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4.1 Introduction
* Logic Circuits: Combinational or Sequential

* Combinational
—No Memory (No Storage)
—Outputs fully based on combination of inputs

e Sequential

—Memory (Storage) + Combinational Logic

4.2 Combinational Circuits

—% o — Analysis
. Combinational
n lllplllS —" circuit —" m l)lllplllS
o - Design
Sequential
Inputs ——— = Outputs
Comt':inaFional
- circuit +|  Memory
elements
4
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4.3 Analysis Procedure

1. Label all gate outputs as functions of input
variables.

— Use arbitrary symbols—with meaningful names.

2. Label gates as functions of input variables.
Find the Boolean functions for these gates.

3. Repeat the process outlined in step 2 until the
outputs of the circuit are obtained.

4. Obtain output Boolean functions in terms of
input variables.

Analysis Example

Find F; & F, in terms of inputs?
s~
—

Ref: M. Morris Mano and Michael D. Ciletti,
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Truth Table
A B C F; F}_. T; T, T; F,
0 0 0 ] 1 0 0 0 ]
0 0 1 ] 1 1 0 1 1
0 1 0 ] 1 1 0 1 1
0 1 1 1 0 1 0 0 ]
1 0 0 ] 1 1 0 1 1
1 0 1 1 0 1 0 0 0
1 1 0 1 0 1 0 0 ]
1 1 1 1 0 1 1 0 1

Determine required number of inputs and
outputs = assign a symbol to each.

Derive truth table relating inputs and outputs.

Simplify outputs Boolean function.

Derive Logic Diagram

4.4 Design Procedure

Ref: M. Morris Mano and Michael D. Ciletti,

Digital Design, Prentice Hall

Prof. Adnan Gutub 4
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Code Conversion Example
Input BCD Output Excess-3 Code
A B C D w x ¥y z
0 0 0 0 0 0 1 1
0 0 0 1 0 1 0 0
0 0 1 0 0 1 0 1
0 0 1 1 0 1 1 0
0 1 0 0 0 1 1 1
0 1 0 1 ] 0 0
0 1 1 0 1 0 0 1
0 1 1 1 1 ] 1 0
1 0 0 0 1 0 1 1
1 ] 0 1 1 1 0 0
9
\QI =X -.(a - on - E‘ X
Al 0 Mul H__]: m_ll-__ AR ,_E_n'lu m.'m' __h‘_n h__su :
COde oo i | w| 1 | T |
ConverSIon i m'l L L M'I i i} n-l ) uul | s
EXa m |e d 1 m:x h X nl\t m'x Al 1 m_x "L\ :mk mu\:
p ] 1 x| x lLu 1 x | x
- T i
- I y=CI+ o
*Utilize Don’t Care ”{:ﬂ,}m i m— A nm_'l' gl lm."-‘ -
*Simplify Functions .. | ! I I
| 1 ' 1 o 1 IE'J 1
— Lo e B = e s e B
e | xR % u|x x_l x | x
4 g iy A y my CH (M
’mm ﬂrl x = | | 1 t | x| %
i=D' -7 0
y= €D+ CDF = €D + (C 4+ DY T+ 8D + BCD' w=A+ BC+BD
x=B'C+B'D+ BCD = B'(C+ D)+ BC'D'
= B'(C + D)+ B(C+ DY’ 10
w=A+BC+BD=4A+B(C+D)
Ref: M. Morris Mano and Michael D. Ciletti,
Digital Design, Prentice Hall Prof. Adnan Gutub 5
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Code Conversion Example Logic Diagram

D‘p
:‘ !_ [ul] ,—_>.
__l _}—[}0— (C+ih)
i i—j_| -
— . >7
t} D)—I—ﬂ_

=0
y=CD+CD =CD+ (C+ D)
x=B'C+B'D+ BC'D'=R'(C+ D)+ BC'DY
=B (C+ D)+ B(C+D) 11
w=4dA+BC+BD=4A+B(C+ D)

