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Class 11 Computer Chapter 3: Algorithms and
Problem Solving

EXERCISE QUESTIONS - COMPLETE GUIDE

MULTIPLE CHOICE QUESTIONS

Q1 The characteristic of a well-defined problem is:

a Ambiguous goals and unclear requirements b Vague processes and inputs

c Clear goals, inputs, processes, and outputs d Undefined solutions

✓ Correct Answer:  c) Clear goals, inputs, processes, and outputs

Q2 Complexity class representing problems solvable efficiently by a deterministic
algorithm:

a NP b NP-hard

c NP-complete d P

✓ Correct Answer:  d) P

Q3 The statement that applies to unsolvable problems:

a They can be solved in polynomial time b They cannot be solved by any algorithm

c They are always in NP class d They require exponential time to solve

✓ Correct Answer:  b) They cannot be solved by any algorithm

Q4 The meaning of NP in computational complexity is:

a Non-deterministic Polynomial time b Negative Polynomial time

c Non-trivial Polynomial time d Numerical Polynomial time
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✓ Correct Answer:  a) Non-deterministic Polynomial time

Q5 Search algorithm more efficient for large datasets:

a Bubble Sort b Merge Sort

c Selection Sort d Quick Sort

✓ Correct Answer:  d) Quick Sort

Q6 A scenario where Dynamic Programming proves most useful:

a Problems without overlapping subproblems b Problems solved by making local choices

c Problems with overlapping subproblems and
optimal substructure

d Problems divided into independent sub-
problems

✓ Correct Answer:  c) Problems with overlapping subproblems and optimal substructure

Q7 An algorithm that sorts data by stepping through the list and swapping adjacent
elements if needed is:

a Selection Sort b Quick Sort

c Bubble Sort d Merge Sort

✓ Correct Answer:  c) Bubble Sort

Q8 Time complexity of Depth-First Search (DFS) in a graph is:

a O(n log n) b O(V)

c O(V + E) d O(n)

✓ Correct Answer:  c) O(V + E)

Q9 Best description of time complexity:

a Amount of memory an algorithm needs b Time taken as a function of input size

c Efficiency as input size grows d Upper bound of space requirements
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✓ Correct Answer:  c) Efficiency as input size grows

Q10 An algorithm with a time complexity of O(n log n):

a Bubble Sort b Binary Search

c Merge Sort d Insertion Sort

✓ Correct Answer:  c) Merge Sort

Summary of Correct Answers:

Q.No. Correct Option

1 c) Clear goals, inputs, processes, and outputs

2 d) P

3 b) They cannot be solved by any algorithm

4 a) Non-deterministic Polynomial time

5 d) Quick Sort

6 c) Problems with overlapping subproblems and optimal substructure

7 c) Bubble Sort

8 c) O(V + E)

9 c) Efficiency as input size grows

10 c) Merge Sort

SHORT ANSWER QUESTIONS

Q1 Differentiate between well-defined and ill-defined problems within the realm of
computational problem solving.

ANSWER
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Feature Well-Defined Problem Ill-Defined Problem

Goal Clear and specific Unclear or vague

Input Clearly defined Not fully known or unclear

Process Specific steps or rules to follow No fixed steps or rules

Output Expected result is known Desired outcome may be unclear

Example
Solving a math equation like 2x + 3
= 7

Deciding the best way to make someone happy

Computational
Solution

Can be solved using algorithms
easily

Harder to solve with algorithms; needs human
judgment

Q2 Outline the main steps involved in the Generate and Test algorithm.

Ans. The Generate and Test algorithm involves generating possible solutions randomly or
systematically and then testing each one against the problem's requirements. If a solution satisfies all
conditions, it is accepted; otherwise, the process repeats with a new candidate. This method is
simple but can be inefficient for large problem spaces.

Steps:

Q3 Compare tractable and intractable problems in the context of computational
complexity.

