Machine Structure 02

Chapiter 01
Combinatorial Circuits



Introduction and Recap

e To understand the operation of the main elements of a
computer, such as the Arithmetic and Logic Unit
(ALU).

You should have achieved the following objectives:

1. Describe the operation and properties of logic gates,
simple combinational circuits such as adders,
decoders, multiplexers, and demultiplexers...;

2. Use the theorems and 1dentities of Boolean algebra to
synthesize a circuit from 1ts truth table and simplify
the obtained result.
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Objectives

» Learn the structure of some commonly used
combinational circuits (half adder, full adder,

).

e [.earn how to use combinational circuits to
design other more complex circuits.




1. Combinatorial Circuits

« A combinatorial circuit 1s a digital circuit whose
outputs depend only on the inputs.

* Si=F(Ei)
* Si=F(E1, E2, ..., En)

E S,
1
E, Combinatorial 5
Circuit
E, St
Block Diagram

It 1s possible to use combinational circuits to
implement other more complex circuits.




Examples of Combinational Circuits

Half Adder
Full Adder
Comparator
Multiplexer
Demultiplexer
Encoder

Decoder

X NS E D=

Transcoder,.,,,



Examples of Combinational Circuits

In a computer, we can distinguish three different classes
of combinational logic circuits.

. Combinational circuits for arithmetic and logic
operations, such as adders, subtractors, comparators, etc.

. Combinational circuits for data routing and transmission,

such as encoders, decoders, multiplexers, demultiplexers,
etc.

. Combinational circuits for coding and code conversion,
such as transcoders, 7-segment displays, etc.



Half Adder

 The half adder 1s a combinational circuit that allows
for the arithmetic sum of two numbers A and B, each

on one bit. At the output, we will have the Sum S and
the Carry R

A — >

AD

B —m > R

To find the structure (the diagram) of this
circuit, we first need to create its truth table.



« En binaire Paddition sur un
seul bit se fait de Ila
maniere suivante:

 dresser sa table de vérité :

0+ 0

0O+1
.1—+—O

AD

B ——m—

1+1

00

01

=10



 In binary, addition on a

single
follows:

bit

1S

done as

*The associated truth table:

R

S

r—th—tcc>

— e - O

From the truth table, we can find...

R =
Q=

0+ 0 =00
O0+1 =01
.::1—+-O = 01
' 1+1 =10



* In binary, addition on a 0+ 0 = 00
single bit 1s done as
O+1 =01
follows:
1+0 =01
' 1+1 =10

*The associated truth table:

A B | RS From the truth table, we can find...
0O [0 0 [0

o |1 |0 |1 R-

1 |0 0 |1

1 |1 1 [0 S =

10



 In binary, addition on a 0O+ 0 — 00
single bit 1s done as
0O+1 =01
follows:
1+0 =01
' 1+1 =10
*The associated truth table:
A |B R |5 From the truth table, we can find...
0 0 0 |0
0 (1 | |0 |1 R=ARB
1 0 0 |1 _ _
1 |1 |1 o S=AB+AB=A®DB
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R =A.B
S =ADB
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Full Adder

* In binary, when performing addition, the incoming
carry must be taken into account.

a, a, a, a i
4 3 2 1 N
+ b, b, b, b i
+ bi
r, S; S3 S, S
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Full Adder : 1-Bit
« The full adder for one bit has 3 inputs:

» ai: the first number on one bit.

» bi: the second number on one bit.

» r1i-1: the incoming carry on one bit.
It has two outputs:

e Si: the sum

* Ri: the outgoing carry

ai > > S
b, > Full Adder

r > g i
i-1 14




Truth table of a full
adder for 1 bit

Create its truth table?

Full Adder
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Truth table of a full
adder for 1 bit

e It has 3 inputs:

1. ai: the first number.