4.5 Binary Adder—Subtractor

* simple addition consists of four possible
elementary operations:
*0+0=0
*0+1=1
«1+40=1
*1+41=10 < Sum has Carry
—Half Adder (two 2’ input bits)
—Full Adder (three ‘3’ input bits)

Ref: M. Morris Mano and Michael D. Ciletti,
Digital Design, Prentice Hall Prof. Adnan Gutub
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Half Adder (Top Overview)

* Binary addition used frequently

* Addition Development:
— Half-Adder (HA), a 2-input bit-wise addition

functional block,

— Full-Adder (FA), a 3-input bit-wise addition

functional block,

— Ripple Carry Adder, an iterative array to perform

binary addition, and

— Carry-Look-Ahead Adder (CLA), a hierarchical

structure to improve performance.

Functional Block: Half-Adder

PowerPaint® Slides

(@ 2008 Pearsan Education, Inc

A 2-input, 1-bit width binary adder that performs the

following computations:
X 0 0 1 1

+Y +0 +1 +0 +1

CS 00 01 01 10
A half adder adds two bits to produce a two-bit sum

The sum is expressed as a X Y| C S
sum bit, S and a carry bit, C 0 ol o 0
The half adder can be specified ¢ | 1
as a truth table for S and C = 1 ol o 1

1 1] 1 0

Logic and Computer Dasign Furkamentals, 4e

Chapter 4 14
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Logic Simplification: Half-Adder

* The K-Map for S, C is: S Y C Y
= This is a pretty trivial map!
By inspection: of 1 of ¢
X 1 2 3 X 2 1 3

S=X'Y+X'Y=X®Y
S=(X+Y) (X+Y)

= and
C=X'Y
C=(xVY)

= These equations lead to several implementations.

Logic and Computer Dasign Fundamentals, 4e

PowerPaint® Slides
@ 2008 Pearson Education, In Chapter 4 15

Half Adder Implementation

—1 >—
c ::) c

(a)S=xy" +x'y (b)S=xBy
C=nxy C=xy

UU?
|

Chapter4 16
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Functional Block: Full-Adder

= A full adder is similar to a half adder, but includes a
carry-in bit from lower stages. Like the half-adder, it
computes a sum bit, S and a carry bit, C.

Logic and Computer Dasign Furkamentals, 4e
PowerPaint? Slides
(@ 2008 Pearsan Education, Inc

* For a carry-in (Z) of Z 0 0 0 0
0, it is the same as X 0 0 1 1
the half-adder: +Y +0 +1 +0 +1

CS 00 01 01 10

* For a carry- in

(Z) of 1: Z 1 1 1 1
X 0 0 1 1
+Y +0 +1 +0 +1
CS 01 10 10 11

Chapter 4 17

Logic Optimization: Full-Adder
= Full-Adder Truth Table: X Y zlc s
0 0 0f o o
00 10 1
0 1.0/0 1
01 1|1 0
1 0 0/0 1
1 0 1|1 0
= Full-Adder K-Map: 1 1 0|1 0
11 111 1
s Y c Y
0 11 3 12 0 TC 2
X 1 4 5 1 7 6 X_ 4 £ 1 1 ]
z Iz
Ref: M. Morris Mano and Michael D. Ciletti,
Digital Design, Prentice Hall Prof. Adnan Gutub 9
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Equations: Full-Adder

From the K-Map, we get:

C=XY+XZ+YZ

Function):

S=XOYDZ

can be re-written as:
C=XY+(X®DY)Z
= The term X'Y is carry generate.

Logic and Computer Dasign Fundamentals, 4e
PowerPaint? Slides
(@ 2008 Pearsan Education, Inc

* The term X®Y is carry propagate.

