Chapter 4

Combinational Logic
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4.1 Introduction

-

e Logic circuits may beombinationalor sequential.

* Acombinational circuitonsists of logic gates whose
outputsat any timeare determineérom only the present
combination of inputs

— It performs an operation that can be specified logically by a set
of Boolean functions.

* In contrastsequential circuit@mploystorage elements
addition tologic gates

— Their outputs are a function of the inputs and the state of storage
elements.

— Because the state of the storage elements is a function of
previous inputs, the outputs of a sequential cir@etend not
only on present value of inpytsutalso on past inpuisand the
circuit behavior must be specified bytime sequence of inputs
andinternal states
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4.2 Combinational Circuits

* A combinational circuit consists of input
variables, logic gates, and output variables.
— n inputs andn outputs
— Can be specified by truth table
— Can be described by Boolean functions

e -
e . . -
. Combinational
ninputs ——> SR —> m outputs
X circuit X
—_— -

-
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4.3 Analysis Procedure

e The first step in the analysis Is to make sure
that the given circuit isombinationalandnot
seqguential

— The diagram of a combinational circuit has logic
gates with ndeedback pathear memory elements.

— A feedback path is a connection from the output ¢
one gate to the input of a second gate that forms
part of the input to first gate

e Obtain the output Boolean functions or the
truth table

f

o
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4.3 Analysis Procedure

e F=T,+T1,
—But T;=F, T, andT, = ABC
e S0,F,=ABC+F,' T,
—T1:A+B+CandF2:AB+AC+BC
- F,=ABC+(A+B+ C) (AB + AC + BQ'
= A'BC'+ AB'C+ AB'C'+ ABC

= D—Fl
AT N7
c— 7
o }Tﬁ
s |
A— N T .
S D = :
|
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(4.3 Analysis Procedure A
Truth Table
1. Determine the number of input variable in the
circuit.

— Forn inputs form the2" possible input combinations.

2. Label the outputs of selected gates with arbitrary
symbols.

3. Obtain the truth table for the outputs of those
gates which are a function of the input variables
only.

4. Proceed to obtain the truth table for the outputs
of those gates which are a function of previousEIIy
defined values until the columns for all outputs
are determined.
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(4.3 Analysis Procedure
Truth Table

* Truth table of the previous example

A B C E B T B T K
0 0 0 0 1 0 0 0 0
0 0 1 0 1 | 0 1 !
0 1 0 0 1 1 0 1 !
0 1 | 1 0 | 0 0 0
1 0 0 0 1 1 0 l !
1 0 1 | 0 1 0 0 0
1 1 0 1 0 | 0 0 0
I 1 1 i 0 1 1 0 1
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4.3 Analysis Procedure

4.1

Consider the combinational circuit shown in Fig. P4.1.

A ®
—»—
" |
DR
¢
| F
I
S >
F;
FIGURE P4.1
(a)* Derive the Boolean expressions for 7T, 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 75 through 74 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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4.3 Analysis Procedure

4.2% Obtain the simplified Boolean expressions for output F and G in terms of the input
variables in the circuit of Fig. P4.2.

A—>o— :} }F
—) P
D71
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4.4 Design Procedure

\

e T

specification of the design objective and culminates I
logic circuit diagram or a set of Boolean function from
which the logic diagram can be obtained.

T

1.
2.
3
A

he design of combinational circuits starts from the

ne procedure involves the following steps:
Determine the required number of inputs and output
Derive the truth table

Obtain the simplified Boolean functions

Draw the logic diagram
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(4.4 Design Procedure
Code Conversion Example

\

code for the decimal digits?
e Soltion:
* Four bits to represent a decimal digit:

— Four input binary variables by the symbol€BAC, and D

— Four output variables by, X, Y, and Z
« Remember, four binary variables may have 16 bit

are don't-care combinations.

e Convert binary coded decimal (BCD) to the exc@ss-

combinations but only 10 are listed In the truth table.
— The six bit combinations not listed for the input variables
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(4.4 Design Procedure
Code Conversion Example

