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Abstract— Boolean algebra, a logic algebra, allows the rules 

used in the algebra of numbers to be applied to logic. It 

formalizes the rules of logic. Boolean algebra is used to 

simplify Boolean expressions which represent combinational 

logic circuits. It reduces the original expression to an 

equivalent expression that has fewer terms which means that 

less logic gates are needed to implement the combinational 

logic circuit. Boolean algebra seems to be difficult for higher 

order expressions. In order to overcome such issue, we have 

applied our knowledge to calculate the Boolean algebra for 

difficult expressions using Arduino board, LED and few 

connecting wires. By using this, Boolean algebra can be 

applied for any higher order expressions and Boolean 

expression can be found easily. 
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I. INTRODUCTION 

A Boolean expression is an expression in a programming 

language that produces a Boolean value when evaluated, i.e. 

one of true or false. A Boolean expression may be composed 

of a combination of the Boolean constants true or false, 

Boolean-typed variables, Boolean-valued operators, and 

Boolean-valued functions. 

 Boolean logic is a form of algebra in which all 

values are reduced to either TRUE or FALSE. Boolean logic 

is especially important for computer science because it fits 

nicely with the binary numbering system, in which each bit 

has a value of either 1 or 0. 

II. LITERATURE SURVEY 

Boolean Expression Simplifier: In the primary stage of 

computer development, its major applications are to do the 

complex science computation and numerous and jumbled 

data processing, for examples population statistics , salary 

processing, bills processing, etc. However, it caused the 

industrial, government, and academic to pay the attention on 

its huge memory and high speed and stable computation 

capabilities. The computer technology was continually 

moving forward, which not only provided the life 

convenience to the human but also changed the traditional 

education styles that adequately apply the CAI (short for 

Computer-Assisted Instruction or Computer-Aided 

Instruction), which becomes a new teaching and learning 

media. In these years, it still more unceasing integrate all of 

the words, pictures, sounds, and animations into the MMCAI 

(short for Multimedia Computer-Assisted Instruction, which 

merge with lots of media resources and interaction 

functionalities to convey the complex teaching contents to the 

users for improving the learning motivation and interest and 

enhancing teaching performance. Therefore, it is another 

trying to combine the MMCAI with the conveyance of 

computer professional knowledge and theoretical learning 

during the design on teaching style and originality thinking. 

 In the history of computer development, the 

mathematicians are playing the decisive roles from beginning 

to end. There are three outstanding mathematicians, at least, 

as a result of their theories to cause the computers to appear 

on the modern, who are G. Boole, A. Turing, and J. von 

Neumann, in where the first one is an England mathematician 

in nineteen century. He proposed the Boolean algebra that is 

the foundation of the modern algebra and, in the meantime, it 

is the evidence of the modern computer thinking. It is more 

important to learn the Boolean algebra that is necessary 

professional knowledge during learning the digital circuits. 

For example, if there are a few inputs and outputs, we can 

explain their working properties in the statement method 

during describing a digital circuit. To adopt the statement 

method is ambiguous during lots of them, but the Boolean 

algebra is the best one to describe a complete digital circuit. 

Consequently, we have to learn the Boolean algebra to 

represent, simplify, and finally obtain the most simplification 

of a Boolean expression, and accordingly carry the circuit 

combination out based on the Boolean algebra for finishing 

the design on digital circuits. The Boolean algebra is the 

foundation to all of learners on digital circuits, which results 

in they are not afraid of when they encountered complex 

circuits, and accordingly make the learning be more efficient. 

 To learn Boolean algebra, besides basic algebra 

operations, it usually made a mistake in the logic 

relationships among operation variables. The beginners of 

Boolean algebra are not usually clear of the priority in 

simplification that resulted in the wrong outcomes of 

simplification so such learning effects have to wait to consult. 

We expect that they, at least, possess the ability to employ 

basic algebra theories for checking errors so they could 

clearly know the design correctness during circuit designing. 

In the beginner position, nevertheless, to use the word 

statements usually makes them ambiguous to explain an 

abstract concept of the circuit designing theory. Therefore, if 

there is a suitably assistant tool to provide help on Boolean 

algebra teaching, then its learning effect could be predicted. 

This is the maximum motivation on the system construction, 

i.e., it could assist users to effectively learn the simplified 

skills of Boolean algebra and to possess the professional 

knowledge of basic circuit design. 

 Its basic functions contain teaching formulas of the 

Boolean algebra, looking up rules of the Boolean algebra, 

executing simplification of the sum of product (SOP), and 

executing simplification of the product of sum (POS), 

learning simplification of the Karnaugh map, and looking 

over simplified result of the Karnaugh map. The system 

limited the number of Boolean variables to less and equal to 

four for simplifying the system design and output perplexity 

of Karnaugh map. 

