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ALU

An arithmetic logic unit (ALU) 1s a digital circuit used to perform arithmetic and logic

operations.

R e

Examples of arithmetic operations are addition, subtraction, multiplication, and division.

Examples of logic operations are comparisons of values such as NOT, AND, and OR.

[t represents the fundamental building block of the central processing unit (CPU) of a

computer.

Modern CPUs contain very powerful and complex ALUs.

In addition to ALUs, modern CPUs contain a control unit (CU).
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g(\i How an ALU Works “g(\i

* Most of the operations of a CPU are performed by one or more ALUs, which load data from input

registers.

* Aregister i1s a small amount of storage available as part of a CPU.

* The control unit tells the ALU what operation to perform on that data, and the ALU stores the result

In an output register.
f

* The control unit moves the data between these registers, the ALU, and memory.

* All information in a computer 1s stored and manipulated in the form of binary numbers, 1.e. 0 and 1.

* Transistor switches are used to manipulate binary numbers since there are only two possible states of

a switch: open or closed.

——
* Operations can be accomplished by connecting multiple Aransistors. This is referred to as

v

h men llowror stop a current.
a gate because the arrangement can be used to allo op a curre
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When the operations become more agd—m@c.qg plex, then the ALU will also become more and more

expensive and also takes up more space in the CPU and dissipates more heat.

* That 1s why engineers make the ALU powerful enough to ensure that the CPU 1s also powerful and fast, but not

so complex as to become prohibitive in terms of cost and other disadvantages.

* ALU 1s also known as a@eger Unit (1U). O\l|o[ = t+1/3
- — 15

* Dafferent operation as carried out by ALU can be categorized as follows — [} 10|

Logical operations * These include operations like AND, OR, NOT, XOR, NOR, NAND, etc.

it-Shifting Operations > This pertains to shifting the positions of the bits by a certain number of places either

towards the right or left, which is considered a multiplication or division operations.
.@leﬁc operations - This refers to bit addition and subtraction. Although multiplication and division are
s oot liion ithe

sometimes used, these operations are mor expen@ Multiplication and division can also be done by

repetitive additions and subtractions respectively.
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k.= Units of ALU

* The arithmetic logic unit 1s split into AU (arithmetic unit) and LU (logic unit).

* The operands and code used by the ALU tell it which operations have to perform according to

input data. opcode 0 Wdﬂ

* When the ALU completes the processing natroF sent to the computer’s

Step 3: Execute .@
ommands

Step 4: Store result
In memory

memory.

Step 2: Decode
the instruction
into commands

Step 1: Fetc
instruction from
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@}N Arithmetic Logic Unit (ALU) Signals ew

umcu-l

+ A vari ety of input and output electrical connections are contained by the ALU, which led to casting the dlgntal
signals between the external electronics and ALU.

* ALU input gets signals from the external circuits, and in response, external electronics get outputs signals from
ALU. - -

@Three parallel buses are contained by the ALU, which include two input and output operand These three
e

s handle the number of signals, which are th Ca

When the ALU 1s gonb&to perform the opera 1on it 15 described by the operation selection code what
type of operation an ALU is going to perform arithmetic or logic operation.

i a e
Status [z3]ce[ P TV ® [cy j ||
. @ e results of the ALU operations are provided by the status outputs in the form of sugp‘emental data as

t Are multlple signals. Usually, status signals like overflow, Watlve and more are contained
by general A hen the ALU completes each operafion; the external registers contained the status output

sn@j These sngnals are stored in the external registers that led to making them available for future ALU
operations.

. @Vhen ALU once performs the operation, the status inputs allow ALU to access further information to
complete the operation successfully. Furthermore, stored carry-out from a previous ALU operation 1s known as a

single "carry-in" bit.
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“g(\i Configurations of the ALU .§%’.
* The description of how ALU interacts with the processor 1s given below.
* Every arithmetic logic unit includes the following configurations:

 —

* Instruction Set Architecture .~
* Accumulator B ADD >,
* Stack -~

* Register to Register e
* Register Stack .~

* Register Memory /

AN
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Accumulator GW

* The intermediate result of every operation 1s contained by the accumulator, which

means Instruction Set Architectur 1s not more complex because there 1s

only required to hold one bit.

* Generally, they are much fast and less complex but to make Accumulator more

the additional codes need to be written to fill it with proper values.

* Unluckily, with a single processor, it 1s very difficult to find Accumulators to

—

execute parallelism.

_—/ﬁ_

* An example of an Accumulator 1s the desktcmlc/ulator.
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* Whenever the latest operations are performed, these are stored on the stack that

holds programs in top-down order, which 1s a small register.

—_—

* When the new programs are added to execute, they push to put the old programs.
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“g(\i Register and Memory “@“%I”

* In this architecture, one operand comes from the register, and the other comes

—_

from the external memory as it 1s one of the most complicated architectures.

* The reason behind 1t 1s that every program might be very long as they require to be

held in full memory space.

* Generally, this technology 1s integrated with Register-Register Register

technology and practically cannot be used separately.
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@ff_ Advantages of ALU —

* It supports parallel architecture and applications with high performance.

* It has the ability to get the desired output sim;ltaneously and combine integer and
ﬂoawoint variables. B B

* It has the capability of performing instructions o e set and igh
range of accuracy. D23 6489 710 Xx1p
* Two arithmetic operations in the same code like addifion and multiplication or

addition and subtraction, or any two operands can be combined by the ALU. For
case@ﬁié )

* Through the whole program, they remain uniform, and they are spaced in a way
that they cannot interrupt part in between.

* In general, it is very fast; hence, it provides results quickly.

* There are no sensitivity issues and no memory wastage with ALU.

—

* They are less expensive and minimize the logic gate requirements.
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* With the ALU, floating variables have more delays, and the designed controller 1s

e —— T —_

—

not easy to understand.

* The bugs would occur 1n our result if memory space were definite.

* It 1s difficult to understand amateurs as their circuit 1s complex; also, the concept

of pipelining i1s complex to understand.

* A proven disadvantage of ALU is that there are irregularities in latencies.

/—-

 Another demerit is rounding off, which {mpacts accuracy.
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