
Lógica Digital (1001351)

Exemplos de projetos

Prof. Ricardo Menotti
menotti@ufscar.br

Prof. Luciano de Oliveira Neris
lneris@ufscar.br

Atualizado em: 19 de março de 2024

Departamento de Computação
Centro de Ciências Exatas e de Tecnologia
Universidade Federal de São Carlos

1

mailto:menotti@ufscar.br
mailto:lneris@ufscar.br


Controlador de luz com 3 entradas



Controlador de luz com 3 entradas

• Em uma sala grande com três portas e um interruptor em cada porta, projete um
sistema capaz de acender ou apagar as luzes da sala alterando o estado de
qualquer uma das chaves;

• Obtenha uma função f (x1, x2, x3) que solucione este problema.

linha x1 x2 x3 f

0 0 0 0 0
1 0 0 1 1
2 0 1 0 1
3 0 1 1 0
4 1 0 0 1
5 1 0 1 0
6 1 1 0 0
7 1 1 1 1

f = m1 +m2 +m4 +m7

f = x1x2x3 + x1x2x3 + x1x2x3 + x1x2x3

f = M0M3M5M6

f = (x1 + x2 + x3)(x1 + x2 + x3)

(x1 + x2 + x3)(x1 + x2 + x3)
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2.8 Design Examples 61

f

(a) Sum-of-products realization

(b) Product-of-sums realization

x1

x2

x3

f

x1

x2

x3

Figure 2.32 Implementation of the function in Figure 2.31.

Using the distributive property, this expression can be written as

f = sx1(x2 + x2) + s(x1 + x1)x2

Applying theorem 8b yields

f = sx1 · 1 + s · 1 · x2

Finally, theorem 6a gives

f = sx1 + sx2

x1
x2
x3

f

3
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Multiplexador

• Em sistemas de computadores, muitas vezes é necessário escolher dados de várias
fontes possíveis;

• Suponha que haja duas fontes de dados, fornecidas como sinais de entrada x1 e x2;

• Os valores desses sinais mudam no tempo, talvez em intervalos regulares;

• Queremos projetar um circuito que produza uma saída que tenha o mesmo valor de
x1 ou x2, dependendo do valor de um sinal de controle de seleção s;

• Portanto, o circuito deve ter três entradas: x1, x2 e s;

• Suponha que a saída do circuito será igual ao valor da entrada x1, se s = 0, e será
o valor da entrada x2, se s = 1;

• Obtenha uma função f (x1, x2, s) que solucione este problema.
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Multiplexador

linha s x1 x2 f

0 0 0 0 0
1 0 0 1 0
2 0 1 0 1
3 0 1 1 1
4 1 0 0 0
5 1 0 1 1
6 1 1 0 0
7 1 1 1 1

f (s, x1, x2) = sx1x2 + sx1x2 + sx1x2 + sx1x2

sx1(x2 + x2) + s(x1 + x1)x2

sx1.1 + s.1.x2

sx1 + sx2

5
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s f s x1 x2

f s x1 x2

0 x1

1 x2

(d) More compact truth-table representation

s x1 x2

0 0 0 0

0 0 1 0

0 1 0 1

0 1 1 1

1 0 0 0

1 0 1 1

1 1 0 0

1 1 1 1

(a) Truth table

f

x1

x2

s
f

s

x1

x2

0

1

(c) Graphical symbol(b) Circuit

(  ,     , )

(  ,     , )

Figure 2.33 Implementation of a multiplexer.

A circuit that implements this function is shown in Figure 2.33b. Circuits of this type are
used so extensively that they are given a special name. A circuit that generates an output
that exactly reflects the state of one of a number of data inputs, based on the value of one
or more selection control inputs, is called a multiplexer. We say that a multiplexer circuit
“multiplexes” input signals onto a single output.
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In this example we derived a multiplexer with two data inputs, which is referred to
as a “2-to-1 multiplexer.” A commonly used graphical symbol for the 2-to-1 multiplexer
is shown in Figure 2.33c. The same idea can be extended to larger circuits. A 4-to-1
multiplexer has four data inputs and one output. In this case two selection control inputs
are needed to choose one of the four data inputs that is transmitted as the output signal. An
8-to-1 multiplexer needs eight data inputs and three selection control inputs, and so on.

Note that the statement “f = x1 if s = 0, and f = x2 if s = 1” can be presented in a
more compact form of a truth table, as indicated in Figure 2.33d . In later chapters we will
have occasion to use such representation.

We showed how a multiplexer can be built using AND, OR, and NOT gates. The same
circuit structure can be used to implement the multiplexer using NAND gates, as explained
in Section 2.7. InAppendix B we will show other possibilities for constructing multiplexers.
In Chapter 4 we will discuss the use of multiplexers in considerable detail.

2.8.3 Number Display

In Example 2.2 we designed an adder circuit that generates the arithmetic sum S = a+ b,
where aand bare one-bit numbers and S = s1s0 provides the resulting two-bit sum, which
is either 00, 01, or 10. In this design example we wish to create a logic circuit that drives
a familiar seven-segment display, as illustrated in Figure 2.34a. This display allows us to
show the value of S as a decimal number, either 0, 1, or 2. The display includes seven

ce

1

0

1

1

1

s0 a

1

b

1

1

0

1

0

0

s1

0

1

0

c

0

1

1

d

1

0

1

e

0

0

1

f

0

0

1

g

(b) Truth table

s1

a

s0

b
c
d
e
f
g

a

g

bf

d

(a) Logic circuit and 7-segment display

Logic
circuit

Figure 2.34 Display of numbers.

a = d = e = s0

b = 1

c = s1

f = s1s0

g = s1s0
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Note that the statement “f = x1 if s = 0, and f = x2 if s = 1” can be presented in a
more compact form of a truth table, as indicated in Figure 2.33d . In later chapters we will
have occasion to use such representation.

We showed how a multiplexer can be built using AND, OR, and NOT gates. The same
circuit structure can be used to implement the multiplexer using NAND gates, as explained
in Section 2.7. InAppendix B we will show other possibilities for constructing multiplexers.
In Chapter 4 we will discuss the use of multiplexers in considerable detail.

2.8.3 Number Display

In Example 2.2 we designed an adder circuit that generates the arithmetic sum S = a+ b,
where aand bare one-bit numbers and S = s1s0 provides the resulting two-bit sum, which
is either 00, 01, or 10. In this design example we wish to create a logic circuit that drives
a familiar seven-segment display, as illustrated in Figure 2.34a. This display allows us to
show the value of S as a decimal number, either 0, 1, or 2. The display includes seven
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