
1.a) Construct a context-free grammar for the following DFA: (6) 
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Step 1: Understand Ambiguity 

A grammar is ambiguous if there exists at least one string in the language 
that has two or more distinct parse trees (or derivations). 

Step 2: Find a Candidate String 
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   Consider the string:w=aab 

 

 

Step 4: Conclusion 

●​ The string aab has two distinct parse trees, so the grammar is 
ambiguous 

 

Ans. For grammar to be ambiguous, there should be more than one parse 
tree for same string. 
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Above grammar can be written as 

S → aSbS 

S → bSaS 

S → ∈ 

Lets generate a string ‘abab’. 

So, now parse tree for ‘abab’. 

Left most derivative parse tree 01 

S → aSbS 

S → a∈bS 

S → a∈baSbS 

S → a∈ba∈b∈ 

S → abab 

 

Parse Tree 01 

Left most derivative parse tree 02 

S → aSbS 

S → abSaSbS 
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S → ab∈aSbS 

S → ab∈a∈bS 

S → ab∈a∈b∈ 

S → abab 

 

 

 

 

AVAILABLE AT:

Onebyzero Edu - Organized Learning, Smooth Career
The Comprehensive Academic Study Platform for University Students in Bangladesh (www.onebyzeroedu.com)

http://www.onebyzeroedu.com


 
 

Does a Pushdown Automaton (PDA) have memory? 

Answer: Yes. 

1.​ PDAs have a stack.​
 

○​ A stack is like a vertical pile of boxes where you can put things on top 
(push) or take things off (pop).​
 

2.​ The stack remembers information.​
 

○​ Unlike a simple finite automaton that “forgets” everything except its current 
state, a PDA can remember many symbols in the stack.​
 

3.​ Example: Language ( L = { a^n b^n \mid n \ge 0 } )​
 

●​ Step 1: Read each a → push a onto the stack​
 

●​ Step 2: Read each b → pop one a from the stack​
 

●​ Step 3: If the stack is empty at the end → accept​
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Here, the stack “remembers” how many as were read, which is why PDA has memory. 

✅ Simple takeaway: 

●​ Finite automata → no memory except state​
 

●​ PDA → memory via stack​
 

 

 

2.a) Why explicit epsilon-transitions in finite automata is important? (2) 
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An ε-transition in a finite automaton is a move from one state to another 
without consuming any input symbol. 

 

 

Importance of ε-Transitions (Short Version) 

1.​ Simplifies NFA construction from regular expressions.​
 

2.​ Allows branching without consuming input.​
 

3.​ Supports nondeterminism efficiently.​
 

4.​ Combines smaller automata into larger ones.​
 

5.​ Helps in NFA → DFA conversion using ε-closure.​
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b) Build an epsilon-NFA for the following language: L = \{ w is empty, or if 
non-empty will end in 01} 

Idea 

●​ The language includes the empty string → use an ε-transition from 
start to accepting state.​
 

●​ Non-empty strings must end with 01 → similar to the DFA/NFA for 
ends in 01.​
 

●​ Use ε-transitions to handle empty string or branching.​
 

 

States 

●​ q0: Start state​
 

●​ q1: Saw a 0 that might be second-last symbol​
 

●​ q2: Saw 01 → Accepting state​
 

●​ Accepting state: q0 (for ε / empty) and q2 

Explanation: 

1.​ ε-transition from q0 → q2 allows accepting empty string.​
 

2.​ For non-empty strings:​
 

○​ Track last two symbols using q1 → q2.​
 

○​ Accept if string ends with 01. 
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c) Convert epsilon-NFA to DFA based on Question 6(b). 
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3.a) Differentiate between Finite State and Turing Machines. 
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b)Convert the following NFA to DFA 
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c) How a DFA processes strings? 
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4.a) Define push down automata with an example. (2)  

a) Define Pushdown Automata (PDA) with Example 

A Pushdown Automaton (PDA) is a type of automaton that uses a stack as an additional 
memory structure. It is an extension of Finite Automata (FA) that allows it to recognize a 
broader class of languages — specifically, context-free languages (CFLs). 

A Pushdown Automaton (PDA) is a type of automaton that uses a stack in addition to its 
finite control.​
 It is more powerful than a Finite Automaton (FA) but less powerful than a Turing Machine. 

PDA is mainly used to recognize Context-Free Languages (CFLs). 

