)+X- -
H=!??+d+XY(Z+Z)+X(Y+Si)+X
H=ji?+Y?+Xyl  +X(Y+jz)+X
H=XY+ti+Xy+X(Y+?f)+X
H=fi+X?+X?+X(Y+%+X- -
H=Y?+Y(X+X)+X(Y+%+X
H=~+Yl+X(Y+B)+X
H=Y2+~+X(Y+X)+X
H=Z+P+X(Y+X)+X
H=Z+?+XY+fi+X
H=??+F+XY+O+X
H=Z+?+XY+X
H=i?.+y+X

(b) - -  - -
P=ABC+ABC+ifBC+A~C+AljC+AB~- - - -
P=AC(B+B)+xBC+AB(C+C)+ABz
P=x+;IBC+Aii+AB?- -
P=A(C+BC)+A@+Br)
P=A(C+B)+A@+?)
P=z%?+;iB+AB+A?
P=n+Ac+Aii+iiB- -
P=C(A+A)+AB+;iB
P=T+AB+;iB

Cc)
X=R(P+PQ+Q,(Q+j?P)- -
X=R(P+Q+Q,(Q+i?P)
X=R(P+  I)@+iiP,
X=RI@+RP)
X=R@+liP)
X=Ra+RRP
X=Rs+OP
X=Rij+O
X=RG

Cd)
Z = (ABC + A% + ABC + ABC) (A + B)
Z=(AB(C+C)+AB(C+T))(A+B)
Z=(Aii+AB)(A+B)
Z=(A@+B))(A+B)
Z = A (A + B)
Z = A

(d~stnbutwe)
(complementanty)
(identIty)
(commutat ive)
(dlstnbutive)

(complementarlty)
( ident i ty )
(mwellaneous)
(distrlbutlve)
(complementar i ty)
( Ident i ty)
(absorbtlon)

(distributive)
(complementarity/identity)
(dlstnbutive)
(miscellaneous)
(dlstrlbutive)
(associative)
(dlstnbutive)
(complementantylidentity)

(mmxllaneous)
(complementar i ty)
(domlnancej
( ident i ty )
(distrtbutive)
(complementar i ty)
(dominance)
( ident i ty )

(distributive)
(complementantyiidentity)
(distrlbutwe)
(complementantylidentity)
(absorbtion)
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A B C L

0 0 0 1
0 0 I 1
0 1 0 0

t

0 1 1 1
1 0 0 0
1 0 1 0
1 1 0 0
1 1 1 1

- - -
L=ABC+ABC+xBC+ABC

A--@-K

B-+0--B

C-+-C

2d  3.26 AND -

K
B
C

E
L

B
c

A
B
C

OR SUM of Product (SOP) Circuit

L =

L=

L =

---
ABC + AiiiC  + XBC  + ABC
- - -  - -
ABC+ABC+xBC+ABC
m__--
(A B C) (A B C) (A B C) (A B C)

C T  4 5 5
91



NAND gate equivalent symbols

&Wh  3.26 Active LOW Sum of Products Expression Derived from a truth table

A B C D. I M
0 0 0 0 ' 0
0 0 0 1 0
0 0 1 0 0
0 0 1 1 1
0 I 0 0 1
0 1 0 I 1
0 1 1 0 1
0 1 1 1 1
1 0 0 0 1
1 0 0 1 1 ’
1 0 1 b 0
1 0 1 1 1
1 1 0 0 1
1 1 0 I 1
1 1 1 0 1
1 1 1 1 0

---- --- __
KX=ABCD+ABCD+ABCO

+AiiiCD+ABCD
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sd  3.28 Active LOW SOP Circuit

m”aSpild  3.21 Product of Sums Expressions and Circuits ~~~MIIU~FI?I%~  OR AND Circuit

0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1 - -
L = (A + B + C)(x  + B + C) (x + B + C)(A  + i? + C)

A--+-A

B-p-E L

C-+-T

zd  3.28 OR - AND (Product of Sum) POS Circuit

CT 455 9 3



VbXil~  3.28 Product of Sums Expression and Circuits

A B C D M

0 0 0 0 0
0 0 0 1 0
0 0 1 0 0
0 0 1 1 1
0 1 0 0 1
0 1 0 1 1
0 1 1 0 0
0 I 1 1 0
1 0 0 0 1
1 0 0 1 1
1 0 1 0 0
1 0 1 1 1
1 1 0 0 0
I 1 0 I 0
1 I 1 0 1
1 1 1 1 1

M = (A + B + C + D)(A + B + C + 6) (A + B + c + D)(A  + i?  + E + D)
- -

.(A+B+c+D)(A+B+c+D)(A’+B+C+D)(Ti+B+C+6)

94
2l.i  3.29 NOR - NOR POS Circuit
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n"aSdlS  3.29 NOR - NOR Product of Sums Circuit

L = (A + E + C)(7i  + B + C)(A  + B + c)(7i + B + C)
- -

L = (A + B + C)(x  + B + C)(x  + B + C)(A  + B + C)

L = (A + B + C) + (x + B + C) + (7i + B + c)  + (7i + B + C)

) NOR gate equivalent symbols

S,d 3.30 NOR-NOR POS Circuit

CT455 9 5



(Comparision and Conversion of sum of product and product of sum equations)

SOP Procedure POS Procedure

1. Derive the SOP expression 1. Derive the POS expression
using only those input using only those input
combinations that result in an combinations that result in
output of logic 1. the output being logic 0.

2. Input variables of I are written 2. Input variables of 0 are written
in their true form. in their true form.

3. Input variables of 0 are written 3. Input variables of 1 are written
in their inierted  form. in their inverted form.

4. Input variables are ANDed  to 4. Input variables are ORed  to
form the input terms. form the input terms.

5. Input terms are ORed  together 5. Input terms are ANDed
to give the final output together to give the final
result. output result.

Active-LOW SOP

1. Derive the active-LOW SOP
expression by using only
those input combinations that
give an output of 0.

2. Follow the same SOP
procedures.

3. Write the output variable in its
inverted form.
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2d 3.32 Equivalent logic gates symbols

A

B

C

D

E

F

G

H

2d 3.33 Equivalent Combination logic Circuits
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NAND Equivalent Circuits

“’ :>A+, 3 A

Bg-J13-A+B

N O R :  ;+ A+B  2 A

Bg+p-43-

%d  3.34 NAND equivalent Gates

NOR Equivalent Circuits

98 2d 3.35 NOR Equivalent Gates CT 455



-
-
0

0
,

-
-
-
-
I

-
o
-
o
-

o
-
-
-
o



INVERT
INPUTS

INVERT
INPUTS

AND
NJTPUTSC

100

*+ --I+=>

$z+=D-==D-
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4.2 odWl6i~V-1  X tWK&h  OR gate Yih 2 tUVjol
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A1111

B

c

X 44+

(a)

I-t

A-

B

C

X ?+tF

(b)

4.5 asaiaPda8l~P1  X olnaetn OR gate vih  2 kdvpl

(a) (b)
102
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,ax

O--C

,*y

O--C

B
LJ-LJ-LJ

D
I-J

(UP)  X (UP)  Y

(Down) X I I I I I I (Down) Y I

*-

B

C

X %I44
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4.9 4t4duuldi~m  X uadwp  2 ma&h  Inverter  gate

XA

A
3-T-m-m
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