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2 Marks Questions:- 

 

Q:-1) Define Instantaneous Description of a Turing Machine? (May 2013) 

 

Ans:-1) Transition Function, Instantaneous Descriptions, and Moves:- 

The transition function for Turing machines is given by  
 

:   Q     Q {L, R}  

This means: 

When the machine is in a given state (Q) and reads a given symbol ( ) from the tape, it 

replaces the symbol on the tape with some other symbol ( ), goes to some other state 
(Q), and moves the tape head one square left (L) or right (R).  

An instantaneous description or configuration of a Turing machine requires  

(1) the state the Turing machine is in,  

(2) the contents of the tape, and  

(3) the position of the tape head on the tape. This can be summarized in a string of the 
form  

ai...ajqmak...al 



where the a's are the symbols on the tape, qm is the current state, and the tape head is on 
the square containing ak (the symbol immediately following qm).  

A move of a Turing machine can therefore be represented as a pair of instantaneous 
descriptions, separated by the symbol " ". For example, if  

(q5, b) = (q8, c, R)  
then a possible move might be  

abbabq5babb abbabcq8abb  
 

 

 

Q:-2) What is Kuroda Normal Form? (May 2013) 

 

Ans:-2) Kuroda Normal Form:- 
 
 A Type 1 (Context Sensitive) Grammar {N, T, P, S} is in Kuroda Normal Form 
iff all productions in P are of one of the following forms: 
 
 A → a 
 A → B 
 A → BC 
 AB → CD 
 
(A,B and C in N (Non-Terminals), a in T (Terminals) 

 

Q:-3) State Arden’s Theorem for Regular Expressions. (May 2013) 

 

Ans:-3) Arden’s Theorem:- 

Let P and Q be two Regular Expression s over Σ. If P does not contain Λ, 
then for the equation 

R = Q + RP has a unique (one and only one) solution R = QP* 

 



Q:-4) Discuss the term Ambiguous Grammar. (May 2013) 

 

Ans:-4) Ambiguous Grammar:- a grammar is said to be an ambiguous 

grammar if there is some string that it can generate in more than one way 

(i.e., the string has more than one parse tree or more than one leftmost 

derivation). 

Some programming languages have ambiguous grammars; in this case, 
semantic information is needed to select the intended parse of an ambiguous 
construct. For example, in C the following: 

x * y ; 

can be interpreted either as the declaration of an identifier y of type pointer 
to x, or as an expression in which x is multiplied by y and the result is 
discarded. To choose between the two possible interpretations, a compiler 
must consult its symbol table to find out whether x has been declared as a 
typedef name that is visible at this point. 

Example 

The context free grammar 

A → A + A | A - A | a 

is ambiguous since there are two leftmost derivations for the string a + a - a 

     A → A + A      A → A - A 

     
 

→ a + A      
 

→ A + A - A 

     
 

→ a + A - A      
 

→ a + A - A 

     
 

→ a + a - A      
 

→ a + a - A 

     
 

→ a + a - a      
 

→ a + a - a 
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 the grammar is ambiguous since there are two parse trees for the string  

a + a - a 

 

 

 

 

Q:-5) What do you mean by Parse Tree. (May 2013) 

 

Ans:-5) Parse Tree:- A parse tree for a string in L(G) is a tree where  

 the root is the start symbol for G  
 the interior nodes are the non-terminals of G  
 the leaf nodes are the terminal symbols of G.  
 the children of a node T (from left to right) correspond to the symbols 

on the right hand side of some production for T in G.  

Every terminal string generated by a grammar has a corresponding parse 

tree; every valid parse tree represents a string generated by the grammar 

(called the yield of the parse tree).  

Example: Given the grammar G = (V, ∑, P, E), where  

V = {E, D}, 
∑ = { 1, 2, 3, 4, 5, 6, 7, 8, 9, 0, +, -, *, /, (, ) } 
 
E is the Start Symbol. 
 



and P contains the following rules: 
 
1. E → D  
2. E → ( E )  
3. E → E + E  
4. E → E - E  
5. E → E * E  
6. E → E / E  

7. D → 0 | 1 | 2 | ... 9  
 

Find a parse tree for the string  1 + 2 * 3 

The parse tree is:  

 

              E 

            / | \ 

           /  |  \ 

          /   |   \ 

         /    |    \ 

        /     |     \ 

       E      |      \ 

      /|\     |       \ 

     / | \    |        \ 

    E  |  E   |        E 

    |  |  |   |       |  

    D  |  D   |        D 

    |  |  |   |        | 

    1  +  2   *        3 

 

Q:-6) Define Greibach Normal Form. (May 2013) 

 

Ans:-6) Greibach Normal Form:- 

A CFG G = (V, T, P, S) is said to be in GNF if every production is of the form 

Aaα 

where  

a Є T (Terminals) and  

α Є V* i.e., α is a string of zero or more variables. 



