Chapter # 03

Algorithms & Problem Solving

Q.1. Explain the concept of a computational problem. Describe its main components and classlfy
computational problems with examples.

Ans. A computational problem is a problem that can be solved by a computer using a step-by-step method
called an algorithm. These steps help the computer to solve the problem correctly and give the required result.
A computational problem must be written clearly so that the computer can understand what to do. It
always has an input, a process;, and an output.
Main Components of a Computational Problem:
1. Input:
Input means the data or information we give to the computer.
Example: If we want to check if a number is even, the number (e.g., 6) is the mput
2. Process (Algorithm):
The process is a set of steps or instructions that the computer follows to solve the problem.
Example: To check if the number is even, divide it by 2 and see if the remainder is 0.
3. Output:
Output is the final result or answer given by the computer after processing the input.
Example: If input is 6, the output will be “Even”,
Classification of Computational Problems:
Computational problems can be divided into four main types. Each type has its own purpose and way of solving.
1. Decision Problems:
A decision problem is a problem where the answer is always “Yes” or “No”. It checks whether a condition
is true or false.
Example: |s the number 10 greater than 5?
‘e [|nput: 10
e Process: Compare with 5
e QOutput: Yes
These problems are simple and used to make decisions.
2. Search Problems
Asearch problem is a problem where we have to find a value, object, or solution that meets certain conditions.
Example: Find the number 7 in a list.
e Input: List of numbers
e Process: Check each number in the list
e Output: Found at position 3
Search problems are commonly used in databases and computer programs.
3. Optimization Problems
An optimization problem is a problem where we have to find the best solution among many possible
ones. It can mean the shortest, cheapest, fastest, or most efficient.
Example: Find the shortest path from one city to another.
e Input: Map with different routes

o Process: Compare lengths of all routes
« Output: The shortest one
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Optimization is used in transport, planning, and engineering.
4, Counting Problems :

A counting problem is a problem where we are asked to count the total number of ways something can
happen.

Example: How many ways can 3 books be arranged?

e Input: 3 books :

e Process: Use'formula (3x2x1=6)

¢ Output: 6 ways :

These problems are used in mathematics, especially when arranging or grouping different items.

Q.2. " 'Differentiate between well-defined and ill-defined problems with examples.,

Ans. In computational problems, we can categorize p}oblems into well-defined and. ill-defined based on how'
clearly, they are described and how easy it is to understand the solution. Let's understand both types with their
definitions and examples.

Well-defined Problems: .

A well-defined problem is a problem where everything is clear. It has a specific goal, clear inputs, and a
clear method for reaching the solution. The solution is also easily measurable.
Example:

Problem: Is the number 6 even or odd? ~

¢ Input: A number, for example, 6.

e Process: Divide the number by 2 and check the remainder.

e Output: “Even” because 6 + 2 has no remainder.

A well-defined problem has a clear answer, and everyone can follow the same steps to get the solution.
lll-defined Problems:- :

An ill-defined problem is a problem that is vague or unclear. The goal, inputs, or steps to solve it might be
uncertain or not spe_ciﬁc enough. The solution can also be difficult to measure because of the lack of clarity.
Example: :

Problem: How can we improve education in Pakistan?

¢ Input: Resources like ftinding, teachers, schools.

e Process: Unclear method to improve education.

e Output: The solution is not well-defined because there is no clear goal or specific way.to measure

success. _ )

lll-defined problems are harder to solve because they lack clear instructions-or goals.

Key Differences Between Well-defined and lll-defined Problems:

Characteristic Well-defined Problem lll-defined Problem

Goal Clear and specific goal , Vague or unclear goal

Input Clear and specific input i Uncertain or unclear input
P_Focess . Well-known steps or algorithm to follow Unclear or ambiguous process,
Solution’ Easy to measure and find _ Hard to measure or evaluate
Example | Checking if a number is even or odd Improving education in a country

Q.3. Imagine you are given a map of your city with several colleges marked on it. Your task is to plan a route
that visits each of the colleges exactly once and returns to the starting point. You need to determine the

shortest possible route.

Ans. Route Optimization Problem:

Imagine you are given a map of your city with several colleges marked on it. Your task is to plan a route that:
1. Visits each college exactly once.

2. Returns to the starting point at the end of the route.
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The goal is to find the shortest possible route that connects all the colleges.
Instructions:
1. Draw a map with at least 5 colleges marked on it.
2. Label the distances between each pair of Colleges on the map.
3. Plan the shortest route that visits all colleges once and returns to the starting point.
4. You can use simple methods like the Nearest Neighbor Method or try different routes and calculate
the total distance for each one.
Solution Approach:
Step 1: Draw the Map
1. . Draw a map with 5 colleges (A, B, C, D, E).
2. Label the distances between each college. For example:
e College A to College B =5 km
e College Ato College C=7 km
e College A to College D = 10 km
e College A to Callege E =6 km
e College B to College C=4 km
. College B to College D =8 km
‘e College B to College E =9 km
e College Cto College D =3 km
e College Cto College E=11 km
e College D to College E=5km
Step 2: Apply the Nearest Neighbor Method
Start from any college and follow these steps:
Pick a starting college. Let’s start at College A.
‘From College A, go to the nearest college (the one with the smallest distance).
From that new college, go to the next nearest college.
Repeat this until all colleges are visited.
Finally, return to your starting point.

S e

Example:
Let’s start at College A and find the shortest route using the Nearest Neighbor Method.
Start at College A.
The closest college to A is College B (S km).
From College B, the closest unvisited college is College C (4 km),
From College C, the closest unvisited college is College D (3 km).
From College D, the closest unvisited college is College E (5 km).
Finally, return to College A (6 km).
Now let's calculate the total distance:
A9>B>CODDE>A=5+4+3+5+6=23km
Step 3: Conclusion
e The shortest route from College A is:
A - B> C- D> E - Awitha total distance of 23 km.
e You can try other starting points (like starting from College B, C, etc.) to check if there's a shorter route.
This method helps you find the shortest possible route to visit each college exactly once and return to the
starting point.

QU A wWwN R

Q4. Whatis the role of problem solving in algorithms?