2. bi: the second number.
3. ri-1: the Incoming carry.
* It has 2 outputs:

1. Si: the sum

2. Ri: the outgoing carry

I q
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Truth table of a full
adder for 1 bit

a; |b; I
0 0 0
0 0 1
0 | 0
0 | |
| 0 0
| 0 |
| | 0
| | |

17




Truth table of a full

adder for 1 bit

0+0=0

1+ 1
1+1+1

0+1=1+0=1

=0
=1

Carry
Carry
Carry
Carry

a; |b; I
0 0 0
0 0 1
0 | 0
0 | |
| 0 0
| 0 |
| | 0
| | |
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Truth table of a full

adder for 1 bit

0+0=0

1+ 1
1+1+1

0+1=1+0=1

=0
=1

Carry
Carry
Carry
Carry

a |b; |rig | |5 |[Si
0 0 0 0 |0
0 0 | 0 |
0 | 0 0 |
0 | | | 0
| 0 0 0 |
| 0 | | 0
| | 0 | 0
| | | | |
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a; by g | |n S
Truth table of a funl [ [0 |9 []0 |0
adder for 1 bit 0 |0 |l 0 |1
0 1 0 0 1
0 1 | | 0
0+0=0 Carry 0 L0 0 |1
O+1=1+0=1 Carry O 1 0 1 1 0

1+1 =0 Carry 1
1+1+1 =1 Carry 1 1 1 0 110
| | | | |

S = Zi.E.Ri_l + Zi.Bi R+ Al. .Ei.Ei—l + Al. .Bl- 'Ri—l

l l

R =ABR,_ +ABR,_ +AB R+ ABR,

l l l



If we want to simplify the equations, we obtain:

Si — Zi ’B—i‘Ri—l + Zi.Bi.Ei—l + Ai.Ei.Ei—l + Ai'Bi'Ri—l

R =ABR _,+ABR_,+ABRi1+ABR._,



If we want to simplify the equations, we obtain:

=[4)B, R, +(4)B, R\ +[4)B.R.- {4)B,.R

S

S, =(4)(B,.R, , + B,.Ri-1) + A}(B..R.-1 + B,.R, )
.7

S

= A X=B®Ri1 )+ Ai. X=Bi®Ri-1
= A4, ® B, ®R,_, N =A®X

Bl.+ Ai§i+ 4,B)Ri1 + U;BR, |
W A,B + A4, B)+ABYRi1+, R,_))
R._,.(A ®© B,)+ A B,

Ai
Ri

Ri
Ri
Ri
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3.2 Diagram of a full adder

~
R. = Ai'Bi + Ri—l (B1 SZ Al)

S, = A, ® B, ® R,

Si

Ri
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Using Half Adders
R.=|IA.B|+R._,.(B,® A))
S,=A,®BJeR,, 7
St on pose X =|A. @B |et Y =|A,
On obtient
R.=Y+R _ X
[Si =X ® R (31'\\
et st on pose Z =
On obtient

R.=Y+T
S. =Z

* We note that X and Y are the outputs of a half adder with inputs
A and B. We observe that Z and T are the outputs of a half adder
with inputs X and Ri-1.

Half-Adder

A \F\ s
B /L/

)_

= A.B
= A®B
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Comparison of a Half Adder with a
Full Adder

Full Adder

Half Adder
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3.2 Comparaison d’un demi additionneur
avec additionneur complet

Full Adder

Half Adder

Half Adder

Half Adder
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X =A ®B,

Y = A.B.
Z =X ®R.,
T =R _,.X
R.=Y+T
S. =
Al
BI
RK-1

Half Adder

Half Adder

27



(Four) 4-Bits Adder

A 4-bit adder 1s a circuit that performs the addition of two
4-b1t numbers, A and B, where:

> A(as a2 a1 ao)

» B(bs bz b1 bo)

Additionally, 1t takes into account the incoming carry. The
output consists of the 4-bit result and the carry (5 bits 1n
total). Therefore, the circuit has 9 inputs and 5 outputs.

With 9 inputs, we have a total of 2° = 512 combinations!!!
How can we represent the truth table?

We need to find a simpler and more efficient solution to
design this circuit.
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*When performing binary addition, we add bit by bit starting
from the least significant bit, and each time we propagate the
outgoing carry to the higher-order bit. Addition on a single
bit can be accomplished using a full adder for 1 bit.

Final Result
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A4 B4

R3

ADD4

R4 S4

A3 B3

R2

ADD3

S3

A2 B2

(Four) 4-Bit Adder (Diagram)

R1

ADD2

S2

Y,
o
1l
o

A1 B1

ADD1

S1
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Exercice 1

* An odd (number not divided by two) parity
generator 1s a function that returns 1 1f the
number of set bits 1s uncommon, and 0
otherwise.

* Define this function for a 4-bit word. Provide a
logical circuit implementing this function.

31



Exercice 1

What 1s the parity bit?

Definition: The parity bit, or check bit, 1s a bit
added to a binary code to check whether the code
has an even or odd number of Is. In odd parity,
the code must have an odd number of 1s.