Ans. Tractable problems can be solved efficiently in polynomial time, usually belonging to the class
P. Intractable problems, such as those in NP-hard, may not have efficient solutions and often take
exponential time to solve. While small instances of intractable problems can be solved, they become
impractical as input size increases.

Feature Tractable Problems Intractable Problems

Solution Time Polynomial time Exponential time

Complexity Class Usually in P NP-hard or NP-complete

Practicality Solvable for large inputs Impractical for large inputs

Example Sorting, Searching Traveling Salesman Problem

Generate a possible solution▸

Test the solution against the problem requirements▸

If solution satisfies all conditions, accept it▸

If not, go back to step 1 and generate a new candidate▸
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Q4 Summarize the key idea behind Greedy Algorithms.

Ans. Greedy algorithms make locally optimal choices at each step, hoping to find a global optimum.
They are simple and fast but do not always guarantee the best solution. This approach works best
when the problem exhibits the greedy-choice property and optimal substructure.

Key Characteristics:

Q5 Discuss the advantages of using Dynamic Programming.

Ans. Dynamic Programming (DP) solves complex problems by breaking them into overlapping sub-
problems and storing results to avoid recomputation. It ensures efficiency by reducing time
complexity significantly in problems like Fibonacci sequences or knapsack. DP guarantees optimal
solutions where applicable, especially in problems with optimal substructure.

Advantages:

Q6 Compare the advantages of Breadth-First Search (BFS) with Depth-First Search
(DFS) in graph traversal.

ANSWER

Make the best choice at each step▸

Don't reconsider previous choices▸

Fast and simple to implement▸

May not always find the optimal solution▸

Efficiency: Reduces time complexity by avoiding repeated calculations▸

Optimal Solutions: Guarantees optimal solutions for problems with optimal substructure▸

Memory: Stores intermediate results for reuse▸

Versatility: Applicable to many complex problems▸
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Feature Breadth-First Search (BFS) Depth-First Search (DFS)

Traversal Style
Visits all neighbors at current level before
going deeper

Goes as deep as possible first, then
backtracks

Data Structure
Used

Queue Stack

Shortest Path Finds the shortest path in unweighted graphs Does not guarantee the shortest path

Memory Usage
Uses more memory (stores all nodes of a
level)

Uses less memory (only stores nodes along
current path)

Best For
Finding shortest paths or when solution is
close to start

Exploring all possible paths or detecting cycles

Exhaustive
Search

Not ideal if you want to explore all paths Good for checking all possible options

Q7 Explain the importance of breaking down a problem into smaller components in
algorithmic thinking.

Ans. Breaking a problem into smaller parts makes it easier to understand, manage, and solve. Each
component can be addressed individually, often leading to reusable and modular code. This strategy
is foundational in techniques like Divide and Conquer and Dynamic Programming.

Benefits:

Q8 Identify the key factors used to evaluate the performance of an algorithm.

Ans. The two primary factors are time complexity (how runtime grows with input size) and space
complexity (how memory usage scales). These help determine how efficient and scalable an
algorithm is, especially for large datasets. Performance evaluation allows developers to choose the
most suitable algorithm for a given task.

Key Factors:

Easier Understanding: Smaller parts are simpler to comprehend▸

Better Management: Each component can be handled separately▸

Reusability: Components can be used in different parts of the program▸

Modularity: Leads to cleaner, more organized code▸

Easier Debugging: Issues can be isolated to specific components▸

Time Complexity: How fast the algorithm runs as input size increases▸

Space Complexity: How much memory the algorithm uses▸
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LONG QUESTIONS

Q1 Provide a detailed explanation of why the Halting Problem is considered
unsolvable and its implications in computer science.

ANSWER

Halting Problem

The Halting Problem asks this simple question: Can we make a program that can always tell if
another program will stop running or keep running forever?

