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» DON'TWRITE ANYTHING ON THE QUESTION PAPER

cos |
k co1 \ Model, compare and analyse different computational models

CO2 | Apply rigorously formal mathematical methods to
automata.

CO Statements

prove properties of languages, grammars and

€03 | \dentify limitations of some com

putational models and possible method
CO4 | Explain the abstract concepts m

s of proving them.
athematically with notations.
BL- Blooms Taxonomy Level (1 - Remember, 2 - Understand, 3 - Apply,

4 - Analyse, 5 - Evaluate, 6 - Create)
Answer ALL Questions
(10X10=10p Marks)
1. a) Prove Using Mathematical Induction
Problem:

2 [5S1 coa BL2
LetZ={0, 1} be an alphabet. For any string w € 3*
operation wR

. » define the reversa|
as the string w written in reverse ord

er.
For example:

e Ifw= 01101, then wh = 10110

o Ifw=¢g (empty string), thenwR = ¢

Prove by Mathematica| Induction that:

For any two strings x, y € 3*, the following Property holgs:
(ey)* = ymyn

b) Problem: Language Operationg
Let L, and L2 be two langu

ages ov
Given:

eralphabet 3 = {a, b).

o L1=‘-{a"b|r_120

}={b, ab, aab, 5

aab, ...}
L={b"|n21)= {b, bb, bbh, %)
Tasks:
i FindLy Lzand Ly 01, Describe both i ;
il Find Li* (Kleene closure of L1). Describe tss: T::atuon, 2}
ik s concatenation Commutative for these Ianguag e
L2=L20 L2 Prove or givea coy

1)
ges? i.q, [
nter-example, S Does |,

2)
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2.

a) ' Problem: Convert the following NFA to an equivalent DFA using the [5]
subset construction method.
Given NFA: :
¢ Alphabet: Z = {0, 1}
* States: Q={q0, q1, 92, q3}
o Start State: qO
e Accept State: F = {q3}
NFA Transition Table:
State Input 0’ Input '1'
q0 {q0, q1} {q0}
q1 ) {q2}
q2 @ {a3}
. a3 {a3} {q3}
Required:
i.  Show the DFA transition table with all reachable states
ii. Clearly identify the start state and accept states
ii. Show your working for computing transitions of subset states
b) Problem: Convert the following e-NFAto an equivalent NFA (without [5]
e-transitions) using the epsilon-closure method.
Given e-NFA:
o Alphabet: X = {a, b}
. States: Q =1{q0, q1, q2}
e Start State: qO
« Accept States: F = {q2}
€-NFA Transition Table:
State Input ‘a’ Input'b’ | € (epsilon)
q0 {q1} 2 {a1}
ql [ {g2} |  {a2}
a2 {0} g} | @
Required:
i. Compute the e-closure for each state
ii.  Construct the equivalent NFA transition table (without e-transitions)
iii. Identify the start state and accept states of the resulting NFA.
iv.  Show your complete working.
a) Formally define the language acceptance of epsilon NFA. [2]

b) Problem: Minimize the following DFA using the table-filling [8]
algorithm (or equivalence class method).
Given DFA: '
. Alphabet:Z:{o, 1}

* States:Q={q0, q1 q2, 3
’ ’ ’ » 4,
* Start State: q0 4 6% 63, a6}

* Accept States: F = {92, g5, q6)

CO2

co2 BL3

page 20f7



DFA Transition Table:

State | Input | Input | Accept?

SR S

lol l1l
q0 ql g3 | No
ql q2 a4 No
| q2 q2 95 | VYes
| g3 q4 a6 No
q4 q5 q2 No
a5 q5 q2 Yes |
g6 | g6 a5 Yes |

Required:

i.  Show the distinguishability table or partition refinement process
ii. ldentify all equivalent states
iii.  Construct the minimized DFA transition table
iv.  State the number of states in the minimized DFA
V. Show your complete working step-by-step

Problem: Consider the Regular Expression: coz BL3
r=(a+b)aba(a+p)
Construct an e-NF

A from the pj i i i
Construction methn given regular expression using Thompson's

and finally b\ d, then convert it to a DFA using subset construction,

SBliiors i Ith: Minimal DFA using the minimization algorithm. Your
include all intermediate steps: &-NFA with all states and

transitions, e-closure Computations, p iti
sitior ¢ » DFA transition table and dia
partitioning for mmimization, and the final minimal DFA e

Note: Label states clearly (qo, g5, etc.) and show all working Systematically.
S.  a) Problem: Consider the language L = {a™ | n=mz, n,m 2 1} over the {41 co3 B2
alphabet I = {3, b}. Use the Pumping Lemma for Regular Languages to
Prove that L is NOT regular.
®) Probiem, Consider the following DFA with =
a\Phahetztb d g With states Q = {q0, q1, q2}, (6]
+bl, start state q0, and accept state q2:

Transition Table:

Convert the given DFA g,

. A Re
Show all equations and step, systeg:\l:;::‘lpression using Arg
ally, en'
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. . co2 BLIG
6.a) i Scenario: A software company is developing a parser for a new (6]

educational programming language called "EduCode". The language
design team proposed the following grammar for conditional
statements:

S->ifBthenS

S->ifBthenSelseS

S-a

B->b

Where: S = statement, B = boolean condition, a = assignment,
b = boolean expression.

Prove that the given grammar is ambiguous by demonstrating a
statement that has two different leftmost derivations. Show both

leftmost derivations clearly and explain the practical problem this
creates for the compiler.

