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Class 11 Computer Chapter 3: Algorithms and

Problem Solving

LONG QUESTIONS - COMPLETE GUIDE

Explain the concept of a computational problem. Describe its main components
and classify computational problems with examples.

I Understanding Computational Problems

A computational problem is a challenge that can be solved through a computational process, which
involves using an algorithm, i.e., a set of systematic instructions that a computer can execute.

I Main Components of a Computational Problem

I Input

The data or information given to the algorithm at the beginning of the problem.

Example: If we want to check if a number is even, we start by taking that number as input (like 8).

I Process

The steps or rules (i.e., the algorithm) that are applied to the input to generate the output.

Example: To check if a number is even, divide it by 2 and see if there's no remainder (that means
the remainder is 0).

I Output
The solution or result produced by the algorithm after processing the input.

Example: We give the number 8 to check, and after dividing by 2 (no remainder), we say the result is
"Even".

| Classifying Computational Problems

Computational problems can be classified into different categories based on their characteristics and
the methods required to solve them.

I 1. Decision Problems

Problems where the output is a simple "yes" or "no".
Example: Is the number 12 greater than 6?

» Input: 12
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» Process: Compare 6

» Output: Yes

I 2. Search Problems

Problems where the task is to find a solution or an item that meets certain criteria.
Example: Find the number 8 in a list.

» Input: List of numbers

» Process: Check each number in the list

» Output: Found at position 2

I 3. Optimization Problems

Problems where the goal is to find the best solution according to some criteria.
Example: Find the shortest path from one city to another.

» Input: Map with different routes

» Process: Compare lengths of all routes

» Output: The shortest one

I 4. Counting Problems

Problems where the objective is to count the number of ways certain conditions can be met.
Example: How many ways can 3 books be arranged?

» Input: 3 books

» Process: Use formula (3 x 2 x 1 = 6)

» Output: 6 ways

What is the difference between well-defined and ill-defined problems in
computational thinking?
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I Difference between Well-defined and lll-defined Problems

Aspect Well-defined Problems lll-defined Problems
Goal Cl d ifi I V. bi I
. ear and specific goals ague or ambiguous goals
Clarity P 9 g 9 9
. - Unclear or broad input (e.g., social, economic,
Input Clearly stated input (e.g., a specific number) . put (e.g
and political factors)
- Defined step-by-step procedure (e.g., divide by 2 No clear process; requires interpretation and
rocess .
to check evenness) multiple approaches
Predictable and measurable output (e.g., even or . o
Output odd) Uncertain or subjective outcomes
Example Determining if a number is even Reducing poverty in Pakistan

I Visual Representation

Well-Defined Problem

Ill-Defined Problem

Clear Goals
Defined Input
Specific Process
Predictable Output

Vague Goals
Unclear Input

No Fixed Process
Subjective Output

@ What is the role of Problem solving in algorithms?

Algorithms are step-by-step procedures for solving problems, much like a recipe provides steps for
cooking a dish. Understanding algorithms is essential because they provide the logic behind software
operations, allowing us to:

» Solve Complex Problems: Break down difficult tasks into manageable steps
» Optimize Performance: Find the most efficient way to accomplish tasks

» Ensure Accuracy: Provide consistent and reliable results

» Build Applications: Create the foundation for all software operations

| Why Relate Algorithms to Real-Life Tasks?

Relating algorithms to real-life tasks makes them easier to understand by showing how step-by-step
processes are used in everyday situations. It helps learners:

» See the practical use of algorithms
» Improve problem-solving skills

» Build a strong foundation for computational thinking
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» Understand abstract concepts through concrete examples

What is a Generate and Test Algorithm, and under what conditions is it most
effective?

I Generate and Test Algorithm

This method works by generating potential solutions to a problem and then testing each one to
determine if it meets the required conditions. The process continues until a satisfactory solution is
found or all possible solutions have been exhausted.

I Process Flow

Generate a
Possible Solution

Test the
Solution
]
T
| |
v v
Solution Solution
Satisfies Does Not
Conditions Satisfy
| T T
: |
Accept
Solution

Generate New
Solution

I Conditions Where Generate and Test is Effective
» Small Problem Space: The problem space is small and manageable

» No Clear Method: There's no clear method for solving the problem, so an exhaustive search is
needed

» Heuristics Available: Heuristics or rules can be used to reduce the number of possible solutions,
making the process faster and more efficient
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DO YOU KNOW?

