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11  Architettura degli Elaboratori 

Decoder 
Componente con n  input e 2n output

n  gli n input sono interpretati come un numero unsigned
n  se questo numero rappresenta il numero i, allora

n  solo il bit in output di indice i  (i=0,1,...,2n-1) verrà posto ad 1
n  tutti gli altri verranno posti a 0

Decoder 
A
B
C

3

Out_0 

Out_7 

. 

. 

. 

. 

0 0 0 1 0 0 0 0 0 0 
0 0 1 0 1 0 0 0 0 0 
0 1 0 0 0 1 0 0 0 0 
0 1 1 0 0 0 1 0 0 0 
1 0 0 0 0 0 0 1 0 0 
1 0 1 0 0 0 0 0 1 0 
1 1 0 0 0 0 0 0 0 1 
1 1 1 0 0 0 0 0 0 0 

A B C 0 1 2 3 4 5 6 
0 
0 
0 
0 
0 
0 
0 
1 

7 
A B C

Out_0 

Out_1 

Out_2 

Out_3 

. . 

. 
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C = (A ⋅ S )+ (B ⋅ S)
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Quale funzione logica viene implementata?

𝑌 = 𝐴 $𝑃! $𝑃" + 𝐵 $𝑃!𝑃" + 𝐶𝑃! $𝑃" + 𝐷𝑃!𝑃"
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E = (A+ B +C) ⋅ (A+C + B) ⋅ (B +C + A)
_____________________________________________________
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Sum of Products

Show the sum-of-products representation for the following truth table for D.

There are four product terms, since the function is true (1) for four different 
input combinations. These are:

 
__

 A  ·  
__

 B  · C

 
__

 A  · B ·  
__

 C 

A ·  
__

 B  ·  
__

 C 

A · B · C

Thus, we can write the function for D as the sum of these terms:

D = ( 
__

 A  ·  
__

 B  · C) + ( 
__

 A  · B ·  
__

 C ) + (A ·  
__

 B  ·  
__

 C ) + (A · B · C)

Note that only those truth table entries for which the function is true gener ate 
terms in the equation.

We can use this relationship between a truth table and a two-level representa-
tion to generate a gate-level implementation of any set of logic functions. A set of 
logic functions corresponds to a truth table with multiple output columns, as we 
saw in the example on page C-5. Each output column represents a different logic 
function, which may be directly constructed from the truth  table. 

The sum-of-products representation corresponds to a common structured-
logic implementation called a programmable logic array (PLA). A PLA has a set 
of inputs and corresponding input complements (which can be implemented with 
a set of inverters), and two stages of logic. The fi rst stage is an array of AND gates 
that form a set of product terms (sometimes called minterms); each prod uct term 
can consist of any of the inputs or their complements. The second stage is an array 
of OR gates, each of which forms a logical sum of any number of the product 
terms. Figure C.3.3 shows the basic form of a PLA. 

EXAMPLEEXAMPLE

ANSWERANSWER

programmable logic 
array (PLA) A 
structured-logic   element 
composed of a set of 
inputs and corresponding 
input complements and 
two stages of logic: the 
fi rst generating prod uct 
terms of the inputs and 
input complements, and 
the second generating 
sum terms of the product 
terms. Hence, PLAs 
implement logic functions 
as a sum of products. 

minterms Also called 
prod uct terms. A set 
of logic  inputs joined 
by conjunction (AND 
operations); the product 
terms form the fi rst 
logic stage of the 
programmable logic 
array (PLA).

programmable logic 
array (PLA) A 
structured-logic   element 
composed of a set of 
inputs and corresponding 
input complements and 
two stages of logic: the 
fi rst generating prod uct 
terms of the inputs and 
input complements, and 
the second generating 
sum terms of the product 
terms. Hence, PLAs 
implement logic functions 
as a sum of products. 

minterms Also called 
prod uct terms. A set 
of logic  inputs joined 
by conjunction (AND 
operations); the product 
terms form the fi rst 
logic stage of the 
programmable logic 
array (PLA).

Inputs Output

A B C D

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

C-12 Appendix C The Basics of Logic Design

A ⋅B ⋅C A ⋅B ⋅C A ⋅B ⋅C A ⋅B ⋅C

D = (A ⋅B ⋅C)+ (A ⋅B ⋅C)+ (A ⋅B ⋅C)+ (A ⋅B ⋅C)
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A PLA can directly implement the truth table of a set of logic functions with 
multiple inputs and outputs. Since each entry where the output is true requires 
a product term, there will be a corresponding row in the PLA. Each out put 
corresponds to a potential row of OR gates in the second stage. The number of OR 
gates corresponds to the number of truth table entries for which the output is true. 
The total size of a PLA, such as that shown in Figure C.3.3, is equal to the sum of 
the size of the AND gate array (called the AND plane) and the size of the OR gate 
array (called the OR plane). Looking at Figure C.3.3, we can see that the size of the 
AND gate array is equal to the number of inputs times the number of different 
product terms, and the size of the OR gate array is the number of outputs times the 
number of product terms. 