“Ans.  Role of Algorithms in Problem Solving:
~ An algorithm is a set of well-defined, step-by-step instructions used to solve a problem or perform a task.
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Just like a recipe in cooking gives steps to prepare a dish, an algorithm provides logical steps to solve problems. In
computer science, algorithms are the backbone of all software applications. They help in performing operations
efficiently, solving complex problems, optimizing performance, and ensuring accuracy in various fields such as
medicine, engineering, business, artificial intelligence, and more.

For example, search engines like Google use an algorithm called PageRank to show the most relevant web
pages in search results. This-highlights how algorithms are essential in our daily digital activities.

Do You Know? Tidbits:

The Google search engine uses a complex algorithm called When learning about algorithms, try to relate
PageRank to determine the relevance of web pages. This algorithm them to real-life tasks you already know. This will
considers various factors, including the number of links to a page help you understand how algorithms work and
and the quality of those links, to rank pages in search results. why they are important.

Q.5. Discuss the "Generate and Test" algorithm in detail, including its definition, process, applications,
advantages, and disadvantages. Explain its slgnlﬂcance in problem-solving and provide examples of its
real-world applications.

Ans.  Generate and Test Algorithm:

The Generate and Test algorithm is a simple but powerful approach used to solve problems, especially
when no specific method is known. It works by generatmg possible solutions and then testing each one to check
if it satisfies the problem's requirements.

Process of Generate and Test Algorithm:
The Generate and Test algorithm works in two main steps:

» Generate: In this step, the algorithm produces possible solutions. These may be random, systematic,
or based on specific rules or patterns (heuristics).

e Test: Each generated solution is tested to check if it satisfies the problem's conditions. If a valid solution
is found, the process stops. Otherwise, it continues to generate and test more solutions:

This process is repeated until a correct solution is found or all possible solutions have been tried.
Applications of Generate and Test Algorithm:

This algorithm is especially useful in the following cases:

e When the number of possible solutions is small, and all possibilities can be tested.

e When there is no known method or formula to find the solution.

. When heuristics (intelligent shortcuts or practical strategies) can reduce the number of solutions to
test, and makes the process faster.

e Puzzle solving: Like solving a Sudoku or a crossword.

« Game playing: Trying all possible moves in chess to find the best one.

« Al search problems: Finding a path in a maze or selecting the best route.

e Password guessing tools: Trying multiple combinations unhl the correct one is found
Advantages (Pros):

1. Simplicity: It is easy to understand and implement, even for beginners.

2. Versatility: It can be applied to many different types of problgms.

3. Exhaustiveness (completeness): It checks all possible solutions, so no option is missed.
Disadvantages (Cons):

1. Inefficiency: It can be slow and time-consuming, especially if there are too many possible solutions.

2. No Guarantee of Best Solution: It may find a correct solution but not necessarily the best or most
efficient one.

3. High Computational Cost: For complex problems, it requires a lot of memory and processing power,
making it unsuitable for real-time or large-scale systems.
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Importance in Problem Solving:
The Generate and Test algorithm plays an important role in problem-solving, especially in Artificial
Intelligence (Al) and Computer Science. It is useful when:
' . There is no clear or direct method to solve the problem. :
« Itis okay or necessary to try all possible solutions to find the right one.
e Smart guessing techniques (heuristics) can be used to reduce the number of solutions we need to check.
Though not always the most efficient, it is a reliable method for finding valid solutions and is often used
as a base for more advanced algorithms.

DIAGRAMMATIC REPRESENTATION

™ GENERATOR
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Q.6.. -Explain the difference between solvable and unsolvable problems in computer science with examples.
Why is it important to know whether a problem is solvable or not before attempting to solve it?

Ans. In computer science, problems are divided into two main types: ( ;
solvable problems and unsolvable problems. Understanding this classification dbits
is very important because it helps computer scientists and programmers decide
whether a problem can. be solved by a'‘computer using an algorithm or not. 5 e e e o
lmport,a"ce of Knowing Solvabll_lty: ) problem is solvable. This saves

Itis very important to know whether a problem is solvable before trying time and resources by
to solve it.-If a problem is unsolvable, no matter how much time or effort is ensuring you are working on'a
spent, it cannot be solved by any algorithm. This knowledge saves time, energy, | problem that can be resolved
and resources, and allows programmers to focus only on problems that can using an algorithm. /
actually be solved using computers. :
Solvable Problems:

A problem is said to be solvable’ if there exists a proper algorithm that can solve it in a finite amount of
time. These problems have clearly defined inputs and outputs, and there are step-by-step instructions (algorithm)
that lead to the correct solution.

Example:

Finding the Greatest: Common Divisor (GCD) of two numbers is a solvable problem. The Euclidean
algorithm provides a systematic way to find the GCD in a limited number of steps. Since the procedure always
finishes and gives the right answer, it is considered a solvable problem.

Unsolvable Problems:

A problem is called unsolvable if no algorithm exists that can solve It correctly for all possible inputs. This
means that, for such problems, itis |mp055|ble to create a computer program that always gives a correct answer.
Example:

The most famous example is the Halting Problem, which asks whether a given computer program will

eventually stop (halt) or continue to run forever for a specific input. The great computer scientist Alan Turing

proved that no algorithm can solve this problem for every possible case. Therefore, the Halting Problem is
considered unsolvable.

When  tackling complex
problems, it's essential to first
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Q.7. Define tractable and intractable problems in computer science and explain why understanding the
complexity of a problem is important. Give suitable examples of each.

Ans.  In computer science, once we know that a problem is solvable, the next step is to find out how efficiently
it can be solved. This concept is related to the computational complexity of a problem, which means how much
time and space (memory) is needed to solve the problem using an algorithm.

Importance of Understanding Problem Complexity:

1. Helpsin Choosing the Right Approach: _

* By knowing if a problem is tractable or intractable, programmers and researchers can decide whether
to solve it using an exact method or try a different approach.

2. Avoids Wasting Time on Impossible Solutions:

If a problem is intractable, trying to solve it exactly can take too much time. Knowing this early helps
avoid wasting time and effort.