@ Why is the Generate and Test algorithm commonly used in Al applications like game playing
and problem-solving?

Ans: The Generate and Test algorithm is used in Al when the solution space is large and not
fully known. It works by generating possible solutions and testing them one by one until a
working solution is found. This makes it useful in Al for tasks like solving puzzles, playing games,
or finding paths, where trying different possibilities systematically helps find the best outcome.

@ What is the difference between Solvable and Unsolvable problems?

In computer science, problems are classified as solvable or unsolvable based on whether there
exists an algorithm that can provide a solution.

Topic Solvable Problems Unsolvable Problems
s A problem that a computer can solve using A problem that a computer cannot solve in every
atis it? .
steps (an algorithm) case, no matter what steps we try
Steps to solve Clear steps exist to solve the problem No steps can solve it for every situation

Can we get an No, not always. Sometimes it's impossible to get

Yes, always in a limited (finite) time

answer? an answer
Is a solution \ )
. Yes, for all inputs No, not for all inputs
possible?
Sl Finding the GCD (Greatest Common The Halting Problem — finding out if a program
Divisor) of two numbers using a method will stop or run forever

@ Wwhy is it important to determine whether a problem is solvable before attempting to solve it?

Ans: Determining if a problem is solvable before starting ensures that time, effort, and resources
are not wasted on issues that cannot be resolved. It helps in identifying whether an algorithm
exists that can effectively process the input and produce the desired output, making the
problem-solving process more efficient and realistic.

@ What is the difference between Tractable and Intractable problems?
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Once a problem is determined to be solvable, the next consideration is its computational complexity
—how efficiently it can be solved. Problems are categorized as tractable or intractable based on the
resources required (time and space) to solve them.

Topic Tractable Problems Intractable Problems

) A problem that takes too long to solve as the input size
A problem that can be solved quickly

What is it? . ) grows — often becomes impossible to solve in a reasonable
and efficiently, even for large inputs

time
Time to Solved in polynomial time (manageable  Solved in super-polynomial or exponential time (very slow
solve time) as input grows)

Is it Yes, these problems can be solved in

) ) No, these are too slow to solve when inputs get large
practical? real life

Problem Also called P (Polynomial time)
Often belong to NP-hard or NP-complete problems
type problems
Examole Sorting numbers using Merge Sort or Travelling Salesman Problem (TSP) — finding the shortest
. Quick Sort route to visit cities

Discuss the different complexity classes (P, NP, NP-hard, NP-Complete) and their
importance in understanding problem difficulty.

| Complexity Classes (P, NP, NP-hard, NP-complete)

Understanding the complexity of problems involves classifying them into different categories based
on their solvability and the time required to solve them.

I Class P (Polynomial Time)

Class P refers to a category of problems that can be solved efficiently by a computer. In simpler
terms, these are problems where a computer can find a solution quickly, even as the size of the
problem grows.

Example: Sorting a list of numbers.
Suppose you have the following list: [4, 1, 3, 2, 5]
The goal is to arrange these numbers in ascending order: [1, 2, 3, 4, 5]

The time required to sort the list grows at a manageable rate as the list size increases. For example,
going from 5 numbers to 10 numbers will increase the time, but it remains within a reasonable limit.

I Class NP (Non-Deterministic Polynomial Time)

Class NP refers to a category of problems for which, if a solution is given, it can be checked quickly
by a computer. These are problems where verifying a proposed solution is easy, but finding that

© taleemzone.com Page 6 of 28



taleemzone.com Class 11 Computer Science — Chapter 3: Long Questions

solution might be difficult and time-consuming.
Example: Solving a Sudoku puzzle.

In Sudoku, you fill a 9 x 9 grid with numbers so that each row, column, and 3 x 3 sub-grid contains all
digits from 1 to 9 exactly once.

I Class NP-Hard

NP-hard problems are a class of problems that are at least as difficult as the hardest problems in
Non-Deterministic Polynomial time (NP). Solving an NP-hard problem is challenging, and no efficient
algorithm is known for finding a solution.