Q:-7) What is Context Free Grammar? (Dec 2012) 
 

Ans:-7) Context Free Grammar:- 

A Grammar G = (V, T, P, S) is said to be Context Free if all Productions in P 
have the form 

Aα  

where  

A Є V (Single Variable)  

and  

α Є (V U T)* (Combination of Variables and Terminals) 

 

 
Q:-8) What is Unit Production? (Dec 2012) 

 

Ans:-8) A Unit Production is one of the form A  B where both A and B are 

Non-Terminals. 

Single Variable on L.H.S.  Single Variable on R.H.S. 

 

Q:-9) Differentiate b/w Deterministic and Non-Deterministic Automata? 
(Dec 2012) 

 

Ans:-9)  

 In DFA the next possible state is distinctly set. 
 
While in NFA each pair of state and input symbol can have many 
possible next states. 
 



 DFA can be understood as one machine. 

NFA can be understood as multiple little machines computing at the 
same time. 

 

 DFA will reject the string if it end at other than accepting state. 

If all of the branches of NFA dies or rejects the string, we can say that 
NFA reject the string. 

 

Q:-10) What is Regular Grammar? (Dec 2012) 
 

Ans:-10) Type-3 Grammars (Regular Grammar) generate the regular 

languages. Such a grammar restricts its rules to a Single Non-terminal on the 

left-hand side and a right-hand side consisting of a single terminal, possibly 

followed (or proceeded, but not both in the same grammar) by a single non-

terminal. The rule S → ε is also allowed here if S does not appear on the right 

side of any rule. These languages are exactly all languages that can be 

decided by a finite state automaton.  

Additionally, this family of formal languages can be obtained by regular 

expressions. Regular languages are commonly used to define search patterns 

and the lexical structure of programming languages. 

Example: 

A →  a 

A →  aB 

A →  Ba 

 



Q:-11) What is Universal Turing Machine? (Dec 2012) 
 

Ans:-11) A Universal Turing machine is a Turing machine that can simulate 

an arbitrary Turing machine on arbitrary input. The universal machine 

essentially achieves this by reading both the description of machine to be 

simulated as well as the input there of from its own tape. 

 

Q:-12) What is a Regular Expression? (May 2010) 

Ans:-12) A Regular Expression is a special text string for describing a search 

pattern. You can think of regular expressions as wildcards on steroids. You 

are probably familiar with wildcard notations such as *.txt to find all text 

files in a file manager. The regex equivalent is .*\.txt 

But you can do much more with regular expressions. you could use the 

regular expression  

\b[A-Z0-9._%+-]+@[A-Z0-9.-]+\.[A-Z]{2,6}\b 

 to search for an email address. Any email address, to be exact. A very similar 

regular expression can be used by a programmer to check if the user entered 

a properly formatted email address. In just one line of code, whether that 

code is written in Perl, PHP, Java, a .NET language or a multitude of other 

languages. 
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Q:-13) Define Finite Automata? (May 2010) 
 

Ans:-13) A Finite Automaton, FA, provides the simplest model of a 

computing device. It has a central processor of finite capacity and it is based 

on the concept of states.  An automaton with a set of states, and its “control” 

moves from state to state in response to external “inputs”. Finite Automata 

are used for pattern matching in Text Editors and Compiler Lexical Analysis. 

A deterministic finite automaton M is a 5-tuple, 

 (Q, Σ, δ, q0, F), consisting of 

 a finite set of states (Q) 

 a finite set of input symbols called the alphabet (Σ) 

 a transition function (δ : Q × Σ → Q) 

 a start state (q0 ∈ Q) 

 a set of accept states (F ⊆ Q) 

 

Q:-14) Differentiate between Moore and Mealy machine. (May 2010) 

Ans:-14) In the Moore model output depends only on the present state.  
 
But In the Mealy model the output depends on both the present state and 
the input. 
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Q:-15) What do you mean by Context Sensitive Grammar. (Dec 2011) 

Ans:-15) Context Sensitive Grammar is a Type-1 Grammar. 
 
G = (V, ∑, P, S) where: 
 
V=Set of non terminal symbols. 
∑=Set of terminal symbols. 
S=Start symbol of the production. 
P=Finite set of production rules. 
 
All rules in P are of the form α1Aα2  α1βα2 

 AЄN (A is a Single Non-Terminal) 

 α1, α2, β Є (V U ∑)+ 
 

 

Q:-16) Write down Formal definition of Pushdown Automata. (Dec 2011) 

Ans:-16) PDA:- 

 

 

Q:-17) Write down Formal definition of Turing Machine.  

