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Figure 4.1

Block diagram of combinational circuit.
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Figure 4.2

Logic diagram for analysis example.
A B C

F,=AB + AC + BC
T,=A+B+C
T, =ABC
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T3 =F,T,

Fi=Ts+ T,
=F,T,+ABC=(AB+AC+BC)(A+B +C)+ABC
=(A+B)A+C)B +C)A+B+C)+ABC
=(A+BC’)AB+ AC’+ BC'+ B'C) + ABC
=ABC +AB'C + AB'C’ + ABC
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Truth Table for the Logic Diagram of Fig. 4.2.

Table 4.1
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2. BCD, £2: 3% 1} D)

S 0f) RSB EH(
Table 4.2
Truth Table for Code Conversion Example.
Input BCD Output Excess-3 Code
A B C D 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
0 1 1 0 1 ( 0 1|
0 I I 1 0 I 0
1 0 0 0 1 0 1 1
1 0 0 | 1 | 0 0
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Figure 4.3
Maps for BCD-to-excess-3 code converter.
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Figure 4.4

Logic diagram for BCD-to-excess-3 code converter.
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Table 4.3

Half Adder.
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Figure 4.5
Implementation of half adder.

S
x' X s
P —— y 3
X — \ ¢ &
y —| / '
(a)S=xy' +x'y (b)S=xDy
C=uxy C=xy
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Figure 4.6

K-Maps for full adder.
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Figure 4.7
Implementation of full adder in sum-of-products form.
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Figure 4.9
Four-bit adder.
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Binary Adder

Subscript i: 3 2 1 0

Input carry 0 1 1 0 C;
Augend (I|7}==) 1 0 1 1 A;
Addend (Z1) 0 0 1 | B,
Sum 1 1 1 0 S;
Output carry 0 1 1 Citq
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Figure 4.9
Four-bit adder.

FA - FA - FA - FA |« Cy
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Figure 4.10
Full adder with P and G shown.
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Figure 4.11
Logic diagram of carry lookahead generator.

Figure 4.12
Four-bit adder with carry lookahead.
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Figure 4.13

Four-bit adder—subtractor (with overflow detection).
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Table 4.5
Derivation of BCD Adder.

Binary Sum BCD Sum Dacimal

K Ly Z, Z I, C 5% 5 5 5

0 0 0 n 0 0 0 0 0 0 n
{ 0 0 0 1 0 Q0 0 0 I 1
) 0 0 1 0 0 QO O | 0 2
0 0 { 1 1 0 QO 0 1 1 3
0 0 1 0 0 0 L] | L} 0 R}
0 0 I Ul i 0 0 1 0 i 5
0 0 I 1 0 0 0 | | 0 fi
0 0 1 1 1 0 0 | | I 7
4 | ] 0 0 0 1 0 O 0 L]
0 | 0 0 1 0 1 0 0 | 9
0 | 0 1 U 1 0 0 0 0 10
0 | 0 | i 1 0 0 O | 1
0 | 1 0 0 1 0 0 | L] 12
0 1 1 0 1 1 0 0 1 1 13
0 | | l 0 1 0 1 0 O 14
0 | I | | I 0 1 0 1 15
| 0 0 0 L) 1 0 | | Q 16
1 0 ] 0 1 1 0 | | 1 17
1 0 4] 1 )} 1 1 0 0 0 I8
1 L] 0 1 | 1 1 0 O | 19

Figure 4.14

Block diagram of a BCD adder.
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Figure 4.15
Two-bit by two-bit binary multiplier.
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B,B, X A,A, = C,C,C,C,
. A,2 B,B,=22 AND, A, B,B, E2 AND2 XI2IZ
adderz 4

Figure 4.16
Four-blt by three-bit bmayv multlpller
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Figure 4.18
Three-to-eight-line decoder.
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Table 4.6
Truth Table of a Three-to-Eight-Line Decoder.

Inputs Outputs
X y z Do D-| Dz D; D4 Ds DG D;
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 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 l 0 0 0 0 0 0 0 l
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= S (A€ 4.19)
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Figure 4.19

Two-to-four-line decoder with enable input.
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Figure 4.20

4 x 16 decoder constructed with two 3 x 8 decoders.
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Figure 4.21
Implementation of a full adder with a decoder.
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Table 4.7
Truth Table of an Octal-to-Binary Encoder.

