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Abstract 
A Turing machine is a model that computes mathematically on machines with dedicated symbols 

according to a set of rules enlisted in a table. Inspite of being a simple model, a Turing machine can be 

constructed in such a way that it can decode the algorithm behind it and perform the act of simulation. 

Its working helps in the learning of computational models. This is further established by showing how 

it could be used to analyse functions in the case of modern computers. Here the endeavor aims to make 

the learner easily build, modify a Turing machine and visualize the machine’s actions. Finite state 

automata represent a mathematical model for many devices. Automata has many applications in 

multiple devices. In software designing, it can be used right from a basic editing of text to a more 

complex compiler. In computer related gaming, it can be used to frame quizzes, games and many 

others. In hardware designing, it can be used in modelling, the functioning of various machines like 

vending, escalators, playing, cooking of cereals etc. Finite state machines are the basic explanation to a 

many courses. The pushdown Automata which is a finite automata which can use the uppermost part of 

the stack to finalize the transition it would take is exemplified. Explanation of Pushdown Automata 

Simulator and Turing machine Simulator facilitating the visual learning through illustration of 

automata and performance of necessary operations is performed. The combined contribution of this 

work with the help of modern technology furthers the experimental evaluation and improves learning. 

A Directed graph is generally used to represent a Turing Machine. It is majorly used to simulate the 

universal turing machine as some sort of a device that converts variations in physical quantity to a 

electrical signal of the Turing machine and it consists of many inputs. 
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1. Introduction 
It is Dr. Alan Turing who first described the functions and working of Turing machine in a 

paper that he wrote during the year 1936. He wanted to explain to the people about the 

concept of what computability is and how we can compute things. This was the main reason 

behind why he wrote the paper and the explanation given to that. So the meaning of 

computational models or computation indicates whether there exists a typical algorithm 

which can be used to solve a particular problem or not. 

He infamously remarked that should an algorithm exist for solving a particular problem then 

the Turing machine will undoubtedly be able to implement the same. This also helped to 

identify what an algorithm is. Right from the time of Euclid 2000 years ago nobody has been 

able to tell what is the proper definition for algorithm. So this idea is formally defined by the 

Turing Machine [1]. It can clearly tell whatever can be performed by this and whatever can’t 

with the help of its functioning capacities. 

 

1. Components 

A Turing machine consists of following components. 

 

1. An infinite tape 

This Tape is partitioned into a number of cells with each of them having an input character 

which is taken by the machine either as an input or as an output. These which is displayed 

are a total subset of control alphabets [2]. The empty cells in the tape will have whichever 

characters possessed by it. 

 

2. Control state 
This belongs to a finite set of states Q. This has the responsibility to control whatever is  
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being read from the current cell and give a well-defined 

detailed input regarding it. 

 

3. Head 

The Head will point to a cell in the machine. It can perform 

various operations like reading writing and altering the 

existing content whatever is carried currently inside the cell. 

Any language that has a typical alphabet, grammar and 

ways to identify is called as a formal language. The list of 

strings on which some relevant conditions can be enforced 

to follow to involve the making of a string is called formal 

language [3]. The automata is the way to analyze a language 

mathematically. In this automata we take few states and 

rules to see how the language behaves and then convert it 

into a model that has the same rules that are being followed 

by this language. Then we take it by identifying the data 

with the help of the tape symbol. In case it is approved by 

the Turing Machine it will be referred to as a recursive finite 

language [4]. They comprise of a recursive finite enumerated 

set of languages. 

 

1.1 Universal turing machine 
A universal turing machine or UTM as it is commonly 

abbreviated is a commonplace to provide long-lasting 

solutions for problems related to computability. It has the 

details and also will be simulating the computation of the 

Machine on w. So because this many number of turing 

machines can be able to work together in a very 

synchronous manner and that will reduce the space 

complexity rather than each working individually. 

It is defined by M = (Q, Σ, B, q0, F, δ, Ί) Where, Q = 

collection of internal states, Σ = input alphabets, B = unique 

symbol called blank, Ί = finite set of the tape alphabets, δ = 

transition function, F = final state, q0 = initial state. And 

transition function according to which Turing Machine 

performs its operation is defined by these 7 and the 

behaviors are directly dependent on these [5]. 

