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III B.Tech. - V Semester 

23CSE351T AUTOMATA THEORY AND COMPILER DESIGN L T P C 

3 -  - 3 

 

PRE-REQUISITES: A course on Software Engineering 

COURSE OBJECTIVES: 

1. Able to understand the concept of abstract machines, construct FA, Regular Expressions for 
the regular languages and equivalent FSMs. 

2. Able to construct pushdown automata equivalent to Context free Grammars, construct Turing 
Machines and understand undecidability. 

3. Emphasize the concepts learnt in phases of compiler, lexical analyser and Top-down parser. 

4. Able to understand the concepts of Bottom-up parser, Intermediate Code Generation. 

5. Able to understand the concepts of Code optimizer and Code Generation. 

UNIT 1:INTRODUCTION TO AUTOMATA AND REGULAR EXPRESSIONS (9) 

Introduction, Alphabets, Strings and Languages, Chomsky Hierarchy, Automata and 

Grammars, Regular Grammar and Language, Finite Automata, Deterministic finite Automata 

(DFA), Nondeterministic finite Automata (NFA), Equivalence of NFA and DFA, Minimization of 

Finite Automata, Regular Expressions, Converting Regular Grammar and Expression into Finite 

Automata, Pumping lemma for regular sets, Closure properties of regular sets (Without proof). 

 

UNIT -2: CONTEXT FREE GRAMMARS AND PUSHDOWN AUTOMATA (9) 
Context Free Language, Context Free Grammar, Derivation and Parse tree, Ambiguity, 

Simplification of CFG's, Chomsky Normal Form, Greibach Normal Form, Push Down Automat (PDA), 

Design of PDA, Equivalence of PDA and CFL/CFG 

 

UNIT -3: TURING MACHINES AND INTRODUCTION TO COMPILERS (9) 
Turing Machine, TM Model, Language acceptance, Design of Turing Machine, Compilers, Phases of 

Compiler, The role of Lexical Analyzer, Input Buffering 

 

UNIT -4: THE PARSERS AND INTERMEDIATE CODE GENERATION (9) 
Parser, Top-Down parsers: Recursive Descent Parsers, Predictive Parsers Bottom-up Parsers: Shift- 

Reduce Parsing, LR parsers, Intermediate Code Generation: Three address codes. 

 

UNIT -5: THE CODE OPTIMIZATION AND CODE GENERATION (9) 

Code Optimization: Peephole optimization, Basic blocks and flow graphs, DAG, Principles of Source 

Code Optimization, Code Generation: Issues in Design of Code Generation, Simple Code Generator 

 

 

 

 

Total Hours: 45 



SREENIVASA INSTITUTE OF TECHNOLOGY AND MANAGEMENT STUDIES 
(Autonomous) 

DEPARTMENT OF COMPUTER SCIENCE AND ENGINEERING (DATA SCIENCE) 

 

 

140  

 

 
COURSE OUTCOMES: 

 
On successful completion of the course, students will be able to POs 

 

CO1 Identify the various bugs and correcting them after knowing 

the consequences of the bug. 

 

PO1, PO2 

CO2 Perform functional testing using control flow and transaction 

flow graphs. 
PO1, PO2, PO3 

CO3 Design the path expression and reduce them very well when 

needed. 

 

PO1, PO2, PO3 

CO4 Test logic or an application and identifying the nice and ugly 

domains. 
PO1, PO2, PO3, 

PO4 

CO5 
Use appropriate software testing tools, techniques and 

methods for even more effective systems during both the 

test planning and test execution phases of a software 
development project. 

 

PO1, PO2, PO3, 

PO5 

 
TEXT BOOKS: 

 
1. Michael Sipser, Introduction to the Theory of Computation, 3rd Edition, Cengage Learning, 

Reprint 2021. 