S=XYZ+XY Z+XYZ+XYZ

= The S function is the three-bit XOR function (Odd

= The Carry bit Cis 1 if both X and Y are 1 (the sum is
2), or if the sum is 1 and a carry-in (Z) occurs. Thus C

Chapter 4 19

}
B
)

FIGURE 4.7

X —

vy —

Full Adder Implementation

}

B

Implementation of full adder in sum-of-products form

[ —— >«

Chapter4 20

Ref: M. Morris Mano and Michael D. Ciletti,
Digital Design, Prentice Hall

Prof. Adnan Gutub

10



Switching Theory & Logic Design

1403271-4

Chapter4
Combinational Logic

Full Adder as 2-Half Adders

FIGURE 4.8
Implementation of full adder with two half adders and an OR gate
21
Binary Adders

* To add multiple operands, we “bundle” logical signals
together into vectors and use functional blocks that

operate on the vectors

Ref: M. Morris Mano and Michael D. Ciletti,

Digital Design, Prentice Hall

Description | Subscript | Name
= Example: 4-bit ripple carry 3210
adder: Adds input vectors Carry In 0110 Ci
A(3:0) and B(3:0) to get Augend 1011 | Ai
asum vector S(3:0) Addend 0011 Bi
= Note: carry out of cell i Sum 1110 | Si
becomes carry in of cell Carry out 0011 |Ci+1
it+t1
Logic an(_l Gcm_r.uter Dasign Funkamentals, 48
i Fl'ra“atusjl::d;;_matmn nc Chapter 4 22
Prof. Adnan Gutub
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4-bit Ripple-Carry Binary Adder

= A four-bit Ripple Carry Adder made from four
1-bit Full Adders:

B; A, B, A, B, A, B, Ao
Cs C, C
r FA FA FA FA Co
C4 S; S S S
Logic an(_l thm_wter Dasign Funkamentals, 48
e BRI Chapter 4 23

Carry Propagation - Carry Lookahead Adder

CIN A1 a1

i

LQ 70607 W@g Jj ik

Tcﬂi
Gt
i)

e

24

2}
<

Prof. Adnan Gutub
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Binary Subtraction: Signed Integers

= Positive numbers and zero can be represented by
unsigned n-digit, radix r numbers. We need a
representation for negative numbers.

= To represent a sign (+ or —) we need exactly one more
bit of information (1 binary digit gives 2! = 2 elements
which is exactly what is needed).

= Since computers use binary numbers, by convention,
the most significant bit is interpreted as a sign bit:

sa,, ... 233,
where:
S = 0 for Positive numbers

S =1 for Negative numbers
and a, = 0 or 1 represent the magnitude in some form.

Logic and Computer Dasign Furkamentals, 4e

PowerPaint® Slides
@ 2008 Pearson Education, In Chapter 4 25

Signed Integer Representations

= Signed-Magnitude - here the n — 1 digits are
interpreted as a positive magnitude.

= Signed-Complement - here the digits are
interpreted as the rest of the complement of the
number. There are two possibilities here:
* Signed 1's Complement
= Uses 1's Complement Arithmetic

* Signed 2's Complement
= Uses 2's Complement Arithmetic

Logic and Computer Dasign Furkamentals, 4e

PowerPaint® Slides
@ 2008 Pearson Education, In Chapter 4 26
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Signed Integer Representation Example

=" r=2,n=3
Number | Sign-Mag. | 1's Comp. | 2's Comp.
+3 011 011 011
+2 010 010 010
+1 001 001 001
+0 000 000 000
-0 100 111 —
-1 101 110 111
-2 110 101 110
-3 111 100 101
—4 — — 100

Signed-Magnitude Arithmetic

= If the parity of the three signs is 0:
1. Add the magnitudes.
2. Check for overflow (a carry out of the MSB)
3. The sign of the result is the same as the sign of the
first operand.
= If the parity of the three signs is 1:
1. Subtract the second magnitude from the first.
2.If a borrow occurs:
* take the two’s complement of result

* and make the result sign the complement of the
sign of the first operand.

3. Overflow will never occur.

Logic and Computer Dasign Furkamentals, 4e
PowerPoint® Slides Chapter 4 28

(@ 2008 Pearsan Education, Inc
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Sign-Magnitude Arithmetic Examples

= Example 1: 0010
+0101

= Example 2: 0010
+1101

= Example 3: 1010
— 0101

Logic and Computer Dasign Furkamentals, 4e
PowerPaint® Slides
@ 2008 Pearson Education, In Chapter 4 29

Signed-Complement Arithmetic

= Addition:

1. Add the numbers including the sign bits,
discarding a carry out of the sign bits (2's
Complement), or using an end-around carry (1's
Complement).

