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Chapter 4
Combinational Logic
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FIGURE 4.1
Block diagram of combinational circuit



Half Adder (IUJADNQYINKANNDUKUN)

Table 4.3
Half Adder 11 Carry In
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FIGURE 4.5
Implementation of half adder



Full Adder (JcHOnadnKannouKkun)

Table 4.4

Full Adder
X ¥y z C 5
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FIGURE 4.7
Implementation of full adder in sum-of-products form
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Implementation of full adder with two half adders and an OR gate
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Carry Propagation
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Full adder with P and G shown
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Four-bit adder
PJ.'ZA,'@BE' Sj:PE'EBCf
G; = A;B; Civ1 = G; + PG

Co = Inputcarry gy C. tHWu sum of products tRKUAQ (GLag = 2 1nQ)
C; = Gy + PyCy  299smuldiss ucitJdavduouna

Gy + P1Cy = Gy + PI(GD + PGC[]) = G + PGy + P1PyCy
C3 — Gz + PECQ — GE + PEG] + PzplG[] + PEP]PDCG

S
||



} LJucdog1vN1SODNUUUNTS resource (91UDU gate)
UuanfuAd>wtsatunisAudeu 14 gate delay Avon
~ [(VeabHIPHIERIY
- = D>—a
\
\
\
N\
\
Py } AN
\
\
(;3 \
\
\
\
\
L ] \
D— |
¥ \
\
Coommmmmme
I \\\
Py * ) i N _oe--- N
Gy l [ - !
1 - I /
By Ay __--I" B A 1 B, A //B[, Ay
- / 1
~ - /
\ _-=" ’i I , l l / l l ,/ l l
J - / /
.Pl:l D—‘:] 'C} 'Cg ’/C1
FA r 1 FA - FA - FA e—C
{;U
Eﬂ l l l l
Cy 5, 5, S So
FIGURE 4.11 CURE 4.9

Logic diagram of carry lookahead generator Four-bit adder



IF M ==0:

B, A, B, A, B, A, B, A, S=A+B
ELSE
S=A-B
¥ M
wA C, Wu 1 Wuus19: overflow
o N Y Y Y Y
D1vY:=ldulavavudnau
Cy - G, o Gy
C - FA R — FA B FA =t FA =1
f(us:uuU 2'com l l l l
a1 V = 1 Ao overflow S5 s s, S,
V

CICURE 4.13 (D81 Overflow (V = 1)
Four-bit adder—subtractor (with overflow detection) 0110 (6) + 0100 (4) = 01010
1011 (-5) + 1011 (-5) = 10110



Overflow

The binary adder—subtractor circuit with outputs C and V' is shown in Fig. 4.13. If the
two binary numbers are considered to be unsigned, then the C bit detects a carry after
addition or a borrow after subtraction. If the numbers are considered to be signed, then
the V bit detectsan overflow. If V = () after an addition or subtraction, then no overflow
occurred and the n-bit result is correct. If V' = 1, then the result of the operation contains
n + 1 bats, but only the rightmost »n bits of the number fit in the space available, so an

overflow has occurred. The (n + 1) th bit i1s the actual sign and has been shifted out of
position.



BCD Adder
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Binary Multiplier
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Twao-bit by two-bit binary multiplier
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Four-bit by three-bit binary multipller



Comparator (unsigned)

2’com (unsigned)

A= Az Ay A Ay - o0
+2 010 (2)

B = By B>, B By i oLt
0 000 (0)

x:=AB. + A'B! fori=0.1.2.3 1 o
I :B; i D ) 110 (6)
B B 3 101 (5)

(A — B) — _XB.IE.IP}([] 4 100 (4)
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Four-bit magnitude comparator
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Comparator (2'com)

A ua: B Wu signed integer (s:uU 2'com)
A ua: B o1ao:=omduudnKsoaunld
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Decoder
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FIGURE 4.18
Three-to-eight-line decoder
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(a) Logic diagram

FIGURE 4.19
Two-to-four-line decoder with enable input (E)
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(b) Truth table
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FIGURE 4.20
4 % 16 decoder constructed with two 3 X 8 decoders
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FIGURE 4.21
Implementation of a full adder with a decoder



Encoder (Inverse function Uuov Decoder)

Table 4.7
Truth Table of an Octal-to-Binary Encoder

Inputs Outputs
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Highest Priority
wu Ranalwaawsaunuuinnd 1 adv
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Table 4.8
Truth Table of a Priority Encoder
Inputs Outputs
Do D, D, {(D; x y vV
0 0 0 0 X X 0
1 0 0 0 0 0 1
X 1 0 0 0 | 1 gHapalwda
X X 1 0 1 0 1 [ ogwdss 1 adv
X X X 1 1 1 1
X AD don't care
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Maps for a priority encoder
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Four-input priority encoder



Multiplexor (if-else)
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(a) Logic diagram

FIGURE 4.24
Two-to-one-line multiplexer
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FIGURE 4.25

Four-to-one-line multiplexer
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Three-State Gates HSo Tri-State Buffers

Normal input A ™ Output ¥ = Aif C = 1
F High-impedance if C =0
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Bidirectional Ports
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Data Bus

Device

Device

Device
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4-bit data bus



PROBLEMS

(Answers to problems marked with * appear at the end of the text. Where appropriate, a logic
design and its related HDL modeling problem are cross-referenced.)

4.1  Consider the combinational circuit shown in Fig. P4.1. (HDL —see Problem 4.49.)
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FIGURE P4.1

(a)* Derive the Boolean expressions for 7, through 7,. Evaluate the outputs F; and F,
as a function of the four inputs,

(b) List the truth table with 16 binary combinations of the four input variables. Then list
the binary values for 77 through 7y and outputs F; and F; in the table.

(c) Plot the output Boolean functions obtained in part (b) on maps and show that the
simplified Boolean expressions are equivalent to the ones obtained in part (a).
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