The contributions of the system are: 

https://www.webopedia.com/TERM/B/bit.html
https://www.webopedia.com/TERM/B/bit.html
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1) Convenient Installation 

The system has been packaged as a commercial product, 

which can be setup easily if the user possessed the knowledge 

of any software installation. 

2) Complete Learning 

The system contains the complete teaching knowledge of the 

Boolean algebra simplification for effectively supporting 

interaction learning. 

3) Accessible Learning 

The user can easily use the system if he/she possessed basic 

abilities to manipulate the Windows system. 

III. ARDUINO 

Arduino is an open source micro -controller which can be 

easily programmed, erased and reprogrammed at any instant 

of time. Introduced in 2005 the Arduino platform was 

designed to provide an inexpensive and easy way for 

hobbyists, students and professionals to create devices that 

interact with their environment using sensors and actuators. 

Based on simple microcontroller boards, it is an open source 

computing platform that is used for constructing and 

programming electronic devices. It is also capable of acting 

as a mini computer just like other microcontrollers by taking 

inputs and controlling the outputs for a variety of electronics 

devices. 

 
Fig. 1: Block Diagram of Arduino Board 

 Usually Arduino is used in place of the 

microcontroller but any suitable micro-controller can be used 

like PIC, ESP. 

A. Need for Arduino 

1) Active User Community 

2) Growth of Arduino 

3) Inexpensive Hardware 

4) Arduino Board as a Programmer 

5) Multi-platform Environment 

B. Elements of Arduino Board 

Elements of an Arduino Board can be done into two 

categories: 

1) Hardware 

2) Software 

 Hardware 

The Arduino Development Board consists of many 

components that together make it work. Here are some of 

those main component blocks that help in its functioning: 

1) Microcontroller 

This is the heart of the development board, which works as a 

mini computer and can receive as well as send information or 

command to the peripheral devices connected to it. The 

microcontroller used differs from board to board; it also has 

its own various specifications. 

2) External Power Supply 

This power supply is used to power the Arduino development 

board with a regulated voltage ranging from 9 – 12 volts. 

3) USB Plug 

This plug is a very important port in this board. It is used to 

upload (burn) a program to the microcontroller using a USB 

cable. It also has a regulated power of 5V which also powers 

the Arduino board in cases when the External Power Supply 

is absent. 

4) Internal Programmer 

The developed software code can be uploaded to the 

microcontroller via USB port, without an external 

programmer. 

5) Reset Button 

This button is present on the board and can be used to resets 

the Arduino microcontroller. 

6) Analog Pins 

There are some analog input pins ranging from A0 – A7 

(typical). These pins are used for the analog input / output. 

The no. of analog pins also varies from board to board. 

7) Digital I/O Pins 

There are some digital input pins also ranging from 2 to 16 

(typical). These pins are used for the digital input / output. 

The no of these digital pins also varies from board to board. 

8) Power & GND Pins 

There are pins on the development board that provide 3.3, 5 

volts and ground through them. 

 Software 

The program code written for Arduino is known as a sketch. 

The software used for developing such sketches for an 

Arduino is commonly known as the Arduino IDE. This IDE 

contains the following parts in it: 

1) Text editor 

This is where the simplified code can be written using a 

simplified version of C++ programming language. 

2) Message area 

It displays error and also gives a feedback on saving and 

exporting the code. 

3) Text 

The console displays text output by the Arduino environment 

including complete error messages and other information. 

4) Console Toolbar 

This toolbar contains various buttons like Verify, Upload, 

New, Open, Save and Serial Monitor. On the bottom right 

hand corner of the window there displays the Development 

Board and the Serial Port in use. 

5) Light Emitting Diode 

Light emitting cell is the reverse of solar cell. Also, it uses 

electrical energy to produce photons of certain wavelength. 

The wavelength depends on the energy gap of the material. 

Inside the led there is a Transparent Plastic Case, Terminal 

Pins and Diode. The led can be connect by 1.5~2.5V and 10 

mA. To prevent overloading, use resistor 470 Ω 

 When current flows across a diode Negative electron 

move one way and positive holes move the other way. The 
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wholes exist at a lower energy level than the free electrons. 

Therefore, when a free electron falls it losses energy. This 

energy is emitted in a form of a photon, which causes light. 

The colour of the light is determined by the fall of the electron 

and hence energy level of the photon. 