For example, the code 10011 has odd parity
because there are three 1s.

On the other hand, the code 101101 1s said to
have even parity because there are four Is.

32



Exercice 1

* Qu'est-ce que le bit de parité?

« Définition: Le bit de parite ou le bit de contrdle
sont les bits ajoutés au code binaire pour veérifier
si le code est en parité ou non, Dans le bit de
parité impair, le code doit étre dans un nombre
impair de 1 . Exemple, Le code: 10011, a une
parité impaire car il y a trois nombres de 1.
Le code : 101101, est dit a parite paire car il y a
guatre nombres de 1.
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Exercice 1

* Correction: The formula for the 4-bit odd
parity generator (P) obtained directly from the

truth table i1s:

P=A.-B-C-D4+A-B-C-D4+A-BC-D4+A-B:
+ . +~1.B('D-——~IB('D~I-:{B(_D—.;1-

 which would result in a much too

complicated circuit! We notice that
for two bits, P = A@PB:

5
B

.D
%

D

—— O O

—_— O = Oy

O = = O|MNy
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Exercice 1

» The following circuits are deduced:

4 —N _’>7 e
B —+ — 5 —) >* _
=R p ° T 72— DN >
) >7 c 7= s
D

C AS‘ T 77_'_.-
D ﬁlz' >
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Exercice 2

* Recall the principles of a half-adder and then a
full-adder. Deduce from these principles a logical
circuit that implements the two's complement on

n bits.

* Correction: The half-adder has two mnputs
(x and y) and two outputs (R and S). S
corresponds to the zeroth bit of the result of the
binary addition of x and y, and R to the first bit

(carry).
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Exercice

x[v[R]S

e 0l0]0]0
D/A T A X=X
10|01 R—xy.1

- r X% |0

* Un additionneur complet s’obtient en enchainant des
demi-additionneurs de manicre a propager correctement la
retenue. On obtient selon le méme principe le circuit
effectuant un complément a deux :
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Exercice
RIS

yx

]

1 !
0
D/ 011
0
1

—_— 0 O

0
1 S=xBy
1
0

A full adder 1s obtained by chaining half adders together in
such a way as to correctly propagate the carry. We obtain
according to the same principle the circuit carrying out a
two's complement:
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Comparator

A comparator 1s an arithmetic circuit used to compare two
binary numbers, A and B.

The numbers A and B must have the same length (number
of bits).

We want to determine if A > B, A <B, or A = B.
Therefore, the circuit provides a three-way answer.

Our final circuit should produce three signals
* fs (active if A > B),
* fi (active if A <B), and
e fe (active if A = B)

by taking signals A and B as inputs.
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Comparator

 It1s a combinational circuit that
allows comparison between two

binary numbers, A and B.
It has 2 inputs:

* A:one bit A —

* B: one bit B —

Comparator
1 bit

i

» fe

N

It has 3 outputs:
* fe: equality (A=B)
* f1: less than (A < B)
» fs: greater than (A > B)

40



Comparator

Truth table of a 1-bit
comparator

Compile 1ts truth table:

41



Implementation of a 1-Bit Comparator

A B fs

fe

fi

42



Implementation of a 1-Bit Comparator

43



Implementation of a 1-Bit Comparator
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Implementation of a 1-Bit Comparator

fs=AB
0 |0 O 1 |0 _
fi=A4B
o (1| (0 (0 |1
fe=
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Implementation of a 1-Bit Comparator

fs=AB

0 (0| |0 |1 |0 =
fi=A4B

0 |1 0 (0 |1 _
fe=AB+ AB =
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Implementation of a 1-Bit Comparator

fs=AB

fi=4B
fel= AB+ AB=A® Bl fs+ fi

Becauseﬁ+ﬁ:A.§+ZB:A@B
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Implementation of a 1-Bit Comparator

fs=AB
fi=AB
fe=fs+ fi

8 %

fs

5 De_w

.

fi

)
.
)
_J
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Implementation of a 2-Bit Comparator

« It allows the comparison between two numbers A
(a2al) and B (b2bl), each with two bits.