2. If the sign bits were the same for both
numbers and the sign of the result is different, an
overflow has occurred.

3. The sign of the result is computed in step 1.

= Subtraction:

Form the complement of the number you are
subtracting and follow the rules for addition.

Logic and Computer Dasign Furkamentals, 4e
PowerPaint® Slides
@ 2008 Pearson Education, In Chapter 4 30
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Signed 2’s Complement Examples

Logic and Computer Dasign Fundamentals, 4e
PowerPaint? Slides
(@ 2008 Pearsan Education, Inc

= Example 1: 1101
+0011

= Example 2: 1101
—0011

Chapter 4 31

B, A;

By

Binary Subtractor

Az

B, A, By Ag

M

G

32
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2’s Complement Adder/Subtractor

PowerPaint® Slides
@ 2008 Pearson Education, Inc

= For S=0, add, B is
passed through
unchanged

Logic and Computer Dasign Furkamentals, 4e

B;

XORs to form the 1’s
comp and adding the 1
applied to C,.

Az

= Subtraction can be done by addition of the 2's Complement.
1. Complement each bit (1's Complement.)
2. Add 1 to the result.

= The circuit shown computes A + Band A - B:

= For S =1, subtract,
the 2°s complement
of B is formed by using

B, A, By Ay Bo Ao

Co

Chapter 4 33

carries;
+70
+80

+150

Overflow

0 1
0 1000110
0 1010000

1 0010110

=70 0111010
—30 0110000

=150 0 1101010

carries: 1wl
1
1

34

Ref: M. Morris Mano and Michael D. Ciletti,

Digital Design, Prentice Hall
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Overflow Detection

PowerPaint® Slides

Overflow occurs if n+ 1 bits are required to contain the
result from an n-bit addition or subtraction
Overflow can occur for:

» Addition of two operands with the same sign

» Subtraction of operands with different signs

Signed number overflow cases with correct result sign

0 0 1 1
+0 -1 -0 +1
0 0 1 1

Detection can be performed by examining the result
signs which should match the signs of the top operand

Logic and Computer Dasign Furkamentals, 4e
@ 2008 Pearson Education, In Chapter 4 35

Overflow Detection

PowerPaint® Slides

Signed number cases with carries C;, and C}, ; shown for correct
result signs:
00001111

0 0 1 1
+0 -1 -0 +1
0 0 1 1
Signed number cases with carries shown for erroneous result signs
(indicating overflow):
0 10 11 01 0
0 0 1 1
+0 -1 -0 +1
1 1 0 0

Simplest way to implement overflow V=C,® C,_,

This works correctly only if 1’s complement and the addition of the
carry in of 1 is used to implement the complementation! Otherwise
fails for — 10 ... 0

Logic and Computer Dasign Furkamentals, 4e
@ 2008 Pearson Education, In Chapter 4 36
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Output
carry

BCD Adder

C=K+Z,Z,+Z:Z,

Carry
outl

|C_.
_C—

e

4.6 Decimal Adder: BCD Adder
Derivation of BCD Adder
Binary Sum BCD Sum Decimal

K Zz Z, Z, Z, C S5 53 55 5

0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 1 0 0 0 0 1 1
0 0 0 1 ] 0 0 0 1 0 2
0 0 0 1 1 0 ] 0 1 1 3
0 0 1 0 ] 0 0 1 0 0 4
0 0 1 0 1 0 0 1 0 1 5
0 0 1 1 0 0 ] 1 1 0 6
0 0 1 1 1 0 0 1 1 1 7
0 1 0 0 0 0 1 0 0 0 8
0 1 0 0 1 0 1 0 0 1 9
0 1 0 1 0 1 ] 0 0 0 10
0 1 0 1 1 1 0 0 0 1 11
0 1 1 0 0 1 0 0 1 0 12
0 1 1 0 1 1 ] 0 1 1 13
0 1 1 1 0 1 0 1 0 0 14
0 1 1 1 1 1 0 1 0 1 15
1 0 0 0 ] 1 0 1 1 0 16
1 0 0 0 1 1 0 1 1 1 17
1 0 0 1 0 1 1 0 0 0 18
1 0 0 1 1 1 1 0 0 1 19