 

1.2 Working principle of the UTM 

It’s power and capabilities are equivalent to that if a 

computer. As we referred to earlier this Turing Machine has 

totally 3 elements namely the input output tape. Reading 

writing head that is bidirectional. Finite state controls which 

will point towards it. Here we observe that the Turing 

machine is also a finite automata that is connected to read 

and write head which can move either right to left or left to 

right. It can examine the cell in just one move. The header 

of the tape will analyze the symbol that has been obtained 

from the tape and will rewrite the symbol on the same tape. 

The input string can also be manipulated using these tapes 

that process such kind of information. When we refer to the 

tape we can observe that it’s bidirectional information from 

Right R to Left L and vice versa will obtain a input. This 

input which when fed into the Turing machine will certainly 

alter the present symbol by following the transition rule 

which is categorically mentioned in details of the tape 

completing the procedure as per the preexisting rules. Then 

it moves on from one state to another checks the rule and 

ratified them [6]. It proceeds till the last state and performs 

the same operations aforementioned. 

 

1.3 Simulating the turing machines in the universal 

turing machine 

So in case of the Turing Machines, there is a string that is 

needed as an input and the altered string of some random 

Turing Machine is provided. When this activity of whatever 

is altered performs the same activity as that of the Turing 

machine it is testified. Turing machine will have its 

performance and maintain some sort of database and 

maintain a track record of so many things. It will need to 

maintain functions and important characteristics w.r.t the 

Turing Machines like it’s the current symbol of input 

current location and state and all that [7]. 

Here we have to remember that there are some functions 

that can be assessed by the Turing Machines thoroughly and 

completely. There are some functions that cannot be. They 

are respectively referred to as computable and 

uncomputable functions. 

 

2. Computable and uncomputable sets and functions  

In theory of computation there are problems that the Turing 

machine by advancement of technology and invention can 

find algorithms to solve a particular problem. There are 

some cases where it cannot be done. So we can take the 

example of certain sets and functions to analyse what do 

these definitions actually mean. 

 

2.1 Computable  

They are those kinds of functions with which theory of 

computation and its algorithms can be computed or said to 

have a very unique and well defined elaborative algorithm. 

It has very clear guidelines on how it has to be computed. It 

must be coded using the computational model adhering to 

the rules. 

 

2.2 Uncomputables 

There are also functions which cannot be computed using 

regular rules and guidelines. This is because real numbers 

are uncountable or cannot be counted. The set of numbers in 

this case cannot be computed like the problem involving 

halting. 

 

2.3 Real numbers  

A real number is some number that continuously has a 

value. A real number can be computable if it can be 

approximated by some function that can be computed in 

such that given any integer n if it produces a finite integral 

values [8]. 

 

3. Finite automata 

In layman terms, a finite state machine is something 

resembling a machine with a definite quantity of states and a 

control unit that can alter the present machine state to a 

different state in response to some provision of input. It is 

totally independent of the previous actions whose responses 

totally does not affect the style of its functioning [9]. 

When we notice the way in which it responds whenever an 

input is fed in to it we can classify into DFA called 

deterministic finite automata which has the ability to change 

itself across two different states in which most cases are 

either 0 or 1. There is another called NFA or non-

deterministic finite automata which can move towards 

multiple states depending upon the situation of how the 

input is being fed into it. There are also two other cases 

called lambda NFA and it’s a subset of NFA [10]. 

In fact NFA has 5 tuples where Q is a finite set of states q0 

is a subset of q which also functions as the initial and 

starting state of the machine and F which is the subset of Q 
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refers to whichever final and accepting states w.r.t the 

machine. We can observe that a series of input can be 

converted into the other keeping certain conditions constant. 

That is DFA can be converted into NDFA. It can also be 

involved through a common place [11]. 

 

3.1 Pushdown automata 

A pushdown automaton (PDA) is a finite automata that 

makes use of an arrangement containing data. Pushdown 

automata differs from regular finite state machines in 

enlisted ways [12]:  

1. They can use the uppermost part of the stack to take a 

call on which transition to take.  

2. They can alter the stack as part of performance of a 

transition. 

 

The controlling unit will notice the symbols given will scan 

provided in the feeder. While it is also maintain the 

relevance of stack using push and pop operations. It will 

also make distinctions between the push and pop operations 

using every single element and also regulate the flow of 

input [13]. 

 

4. Simulators  

4.1 Pushdown automata simulator 

The Pushdown Automaton Simulators gives opportunity for 

the learners to design an automaton in virtual mode and then 

use operations on it. At the time of these operations they can 

notice any changes that may occur to the automation. 