3. Use of Simple or Shortcut Methods: _

If a problem is too hard to solve completely, we can use simple methods or shortcuts (called
approximation or heuristic methods) that give a good enough answer in less time.

4. Saves Resources:

Understandmg problem complexity helps save time, computer power, and memory, especially when
working with large problems.

5. Leads to Efficient Solutions for Real-World Problems:

It helps programmers ﬁnd the most practical and efficient way to solve real life problems using
computers.

Based on this, problems are divided into two types: tractable and intractable
Tractable Problems (Easily Solvable Problems):

A problem is called tractable if it can be solved in a reasonable amount of tim2 using a computer. In
computer science, this is called polynomial time, and it is shown by the letter P.in complexity theory.

Polynomial time means that as the size of the input increases, the time taken by the algorithm also increases, but
in a manageable way. This growth is like mathematical formulas such as n?, n?, etc. That’s why tractable problems
are considered efficiently solvable

Example:

Sorting a list of numbers using Merge Sort or Quick Sort is a tractable problem. These. sortlng methods
take O(n log n) time, where n is the number of items. Since this time increases slowly and reasonably with input
size, it is a tractable (easily solvable) problem.

Intractable Problems (Very Hard to Solve Problems) ;

A problem is called intractable if it takes too much time to solve, especially when the input becomes large.

* These problems need super-polynomial time, which means the tlme grows very fast, often exponentially or
factorially.

Such problems are very difficult or almost impossible to solve exactly in a reasonable amount of time.
Example:

The Travelling Salesman Problem (TSP) is a famous intractable problem In this problem, a salesman has
to visit several cities only once and return to the starting city. The goal is to find the shortest possible route.

The number of possible routes increases very quickly as the number of cities increases. This is called factorial
growth. (Factorial growth means mulhplvmg all whole numbers from n down to 1.

Forexample, 4! =4 x3 x2x1=24.)
Here’s how it increases:

e For2cities: 2!=2x1=2routes

e For3cities: 3!=3x2x1=6routes

e For4cities: 4!'=4x3x2x1=24routes

As the number of cities increases, the number of possible routes grows so quickly that it becomgs
impossible to calculate all of them within a reasonable time, even using a computer. This is why the problem is
called intractable; it cannot be solved practically when the number of cities is large.
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Q.8. Discuss the different. complexity classes (P, NP, NP-hard, NP-complete) and their importance in
understanding problem difficulty.

Ans. In computational complexity theory, problems are classified into (

different complexity classes based on how difficult they are to solve and the [ Do YouKnow?

amount of time and resources required to find a solution. The most commonly | The question of whether P
discussed complexity classes are P, NP, NP-hard, and NP-complete, | 69uals NP is one of the most
Understanding these classes helps in identifying the solvability of a problem and important unsolved prablems

o | in computer science. It has
how efficiently it can be solved. significant  implications for

B Class P: - . cryptography, algorithm
Class P consists of problems that can be solved efficiently in polynomial | design, and the overall
time. A problem is said to belong ta class P if an algoritim exists that can solve understanding of

it in a reasonable amount of time, meaning the time required grows at a | computational complexity. /
manageable rate as the size of the problem increases.

Example: A common example of a Class P problem is sorting numbers. For example, if we have a list like:

(4,1,3,2,5]

The goal is to arrange them in order:

[1,2,3,4,5]

This can be done quickly using methods like Merge Sort or Quick Sort. Even if the list becomes longer, a
computer can still sort it in a reasonable time. That s why this is considered a Class P problem.
Importance:

Problems in Class P are:

¢ Easy and quick to solve using a computer,

¢ Useful in real life and practical situations,

e Can be handled even when input gets bigger.

These are the types of problems that we solve most often in daily computer work.
2. Class NP: _ ‘

Class NP (Non-deterministic Polynomial time) includes those problems for which a given solution can be
checked quickly by a computer, even if finding that solution is difficult and takes a lot of time.

Example: A good example of an NP problém is Sudoku. In Sudoku, we must fill a 9x9 grid so that every
row, column, and 3x3 box has the numbers 1 to 9 without repeats.

If someone gives a filled grid, a ‘computer can quickly check if it’s correct. But solving it from the start is
much harder and takes more time.

91113 5
6 7 214
5 8 7
719
2 9 413
4 9
4 119
7 ol 19 5
1 6|4 7

Figure: A simple Sudoku Puzzle
Importance:

NP problems are important because:

o Helps us understand the difference between checking and solving: NP problems show the difference
between checking if an answer is right and finding the answer itself.
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* Checking is easy: It's quick and simple to check whether a solution is correct.

* Finding the solution is hard: But actually, finding the solution can be slow and difficult.

.« Useful for computer science: These p'roblems help us understand which tasks are easy to verify but
hard to solve.
3. Class NP-Hard:

NP-Hard problems are problems that are as hard as or even harder than the most difficult problems in the
NP class. These problems take a lot of time to solve, and there is no known quick method (algorithm) that can
solve them in all cases, especially when the problem size becomes large.

Example: The Travelling Salesman Problem (TSP) is a well-known NP-hard problem. In this problem, a
salesman has to visit several cities, only once each, and return to the starting city, using the shortest route.

It is hard because: .

o There is no fast way to find the best route when there are many cities.

¢ The number of possible routes increases very fast as cities increase.

. o For 10 cities, there are over 3 million routes.

o For 20 cities, there are billions of routes.

This makes it very time-consuming to check every possible route, so solving it exactly is very difficult for
large inputs.
Importance:

e NP-Hard problems are very complex and difficult to solve, especially when the input size is large.

e Thereis no known fast method to find exact answers for these problems. ' :

¢ Inrealsituations, we often use approximation or heuristics techniques to find acceptable solutions in

less time. '

e These problems are important in computer science because they help us understand which problems

computers can solve easily and which ones are too difficult.

e Studying NP-Hard problems also helps experts create better methods to handle difficult tasks in real

life.
4, Class NP-Complete:

NP-Complete problems are a special type of problems that belong to class NP and are also as difficult as
the hardest problems in NP. This means they are both easy to check (once a solution is given) but very hard to
solve from the beginning.