Addend Augend

L

K 4-hit binary adder

7o F,

43

7

I ll

4 bit binary adder

Carry
in

Ref: M. Morris Mano and Michael D. Ciletti,

Digital Design, Prentice Hall

Prof. Adnan Gutub
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4.7 Binary Multiplication

The binary multiplication table is simple:
0x0=0|1*x0=0]|0*x1=0]|1x1=1
Extending multiplication to multiple digits:

Multiplicand
Multiplier
Partial Products

Product

1011

x 101
1011
0000 -
1011 - -
110111

39

A

4.7 Binary Multiplier

B,

.

B,

UL

B,

Inl
=

B, B,
."t | .‘1.-:
I‘!|.F.l'| .."1.||.”||
A l H! A 1 Hl_-
(-.4 '{.-15 L‘l f.-l.

40

Ref: M. Morris Mano and Michael D. Ciletti,

Digital Design, Prentice Hall

Prof. Adnan Gutub 20



Switching Theory & Logic Design Chapter4
1403271-4 Combinational Logic

e, UOOC
JL{MJU |

4-hit sdder

Sum and oulput carry

d-hit adder

Sum and outpul carry

FIGURE 4.16 41
Four-bit by three-bit binary multiplier

4.8 Magnitude Comparator

pect=

. }.:WCD—L:]'_‘%

DL >—u<n
=

E

H=H
E%D{} =y al

Ref: M. Morris Mano and Michael D. Ciletti,
Digital Design, Prentice Hall Prof. Adnan Gutub 21
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4.9 Decoders (3 x 8 Decoder)
Inputs Outputs
X y z Do D] Dz D_:, D4 Ds D6 D7
0 0 0 1 0 0 0 0 0 0 0
0 0 1 0 1 0 0 0 0 0 0
0 1 0 0 0 1 0 0 0 0 0
0 1 1 0 0 0 1 0 0 0 0
1 0 0 0 0 0 0 1 0 0 0
1 0 1 0 0 0 0 0 1 0 0
1 1 0 0 0 0 0 0 0 1 0
1 1 1 0 0 0 0 0 0 0 1
43
N PR
4.9 Decoders L)
3 x 8 Decoder | [>o 1 ' ) N
. Iy =xy'z
[, J Dy=x'yr
l“’z
¥
| JLES 4
Mo
e
T
T ‘ ,»' Dy =zy's!
1 B
] - —————
x—2 2f— / sz
ol 3xs 3
decoder al— _} FE—
— 51— ==
6 —
T 7, Dy =x¥z
Ref: M. Morris Mano and Michael D. Ciletti,
Digital Design, Prentice Hall Prof. Adnan Gutub
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Complemented Decoder
with Active Low Enable

E A B D, D, D, Dy
1 X X 11 1 1
0 0 0 o1 1 1 }DU
0 0 1 1 0 1 1 i
0 1 0 1 1 0 1
0o 1 1 1 1 1 1 . ._}EH
A [
B >o— :
=D
E {>c
45
4 x 16 Decoder
made from two 3 x 8 decoders
.
Ix8
. 2 L D,toD
) decoder oo
z E
W » DO
IXB
decoder DgtoDys
E
46

Ref: M. Morris Mano and Michael D. Ciletti,

Digital Design, Prentice Hall

Prof. Adnan Gutub
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Implementation with Decoder
Ex: Full Adder Design

S(lelz) = z (1I2I4I7)

x —2°2

z 2[)

C(lelz) = z (3I5I6I7)

