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Algorithm Analysis and Design Viva Questions: Your Ultimate Preparation
Guide

When it comes to computer science and software engineering, few experiences are as nerve wracking as the viva—
an oral examination that tests your depth of understanding, problem solving skills, and ability to articulate complex
concepts. For students and professionals preparing for a viva on algorithm analysis and design, the stakes can feel
high. Not only must you demonstrate mastery of data structures, time and space complexity, and algorithmic
paradigms, but you also need to communicate your ideas clearly and confidently.

This comprehensive guide will walk you through the most common viva questions, the underlying concepts they
test, and proven strategies for answering them. Whether you're a first year undergraduate, a master’s student, or a
seasoned engineer, the insights below will help you ace your viva and showcase your expertise.
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Core Concepts in Algorithm Analysis

Before diving into viva questions, it's essential to have a solid grasp of the foundational ideas that underpin
algorithm analysis:

1. Big O, Big Theta, Big Omega Notations — Describing upper, tight, and lower bounds of an algorithm’s running
time.

2. Amortized Analysis — Averaging the cost of operations over a sequence of operations to obtain a more
realistic performance estimate.

3. Probabilistic Analysis — Analyzing algorithms whose performance depends on random inputs or
randomization within the algorithm.

4. Asymptotic Behavior — Understanding how algorithms scale as input size grows.

5. Recurrence Relations — Solving recursive algorithms using methods like the Master Theorem, substitution,
or recursion tree.

Algorithm Design Approaches

In a viva, you'll often be asked to design an algorithm from scratch or improve an existing one. Familiarity with the
major design paradigms can give you a competitive edge:

« Divide and Conquer — Break the problem into smaller subproblems, solve them recursively, and combine the



results.

* Greedy — Make locally optimal choices at each step with the hope of finding a global optimum.

¢ Dynamic Programming — Solve overlapping subproblems once and store their solutions.

¢ Backtracking — Explore all possible solutions by incrementally building candidates and abandoning them if
they fail constraints.

e Branch and Bound — Prune the search space based on bounds to reduce computation.

* Randomized Algorithms — Use random choices to achieve average case efficiency or simplicity.

Time and Space Complexity

Understanding how to compute and compare complexities is a staple of algorithm viva questions. Key points
include:

¢ ldentifying dominant terms and ignoring lower order terms.

e Analyzing best case, average case, and worst case scenarios.

 Distinguishing between time complexity (operations) and space complexity (memory usage).

e Applying recurrence relations for recursive algorithms and using the Master Theorem or recursion tree for
solutions.

» Considering amortized cost for data structures like dynamic arrays, hash tables, and splay trees.

Common Viva Questions & Answers

Below are the most frequently asked viva questions in algorithm analysis and design, along with concise,
well structured answers. Use these as a reference to structure your own responses.

1. Explain Big O notation and its importance.

Big O notation provides an upper bound on an algorithm’s running time or space usage, focusing on how
performance scales with input size. It abstracts away constant factors and lower order terms, allowing comparison
between algorithms independent of hardware or implementation details. In a viva, emphasize that it's a tool for
asymptotic analysis, not an exact measurement.

2. Derive the time complexity of the binary search algorithm.

Binary search halves the search space each iteration. If the input size is n, the number of iterations needed is # log., n#
Thus, the time complexity is O(log n). In your answer, sketch a brief recursion tree or explain the halving process.

3. Compare the performance of quicksort and mergesort.

Both have average case time complexityO(n log n). However, quicksort’s worst case iSD(n?) unless a good pivot
strategy (like random or median of three) is used. Mergesort guarante€3(n log n) even in the worst case but

requires additional O(n)auxiliary space. Discuss trade offs: quicksort is often faster in practice due to in place
sorting and better cache locality, whereas mergesort is stable and predictable.

4.What is amortized analysis? Provide an example.

Amortized analysis averages the cost of operations over a sequence to account for occasional expensive
operations. Example: dynamic array resizing. Inserting n elements into an array that doubles its size each time
leads to a total cost of O(n), giving an amortized cost of O(1) per insertion, despite individual resizes costing O(n).