Ans:-17) Turing Machine:- 

 

 



Q:-18) What are Canonical derivations. (May 2010)  

Ans:-18) Canonical derivations allow for parse trees to be expressed as a 

series of production rules. It does this by always specifying which non-

terminal character is processed. Left-most canonical derivations always 

process the left-most non-terminal first. Right-most canonical derivations 

always process the right-most non-terminal first. 

 

Q:-19) Briefly explain the Dyck Language. (Dec 2010)  

Ans:-19) In the theory of formal languages of computer science, 

mathematics, and linguistics, the Dyck language is the language consisting 

of balanced strings of parentheses [ and ]. It is important in the parsing of 

expressions that must have a correctly nested sequence of parentheses, such 

as arithmetic or algebraic expressions. It is named after the mathematician 

Walther von Dyck. 

 

Q:-20) Useless variables in context-free grammars.  

          Ans:-20) Useless variables in context-free grammars 

         A variable X in a context-free grammar is called useless if it doesn't occur in      

any derivation of a word from that grammar. 

 

 

 



More Important Questions:- 

2PDA (Two Stack PDA) 

 

 

 

 

 



Multitape Turing Machine 

 

 

Chomsky Hierarchy 

 

 



Design DFA over ∑= {a, b} 

 

 

{w | w ends with b} 

 

 



Power of Pushdown Automata 

 

Write Regular Expressions for: 
 
  All words in which 'a' appears tripled (and only tripled, meaning all 
  a's must appear in groups of three)(the empty string is valid). 
          
(aaa | b)*    
 
 
  All words that contain exactly three b's in total. 
         
 a*ba*ba*ba* 
 
 
  All words that contain exactly two b's or exactly three b's. 
          
a*ba*ba* | a*ba*ba*ba* 
 
  The language of all binary strings having substring 01 has a regular expression 

  

(0+1)*01(0+1)* 



Q. What do you mean by Formal Language and Automata Theory (FLAT)? 

Ans. Automata have some typical pronounceable symmetry with Automatic. In a 

computer all processes appear to be done automatically. A given input is being processed 

in the CPU and an output is generated. We are not concerned about the internal 

operation in the CPU. We are only concerned about the given input and the received 

output. However, in reality the input is converted to ‘0' and ‘1' and assigned to the process 

for which the input was given. It then performs some internal operation in its electronics 

circuit and generates output in ‘0' and ‘1' format. The output generated in ‘0' and ‘1' format 

is converted to user understandable format and we get the output. From the discussion it 

is clear that CPU performs machine operations internally. In Automata we shall learn 

about how to design such machines. 

The name of the subject is formal language and automata theory (FLAT). We have got a 

basic idea about Automata theory. Now what is Formal language? Let discuss what 

language is. Language is a communication medium through which two persons 

communicate. For each nation there is some language to communicate like Hindi, 

English, Bengali, etc. Similarly for communicating with a computer the user needs some 

language called programming language. C, C++, Java are some examples of programming 

language. The characteristics of these types of languages are similar to English language 

and easily understandable by user. However, computer does not understand English in 

statements. It only understands binary numbers. Hence, they have a compiler that checks 

the syntax and acts as a converter from English statement to binary numbers and vice 

versa. However, to design the compiler some logic is needed. The logic can be designed 

by use of mathematics. For each language there is a grammar, which is a constructor for 

any language. Similarly the languages that are used for computer programming rely on 

grammar to construct them. These rules and grammar and the process to convert such 

grammar and languages to machine format are the main objectives of this subject. 

 



Q. Why FLAT is sometimes called “Theory of Computation”? 

Ans. This subject is called “Theory of Computation” because it includes rules for 

constructing a computer language and converts into machine format; i.e. the theory of 

computer science. Basically formal language and automata theory and theory of 

computation are different names for a single subject that covers all the aspects of the 

theoretical part of Computer Science. 

 

Q. What is Pumping Lemma for Regular Expression? What is the application of it? 

Ans. There is a necessary condition for an input string to belong to a Regular set. This 

necessary condition is the Pumping Lemma. Pumping means generating. This lemma is 

called Pumping Lemma because it gives a method of generating many input strings from 

a given string. 

As Pumping lemma is a necessary condition for a string belongs to a Regular set, it is used 

to prove that certain sets are not regular. If any set fulfills all the conditions of Pumping 

Lemma it cannot be said confirm that the set is regular. 

But the reverse is true, i.e. if any set breaks the conditions of Pumping Lemma it can be 

said confirm that the set is not regular. So Pumping Lemma is used to prove that certain 

sets are not regular. 

