
18MMP305A FORMAL LANGUAGES AND AUTOMATA THEORY     4H – 4C 

 

Instruction Hours / week: L: 4 T: 0 P: 0  Marks: Internal: 40  External: 60 Total: 100 

 End Semester Exam: 3 Hours 

Course Objectives 

This course enables the students to learn   

 The basic concepts in automata theory and theory of computation. 

 To identify different formal language classes and their relationships. 

 

Course Outcomes (COs) 

On successful completion of this course the students will be able to: 

1. Understand the definition of Automata. 

2.  Discuss the acceptability of a string by finite automation. 

3.  Construct non-deterministic finite state machine. 

4. Know about the different concepts in automata theory and formal languages such as 

formal proofs, non-deterministic automata, regular expressions, regular languages 

context-free grammars, context-free languages. 

5. Design automata, regular expressions and context-free grammars accepting or generating 

certain languages. 

 

UNIT I 

FINITE AUTOMATA 

Definition of an Automation - Description of Finite Automaton – Transition systems - Property 
of transition functions - Acceptability of a string by a finite Automaton - Non deterministic finite 
automaton - The equivalence of DFA and NDFA. 
 

UNIT II 

FROMAL LANGUAGES 

Formal Languages - Basic Definitions and examples - Chomsky classification of Languages - 
Languages and their relation - Recursive and Recursively Enumerable sets- Operations on 
Languages. 
 

UNIT III 

REGULAR EXPRESSIONS AND LANGUAGES 

Regular expressions - Finite Automata and Regular expressions. 

 

 

UNIT IV 



REGULAR SETS 

Pumping Lemma for Regular sets - Applications of Pumping Lemma - Closure Property of 
Regular sets - Regular sets and Regular grammars. 

 

UNIT V 

CONTEXT FREE GRAMMARS 

Context free Languages and Derivation trees - Ambiguity in Context free grammars - 
Simplification of Context free grammars (examples only). 

 

SUGGESTED READINGS 

1. Mishra, K. L. P and Chandrasekaran, N.,(2008). Theory of Computer Science, Automata 

    Languages and Computation, Prentice Hall of India, New Delhi. 

2. John E. Hopcroft, Rajeev Motwani and J.D. Ullman, (2006). Introduction to Automata 

     theory, 

    Languages and Computation, Third Edition, Prentice Hall of India,New Delhi. 

3. Aho A.V., and Ullman J.D., (2002). Principles of compiler design, Narosa Publishing 

    Company, London. 

4. Rakesh Duke, Adesh Pandey and Ritu Gupta, (2007).Discrete Structures and Automata 

    theory.Narosa Publishing Company, New Delhi. 
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LESSON PLAN 

DEPARTMENT OF MATHEMATICS 

 

Name of the faculty : J.Jansi 

Class : II M.Sc Mathematics 

Subject : Formal languages and Automata Theory 

Subject Code : 18MMP305A 
 

S.No Lecture 

Duration 

Topics to be covered Support Materials 

Unit – I 

1. 1 Definition of an Automation with examples S1: Ch 3: Pg: 71-72 

2. 1 Description of Finite Automaton S1: Ch 3: Pg: 73 

3. 1 Transition systems S1: Ch 3: Pg: 74 

4. 1 Property of transition functions S1: Ch 3: Pg: 75 

5. 1 Finite Automaton S1: Ch 3: Pg: 77 

6. 1 Acceptability of a string by a finite Automaton S1: Ch 3: Pg: 77 

7. 1 Non deterministic finite automaton S3: Ch 3: Pg: 147-148 

8. 1 The equivalence of DFA S1: Ch 3: Pg: 80 

9. 1 The equivalence of NDFA S1: Ch 3: Pg: 80 

10. 1 Recapitulation and discussion of possible 

question 

 