Example: )
Knapsack Problem:

In the Knapsack Problem, there is a bag with a fixed weight capacity and several items, each having a
specific weight and value. The task is to select a combmatlon of items that maximizes the total value without
exceeding the welght limit of the bag.

Why it is NP-Complete:
: * The solution can be verified quickly by checking the total weight and value.
* However, finding the best combination of items is difficult.-as the number of possibilities increases
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rapidly.

s The Knapsack Problem is considered NP-Co_mf::lete because solving it efficiently would mean we could

solve all NP problems efficiently,
Importance:

NP-complete problemsare important because of the following reasons:

e They help us understand what problems can be solved easily by computers and which ones cannot.
« If we find an efficient solution for one NP-complete problem, it would mean we could solve all similar

problems efficiently.

e Currently, no efficient method exists to solve NP-complete problems quickly.
o Studying NP-complete problems is important for understanding computational complexity and

problem-solving limits in computer science.
Venn Diagram and Relationships Between Classes:

The Venn diagram of P, NP, NP-hard, and NP-complete provides a visual representation of how these

classes relate to each other: :
e Pisasubsetof NP, meaning all problems in P are also in NP.

. NP—compIéte problems are both in NP and as hard.as the hardest problems in NP. .
e NP-hard problems may or may not be in NP, but they are at least as difficult as the hardest problems

in NP.

NP-Hard

NP-Complete

Figure: Venn diagram of the complexity classes P, NP, NP-hard, and NP-complete.

Q.9. Whatistime complexity in algorithm analysis? Explain Big O Notation with examples of 0(1), O(n), O(n?),

+ and O(log n).

Ans.  Algorithm analysis is the process of studying how much time and space
an algorithm needs to solve & problem. It helps us understand the performance
of an algorithm, especially when the size of the input data increases. This is
important because it allows us to choose the most suitable algorithm for a
specific task based on its efficiency.

One of the most important parts of algorithm analysis is time
complexity.
Time Complexity:

(Dn You Know?

' Big O notation helps computer
scientists understand the
efficiency of an algorithm in -
the worst-case  scenario,
allowing them to predict how

- of the input data increases.

well it will perform as the siz‘e)

Time complexity refers to how the runtime of an algorithm increases as the size of the input grows. For
example, sorting a small list of numbers is quick, but sorting a very large list takes more time. Time complexity

_ helps us estimate how long an algorithm will take for different input sizes.

To describe time complexity, we use a mathematical method called Big O Notation.
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Big O Notation: _

Big O Notation provides an upper limit on the time an algorithm might take as the input size increases. It
shows how the runtime of an algorithm changes for large input sizes. This notation helps in comparing different
.algorithms and selecting the most efficient one.

: &2 O(1) - Constant Time:

The runtime stays the same, no matter how large the input is.
Example

Accessing an element in an list using its index takes the same amount of time, whether the list has 10
items or 10,000.

2. ~ O(n)-Linear Time:

The runtime increases directly with the size of the 1nput

Example

Suppose there are n students in a college, and each has a unique ID number. If you want to find one
student, and the only way is to check each ID one by one, the time it takes depends on how many
students there are.

In the worst case, the student you are looking for might be the last one on the list. So, you would
have to check all n students, one after another.

This is called linear time complexity, written as O(n), because the time increases directly with the
number of students. .

3. 0(n?) - Quadratic Time

The runtime increases with the square of theinput size.
Example g
Imagine there is a programming competition with n students. To find the best team, you want to
compare every student with every other student.
This means:
* First student is compared with all the others,
¢ Then the second student is compared with the rest,
e Andsoon..
So, the number of cornparusons becomes very large as the number of students increases. It's
aroundnx(n-1).
This is called quadratic time complexity, written as O(n?).
It means the time increases very fast when the number of students increases, because we are
doing many repeated comparisons.

4, O(log n) = Logarithmic Time:

The runtime increases slowly as the input grows.

Example

Imagine you have a book with n pages, and you're looking for a specific page number. Instead of
flipping through every page one by one, you open the book in the middle and check'if the page
number you're looking for is before or after the middle page.

So, with each guess, you halve the number of pages you have to look through. This makes the number
of guesses grow slowly, even'if the book has hundreds or thousands of pages.

This means you're cutting down the number of pages to check by half with every guess. As the book
gets bigger (more pages), the number of guesses you need grows much more slowly compared to the ;
total number of pages.

This is logarithmic time complexity (O(log n)), because each step reduces the number of pages to
check by half, making the number of guesses increase very slowly as the total number of pages grows.

Understanding these time complexities is important for designing and selecting efficient algorithms in
computer science.
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o(n)

Qlog

o(1)

[ Input Size —»

: Figure: Understanding Bio O notation
Graph Explanation )

« 0(1) (Green line): Constant time. No matter how large the input gets, the time stays the same. This is
the most efficient time complexity.

e O(log n) (Yellow line): Logarithmic time. Time increases slowly as the input size increases. Even with a
very large input, the time doesn’t grow fast.

e Of(n) (Blue line): Linear time. The time increases directly with the input size. If the input doubles, the
time also doubles.

e 0O(n?) (Red line): Quadratic time. Time grows very quick[y as the input size increases. If the input size
doubles, the time increases by four times.

Q.10. What is space complexity in algorithm analysis? Explain Big O Notation with examples of O(1), O(n),
0(n?), and O(log n).

Ans. Space Complexity:

Space complexity refers to 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-when dealing with
larger amounts of data.

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

Why Space Complexity Matters:

Understanding space complexity is important because it helps us measure the memory requirements of
an algorithm. Efficient use of memory is important, especially for large-scale applications or systems with limited
memory resources.

How Space Complexity is Analyzed: -

Space complexity is typically expressed using Big O notation, similar to time compiexity. It describes the
‘upper limit on the amount of memory an algorithm will use as the input size grows. Here are some common
. examples:

1 0(1) - Constant Space
e The algorithm uses a fixed amount of memory, regardless of the input size.
Example: '

Suppose you're checking if a number is even or odd. You only need one variable to store the number
no matter how big it is. The memory used doesn't change with the input size.