Taking a case they can check either whether it is accepting 

or rejecting the feeded inputs given while noting the 

respective changes in the automation states and in the 

content that is found in the stack [14]. They can also barge in 

and out and do self-outlaying to provide a better view for 

the automation. These ultimate operations are generally 

useful when the concerned automation is large [15]. 

The numbers from 1 to 7 in the pushdown automata are 

explained as follows.  

1. Number 1: Denotes the action seeing area. Here in the 

zone the student can see the PDA state changing in every 

step during the PDA operating in a given input. 

2. Number 2: Represents the stack view area. Here in the 

zone the user can watch the stack changing in every step 

while the PDA operating in a given input.  

3. Number 3: Represents the control panel. In the control 

panel the user will be able to control the PDA animation 

speed, zooming towards and outwards,.  

4. Number 4: Represents the input editing or displaying 

area. In this zone the learner will be able to insert any 

acceptable string as an input for the PDA. This input 

string will be analyzed totally by the PDA from left 

towards the right.  

5. Number 5: Represents the PDA editing or displaying 

area. In this zone the user will be able to create or 

modify the PDA every state and every link, defining the 

start and final states, connecting the states, moving the 

states, changing the colour of the state, etc.  

6. Number 6: Represents the controlling of the edit area. 

In the area the user will be able to save or load PDAs, 

choosing action to perform towards the edited PDA, 

choosing the editing color, etc.  

7. Number 7: Represents a reserved zone for probable 

future extensions. After designation of the automaton, 

we can start simulation with the new input strings. The 

new input window will be displayed after we push the 

“start” button. Input strings present in the window and 

click “OK” button. Then PDA Simulator will be able to 

determine whether that automation will accept or reject 

those input strings. Users will be able to see the 

simulation in a step-by step manner or in TOTO [16]. 

 

5. Turing machine simulator 

Generally physical explanations for Turing machines might 

not be sufficient for the students to understand the concepts 

related to it so we will have to simulate a Turing machine 

and explain its working and analysis a working virtual 

model in order to help the students in understanding the 

process of working of Simulator. 

 

5.1 Using the automata simulator 
Once the automation editing process is finished, the 

researcher can get an idea of algorithms NFA and DFA and 

more. So using this the researcher can feed in a random 

code and obtain the output using the given rules using 

interface animation and sound effects that further enable to 

the student and make it more appealing for the students to 

interact with the system. It is done using the automata 

simulator button which when switched on will simulate the 

input strings. There are different colors to represent different 

colors. The remaining chunk on the input in the string will 

be used to improve the visual clarity of the simulation which 

conjoins robot based motion 

 

5.2 Using the robot simulator 

The Robot Simulator will give the reader an opportunity to 

give a detailed description of the robot and helps the user to 

begin automation with the help of four distinct states. This 

gives it a new dimension and improve the visual clarity. The 

new versions of these will allow motion in different angles 

and go beyond the four distinct states and it will also give 

the new learner a virtual experience and help him to 

discover a new input [17].  

In the last, in [18-25] readers, students, researchers can be 

found interesting works on emerging topics like Industry 

4.0, Society 5.0, etc., and their importance for the smart era. 

 

6. Conclusion 

In this research paper we have extensively dealt with 

research and analysis on Automata Simulator. We thought 

of introducing the automata simulators those who wanted to 

know about simulation of automata and theory of 

computability. This will help the reader to know and 

analyze the thoughts that he had about automata simulators 

and working of Turing machines. It was done after taking 

several references into account and making the 

fundamentals clear to those who wanted to understand the 

concept in detail. We have also intended to educate the 

applications of Turing Machine and how it can be used in 

real life and understand the working of its components with 

typical examples. We understand that many activities in our 

real life including arithmetic calculator is an application of 

the above stated concept. 

In studies pertaining to complexity and algorithmic 

information theory, testing and analyzing the efficiency of a 

software that was needed the concepts related to Turing 

Machines are applied. Though, due to the lack of infinite 

tape, we can effectively conclude that Turing machine is a 

conceptual or a hypothesis based device and not realizable 

file:///C:/Users/Administrator/Desktop/www.circuitsjournal.com


International Journal of Research in Circuits, Devices and Systems  www.circuitsjournal.com 

~ 16 ~ 

totally, we can observe the studying it’s functioning will 

enable us to apply this concept in identical cases. 
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