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Architetture dei Calcolatori
(lettere A-I)

Unità logico-aritmetica

Architetture dei Calcolatori 2004/05
Valeria Cardellini 1

Unità logico-aritmetica (ALU)
• E’ la parte del processore che svolge le operazioni 

aritmetico-logiche
– Potenza di calcolo del processore

• Insieme di circuiti combinatori
• Le operazioni aritmetiche che vogliamo implementare

– Somma (istruzione add)
– Sottrazione (istruzione sub)
– Confronto (istruzioni slt, beq e bne)

• Le operazioni logiche che vogliamo implementare
– Operazione di AND, OR e NOR (istruzioni and, or e nor) 

• Obiettivo: un circuito generale in grado di svolgere una 
qualunque delle operazioni sopra
– Scelta di quale operazione eseguire in funzione di un valore 

specificato
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Blocchi di base per costruire l’ALU
c = a ·  bba
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c = a + bba
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c = aa
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1.  AND gate (c = a ·  b)

2.  OR gate (c = a + b)

3.  Inverter (c = a)¯

4.  Multiplexor
     (if d = = 0, c = a;
               else c = b)
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Passi per costruire l’ALU

• Implementazione incrementale dell’ALU per 
supportare le operazioni di
– AND e OR logici (istruzioni and e or)
– Addizione (istruzione add)
– Sottrazione (istruzione sub)
– NOR logico (istruzione nor)
– Confronto (istruzioni slt e beq)

• Per tutti i passi (tranne uno) studieremo 
l’implementazione dell’ALU a 1 bit, essendo 
l’estensione a 32 bit di semplice realizzazione
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Addizione

Quandi si esegue l’addizione bit-a-bit sulla parola di 32 bit, con
l’eccezione del bit0, si deve tener conto di un eventuale riporto

0000000000000000 0001  1 1 1 1  0 0 1 1  0 1 0 0   riporto

0000000000000000 0000  1 0 1 1  1 1 0 0  1 0 1 1  +
0000000000000000 0000  0 1 1 0  1 0 0 1  1 0 1 0  =

0000000000000000 0001  0 0 1 0  0 1 1 0  0 1 0 1

La 1-bit ALU che esegue l’addizione ha in ingresso, oltre  ai due
bit da sommare, anche un bit che indica il riporto.

R-in

Somma

R-out

Poiché il riporto dovrà essere propagato come input per la somma
dei due bit successivi, si deve prevedere anche un secondo valore
in uscita che rappresenta il riporto da propagare.

+
a

b

8+""?
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a b R-in R-out Somma
      0       0      0     0     0
      0       0      1     0     1
      0       1      0     0     1
      0       1      1     1     0
      1       0      0     0     1
      1       0      1     1     0
      1       1      0     1     0
      1       1      1     1     1

Le configurazioni in cui la funzione R-out vale 1 sono:

0  1  1 a  b  R-in
1  0  1   ab  R-in b  R-in
1  1  0   a  bR-in a  R-in
1  1  1   a  b  R-in a  b

R-out = a R-in  +  b R-in  +  a  b

a

b

R-in

R-out

+ , @+""?A0 @+""?B2. C#33+

Assuming all values are initially zero, what are the values of A and B after execut ing 
this Verilog code inside an always block?

C=1;
A <= C;
B = C;

 C.5  

Constructing a Basic Arithmetic Logic 
Unit 

The arithmetic logic unit (ALU ) is the brawn of the computer, the device that 
per forms the arithmetic operations like addition and subtraction or logical opera-
tions like AND and OR. This section constructs an ALU from four hardware 
building blocks (AND and OR gates, inverters, and multiplexors) and illustrates 
how combinational logic works. In the next section, we will see how addition can 
be sped up through more clever designs. 

Because the MIPS word is 32 bits wide, we need a 32-bit-wide ALU. Let’s assume 
that we will connect 32 1-bit ALUs to create the desired ALU. We’ll there fore start 
by constructing a 1-bit ALU.

A 1-Bit ALU
The logical operations are easiest, because they map directly onto the hardware 
components in Figure C.2.1. 

The 1-bit logical unit for AND and OR looks like Figure C.5.1. The multiplexor 
on the right then selects a AND b or a OR b, depending on whether the value of 
Operation is 0 or 1. The line that controls the multiplexor is shown in color to dis-
tinguish it from the lines containing data. Notice that we have renamed the con trol 
and output lines of the multiplexor to give them names that refl ect the function of 
the ALU.

