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Appendix A
Digital Logic
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Objectives

e To know the Boolean algebra
e To know the use of different types of logic gate
e To know how to construct combinational circuits
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Boolean Operators
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Basic Identities of Boolean Algebra

Basic Postulates

A*B=B+*A A+B=B+A Commutative Laws
A*(B+C)=(A*B)+(A*(C) A+(BsC)=(A+B)*(A+C) Distributive Laws

leA=A 0+A=A Identity Elements

AsA=0 A+ A =1 Inverse Elements
Other Identities

0eA=0 I +A=1

AeA=A A+A=A

Ae(Be(C)=(A*B)C A+(B+C)=(A+B)+C Assoclative Laws

A B=A+B A+B=A B DeMorgan's Theorem
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Basic Logic Gates

Algebraic
Name Graphic Symbol Function Truth Table
AB|F
A — F—AeB 000
AND F or 010
B — F=AB & 00
1101
AB|F
A 0o0]fo
F | F=A+B 011
Ok 101
B 1111
F=A AlF
01
— or
NOT |A >>—F SR i
AB|F
A— 00]1
NAND F F=(AB) g1
3 101
1110
AB|F
A 00]1
F=(A+B) 0110
NOR F 100
B 1110

Figure A.1 Basic Logic Gates.
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Applications of NAND and NOR Gates
O -

ey D= D

Figure A.2  The Usc of NAND Gates. Figure A.3 The Use of NOR Gates.
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Combination Circuits

F=A"BC’ + A’BC + ABC’

A B C F
0 0 0 0
0 0 I 0
0 I 0 I
0 I I I
I 0 0 0
I 0 I 0
I I 0 I
I

414 of 489

UPDATE: 6/5/2009



SC 3220 COMPUTER ORGANIZATION 415 of 489

Combination Circuits

F=A’BC’ + A’BC + ABC’ (sum of products)
F = (A+B+C) ¢« (A+B+C’) « (A’+B+C) * (A’+B+C’) * (A’+B’+C’) (product of sums)
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. . Fi A.5 Product-of-Sums Implementation
Figure A.4 Sum-of-Products Implementation of Table A.3 ozglt“lfrngle A3 p
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Simplification

F=A"BC’ + A’BC + ABC’

>

-
-

Figure A.6 Simplified Implementation
of Table A.3.
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Simplification using Karnaugh Maps

AB

00 01 11 10
1 1

(a) F=AB + AB

CD
00 01 11 10
00 1
0l
AB
1] 1
10 1

(¢) F=ABCD + ABCD + ABCD
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(b) F=ABC + ABC + ABC
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(dy Simplified Labeling of Map
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Simplification using Karnaugh Maps
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Simplification Karnaugh Maps

BC
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(a) F= AB + BC
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(b) F = BCD + ACD

Figure A.9 Overlapping Groups.
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Simplification Karnaugh Maps

]
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Figure A.11 NAND Implementation of Table A.3.
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Multiplexer
DO
D1 4-to-1 .
D2 MUX
D3
S2 Sl

Figure A.12 4-to-1 Multiplexer Representation.

Table A.7 4-to-1 Multiplexer Truth Table

S2 S1 F
0 0 DO
0 1 D1
1 0 D2
1 1 D3

PIYABUTE FUANGKHON

421 of 489

UPDATE: 6/5/2009



SC 3220 COMPUTER ORGANIZATION

PIYABUTE FUANGKHON

D1

D2

D3

Multiplexer Implementation

S2 S1

VY

jetels
¢

Figure A.13 Multiplexer Implementation.
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Decoder
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Figure A.15 Decoder with 3 Inputs and 2° = 8 Outputs.
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Adder

Table A.9 Binary Addition Truth Tables

(a) Single-Bit Addition (b) Addition with Carry Input
A B Sum  Carry Ci, A B Sum C,,
0 0 0 0 0 0 0 0 0
0 1 1 0 0 0 1 1 0
1 0 1 0 0 1 0 1 0
1 1 0 1 0 1 1 0 1

1 0 0 1 0

| 0 1 0 1

1 1 0 0 1

1 1 1 1 1
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Full Adder

Sum

Carry
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Figure A.22 Implementation of an Adder.
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