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PART A — (60 Marks)
Explain the fundamental role of data structures in organizing and managing data in a way that
plementation of data 12

(a) aligns with the goals of the algorithm and discuss how the design and im
structures reflect computational thinking and problem-solving approaches.
OR

ce in evaluating the efficiency of an algorithm and

Define complexity analysis and its importan
viding examples of

(b) discuss the significance of best, worst, and average case complexities, pro
algorithms where each case is particularly relevantL.

!"mvidc pseudocode examples to demonstrate how key operations like insertion, deletion are
implemented in both Singly Linked Lists and Circular Linked Lists. Highlight the differences
and explain why Circular Linked Lists might be more suitable for certain applications

OR '

(a)

b2

Describe the Tower of Hanoi problem, including its rules and th At :
(b) recursive algorithm o solve the problem, detailing recursive case and ‘:ii::.lt‘ﬂ;e_lixpl_am the
the recursive process iteratively, and provide an example with a smal] num]l;gi f:;jr l:ls simulate

Q sKs_.

Discuss the concept of time complexity in the context of |

linked lists, and stacks). Explain the significance of best idﬂlw;:mttmsuch as arrays,
(a) time complexities with respect 1o common operations like search, Case, and average case

Provide detailed examples to illustrate how these complexities vary dm“* 3'1_*?1 deletion.

scenario. epending on the

OR

Define the structure of Array-based Queues, Explain how enqueue and d
(b) handled in queues, including edge cases like queue overflow in my_bﬂzugfcielhggs e
the time complexity of these operations for implementations. Highlight the memus;y ——
§ usage,

especially how dynamic memory allocation in Queues.

12

12

12

12

12

4 (a) Define BFS and explain how it explores the graph level by level. Discuss the differences in  1-
in
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10

h oy B - foo i iel mentine BFS. detailing
(RLLF ”r! b operates on 'I.”'.ILILII'I:_‘L'lL‘L] '_"__‘l".']]"']'li'\'. i}|-l1";]-._l|: "|\.;k"'1||.i|”'-‘“"!"': for |.'|]|‘I]'._]'|11.|'.|'|].]_': H] oS, aet E
how the alp i

: orithm uses a queue 1o keep track of nodes 1o visit. Use a detailed example with a
o1 : S sk :
graph, show ing step-by-step how BFS traverses the graph.

S, : _ OR ) .
Describe Depth First Search (DFS) in detail, Explain the DFS algorithm, use recursive

implementations with pseucode, Discuss how DFS manages graph traversal, especially in the
(b) presence of cycles. Ad

it with Breadth First Search (BFS)

Explain the concept of a Minimum Spanning Tree (MST) and its 'Emr,m-mm:c in gm]’jh[}hcu_rj;
Develop Kruskal's algorithm for findine the MST using a graph with at least 7 n:;u:,ics_ _rtu'-.l e
(a) a step-by-step explanation of the alguFilhm, along with pseudocode. .a\pp];:.f l}:.n.‘ .1lgn1r1‘|_1.1lnl 1:';
your custom graph, demonstrating each step in detail. Finally, analyze the time complexity ¢
Kruskal's algorithm
OR 5 e
Describe the purpose of Dijkstra’s Algorithm and li‘.uf spccmg pmhh.m it :-.::nrlx jib:l-,],-::;d:hz
detailed explanation of the algorithm's steps. including the {|1|1|L1Er|.&:]dl;:.jn 1=;| : |l hh;,hnw
selection process for the next node, and the mr:}lmd for updating Pdlfl Lng:_]m. h; Fatcmlmn
(b) Dijkstra’s Algorithm handles varying edge weights. and apply the a gnnlt 1L1;11 qhnrlﬁ-g]‘h o
example graph with at least 7 nodes and weighted edges. Demonstrate hm'-l 15 : i : )
from a chosen source node to all other nodes is calculated, and analyze the time complexity ¢
the algorithm based on this example.

/ (
PART B — (40 Marks)

Define a Binary Tree and its basic structure. Describe the different types of Binary Tret?s {l.ﬂ'ulL
Complete, Perfect) with diagrams and examples.Provide examples of real-world applications
where each type of Binary Tree is used.

Derive the time complexity of the Mergf.: Sort aignﬁtl1m_ming }I1¢ recurrence rclalin_n T(n) =
T(n/2) + T(n/2) + n. Explain each step of your dmx_*mmn in detail, and discuss how this relates
to the efficiency of Merge Sort. Include a fhsc,ussmn on how Merge Sort compares to other
sorting algorithms in terms of time complexity.

fine a Binary Search Tree and explain its properties that make it unique (lefi child < parent
Ea'ght child).Discuss how these properties influence the efficiency of operations searching,
nysis time complexity BSTs and provide detailed examples and pseudocode

for
implementing these search operations, highlighting how the BST property is maintained.

Explain the Insertion ?nrt algorithm in detail. Pn:_wicle d sl+Ep-h‘_-,’-stap explana‘cinn‘ of its
working process, includlng a PSE“d[f“t}T: ﬁiﬂgg?l_la- Discuss 1ts: time and space complexity, and

it to other sorting algonthms. 1““““]1Y=‘§ESC{1|=¢ real-world scenarios where
ﬂﬂﬂ;?f?fz Sort is particularly effective, and analyze situations where its complexity may
Insertio

present challenges.

differences between the Divide and Conquer approach and Greedy approache.
Explain the d!
Provide examp

=

ditionally, analyze the ime and space complexity of DFS and compare |

les of each and discuss {heir applications. E
es