5. Solve the recurrence relation T(n) = 2T(n/2) + n.
Use the Master Theorem. Here, a = 2, b = 2, f(n) = n. Compute log_b a = log , 2 = 1Since f(n) = 9,tac¢T&E6us" O’ Q “(n)
we're in case 2 of the Master Theorem. Therefore, T(n) = 9,T& A0t &°



6. Design a greedy algorithm for the activity selection problem.

Sort activities by finish time. Iterate through the sorted list, selecting an activity if its start time is "e finish time of the
last selected activity. This yields an optimal solution because selecting the earliest finishing activity leaves the
maximum remaining time for subsequent activities.

7. Explain dynamic programming with an example.

Dynamic programming solves problems with overlapping subproblems and optimal substructure. Example:
Fibonacci numbers. Instead of recomputing recursively, store intermediate results in an array or memoization map.
The iterative DP approach computes each Fibonacci number once, achieving O(n) time and O(1) space.

8. Discuss the difference between best case, average case, and worst case analysis.

Best case represents the minimal possible running time for a given input size, often unrealistic. Average case
assumes a probability distribution over inputs, providing a realistic expectation. Worst case guarantees the upper
bound regardless of input. In a viva, highlight why worst case analysis is often preferred for algorithm design, while
average case is useful for performance prediction.

9. How would you analyze the space complexity of a depth first search (DFS) on a graph?

DFS uses a stack to store vertices. In the worst case (a linear chain), the stack holds O(V) vertices. Additionally, the
recursion or explicit stack requires O(V) space. If the graph is stored as an adjacency list, the space for the graph
itself is O(V + E). Therefore, the total space complexity is O(V + E).

10. What are the advantages of using a hash table over a binary search tree?

Hash tables offer expected O(1) average case lookup, insertion, and deletion, whereas BSTs guaranteeD(log n)
only if balanced. However, hash tables have no order among keys, whereas BSTs maintain sorted order. In a viva,
discuss trade offs: hash tables excel for point queries, while BSTs are better when ordered traversal or range
queries are needed.

Problem Solving Techniques

Beyond rote answers, vivas often test your ability to think on the spot. Below are proven techniques to approach
algorithmic problems during the exam:

Clarify the Problem — Restate the question, confirm constraints, and ask for examples if needed.
Identify the Paradigm — Decide whether a greedy, DP, divide and conquer, or other strategy fits.
Sketch a Small Example — Work through a concrete case to uncover patterns.
Formulate Recurrence or Pseudocode — Translate the algorithm into a clear, step by step plan.
5. Analyze Complexity — Compute time and space, considering worst case, average case, or amortized as
appropriate.
6. Validate Correctness — Provide a proof or intuitive argument for correctness.
7. Discuss Edge Cases — Mention how the algorithm handles empty inputs, large values, or degenerate cases.
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Practical Examples & Walkthroughs

Below are two detailed case studies that illustrate how to structure your viva responses.

Case Study 1: Minimum Spanning Tree (MST) — Kruskal’s Algorithm

Problem: Given a weighted, undirected graph, find a subset of edges that connects all vertices with the minimal
total weight.



Approach:

e Sort all edges by ascending weight.

« Initialize a disjoint set (union find) data structure.

« lterate over sorted edges, adding an edge to the MST if it connects two different components (checked via
union find).

e Stop when the MST contains V-1 edges.

Complexity:

e Sorting edges: O(E log E).
e Union find operations: nearly linear, O(E ; ...b” vfW&R £ is the inverse Ackermann function.
e Overall: O(E log E), which simplifies to O(E log V) because E "d V2.

Correctness: By the cut property, adding the smallest edge that does not form a cycle preserves optimality. The
union find ensures cycle detection.

Case Study 2: Longest Increasing Subsequence (LIS) — Dynamic Programming

Problem: Given an array of integers, find the length of the longest subsequence that is strictly increasing.

DP Approach:
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