1 >—S

1 Ix8
decoder

a=Da

=l o bn e W b

47

4.10 Encoders g B bR e
vV = DQ o Dg - Db = Dj
x:D4—DS+D5+D—;
Truth Table of an Octal-to-Binary Encoder
Inputs Outputs
. D Dy B B D B D x y z
1 0 0 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 1
0 0 1 0 0 0 0 0 0 1 0
0 0 0 1 0 0 0 0 0 1 1
0 0 0 0 1 0 0 0 1 0 0
0 0 0 0 0 1 0 0 1 0 1
0 0 0 0 0 1 0 1 1 0
0 0 0 0 0 0 0 1 1 1 1
48
Ref: M. Morris Mano and Michael D. Ciletti,
Digital Design, Prentice Hall Prof. Adnan Gutub 24
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D,
D.D, e R
. . DN 00 o1 11 10
Priority Encoder
oo x | 1| 1
Truth Table of a Priority Encoder i [ i [N
Inputs Outputs T [ [ rras
1| 1 | 1 | 1
Do Di D; D; X y v Dy{ b—t—t
10 S|
0 0 0 0 X X 0 :
1 0 0 0 0 ( 1 D
X 1 0 0 0 1 1 e e
X X ! 0 ! 0 ! PN ot 1 10
X X X 1 1 1 1 CT e T
ool X 1 1 1
o ) o1 ] 1 1 mal
x=Dy+ Dy " D :!:>_:ty JJJJJ D,
: 1 T |
y = D3+ Dy D} L > . Dl |
V = DU = I Dl D'_}_ 3 [Du v b : L 2
D
x=D,+D;
49

Implementation of Priority Encoder

D;
D, DOL Y
Dy
} X
D, 1]__,/ v 50
Ref: M. Morris Mano and Michael D. Ciletti,
Digital Design, Prentice Hall Prof. Adnan Gutub

25



Switching Theory & Logic Design Chapter4
1403271-4 Combinational Logic

4.11 Multiplexers
2 x 1 Mux

Iy
] >—v MUX v
I 1
“ B

(a) Logic diagram (b) Block diagram

51

4 x 1 Mux —

I

0 0 Iy ! |
0 | I .
1 0| L
o b A A
yp—
S .

(a) Logic diagram

52

Ref: M. Morris Mano and Michael D. Ciletti,
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Ay [
—i_j‘ '__>71,
A ) -
'—i__v‘l —>—5‘|
A [ =
- |_/J £ M
) = —L =" 4-Bits 2x1 Mux
— — ) > Quadruple 2x1
multiplexer
B,
==
& — E § | Cutput ¥
— )
" — L X | als
= B 0 | sclect A
1 selecl i
m, )
L/ Function tahle
Iﬁ\."r"ﬂ!
i 53
cn{;hlc! Dﬂ

Boolean Function

F(x,y,z) = > (1,2,6,7)

Implementation

4 X 1MUX

18y
L8

0
1
2
3

(b) Multiplexer implementation

x y z|F

00 0|0 Fp=

0 0 1

01 0|1 F=;
01 1/0

I 0 0|0 Fp=g
1 0 1|0

1 1 0}]1 _

1 1 11 F=1

3Ix8
decoder L

S Y R G Y

54

Ref: M. Morris Mano and Michael D. Ciletti,
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Example of Implementation with Mux
F(A,B,C,D)=5 (1,3,4,11,12,13,14,15)

A B C D|F
0 0 0 0/0 p_p :
0 0 0 11 B MUE
0 01 0(0 p_p € S
0 0 1 11 B 81
A S,
D 1 0 0|1 F=D =
0 1 0 10
D . i 0
0 1 1 0|0 z_ |
0 11 1|0 F70 D 1 F
2
i 0 0 0|0 s 0 3
1@ 8 s T ;
1 61 1|1 Fop | i
1 . 6
R L T 7
it o 1|3 =9
AW .
+ 4 f|p F=4

Three-State Gate (Tri-State Buffer)

Normal input A Output Y =Aif C =1
High-impedance if C =0
Control input €

Iy P Y
h j
A [ — Y
L
B
o|—
— S
Select ] 2 % 4 1 Select
" decoder
Enable EN 2 (a) 2-to-1-line mux
5 56

(b) 4-to-1-line mux

Ref: M. Morris Mano and Michael D. Ciletti,
Digital Design, Prentice Hall Prof. Adnan Gutub 28