Verify: Consider the statement if b then if b then a else a
else a .

Problem: Consider the language L= {ww | w € {a, b}*} (The language  [4]
of strings that consist of two identical consecutive substrings).

Examples:

e "ad"€L(w=a)

» "abab" €L (w=ab)

» ‘"abaaba" € L (w = aba)
o "aba"glL

Use the Pumping Lemma for Context-Free Languages to prove that

L is NOT context-free. Your proof must include assumption, string
selection, case analysis, and contradiction.

OR
6’.\6{ Problem:

CO3 BL2
Consider the following Context-Free Grammar G in Chomsky Normal Form
(CNF):

S->AB | BC

A->BA|a

B>CClb

C>AB|a

orw ¢ L(G)-

a"y ShOWing hOW each cell [i,j] is
g length (1 to n) and | represents
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Problem: Consider the following Context-Free Grammar G:

co3

S->AB
A->BS|1

B>SA|O |

Convert the given grammar into Greibach Normal Form ((_SNF)..Your. solutlog

must include: GNF definition and requirements, |dent|ﬂcatlon. an

elimination of left recursion (if any), conversion to proper GNF.form with all

intermediate steps clearly shown, and verification that the final grammar

satisfies GNF requirements.

Note: In GNF, every production must be of the form A - aa where a'isa

terminal and a is a string of non-terminals (possibly empty). Show all

substitutions and transformations systematically,

Scenario: Assume a laboratory automation system called "ChemsSafe” CO1 BL3
validates molecular formulas using a specific notation:

Notation:

‘A’ (Atom): Represents individual atom units in a molecule., Each atom
has a valency of 2, meaning it can form exactly 2 bonds with other
atoms,

'B' (Bond): Represents bond conne

ctions between atoms. In thijs
simplified Notation, bonds are counted explicitly.
Validation Rules:

I
"~
1.

1.

All atoms must be declared firstin the formula
All bonds must come after atom declarationg
For every atom 'A', the

(no mixing allowed)
ré must be exactly 2 b
constraint)

onds '8’ (valency
iv.  Valid formula structure: A..AB..B
V.

At least one atom must be

(atoms followed by bonds)
Examples:; .

present

* "ABB"31 atom with 2 bongs v
"AABRBR" => 2 atoms with 4 bonds v

"AAABBBBBB“ = 3 atoms with g bonds v
"AABBB"

= 2 atoms with only 3 bonds X (violates valency)
ABAB" - mixed orger X (violates rule 1)

Based on the above descriptlon:

i. Identify ang write the forma lan
chemical formulas,

Design a Pushdown Autométon

(PDA) to acce t thi
Specify the 7-tuple M = (Q s o
complete transition fu

a)

Buage L that represents valid

[2]

* 11 O, Qg ZCI, F) and i X [4]
nction 6. » Provide the
b) The system receives a formulaw = "AAABBBRR for valig
ati
the complete execution of your PDA by showing g lnsta?\rt‘:;:erace l
Descriptions in . 't e format (state, 'emalning_h, ous
stack_contents) from initial configuration to final configuratj i
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Co3
rm
j ; ducer to perfo
9.a) A computational system uses a Turing Machine as @ trans

multiplication using the COPY subroutine approaCh-

Problem:
Design a TM that implements L= {0™ 10" - 0™}

Description:
« Input: 0™ 1 0" (m zeros, separator 1, n zeros on the tape)
« Output: 0™ (product m x n as zeros) : .
« Strategy: Copy the first segment (0™) exactly n times using COPY

subroutine.

Examples:
« Input: "0010" - Output: "00" (1x 2= 2)
e Input: "00100" - Output: "0000" (2x2=4)
o Input: "001000" -> Output: "000000" (2 x 3 = 6)
Design a Turing Machine as a transducer that performs this multiplication.
Your answer must include: ;
i. Formal 7-tuple: M = (Q, %, T, &, Go, B, F) with complete transition [8]
- function 6.
ii. Trace the computation for input"00100"(2 x 2 = 4) using 2]
Instantaneous Descriptions showing all major steps from initial
configuration to final output "0000".

OR
9.b) i, Problem: Consider the language L={a"b>c" [ n2 1} [6] co3 BL3

Design a Turing Machine that accepts this language. Your solution
must include high-level algorithm/strategy explanation, formal
7-tuple M = (Q, %, T, &, do, B, F), and complete transition function
& showing how TM handles the "2n" constraint forb's.

ii. State the Halting Problem of a Turing Machine and prove that it [4]
is undecidable using proof by contradiction.

10. Problem:
v ' Cco1 BL2

Consider the following instance of Post's Corresponden
~ ce
(PCP) over the alphabet Z = {a, b}: Problem

Index [mm

Eh
2 ab e
3 baa

—_— ]

baa aa

a) Determine wheth .
er ;
oxia: this pcp Instance has a solution, If 3 solution exists, [4]

* The sequ P
. Showt:ees'::ii Prindices (indices can be repeated)-
€ concatenation for both lists proving theY match.
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Analyze and classify the following languages in the Chomsky Hierarchy, [4]
Complete the table:

Type Accepting

(0/1/2/3) | Machine . |

|

|

In21) ? ? !

)

L={ww|we {a,b}*} ? ? l

Instructions:

* ldentify the correct Type (0/1/2/3) for each language.
* Specify the minimum machine/automaton required to accept t.

Note: Each blank (?) js worth 0.5 mark.

S Z/K/TY SO
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