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Paper / Subject Code: N2113112 / Discrete Strugtures andgraph Theory

Time: 3 Hours
N. B. 1) Q.l is compulsory

2) Attempt any three out of the remaining
3) Figures to the right indicate full markJ
4) Assume suitable data if necessary
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b) A retail store otTers seasonal discounts on clothing items. A customer wants to

purchase a shirt priced at Rs.1000. The store first provides a I5o/" discouht, after
which an 87o sales tax is applied to the discounted price.

Based on this shopping scenario:
Develop suitable mathematical functions representing the.;discount process and the-fax
calculation process
Construct the composite function representing the final cost of the shirt.
Determine the final amount to be:paid by the customer
Analyze how composite functions help -?tlomate billing systems in retail
applications. (07M)

Q.3 a) A domestic airline company maintains a direCted flight network among four cities:

The direct flight connections are ,rorlr; -L1',o,;7r!"jr,*uion;

R - {(a,,b)1, (b, d), {d., c), (d, a)}
The company wants to analyze all p6ssible direct and indirect travel routes" including
circular jb.rrn"ys. 

:

Based on the given flight nefwork:
1. Identify and explain the concept of reaehability / transitive closure used in thE graph.

2. Determihe all possible ordered pairs of cities connected through:
o direct routes, i'
o routes with layovers, and

o circular routes.
3. Analyze how graph connectivity helps optirnize airline route planning.
4. Represent the final connectivity relation for the graph (0sM)

b) A cloud access-control system organizes permission levels usin.g divisibilify-based
hierarchy. The permission levels are:

A =. {1,2,3,,6,,L2,24,9G,T Z}
A relation Ris defined on ^Aas:

(x,y) e R if r ly
Based on this hierarchy:

l. Write all ordered pairs of relation R.
2. Construct the Hasse Diagram of the poset

3. Analyze whether the given poset forms a lattice.
4. Justify your answer using:suitable meet and join examples. (07M)

),iesidue classes modulo 7 for secrre keyQ.4 a) A cryptographic system uses non-zer(
generation. Consider the set:

G : {L,2,3,4,5,6}
under multiplication rnodulo 7.

Based on this system:
1. Construct the multiplication table of Gunder multiplication modulo 7.

2. Determine the multiplicative inverses of 2,3,5,and6.
3. Analyze whether Gforms a cyclic group"
4. If it iS'cyclic, identify at least one gbnerator and justify your answer.
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b) A data analyst observes that the cumulative computatibnal cost of a repeated prooiss is U.7

modeled by the series:

\-t).r(r+3)'L,i. + .,
r=1 

.

-, The analyst claims that for every positive inkger n,
s' -1 j

/r(r + a; :5n(a*'t)(n t 5),n > 1, n € Nt

7t
Using the principle of matherqatical induCtion: -' 

' .- '.r ,* ..'
1. Verif the resultior thi base gase. " 

,., . :''
2. Prove the inductive s!ep. 

:3. Conclude that the formula is valid for all n > 1.
4. Interpret how induction helps validate formulas in algorithm analysis. (07M)

-. ,: ' :t r' .:. :

Q.5 a) A computer networking company proposes two corosrutrication network layorrts
represented by graphs Gland G2. The organization wants to veriry whether botlr network

: structures provide-the same connectiyfty patted even thoilgh the dwice labeljii"e
different. r. .' t 

..'
The graphs are represented as:

. u_\e!. = t!, -8, !, ! :y_ : ?
'' v(G) = {7,2,3,4,5,6}

E (..Gil = {(1,4), (1,s), (2,4), (2,s), (3,s)}

Bbsed on the above network structures:
1. Define isomorphism of grapbs,
2. Analyze whether graphs Gland G2are ieomorphic,
3. Ifthey are isomorphic, dbtermine a valid one-to-one correspendence between tle. vertices.
4. liistif your answerby oompad;g degree sequence and adjaoency preservation. (08M)

b) A financial analSrtics company models the quartedy growth ofa digital investment
portfolio using a recurrence relation. Let Fr.represent the portfolio value during

' .the nthqudrter. ' .n

The growth pattern is govomed by:
, Fn=3F t+l}Fn-z+7'5n

wi-th'initial conditions:'

Based on this predictive model:

. l. - ,Solve the.,given recurrence rglation usiig an apptopriate method.
2. Determine the general expression for Fr..

3. Analyze the effect of tlg€xponentirtil forcing term 7 . Snon the sequence growth.
4. Interpret how recwrepce relatiogs ire useful in financial forecasting and computational

modeling. (07M)
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Q.6 a) A cryptographic system uses arithmetic opcrations on- residue slasses moclulo 4 for

encoding and verification. Consider the set:

Z+ = {0,1,2,3} i,
.'

with addition and multiplication defined modulo 4.
Based on this algebraic structure:

1. Construct the addition and m;/tiplication tables for Za.
Z. Veriff whether Zasatisfres the required ring properties.
3. Analyze the role of additive identity, additive inverse, multiplicative associativity, and:

distributive laws. t

rns a ring'under addition aqd multiplication modulo 4. torul

b) A city transport authority is analyzing a road network connecting six important locations
A, B, c, D,f,and F. The network is represented by the following graph:
Graph

Based on the given road network:
1. Determine whether,the graph has an Euler Path.
2. Determine whether the graph has an Euler Circuit.
3. Deterrnine whether the graph has a Hamiltonian path. ;
4. Determine whether the graph has a Hamiltonian circuit.
5. Justify your answer using degree of vertices and graph traversal conditions. (07h4)

*'k***rc******** *{.
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