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a) An online conlpany decided to give a 24'.a disr_'.otl11t for their fIrst 100 orders. Ho\','evel-, only
those orders are eligible \\’hose order nui nbc'i-s are congruent to –1 luna 13. (The cornpa'ny
selected the nulnt)er 13 as a symbolic refei'er icc to Augtrst S: 5 +8 = 13). If the order numbcrs
start from 1, determine:

1 3 + 3
(C03)
(PO])

i. How many people will get this discount?
ii. \Vhat are the order numbers of those customers?

b)

C)

d)

DefIne Pigeonhote Principle. How many int c':_',crs lrrust you choose from the set {] , 2,

to guarantee that at least 5 of them have the same la-;t digit?

, IOO} 1 + 4
(C02)

(PTa)

(C03)
(POI)

7 + 3
(CC)3)
(FOI)

Let a, b, k, m be integers with k & I and m ? 2. If a = b (mod m), then show that
ak = bk (mod m).

At the annual village fair, two farmers brin}, baskets of mangoes:

• Farmer X baskets each contain 1001 mangoes.
• Farmer Y baskets each contain 100001 mangoes.

The chairman wants to prepare a special display of mangoes by combining those from both
farmers. He insists that the total number of mangoes in this display must be expressible in
the form

10C)Lm + 100001n

for some integers m and n. Based on this scenario answer following questions.

i. Find integers m and n that make the smallest possible positive number of mangoes.

ii. Explain what this smallest number represents in the context of the village fair.

2 a) Consider-the following system of congruences and answer the following questions.

x = 7 (mod 9), x = 4 (mod 12), x = 16 (mod 21).

10 t 5

(C03)
(POI)

1,
Show whether the system is consistent, and if so fInd all integer solutions.
List all solutions x with 0 < x < 10(10.11

b) Using Fermat’s Little Theorem, compute the following modulo 23.

72C)25 + 52025 (mod 23).

5
(C03)
(POI)

2 + 10c) Decrypt the ciphertext MNAESOTPCRE, which was produced by encrypting a plaintext mes-
sage using a block transposition cipher with blocks of four letters. The permutation a of
{1, 2, 3, 4} is deflned by: (C:03)

(POI)
a(1) = 3, a(2) = 1, a(3) = 4, a(4) = 2.

i. Divide the ciphertext into blocks corresponding to the transposition cipher.

ii. Using the given permutation, decrypt each block to recover the original plaintext mes-
sage
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a) DefIne Big-O notation. C]c:dl-IY t:xplaill ils IOl-Ina! mathematical den ltitiu;1 ;ii, J 11 leaning in
!]goI'ithm analysis. For th e full c tion /(n) ci('ter111ine the Big-o coltlpled1,y. show all steps>
i nclu ding simplification 11s+11g I o£tari thlnlc properties and justihcati011 of the dolnj nant tetm

fC:Il = n2 - lo[r /12 -r 1) I- n2 . log n

A. ,

2 T &

(CC)2)
(POI)

[)J li a s nrlt II tO\VII iII I$all gilll : c.' Il, . =, IIt' i -,*'-'> 1-1 jf st reeLs is rcp1'csci,, [,:, ct i, F :\ s ! k1 1,_)]c t1 rldil-ected
graph G = (F, E)> where intersections are \ ertices and streets are edgcs. 'l'}le rda(I network
has -8 intersections. The nu ntl)or of streets iilcident at each intersections is given as follows:

4 X 3
(C04)
(POI)

11 = 3i 12 == 3, i: = 2, i'. = 2, is = 2, i6 = 2, £7

Answer the following questiorl for the graph G
= 3, IS

r. Determine the total number of edges ilt the graph

11- Determine whether G can be connected. Justify your answer.
]11. Is it possible for G to have an Eulerian path or Eulerian circuit? E\pIair,

c) Consider the two graphs described below- Determine if they are isomorphic. Justify your dn-
swer by either providing an isonlorphism (d bijection that preserves adjacency) or by demon_
strating a lack of a preserved graph invariant (a property that must be thi same for both
graphs if they are isomorphic)

G!-apb Gl: This is the wl-tcel L111ph Y/5. It consists of .a ccntra] vert-ex adjacent to all hve
vertices of a cycle graph Cs

PeT 1: ::jL =[:h::j :a :: =yp : sT: i t h v e r t e x s e t 11/ = { u LIU 2 ) 03 ) 04l05l06 } and edge set Eden ned by

• u„ is adjacent to {u2, u3, u4, us, L,6}

' U2 IS adjacent to {u1, U3, U4}

' U, iS adjacent to {u„, u,, Us}

' U4 is adjacent to {u1, u2, U6}

• us is adjacent to {ul, u3, t>6}

' u6 is adjacent to {u1, o4, us}

10

(C04)
(POI)

4, a) A tech companY is designing a multi-level server network where each server (internal
node) can connect to up to m other servers (children). The network is structured as a mi

m-al:Y tree with a height of 4 and exactIY 81 endpoint devices (leaves) connected at thelowest level.

5 + 5
(C04)
(POI)

1- Determlne the upper and lower bounds for m based on this setup.
ii. If the network is designed to be perfectly balanced, hnd the exact value of m

b) A binary expression tree is a rooted, ordered tree in which: 3 x 5
(CO4)
(POD

' Every internal node is labeled with a binary operator (+> –> x) /)> and
• EverY leaf node is labeled with an operand (variable or constant).

You are given the following postflx expression

P = abc x d + e f – gx + hi + x
I

Construct the corresponding OTdered rooted binary expression tree from the given
postfrx expression.

Wrlte the equivalent preflx and inflx expressions obtained by traversing this tree in
preorder and inorder respectively.

If the variables have the following values:

11

111,

a = 2, b = 3, c := 4, d = 5, e = 1
evaluate the expression step by step using the postfrx notation.

f = 6,
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