 
Fig. 2: Symbol of Light Emitting Diode 

 
Fig. 3: Light Emitting Diode 

C. Breadboard 

A breadboard is used to build and test circuits quickly before 

finalizing any circuit design. The breadboard has many holes 

into which circuit components like ICs and resistors can be 

inserted. A typical breadboard is shown below: 

 
Fig. 4: Diagram of Bread Board 

 The bread board has strips of metal which run 

underneath the board and connect the holes on the top of the 

board. The metal strips are laid out as shown below. Note that 

the top and bottom rows of holes are connected horizontally 

while the remaining holes are connected vertically. 

 
Fig. 5: Pin Configuration of Bread Board 

 To use the bread board, the legs of components are 

placed in the holes. Each set of holes connected by a metal 

strip underneath forms a node. A node is a point in a circuit 

where two components are connected. Connections between 

different components are formed by putting their legs in a 

common node. 

 The long top and bottom row of holes are usually 

used for power supply connections. The rest of the circuit is 

built by placing components and connecting them together 

with jumper wires. ICs are placed in the middle of the board 

so that half of the legs are on one side of the middle line and 

half on the other. 

1) Bread Boarding Tips 

It is important to breadboard a circuit neatly and 

systematically, so that one can debug it and get it running 

easily and quickly. It also helps when someone else needs to 

understand and inspect the circuit. Here are some tips: 

1) Always use the side-lines for power supply connections. 

Power the chips from the side-lines and not directly from 

the power supply. 

2) Use black wires for ground connections (0V), and red for 

other power connections. 

Keep the jumper wires on the board flat, so that the board 

does not look cluttered. 

3) Route jumper wires around the chips and not over the 

chips. This makes changing the chips when needed 

easier. 

4) You could trim the legs of components like resistors, 

transistors and LEDs, so that they fit in snugly and do not 

get pulled out by accident. 

D. Push Button 

Buttons are a simple way to comm-unicate with your 

Arduino. They can indicate to your Arduino whether or not 

they are being pressed. This information can be remembered 

and used to make decisions in Arduino programming 

language that can affect a circuit's behaviour in many ways. 

Each button has four pins. If you look carefully you will 

notice that they are slightly bent. Your button has two sides 

and the shape of the pins tells you where the sides are - pins 

that bend away from each other are connected. When you 

push the button, the two sides will be connected and current 

can flow across the button. 

 
Fig. 6: Push Button 

 
Fig. 7: Block Diagram of Push Button 

E. Circuit Diagram 

This is the circuit diagram to calculate the Boolean algebra 

for difficult expressions. It consists of Arduino board, LED, 
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push buttons and few connecting wires. By using this, 

Boolean algebra can be applied for any higher order 

expressions and Boolean expression can be found easily. 

Here, in this project we will implement simple logic gates 

such as OR, AND, EX-OR gates using Arduino and will 

verify the output. Though, we have used only two inputs in 

this project, any number of input expressions can be given 

just by increasing the number of push buttons and similarly 

any logic expressions can be derived as output. Since manual 

calculation of Boolean expression is more difficult and will 

consume more amount of time, this project will be more 

helpful by giving the output irrespective of the number of 

input terms. 

 
Fig. 8: Overall Circuit Diagram 

F. Coding 

const int logicSwitchPin = 2; 

const int ledOrOutPin = 3; 

const int ledAndOutPin = 4; 

const int ledXorOutPin = 5; 

const int inputXPin = 11; 

const int inputYPin = 12; 

const int outputPin = 13; 

// mode: 0 - OR, 1 - AND, 2 - XOR 

int mode = 0; 

int x = LOW; 

int y = LOW; 

int output = LOW; 

void setup() { 

pinMode(logicSwitchPin, INPUT); 

pinMode(ledOrOutPin, OUTPUT); 

pinMode(ledAndOutPin, OUTPUT); 

pinMode(ledXorOutPin, OUTPUT); 

pinMode(inputXPin, INPUT); 

pinMode(inputYPin, INPUT); 

pinMode(outputPin, OUTPUT); 

} 

void loop() { 

x = digitalRead(inputXPin); 

y = digitalRead(inputYPin); 

switch (mode) { 

case 0: // x OR y 

digitalWrite(ledOrOutPin, HIGH); 

digitalWrite(ledAndOutPin, LOW); 

digitalWrite(ledXorOutPin, LOW); 

output = (x || y); 

digitalWrite(outputPin, output); 

break; 

case 1: // x AND y 

digitalWrite(ledOrOutPin, LOW); 

digitalWrite(ledAndOutPin, HIGH); 

digitalWrite(ledXorOutPin, LOW); 

output = (x && y); 

digitalWrite(outputPin, output); 

break; 

case 2: // x XOR y 

digitalWrite(ledOrOutPin, LOW); 

digitalWrite(ledAndOutPin, LOW); 

digitalWrite(ledXorOutPin, HIGH); 

output = ((x || y) && !(x && y)); 

digitalWrite(outputPin, output); 

break; 

default: 

digitalWrite(ledOrOutPin, LOW); 

digitalWrite(ledAndOutPin, LOW); 

digitalWrite(ledXorOutPin, LOW); 

} 

if (digitalRead(logicSwitchPin)) { 

mode = (mode + 1) % 3; 

} 

delay(250); 

} 

IV. WORKING PROCESS 

A. Procedure 

This circuit is a simple 3 variable Boolean expression 

minimizer. It uses the Quine McCluskey algorithm which was 

described in the chapter 1. In this the microcontroller plays a 

major role, it consists of code to implement the described 

algorithm as well as controls other components in the circuit. 