Input BCD Output Excess-3 Code
A B o D w X y F 4
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 l 0 0 0 1 1 1
0 1 0 1 1 0 0 0
0 1 1 0 1 0 0 1
0 l 1 1 1 0 1 0
] 0 0 0 ] 0 l I
] 0 0 1 I I 0 0
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(4.4 Design Procedure
Code Conversion Example

C
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(4.4 Design Procedure
Code Conversion Example
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(4.4 Design Procedure

Code Conversion Example
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4.4 Design Procedure

4.4  Design a combinational circuit with three inputs and one output.
(a)" The output is | when the binary value of the inputs is less than 3. The output is 0 otherwise.
(b) The output is | when the binary value of the inputs is an odd number.

4.5  Design a combinational circuit with three inputs, x, v. and 2. and three outputs, A, B, and C. When
the binary input is 0, 1, 2, or 3. the binary output is two greater than the input. When the binary
input is 4, 5, 6, or 7, the binary output is three less than the input.

4.9  An ABCD-to-seven-segment decoder is a combinational circuit that converts a decimal digit in
BCD to an appropniate code for the selection of segments in an indicator used to display the dec-
imal digit in a familiar form. The seven outputs of the decoder (a, b, ¢, d. e, [, g) select the cor-
responding segments in the display, as shown in Fig. P4.9(a). The numeric display chosen to
represent the decimal digit is shown in Fig. P4.9(b). Using a truth table and Kamaugh maps. de-
sign the BCD-to-seven-segment decoder, using a minimum number of gates. The six invalid com-
binations should result in a blank display.

a
i : o e R e e
gl ]
—— & = F _F2H T ¥ | 1 1)
e 4 e 1 i e 5 i O [
(a) Segment designation (b) Numernical designation for display
FIGURE P4.9
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4.5 Binary Adder-Subtractor

« Digital computers perform a variety of inforngti
processing tasks.
— The most basic arithmetic operation is the addition of tw
binary digits
* A combinational circuit that performs the addition of
two bits Is called a half adder

— The one that performs the addition of three i® (
significant bits and a previous carng a full adder

— Two half adders can be employed to implement a full add
« A Dbinary adder-subtractois a combinational circuit

that performs the arithmetic operation of additanial
subtractionwith binary numbers

eI
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Half Adder

(45 Binary Adder-Subtractor

e S=XY+ XY

S=XDYy
e C =xy

o ) S
= -
y—1 J

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

Half Adder
X y C h)
0 0 0 0
0 | 0 |
| 0 0 |
| | | 0
X &
A

Y

e

(b)S=xSDy

C =uxy
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(45 Binary Adder-Subtractor A
Full Adder

e S=XY'z+ XYyzZ'+xy'z' + Xyz
S=xPyDz
C Full Adder
o = XY + XZ +VyZ
y y X y z C hY
0 0 0 0 0
0 0 | 0 1
0 | 0 0 |
0 | ] ] 0
| 0 0 0 ]
1 0 | | 0
| ] 0 ] 0
] ] ] ] ]
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(45 Binary Adder-Subtractor
Full Adder

¥z
X

y
00 01 11 10
iy my ey n,
1 |
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B

}

\ Digital Circuits Design | (10636221)

Dr. Emad Natsheh/




(45 Binary Adder-Subtractor A
Full Adder

e Implement withi2 half adderand1 OR
 From the original function:

C=Xy'z + Xyz + Xyz + Xyz'
=Z(Xy' + Xy) + Xy(z + Z)= (X D y) + Xy

(xBy)z + xy _
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Binary Adder

(45 Binary Adder-Subtractor A

A digital circuit that produces the arithmetic
sum of two binary numbers.

e |t can be constructed withll adders
connected In cascade,

— The output carry from each full adder connected t
the input carry of the next full adder in the chain.
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(45 Binary Adder-Subtractor A
Binary Adder

« A four full-adder circuits to provide a four-bit binary ripple
carry adder.
— The augend's bits of A and the addend bits B are desigmated

subscript numbers from right to left, with subscript O dargpti
the least significant bit.

