Module : Structure machine-2, Année 2023/2024

Correcting directed works N°. 02

Exercice : 1. Adder/Subtractor..
1. The circuit that performs subtraction 1 bit by 1 bit (half-subtractor)
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2. The half-adder/subtractor.
C
485 | & S=A®B R=(C®A).B

o|lolof o | o
olofl1f 1] o
ofl1flof 1] o i ~5 2
o011 0 1 ) _/)
100 0 |0 3
1ol 1] 1] 4 DI‘D* R
110l 1| 0 )
111 o | o €

3. The full adder/subtractor 1 bit by 1 bit with input carry.
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4. The logical diagram of a 4-bit by 4-bit adder/subtractor.
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Module : Structure machine-2, Année 2023/2024

Exercice 2. Multiplier.

The circuit that performs 1-bit by 1-bit multiplication.
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2. The 2-bit by 2-bit multiplier.
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3. The 2-bit by 2-bit multiplier constructed from 1-bit by 1-bit multipliers of half-adders.
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Module : Structure machine-2, Année 2023/2024

Exercise 3. Comparator

1. The circuit that performs 1-bit by 1-bit comparison
E=AB+AB=A®B
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2. The 2-bit comparator using 1-bit comparators and logical gates.7

E=1=A=B= (4, =B)et(4,=B,)= E=EE,
S=1=A4>8B= (A >B)ou(4 =B)et(4,>B)|=5=8 +ES,
I=1= A<B= (A4 <B)ou[(4, =B )et(4, <B)]=8=1+LE]1,
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3. The logical diagram of a 3-bit comparator.

E=1=A=B=(4,=B,)et(4,4,=BB,)= E=E,E,
S=1=>A>B=(A4,>B,)oul(A, = B,)et(4A4,>BB)]= 8=, +E,S§,
I=1=A<B= (A, <B,)oul(4, =B,)et(4 A, <BB,)]|=5=1,+E,1,
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Module : Structure machine-2, Année 2023/2024

Exercise(4 :

1. We notice that MAJ (A, B, C) = 1 for combinations 3, 5, 6, 7. We write the function
specified in what is called numeric form:
MAJ= X (3,5,6,7), Union of states 3, 5, 6, 7.

The truth table

Combinaison | A B C | S=SMAJAB,C) | Minterm Maxtermy
0 0 0 0 0 ABC ABIC |
| o | o | 1 0 ABC A+B+C
2 o | 1] o 0 ABC ABC
3 0 | 1 | 1 1 ABC A+BC
4 1 | 0 | 0 0 ABC A+BLC
5 1 o | 1 l ABC | A+B+C
6 l 1 | 0 l ABC | A+BC
7 | W E ! ABC A+B+C

. Function majority M using a decoder and logic gates

M e CBA+CBA4+CBA+CBA

=2 (35.67)

binary decoders (3x8) -
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Module : Structure machine-2, Année 2023/2024

Exercise 5 :

The multiplexer has two control inputs A and B to select one of the four inputs DO, D1, D2, or
D3. The selected input carries an index corresponding to the combination of the control inputs.
This is translated in the following table

selection input selected mput
8 A
- o Do
5 A ' D1
y ' 0 ' D2

1 | D3

The equation for the output S can thus be written as follows:
B.A.D0+B.A.D1+B.A.D2+B.A.D3

Consider the following logic diagram:
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Module : Structure machine-2, Année 2023/2024

Additional exercises:

Exercise 6 :
1

7-segment display. The circuit for displaying hexadecimal digits.
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2. Logical functions with multiplexers.

1. The majority function of 4 and 5 variables using a multiplexer (16x1)

A=XZ+YZ+XW +
XYZ+XYW+YW

B=XY+YW+XZW +

XZW+XZW

C=XZ4+XW + XY+

XV+ZW

D=XZ+YZW+XYW +

YZW+YZW

E=ZW+XY+XZ+YW

| +

F=ZW
XZ5X
Y

et

G=X¥Z
XW+XY

X

Z+Y W+

+YZ+ZW +

aAlslc|o]|m (a) y (b}
oclololol o 1 For the 5-variable
oloflo]|1] o P S 6 multiplexer, the
oloji1lo] o E, Es majority function
olol1l1] o {Ez | E; occurs when, if we
ol1|o]o] o £ E. consider the
oj1loj1}o |E5 ] i’ ~ function with only 4
elrj11010 '? T '_f? $ | [ variables where the
o|l1]1]1]1 e, E — M E, ',"5 mumber of Os
J Bl A kB £, = 1 i“ = equals the mmmber
ol Mol el Nt B o e of 1s, the fifth
= b4 B L L e — Eiz variable makes the
i T '; ; ; :I i : E: difference. That's
1l1lelal 1 e, ) Es why we take the
A sllle Tatl T —TTI latter and put it in
1 |1]1]1] 1 ABCD A BCDE the selection.
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Module : Structure machine-2, Année 2023/2024

2. Implementation of the following functions using an 8x1 multiplexer.

F(A.B.C)= AB + AC F(A,B.C)=AB + ABC  F(A,B.C,D)=AB.D+ ABC

+BC +BC+ABC + ABC.D
0 1 01 0

H

Mux 8 =21
Mux 8 =21
Mux8 =1

A 8 C A B C A B CD

3. Implementation of an 8x1 multiplexer and a 1x8 demultiplexer using 4x1 and 2x1
multiplexers, and 1x4 and 1x2 demultiplexers.

|
A B C A B C

Exercise 7. Logical functions with decoders.

1. Full adder with binary decoders (3x8).

S,=AiBi.R + Ai.B,Ri.1 + 4,.Bi Ri1 + 4,.B,.R, ,
e R =AiB,R_ +A Bi.R  +A.B Ra+A.B R,
I
=s] 52
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Module : Structure machine-2, Année 2023/2024

2. Implementation of the following functions using decoders (1x2), (2x4), and (3x8) and

logical gates.

F(4.B.C)=%(04.5.7)

R

F(A4,B,C,D)=X(15,7,12,15)
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3. Implementation of the following functions using a suitable decoder and logical gates.

o B T - B ]
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