
 

Deterministic Finite Automaton (DFA) and Non-
Deterministic Finite Automaton (NFA) 
 
Introduction to Finite Automata 
 
Finite Automata (FA) are fundamental computational models used in the theory of 
computation and formal languages. They are abstract machines designed to recognize 
patterns within input strings and determine whether a given string belongs to a particular 
language. 

▪ A finite automaton consists of: 
▪ A finite number of states 
▪ An input alphabet 
▪ A set of transition rules 
▪ A start state 
▪ One or more accepting states 

 
Finite automata are widely used in: 

o Compiler design (lexical analysis) 
o Text searching and pattern matching 
o Network protocol design 
o Artificial intelligence 
o Digital circuit design 

 
Based on how transitions are defined, finite automata are broadly classified into:  

❖ Deterministic Finite Automaton (DFA) 
❖ Non-Deterministic Finite Automaton (NFA) 

 
Although both DFA and NFA recognize regular languages, they differ significantly in their 
structure, design approach, and operational behaviour. 
 
 
 
 
 



Deterministic Finite Automaton (DFA) 
A Deterministic Finite Automaton (DFA) is a type of finite automaton in which, for every 
state and every input symbol, there is exactly one defined transition to another state. 
The term deterministic indicates that the automaton’s behaviour is completely 
predictable. At any point during computation, the automaton can be in only one state. 
 

➢ Formal Description of DFA 
A DFA is formally defined as a 5-tuple: 
Where:   D = (Q, Σ, δ, qo, F) 

o Q= finite set of states 
o ∑ = finite input alphabet 
o δ= transition function 
o δ: Ο Χ Σ =>Q= set of final (accepting) states 

 
➢ Characteristics of DFA 
o There is only one transition for each input symbol from a given state.  
o ε (epsilon) transitions are not allowed. 
o The automaton processes one input symbol at a time. 
o The computation path is unique and unambiguous. 
o If no transition is defined for a particular input symbol, the string is rejected. 

 
➢ Working of DFA 

The DFA starts from the initial state and reads the input string symbol by symbol from left to 
right. Based on the transition function, it moves deterministically from one state to another.  
After the entire input string is processed: 
If the DFA ends in an accepting state, the string is accepted. 
Otherwise, the string is rejected. 
 

➢ Example of DFA 
Language: 

➢ All strings over the alphabet {0,1} that end with 1. 
DFA Components 
States: Q = q0, q1 
Alphabet: Σ = 0,1 
Start State: q0 
Accepting State: F = q1 
 
 



Transition Table:- 
Current State Input 0 Input 1 
q0 q0 q1 
q1 q0 q1 

 
Explanation:- 
The DFA remains in q₀ when reading 0. 
When it reads 1, it moves to q₁. 
The DFA accepts the string only if the last symbol is 1. 
 

➢ Advantages of DFA 
o Faster execution due to a single computation path 
o Suitable for real-time systems 
o Efficient for hardware implementation 

 
➢ Disadvantages of DFA 
o Requires a large number of states 
o Complex to design for certain languages 
o Less flexible compared to NFA 

 
 

Non-Deterministic Finite Automaton (NFA) 
A Non-Deterministic Finite Automaton (NFA) is a finite automaton where: 

o A state can have multiple transitions for the same input symbol 
ε (epsilon) transitions are allowed.  

o The automaton can be in more than one state at the same time.  
o Non-determinism allows the automaton to “guess” the correct path during 

computation. 
 

➢ Formal Description of NFA 
An NFA is also defined as a 5-tuple: 
Where: N = (Q, Σ, δ, qo, F) 

o Q= finite set of states 
o ∑= input alphabet 
o δ = transition function 
o δ: Q × (Συ{ε}) → 2Q     = is the transition function 
o F= set of accepting states 



➢ Characteristics of NFA 
o Multiple transitions for the same input symbol are allowed 
o ε-transitions are permitted 
o Can exist in multiple states simultaneously 
o Acceptance occurs if any one path reaches a final state 

 
➢ Working of NFA 

An NFA processes an input string by exploring all possible paths simultaneously. A string is 
accepted if at least one computation path leads to an accepting state after consuming the 
entire input. 
 

➢ Example of NFA 
Language:  All strings over {a, b} that end with ab. 
NFA Components 
States:Q = q0, q1, q2 
Alphabet: Σ = a, b 
Start State: q0 
Accepting State: F = q2 
 
Transitions:- 
q0=a=>q0 
q0=a=>q1 
q1=b=>q2 
 

➢ Explanation:- 
The NFA nondeterministically chooses when the substring ab starts. If any path leads to 
q_2, the string is accepted. 
 

➢ Advantages of NFA 
o Easier to design 
o Requires fewer states 
o Compact representation 
o Useful for theoretical proofs 

 
➢ Disadvantages of NFA 
o Difficult to implement directly 
o Slower in practice 
o Must be converted to DFA for execution 



 
➢ Equivalence of DFA and NFA 

Despite their differences, DFA and NFA are equivalent in expressive power. For every NFA, 
there exists an equivalent DFA that accepts the same language. 
This conversion is done using the subset construction method. 
 

➢ Applications of DFA and NFA 
o Lexical analyzers 
o Regular expression matching 
o Network security systems 
o Digital logic circuits 
o Pattern recognition 

 
DFA NFA 
DFA cannot use Empty String transition. NFA can use Empty String transition. 
In DFA, the next possible state is distinctly set In NFA, each pair of state and input 

symbol can have many possible next 
states. 

DFA rejects the string in case it terminates in a 
state that is different from the accepting state. 

NFA rejects the string in the event of all 
branches dying or refusing the string. 

All DFA are NFA. Not all NFA are DFA. 
 

 Conclusion 
Deterministic and Non-Deterministic Finite Automata are foundational concepts in 
automata theory. While DFA is more practical and efficient, NFA provides simplicity in 
design. Both are mathematically equivalent and form the basis for understanding regular 
languages and compiler construction.  
 