B, A; B, A, B, A, By, Ao
Cs C, C,
FA |— FA |«— FA |« FA |—G
P l l l
C, S5 S, S| So
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(45 Binary Adder-Subtractor
Binary Adder

e Consider the two binary numbeis 1011 ad
B= 0011.

e Their sumS= 1110 iIs formed with the four-bit
adder as follows:

Subscript i: 3210

Input carry 0110 C;
Augend 1011 A,
Addend 0011 B,
Sum L1l 0 S,
Output carry |0 O 1 1 Cipy
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(45 Binary Adder-Subtractor A

Carry Propagation

« The addition of two binary numbers in parallel implies that all the
bits of the augend and addend are availabledarputation at the
same time

* As in any combinational circyithe signal must propagatedhgh
the gates before the correxttput sums available in the output
terminals.

« The totalpropagation timas equal to the propagation delay of a
typical gate, times the number of gate levels in the circuit.

 The longest propagation delay time in an adder is the time it takes
the carry to propagate through the full adder.

e Since each bit of the sum output depends on the value of the input
carry, the value of at any given stage in the adder will be in its
steady-state final value only after the input carry to that stage has
been propagated.
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(45 Binary Adder-Subtractor A
Carry Propagation

e The signal from the input car(y to the output carrg,, ,
propagates through an AND gate and an OR gatehwhlc
constitute two gate levels.

— If there are four full adder, the output ca@ywould have
2 * 4 = 8 gate level fron&, to C,.

« For ann-bit adder, there are Zyate levels for the carrpt
propagate from input to output.

Half adder Half adder

L
. B

P;Ci+ G;
C

— e —— —— — — — — — — — — — — — — U
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(45 Binary Adder-Subtractor A
Carry Propagation

« There are several techniques for reducing the carry propagation time
In parallel adder.

 The most widely used techniqgue employs the principleaafy
look-ahead logic

« LetP,=A @ B, andG, = AB,
Then S=P, & C, andC,, =G, + P.C

— G; is called ecarry generate

— P, is called a carry propagate
 C,=Input carry
e C,=G,+P,C,
* C=G+ Py Gy =GPy (GptPCp) = Gy +P,Gy+P, PGy
e C;=G,+P,C,=G,+P,G+P,P,G,+P,P,P,C,
e Since the Boolean function for each output carry is expressed |

sum-of-product form, each function can be implemented with one
level of AND gates followed by an OR gate.
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(45 Binary Adder-Subtractor A
Carry Propagation — carry look-ahead

Gs
| &)
Py _)7
Gy ;
7, .
Gy - .
Co
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(45 Binary Adder-Subtractor A
Binary Adder with Carry Lookahead

Bg—l

0 S g £
= - > e
Ln %] %] A
=] — [ Ul =
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(45 Binary Adder-Subtractor
Binary Subtractor

 The subtractio — B can be done by taking the 2's
complement oB and adding it to A

— Take the 1's complement
— Add 1 to the least significant pair of bits

e 1's complement can be implemented Wb Rs
« A1 can be added to the sum throughitipeit carry

 Theadditionandsubtractionoperations can be
combined Into one circuit

 The mode input Montrols the operation:
— When M = 0, the circuit is an add& { 0 = B, ¢ =0)
— When M =1, the circuit is a subtract&@® 1 =B, C,=1)
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(45 Binary Adder-Subtractor A
Binary Subtractor

B:\ A‘. 33 .:‘:l: Bl A| B" Au

| P —
Cye—
e S——
]

V
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(45 Binary Adder-Subtractor A
Overflow

 When two numbers with digits each are added
and the sum Is a number occupymgl digits, we
say that amverflowoccurred.
— Overflow is a problem in digital computers

— n+1 bits cannot be accommodated bynamt word

1. Forunsigned numbers, an overflow is detected
from theend carry out of the most significant
position(C, ,,).

2. Forsigned numbers, an overflow cannot occur

after an addition If one number Is positive and
the other Is negative/|.
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(45 Binary Adder-Subtractor A

