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Abstract

ALU has proved to be an important module of a processor so as to carry out the most important computation for the assigned task in
the domain of digital system based applications, for example, Digital Signal Processing. This has been the most important and desired
application in the upcoming technology because of which it has proved to be the most aspired field of research under considerations.
Keeping this in consideration, the author has put forward a discussion based on the performance analysis of an ALU of the processor
with the help of the most dominant modules of the ALU on which the entire computation is based on. The entire simulation task has
been carried out with the help of the Proteus Design Suite is a proprietary software tool suite used primarily for electronic design
automation. This software can provide all the resources needed for the test and it directly evaluates the correctness of hardware circuit
design, directly debug the software with hardware schematic diagram and verify the function of the whole design and test controllable.
This paper proposes a proteus design of different components of ALU. ALU performs different arithmetic and logical operations. The
implementation of different components like adder, subtractor, encoder, decoder and multiplexer are carried out on this paper.
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1. INTRODUCTION

In the current scenario of circuit designing, a tremendous need for different software for testing the circuits before making
the hardware is seen. Major researches have been focusing on the functionality of digital circuits and leakage power
expenditure. Proteus Design Suite is a software tool which is designed to test the electronic components and circuits. An
ALU is a digital circuit which performs two operations i.e. arithmetic and logical operations. It is the essential building
block of the Central Processing Unit in the computer. Different circuits like adder, multiplexer, subtractor etc. are used in
order to implement the ALU. This paper discusses about various components of 1-bit ALU and their simulation on Proteus
[1-5].

2. ARITHMETIC LOGIC UNIT (ALU)

ALU stand for Arithmetic and Logic unit. An arithmetic-logic unit is the part of a central processing unit that carries out
arithmetic and logic operations on the operands in computer instruction words. In some processors, the ALU is divided
into two units: an arithmetic unit (AU) and a logic unit (LU). Some processors contain more than one AU: for example,
one for fixed-point operations and another for floating-point operations. ALUs serve as a combinational digital circuit that
performs arithmetic and bitwise operations on binary numbers.

This is a foundational building block of arithmetic logic circuits for numerous types of control units and computing circuits
including central processing units (CPUs), FPUs and graphics processing units. Except performing calculations related to
addition and subtraction, ALUs handle the multiplication of two integers as they are designed to execute integer
calculations; hence, its result is also an integer. However, division operations commonly may not be performed by ALU
as division operations may produce a result in a floating-point number.

Instead, the floating-point unit (FPU) usually handles the division operations; other non-integer calculations can also be
performed by FPU. An ALU usually takes two inputs, called operands, and a code, called OPCODE, which specifies the
operation to be performed on the operands. ALU also has a result output which is the result of the operation on the
operands. In some designs, usually the values (operands) fed to the ALU and/or the result generated from ALU are read
from/stored in registers. A general symbolic representation of an ALU is shown in Figure 1 [6-15].
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Fig-1: A Symbolic Representation of an ALU [16]

3. FULL ADDER DESIGN

Table-1: Truth table of Full Adder
Inputs Outputs
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Fig-2: Circuit diagram of Full Adder [17]

Full Adder is the adder that adds three inputs and produces two outputs. The first two inputs are A and B and the third
input is an input carry as C-IN. The output carry is designated as C-OUT and the normal output is designated as S
which is SUM. A full adder logic is designed in such a manner that can take eight inputs together to create a byte-wide
adder and cascade the carry bit from one adder to another. A 1-bit full adder adds three operands and generates 2-bit
results. The circuit diagram and truth table of full adder is shown in fig 2 and tablel respectively.