A1
A2

— © i

-1 Comparator
B1 2 bits
B2 fs

49



fs | fe | fi

B2 | B1

A2 | A1




1. A=B si

A2=B2

et

A1=B1

Comparator one bit

ol

fo=|(42® B2)

(1@ BI)

2. A>B si

A2 > B2 ou (A2=B2 et A1>B1)

fs = A2.B2+(A2® B2).(Al.B1)

3. A<B si

A2 < B2 ou (A2=B2 et A1<B1)

fi=A2.B2+(A2® B2).(ALB)

A2 |A1 B2 |B1 fs |fe | fi
0 0 0 0 o |1]0
0 0 0 1 0O |0 |1
0 0 1 0 0O |0 |1
0 0 1 1 0O |0 |1
0 1 0 0 1 |0 |0
0 1 0 1 o |1]0
0 1 1 0 0O |0 |1
0 1 1 1 0O |0 |1
1 0 0 0 1 |0 |0
1 0 0 1 1 |0 |0
1 0 1 0 o |1]0
1 0 1 1 0O |0 |1
1 1 0 0 1 |0 |0
1 1 0 1 1 |0 |0
1 1 1 0 1 |0 |0
1 1 1 1 o |10




1. A=B si
A2=B2 et A1=B1

fe=(A2® B2).(A1® Bl

2. A>B si
A2 > B2 ou (A2=B2 et A1>B1)

fs = A2.B2+(A2® B2).(Al.B1)

3. A<B si
A2 < B2 ou (A2=B2 et A1<B1)

fi=A2.B2+(A2® B2).(A1.B))




Implementation of a 2-Bit Comparator
using 1-bit Comparator

e It 1s possible to implement a 2-bit comparator using 1-bit
comparators and logical gates. One comparator is used to
compare the least significant bits, and another 1s used to
compare the most significant bits. The outputs of these
two comparators are combined to generate the final
outputs of the overall comparator.

a, b, a; b,
Comparator 1 bit Comparator 1 bit
fs2 fe2 fi2 fs1 fe1 fi1

Vol ol
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1. A=B si
A2=B2 et A1=B1

fe = (A2 © B2).(Al @ B1) = te2.fel

2. A>B si
A2 > B2 ou (A2=B2 and A1>B1)

fs = A2. B2 + (A2 @ B2).(Al. B1) = {52 + fe2.fs1

3. A<B si
A2 < B2 ou (A2=B2 and A1<B1)

fi=A2.B2+(A2®B2).(A1B1) = fi2 + fe2.fil

o4



az

|

p2

Comparator 1 bit

Comparator 1 bit

fs2 fel fi2 fsi fe fi1

B i
E,J \J

fs fe fi
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Comparator with cascading inputs

We notice that:
e [fA2>B2then A>B
e JfA2<B2then A<B

However, 1f A2 = B2, then we need to consider the
comparison result of the least significant bits.

To do this, we add to the comparator inputs that
indicate the result of the previous comparison.

These mputs are called cascading inputs.

56



A2 B2 |Es |Eg | Ei fs |fe |fs
A2>B2 |[X |x |x | [1]o |o
A2<B2 |X [x [x | ]o]o [1
1 |o (o] [1]0 |0
A2=B1 19 [1 Jo | [0 [1 |o
o (o [1] oo |1

Comp < Es (>)
€ Eg (=)
fs fe fi < Ei (9

fs= (A2>B2) ou (A2=B2).Es
fi= (A2<B2) ou (A2=B2).Ei
fe= (A2=B2).Eg

o7



a2 b2
Comp Es
Eg
fs2 fe2 fi2
Ei

a1l o}
| ‘ I:D:l
C
omp =
Eg -
fs1 fe1 fil
Ei

58



Exercice

* Implement a 4-bit comparator

using cascaded 2-bit comparators?
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Multiplexer

* Definition: A multiplexer i1s a combinational logic
circuit that has 2" inputs, n control inputs, and a single
output. It allows routing the value of the input line
specified by its control inputs to the output line.

2 Inputs
.

— | 1
{ | Mux2"=1

1 Output

n control inputs 60



» Synthesis of the circuit (8x1 multiplexer) example:

Multiplexer

Inputs / Outputs

Ez El EU

0

0 0
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Multiplexer

» Synthesis of the circuit (8x1 multiplexer) example:

Inputs / Outputs

Ez El Eﬂ

0O 0 1




» Synthesis of the circuit (8x1 multiplexer) example:

Multiplexer

Inputs / Outputs

Ez El Eﬂ

0

1

0
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Multiplexer

» Synthesis of the circuit (8x1 multiplexer) example:

Inputs / Outputs the truth table

C,CiCo

o1 1




Multiplexer

« Synthesis of the circuit (8x1 multiplexer) example:

Inputs / Outputs the truth table

C,CiCo

o1 1




Multiplexer

« Synthesis of the circuit (8x1 multiplexer) example:
the truth table

Inputs / Outputs

Egclcﬂ
1 0 0




» Synthesis of the circuit (8x1 multiplexer) example:
the truth table

Inputs / Outputs

Ez El Eﬂ

1

0

1

Multiplexer
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Multiplexer

« Synthesis of the circuit (8x1 multiplexer) example:

Inputs / Outputs the truth table

C,CiCo
1 1 0
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Multiplexer

« Synthesis of the circuit (8x1 multiplexer) example:

Inputs / Outputs the truth table

C,CiCo

1 1 1




Multiplexer

« Synthesis of the circuit (8x1 multiplexer) example:

the truth table logical functions
o=l Q.Cl.Cg.EU —+

G?lCGEl —+
CC.CE

Ca. Cr.Go lEs
G010 Ei
Co. Ca.Coi B

+ + + + 4+

C2.G1.Go-Eg

C2.C1.Co.E7



» Synthesis of the circuit (8x1 multiplexer) example:

logical functions

S =L 5.04.65.E5
G.G.G.E
G.G.G.E
G.G.G.E
G.G.Go-Ey
C.G.Go.Es
C2.G.Go.Eg
C2.C1.Co.E7

_+_

_|_

+ + + + +

Multiplexer
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Multiplexer

» Synthesis of the circuit (8x1 multiplexer) example:

logical functions the circuit diagram
(—-‘1 C1] (‘n

S =C,.G.C.Ey +

G?l Cg " El 0
G.G.G.E>

GGGk
i i

G.G.Go.Es
G.G.Go.Es

+ + + + +

C2.C1.Co.E7



Multiplexer
e The multiplexer 1s a combinational selector circuit
that has 2" data inputs, n control inputs, and a single
output. Its role 1s to select, using control signals, one
of the inputs and connect it to the output.
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Multiplexer
e The multiplexer 1s a combinational selector circuit
that has 2" data inputs, n control inputs, and a single
output. Its role 1s to select, using control signals, one
of the inputs and connect it to the output.

Ko— 10

Kg— 11
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Multiplexer 2 21

e The multiplexer 1s a combinational selector circuit
that has 2" data inputs, n control inputs, and a single
output. Its role 1s to select, using control signals, one
of the inputs and connect it to the output.

Koab = W
K:
g B K3— 11

MUX (2 wvariables)
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Multiplexer
Description of the behavior of the 2-to-1 multiplexer:
The output S takes on the value of the data input:
* Enl when the selection input Com 1is active (logic level 1).

* En2 when the selection input Com is 1nactive (logic level 0).
The input Com thus directs either the information arriving
from mnput Enl or that arriving from input En2

to the output S.
Input-1 —

Output =g
Input-2 ——

Control mput
76



Multiplexer

Description of the behavior of the 2-to-1 multiplexer:
The output S takes on the value of the data input:
* Enl when the selection input Com 1is active (logic level 1).

* En2 when the selection input Com is 1nactive (logic level 0).
The input Com thus directs either the information arriving
from mnput Enl or that arriving from input En2

to the output S.
Input-1 —

/f

Control mput

Output =g
Input-2 —

77



Multiplexer 4 21

C1 (CO S
0 0 | |EO L0
0 1 E1 e E3 E2 E1 EO
—1 C1 Mux 4 21
1 0 E2
1 1 E3
S

S =CLCO.(E0)+CLCO.(E1)+ C1.CO.(E2)+ C1.CO.(E3)
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Multiplexer 8 21

C2 |C1 Co S
0 0 0 EOQ
o o |1 | |E IR
o |1 o E2 E7 E6 ES E4 E3 E2 EI EO

o
U 1 E3 | Mux 8 >1

—_—

1 o [o |][Ea e
1 0 1 E5
1 1 0 E6
1 1 1 E7

S =C2.C1.CO.(E0)+ C2.CLCO(E1)+ C2.C1.CO(E2)+ C2.C1.CO(E3) +
C2.CL.CO(E4)+ C2.CLCO(ES)+C2.C1.CO(E6)+C2.C1.CO(ET)
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Logical functions using multiplexers:

One can always generate any logical functions using
multiplexers and basic logic gates. It 1s sufficient to connect
the variables of the function to be generated to the various
inputs of the multiplexer (standard inputs and control mputs).
Example 1: Implement the following function

F(A4,B,C)=BC+AB using an 8x1 multiplexer.

