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ABSTRACT
The research aims to determine the effectiveness of the Digital Electronics Education and Design
Suite Simulator to design a series of detector primes number. This research method begins by
determining the problem boundary, where this binary number circuit is only able to perform 2 (two)
bit binary operation to detect the primes number more less than 9. Those, the minimum value of
the multiplication results is 0000 with a decimal value of 0 to 1111 with a decimal value of 15. The
design is done by simplifying the problem by using the Boolean theorem. The results of this research
are the construction of simulation circuit that can be used to perform detect primes number more
less than 9 at 2 (two) binary numbers. Simplification of the circuit with the Boolean theorem method
using Digital Electronics Education and Design Suite Simulator is able effectively design series of

binary multipliers with an accuracy value of 100%.
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1. INTRODUCTION

At this time technology is developing very rapidly. This has an impact on computer
programming which is closely related to the field of electronics design, one of which is
digital circuits. The design of logic and digital circuits is a representation of the theorem of
Boolean Algebra. In compiling a logic circuit can consist of various logic gates[1]. The
required logic gates can be one or more. The number of logic gates used is of course in
accordance with the level of complexity of a planned circuit[2]. Complex digital circuits
consisting of various logic gates or commonly known as combination circuits are also
interesting for research. Complex digital circuits consisting of various logic gates or
commonly known as combination circuits are also interesting for research|3].

Given the importance of basic digital circuits to be used as control and control
circuits in the electronics field, there are many studies that discuss digital circuits, including;
research conducted by [3] which discusses combinational circuits. Combinational circuits
are an advanced part of some logic circuits [4] create a prototype to convert basic logic
gates. The research roadmap related to the prototype is continued [5] to assemble the digital
Half Adder ALU circuit. Furthermore, the development of research conducted by [6] who
makes models and simulations of prototype digital gate conversion circuits. In this study
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the logic gates used are basic AND, OR, NOT gates into Not AND and Not OR gates. To
complete the research roadmap for the digital circuit prototype, a comparison study of the
model and simulation of the half Adder ALU digital circuit prototype was carried out [5].
Advances in technology have led to research on Digital Circuits that can be represented by
Virtual Reality. In other studies, digital circuits can be represented by mobile devices [7].

Boolean algebra is a systematic and logical way of writing, analyzing and simplifying
logical equations [8]. Boolean algebra is used in several studies in the field of electronic
control. In Boolean algebra there are 2 terms that we must understand, namely variables
and complements. A variable is a symbol that represents an action, condition or data [9].
Examples of variables: A, B, C, X, Y and so on. While the complement is the opposite of
the variable and is indicated by a line symbol above the letter or overbar, Example: A, B,
C, X, Y, and so on [10].

Boolean algebraic functions contain a variety of very complex operations. Also
contains terms that are more than one kind, where the function can actually be simplified
[11]. This simplification of the function is necessary to minimize the logic gates required
[12]. Boolean algebra that has been simplified and has not been simplified will undergo a
very significant change. Boolean functions can be simplified in various ways, including; by
the tabulation method, the mapping method, and by writing a simplification table. Research
conducted by [2] using the Karnaugh Map method. The tabulation method or better known
as the Quine McCluskey method was developed by W.V Quine and E.J. McCluskey in 1950
[10].

If applied with computer programming, the tabulation method, a very systematic
method, is the right choice. Boolean functions that can be simplified by this method must
first be converted into Sum of Product (SoP) form. Those, the Boolean function in the
form of Product of Sum must be converted into the form of SoP. Another study was
conducted by applying the Karnaugh Map method in simplifying the Boolean function [2].

With the development of technology also has an impact on the simulators used in
planning a circuit. As we know there are several kinds of simulators including; Liveware,
Proteus, Electronic Workbench, Ni Multisim, Simulink and DEEDS. On research [4] using
Matlab Simulink application to design logic gates. In another study, using the Ni Multisim
simulator to execute digital circuit design [5]. In addition, other research conducted by [3]
using Electronic Workbench to represent digital circuits. Digital Electronics Education and
Design Suite Simulator or known as DEEDS is able to represent user needs to design or
plan a logic circuit. The choice of the DEEDS simulator is because the application is
equipped with supporting components, one of which is the seven segments as an output
indicator.

2. METHOD
The limitation of this research problem is a series of multipliers of 2 2-bit binary
numbers. For more details, see the system flow diagram in Figure 1.
The stages of the research method are as follows:
1)  Problem formulation
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2)

3)

4)

5

6)

The formulation of the problem is carried out to analyze the input and output in the
circuit, as well as to limit the problems to be discussed.

Create a circuit design

In addition to making a circuit design, at this stage the author also analyzes the needs
of the required components.

Literature study

Literature studies are needed to strengthen the state of the art of this research.
Analysis of system requirements

At this stage the author analyzes the needs of the simulation both in determining the
input and output needed in the design of a binary number circuit.

System design

At this stage the author designs the system by designing and simulating the circuit.
Circuit testing

At this stage the author conducts testing of the scenarios that have been made.

Problem Formulation

v

Design Circuit

v

Literature Studies

I

Analysis of System of
requilrements

v

Design system <

v

Testing system

‘Whats the
results is
right?

Figure 1. Diagram System
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2.1. Analysis of System of requirements

In this section, it is explained about the need for designing a DEEDS software system
to design a prime number detector circuit provided that the number has 4 (four) binary
input numbers and the output will be logical 1 (one) if the number is a prime number.