Example: The Traveling Salesman Problem (TSP).

I NP-Complete

NP-Complete problems form a special subset of NP problems. They are both in NP and as hard as
the hardest problems in NP. This means that these problems are particularly challenging, and if you
can solve one NP-Complete problem efficiently, you can solve all problems in NP efficiently.

Example: The Knapsack Problem.

| The Knapsack Problem

In the Knapsack Problem, you have a knapsack with a maximum weight capacity and a set of items,
each with a weight and a value. The goal is to determine the most valuable combination of items to
put in the knapsack without exceeding its weight capacity.

I Venn Diagram of Complexity Classes

—

NP |

NP-Hard

1
NP-Complete

I Legend:
» P: Problems solvable in polynomial time
» NP: Problems verifiable in polynomial time

» NP-Complete: Intersection of NP and NP-Hard
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» NP-Hard: At least as hard as the hardest NP problems

DO YOU KNOW?

@ What is the P vs NP problem in computer science?

» P means problems that computers can solve quickly

» NP means problems where solutions can be checked quickly, but finding the solution may
take a long time

» If P = NP, it would mean we just haven't found the right shortcut to solve hard problems fast

» If P # NP, it means some problems will always be hard for computers to solve quickly

What is time complexity in algorithm analysis? Explain Big O Notation with
examples.

I Algorithm Analysis

Algorithm analysis is the process of determining the computational complexity of algorithms,
including their time and space complexity.

| Importance

It is important because it helps predict the algorithm's performance and is crucial for selecting the
most efficient algorithm for a given problem.

I Time Complexity

Time complexity is a measure of how the running time of an algorithm increases as the size of the
input data grows. It helps us understand how efficiently an algorithm performs when dealing with
larger amounts of data.

Example: Consider the task of sorting a list of numbers. If the list contains only a few numbers, the
task might be quick. However, as the volume of numbers increases, the time required to sort them
also increases. Time complexity allows us to predict how this runtime scales with the input size.

I Big O Notation

Big O notation is a mathematical way to describe the time complexity of an algorithm. It provides an
upper bound on the time an algorithm will take to complete as the input size grows. This notation
helps in comparing the efficiency of different algorithms by giving a clear picture of their performance.
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I How Big O Notation Works?

Big O notation uses symbols to describe how the runtime of an algorithm changes with the size of
the input.

I Common Big O Notations

Notation Name Description Example
i Runtime remains the same regardless of Accessing an array element by
O(1) Constant Time . . .
input size index

Logarithmic Runtime grows very slowly relative to input .
O(log n) . g . g y y P Binary Search

Time size
O(n) Linear Time Runtime grows linearly with input size Linear Search
O(n log Linearithmic _ _ . .
n) Time Runtime grows slightly faster than linear Merge Sort, Quick Sort
O(n?) Quadratic Time Runtime grows with the square of input size  Bubble Sort, Selection Sort

Exponential . . . . . . S
O(2n) Ti P Runtime doubles with each addition to input  Recursive Fibonacci (naive)

ime
_— ) . Traveling Salesman Problem (brute

o(n') Factorial Time Runtime grows factorially

force)

I Examples of Time Complexity

| O(1) - Constant Time

The runtime remains the same regardless of the input size.
Example: Accessing a specific element in an array by its index.

PYTHON

def get_first_element(arr):
return arr[0] # Always takes the same time, regardless of array size

I O(n) - Linear Time
The runtime grows linearly with the input size.
Example: Searching through a list to find a specific student ID.

Suppose there are n students in a college, each with a unique student ID. If we need to find a
specific student by searching through the list of all n students, the time it takes depends on the
number of students, hence it is linear.

I O(n?) - Quadratic Time

The runtime increases with the square of the input size.
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Example: Comparing each student with every other student.

Consider a scenario where n students in a college are participating in a programming competition,
and we want to compare the performance of each pair of students to determine the best team. The
number of comparisons required is the sum of the first n-1 integers, which can be approximated as
n(n-1), a quadratic growth.

I O(log n) - Logarithmic Time
The runtime grows logarithmically, meaning it increases very slowly relative to the input size.
Example: Binary Search.