Sum = (A®B)®C;, @
Carry =(A-B) )
4. FULL SUBTRACTOR DESIGN
Dif ference = ABB;,, + ABB;, + ABB;, + ABB;, (3)
Bout = BBi‘n + /TB + ABln (4)
Table-2: Truth table of Full Subtractor
Inputs Outputs
A B C Difference Borrow
0 0 0 0 0
0 0 1 1 1
0 1 0 1 1
0 1 1 0 1
1 0 0 1 0
1 0 1 0 0
1 1 0 0 0
1 1 1 1 1
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Fig-2: Circuit diagram of Full Subtractor [18]

A full subtractor is a combinational circuit that performs subtraction of two bits, one is minuend and other is
subtrahend, considering borrow of the previous adjacent lower minuend bit. This circuit has three inputs and two
outputs. The three inputs A, B and Bin, denote the minuend, subtrahend, and previous borrow, respectively.

The two outputs, D and Bout represent the difference and output borrow, respectively. The circuit diagram of full
subtractor is shown in fig.2 and truth table of the full subtractor is shown in table 2 [19-25].

5. 4:1 MULTIPLEXER DESIGN
In 4:1 MUX, there will be 4 input lines and 1 output line. And to control which input should be selected out of these 4,
we need 2 selection lines. Thus, it is evident from the fig.4 below that 10, 11, 12 and 13 are the input lines and S1, S2 are
the two selection lines.

Y =5,5,Dy + 5yS; + Dy + SoS1 D, + SS; D5 (5)
The combination of binary numbers given as a selection line will determine the output of the MUX. The circuit diagram
and truth table of the 4:1 multiplexer is shown below in the fig 3 and table 3 respectively [26-32].

Table-3: Truth table of 4:1 Mux

Selection Lines | Output

SO 81 Y

0 0 Do

0 1 D,

1 0 D,

1 1 D
e N
vilY
—l 7

Fig-3: Circuit diagram of 4:1 Mux [33]

6. 4 to 2 ENCODER DESIGN
An Encoder is a combinational circuit that performs the reverse operation of Decoder. It has maximum of 2" input lines
and ‘n’ output lines. It will produce a binary code equivalent to the input, which is active High. Therefore, the encoder
encodes 2" input lines with ‘n’ bits.

A =Y, +Y, (6)

A=Y+ Y, @)
It is optional to represent the enable signal in encoders. Let 4 to 2 Encoder has four inputs Y3, Y2, Y1 & Yo and two outputs
A1 & Ao. At any time, only one of these 4 inputs can be ‘1’ in order to get the respective binary code at the output. The
circuit diagram and truth table of the encoder is shown below in the fig 4 and table 4 respectively [34-42].

Table-4: Truth table of 4:2 Encoder

Inputs Outputs
Ys Yo | Ya [ Yo | A Ao
1 0 0 0 0 0
0 1 0 0 0 1
0 0 1 0 1 0
0 0 0 1 1 1
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Fig-4: Circuit diagram of 4:2 Encoder [43]

7. 2 to 4 DECODER DESIGN

Decoder is a combinational circuit that has ‘n’ input lines and maximum of 2" output lines. One of these outputs will be
active High based on the combination of inputs present, when the decoder is enabled. That means decoder detects a
particular code.

The outputs of the decoder are nothing but the min terms of ‘n” input variables lines, when it is enabled. In 2:4 decoder,
decoders have two inputs namely A0, Al, and four outputs denoted by DO, D1, D2, and D3. The following figure shows
the circuit diagram and truth table of 2 to 4 decoder [44-47].

Y3 = E'AI'AO (8)
Y, = E.A;. A, 9)
Y, = E.A;. A, (8)
Y1 = E. A_lA_O (8)

Table-5: Truth table of 2 to 4 Decoder

Enable | Inputs Qutputs

E AL Aoy Y, Y, Y1 Yo

0 X X 0 0 0 0

1 0 0 0 0 0 1

1 0 1 0 0 1 0

1 1 0 0 1 0 0

1 1 1 1 0 0 0

Ay
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YIY [

Y1
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Fig-5: Circuit diagram of 2 to 4 Decoder [48]

8. PERFORMNCE ANALYSIS WITH PROTEUS DESIGN SUITE

The Proteus Design Suite is a proprietary software tool suite used primarily for electronic design automation. The software
is used mainly by electronic design engineers and technicians to create schematics and electronic prints for manufacturing
printed circuit boards.