2. 0O(n)=Linear Space

« Memory usage increases directly in proportion to the input size.
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Example:
If you're storing a list of student names, and you have 'n’' students, you'll need memory for 'n' names.
So, as the number of students increases, the memory requnred increases linearly.
3. O(n?) — Quadratic Space
- » Memory usage increases proportionally to the square of the input size.
Example:
Imagine creating a table where each student compares their marks with every other student For 'n'
students, you'll need to store 'n x n' comparisons, leading to quadratic space usage.
4. O(log n) - Logarithmic Space g2
* Memory usage increases slowly as the input size grows.
Example:
In binary search, we search for a specific valuein a sorted list by repeatedly dividing the list into halves.
At each step,'we only need to keep track of the start, end, and middle positions.
Since we are not storing the entire list or any large data structures; just a few variables; the memory
used stays very low, even if the list is large. Therefore, binary search has O(log n) S|:;ace complexity. °
Big O Notation: Y » L
Big O notation_helps computer scientists understand the efficiency of an algorithm in the worst-case
scenario, aIlowing them to predict how well it will perform as the size of the input data increases.

Q.11. Discuss the differences between time complexity and space complexity. How do they impact the choice
of an algorithm for a specific problem? :

Ans. In computer science, algorithm analysis is used to understand how efficient an algorithm is in terms of
time and memory. The two main characteristics of algorithm efficiency are time complexity and space complexity.
These help us choose the best algorithm for solving a problem based on available time and system resources.

1. Time Complexity: ! :

Time complexity tells us how much time an algorithm takes to complete its-task as' the size of input
increases. It helps us'estimate how fast an algorithm performs when working with Iarge amounts of data.
Importance:

Time complexity is important because we: often want our programs to run as fast as possible If an
algorithm has high time complexity, it may become very slow for large inputs.

Examples:

¢ 0(1) - Constant Time: No matter how big the input is, the time stays the same. Example: accessing a

value from an list using an index.

e O(n) - Linear Time: Time increases directly with input size. Example: checking each student’s ID-one

by one. .
‘e 0O(n?) - Quadratic Time: Time increases very fast with input. Example: comparing each student with
every other student.

e Oflog n) - Logarithmic Time: Time increases slowly, even with iarge input. Example: guessing a

number by dividing the range in half each time (binary search).
2.  Space Complexity:

Space complexity tells us hgw much memory (RAM) an algorithm uses as the input size increases. It is used

to check how much space an algorithm needs to work.

Importance:
Knowing space complexlty is helpful when working on devices with limited memory. A good algorithm

should not use more memory than necessary.
Examples:
* O(1)-Constant Space: The algorithm uses.a h’xe.d amount of memory. Example: checking if a number
is even or odd.
e 0O(n) - Linear Space: Memory needed increases with input size. Example: storing a list of n students.
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e 0O(n?) - Quadratic Space: Memory increases very fast. Example: creating a table to compare each
student with every other student.

» 'O(log n) — Logarithmic Space: Memory grows slowly Example: binary search, whnch uses only a few
variables to keep track of positions.

3. Difference Between Time and Space Complexity: -

Aspect . | Time Complexity " | Space Complexity

What it The amount of time an algorithm takes: to The amount of memory an algori;hm uses

Measures complete based on input size .as input size increases

Main Objective To achieve faster execution or response | To use memory resources efficiently and
time avoid wastage :

Key Concern Speed of the algorithm Memory usage of the algorithm

Units of Number of operations, steps, or-execution | Number of variables, lists, or memory

Measurement time blocks (bytes or uhits)

Example Searching a student’s ID one by one in a list | Storing names of n students in a list or list
of n students (O(n)) : (O(n)) =T

How They Affect Algorithm Selection: -

When choosing an algoriihm, we must consider both time and space complexity:

» If we want faster results, we should choose an algorithm with low time complejtity.

* If our system has limited memory, we should prefer an algorithm with low-space complexity.

« In some cases, we may have to balance both. For example, we may use a bit more memory to make

the algorithm faster. '
Example:

In a mobile app with limited- memory, we may choose an algorithm that uses less space, even if it-is a bit
slower. But for real-time applications, like online booking systems, speed is more important so we choose a faster
algorithm even if it uses more memory.

Conclusion: -

Both time and space complexity are key parts of analyzing algorithms. They. help us understand how an
algorithm performs and what resources it needs. By comparing different algorithms using these two factors, we
can choose the one that is most suitable for the task.

Q.12. Explain the concepts of algorithm efficiency, scalability, and suitability for specific problems. Also, give
suitable examples to support your answer.

Ans.  In computer science, selecting the right algorithm to solve a problem is very important. An algorithm is a
set of steps used to solve a particular problem. To decide which algorithm is better, we consider three important
factors: efficiency, scalability, and sultablllty 3
1. Efficiency: -
Efficiency means how well an algorithm uses computer resources like time and memory. This is measured using:
* Time Complexity — how much time the algorithm takes to complete as the input size increases.

* Space Complexity — how much memory the algorithm uses as the input grows,
Example:

Let us compare two sorhng algorithms: ;
¢ Bubble Sort has a time complexity of O(n?). This means if we double the input size, the time taken
increases four times. It is not suitable for large data sets.

e Merge Sort has a time complexity of O(n log n), which is much faster for large input sizes. So, Merge
Sort is more efficient than Bubble Sort when working with large data.

So, basically if an algorithm uses fewer resources (like time and memory) to solve a problem compared to
others, it is considered more efficient.

& Scalability:
Scalability means how well an algorithm performe when the amount of data increases. A scalable

algorithm continues to work efficiently even if the input becomes very large.
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Example

Merge Sort is scalable because it works well even with millions of data items. Bubble Sort is not scalable
because its performance becomes very poor when the data size increases.

If an algorithm continues to perform well as the input size grows, it is called a highly scalable algorithm.
3. Suitability for Specific Problems: :

Not all algorithms are good for all situations. We must choose the right algorithm based on the problem's
requirements, like: '

e How fast do we need the result? . How much memory can we use?
e |sthe data sorted or unsorted?
Example:

If we have a small, unsorted list of books and want to find one, we can use Linear Search, which checks
each book one by one.