Imagine you are thinking of a number between 1 and 100, and | want to guess it. | can only ask
yes/no questions like "Is it greater than 507", "Is it less than 257", "Is it equal to 37?" Every time | ask
a question, | cut the range in half. This process (binary search) takes logarithmic time.

| Time Complexity Growth Comparison

0(27n)

/ 0(n2)

/ / o(n log n)
/ o(n)
/ 0(log n)
/ 0(1)

L e > Input Size (n)

DO YOU KNOW?

© What is the purpose of Big O notation in algorithm analysis?

Ans: Big O notation helps computer scientists understand the efficiency of an algorithm in the
worst-case scenario, allowing them to predict how well it will perform as the size of the input
data increases. It provides an upper bound on the time or space complexity, making it easier to
compare different algorithms and choose the most efficient one for a given problem.

l @ What is space complexity in algorithm analysis?

Space complexity measures how the amount of memory or space an algorithm uses changes as the
size of the input data increases. It helps us understand how efficiently an algorithm uses memory
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when handling large datasets.

I Key Points

» Definition: The amount of memory an algorithm uses during its execution

» Importance: Critical for memory-constrained environments like mobile devices
» Components:

» Fixed part (program code, constants)

» Variable part (data structures, recursion stack)

I Common Space Complexities

Notation  Description Example
0(1) Constant space - uses same memory regardless of input size Bubble Sort, Selection Sort
o(n) Linear space - memory grows linearly with input size Merge Sort (needs extra array)
0o(n?) Quadratic space - memory grows quadratically Adjacency matrix for graphs

| Example

If an algorithm needs to store a list of numbers, its space complexity tells us how much memory will
be required as the volume of numbers increases.

PYTHON

# 0(1) space - no extra memory needed

def sum_numbers(arr):
total = ©

for num in arr:

total += num

return total

# 0(n) space - creates a new array of same size
def double_numbers(arr):
result = []

for num in arr:
result.append(num * 2)
return result

I Trade-off: Time vs Space

Algorithm Time Complexity Space Complexity Trade-off

Merge Sort O(n log n) o(n) Faster but uses more memory
Quick Sort O(n log n) O(log n) Fast and memory-efficient
Insertion Sort o(n?) 0(1) Slow but memory-efficient
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What are the different algorithm design techniques, and how do they help in
solving computational problems efficiently?

Algorithm design is a critical aspect of problem-solving in computer science. It involves creating
systematic methods to solve problems efficiently and effectively. There are several well-known
algorithm design technigues that help in developing robust algorithms for a variety of computational
problems.

I 1. Divide and Conquer

Divide and Conquer is a powerful algorithm design technique that works by breaking a large problem
into smaller, more manageable parts. Each smaller part is solved independently, and then their
solutions are combined to solve the original problem.

I Process

Original Problem
T

|

e —= —

Sub-problem Sub-problem
1 2

! T

I
v
L

Combine Solutions ‘

Example: Merge Sort

» Divide: Split the array into two halves
» Conquer: Recursively sort each half

» Combine: Merge the sorted halves

I Advantages:

» Efficient for many problems

» Natural for parallel processing

» Simple to understand and implement

I 2. Greedy Algorithms

Greedy algorithms work by making a sequence of choices, each of which is locally optimal, with the
hope that these choices will lead to a globally optimal solution. The greedy approach is often used
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when a problem has an optimal substructure, meaning that the optimal solution to the problem can
be constructed from optimal solutions to its sub-problems.

I Process

Start

I

v

Make a locally optimal choice
I

v

Update the current state

v

Is problem solved? No—» Go back to choice

Yes

v

Return Solution

Example: The Coin Change problem.

Suppose you have coins of different denominations and you want to make a specific amount with the fewest coins |

PYTHON

# Greedy Coin Change Example

def coin_change(amount, coins):
coins.sort(reverse=True)

result = []

for coin in coins:

while amount >= coin:

amount -= coin

result.append(coin)

return result

# Example: Make 63 with coins [1, 5, 10, 25]

# Result: [25, 25, 10, 1, 1, 1] = 6 coins (greedy)
# Optimal: [25, 25, 10, 1, 1, 1] = 6 coins (greedy works here)

© taleemzone.com Page 13 of 28



taleemzone.com Class 11 Computer Science — Chapter 3: Long Questions

@ What are the advantages and limitations of using greedy algorithms?