Overflow — Singed Numbers

* An overflow may occur if the two numbers added
are both positive or both negative, but the result|is
an opposite sign

 An overflow can be detected by observihg
carry into the sign bit positioandthe carry out
of the sign bit position

— See the output variablé = C; & C, In the previous
diagram for four-bit adder-subtractor.

carries: 0 1 carries: 1 O
+70 0 1000110 -70 | 0111010
+80 0 1010000 ~ -80 1 0110000
+150 1 0010110 —150 0 1101010
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/4.6 Decimal Adder A
BCD adder

e Suppose we apply two BCD digits to a four-bit
binary adder:
— The adder will form the sum in binary
— It will produce a result that ranges from 0 through 19
(9 + 9 + 1 carry).

 The output sum of two decimal digits must be
represented in BCD

* Problem: find a rule by which the binary sum is
converted to the correct BCD digit representation
of the number in the BCD sum?
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/4.6 Decimal Adder

BCD adder

BCD Sum

Binary Sum

Zg

Zy

Om &I ) \DI~ 00N

CmOm™mOm™mO—O ™~

DO = OO0 == OO

COC QO mm=~—~00

COCOOOCQQ ™~

cCoCcCcoocacocoo

CO—= =00 —=—00

COQO - === Q0O

CO0C oo OO —~—

COCO QOO0 O0O

10
11
12
13
14
15
16
17
18
19

CrQmOm™OmO -

DO mem OO -0 C

COoO0CO0O0O0OOQ ==~

i o e el el el ek e e el

O Do D= D o= D e

_— e D e = D e~

OO~ === 0000

— == 0000

OO0 — — — —~
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/4.6 Decimal Adder A
BCD adder

* \When carry occurs, the addition @10 (6) to
the binary sum converts it to the correct BCD
representation.

 From truth table, output carry:
C=K+2ZZ,+ 27,

« When C =1, binary 0110 is added to the
binary sum through the bottom four-bit adder
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/4.6 Decimal Adder h
BCD adder

- WhenC =1, L1 LT
binary0110 is Gk eicbinary adce N
added to the bin
sum through the _
bottom four-bit " %@E
adder

Ss 2 Sy
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4.7 Binary Multiplier

* Binary multiplication is performed as decimal

multiplication o
Multiplicand s, By d d
Multiplier A, A, S 5,
ApB1 AgBy
A B, AB,
C3 Cg Cl C'D ! :
 The product i£C;C,C,C, =
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4.7 Binary Multiplier

* Multiplicand: B, B, B, B,

« Multiplier: X A, Al Aq

» Adder 1: A,B; AB, AB; AB,
A.B; AB, AB; AB;

 Adder 2: A,B;AB, A,B; AB,
e The result will be (4 x 3) bits

— We need (4 x 3) AND gates and two four-bit
adders to produce a product of seven bits.
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4.7 Binary Multiplier

« Four-bit by three-bit

binary Multiplier

[y
B3B,B,By X AA A il Lf| LH

\_l/ l _ |
Adde ugend
#=hit adder
wm and oaipul carmy

d-bit adder

L b
Augend

-
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4.8 Magnitude Comparator

* The comparison of two numbers Is an operation
that determines whether one numbegresater
than less tharor equalto the other number.

* The circuit for comparing twa-bit numbers has
22" entries in the truth table

e Consider two numbers, A aig] with four bits
each:

A=Az A AL A
B=B,B, B, B,

— When the numbers are binary, the digits are either 1
0

Or
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4.8 Magnitude Comparator

* The two numbers are equalX; = B;, A,=B,, A/ =B,
andA, = B,
— expressed logically with an exclusive-NOR

 To determine whethek isgreateror lessthan B
compare the next lower significant pair of digits

. So, letx = (A @ B) =AB +A'B", fori=0, 1,2, 3
Then:

1. (A= B) = XX X%

2. (A>B) = AB5' + X3AB, + X%6A1B)" + XXX AgBy

3. (A< B =ABs+ X3A B, + XA By + XXX Ay By
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4.8 Magnitude Comparator