/

_F{ArB rcl

| I |

Mux 8x 1
|

Mux 8x 1

P R R, OO0 OO D
== O O KK o o] /@
= O = O = OO

L e B B = A ™

E

ABC 80




Logical functions using multiplexers:

F(A,B,C)=BC+AB
F(A,B,C)=BC(A+A4)+AB(C+C)
F(A,B,C)=(ABC+ABC)+(ABC+ABC)
F(4,B,C)=ABC+ABC+ABC+ABC

AlB]cC 5

olofo _|\

olo|1 .

ol1]o | - ,_.

0]j1]1 - &% &

“151s 1% Z> : [RAs0)
1]o]1 - 2 =

1]1]o0 =

1]1]1

A

ABC 81




Logical functions using multiplexers:
F(A4,B,C)=ABC+ABC+ABC+ABC

ABC

aAle]c 5
olofo 0 _|\
olo]1 1 |
O119Q30 1 —_— -
o < E< - 12 F o) ®  LFABC)
1lo]o 0 ~ x ] 3
1lo]1 1 2 =
111]o 0
11]1 0

|
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Logical functions using multiplexers:
F(A4,B,C)=ABC+ABC+ABC+ABC

F(A,B,C)

.

Mux 8x

== = = O OO e I=
= O O R D =IO M

A

If A=0 , B=0 and C=0 Then F=0
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Logical functions using multiplexers:
F(A4,B,C)=ABC+ABC+ABC+ABC

Ale]c]|FaBoQ
olofo 0

0 0 1

ol1]o
ol1]1
1]lo]o

1lo]1

1l1]o

1111

/

1 1 |
uxy

£C

If A=0 , B=0 and C=0 Then F=0
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Logical functions using multiplexers:
F(A4,B,C)=ABC+ABC+ABC+ABC

Alelc]|FABCQ
olojo
0]lo]1

[0 1 o0 -
0l1]1 o~
1]10]0 3
1lo]1 2
11110
1111

If A=0 , B=0 and C=0 Then F=0
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Logical functions using multiplexers:
F(A4,B,C)=ABC+ABC+ABC+ABC

Ale]c]|FaBoQ
olofo
olo]1
ol1]o0
(0 1 1
1Jo]o
1lo]1
1l1]o
1111

/

1 11
uxf:-:i
=

£C

If A=0 , B=0 and C=0 Then F=0
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Logical functions using multiplexers:
F(A4,B,C)=ABC+ABC+ABC+ABC

AlB]c]|FABC

olo]o 0 _|\

olo]1 _

O119Q30 —

ol1]1 — &

(1 0 o +=

1]o]1

1110

1]1]s EI/rﬁ
|

If A=0 , B=0 and C=0 Then F=0
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Logical functions using multiplexers:

Example 1: Implement F(A,B,C)=A .B4B .C
The function using a 4x1 multiplexer.

88



Logical functions using multiplexers:

Example 1: Implement the F(A,B,C)=A.B+B .C

Function using a 4x1 F(A4,B,C)=BC+A4B _ )
multiplexer. F(A,B,C)=BC(A+A4)+AB(C+C)

F(A,B,C)=(ABC+ABC)+(ABC+ABC)
F(A4,B,C)=ABC+ABC+ABC+ABC
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Logical functions using multiplexers:

Example 1: Implement the F(A,B,C)=A.B+B .C

Function using a 4x1 F(4,B,C)=BC+AB )

multiplexer. F(A’B’G)ZBC(A+A)TA{3(CL+C)
F(A,B,C)=(ABC+ABC)+(ABC+ABC)
F(A4,B,C)=ABC+ABC+ABC+ABC

AlB|C]FABC)
01010 0
01011 1
0j1]1]0 1
D e e 1
110]0 0
1 106] 1 1
111]0 0
) v 6§ 0
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Logical functions using multiplexers:

Example 1: Implement the F(A,B,C)=A.B+B .C
Function using a 4x1 F(A4,B,C)=BC+A4B _ )
multiplexer. F(A,B,C)=BC(A+A4)+AB(C+C)

F(A,B,C)=(ABC+ABC)+(ABC+ABC)
F(A4,B,C)=ABC+ABC+ABC+ABC

AlB|c]|FABC
0OJ0]0 0
0jo]1 1
01110 1
ol1]1 1|
1]o]o 0
1]0]1 1
1]1]0 0
113113 0
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Logical functions using multiplexers:

