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AUTOMATA 

 

DFA- Deterministic Finite Automation 

NFA- Non-deterministic Finite Automation 
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 DFA(definition) 

M=(Q, ∑, δ, q₀, F) 
 where, 

 Q - is a set of finite States 

  ∑- set of input symbols.(input alphabets) 

 q₀- initial states. 

 F - set of final states. 

 δ -  Q * Ʃ  Q 

This is called “5 –tuple” form 
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Example:  Fig. 1: machine  

      START 
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Convert the following FA into diagrammatic and 

tabular format. 

Given 5 –tuple form:          

M=(Q, ∑ , δ, q₀ , F) 

 where Q={q₀, q₁, q₂, q₃}
  

       ∑=[0,1] 

     q₀=initial state 

     F={q₀} 

Solution:  

      diagrammatic form                

 

 

 Transient  notation: 

 δ(q₀,0)=q₁  δ(q₀,1)=q₂ 

 δ(q₁,0)=q₀  δ(q₁,1)=q₃ 

 δ(q₂,0)=q₃  δ(q₂,1)=q₀ 

 δ(q₃,0)=q₂  δ(q₃,1)=q₁ 
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Example(contd..,) 

State Table: 

                                       Inputs 

 

 

 

 Symbols 

 

 

 

  

 

     δ       0       1 

      q₀      q₁        q₂ 

      q₁       q₀          q₃ 

      q₂       q₃         q₀ 

      q₃      q₂        q₁ 
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Problem: 

1. Check Whether 0110 is accepted or 

rejected: 

 Solution: 

  δ(q₀,0)=q₁ 

  δ(q₁,1)=q₃ 

  δ(q₃,1)= q₁ 

  δ(q₁,0)= q₀  Є F 
   Therefore, 0110 is accepted. 
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2 .Check Whether 101 is accepted or rejected: 

Solution: 

  δ(q₀,1)=q₂ 

  δ(q₂,0)=q₃ 

  δ(q₃,1)= q₁ Є F 

Therefore, 101 is rejected. 
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Language accepted by machine M (L(M)) 

 

Given:   

  M=(Q, ∑ , δ, q₀ , F) is the machine,  x is the 

string(word) then the language accepted by the 

machine , L(M)={ x | δ (q₀ , x) = q Є F} 
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Example 3. Derive the language accepted by the machine,  

and check whether 1001 is accepted or not. 

Solution: 

 Language accepted by the machine, 

L(M)= {x | x consist of even no. of 0’s and even no. of 1’s}. 
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Non-deterministic Finite Automation (NFA) 

Definition: 

            M=(Q, ∑ , δ, q₀ , F) 

  where,  

  Q - finite no. of states 

  ∑ - finite no. of Inputs 

  δ - is a function- (Q X ∑)      2Q 

       q₀ - Starting State 

         F – final state. 
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Fig.2: 
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Ex: 1 check whether 1010  accept or not 

Solution: 

 

 δ (q₀,1)       = {(q₀,q₃)} 

 δ ({q₀,q₃},0) = δ ((q₀,0) U δ(q₃,0)) 

       =  {q₀, q₁} U ɸ = {q₀,q₁} 

 δ ({q₀,q₁},1) =   δ((q₀,1) U (q₁,1)) 

    =    {q₀,q₃} U ɸ = {q₀,q₃} 
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Contd.., 

δ({q₀,q₃},0 )=δ (q₀,0) U δ (q₃,0) 

   ={q₀,q₁} U ɸ = {q₀,q₁}   

δ (q₀,1010)   = {q₀,q₁}  Є F i.e q2,q4 

 Therefore,  L(M)={x | δ(q₀,x) n F ≠ ɸ } 

 So 1010 is rejected. 
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Regular Expression 
Definition: 

 ɸ is a Regular Expression denoting an Empty Set { }. 

 Є is a Regular Expression denoting a Set {Є}. 

 „a‟ is a Regular Expression denoting a Set {a}. 

 If r and s is a Regular Expression denoting a Set R and 

S then (r+s), (rs), r* are Regular Expression denoting   

RUS, R.S, R*S respectively. 
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Example: 
  0    = {0} 

  0*  = {Є , 0 , 00 , 000 , …..} 

 

  0+ = {0 , 00 , 000 , ….} 

  0+ = 00* = 0*0 

Definition: 
 

                  ∞ 

L*  =  U   Li 
          i=0 

 

                     ∞ 

L+   =  U  Li 

         i=1 Compiled by Prof K Maheswaran 



Example: 
1.    L1 = { 10 , 1 } 
      L2 = { 011 , 11}  Find L1 . L2 = ? 
Solution: 
  L1 . L2 ={10 011, 1011, 111} 
      

2. (0+1)* = {Є, 0, 1, 00, 10,01,…….} 

Home work: 

3.  (0+1)*  00  (0+1)*    -- It contains 2 consecutive zero. 