But if the books are arranged alphabetically, we can use Blnary Search, which is much faster as it divides
the list in half each time and focuses only on one part.

So, a good algorithm must be efficient, scalable, and appropriate for the given problem Understanding
these three features helps us select the right method, which'makes problem-solving faster and more accurate.

Q.13. Explain the major algorithm design techniques. Describe each technique with a suitable example.

Ans. In‘computer science, algorithm desfgn is an important part of problem-solving. It involves creating clear
and step-by-step methods to solve a problem effectively. There are several techniques used to design algorithms.
Each technique is useful for different types of problems. The most common algorithm design techmques are:
v Divide and Conquer:
.Divide and Conquer is a technique used to solve big or difficult problems by breaking them into smaller,

easier parts.

e First, the big problem is divided into smaller parts.

* Then, each part is solved separately. |

¢ Finally, the results of all parts are combined to get the final answer.

This step-by-step approach makes it easier to solve complex problems and is especially useful for tasks
like sorting, searching, and mathematical operations. -
Example: Merge Sort

Merge Sort is a well-known example of Divide and Conquer. It works-as follows:

1. .The unsorted list is divided into two halves.

2. Each half is sorted separately.

3. The two sorted halves are then joined (merged) to form one completely sorted list.

This method helps sort large lists more quickly and efficiently than sumple sortmg methods like Bubble SOrt
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Figure; Merge Sort Process
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Note:
Divide and Conquer is widely used in computer science. It reduces the size of the problem, which helps in
solving it faster. Many advanced algorithms, such as Quick Sort, Binary Search, and Fast Multiplication, also use
this technique.
2.  Greedy Algorithm: :
A Greedy Algorithm is a method used to solve problems by making the mbits
best possible choice at each step. It selects the option that seems best or most | Greedy algorithms are often
profitable at that moment, without worrying about the choices that come later. faster and  easier to
This is called a locally optimal choice. The goal is that by choosing the best implement  than  other

i i i i techniques, but they don’t
loball
gs:::;)t every step, the final solu_hon w|_|I also be the best one (called g Yy i i Rl st

f solution . for every problem.
This method works well when the problem has a special property Always analyze the problem

known as optimal substructure—which means that the best solution of the to ensure that a greedy
whole problem can be built from the best solutions of its smaller parts. approach is appropriate. /
Example: Coin Change Problem

Imagine you have coins of different values, like 1 rupee, 2 rupees, 5 rupees, and 10 rupees. You are asked
to make a certain amount, for example, 18 rupees, using the least number of coins.

The greedy algorithm would work like this:

e First, choose the largest coin that is not more than the remaining amount.

e Inthis case, we take a 10-rupée coin. Now. the remaining amount is 8.

e Next, take a 5-rupee coin. Remaining is 3.

e Then take a 2—'rupee coin. Remaining is 1.

¢ Finally, take a 1-rupee coin.

So, we used four coins: 10, 5, 2, and 1.

Note:

Greedy algorithms are usually fast, easy to understand, and simple to implement. However, they do not
always give the best answer for every problem. Sometimes, choosing the best option at each step does not lead
to the best overall solution. So, before using a greedy algorithm, we must analyze the problem carefully to check
if the greedy approach will work correctly.

3. Dynamic Programming (DP): _

Dynamic Programming (DP) is an algorithm design technique used to solve problems by breaking them
into smaller parts that repeat. Instead of solving the same small problems again and again, DP stores the answers
of these subproblems in memory. Later, when the same subproblem appears, the stored answer is.used directly.

- This saves time and makes the algorithm much faster and more efficient.

DP is best for problems that have two key properties:

1. Overlapping Subproblems — The same smaller problem comes up again and again.

2. Optimal Substructure — The best solution can be built from the best solutions of smaller parts.

Example: Fibonacci Sequence

The Fibonacci sequence is a famous example where Dynamic Programming can be used.

In this sequence:

e We begin with 0 and 1. .

e Each new number is the sum of the two previous numbers.

So the sequence goes like:

0,1,1,2,3,5,8,13,21, 34...

Without DP, if we calculate a large Fibonacci number, we may end up doing the same calculation many

times,

With DP, we store the result of each number once it is calculated. =

50, when that number is needed again, we simply reuse the stored value instead of ca\c.u\atmg tagain.

This makes the process much faster and avoids repeated work.
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Note:

Dynamic Programming is especially useful in problems like Fibonacci numbers, shortest paths, and

knapsack problems. It.is a bit more advanced than greedy algonthms, but once understood, it becomes a

very powerful tool in algorithm design.
4. Backtracking:

Backtracking is a problem- solvmg technique where we try to build a solution step by step. At each step,
we check whether the current choice-leads us closer to the final solution.

« Ifit does, we continue forward.

e |[fitdoesn't, we go back (backtrack) and try a different option.

This technique is useful when we need to explore all possible options to find the correct or best solution.
It works well for problems where there are many combinations or paths to check.
Example: Solving Puzzles (Like Sudoku or Word Combinations)

Let’s say we are trying to'solve a Sudoku puzzle. We:

e Fillin a number.

e Checkif the placement is correct. ) .

» Ifit works, we move to the next number.

¢ If not, we go back and change the previous number.

In the same way, if we are trying to make all possible words from a set of letters, we try different
combina}ions one by one. If one doesn’t form a valid word, we backtrack and try another. '
Note: - :
' Backtracking is helpful in situations where we don’t know the exact path to the solution and need to test
different possibiljties. It is commonly used in: '

e Puzzles

e Games

¢ Problems with combinations and permutations

It is a powerful technique, but it can take time if there are many possible paths. So, it is used when
complete checking is required.
Conclusion:

Each algorithm design technique has its own use.

» Divide and Conquer helps solve big problems by breaking them into parts.

* * Greedy algorithms give quick solutions by choosing the best option at each step.

* Dynamic Programming saves time by avoiding repeated work.

¢ Backtracking is useful when we need to try different possibilities.

By understanding these techniques, we can choose the right method for the problem and solve it effectively.