I Advantages:
» Simple to implement
» Fast execution

» Efficient for some problems

I Limitations:
» May not give the optimal solution for all problems

» Not suitable for complex problems requiring backtracking or global optimization

I 3. Dynamic Programming

Dynamic Programming (DP) is an optimization technique used to solve problems by breaking
them down into simpler sub-problems and storing the results of these sub-problems to avoid
redundant calculations. DP is particularly useful for problems with overlapping sub-problems and
optimal substructure.

I Process

Original Problem
1

1

e —= —

Sub-problem Sub-problem
1 2

! I

1

Store Result in Table |

(Memoization/Tabulation) |
I

Example: The Fibonacci sequence.
Instead of recalculating Fibonacci numbers repeatedly, DP stores the results of each Fibonacci number as i
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PYTHON

# Naive Recursive (0(27An)) - Slow
def fib_recursive(n):
if n <= 1:

return n
return fib_recursive(n-1) + fib_recursive(n-2)
# Dynamic Programming (O(n)) - Fast

def fib_dp(n):

if n <= 1:

return n

dp = [0] * (n + 1)

dp[1] = 1

for i in range(2, n + 1):
dp[i] = dp[i-1] + dp[i-2]
return dp[n]

I Characteristics:
Overlapping Subproblems: The same subproblems occur multiple times

Optimal Substructure: Optimal solution can be built from optimal solutions of subproblems

I Applications:
Fibonacci sequence
Knapsack problem
Shortest path problems

Sequence alignment (bioinformatics)

| 4. Backtracking

Backtracking is a method used in solving problems where you build up a solution step by step. If

you find that a particular path doesn't lead to a solution, you simply go back and try a different
path.

I Process

Start

v
Choose a path

v
Is it valid?

No—» Backtrack

Yes

v
Is solution complete?

Yes

v
Return Solution

No— Continue building
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Example: Solving a maze.
It's like trying out different routes on a map and turning back if you find that you're going the wrong wa)

PYTHON

# N-Queens Problem - Place N queens on NxN board so no two attack each other
def solve_n_queens(n):

def is_safe(board, row, col):
# Check column

for i in range(row):

if board[i] == col:

return False

# Check diagonals

for i1 in range(row):

if abs(board[i] - col) == abs(i - row):
return False

return True

def solve(board, row):

if row == n:

return True

for col in range(n):

if is_safe(board, row, col):
board[row] = col

if solve(board, row + 1):
return True

board[row] = -1 # Backtrack
return False

board = [-1] * n

if solve(board, 0):

return board

return None

I Applications:
N-Queens problem
Sudoku solver
Maze solving
Knight's tour

Crossword puzzles

Why are commonly used algorithms important in computer science, and which
categories of problems do they typically address?
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I Commonly Used Algorithms

Algorithms are essential tools in computer science and are applied to a wide range of problems, from
sorting data to searching for information in large datasets. Some algorithms are foundational, serving
as building blocks for more complex operations.

| Categories of Problems They Address

I 1. Sorting Algorithms

Arrange data in a specific order (e.g., ascending or descending), making it easier to manage and
search.

I Examples:

» Bubble Sort
» Selection Sort
» Quick Sort

» Merge Sort

| 2. Searching Algorithms

Help locate specific data within a dataset efficiently.

| Examples:

» Linear Search

» Binary Search

I 3. Graph Traversal Algorithms

Used to explore or analyze relationships between nodes in a graph.
I Examples:

» Depth-First Search (DFS)

» Breadth-First Search (BFS)

I Applications of Commonly Used Algorithms

Algorithm Application Area Purpose

Sorting Data processing, databases Organize data for efficient access
Searching Information retrieval, databases Find specific data quickly

Graph Algorithms Network routing, social networks Analyze relationships between entities
Dynamic Programming Optimization, scheduling Find optimal solutions

Greedy Algorithms Resource allocation, scheduling Make efficient choices
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These algorithms are widely applied in areas such as:

» Data processing

» Atrtificial intelligence

» Network routing

» Database management
» Web search engines

» Recommendation systems

l @ What is sorting algorithms? Also define bubble sort and selection sort.

| Sorting Algorithm

Sorting algorithms are used to arrange data in a particular order, such as ascending or descending.
Sorting is a fundamental operation that often serves as a prerequisite for other tasks like searching
and data analysis.