 Initially when the power is switched on an LED will 

glow which indicates that the microcontroller is ready to take 

the input. Here the input Boolean expression is given in SOP 

form, i.e. only minterms are to be entered through the keypad 

provided. 

 The keypad consists of 9 switches of which 8 

switches corresponds to one minterm each and the 9th one is 

used as next button. After entering the expression, the input 

indicating LED will go OFF, now based on the algorithm 

microcontroller reduces the expression and the input 

representing LED glows which means that the expression has 

been minimized and is displayed. 

 The display consists of 3 Bi colour LED’s in which 

Green Light represents the variables in normal form and the 

rest Red Light represents the variables in the complemented 

form, the order of them is as shown in the circuit diagram. 

The output is displayed as one minterm at a time, next 

minterm is displayed by pressing the next button and after 

reaching the last minterm of the reduced expression the input 

indicating LED is switched OFF which represents end of the 

output. After few seconds it is again switched ON 

automatically when micro-controller is ready to take the next 

input. 
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B. Logic Gates 

The OR gate is a digital logic gate implements logical 

disconjunction– it behaves according to the addition 

operation. A HIGH output (1) results if one or both the inputs 

to the gate are HIGH (1). If neither input is high, a LOW 

output (0) results. In another sense, the function of OR 

effectively finds the maximum between two binary digits, just 

as the complementary. In Boolean algebra the Logic OR 

Function follows the distributive law which allows a change 

in position of either variable. The OR function is represented 

in electronics by the addition symbol (+). Thus a 2-input 

(A+B) OR Gate has an output term represented by the 

Boolean expression A+B. 

 
Fig. 9: Block Diagram of OR Gate 

 
Fig. 10: Truth Table of OR Gate 

 The AND gate is a basic digital logic gate that 

implements logical conjunction - it behaves according to the 

multiplication operation. A HIGH output (1) results only if 

all the inputs to the AND gate are HIGH (1). If none or not 

all inputs to the AND gate is HIGH, a LOW output results. 

The function can be extended to any number of inputs. In 

Boolean algebra the Logic AND Function follows the 

commutative law which allows a change in position of either 

variable. The AND function is represented in electronics by 

the dot or full stop symbol (.). Thus a 2-input (A B) AND 

Gate has an output term represented by the Boolean 

expression A.B or just AB. 

 
Fig. 11: Block Diagram of Push Button 

 
Fig. 12: Truth Table of AND Gate 

 The XOR gate (sometimes EOR gate, or EXOR gate 

and pronounced as Exclusive OR gate) is a digital logic gate 

that gives a true (1 or HIGH) output when the number of true 

inputs is odd. An XOR gate implements an exclusive or; that 

is, a true output results if one, and only one, of the inputs to 

the gate is true. If both inputs are false (0/LOW) and both are 

true, a false output results. XOR represents the inequality 

function. The algebraic expression [(A.B complement) + (A 

complement. B)] and both represent the XOR gate with 

inputs A and B. 

 
Fig. 13: Truth Table of EX-OR Gate 

 
Fig. 14: Block Diagram of Ex-Or Gate 

V. CONCLUSION & FUTURE ENHANCEMENT 

Boolean algebra seems to be difficult for higher order 

expressions. In order to overcome such issue, we have applied 

our knowledge to calculate the Boolean algebra for difficult 

expressions using Arduino board, LED and few connecting 

wires. By using this, Boolean algebra can be applied for any 

higher order expressions and Boolean expression can be 

found easily. Thus, we have successfully implemented the 

Boolean expression simplifier using Arduino and breadboard. 

We can extend this experiment by giving as many input 

expressions depending upon the input push buttons. Here, in 

our project we have implemented the operations of OR, AND, 

EX-OR logic gates using Arduino and have verified the 

output. Though, we have used only two inputs in this project, 

any number of input expressions can be given just by 

increasing the number of push buttons and similarly any logic 

expressions can be derived as output. Since manual 

calculation of Boolean expression is more difficult and will 

consume more amount of time, this project will be more 

helpful by giving the output irrespective of the number of 

input terms. 
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