Total No of Hours Planned For Unit 1– 10 hours 

Unit – II 

1. 1 Introduction on Formal Languages S1: Ch 4: Pg: 107 

2. 1 Basic Definitions and examples S1: Ch 4: Pg: 107 

3. 1 Chomsky classification of Languages S1: Ch 4: Pg: 120-122 

4. 1 Languages and their relation S1: Ch 4: Pg: 123 

5. 1 Recursive and Recursively Enumerable sets S1: Ch 4: Pg: 124 

6. 1 Continuation on Recursive and Recursively 

Enumerable sets 

S1: Ch 4: Pg: 125 

7. 1 Operations on Languages. S1: Ch 4: Pg: 126 

8. 1 Continuation on Operations on Languages. S3:Ch 3:119-120 

9. 1 Recapitulation and discussion of possible 
question 
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Total No of Hours Planned For Unit 1I – 9 hours 

Unit – III 

1. 1 Definitions and examples of Regular expressions S2: Ch3: Pg: 83 

2. 1 Identities for regular expressions S1: Ch5: Pg: 126 

3. 1 Finite Automata and Regular expressions. S2: Ch3: Pg: 90 

4. 1 Transition system containing ∧ - moves S1: Ch5: Pg: 140 

5. 1 Conversion of Nondeterministic Systems to 
Deterministic Systems 

S1: Ch 5: Pg: 146-147 

6. 1 Algebraic method using Arden’s theorem S1: Ch 5: Pg: 148-152 

7. 1 Constructions of finite automata S1: Ch 5: Pg: 153-156 

8. 1 Equivalence of two finite automata S1: Ch 5: Pg: 157-159 

9. 1 Equivalence of two regular expressions S1: Ch 5: Pg: 160-161 

10. 1 Recapitulation and discussion of possible 
question 

 

Total No of Hours Planned For Unit 1II – 10 hours 

Unit – IV 

1. 1 Basic Definitions and examples of Regular sets S1: Ch 5: Pg: 161 

2. 1 Pumping Lemma for Regular sets S1: Ch 5: Pg: 162 

3. 1 Applications of Pumping Lemma S1: Ch 5: Pg: 163-164 

4. 1 Closure Property of Regular sets S1: Ch 5: Pg: 165-166 

5. 1 Basic Definitions and examples of Regular 
grammars 

S1: Ch 5: Pg: 167 

6. 1 Continuation on Regular grammars S1: Ch 5: Pg: 167 

7. 1 Construction of a regular grammar S1: Ch 5: Pg: 168 

8. 1 Construction of a Transition system S1: Ch 5: Pg: 169 

9. 1 Examples of construction of a Transition system S1: Ch 5: Pg: 170 

10. 1 Recapitulation and discussion of possible 
question 

 

Total No of Hours Planned For Unit 1V – 10 hours 

Unit – V 

1. 1 Context free Languages S2: Ch5: Pg: 171-172 

2. 1 Derivation trees S11: Ch 6: Pg: 181-185 

3. 1 Context free grammars S4: Ch 16: Pg: 427-430 

4. 1 Ambiguity in Context free grammars S4: Ch 16: Pg: 457-460 

5. 1 Simplification of Context free grammars S1: Ch 6: Pg: 189-192 

6. 1 Recapitulation and discussion of possible 
questions 

 

7. 1 Discussion of previous ESE question papers  

8. 1 Discussion of previous ESE question papers  

9. 1 Discussion of previous ESE question papers  

Total No of Hours Planned For Unit V -9 hours 
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SUGGESTED READINGS  

S1. Mishra, K. L. P and Chandrasekaran, N.,(2008). Theory of Computer Science,      
      Automata Languages and Computation, Prentice Hall of India, New Delhi. 
S2. John E. Hopcroft and J.D. Ullman, (2006). Introduction to Automata theory,  
       Languages and Computation, Third Edition, Prentice Hall.ofIndia,New Delhi. 
S3. Aho A.V., and Ullman J.D., (2002). Principles of compiler design, Narosa  
      Publishing Company, London. 
S4. Rakesh Duke, Adesh Pandey and RiTu Gupta, (2007). Discrete Structures and  
      Automata theory. Narosa Publishing Company, New Delhi. 