I Bubble Sort

Bubble Sort is one of the simplest sorting algorithms. It works by repeatedly stepping through the list,
comparing adjacent elements, and swapping them if they are in the wrong order. This process is
repeated until the list is sorted.

| Process

» Start from the beginning of the list

» Compare each pair of adjacent elements
» Swap them if they are in the wrong order

» Continue the process until no more swaps are needed

Example
I

Consider the list [5, 3, 8, 4, 2]. Bubble Sort will compare 5 and 3, swap them, then move to the next
pair, and so on.

Pass 1: [5, 3, 8, 4, 2] - [3, 5, 8, 4, 2] - [3, 5, 4, 8, 2] - [3, 5, 4, 2, 8]
Pass 2: [3, 5, 4, 2, 8] - [3, 4, 5, 2, 8] - [3, 4, 2, 5, 8]

Pass 3: [3, 4, 2, 5, 8] - [3, 2, 4, 5, 8] - [2, 3, 4, 5, 8]

Pass 4: [2, 3, 4, 5, 8] - Sorted!
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I Complexity

» Time Complexity: O(n?) - inefficient for large datasets
» Space Complexity: O(1) - sorts in place

I Advantages

» Easy to understand and implement

» Simple code

» Useful for educational purposes

| Disadvantages
» Inefficient for large datasets

» Not used in production applications
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© Why is Bubble Sort not recommended for large datasets, and what are better alternatives?

Ans: Bubble Sort is easy to implement but inefficient for large datasets due to its O(n?) time
complexity. More efficient alternatives like Quick Sort and Merge Sort, with O(n log n) time
complexity, are preferred for larger data to save time and resources.

| Selection Sort

Selection Sort is another simple sorting algorithm. It works by selecting the smallest (or largest,
depending on the desired order) element from the unsorted part of the list and swapping it with
the first element of the unsorted part. This process is repeated for the remaining unsorted
portion of the list.

I Process

» Find the minimum element in the unsorted part of the list

» Swap it with the first unsorted element

» Move the boundary of the sorted and unsorted sections by one element
» Repeat the process for the remaining elements

I Example
For the list [29, 10, 14, 37, 13]:

Initial: [29, 10, 14, 37, 13]

Step 1: Find min (10) - [10, 29, 14, 37, 13]

Step 2: Find min in remaining (13) - [10, 13, 14, 37, 29]
Step 3: Find min in remaining (14) - [10, 13, 14, 37, 29]
Step 4: Find min in remaining (29) - [10, 13, 14, 29, 37]
Sorted! [10, 13, 14, 29, 37]

I Complexity

» Time Complexity: O(n?) - inefficient for large datasets
» Space Complexity: O(1) - sorts in place

| Advantages

» Simple to implement

» Performs well on small lists

» Makes fewer swaps than Bubble Sort

I Disadvantages

» Inefficient for large datasets
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» Not stable (may change relative order of equal elements)

I Comparison: Bubble Sort vs Selection Sort

Feature Bubble Sort Selection Sort
Time Complexity O(n?) O(n?)

Space Complexity 0o(1) 0(2)

Stability Stable Unstable
Swaps Many (O(n?)) Fewer (O(n))
Comparisons O(n?) O(n?)

Best Case O(n) (with optimization) O(n?)

Worst Case 0o(n?) o(n?)

l @ What is a Search Algorithms? Explain its types.

I Search Algorithms

Search algorithms are designed to find specific elements or a set of elements within a dataset. They
are critical for tasks such as information retrieval, database queries, and decision-making processes.