Proteus can provide all the resources needed for the test, directly evaluate the correctness of hardware circuit design,
directly debug the software with hardware schematic diagram, verify the function of the whole design, and test
controllable, easy to evaluate and easy to implement. Schematic capture in the Proteus Design Suite is used for both the
simulation of designs and as the design phase of a PCB layout project.

It is therefore a core component and is included with all product configurations. There are different modules of proteus.
Some of them are as following.

Schematic Capture
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Schematic capture in the Proteus Design Suite is used for both the simulation of designs and as the design phase of a PCB
layout project. It is therefore a core component and is included with all product configurations.

Microcontroller Simulation

The micro-controller simulation in Proteus works by applying either a hex file or a debug file to the microcontroller part
on the schematic. It is then co-simulated along with any analog and digital electronics connected to it. This enables its use
in a broad spectrum of project prototyping in areas such as motor control, temperature control and user interface design.
It also finds use in the general hobbyist community and, since no hardware is required, is convenient to use as a training
or teaching tool.

PCB Design

The PCB Layout module is automatically given connectivity information in the form of a netlist from the schematic
capture module. It applies this information, together with the user specified design rules and various design automation
tools, to assist with error free board design. PCB's of up to 16 copper layers can be produced with design size limited by
product configuration.

3D Design

The 3D Viewer module allows the board under development to be viewed in 3D together with a semi-transparent height
plane that represents the boards enclosure. STEP output can then be used to transfer to mechanical CAD software such
as Solid works or Autodesk for accurate mounting and positioning of the board.

9. RESULT AND DISCUSSIONS

9.1 Simulation of Full Adder

The functional correctness of full adder is verified with the use of Proteus to make the corresponding simulation. In the
below figure a, b, c are the inputs of the full adder and the Cin and s are the outputs. The following waveform is carried
out in the Proteus software.

Fig-6: Simulation waveform of Full adder in Proteus

9.2. Simulation of Full Subtractor
The following figure shows the proteus simulation of full subtractor. In the below figure the a, b, bin are the inputs of the
full subtractor and the d, Cout are the outputs of the full subtractor.

Fig-7: Simulation waveform of Full subtractor in Proteus

9.3 Simulation of 4:1 Multiplexer

W Journal of Pharmaceutical Negative Results | Volume 13 | Special Issue 1 | 2022 -



https://en.wikipedia.org/wiki/Netlist
https://en.wikipedia.org/wiki/Design_rule_checking
https://en.wikipedia.org/wiki/ISO_10303-21
https://en.wikipedia.org/wiki/Solidworks
https://en.wikipedia.org/wiki/Autodesk

The following figure shows the proteus simulation of 4:1 multiplexer. In the figure, a,b,c,d are the inputs of the
multiplexer, sO and s1 are the select lines and y is the output.

Fig-8: Simulation waveform of Full subtractor in Proteus

9.4. Simulation of 4 to 2 Encoder
The following figure shows the simulation of 4 to 2 encoder. In the below figure y0, y1, y2, y3 are the inputs of the

encoder and a0 and al are the outputs of the encoder.

Fig-9: Simulation of 4 to 2 Encoder in Proteus

9.5. Simulation of 2 to 4 Decoder
In the below figure, the functional correctness of decoder is verified with the use of Proteus to make the corresponding

simulation. In the below figure a0, al are the inputs of the decoder and the d0, d1, d2, d3 are the outputs. The following
waveform is carried out in the Proteus software.

Fig-10: Simulation of 2 to 4 Decoder in Proteus
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CONCLUSION

The 1-bit ALU is designed by integrating various modules like full adder, full subtractor, multiplexer, encoder, decoder.
The performance evaluation of these modules is also carried out in the proteus software. The results and simulations are
also carried out using proteus tool. As a future work different modules of 1-bit ALU can also be designed and included
into this ALU using Proteus tool.
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