Example 1: Implement the F(A,B,C)=A.B+B .C

Function using a 4x1 F(A4,B,C)=BC+A4B _ )
multiplexer. F(A,B,C)=BC(A+A4)+AB(C+C)

F(A,B,C)=(ABC+ABC)+(ABC+ABC)
F(A4,B,C)=ABC+ABC+ABC+ABC

0
1
1
1
0
1
0
0
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Logical functions using multiplexers:

Example 1: Implement the F(A,B,C)=A.B+B .C
Function using a 4x1 F(A4,B,C)=BC+A4B _ )
multiplexer. F(A,B,C)=BC(A+A4)+AB(C+C)

F(A,B,C)=(ABC+ABC)+(ABC+ABC)
F(A4,B,C)=ABC+ABC+ABC+ABC

A|lB|C|]FABC)

A e W i

THH B EEE =
¢

ISt

IHH IR e
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Logical functions using multiplexers:

Example 1: Implement the F(A,B,C)=A.B+B .C
Function using a 4x1 F(A4,B,C)=BC+A4B _ )
multiplexer. F(A,B,C)=BC(A+A4)+AB(C+C)
F(A,B,C)=(ABC+ABC)+(ABC+ABC)
F(A4,B,C)=ABC+ABC+ABC+ABC
A]lB|]C]|]FABC)
o[o]o] o
0jo]1 1 i _L—\
o[1]o] 1 i -
g 3111 1 F=l— -1 X a
1lo]o 0 I -
1]o]1 1 et =
1[1[o] o i
1J1]1] o =0 4/r
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Logical functions using multiplexers:

Example 1: Implement the F(A,B,C)=A.B+B .C
Function using a 4x1 F(A4,B,C)=BC+A4B _ )
multiplexer. F(A,B,C)=BC(A+A4)+AB(C+C)
F(A,B,C)=(ABC+ABC)+(ABC+ABC)
F(A4,B,C)=ABC+ABC+ABC+ABC
als|clrago i @
0olofo 0
o0lo]1 1 F'E__‘——\ \
o170 1 — | -
D11]1 1 1 3 B :; ¢ |- FaBs0)
1|ofo 0 — 1 3 g
1]o]1 1 " 2
11110 0 — e—
b o
1]1]1 0 EFD /|/r /I/r




Logical functions using multiplexers:

Example 1: Implement the F(A,B,C)=A.B+B .C
Function using a 4x1 F(A4,B,C)=BC+A4B _ )
multiplexer. F(A,B,C)=BC(A+A4)+AB(C+C)

F(A,B,C)=(ABC+ABC)+(ABC+ABC)
F(A4,B,C)=ABC+ABC+ABC+ABC

c | F(A,B,C)

AlB

>( FzC
01 0|C
s |2 . . —P|F=c|+ _\
01110 1 Fo1 _| 1;I 5
0 1 1 1 < = F{ArBrc}
11ol1 1 = b= The 4x1 Mux

| allows Routing
11110 0 E=0 L /I/I’ I I/l the value of C to
1111]11 0 the output F.
A B

If A=0 and B=0 Then F=C




Logical functions using multiplexers:

Example 1: Implement the
Function using a 4x1
multiplexer.

)

F(A,B,C)

0

= =l Of= =l O] &

= Ol Ol= Of= O

1
1
1
0
1
0
0

F(A,B,C)=A.B+B.C

F(A,B,C)=BC+AB

F(A4,B,C)=BC(A4+A4)+ AB(C+()

F(A,B,C)=(ABC+ABC)+(ABC+ABC)
F(A4,B,C)=ABC+ABC+ABC+ABC

L)

B

N

ol

-~ F=1

S~ ras0)

The 4x1 Mux

If A=0 and B=1 Then F=1

allows Routing
the value 1 to
the output F.



Logical functions using multiplexers:

Example 1: Implement the F(A,B,C)=A.B+B .C
Function using a 4x1 F(A4,B,C)=BC+A4B _ )
multiplexer. F(A,B,C)=BC(A+A4)+AB(C+C)

F(A,B,C)=(ABC+ABC)+(ABC+ABC)
F(A4,B,C)=ABC+ABC+ABC+ABC

The 4x1 Mux
allows Routing
the value of C to
the output F.