2. K. L. P. Mishra & N. Chandrasekaran, Automata Theory and Formal Languages, Revised 

Edition 2022, PHI Learning 

3. John C. Martin, Theory of Computation, 2021 Edition, McGraw-Hill. 

4. Aho, Lam, Sethi & Ullman, Compilers: Principles, Techniques and Tools, 2nd Edition, 
Pearson, Reprint 2020–2023. 

5. K. V. N. Sunitha & N. Kalyani, Compiler Design, Latest Edition 2021/2022, McGraw-Hill. 

 

REFERENCE WEBSITE: 

 
1. GeeksforGeeks – Automata Theory https://www.geeksforgeeks.org/automata-theory 

2. TutorialsPoint – Theory of Computation 

https://www.tutorialspoint.com/automata_theory 

3. NPTEL – Theory of Computation (IIT Courses) 

https://nptel.ac.in/courses/106/104/106104028 

4. GeeksforGeeks – Compiler Design https://www.geeksforgeeks.org/compiler-design- 

tutorials 

5. TutorialsPoint – Compiler Design https://www.tutorialspoint.com/compiler_design 

 

CO-PO MAPPING 

 

CO\PO PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 

CO.1 3 3 - - - - - - - - - - 

CO.2 2 3 3 - - - - - - - - - 

CO.3 2 3 3 - - - - - - - - - 

CO.4 2 3 3 3 - - - - - - - - 

CO.5 2 3 3 - 3 - - - - - - - 

CO* 2.2 3 3 3 3 - - - - - - - 



Introduction, Alphabets, 
Strings and Languages 

Presented by 

Mr A Srinivasan 

Associate Professor 

SITAMS, Chittoor   



INTRODUCTION TO AUTOMATA AND REGULAR 
EXPRESSIONS  

• Introduction, Alphabets, Strings and Languages, Chomsky Hierarchy, 
Automata and Grammars, Regular Grammar and Language, Finite 
Automata, Deterministic finite Automata (DFA), Nondeterministic finite 
Automata (NFA), Equivalence of NFA and DFA, Minimization of Finite 
Automata, Regular Expressions, Converting Regular Grammar and 
Expression into Finite Automata, Pumping lemma for regular sets, Closure 
properties of regular sets (Without proof). 

 

• Text Book:  
• Michael Sipser, Introduction to the Theory of Computation, 3rd Edition, Cengage Learning, 

Reprint 2021. 
• K. L. P. Mishra & N. Chandrasekaran, Automata Theory and Formal Languages, Revised Edition 

2022, PHI Learning 

 
 



Alphabet 

• Alphabet : An alphabet is a finite and nonempty set of symbols.  

• It is denoted by ∑.  

 Example :  

  a) ∑ = {0,1}, the set of binary alphabet.  

  b) ∑ = {a,b……..z}, the set of all lowercase letters.  

  c) ∑ = {+, &,…..}, the set of all special characters.  



String or Word 

•✓ String or Word : A string is a finite set sequence of symbols chosen 
from some alphabets.  

• It is denoted by w,x,y,or z 

 Example :  

  a) w= “0111010” is a string over alphabet ∑ = {0,1}  

  b) w=“aabbaacab” is a string over alphabet ∑ = {a,b,c} 

 



Empty String and Length of String  

• Empty String : The empty string is the string with zero occurrences of 
symbol (no symbol).  

• It is denoted by є(epcilon).  

• Length of String : The length of a string is number of symbols in the 
string.  

• It denoted by |w|.  

 Example :  

  w = 010110101 from binary alphabet ∑ = {0,1}  

  Length of a string |w| = 9  



Power of an Alphabet 

• Power of an Alphabet: If ∑ is an alphabet, we can express the set of all 
strings of certain length from that alphabet by using an exponential 
notation.  

• It is denoted by ∑k is the set of strings of length k, each of whose symbols is 
in ∑. 

 Example 1:  

  ∑ = {0,1} has 2 symbols  

  i) ∑1 = {0,1}         (21 = 2)  

  ii) ∑2 = {00, 01, 10, 11}       ( 22 = 4)  

  iii) ∑3 = {000,001,010,011,100,101,110,111} (23 = 8)  

 



Power of an Alphabet 

• The set of strings over an alphabet ∑ is usually denoted by ∑* .  