 

Formal Definition: 

A PDA is defined as a 7-tuple:M=(Q,Σ,Γ,δ,q0​,Z0​,F) 

Where: 
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S
y
m
b
o
l 

Meaning 

Q Finite set of states 

Σ Input alphabet 

Γ Stack alphabet 

δ Transition function: δ(q, a, X) → (p, γ) where: – q = current state – a = 
current input symbol (or ε) – X = top of stack symbol – γ = string to 
replace X on stack 

q
₀ 

Start state 

Z
₀ 

Initial stack symbol 

F Set of accepting (final) states 

 

Working Principle: 

●​ PDA reads input from left to right.​
 

●​ It can push or pop symbols on the stack.​
 

●​ The stack provides memory, allowing PDA to recognize patterns like matching 
parentheses.​
 

●​ PDA can accept input by:​
 

1.​ Final state, or​
 

2.​ Empty stack.​
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Diagram (conceptually): 
Input Tape → a b b a 
Stack → Z0 ↓ 
States → q0, q1, qf 
 

Transition example: 

δ(q0, a, Z0) = (q1, AZ0) 
δ(q1, b, A)  = (q1, ε) 

Meaning: 

●​ When reading a, push A on stack.​
 

●​ When reading b, pop A from stack.​
 

Example: 

PDA for language:​
 [​
 L = { a^n b^n \ | \ n ≥ 0 }​
 ]​
 Steps: 

●​ For each a, push symbol (say X) on stack.​
 

●​ For each b, pop one X.​
 

●​ Accept if stack becomes empty at end.​
 

The stack allows the PDA to remember an unlimited amount of information, making it suited 
for languages with nested structures like parentheses. 
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 b) Give pushdown automata that recognize the following languages: (5) 
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For any string www in BBB: 

●​ Length is odd → ∣w∣=2n+1 for some n≥0​
 

●​ The string is a palindrome → the first nnn symbols must match 
the last nnn in reverse order​
 

●​ There is one middle symbol that doesn’t need to match anything​
 

 

Simplified PDA Operation 

1.​ q2 (Push Phase):​
 

○​ Read the first half of the string (first nnn symbols)​
 

○​ Push each symbol onto the stack​
 

2.​ Transition q2 → q3 (Middle):​
 

○​ Non-deterministically guess the middle symbol​
 

○​ Read it and don't touch the stack​
 

3.​ q3 (Pop Phase):​
 

○​ Read the last half (last nnn symbols)​
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○​ For each input symbol, pop the stack and ensure they match 
(reverse order)​
 

4.​ Accept if:​
 

○​ The stack is back to the start symbol (empty apart from 
initial marker)​
 

○​ Input is fully consumed 

 

 
 
 
 
 
 
 
c) Use the pumping lemma to prove that the language  

AVAILABLE AT:

Onebyzero Edu - Organized Learning, Smooth Career
The Comprehensive Academic Study Platform for University Students in Bangladesh (www.onebyzeroedu.com)

http://www.onebyzeroedu.com
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Conclusion:In all cases, pumping v and x produces a string not in A, 
which contradicts the pumping lemma. Therefore:A is not a context-free 
language. 

AVAILABLE AT:

Onebyzero Edu - Organized Learning, Smooth Career
The Comprehensive Academic Study Platform for University Students in Bangladesh (www.onebyzeroedu.com)

http://www.onebyzeroedu.com


 

5. 

 
 
Khatai Ans valo kor dewa ache pls visit this page 

a) DFA for the Language: 

​
 L = { w has an even number of 1s and even number of 0s} }​
 ​
 Alphabet: sigma = {0, 1}) 

 

Idea 

To track both: 

●​ Even or odd number of 0s, and​
 

●​ Even or odd number of 1s​
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DFA Diagram  
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●​ (q_0) is the start and also the accepting state (since both counts start 
at even)​
 

●​ Only (q_0) is accepting, since it represents even 0s and even 1s​
 

 

Final Answer: Summary 

●​ States: (Q = {q_0, q_1, q_2, q_3})​
 

●​ Start State: (q_0)​
 

●​ Accepting State: ({q_0})​
 

●​ Alphabet: ({0, 1})​
 

●​ Transition Function: As shown in the table above​
 

This DFA recognizes all binary strings that contain an even number of 0s 
and an even number of 1s. 

 

b) Construct an NFA for the following: Strings where the first symbol is present 
somewhere later on at least once.[6] 

To construct an NFA for the language: 

Strings where the first symbol is present somewhere later on 
at least once 

This means: 

●​ The first character of the input (either 0 or 1) must reappear later in 
the string.​
 

●​ Examples:​
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○​ Accepted: 00, 0110, 1001, 010110​
 

○​ Rejected: 01, 10 (because the first symbol does not repeat later)​
 

 

💡 Idea: 

We can design the NFA using nondeterminism: 

1.​ Read the first symbol (0 or 1) and remember it using states.​
 

2.​ Then move through the rest of the string.​
 

3.​ If we find the same symbol again, accept. 

States: 

●​ q0: Start state (before reading first character)​
 

●​ q1: Remember first symbol was 0​
 

●​ q2: Remember first symbol was 1​
 

●​ qf: Accepting state (once the first symbol is seen again)​
 

●​ qd: Dead state (optional — not always necessary in NFA) 
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a) Prove that the following language is either regular or not. 
A= { w w w | w ∈ {a, b} * } 
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b) Prove that if we add a finite set of strings to a regular language, the 
result is a regular language. 
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c) Write the closure properties of regular languages. 

A closure property is a characteristic of a class of languages (such as 
regular, context-free, etc.) where applying a specific operation (like 
union, intersection, concatenation, etc.) to languages within that class 
results in a language that is also within the same class. 

