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General instruction(s):

e Answer All Questions
e M - Max mark; CO - Course Outcome; BL - Blooms Taxonomy Level (1 - Remember, 2 -
Understand, 3 - Apply, 4 - Analyse, 5 - Evaluate, 6 - Create)

Q.No Question M | CO | BL
1 a)Consider the Fibonacci sequence {x,},-, defined by the relations 5 4 | 2
x=1%x=1and x, =x,_4 +x,_, for n>3
I.  Usean extended Principle of Mathematical Induction in order to show that
forn=>1,

g (597 (9]

II. Compute x5

Solution: 5
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For any n = 1, let P, be the statement that
U [(1evs) (1=vEY
"5 2 2 '
Base Case. The statement P, says that
[ 1 1
1 1++5 1—+/5
= 2 72
1 [1+vF 145
Vs 2 2
1 [1+VB-1445
V5 I 2
1 [2vB
=7 |
=1,
which is true. The statement P, says that
2 2
1 1++5 1—+/5
2=/ 2 2
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1 [f14+2v5+5 1-2V5+5
SvslL 4 ) 4
1 [f1+2vB+5-142V5-5
-Z| -
1[4
- =1

1,

which is again true.
Inductive Step. Fix k£ > 1, and suppose that P, and P, , both hold, that is,

1 (1+v3) [1-v5)
*=5 2 T2

E+1 k41
1 (1+vE) 1=\
Ik—i—]._\/g 2 2

It remains to show that Pp.o holds, that is, that

k+2 k+2
1 14++/5 1—+5
T = — —_

and
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1 [ 1++5 g 1—-+5 g 1 1++5 e 1—+/5 o
V5 2 B 2 Y 2 - 2
- 1 [ 1+\/5 k l+\/§ k+1 1_\/5 k 1_\/5 k+1
V5 2 + 2 B 2 B 2

1 [ 1++5 ’ 1++/5 1—+/5 * 1—+/5
(57 (59 (59) (+159)
! [(14v3\ (345 1-v5\" (3-v5
NG 2 2 B 2 2

1 [ 1+5 § 6+ 25 1—+5 * 6 — 25
5 2 1 B 2 1

Therefore P, 5 holds.

Thus by the principle of mathematical induction, for all n = 1, P, holds.
ii)
1,1,2,3,5,8,13,21,34, 55,89, 144, 233, 377,610,987, 1597, 2584, 4181, 6765

b) Formally define DFA machine M and language L (M) accepted by M. [2M]
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ANS:
A Deterministic Finite Automaton (DFA) is a 5-tuple M = (Q, %, §, go, F'), where:

1. @ Afinite set of states.
2. X Afinite set of input symbols (alphabet).

3. &: Atransition function, d : @ X £ — ), mapping state-symbol pairs to a unique next state.

I

. qo € Q:The start state.

5. F C Q: A set of accepting (final) states.

The language (M) accepted by M is defined as:

L(M) = {w ¢ =* | 8 (g0, w) € F},

where §* is the extended transition function, defined recursively for strings in *.

c) Correlate formal grammars, languages with their respective computational
models. [3M]

Formal grammars, languages, and computational models are tightly interconnected in the Chomsky

Hierarchy:
1. Type 0 (Unrestricted Grammar):
* Language: Recursively Enumerable Languages.
* Computational Model: Turing Machines.
e Grammar: Rules of the form & —+ 3, where v, 3 € (VU Z)* and @ # €.
2. Type 1 (Context-Sensitive Grammar):
* language: Context-Sensitive Languages.
¢ Computational Model: Linear Bounded Automata (LBA).

e Grammar: Rules of the form A — a3, where v # €.
3. Type 2 (Context-Free Grammar):

¢ lLanguage: Context-Free Languages.

* Computational Model: Pushdown Automata (PDA).

» Grammar: Rules of the form A — -y, where A € V andy € (V U X)*.
4. Type 3 (Regular Grammar):

* lLanguage: Regular Languages.