4.  (1+0)* 

5.  (0+ Є) (1+10)* 

6.  1* 2* 3* ….. 
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1. R . E  =>  NFA with Є. 

2. NFA with Є  =>  NFA without Є. 

3. NFA without Є  =>  DFA. 

4. DFA  =>  R . E 
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 Regular Expression 

Є 

ɸ 
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  r1 . r2  

  

Є Є 

Є Є 

 r1 + r2  
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 r1* ={Є, r, rr,…..} 

Є Є 

Є 

Є Є Є Є 

Є 

Є 
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Construct a NFA for a given R.E. :(a+b)*abb 

  a+b : 

Є Є 

Є Є 
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(a+b)*  
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Є Є 

Є 

Є 

Є 

Є 
Є 
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Home Work:  0 (0 + 1) * 1 
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How to convert NFA with Є to NFA without Є  

 
 GIVEN:  M = ( Q , Σ ‚ δ , q₀ ‚ F )  NFA with Є 

 Construct: M’= ( Q’ , Σ ’ ‚ δ ’ , q₀’ ‚ F’) NFA without Є 

   where  Q’ =  Q ,  

   Σ’  = Σ ‚ 

    δ’ (q₁ ‚ a )= δ (q₀ ‚ a ), 

    q₀’ = q₀, 

     F  U {q₀} if  Є – closure(q₀) contains a 

  F‟=    state of F. 

    F  otherwise. 
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Convert the following NFA with Є to NFA without Є  

Solution:q  
  Tabular format:₀ 

q₁ q₂ 
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δ(q₀,0) = δ(q₀, Є 0 Є ) 

 

              Є      

          = {q₀‚q₁‚q₂}        

           

    0   

          =  {q0}    

         

                 Є      

 = {q₀‚q₁‚q₂} 

 

 

Similarly   We can derive for all other. 

 

 

 

δ(q₀,1) = δ(q₀, Є 1 Є ) 

 

                      Є      

          =   {q₀‚q₁‚q₂} 

          

                   1   

       =    {q₁}    

 

         Є      

       = {q₁‚q₂} 
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Construct  DFA(M') from  NFA(M): 

   M' = ( Q', ∑'‚ δ'‚ q₀', F' ) 

 where  

  Q' =  2Q  

  ∑'  = ∑ 

  q₀ = [q₀] 

   F' = set of all states in Q' containing a final  

         statement of M. 

  δ' ([q₁‚ q₂‚ ….. , qі] , a) = [P₁, P₂, …. , Pj] 

   δ' ({q₁‚ q₂‚ ….. , qі} , a) = {P₁, P₂, …. , Pj} 
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Problem:  

              Construct DFA: 

 Given: NFA 

   M = ( Q, ∑‚ δ‚ q₀, F ) 

 where 

  Q={ q₀‚ q₁ } 

  ∑={ 0‚ 1 } 

  F={ q₁ } 

        

     δ 

 
 

           0                1 

     q₀ 
         

     q₁ 

    {q₀,q₁}       {q₁} 

 

      Φ           {q₀,q₁} 
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Required  DFA: 

 M' = ( Q', ∑'‚ δ'‚ q₀', F' ) 

 where  

 Q' = 2Q i.e., ={ Φ‚ [q₀]‚ [q₁]‚ [q₀‚q₁] } 

 ∑'  = ∑  ={ 0, 1 } 

 q₀' = [q₀] 

 F' = {[q₁]‚ [q₀‚q₁]} 

 δ'  = Q  X  ∑ 

 

       δ'      0            1 

       Φ         Φ       Φ 

     [q₀]   [q₀‚q₁]      [q₀] 

     [q₁]       Φ    [q₀‚q₁] 

    [q₀‚q₁]    [q₀‚q₁]     [q₀‚q₁] Compiled by Prof K Maheswaran 



Prove:  L (M) = L (M') 
 

  L(M)     L(M') 

 

  L(M')  С   L(M) 

  X Є L(M)  =>   x  Є L(M') 

 {x | δ (q₀, x) n F = Φ}          {x | δ (q₀', x) Є Fۥ }    
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