 

 

 

 
 

. 
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Definition of an Automation - Description of Finite Automaton – Transition systems - 

Property of transition functions - Acceptability of a string by a finite Automaton - Non 

deterministic finite automaton - The equivalence of DFA and NDFA. 
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Possible Questions  
 

Part B(6 marks) 
 

1. Explain characteristic of finite automaton. 
 

2. Prove that for any transition function δ and for any two input strings x and y, 

δ(q, xy) = δ(δ(q, x), y). 

3. Consider the finite state machine whose transition function δ is given by table 

in the form of a transition table. Here, Q = { },  {0,1}, 

F = { }. Give the entire sequence of states for the input string 110001. 
 

4. Construct a deterministic finite automaton equivalent toM =( { }, 

{0,1}), δ, ,{ })where δ is given by table 

State table 
 

 

5. Define DFA and acceptability of a string by it with example. 
 

6. Construct a DFA accepting all strings over {a,b} ending in ab. 
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7. Write a note on deterministic and nondeterministic model with example. 

8. Find a DFA equivalent to M=({ },{a,b},δ, ,{ }) and δ is given by 

δ ( )= },δ ( )= },δ (  )= },δ ( )= }, δ ( )= , 

δ ( )= }. 

9. Construct a DFA equivalent to an NDFA whose transition table is given below 
 

10. Find a deterministic acceptor equivalent to M=({ },{a,b},δ, ,{ }) where δ 

is given by the table 
 

Part- C (Compulsory) 
 

1.Construct a DFA equivalent to the NDFA M whose transition diagram is given below 
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Formal Languages - Basic Definitions and examples - Chomsky classification of 

Languages - Languages and their relation - Recursive and Recursively Enumerable sets- 

Operations on Languages. 
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Possible Questions 
 

Part-B(6 mark) 
 

1. If G = ({S}, {0,1},{S → 0S1, S → Ʌ}. S), find L(G). 

2. Let G = ({S, C} , {a, b} , P, S) where P consists of S →aCa, C →aCa |b. Find 

L(G). 

3. If G is S →aS | bS | a | b, find L(G). 

4. Let G = ({S, A1} , {0, 1,2} , P, S) where P consists of S → 0SA12, S → 012, 2A1 

→A12. 1A1 → 11. Show that L(G) = {0”1”2” | n ≥ 1}. 

5. Let G = ({S, A1,A2} , {a, b} , P, S) where P consists of S → aA1A2a, A1 

→baA1A2b, A2 → A1 ab, aA1→baa, bA2b →abab. Test whether w = 

baabbabaaabbaba is in G. 

6. Consider the grammar G given by S → 0SA12. S → 012, 2A1→ A12, 1A1→ 11. 

Test whether (a) 00112 ϵ L(G) and (b) 001122 ϵ L(G). 

7. Show that there exists a recursive set which is not a context- sensitive language 

over {0,1}. 

8. Show that {a^ n2 | n ≥ 1} is generated by the grammar S → a, S → A3A4 , A3→ 

A1A3A2, 

A3→ A1A2, A1A2→aA2A1, A1a→aA1 , A2a→aA2, A1A4→A4a, A2A5 →A5a, A5 

→ a. 
 

9. Explain about the Chomsky classification of languages and their properties. 

10. Show that each of the classes L0, Lcs1, Lcf1, Lr1 is closed under concatenation. 

PART C(10 mark) 

1.   Show that each of the classes L0, Lcs1, Lcf1, Lr1 is closed under union. 
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Regular expressions - Finite Automata and Regular expressions. 
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Possible Questions: 
 

Part-B(6 mark) 
 

1. Describe the following sets by regular expressions : 

i) L1 = the set of all strings of 0’s and 1’s ending in 00. 

ii) L2 = the set of all strings of 0’s and 1’s beginning with 0 and ending with 1. 

iii) L3={ Ʌ, 11, 1111, 111111, …}. 