¢ Computational Model: Finite Automata (DFA or NFA).

e Grammar: Rules of the form A — aB or A — a,where A, B ¢ Vanda ¢ X.
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This hierarchy demonstrates how grammars define languages and how
computational models process these languages. For instance:
e Regularlanguages can be recognized by finite automata and are generated
by regular grammars.
e Context-free languages are processed by pushdown automata and are
generated by context-free grammars.

[.  Convert the given e-NFA to its equivalent DFA. Draw the DFA
diagram.
[I. Determine whether minimization of the resulting DFA is possible.
Explain your answer.
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I.  Consider the following DFA. Determine whether it is already a minimized
DFA by demonstrating the equivalence steps. [8M]
IL. If it can be further minimized, draw the diagram of the final minimized
DFA. [2M]

Oty
E) @igi/\i?“
MRNE N

Solution: Check for pairs with one state final and one not

10
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b

C

d

i

f e |e €

gl e|e€ €

h €] el

C[alnlelad

c[f]e]

First iteration of main loop:

b

c | 1]1

d1]1

e |O|0]0]|0

f|le|€e|€e|€e|ce€

glle|€|€e|€e|ce€

h 1[1]0]e]e]
| alblcldle]f]|g]

Second iteration of main loop:

b

c||1]1

d| 1|1
e|0[0[0]0
f||e|€e|€e|€e|€
c|le|e|€e|€|€
b1t 1]1r]o]e]e]
alblc|dle|f|g

Third iteration makes no changes
Blank cells are equivalent pairs of states
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b

c |11

di|l1]1
e|lO]0O]0|O
f|le|€e|€e|€e|e€e
glle | € |€|€|€
h1[1]1]1]0]e]e]

Combine equivalent states for minimized DFA

a‘b‘c|d|e|f‘g|

TN

) ol
1 1 ((Fe)) g/
/ M, - N
/7 \ / A ) 0.1
F [ cp | /
— ) AB | A\ . A 4 A
N /' h_ ” . E |
"-\\'U e “ ,;"" 0 \\\__._ y
> / .O 1 .
| H |

I.  Write the regular expression for the language accepting all the string of
odd length over ), = {a, b}. [3M]

ANS:
a((a+b)(a+b))* + b((a+b)(a+b))*

This regular expression describes a string that starts with either an "a" or a "b",
followed by any number of pairs of "a" and "b" (represented as (a+b)), and then
ends with a star (denoting zero or more occurrences) of (a+b)(a+b), which
ensures that the length of the string is odd.

II.  b)Find regular expression for the following DFA. [7M]

10 | 2 | 3
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Solution-

Step-01:

Form a equation for each state-

Step-02:

Bring final state in the form R =Q + RP.

Using (3) in (2), we get-
g2=ql.b+qg2.b+qg2.a.b
g2=ql.b+q2.(b+a.b)..... (4)

Using Arden’s Theorem in (4), we get-
g2 =ql.b.(b+a.b)*..... (5)
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Using (5) in (3), we get-
g3 =ql.b.(b+a.b)*.a.......(6)

Using (6) in (1), we get-
gl=€+qgl.a+qgl.b.(b+a.b)*.a.a
gl=€+ql(a+b.(b+a.b)*.a.3).....(7)

Using Arden’s Theorem in (7), we get-
gl=€e.(a+b.(b+a.b)*.a.a)*
gl=(a+b.(b+a.b)*.a.a)*

Thus, Regular Expression for the given DFA = (a + b(b + ab)*aa)]

L.

I1.

Obtain an Epsilon NFA for regular expression (ab+a)* (bat+ab+b*a) over

Y={a,b}

Prove £ + 1#(011)*(1*(011)*)* =(1 + 011)*

Solution: R =¢+ PP*, where P =1%(011)*

= P* using 19

= (Q*S*)* where Q=1, S=011

[5M]

[5M]

10
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=(Q + S)* using [

= (1+011)*
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