Class Activity

Q.14. Write a dynamic programming algorithm to find the first 20 numbers of the Fibonacci s;zquence.

Ans. Algorithm to Find the First 20 Fibonacci Numbers using Dynamic Programming:
1. Input: The number n = 20 (We want to find the first 20 Fibonacci numbers).
2. Initialize:
o Create a list fib[] of size n+1 (21 elements) to store Fnbonaca numbers.
o Setfib[0] =0 (the first Fibonacci number).
o Setfib[1] = 1 (the second Fibonacci number).
3. Calculate Fibonacci Numbers:
o Fori=2ton:
= Set fibi] = fib[i-1) + fib[i-2]
* This means that each Fibonacci number is the sum of the two preceding numbers.
4. Output:
o Return or print the list fib[] whtch now contains the Fibonacc: numbers from fib[0] to ﬁb[20]
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Q.15. Explainthe Backfracklng technique with reference to the N -Queens problem. Discuss how the algo. ithm
explores different configurations to solve the problem.

Ans. The Backtracking technique is a problem-solving method where we explore all possible solutions step by
step. If we find that a particular choice does not lead to a valid solution, we backtrack and try another option. It
is particularly useful for problems where we need to test many possible options, such as in the N-Queens problem.

In the N-Queens problem, we are asked to place N queens on an N x N chessboard such that no two
queens attack each other. This means that no two queens can be in the same row, column, or diagonal.

The Backtracking algorithm works as follows: :

1. Start placing a queen in the first row and move to the next row.

2. In each row, place the queen in the first available column that does not lead to a conflict with

previously placed queens. '

3. If a queen cannot be placed in any column of a row, backtrack to the previous row-and move the
queen to a new position.

4. Repeat this process until all queens are placed on the board in such a way that no two queens threaten
each other.

The algorithm explores all possible options by placmg queens one by one and goes back to try other
options whenever a conflict is found. This approach ensures that all solutions are tested and solves the problem
efficiently by rejecting invalid options early. ' '

In summary, the Backtracking technique systematically explores possible solutions and goes back to try

different options when a dead end is reached, which makes it a suitable approach for solving the N-Queens
problem.

Q.16. What is a sorting algorithm? Explain any two commonly used ;drtln_g algorithms along with their

working process, example, and time complexity. / Explain the process and time complexity of the Bubble
Sort algorithm.

Ans.  Algorithms are a fundamental part of computer science. They are step-by-step methods used to solve -
different types of problems such as sorting data or finding ‘specific information in large collections. Some
‘algorithms are basic and act as the foundation for more advanced operations in computing.
Sorting Algorithm:
A sorting algorithm is a method used to arrange dataina specific order, either ascending (small to large) .
or descending (large to small). Sorting helps in organizing data and makes it easier to search and analyze.
Types of Sorting Algorithms:
~ Two commonly used sorting algorithms are:
1. Bubble Sort:
Bubble Sort is a basic sorting technique that compares each pair of adjacent elements and swaps them if

they are not in the correct order. This process continues untll the entire list is sorted.
Working Process:

 Start from the first element of the list.

+ Compare it with the next element.

¢ If the first number is greater than the second, swap their positions.
Move to-the next pair and repeat the comparison and swap if needed.
* Continue this process until you reach the end of the list.

* Repeat all the steps again from the beginning.

» Keep repeating until the list is fully sorted and no more swaps are needed.
Example: '

Original List: [5, 3, 8, 4, 2],

We will compare adjacent elements and swap if the left number is greater than the right one. We will
repeat this process in multiple Iterations (cycles or passes) until the list is fullv sorted.

< studyplusplus.com <



Iteration 1: ;
e CompareS5and3->5>3->swap- [3,5,8,4,2]
» Compare5and8 >5<8 > noswap-[3,5,8,4,2]
e Compare8and4 - 8>4->swap = [3,5,4,8,2]
e Compare8and2->8>2->swap->[3,5,4,2,8]
After Iteration 1: [3, 5, 4, 2, 8] (8 is now in its correct position)
Iteration 2:
e« Compare3and5->3<5->noswap->|[3,5, 4,2, 8]
e« CompareS5and4->5>4 > swap->[3,4,5,2, 8]
e Compare5and2->5>2- swap- [3,4,2,5,8]
After Iteration 2: (3, 4, 2, 5, 8] (5 is now in correct position)
Iteration 3: :
e Compare3and4->3<4->noswap-[3,4,2,5,8]
e Comparedand2->4>2->swap=>[3,24,5,8]
e Compared4and5-=>4<5->noswap->[3,2,4,5,8]
After Iteration 3:(3, 2,4, 5, 8] (4 is now in correct position)
Iteration 4: :
e Compare3and2->3>2->swap—>[2,3,4,5,8]
e« Compare3and4 > 3<4 - noswap
e Compare4and5 - 4<5-> noswap
A_fter' Iteration 4: [2, 3, 4, 5, 8]
Iteration 5:
e Compare2and3 - 2<3- noswap
e Compare3and4 - 3<4 - noswap
e Compare4and5 - 4<5-»noswap
No swaps needed — sorting is complete!
Final Sorted List:
[2,3,4,5, 8]
Time Complexity:
e 0(n?) - This means the time taken by the algorithm increases very quickly as the size of the list
increases.
« In Bubble Sort, we may need to compare each element with every other element in the list.
« Fora list of n elements, it can take up to n x n ='n* comparisons in the worst case. _
e That's why Bubble Sort is not suitable for large datasets, but it is easy to understand and useful for
small lists or learning purposes. 3 '
2. Selection Sort: - e
Selection Sort is a sorting method in which we find the smallest number from the unsorted part of the list
and swap it with the first number of that part. This process is repeated again and again, moving the smallest
numbers to'the front, until the whole list is sorted in ascending order.
Working Process: ‘
To sort a list in ascending order using insertion sort, follow these easy steps:
1. Start from the second number
o We assume the first number is already sorted.
o Begin checking from the second number.
2. Pick the number you want to insert :
o Remember this number (it’s the one you want to put in the right place).
3. Compare with the sorted part
o Look at the numbers before it (the sorted part).
o Compare the picked number with each one of them.
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4. Move bigger numbers to the right
o Ifany number is bigger than the picked number, shift it one place to the right to make space.
5. Put the picked number in its correct place
o Insert it where it belongs (where all numbers before it are smaller).
6. Repeat for all numbers
o Do the same steps for each number in the list until all are sorted.
Example: Step-by-Step Using Iterations '
Original List: [12, 4, 8, 23, 1]
Step 1: Start from the second element (4)
« Consider First number 12 is already sorted.
e Compare 4 with 12. Since 4 is smaller, we swap them.
List becomes:
4,12,8,23,1
Step 2: Move to the third element (8)
e Compare 8with 12 > éis smaller, so swap.
. Compére 8 with 4 = 8.is bigger, so stop here.
List becomes:
4,8,12,23; 1
Step 3: Move to the fourth element (23')
e Compare 23 with 12 - 23 is bigger, already in the correct place.
List stays the same:
. 4:8.12,23,1
Step 4: Move to the fifth element (1)
« Compare 1 with 23 - 1 is smaller, swap.
Compare 1 with 12 - 1 is smaller, swap.
e Compare 1 with 8 - 1is smaller, swap.
. Compare 1 with 4 - 1 is smaller, swap.
List becomes:
1,4,8,12,23
Final Result:
The first five numbers are now sorted in ascending order:
1,4,8,12,23
Student Tip: Insertion sort is helpful when sorting small lists. You just move one number at a time to its
correct position.
‘Time Complexity: :
¢ _ O(n?) - This means the time increases rapidly as the number of elements increases.
« In each iteration, the algorithm searches through the unsorted part to find the smallest value, which
takes n, n-1, n-2... comparisons.
e These comparisons add up to n x n = n? ih the worst case.
* Therefore, it is not efficient for large datasets, but it is easy to Gdblts:
implement and understand, making it suitable for small data or | While Bubble Sort is easy to
educational purposes. implement, consider using
Both Bubble Sort and Selection Sort are easy-to-understand sorting | ™ore  efficient  sorting
techniques that help arrange data properly. Although they are not fast for large Slgoritims !'ke Quick Sort or
data, they are useful for basic tasks and educational learning. For bigger tasks, Mege Sprt YO Tt Oavhsers
faster algorithms like Quick Sort or Merge Sort should be used. s e )
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"Q.17. Compare bubble and selection sorting algorithm in terms of efficiency.