A PLA has two characteristics that help make it an effi cient way to implement 
a set of logic functions. First, only the truth table entries that produce a true value 
for at least one output have any logic gates associated with them. Second, each dif-
ferent product term will have only one entry in the PLA, even if the product term 
is used in multiple outputs. Let’s look at an example.

PLAs

Consider the set of logic functions defi ned in the example on page C-5. Show 
a PLA implementation of this example for D, E, and F. EXAMPLEEXAMPLE

 C.3 Combinational Logic C-13

FIGURE C.3.3 The basic form of a PLA consists of an array of AND gates followed by 
an array of OR gates. Each entry in the AND gate array is a product term consisting of any number of 
inputs or inverted inputs. Each entry in the OR gate array is a sum term consisting of any number of these 
product terms. 

AND gates

OR gates

Product terms

Outputs

Inputs



!"#$%&'&&(")*+',-%*'-)./")&/"%

2A6

! 5&#3*'+%*,7& /, 3+0(+#$+ $,J+//, '* 6+%*$[?

! 5&3$%(*%+ */ .=B -&%%*38&#'+#$+?

0D

Here is the truth table we constructed earlier:
ANSWERANSWER

Inputs Outputs

A B C D E F

0 0 0 0 0 0

0 0 1 1 0 0

0 1 0 1 0 0

0 1 1 1 1 0

1 0 0 1 0 0

1 0 1 1 1 0

1 1 0 1 1 0

1 1 1 1 0 1

Since there are seven unique product terms with at least one true value in the 
output section, there will be seven columns in the AND plane. The number of 
rows in the AND plane is three (since there are three inputs), and there are also 
three rows in the OR plane (since there are three outputs). Figure C.3.4 shows 
the resulting PLA, with the product terms corresponding to the truth table 
entries from top to bottom.

Rather than drawing all the gates, as we do in Figure C.3.4, designers often show 
just the position of AND gates and OR gates. Dots are used on the intersec tion of a 
product term signal line and an input line or an output line when a cor responding 
AND gate or OR gate is required. Figure C.3.5 shows how the PLA of Figure C.3.4 
would look when drawn in this way. The contents of a PLA are fi xed when the PLA 
is created, although there are also forms of PLA-like structures, called PALs, that 
can be programmed electronically when a designer is ready to use them.

ROMs
Another form of structured logic that can be used to implement a set of logic func-
tions is a read-only memory (ROM). A ROM is called a memory because it has 
a set of locations that can be read; however, the contents of these locations are 
fi xed, usually at the time the ROM is manufactured. There are also programma ble 
ROMs (PROMs) that can be programmed electronically, when a designer knows 
their contents. There are also erasable PROMs; these devices require a slow erasure 
process using ultraviolet light, and thus are used as read-only memories, except 
during the design and debugging process. 

A ROM has a set of input address lines and a set of outputs. The number of 
addressable entries in the ROM determines the number of address lines: if the 

read-only memory 
(ROM) A memory 
whose contents are 
designated at creation 
time, after which the 
contents can only be read. 
ROM is used as structured 
logic to implement a 
set of logic functions by 
using the terms in the 
logic functions as address 
inputs and the out puts as 
bits in each word of the 
memory. 

programmable ROM 
(PROM) A form of 
read-only memory that 
can be pro grammed 
when a designer knows its 
contents.

read-only memory 
(ROM) A memory 
whose contents are 
designated at creation 
time, after which the 
contents can only be read. 
ROM is used as structured 
logic to implement a 
set of logic functions by 
using the terms in the 
logic functions as address 
inputs and the out puts as 
bits in each word of the 
memory. 

programmable ROM 
(PROM) A form of 
read-only memory that 
can be pro grammed 
when a designer knows its 
contents.
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Rappresentazione circuitale mediante ROM
• Read Only Memory, memoria di sola lettura.

Funge anche da modulo combinatorio a uscita multipla.

• n linee di ingresso, m linee di uscita (ampiezza)
a ciascuna delle 2n (altezza) configurazioni di ingresso
(parole di memoria) è associata permanentemente una
combinazione delle m linee di uscita.

• l’input seleziona la parola da leggere di m bit, che appare in uscita

• L’input funziona da indice all’interno della ROM. 
Viene realizzato con un decoder n-a-2n seguito da 
una matrice di m porte OR.

A.A. 2021-2022 http:\\borghese.di.unimi.it\20/42

ROM - esempio
X0 X1 X2 Z0 Z1

0 0 0 0 0

0 0 1 1 0

0 1 0 1 0

0 1 1 0 1

1 0 0 1 0

1 0 1 0 1

1 1 0 0 1

1 1 1 1 1

X2

Z0 Z1

X1

X0

000

001

010

011
100

101

110
111

De-
co-
der

__                    __                    __
Z1 = X0 X1 X2 + X0 X1 X2 + X0 X1 X2 + X0 X1 X2

__ __         __       __          __ __      
Z0 = X0 X1 X2 + X0 X1 X2 + X0 X1 X2 + X0 X1 X2

!P!*0E;@*Q;A RF!*L;M "#
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