)

F(A,B,C)

~—

= == = oo Of >
= =lO Ol= =l O] @
= Ofl= QU= Ol O

If A=1 and B=0 then F=C




Logical functions using multiplexers:

Example 1: Implement the
Function using a 4x1
multiplexer.

)

F(A,B,C)

0

(o B e e i e

1
1
1
0
1

— = =IO Ol= =jo O] @

F(A,B,C)=A.B+B .C
F(A,B,C)=BC+AB

F(A4,B,C)=BC(A4+A4)+ AB(C+()
F(A,B,C)=(ABC+ABC)+(ABC+ABC)
F(A4,B,C)=ABC+ABC+ABC+ABC

L)

If A=1 and B=1 then F=0

The 4x1 Mux
allows Routing
the value 0 to
the output F.

F(A,B,C)



Example: Implementation of a full adder
using 8x1 multiplexers

* We need to use two multiplexers: the first one to implement
the sum function and the other to provide the carry.
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Example: Implementation of a full adder
using 8x1 multiplexers

* We need to use two multiplexers: the first one to implement
the sum function and the other to provide the carry.

a; |b; |ri S;

0 0 0 0

0 0 1 1

0 1 0 1

0 1 1 0

1 0 0 1

1 0 1 0

1 1 0 0

1 1 1 1 .




Example: Implementation of a full adder
using 8x1 multiplexers

* We need to use two multiplexers: the first one to implement
the sum function and the other to provide the carry.

a; |b; |ri
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1




Example: Implementation of a full adder
using 8x1 multiplexers

* We need to use two multiplexers: the first one to implement
the sum function and the other to provide the carry.

a; |b; |1y r; a; |b; |1y S;

0 0 0 0
0 0 0 0 0 0 : :
0 0 1 0

0 1 0 1
0 1 0 0

0 1 1 0
0 1 1 1
) 0 0 0 1 0 0 1
1o |1 ! S AR 0
1 1 0 1 1 1 0 0
1 1 1 1 1 1 1 1




Example: Implementation of a full adder
using 8x1 multiplexers

* We need to use two multiplexers: the first one to implement
the sum function and the other to provide the carry.

a; |b; |1y r; a; |b; |1y S;

0 0 0 0
0 0 0 0 0 0 : :
0 0 1 0

0 1 0 1
0 1 0 0

0 1 1 0
0 1 1 1
) 0 0 0 1 0 0 1
1o |1 ! S AR 0
1 1 0 1 1 1 0 0
1 1 1 1 1 1 1 1




Implementation of the function for: the sum

SF. — :’L‘.Ef J_Er—l (U) -I—Er.E.R,_I (1) ‘|‘2f .BF. .Er’—l (1) -I-:iir.Br- .RH (O) +

A4 .B: Ri1(1)+ 4,8 R_,(0) +4 B, R-(0)+4.B R_()

We set :

C2=A,

C1=B,

CO=R;

E0=0, E1=1, E2=1, E3=0, E4=1, E5=0, E6=0, E7=1
So

S =C2.CLCO.(E0)+ C2.CL.CO(E1)+ C2.C1.CO(E2)+ C2.C1.CO(E3) +
C2.C1.CO(E4)+ C2.C1.CO(E5)+ C2.C1.CO(E6)+ C2.C1.CO(ET)
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Implementation of the function for: the carry

R =A4BR1.0)+A4BR.,.0O+ABR:.0)+ABR_.0)+
'141-_3531'—1 0 +4_Bff§_1.ﬂ) —I—AT.BJEH D+ABR _..(0)

We set :

C2=A,

C1=B,

CO=R;

E0=0, E1=1, E2=1, E3=0, E4=1, E5=0, E6=0, E7=1
So

S =C2.CLCO.(E0)+ C2.C1.CO(E1)+ C2.C1.CO(E2)+ C2.C1.CO(E3) +
C2.CL.CO(E4)+ C2.CL.CO(E5)+ C2.C1.CO(E6)+ C2.C1.CO(ET)
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Implementation of a full adder using 8x1

multiplexers

‘1,

‘0, l
riq E7 E6 E5 E‘:I E3 ‘E2 ;El EO
" —»| CO
bi —»| Cl Mux 8 21
ai ke

Ri

‘1,
‘0,
A

I 4 E7 E6 E5 E4 E3 E2 El E0

"] co

bi —»| Cl Mux 8 =21

. e

al C2

Si
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Exercice

* Design the circuit that allows finding the
maximum between two numbers A and B on one
bit using the minimum number of logic gates and
combinational circuits?
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