Let's say you have any computer program and some input. Is there a smart tool that can look at them
and say:

Alan Turing (a famous computer scientist) said: No, we cannot make such a tool for all programs.

Why is it Unsolvable?

Here's a simple way to understand why:

That Means

There's no perfect tool that can predict what every other program will do in every case.

Scalability: How well the algorithm handles larger inputs▸

Correctness: Whether the algorithm produces correct results▸

"Yes, this will stop after some time" or▸

"No, this will run forever?"▸

Imagine we make a program called HALT(P, I):▸

It takes another program P and its input▸

It tries to predict whether P will stop or run forever▸

Now, someone makes a tricky new program that uses HALT:▸

If HALT says "this program will stop", then the tricky program runs forever▸

If HALT says "this program will run forever", then the tricky program stops▸

This creates a contradiction – like saying "I am lying" when you're telling the truth. So, our HALT
program cannot be right all the time.

▸
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Implications in Computer Science

Q2 Discuss the characteristics of search problems and compare the efficiency of
Linear Search and Binary Search algorithm.

ANSWER

A search problem means trying to find something in a list or collection, like finding a name in a phone
book or a word in a dictionary.

Characteristics of Search Problems

Comparison of Linear Search and Binary Search

Linear Search

Some Problems Can't Be Solved by Computers: The Halting Problem shows that there are
some problems that no computer can ever solve, no matter how fast or powerful it is. This means
computers have limits.

▸

Can't Always Know What a Program Will Do: We can't build a perfect tool that can tell if every
program will stop running or get stuck forever. So, it's very hard to predict what a program will do
in every situation.

▸

Testing Programs Has Limits: We can test software to find bugs, but we can never be 100%
sure that a program will work perfectly for every possible input. That's why software sometimes
still has bugs even after testing.

▸

Helps Understand What Computers Can and Can't Do: The Halting Problem is very important
in theory. It helps scientists understand which problems can be solved with an algorithm and
which ones can't.

▸

Even Smart Machines Have Limits: Even very smart computer programs (like AI) have limits.
They can't solve every problem, and there are things they will never be able to figure out for sure.

▸

Target: Looking for a specific item or value▸

Data Structure: Usually an array, list, or collection▸

Goal: Find the location or existence of the target▸

Constraints: May be sorted or unsorted data▸

How it works: You start from the beginning and check each item one by one until you find what
you are looking for

▸

Time complexity: O(n), slow for large lists▸

Requirement: No sorting needed; works on any list▸
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Binary Search

Comparison Table

Feature Linear Search Binary Search

Time Complexity O(n) O(log n)

Requirement No sorting needed Must be sorted

Approach Sequential checking Divide and conquer

Best for Small lists, unsorted data Large sorted lists

Space Complexity O(1) O(1)

Conclusion

Binary Search is better, but only works if your data is sorted first. If the list changes often, sorting
might take extra time, so sometimes people use Linear Search instead.

Q3 Discuss the nature of optimization problems and provide examples of their
applications in real-world scenarios.

ANSWER

Optimization problems are about making the best choice possible, like choosing the fastest route,
spending the least money, or getting the most profit.

Nature of Optimization Problems

Best case: O(1) if element is at first position▸

Worst case: O(n) if element is at last position or not present▸

How it works: Works only on sorted data. You keep dividing the list in half and checking the
middle item, then decide which half to keep searching in

▸

Time complexity: O(log n), much faster for large lists▸

Requirement: Data must be sorted▸

Best case: O(1) if middle element is the target▸

Worst case: O(log n)▸

Goal: Find the best solution among many possibilities▸

Constraints: Limited resources, rules, or requirements▸

Objective: Maximize profit, minimize cost, or optimize some measure▸

Complexity: Often NP-hard, requiring specialized algorithms▸
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Real-World Examples

Example 1: Delivery Route Optimization

A delivery company wants to find the shortest route to deliver packages (called the Traveling
Salesman Problem).

