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Estratégias de minimização



Estratégias de minimização

• Obter a expressão mínima depende do critério usado;

• Exemplo: número de termos na expressão e o número de literais nos termos;
• Ligeiramente diferente do nosso critério anterior;

• Estratégia intuitiva: encontrar o menor número possível de grupos de 1s que
cobrem todos os casos em que a função tem um valor igual a 1;

• Funciona bem para mapas pequenos, mas precisamos de um método organizado;
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Estratégias de minimização: terminologia

• Literal: cada variável que aparece em um termo de produto, na sua forma normal
ou inversa;

• Implicante: agrupamento de 2n mintermos adjacentes;
• Ex. f (x1, x2, x3) = x2 tem 9 implicantes;

• Implicante primo: implicante que não pode ser alargado;
• Os maiores grupos de 1s que podem ser circulados no mapa;

• Implicante primo essencial: contém pelo menos um mintermo que não está
contido em nenhum outro implicante primo;

• Cobertura: um conjunto de implicantes que abranja todas as saídas 1 da função;
• O conjunto de todos os mintermos;
• O conjunto de todos os implicantes primos;
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Estratégias de minimização: algoritmo

1. Gerar todos os implicantes primos para a função;

2. Encontrar o conjunto dos implicantes primos essenciais;

3. Se esse oferece cobertura à função, então é a solução desejada; senão, adicionar os
implicantes primos não essenciais com custo mínimo;
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Estratégias de minimização: exemplos
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Figure 2.58 The function f (x1, . . . , x4) =∑
m(0, 4, 8, 10, 11, 12, 13, 15).

only m10 and m11 remain to be covered, which can be achieved with x1x2x3. Therefore, the
alternative implementation is

f = x3x4 + x1x2x4 + x1x2x3

Clearly, this implementation is a better choice.
Sometimes there may not be any essential prime implicants at all. An example is given

in Figure 2.59. Choosing any of the prime implicants and first including it, then excluding
it from the cover leads to two alternatives of equal cost. One includes the prime implicants
indicated in black, which yields

f = x1x3x4 + x2x3x4 + x1x3x4 + x2x3x4

The other includes the prime implicants indicated in blue, which yields

f = x1x2x4 + x1x2x3 + x1x2x4 + x1x2x3

This procedure can be used to find minimum-cost implementations of both small and
large logic functions. For our small examples it was convenient to use Karnaugh maps
to determine the prime implicants of a function and then choose the final cover. Other
techniques based on the same principles are much more suitable for use in CAD tools; we
will introduce such techniques in Chapter 8.

The previous examples have been based on the sum-of-products form. We will next
illustrate that the same concepts apply for the product-of-sums form.

2.13 Minimization of Product-of-Sums Forms

Now that we know how to find the minimum-cost sum-of-products (SOP) implementations
of functions, we can use the same techniques and the principle of duality to obtain minimum-
cost product-of-sums (POS) implementations. In this case it is the maxterms for which
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Estratégias de minimização: exemplos
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Figure 2.59 The function f (x1, . . . , x4) =∑
m(0, 2, 4, 5, 10, 11, 13, 15).
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Figure 2.60 POS minimization of f (x1, x2, x3) = !M (4, 5, 6).

f = 0 that have to be combined into sum terms that are as large as possible. Again, a sum
term is considered larger if it covers more maxterms, and the larger the term, the less costly
it is to implement.

Figure 2.60 depicts the same function as Figure 2.56 depicts. There are three maxterms
that must be covered: M4, M5, and M6. They can be covered by two sum terms shown in
the figure, leading to the following implementation:

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

A circuit corresponding to this expression has two OR gates and one AND gate, with two
inputs for each gate. Its cost is greater than the cost of the equivalent SOP implementation
derived in Figure 2.56, which requires only one OR gate and one AND gate.

The function from Figure 2.57 is reproduced in Figure 2.61. The maxterms for which
f = 0 can be covered as shown, leading to the expression

f = (x2 + x3)(x3 + x4)(x1 + x2 + x3 + x4)
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Estratégias de minimização: exemplos
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