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Non-deterministic Finite Automaton                         (Lecture 6) 

Why NFA is called Non-deterministic? 

► Deterministic machine  

− When the machine is at a given state, for a specific input, its 

gives one output at each time. 

 

► Non-Deterministic machine  

− When the machine is at a given state, for a specific input, it 

may give more than one output at each time. 

− Every DFA consider NFA 

► "Deterministic" means "if you put the system in the same situation 

twice, it is guaranteed to make the same choice both times". 

► "Non-deterministic" means "not deterministic", or in other words, 

"if you put the system in the same situation twice, it might or might 

not make the same choice both times". 

► A non-deterministic finite automaton (NFA) can have multiple 

transitions out of a state. This means there are multiple options for 

what it could do in that situation. It is not forced to always choose 

the same one; on one input, it might choose the first transition, and 

on another input it might choose the same transition. 

► Take this automaton for instance, it's an NFA and it accepts the 

string 0110. it accepts strings that end in 10. 

 

To see that we just need to check whether it reaches an accept state. 

https://cs.stackexchange.com/questions/80923/why-nfa-is-called-non-deterministic
https://i.stack.imgur.com/Jrsxr.png
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q0→1 

q0→0 

q1→1 

q2→0 
 

Now in the red line there was another possibility, that is when reading the 

second 1. We could stay in q0 and then stay in q0 when reading the last 0. 

Automata have no memory, so there's no way to 'save' a state and check 

later if my string ends with 10, it's like this NFA it's making a guess 

whether the string ends with 10 before branching to an acceptable state. 

The nondeterminism here is making many choices and always making the 

right ones. 

 

Example 

 

On the image above, when we are dealing with string "00111", notice that 

when encountering the first "1", there are two possible ways to follow. One 

can stay at "p" or go to "q". If the automata was to move to the "q", it 

wouldn't accept the string (since there are no edges coming out of the "q"). 

But the string can be accepted by this automata by going to the "q" with 

only the last 1, while staying at "p" for everything else.      RE= (0+1)*1 

 

► In a NFA, for each state there can be zero, one, two, or more 

transitions corresponding to a particular symbol. 

► Nondeterministic means it can transition to, and be in, multiple 

states at once (i.e. for some given input). Deterministic means that 

it can only be in, and transition to, one state at a time (i.e. for some 

given input). 

► If NFA gets to state with more than one possible transition 

corresponding to the input symbol, we say it branches. 

► If NFA gets to a state where there is no valid transition, then that 

branch dies. 

https://i.stack.imgur.com/NvCn8.png
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► NFA has finite number of states; the machine is called Non-

deterministic Finite Machine or Nondeterministic Finite 

Automaton. 

Formal Definition of an NFA 
The formal definition of an NFA consists of a 5-tuple, in which order 

matters. 

Similar to a DFA, the formal definition of NFA is: (Q, 𝚺, δ, q0, F), where 

1. Q is a finite set of all states 

2. 𝚺 is a finite set of all symbols of the alphabet 

3. δ: Q x 𝚺 → Q is the transition function from state to state 

4. q0 ∈ Q is the start state, in which the start state must be in the set Q 

5. F ⊆ Q is the set of accept states, in which the accept states must be 

in the set Q 

The only difference between an NFA and a DFA for their formal 

definitions is that for an NFA, you must specify the empty string (𝜀) within 

your delta function, along with the other symbols.  

► The NFA with epsilon-transition is a finite state machine in which 

the transition from one state to another state is allowed without any 

input symbol i.e. empty string ε. 

 

 

For our NFA above, the formal definition would be: 

• Q → {s, f} 

• 𝚺 → {a, b} 

• Start state → s 

• F → { f } 

• δ functions: 
δ(s,a) = {f} 

δ(s,b) = {} 

δ(s,𝜀) = {} 

δ(f,a) = {f} 

δ(f,b) = {f} 

δ(f,𝜀) = {} 



4 

 
 

The nondeterministic finite automaton is a variant of finite automaton with 

two characteristics: 

• ϵ-transition: state transition can be made without reading a symbol; 

• Nondeterminism: zero or more than one possible value may exist for state 

transition. 

An Example Nondeterministic Finite Automaton 

An NFA that accepts all strings over {0, 1} that contain a 1 either at the 

third position from the end or at the second position from the end. 

 
• There are two edges labeled 1 coming out of q1. 

• There are no edges coming out of q4. 

• The edge from q2 is labeled with ε, in addition to 0 and 1. 

 

Graphical Representation of an NDFA: (same as DFA) 

An NDFA is represented by digraphs called state diagram. 

• The vertices represent the states. 

• The arcs labeled with an input alphabet show the transitions. 

• The initial state is denoted by an empty single incoming arc or -. 

• The final state is indicated by double circles or +. 

We can convert any NFA into a TG with no repeated labels from any single 

state as in the following: 

 

Example 

Let a non-deterministic finite automaton be: 

• Q = {a, b, c} 

• Σ = {0, 1} 

• q0 = {a} 

• F={c} 



5 

 
 

The transition function  as shown below: 
 

 
 

Its graphical representation would be as follows: 

 

 
 

Any FA will satisfy the definition of an NFA. We have:  

1. Every FA is an NFA.  

2. Every NFA has an equivalent TG.  

3. By Kleen's theorem, every TG has an equivalent FA.  

 

Therefore:  

Language of FA's ⊂ language of NFA's ⊂  language of TG's = language 

of FA's 

Example 
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Theorem  
FA = NFA  

By which we mean that any language defined by a nondeterministic finite 

automaton is also definable by a deterministic (ordinary) finite automaton 

and vice versa. 

 

 

 

It is sometimes easier to understand what a language is from the picture of 

an NFA that accepts it than from the picture of an FA as in the following 

example. 
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Example  

The NFA and FA below accepts the language of all words that contains 

either a triple a (the substring aaa) or a triple b (the substring bbb) or both. 

 

 

NDFSA Example 

 
Example 

 



8 

 
 

 
 

 
 

 
 

 



9 

 
 

 
 

 

 
 

 



10 

 
 

 

 
 

 
 



11 

 
 

 
 

 

 
 

 



12 

 
 

 

 
 

 
 

 
 

 



13 

 
 

 

 
 

 
 

 

 

 

 



14 

 
 

 
 

 
 

 
 

 
 

 



15 

 
 

 

 
 

 

 

 
 

 

 
 



16 

 
 

 
 

 

 

 

 
 

 
 



17 

 
 

 

 
 

 
 

 

 

 
 



18 

 
 

 
 

 
 

 

 
 

 
 



19 

 
 

 
 

 
 

 
 

 

 
 



20 

 
 

 
 

 

 

 

 

 
 

 



21 

 
 

 
 

 

 

 

 

 

 



22 

 
 

 

 

 

 
 

 