The next function to include is addition. An adder must have two inputs for the 
operands and a single-bit output for the sum. There must be a second output to 
pass on the carry, called CarryOut. Since the CarryOut from the neighbor adder 
must be included as an input, we need a third input. This input is called CarryIn. 
Figure C.5.2 shows the inputs and the outputs of a 1-bit adder. Since we know what 
addition is supposed to do, we can specify the outputs of this “black box” based on 
its inputs, as Figure C.5.3 demonstrates.

We can express the output functions Carry Out and Sum as logical equations, 
and these equations can in turn be implemented with logic gates. Let’s do Carry-
Out. Figure C.5.4 shows the values of the inputs when CarryOut is a 1.

We can turn this truth table into a logical equation:

CarryOut = (b · CarryIn) + (a · CarryIn) + (a · b) + (a · b · CarryIn)

ALU n. [Arthritic 
Logic Unit or (rare) 
Arithmetic Logic Unit] 
A random-number 
generator supplied as 
standard with all 
computer systems.

Stan Kelly-Bootle, The 
Devil’s DP Dictionary, 
1981

ALU n. [Arthritic 
Logic Unit or (rare) 
Arithmetic Logic Unit] 
A random-number 
generator supplied as 
standard with all 
computer systems.

Stan Kelly-Bootle, The 
Devil’s DP Dictionary, 
1981

Check 
Yourself
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If a · b · CarryIn is true, then all of the other three terms must also be true, so we 
can leave out this last term corresponding to the fourth line of the table. We can 
thus simplify the equation to

CarryOut = (b · CarryIn) + (a · CarryIn) + (a · b)

Figure C.5.5 shows that the hardware within the adder black box for CarryOut 
consists of three AND gates and one OR gate. The three AND gates correspond 
exactly to the three parenthesized terms of the formula above for CarryOut, and 
the OR gate sums the three terms.

Inputs

a b CarryIn

0 1 1

1 0 1

1 1 0

1 1 1

FIGURE C.5.4 Values of the inputs when CarryOut is a 1.

FIGURE C.5.5 Adder hardware for the CarryOut signal. The rest of the adder hardware is the logic 
for the Sum output given in the equation on this page.

a

b

CarryIn

CarryOut

The Sum bit is set when exactly one input is 1 or when all three inputs are 1. The 
Sum results in a complex Boolean equation (recall that  

_
 a  means NOT a):

Sum = (a ·  
__

 b  ·  
_______

 CarryIn ) + ( 
_
 a  · b ·  

_______
 CarryIn ) + ( 

_
 a  ·  

__
 b  · CarryIn) + (a · b · CarryIn)

The drawing of the logic for the Sum bit in the adder black box is left as an exercise 
for the reader.
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consists of three AND gates and one OR gate. The three AND gates correspond 
exactly to the three parenthesized terms of the formula above for CarryOut, and 
the OR gate sums the three terms.
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The Sum bit is set when exactly one input is 1 or when all three inputs are 1. The 
Sum results in a complex Boolean equation (recall that  

_
 a  means NOT a):

Sum = (a ·  
__

 b  ·  
_______

 CarryIn ) + ( 
_
 a  · b ·  

_______
 CarryIn ) + ( 
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 a  ·  

__
 b  · CarryIn) + (a · b · CarryIn)

The drawing of the logic for the Sum bit in the adder black box is left as an exercise 
for the reader.
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a b R-in R-out Somma
      0       0      0     0     0
      0       0      1     0     1
      0       1      0     0     1
      0       1      1     1     0
      1       0      0     0     1
      1       0      1     1     0
      1       1      0     1     0
      1       1      1     1     1

Le configurazioni in cui la funzione R-out vale 1 sono:

0  1  1 a  b  R-in
1  0  1   ab  R-in b  R-in
1  1  0   a  bR-in a  R-in
1  1  1   a  b  R-in a  b

R-out = a R-in  +  b R-in  +  a  b

a

b

R-in

R-out

+ , @+""?A0 @+""?B2. C#33+

If a · b · CarryIn is true, then all of the other three terms must also be true, so we 
can leave out this last term corresponding to the fourth line of the table. We can 
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𝑎 − 𝑏 = 𝑎 + ('𝑏 + 1)
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𝑎 + 𝑏 = %𝑎 & %𝑏
𝑎 & 𝑏 = %𝑎 + %𝑏
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