 

Q. What is called normal form of a grammar? What is the utility of normal form? 

For a grammar the right-hand-side (RHS) of a production can be any string of variables 

and terminals, i.e. (VN U ∑)*. A grammar is said to be in normal form when every 

production of the grammar has some specific form. That means except allowing any 

member of (VN U ∑) on the RHS of the productions, we permit only specific members on 



the RHS of the production. But these restrictions should not hamper the language 

generating power of the grammar. 

 

Q. Define left-most derivation and right-most derivation. 

Ans. In the process of generating a language from a given production rules of a grammar, 

the non-terminals are replaced by the corresponding strings of the right-hand-side of the 

production. But if there are more than one non-terminal then it must be determined 

which one will be replaced. Depending on this selection derivation are divided into two 

parts (a) left most derivation; (b) right-most derivation. 

(a) A derivation is called a left most derivation if we replace only the left most non-terminal 

by some production rule at each step of the generating process of the language from the 

grammar. 

(b) A derivation is called a right most derivation if we replace only the right most non-

terminal by some production rule at each step of the generating process of the language 

from the grammar. 

 

 

Q. What do you mean by closure property? Give an example. 

Ans. A set is closed (under an operation) if and only if the operation on two elements of 

the set produces another element of the set. If an element outside the set is produced, 

then the operation is not closed. Closure is a property which describes when we combine 

any two elements of the set; the result is also included in the set. 



If we multiply two real numbers, we will get another real number. Since this process is 

always true, it is said that the real numbers are “closed under the operation of 

multiplication”. There is simply no way to escape the set of real numbers when 

multiplying. 

Let S = {1,2,3,4,5,6,7,8,9,10,…} is a set of real numbers. 

 

Q. Define symbol, alphabet and string. 

Ans. Symbol: A symbol is a user-defined entity. 

Alphabet: An alphabet is a finite set of symbols denoted by Σ in automata. Alphabets are 

a set of symbols used to construct a language. Example, {0, 1} is binary alphabet, {A…, Z, 

a…z} is the alphabet set for the English language. 

String: A string is defined as a sequence of symbols of finite length. A string is denoted by 

w in automata. Example, 000111 is a binary string. 

(Length of a string w is denoted by |w|. For the previous case, |w| = |000111| = 6). 

 

Q. Define deterministic finite automata (DFA) and non-deterministic finite 

automata (NDFA). Why are they called deterministic and non-deterministic, 

respectively? 

Ans. Deterministic finite automata (DFA) is a finite automata where for all cases for a 

single input given to a single state the machine goes to a single state, i.e. all the moves of 

the machine can be uniquely determined by the present state and present input symbol. 

 



A DFA can be represented as 

MDFA = {Q Σ, δ, q0, F}. 

Where δ is a transitional function mapping Q X Σ  Q, where |Q = 1|. 

Non-deterministic finite automata or NDFA (NFA) is a finite automata where for some 

cases for a single input given to a single state the machine goes to more than one states, 

i.e. some the moves of the machine cannot be uniquely determined by the present state 

and present input symbol. 

 

Q. Define context free grammar. Why is it called context free? 

Ans. According to Chomsky Hierarchy, Context Free Grammar (CFG) is Type 2 Grammar. 

In mathematical description we can describe it as 

Where all the production are in the form α → β, where α Є VN, i.e. set of non-

terminals and /α/ = 1, i.e. there will be only one non-terminal at the left-hand-side 

and β Є VN U Σ, i.e. β is a combination of non-terminals and terminals. 

Before describing why this type of grammar is called context free, we have to know the 

definition of context. Non-terminals symbols are the producing symbols because they 

produce some extra symbols. So the production rules are in the format of 

{A string consists of at least one non-terminal} → {A string of terminals and/or non-

terminals}. If any symbol is present with the producing non-terminal at the left-hand-side 

of the production rule then that extra symbol is called context. Context can be of two 

types (a) left context; (b) right context. 

 



Q. What is Turing Machine? What is the significance of it? 

Ans. Turing Machine is the machine format of unrestricted language, i.e. all types of 

languages are accepted by Turing Machine. In 1936, this machine was proposed by 

A.M.Turing as a model of any possible combination. Any computational process carried 

out by present days computer can be done on Turing machine. 

Based on Turing machine a new theory called “Theory of undecidable problems” is 

developed. These types of problems cannot be solved by any computer. Turing machine is 

a model of present days' computer. We can say that is any problem is not solved by 

Turing Machine, that problem cannot be solved by computer, i.e. there does not exist any 

program or algorithm to solve it. 
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