=i
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4.9 Decoders

* A combinational circuit thatonvertsbinary
Information fromn input lines to a maximum
of 2" unique output lines

Truth Table of a Three-to-Eight-Line Decoder

Inputs Outputs
X y 4 Do D-| Dz D3 D4 Ds Dﬁ D;!
0 0 0 1 0 0 0 0 0 0 0
0 0 l 0 I 0 0 0 0 0 0
0 I 0 0 0 I 0 0 0 0 0
0 l ] 0 0 0 ] 0 0 0 0
I 0 0 0 0 0 0 i 0 0 0
1 0 ] 0 0 0 0 0 I 0 0
I I 0 0 0 0 0 0 0 I 0
| I ] 0 0 0 0 0 0 0 1
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4.9 Decoders

e The three Inputs are
decoded into eight [~
outputs
— Each representing D>

one of the minterm

of the three input o
variables

 The Input variables
represents a binar
nunber

Dg = xyz’

UUW)TJ\J%UU

D, =xyz
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/4.9 Decoders A
Two-to-four-line Decoder with Enable Input

« Some decoders are constructed with NAND gates
* Some also include or@ more enablénputs to control the circuit
ope&ation
— It operates with complemented outputs and a complemented enable

— The circuit is disabled whdais equal to 1, regardless of the values of the
other two inputs

— The output whose value is equal to O represents the minterm selected by inguts

AandB
)E_ Dy
* E A B ] Dy Dy Dy D,
& ' 1 A X l 1 1 1
AT[>0— 0O 0 0 0 1 | |
SEEDIT, 0 0 | | 0 1 1
s ) 0 1 0 r 1 & 1
B Dﬂ ' ' 0 1 ] | I | 0
—&-
E l|>°
{a) Logic diagram (b) Truth table
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4.9 Decoders

e Decoders with enable inputs can be connected
together to form a larger decoder circuit

e A4 x 16 decoder
can be constructed
with two 3 x 8

decoder with enable&'

— Whenw =0, thegp »—+—|>°

decoder Is enabled

— Whenw =1, the
enable conditions
are reversed

R
—— g to DA
decoder 010 L%
E
IX8
L [D.to D«
decoder 810 Ls
E
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" 4.9 Decoders A
Combinational Logic Implementation

* A decoder provides theé thinterms ofn input
variables

 Any Boolean function can be expressegum-
of-mintermdorm

« A decoder together with an external OR gate the
forms their logical sum, provides a hardware
iImplementation of the function
— The inputs to each OR gate are selected from the

decoder outputs according to the list of minterms of
each function

| o

k Digital Circuits Design | (10636221) Dr. Emad Natsheh/




" 4.9 Decoders
Combinational Logic Implementation

\

decoder.

. C=3(3,5, 6, 7)

» S=3(1,2,4,7)

e Implementation of a full adder with a 38x

}r |

= W M = O

S

}
_é_}c
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4.9 Decoders

4.25 Construct a 5-to-32-line decoder with four 3-to-8-line decoders with enable and a 2-to-
4-line decoder. Use block diagrams for the components. (HDL —see Problem 4.63.)

4.26 C(Construct a 4-to-16-line decoder with five 2-to-4-line decoders with enable.

4.27 A combinational circuit is specified by the following three Boolean functions:

F(A,B,C) = Z2(1,4,6)
F,(A,B,C) = 2(3,5)
Fi(A, B, C)=2(2,4,6,7)
Implement the circuit with a decoder constructed with NAND gates (similar to Fig. 4.19)

and NAND or AND gates connected to the decoder outputs. Use a block diagram for the
decoder. Minimize the number of inputs in the external gates.