Goal: Minimize total distance traveled Constraints: Visit all locations, limited time Application:
UPS, FedEx, Amazon delivery optimization

Example 2: Factory Scheduling

A factory needs to schedule workers and machines to finish tasks quickly and cheaply.

Goal: Minimize completion time Constraints: Machine availability, worker skills, deadlines
Application: Manufacturing, production planning

Example 3: Airline Crew Assignment

Airlines try to assign flights to planes and crews in the most efficient way.

Goal: Minimize costs Constraints: Crew rest requirements, plane availability Application: Flight
scheduling, crew management

Algorithms Used for Optimization

Benefits

Q4 Explain the process and time complexity of the Bubble Sort algorithm. Compare
it with another sorting algorithm of your choice in terms of efficiency.

ANSWER

Greedy Algorithms: Simple, fast, but not always optimal▸

Dynamic Programming: Guarantees optimal solutions for certain problems▸

Genetic Algorithms: Used for complex optimization problems▸

Simulated Annealing: Finds good solutions for NP-hard problems▸

Save time and money▸

Improve efficiency▸

Reduce waste▸

Better resource allocation▸

Competitive advantage for businesses▸
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Bubble Sort

Bubble Sort is a simple way to sort a list.

How it works:

It's like moving bubbles up in water - big items slowly move to the correct place.

Process:

Original List: [5, 3, 8, 1, 2]
Pass 1:
[3, 5, 8, 1, 2]  (5 > 3, swap)
[3, 5, 8, 1, 2]  (5 < 8, no swap)
[3, 5, 1, 8, 2]  (8 > 1, swap)
[3, 5, 1, 2, 8]  (8 > 2, swap)
Pass 2:
[3, 5, 1, 2, 8]  (3 < 5, no swap)
[3, 1, 5, 2, 8]  (5 > 1, swap)
[3, 1, 2, 5, 8]  (5 > 2, swap)
Pass 3:
[1, 3, 2, 5, 8]  (3 > 1, swap)
[1, 2, 3, 5, 8]  (3 > 2, swap)
Pass 4:
[1, 2, 3, 5, 8]  (1 < 2, no swap)
[1, 2, 3, 5, 8]  (2 < 3, no swap)
Sorted List: [1, 2, 3, 5, 8]

Time Complexity:

Go through the list and compare pairs of numbers next to each other▸

If they're in the wrong order, swap them▸

Keep doing this until the whole list is sorted▸

Worst case: O(n²) - when array is reverse sorted▸

Best case: O(n) - when array is already sorted (with optimization)▸

Average case: O(n²)▸

Space Complexity: O(1) - sorts in place▸
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Comparison with Merge Sort

Feature Bubble Sort Merge Sort

Time Complexity O(n²) O(n log n)

Space Complexity O(1) O(n)

Stability Stable Stable

In-place Yes No

Best Case O(n) O(n log n)

Worst Case O(n²) O(n log n)

Approach Simple, slow for large data Divide and conquer

Practical Use Small lists Large lists

Comparison Table

Bubble Sort:

Merge Sort:

Conclusion

Even though Bubble Sort is easier to understand and write, Merge Sort is much more practical for
sorting large amounts of data. For small lists (say, fewer than 20 items), either algorithm works fine.
But for large datasets, Merge Sort is clearly better.

Q5 Discuss the differences between time complexity and space complexity. How do
they impact the choice of an algorithm for a specific problem?

ANSWER

Very slow for large lists (n² time)▸

Simple and easy to understand▸

Works well for small datasets▸

Educational value for learning sorting concepts▸

Much faster for large lists (n log n time)▸

More complex to implement▸

Requires extra memory▸

Practical for real-world applications▸
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Introduction

Time complexity means how fast an algorithm runs as the input gets bigger. Space complexity
means how much memory (RAM) the algorithm uses during its execution.