I 1. Linear Search

A linear search is a straightforward method for finding an item in a list. You check each item one by
one until you find what you're looking for.

| Process

» Start at the Beginning: Look at the first item in the list

» Check Each Item: Compare the item you are looking for with the current item
» Move to the Next: If they don't match, move to the next item in the list

» Repeat: Continue this process until you find the item or reach the end of the list

I Example

Suppose you have a list of city names: [Karachi, Lahore, Islamabad, Faisalabad] and you want to
find out if Islamabad is in the list.

» Start with Karachi. Since Karachi isn't Islamabad, move to the next city

» Nextis Lahore. Lahore isn't Islamabad, so move to the next city
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» Now you have Islamabad. This is the city you're looking for!

In this case, you've found Islamabad in the list. If Islamabad weren't in the list, you would check all
the cities and then conclude that it's not there. This method is called a linear search because you
check each item in a straight line, from start to finish.

I Complexity

» Time Complexity: O(n)
» Space Complexity: O(1)
I Advantages

» Works on unsorted data
» Simple to implement

» No preprocessing needed

| Disadvantages
» Inefficient for large datasets
» Slow for many searches

I 2. Binary Search

Binary Search is an efficient algorithm for finding an item in a sorted list. It works by repeatedly
dividing the search interval in half and discarding the half where the item cannot be, until the item is
found or the interval is empty.

I Process

» Start with the middle element of the sorted list

» If the middle element is the target, return its position

» If the target is smaller than the middle element, repeat the search on the left half
» If the target is larger, repeat the search on the right half

I Example

Suppose you have a sorted list [1, 3, 5, 7, 9, 11, 13] and you are searching for the number 7.

Step 1: Check middle element (7) — Found!
Searching for 4 in the same list:

Step 1: Check middle element (7)
Step 2: Check middle element (3)
Step 3: Check middle element (5) -
Step 4: Empty - Not found

< 7, search left half [1, 3, 5]
> 3, search right half [5]
< 5, search left half []

V

!
B A D
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I Visual Representation of Binary Search
Step 1: [1, 3, 5, 7, 9, 11, 13]
A

I

Middle = 7

Step 2 (Searching for 4): [1, 3, 5, 7, 9, 11, 13]
A

I

Middle = 3 (4 > 3, search right)
Step 3: [1, 3, 5, 7, 9, 11, 13]
A

Middle = 5 (4 < 5, search left)
Step 4: Empty - Not found

I Complexity

» Time Complexity: O(log n) - much faster than linear search
» Space Complexity: O(1)

I Advantages

» Very efficient for large sorted datasets

» Reduces search space by half each step

» Significantly faster than linear search

| Disadvantages

» Requires sorted data

» Data must be in a random-access structure (like an array)

» Not suitable for frequently changing data
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DO YOU KNOW?

© Why should data be sorted before using Binary Search, and what can be done if it isn't?

Ans: Binary Search only works on sorted data. If the data is unsorted, use a sorting algorithm
like Merge Sort first to sort the data, then apply Binary Search for efficient searching.

I Comparison: Linear Search vs Binary Search

Feature Linear Search Binary Search

Data Requirement Works on any data Requires sorted data
Time Complexity O(n) O(log n)

Space Complexity 0(1) O(1)

Best for Small datasets, unsorted data Large sorted datasets
Implementation Simple More complex
Search Method Sequential checking Divide and conquer

l @ What is Graph Algorithm? Explain in details.

| Graph Algorithms

Graph algorithms are used to explore and analyze graphs, which are data structures made up of
nodes (vertices) connected by edges. These algorithms are essential for network analysis, route
planning, and social network analysis.

I Breadth-First Search (BFS)

Breadth-First Search (BFS) is a graph traversal algorithm that explores all the nodes of a graph level
by level, starting from a given node (often called the root). It uses a queue to keep track of the nodes
that need to be explored.

| Process
» Start from the root node and enqueue it
» Dequeue a node, process it, and enqueue all its unvisited neighbors

» Repeat the process until the queue is empty

I Visual Representation

Graph: BFS Traversal:
A Start at A
/ \ Level 0: A
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B © Level 1: B, C
| | Level 2: D, E
D E
Queue Process:
Step 1: [A]
Step 2: Dequeue A, enqueue B, C - [B, C]
Step 3: Dequeue B, enqueue D - [C, D]
Step 4: Dequeue C, enqueue E - [D, E]
Step 5: Dequeue D - [E]
Step 6: Dequeue E - []
I Example

In a social network graph, where each node represents a person and edges represent friendships,
BFS can be used to find the shortest path between two people (e.g., finding the degree of separation
between two users).