2.2. Analysis Input and Output

The prime number detector circuit has 4 (four) binary numbers as input and will have
1 (one) output which will be worth 1 if the binary number is a prime number less than 9,
namely; 2, 3, 5, and 7.
a.  Inputinitialized with the ABCD
b.  Output is initialized with the X

2.3. Truth Table
From the input and output relationships, the next step is to write a truth table. This
truth table will be tested on a circuit that has been designed using the DEEDS application.
From the truth table then the next step is to group the output logic 1 by adding. And
for the effectiveness of the circuit, the output equation must be simplified using the
Boolean Algebra theorem. The final form of the equation will be s-of p (sum of product).

2.4. Simplification with Boolean Algebra
% Output X

X = ABCD + ABCD + ABCD + ABCD
= ABC (D + D) + ABD (C + C)
= ABC + ABD

Where:

A, B, C, Disinverse of A, B, Cand D

2.5. Design System

g >
%0 — =
> j:) 1]

Figure 2. Circuit design
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Figure 3. Display on the DEEDS app

Table 1. The Truth Table of System

A B C D X
0 0 0 0 0
0 0 0 1 0
0 0 1 0 1
0 0 1 1 1
0 1 0 0 0
0 1 0 1 1
0 1 1 0 0
0 1 1 1 1
1 0 0 0 0
1 0 0 1 0
1 0 1 0 0
1 0 1 1 0
1 1 0 0 0
1 1 0 1 0
1 1 1 0 0
1 1 1 1 0
Table 2. Scenario Testing System
A B C D X0 LED
0 0 0 0 0 OFF
0 0 0 1 0 OFF
0 0 1 0 1 ON
0 0 1 1 1 ON
0 1 0 0 0 OFF
0 1 0 1 1 ON
0 1 1 0 0 OFF
0 1 1 1 1 ON
1 0 0 0 0 OFF
1 0 0 1 0 OFF
1 0 1 0 0 OFF
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A B C D X0 LED

1 0 1 1 0 OFF

1 1 0 0 0 OFF

1 1 0 1 0 OFF

1 1 1 0 0 OFF

1 1 1 1 0 OFF

3. RESULTS AND DISCUSSION

After conducting a series experiment simulation on the DEEDS application, the
circuit output shows results that are in accordance with the test scenario. The input consists
of 4 binary numbers A B C and D with values 0000 to 11 1 1 with decimal values 0 to
15. The results of the detection of these prime numbers are represented at output X. This
output is in the form of binary numbers, namely logic 0 and 1, and in order to make it easier
to read the number detector circuit, the output is connected to an LED. The LED will light
when the circuit detects a prime number and goes out when it is not a prime number. The
detailed results of the experiment are shown in Figure 5-16.
3.1. Scenario 1
Input ABCD=0000
Decimal = 0
Prime Number <9 = No
Output = 0
LED = OFF
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Figure 4. Scenario testing 1
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3.2. Scenario 2
InputABCD=0001
Decimal = 1

Prime Number < 9 = No
Output =0

LED = OFF
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Figure 5. Scenario testing 2

3.3. Scenario 3
InputABCD=0010
Decimal = 2

Prime Number < 9 = Yes

Output =1
LED = ON
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Figure 6. Scenario testing 3
3.4. Scenario 4
InputABCD=0011
Decimal = 3
Prime Number < 9 = Yes
Output = 1
LED = ON X
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Figure 7. Scenario testing 4
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3.5. Scenario 5
InputABCD=0100
Decimal = 4

Prime Number < 9 = No
Output = 0

LED = OFF

Figure 8. Scenario testing 5

3.6. Scenario 6
InputABCD=0101
Decimal = 4

Prime Number < 9 = Yes
Output =1

LED = ON
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Figure 9. Scenario testing 6

3.7. Scenario 7
InputABCD=0110
Decimal = 6

Prime Number < 9 = No
Output =0

LED = OFF
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Figure 10. Scenario testing 7

3.8. Scenario 8

Input ABCD=0111
Decimal =7

Prime Number <9 = Yes
Output =1

LED = ON

Figure 11 Scenario testing §

3.9. Scenario 9

Input ABCD=1000
Decimal = 8

Prime Number < 9 = No

Output =1
LED = ON
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Figure 12. Scenario testing 9
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3.10. Scenario 10
InputABCD=1001
Decimal = 9

Prime Number <9 = No

Output =0
LED = OFF
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Figure 13, Scenario testing 10
3.11. Scenario 11
InputABCD=1010
Decimal = 10
Prime Number <9 = No
Output =0
LED = OFF
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Figure 14. Scenario testing 11

3.12. Scenario 12
InputABCD=1011
Decimal = 11

Prime Number <9 = No
Output =0

LED = OFF
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Figure 15. Scenario testing 12

3.13. Scenario 13
InputABCD=1100

Decimal = 12
Prime Number <9 = No
Output =0
LED = OFF
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Figure 16. Scenario testing 13

3.14. Scenario 14
InputABCD=1101
Decimal = 13

Prime Number <9 = No
Output =0

LED = OFF

Figure 17, Scenario testing 14
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3.15. Scenario 15
InputABCD=1110
Decimal = 14

Prime Number <9 = No
Output =0

LED = OFF

Figure 18. Scenario testing 15

3.16. Scenario 16

Input ABCD=1111
Decimal = 15

Prime Number <9 = No
Output =0

LED = OFF

Figure 19. Scenario testing 16

Scenario system at the truth table as same as on the Application of Digital Electronics
Education and Design Suiter Simulator (DEEDS) in Electronic Design.

4. CONCLUSION
The result of this research is the construction of a simulation circuit that can be used
to detect 4-bit binary numbers that are less than 9. The accuracy obtained is in accordance
with the expected results, which is 100%.
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