Example:  

 ∑* = {0,1}* = {є,0,1,00,01,10,11}     (∑*=∑0U∑1U∑2……) - with є symbol. 

 

• The set of strings over an alphabet ∑ excluding є is usually denoted by 
∑+ .  

Example:  

∑+ = {0,1}+ = {0,1,00,01,10,11}       (∑+=∑*- {є} or ∑1U∑2U∑3……) - 
without є symbol. 

 



Concatenation 

• Concatenation of String Join the two or more strings.  
• Let x and y be two strings. Concatenation of strings x and y is appending 

symbols of y to right end of x.  
Example1: 
 x = a1a2a3……………an  
 y = b1b2b3……………bn  
 Concatenation of Strings x and y = a1a2a3……anb1b2b3….…bn 
Example 2:  
 S = welcome  
 T = SITAMS 
 Concatenation of S and T = welcomeSITAMS 



Languages 

• Languages: If Σ is an alphabet, and L ⊆ Σ* then L is a 
language.  

Examples:  

• The set of legal English words  
• The set of legal C programs   
• The set of strings consisting of n 0's followed by n 1's  
 L = { 0n1n ; n>=0} 



Operations on Languages 

• Complementation: Let L be a language over an alphabet Σ. The 
complementation of L, denoted by L , is Σ*–L. 

• Union: Let L1 and L2 be languages over an alphabet Σ. The union 
of L1 and L2, denoted by L1UL2, is {x | x is in L1 or L2}.  

• Intersection: Let L1 and L2 be languages over an alphabet Σ. The 
intersection of L1 and L2, denoted by L1∩L2, is { x | x is in L1 and 
L2}. 

• Concatenation: Let L1 and L2 be languages over an alphabet Σ. 
The concatenation of L1 and L2, denoted by L1.L2, is {w1.w2| w1 
is in L1 and w2 is in L2}. 



Operations on Languages 

• Reversal: Let L be a language over an alphabet Σ. The reversal of L, denoted 
by Lr , is {wr | w is in L}.  

• Kleene’s closure: Let L be a language over an alphabet Σ. The Kleene’s 
closure of L, denoted by L*  

 Example: L*=L0 U L1 U L2 U L3…..    

   where L0 ={є} 

           L1 ={L} 

           L2 ={LL} 

           Ln= Concatenating L itself for n times 

     



Operations on Languages 

• Positive Closure: Let L be a language over an alphabet Σ. The positive 
closure of L, denoted by L+  

 Example: 

   L+= L1 U L2 U L3…..=L* - L0 



Finite Automata 

• Automaton is an abstract computing device.  

• It is a mathematical model of a system, with discrete inputs, outputs, 
states and set of transitions from state to state that occurs on input 
symbols from alphabet ∑ 

• Finite Automata representations in three ways, 

 o Graphical form (Transition Diagram) 

 o Tabular form (Transition Table) 

 o Mathematical (Transition Function or Mapping Function) 



Mathematical Definition of Finite Automata 

• A finite automata is consists of 5-tuple denoted by M and is defined 
as M=(Q, Σ, δ, q0, F) Where 

 Q is a finite set of states. 

 Σ is a finite set of input alphabets. 

 δ : Q ×Σ → Q is a finite set of transition functions. 

 q0 ∈ Q is the start state or initial state. 

 F ∈ Q is the set of accept states or final states. 



Transition Diagram (Transition graph) 

• It is a directed graph associated with the vertices of the graph 
corresponds to the states of the finite automata.  

• It is a 5-tuple graph used state and edges represent the transitions 
from one state to other state. 

Example: 

 



Transition Table 

• It is the tabular representation of the DFA. For a transition table the 
transition function is used. 