Regular languages are closed under several important operations — 
meaning that if you apply these operations to regular languages, the 
result is also a regular language. 

Here’s a summary of the main closure properties 👇 
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Operation 

 

Close
d? 

 

 

Description 

Union (L₁ ∪ L₂) ✅ Yes Combines all strings from both 
languages. If L₁ and L₂ are regular, the 
union is regular. 

Intersection (L₁ ∩ 
L₂) 

✅ Yes Contains only strings common to both 
languages. Regular languages are closed 
under intersection. 

Set Difference (L₁ 
− L₂) 

✅ Yes Contains strings in L₁ but not in L₂. 
Regular languages are closed under 
difference. 
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Complement (¬L or 
Σ − L)* 

✅ Yes Contains all strings over the alphabet not 
in L. Complement of a regular language 
is regular. 

Concatenation 
(L₁L₂) 

✅ Yes All strings formed by taking a string from 
L₁ followed by a string from L₂. 

Kleene Star (L*) ✅ Yes All strings formed by concatenating zero 
or more strings from L. 

Kleene Plus (L⁺) ✅ Yes All strings formed by concatenating one 
or more strings from L (L⁺ = L·L*). 

Reversal (Lᴿ) ✅ Yes All strings of L reversed. Regular 
languages are closed under reversal. 

Homomorphism 
(h(L)) 

✅ Yes Replace symbols in strings of L according 
to a homomorphism h. The result is 
regular. 

Inverse 
Homomorphism 
(h⁻¹(L)) 

✅ Yes The set of strings mapped into L under a 
homomorphism h. Still regular. 

Substitution ✅ Yes Replace symbols in L with strings from 
regular languages; result is regular. 

Intersection with 
a Regular 
Language 

✅ Yes Intersecting any language with a regular 
language preserves regularity if the first 
language is regular. 

Union with a 
Regular Language 

✅ Yes Union with a regular language preserves 
regularity. 
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Subset Operation ❌ No Determining if a language is a subset of 
another does not necessarily yield a 
regular language. 

Infinite Union ❌ No Infinite union of regular languages may 
not be regular. 

 

💡 In short: 

The class of regular languages is closed under all 
standard language operations. 

This is one of the reasons regular languages are so powerful and useful 
in automata theory and compiler design. 

a) Describe the relation between Regular Expressions (RE) and Finite 
Automata. 
Show with figure that they are interchangeable. 

Relation between Regular Expressions 
and Finite Automata (Short & Clear) 

●​ Regular Expressions (RE) and Finite Automata (FA) describe 
the same class of languages, called Regular Languages.​
 

●​ For every RE, there exists an equivalent FA that accepts the same 
language.​
 

●​ For every FA (DFA/NFA), there exists an equivalent RE describing 
its language.​
 

●​ Thus, RE and FA are equivalent and interchangeable in 
expressive power. 
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b) Convert the following RE to ε-NFA: (0+1)*01(0+1)* 
 

 
8.b) Consider the regular expression (a(cd)*b)* 

(i) Find a string over {a, b, c, d}^4 which matches the expression. 

 

(ii) Find a string over {a, b, c, d}^4 which does not match the expression 

 

(i) A string over {a, b, c, d}^4 that matches the regular expression (a(cd)*b)* is 

acdb.  

(ii) A string over {a, b, c, d}^4 that does not match the regular expression 

(a(cd)*b)* is abcd.  

Regex: (a(cd)∗b)∗. Each block ba(cd)^k has length 2+2k (even, ≥2). A length-4 string 

can be either one block with k=1 or two blocks with k=0 
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(i) Matches: acdb​

 Reason: acdb = a·(cd)·b (one block with k=1). 

(ii) Does not match: aabb​

 Reason: any block must begin with a and end with b and the middle must be 

repetitions of cd; aabb cannot be decomposed into such blocks (neither aabb = 

a(cd)^k b nor as concatenation of ab-style blocks because aa / bb are invalid). 
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Does a Pushdown Automaton (PDA) have memory? 

Answer: Yes. 

1.​ PDAs have a stack.​
 

○​ A stack is like a vertical pile of boxes where you can put things on top 
(push) or take things off (pop).​
 

2.​ The stack remembers information.​
 

○​ Unlike a simple finite automaton that “forgets” everything except its current 
state, a PDA can remember many symbols in the stack.​
 

3.​ Example: Language ( L = { a^n b^n \mid n \ge 0 } )​
 

●​ Step 1: Read each a → push a onto the stack​
 

●​ Step 2: Read each b → pop one a from the stack​
 

●​ Step 3: If the stack is empty at the end → accept​
 

Here, the stack “remembers” how many as were read, which is why PDA has memory. 

 

✅ Simple takeaway: 

●​ Finite automata → no memory except state​
 

●​ PDA → memory via stack​
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a) Find DFA's which accepts the following languages: 
(i) Strings over {a, b} ending in aa. 
(ii) String over {a, b} containing three consecutive a's (that is, contains 
the substring aaa) 
(iii) All strings over {a, b} where each string of length 5 contains at least 
two a's. 
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