4.28 Using a decoder and external gates. design the combinational circui defined by the
following three Boolean functions:

(a) Fy = x'yz" + x2 (b) F = (y" +x)z
Fz — -r.}llf:f _|_ -.r.’}}. F‘2 — -}}.'zf _|_ -rr}? _|_ -‘l}_:z?
Fy=x"y'Z2" +xy F; = (x + y)z

« Given a three-input Boolean function F(A, B, Cm (0, 2, 4, 6, 7) &d(1).
Implement the function using a minimal numbeldb-4 with enable decoders
and aNOR gate
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4.10 Encoders

A digital circuit that performs th@verse
opaation of a decoder

— An encoder has"Zor fewer) input lines and
output lines

 The output lines, generates the binary code
corresponding to the input value

It can be implemented with OR gates

— Their inputs are determined directly from the truth
table
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/4.10 Encoders A

Octal-to-Binary Encoder

e The encoder defined above has the limitation that
only one input can be active at any given time.

Inputs Outputs

Do D1 Dz D3 .D4 Ds Dﬁ, D? X y Z
I 0 0 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0 1
0 0 | 0 0 0 0 0 0 I 0
0 0 0 I 0 0 0 0 0 1 1
0 0 0 0 1 0 0 0 1 0 0
0 0 0 0 0 I 0 0 I 0 I
0 0 0 0 0 0 | 0 1 I 0
0 0 0 0 0 0 0 I I 1 1
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4.10 Encoders

* An encoder circuit that includes the prigrit

function

 The operation of the priority encoder is Buc

that If two or more inputs are equal to 1 at the

same time, the Iinput having the highest pnori
will take precedence.

[
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/4.10 Encoders

Four-input Priority Encoder

OCCUrs.

the highest priority.

Truth Table of a Priority Encoder

o QOutput variableV indicates whether aalid input

It can be seen that the input variablgis with

\ Digital Circuits Design | (10636221)

Inputs Outputs
Do D'| Dz D; X y 4
0 0 0 0 X X 0
I 0 0 0 0 0 I
X I 0 0 0 1 1
X X I 0 1 0 I
X X X 1 1 1 1
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" 4.10 Encoders
Four-input Priority Encoder

D.D W DD D,
= - : ' aldy . ,
DN, 00 0 11 10 s T~
m, "
001 X 00
m, .
Wl Top s 01
| et WJ'J'. . on - PIE ir'::‘r: r DI
Dﬁ 1 m, My M-n § 8.0 ] ﬂu <
10 1478 1 2 10
I e
D
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" 4.10 Encoders
Four-input Priority Encoder

e V=Dy+D,;+D,+D,
e X=D,+Dj,

* y=D;3+D,D,
D, .
D L 4 DO—‘ : F
Dl L 4 ]
e §
Dy
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4 N
4.11 Multiplexers

* A combinational circuit that selects binary information from
one ofmany input lineand directs it to aingle output line

 The selection of a particular input line is controlled by a set
of selectionlines

— 2"input lines andh selection lines whose bit combinations
determine which input is selected

Iy —)_

“ o
L |

(a) Logic diagram (b) Block diagram
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(411 Multiplexers
Four-to-one-line multiplexer

5 5| Y ) D—
I h
g ? !T }%— Y
1 0 !E I
11| h } }
O

(k) Function table

(a) Logic diagram
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(411 Multiplexers
Quadruple 2-to-1-line multiplexer

» Multiplexer circuits D — et
. . A I T
can be combined wit S p—
j = T D
common selectin —
inputs to provide diiE=e
multiple-bit selecobn - =
logic. e D—
- B
e Select 4 bits B
=1
(cnihl) DC
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(411 Multiplexers
Boolean Function Implementation

\

selection Inputs

Input

selection input

for the data input

* The minterms of a function are generated in a
multiplexer by the circuit associated with the

— The individual minterms can be selected by the data

* A Boolean function of variables can be
implemented with a multiplexer that has

— The firstn-1 variables of the function are connected tc
the selection inputs of the multiplexer

— The remaining single variable of the function is used

\ Digital Circuits Design | (10636221)
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(411 Multiplexers A

Boolean Function Implementation

* Consider the Boolean functidf(x, y,z) =>( 1,2,6,7)