Example: 

 



Transition Function 

• The mapping function or transition function denoted by δ. Two 
parameters are passed to this transition function:  

  (i) current state  

  (ii) input symbol.  

• It returns a state which can be called as next state. 

 δ ( current_state, current_input_symbol ) = next_state 

Example: 

  δ ( q0, a ) = q1 



Computation of a Finite Automata 

δ ( q0, a ) = q1 

• The automaton receives the input symbols one by one from left to 
right.  

• As per above example machine reads a symbol (a), then it changes 
from current state (q0) to next state (q1).  

• When Machine reads the last symbol of the input it may produces 
accept or reject.  

• The Machine may be in an accept state or not in an accept state. 



Types of Finite Automata 

•Deterministic Finite Automata (DFA) 

•Non-Deterministic Finite Automata (NFA or NDFA) 

•Non-Deterministic Finite Automata with ε move (ε-
NFA or ε-NDFA) 



Deterministic Finite Automata (DFA) 

• Deterministic Finite Automaton is a Finite Automata in which there is only 
one path for a specific input from current state to next state.  

• There is a unique transition on each input symbol. 

• Formal Definition of Deterministic Finite Automata 

• A finite automaton is a 5-tuple; they are M = (Q, Σ, δ, q0, F) Where 

  Q is a finite set of states. 

  Σ is a finite set of alphabets. 

  δ : Q ×Σ → Q is a finite set of transition functions. 

  q0 ∈ Q is the start state or initial state. 

  F ∈ Q is the set of accept states or final states. 



Deterministic Finite Automata (DFA) 



Non-Deterministic Finite Automata 
• Non-Deterministic Finite Automata is a Finite Automata in which there are 

many paths for a specific input from current state to next state.  

• There are more than one transitions on each input symbol. 

• Formal Definition of Non-Deterministic Finite Automata 

• A finite automaton is a 5-tuple; they are M = (Q, Σ, δ, q0, F) 

 Where 

  Q is a finite set of states. 

  Σ is a finite set of alphabets. 

  δ : Q ×Σ → 2Q is a finite set of transition functions. 

  q0 ∈ Q is the start state or initial state. 

  F ∈ Q is the set of accept states or final states. 



Non-Deterministic Finite Automata 



Finite Automaton with ε- moves 

• Non-Deterministic Finite Automata with moves is a Finite Automata in which 
many paths for a specific input or ε from current state to next state.  

• The ε is a character used to indicate null string. 

• Formal Definition of Non-Deterministic Finite Automata 

• A finite automaton is a 5-tuples; they are M = (Q, Σ, δ, q0, F) 

 Where 

  Q is a finite set of states. 

  Σ is a finite set of alphabets. 

  δ : Q ×(Σ U {ε}) → 2Q is a finite set of transition functions. 

  q0 ∈ Q is the start state or initial state. 

  F ∈ Q is the set of accept states or final states 



Finite Automaton with ε- moves 



Differentiate DFA and NFA 



Problems for Finite Automata 

1. Design a Deterministic Finite Automata which accepts odd number 

 of 1’s and any number of 0’s. 

 



Problems for Finite Automata 

2. Design a Deterministic Finite Automata which accepts odd number 
of 0’s and any number of 1’s. 

3. Design FA to accept the string that always ends with 00. 

 



Problems for Finite Automata 

4. Obtain the ε closure of states q0 and q1 in the following NFA with ε 
transition. 

 

 

 

 

 ε - CLOSURE {q0} = {q0, q1, q2} 

 ε - CLOSURE {q1} = {q1, q2} 

 ε - CLOSURE {q2} = {q2} 

 

 



Problems for Finite Automata 

5. Obtain ε closure of each state in the following NFA with ε move. 

 

 

 

 

Solution: 

    ε - CLOSURE {q0} = {q0, q1, q2} 

    ε - CLOSURE {q1} = {q1, q2} 

    ε - CLOSURE {q2} = {q2} 

 


































































































































































































































































































































































































































































































































































































































































































































































