I Complexity

» Time Complexity: O(V + E), where V is the number of vertices and E is the number of edges
» Space Complexity: O(V)

I Advantages

» Finds the shortest path in unweighted graphs

» Guarantees finding the shortest distance

» Complete search (visits all nodes)

I Disadvantages
» Uses more memory than DFS
» Not suitable for very deep graphs

I Depth-First Search (DFS)

Depth-First Search (DFS) is another graph traversal algorithm that explores as far down a branch as
possible before backtracking to explore other branches. It uses a stack to manage the nodes to be
explored.

I Process
» Start from the root node and push it onto the stack
» Pop anode, process it, and push all its unvisited neighbors onto the stack

» Repeat the process until the stack is empty

I Visual Representation

Graph: DFS Traversal:

A Start at A

/ \ A-B-D

B C Backtrack to A - C - E
[

D E

© taleemzone.com Page 25 of 28



taleemzone.com Class 11 Computer Science — Chapter 3: Long Questions

Stack Process:

Step 1: [A]
Step 2: Pop A, push B, C - [B, C]
Step 3: Pop C, push E - [B, E]
Step 4: Pop E - [B]
Step 5: Pop B, push D - [D]
Step 6: Pop D - []

I Example

DFS can be used in solving puzzles like mazes, where the algorithm explores one possible path to
the end, and if it hits a dead end, it backtracks and tries another path.

I Complexity

» Time Complexity: O(V + E), similar to BFS

» Space Complexity: O(V) (in worst case)

I Advantages

» Uses less memory than BFS

» Good for finding all solutions

» Better for deep graphs

| Disadvantages

» Does not guarantee shortest path

» May get stuck in deep paths

I Comparison: BFS vs DFS

Feature Breadth-First Search (BFS) Depth-First Search (DFS)

Data Structure Queue Stack

Traversal Method Level by level Depth first, then backtrack
Shortest Path Finds shortest path Does not guarantee shortest path
Memory Usage More memory Less memory

Best For Finding shortest paths Exploring all paths, cycle detection
Completeness Complete Not complete

Implementation Iterative Usually recursive
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I Applications of Graph Algorithms

Algorithm Application

BFS Shortest path in social networks, web crawling
DFS Maze solving, topological sorting, cycle detection
Dijkstra's Algorithm Shortest path in weighted graphs

A Search* Pathfinding in games, navigation

I Visual Summary

GRAPH ALGORITHMS |

BFS
(Queue)

Level by level
Finds shortest
path

DFS
(Stack)

Depth first
Less memory
Not guaranteed

Dijkstra's
(Weighted)
Shortest path

in weighted
graphs

A* Search
(Heuristic)

Pathfinding
in games
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Chapter Summary - Quick Reference

Topic Key Points

Computational Problem Input — Process — Output

Well-defined Problem
lll-defined Problem
Generate and Test
Solvable Problems
Unsolvable Problems
Tractable Problems
Intractable Problems
Complexity Classes
Time Complexity
Space Complexity
Big O Notation
Divide and Conquer

Greedy Algorithms

Dynamic Programming

Backtracking
Bubble Sort
Selection Sort
Linear Search
Binary Search
BFS

DFS

© taleemzone.com

Clear goals, inputs, process, output
Unclear goals, vague inputs, no fixed process
Generate solutions, test, repeat until valid
Can be solved by algorithm in finite time
Cannot be solved by any algorithm
Solvable in polynomial time

Require exponential time

P, NP, NP-hard, NP-Complete

How runtime grows with input size

How memory usage grows with input size
Describes upper bound of complexity
Break problem into smaller parts

Make locally optimal choices

Store results of overlapping subproblems
Try path, backtrack if fails

0O(n?), simple but inefficient

0O(n?), simple but inefficient

O(n), works on unsorted data

O(log n), requires sorted data
Level-by-level traversal, finds shortest path

Depth-first traversal, uses less memory

End of Chapter 3 Long Questions
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