Think of it like cooking:

Time Complexity

Definition: How long an algorithm takes to run (based on input size)

Focus: Speed of the algorithm

Measured in: Number of operations (like loops, comparisons)

Impact: Affects how fast the program runs

Important when: You need fast results (e.g., games, real-time systems)

Example Algorithms: Quick Sort (fast but medium memory)

Space Complexity

Definition: How much memory (RAM) an algorithm uses during execution

Focus: Memory usage of the algorithm

Measured in: Amount of extra memory used (like variables, arrays, etc.)

Impact: Affects how much memory the program uses

Important when: You have limited memory (e.g., mobile phones, small devices)

Example Algorithms: Insertion Sort (slow but uses less memory), Merge Sort (fast but uses more
memory)

Time complexity: How long it takes to cook the meal▸

Space complexity: How much counter space or kitchen tools you need▸
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Time Complexity vs Space Complexity

Feature Time Complexity Space Complexity

Definition
How long an algorithm takes to run (based
on input size)

How much memory (RAM) an algorithm uses
during execution

Focus Speed of the algorithm Memory usage of the algorithm

Example (like
cooking)

How long it takes to cook a meal How much counter space and tools you need

Measured in
Number of operations (like loops,
comparisons)

Amount of extra memory used (like variables,
arrays, etc.)

Impact on
Performance

Affects how fast the program runs Affects how much memory the program uses

Important when
You need fast results (e.g., games, real-
time systems)

You have limited memory (e.g., mobile
phones, small devices)

Example Algorithms Quick Sort (fast but medium memory) Insertion Sort (slow but uses less memory)

Common Trade-offs

How They Impact Algorithm Choice

When choosing an algorithm, consider:

Fast but Memory-Hungry:▸

Example: Merge Sort▸

Good for: Systems with lots of RAM▸

Bad for: Memory-constrained devices▸

Slow but Memory-Efficient:▸

Example: Insertion Sort▸

Good for: Small datasets, low-memory devices▸

Bad for: Large datasets where speed matters▸

Balanced Approach:▸

Example: Quick Sort▸

Good for: General-purpose applications▸

Often chosen as a middle ground▸

Problem Size:▸

Small data: Simple algorithms are fine▸
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Practical Guidelines

Large data: Need efficient algorithms▸

Available Resources:▸

Lots of RAM: Can use memory-heavy algorithms▸

Limited RAM: Need memory-efficient algorithms▸

Speed Requirements:▸

Real-time systems: Need fast algorithms▸

Batch processing: Can use slower algorithms▸

Application Type:▸

Mobile apps: Memory efficiency is critical▸

Server applications: Speed may be more important▸

When to choose time efficiency:▸

Real-time applications▸

Large datasets▸

Time-critical systems▸

When to choose space efficiency:▸

Embedded systems▸

Mobile applications▸

Memory-constrained environments▸

When to choose balance:▸

General-purpose applications▸

When both resources are adequate▸

When the problem requires both▸
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Chapter Summary - Quick Reference

Topic Key Points

Well-Defined Problem Clear goals, inputs, processes, and outputs

Ill-Defined Problem Unclear goals, vague inputs, no fixed process

Complexity Classes P (polynomial time), NP (non-deterministic polynomial time), NP-hard, NP-complete

Search Algorithms Linear Search O(n), Binary Search O(log n)

Sorting Algorithms Bubble Sort O(n²), Merge Sort O(n log n), Quick Sort O(n log n)

Graph Traversal BFS (queue, finds shortest path), DFS (stack, explores deeply)

Greedy Algorithms Make locally optimal choices, simple but not always optimal

Dynamic Programming Solves overlapping subproblems, stores results for reuse

Time Complexity How runtime grows with input size

Space Complexity How memory usage scales with input size

Halting Problem Unsolvable problem - no program can tell if another program will halt

Optimization Problems Find the best solution among many possibilities

End of Chapter 3 Exercise Questions
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