— It can be implemented with a four-to-one-line multiplexer ugiagdy
at the select lines

x y z|F 4% 1 MUX
0 0 00 F=; y —5%
0 0 1|1 s,
0 1 0[1 po,
0 1 10 :— 1o .
1 0 00 p_g z'—
1 0 10 . )
1 1 01 p_q [ — s
1 1 1/1
(a) Truth table (b) Multiplexer implementation

\ Digital Circuits Design 1 (10636221) Dr. Emad Natshehj




(411 Multiplexers
Boolean Function Implementation

e Consider the Boolean functidf(x, y, z) = X 1,2,6,7)

— Another solution method usingand yat the select lines
4 x 1 MUX
_ s
| 1, l, |5 v S,
X 0 @ @ 3
X 4 5 @ @ 0 4] F
0 X' 1 X v :
1 —2
.
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(411 Multiplexers
Boolean Function Implementation

~

Consider the Boolean functidf(A, B, C,D) =>(1, 3, 4, 11, 12, 13, 14 ,15)

using inputs A, B and C at the select line

8 x 1 MUX
C S
B AY
A S,

il

-] On Lh WD NO= D

A B C D|F

0O 0 0 010 - -
0O 0 0 1|1 =1
O 01 0|0 F=p
0 0 1 I

0 1 0 01 p=p
0O 1 0 110

0 1 1 0|0 gp=p
0 1 1 110

1 0 0 0|0 p=p
1 O 0O 110

1 0 1 00 -

1 0 1 B F=D
1 1 0 0|1 ,_
i1 1 90 1)1 F=1
1 1 L. Ol .

1 1 1 1|1 F=1
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(411 Multiplexers
Boolean Function Implementation

e Consider the Boolean funom
F(A, B, C,D)=>(1,3, 4,11, 12,13, 14 ,15)
using inputs B, C and D at the select lines

l6

IO 1 | 2 3 4 S /
Alo || 2@ |GB| 5| 6| 7
Al s | 9|10 @] @] @ (@ Us
oA | 0] 1| 1| A A]|A
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" 4.11 Multiplexers A
Boolean Function Implementation

8 x 1 MUX
D So
C S)
B 55
0 0
—_—
5 —F
| + 3
4
5
A 6
7
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(411 Multiplexers A

Boolean Function Implementation

 Consider the Boolean functidf(A, B, C,D) =>(1, 3, 4, 11, 12, 13, 14 ,15)
Iusmg InputsA andC at the select Ilnes while mp%andD at the iInput
ines

— It can be implemented with a four-to-one-line multiplexer
« |,=BD+BD’ l,=B'D
e |,=B I,=B+D

D
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" 4.11 Multiplexers
Boolean Function Implementation

4.31 Construct a 16 X 1 muluplexer with two 8 X 1 and one 2 X | multiplexers. Use block dia-
grams.

4.32 Implement the following Boolean function with a multiplexer

(a) F(A,B.C,D) = 2(0,2,5,7.11, 14)
(b) F(A.B.C,D) = T1(3,8,12)

4.33 Implement a full adder with two 4 < 1 multiplexers.

4.34 An 8 X | multiplexer has inputs A, B, and C connected to the selection inputs §», S, and S, re-
spectively. The data inputs J through 75 are as follows:

@*h=I=I=013=1Is=1I=1Iy=D;and1g = D".
{b} Il=f2=u:f3='f?=I:I4=IS=D.EH£IID=[6=D'_

Determine the Boolean function that the multiplexer implements,

4.35 Implement the following Boolean function with a4 > 1 multiplexer and external gates.

(a)* F(A, B,C,D) = £(1,3,4, 11, 12, 13, 14, 15)
(b) F(A,B,C,D) = £(1,2,4,7,8,9,10, 11, 13, 15)

Connect inputs A and B to the selection lines. The input requirements for the four data lines will
be a function of variables C and D. These values are obtained by expressing F as a function of C
and D for each of the four cases when AB = 00, 01, 10, and 11. The functions may have to be
implemented with external gates and with connections to power and ground.

« Design dull adder with a minimal number o2-to-1 multiplexers (Do not use any other gate).
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(411 Multiplexers A
Three-State Gates

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

Control input C
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