Inputs Outputs
Dy D, D, D, D, D D, D, X y z
1 0 0 (0 0 0 0 0 0 0 0
0 I 0 0 0 0 0 0 0 0 I
0 0 1 0 0 0 0 0 0 1 0
0 0 0 | 0 0 0 0 0 l l
0 0 0 ( | (0 0 0 | 0 (
0 0 0 (0 0 I 0 0 1 0 I
0 0 0 1] 0 0 1 0 I 1 0
0 0 0 0 0 U 0 1 1 1 l

z=D, + D, +D; + D,
y =D, + D3+ Dg + Dy
x =D, + D5 + Dg + D5 > 342 OR HIOIEZ2 & Jis
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OtcH HOUlA Ve 2= 2580/ 00|H 7=t 482 il 2= 00
= . X& olof 16JH9| zlagh Aeld Gial 2tetel H 4.80| =. Dyt
SE=RILME =3

x=D,+ D,
y =Dz + DyD,
V=Dy+D;+D,+ Dy

Table 4.8

Truth Table of a Priority Encoder.

Inputs Outputs
Do Dy D, D; X y Vv
0 0 0 0 X X 0
1 0 0 0 0 0 1
X I 0 0 0 1 I
% X | 0 1 0 1
X X X 1 1 | 1
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Figure 4.22
Maps for a priority encoder.
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Figure 4.23
Four-input priority encoder.
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Figure 4.24
Two-to-one-line multiplexer.
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() Logic diagram (b) Block diagram
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Figure 4.25
Four-to-one-line multiplexer.
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— 4-to-1 2tQ HEIZAIM= 1,Hl A 1;7HX12] &, S, 1t Sp= & &,
AND JIOlEZ2] =2 OR JIOIEN &4
« OIOIE & E4D]|(data selector)ct 1 & &
- HEIZES M2 AND HOIESQ CIHE = CI2H 3 22 KA & &

old= |3y &t
« Q00 =(enable) BEL=Z2 =& M Jts
- (= HIE 88 Jlsitenable 222 0l= sl &3

Figure 4.26 =y ™
Quadruple two-to- =
one-line multiplexer. |
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- 22 &2 A8 1842148 LZEH= ORAOIEE FItoll A
2ojo| 22 45 PHE £ YUS.
— n-1HS A& 2= = BEISEAE 0|0 ni2l =S
Ze= F= €5 A8 Jts
— &2 MsSn-1S Her= SEISEN 48 22
HZolld g2 otLte Ha= L0 2822 A=
- & =0H,F(x,y,2)= 2(1,2,6,7)
Figure 4.27
Implementing a Boolean function with a multiplexer.
4 x 1 MUX
y — S
x y z|F
, x —5,
0 0 0|0 pF=;
0 0 1/1 '
0 1 0|1 pe, Z 0 F
0 1 1/]0 . I
1 0 00 g=p 0 5
1 0 110
1 1 0|1 f ! 3
F=1

(a) Truth table

(b) Multiplexer implementation
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- 0lE =0, F(A,B,C,D)= 2(1, 3,4, 11,12, 13, 14, 15)

Figure 4.28

Implementing a four-input function with a multiplexer.

1

A B C D|F

0 0 0 00 pop
0O 0 ¢ 111

O 0 1 00 p=p
U: 9 1 L1}

O 1 0 0|1 p_p
0 1 0 1.0

0 1 1 0 0 F=0
0O 1 1 10

1 0 0 10

1 0 1 0 0 ..
R I i
1 1 0 01 e

1 1 0 1|1 Fel
L. 1 1 01 F=1

D

0

*r-—®

8 X 1 MUX
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Implementing a four-input function with a multiplexer.
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A B C D|F

0 0 0 00 pop
0O 0 ¢ 111

O 0 1 00 p=p
U: 9 1 L1}

O 1 0 0|1 p_p
0 1 0 1.0

0 1 1 0 0 F=0
0O 1 1 10

1 0 0 10

1 0 1 0 0 ..
R I i
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1 1 0 1|1 Fel
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— 3- &Efet =2l 11t 00l CH=S ot
impedance) 4} Ef

_ 2BIXOR B HOIER AIRE

-

rlr 1
> 0x
U
1>
$O
0I0

— AJUAA Agfet
1. ezt €2 &8 292 20N AXdg 2
2. =cl&e=z= 20| 83
3. 3-2tf HOIE =50 A&= 2l2= HOIES 0 2t
s Al ES
Figure 4.29

Graphic symbol for a three-state buffer.

Normal input A ™ Output Y = Aif C =1
T High-impedance if C = 0

Control input C
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Figure 4.30
Multiplexers with three-state gates.
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S decoder 3
Enable EN
Select e ) 3
() 2-10-1-line mux (b) 4.ta-1dine mux
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