 

2. State and prove Arden’s theorem 

 
3. State and prove Kleen’s theorem. 

 
4. Prove that the strings recognized are (a + a(b + aa)*b)* a(b + aa) * a. 

5. Construct a regular expression corresponding to the state diagram described by 

given below. 

 

 

 
6. Find the regular expression corresponding to 
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7. Determine M and M’ are equivalent. Automaton M and M’ are given below. 

 
8.(i)Give an r.e for representing the set L of strings in which every 0 is immediately 

followed by at least two 1’s. 

(ii) Prove that the regular expression R = Ʌ + 1*(011)*(1* (011)*)* also describe 

the same set of strings. 

9. Prove ( 1 + 00*1) + (1 + 00*1)(0 + 10*1)* (0 + 10*1) = 0*1(0 + 10*1)*. 

 
10. Find the equivalent automation without Ʌ-moves. 

 
Part-B(10 mark) 

 
1. Construct a DFA with reduced states equivalent to the r.e10 + (0 + 11))0*1 
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Pumping Lemma for Regular sets - Applications of Pumping Lemma - Closure Property 

of Regular sets - Regular sets and Regular grammars. 
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Possible Questions: 
 

Part-A(6 mark) 
 

1. State and prove pumping lemma for regular sets. 

2. Show that the set L = { a^ i2} |i ≥ 1} is not regular. 

3. Show that L = {ap | p is prime } is not regular. 

4. State and prove Kleen’s theorem. 

5. Show that L = {ww | w ϵ {a, b}*} is not regular. 

6. Prove that If L is regular then LT is also regular. 

7. Prove that If L is a regular set over Ʃ. Then Ʃ* - L is also regular over Ʃ. 

8. Construct a regular grammar G generating the regular set represented by P = 

a*b(a + b)*. 

9. Let G = ({A0, A1}, {a, b}, P, A0), where P consists of A0 → a A1, A1 → b A1, A1 

→ a, A1 → b A0. Construct a transition system M accepting L(G). 

10. Prove that P + PQ*Q = a*bQ* where P = b + aa*b and Q is any regular 

expression. 
 

Part C(10 mark) 
 

1. Show that L = {0i 1i | i ≥ 1} is not regular. 
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Possible Questions: 
 

Part-A(6 mark) 
 

1. Consider G whose productions are S → aAS |a, A→ SbA | SS | ba. Show that S 

aabbaa and construct a derivation tree whose yield is aabbaa. 

2. Prove that if A w in G, then there is leftmost derivation of w. 

3. Let G be the grammar S → 0B | 1A, A → 0| 0S | 1 AA, B → 1|1S |0BB. For the 

string 00110101, find (a) the leftmost derivation, (b) the rightmost derivation and 

(c) the derivation tree. 

4. If G is the grammar S → SbS | a, show that G is ambiguous. 

5. If G is a CFG such that L(G) ≠ ф. Find an equivalent grammar G’ such that each 

variable in G’ derives some terminal string. 

6. Let G = (VN, Ʃ, P, S) be given by the productions S → AB, A →a,  B→ b, 

B→C, E→c. Find G such that every variable in G’ derives some terminal string. 

7.  Prove that for every CFG G there exists a reduced grammar G’ which is 

equivalent to G. 

8. Find a reduced grammar equivalent to the grammar G whose productions are S 

→ AB | CA, S → BC | AB, A → a, C → aB | b. 

9. Construct a reduced grammar equivalent to the grammar S → aAa, A → Sb | bCC 

| DaA, C → abb | DD, E → aC, D → aDA . 

10. Consider the grammar G whose productions are S → aS | AB, A → Ʌ, B → Ʌ, D 

→ b. construct a grammar G1 without null productions generating L(G) – {Ʌ}. 

Part C(10 mark) 
 

1. Let G be S → AB, A →a, B → C|b, C → D, D → E and E → a. Eliminate unit 

productions and get an equivalent grammar. 
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