Ahs. Comparison of Bubble Sort and Selection Sort in Terms of Efﬁciem:\iF
1. Basic Working:
e Bubble Sort:

Bubble Sort compares each pair of adjacent elements and swaps them if they are in the wrong order.
It continues this process multiple times until the entire list is sorted.
e Selection Sort: ' "
Selection Sort finds the smallest element from the unsorted part of the list and swaps it with the first
unsorted element. This process continues until the list is sorted.
2.  Number of Comparisons:_
° e Bubble Sort: . -
In the worst case, it may compare each element with every other element.
, - Comparisons: n x n = n? (0(n?))
e Selection Sort:
Also compares each element with all others to find the smallest one.
- Comparisons: n x n = n? (O(n?))
3. Number of Swaps: '
+ Bubble Sort:
Performs many swaps because it swaps adjacent elements repeatedlv
-> May do many swaps
e Selection Sort:
Swaps only once per pass (cycle), which means fewer swaps.
-> Does fewer swaps
4, Best Case Performance:
e -Bubble Sort:
If the list is already sorted, Bubble Sort can finish quickly.
-> Best case time: O(n)
e Selection Sort:
Even if the list is sorted, it still performs all comparisons.
-> Best case time: O(n?)
5. Efficiency for Large Data:
¢ Bubble Sort: ;
Not suitable for large data due to many swaps and comparisons.
e Selection Sort:
Also not suitable forlarge data, but slightly b_etter due to fewer swaps.
Conclusian:
Both Bubble Sort and Selection Sort are simple algorithms and have the same worst-case time complexity
0(n?). However, Selection Sort is slightly more efficient in terms of the number of swaps. Bubble Sort can be faster

in the best case if the data is already sorted. Both are suitable for small datasets and learning purposes, but not
for large data.

Q.18. Explain the Linear Search algorithm with the help of an éxample. Why is it called a linear search?

Ans. Search algorithms help us find specific items or groups of items in a collection of data. They are very
important for tasks like finding information, searching in databases, and making decisions.

Linear Searchi is a simple method used to find a specific item in a list. In this algorithm, we check each item
one by one from the beginning of the list until we find the required item or reach the end.
Working of Linear Search:

1. Start from the first item of the list.

2. Compare the current item with the item you are searching for.
3. If it matches, the item is found,
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4. If it doesn’t match, move to the next item.
5. Repeat this process until the item is found or the list ends.
Example: ’

Consider a list of cities:

[Karachi, Lahore, Islamabad, Faisalabad] -

We want to search for Islamabad.

» First, compare with Karachi - not a match.

e Then, Lahore - not a match.

e Then, Islamabad - it matches! So, the search is successful.

If Islamabad was not in the list, we would continue till the last city and then conclude it is not present.
Why is it called a Linear Search?

It is called linear because it checks the list in a straight line, one item after another.

Q.19. .What is Binary Search? Describe its working process with an example Why is it conscdered more
efficient than linear search?

the list into two halves and eliminating one half in each step. /—
- Working of Binary Search: : Do You Know?
1. Start by checking the middle element of the list. Binary Search is only effective
2. If it matches the item, the search is successful. ; on sorted lists. If your data isnt
3. If the item is smaller than the middle element, repeat the search | sorted, consider using a sorting
on the left half. algorithm {ike .Merge Sort
4. |Iftheitem is larger, repeat the search on the right half. eface appiying Sinory Search!)

Ans.  Binary Search isa fast and efficient method used to search for an item in a sorted list. It works by dividing

S. Keep dividing until the item is found or the list is empty.
Example:

Suppose we have a sorted list:

[1,3,5,7,9,11, 13]

We want to find the number 7.

= Middle element is 7 - it matches. So, the item is found in the first step.
Efficiency:

Binary Search is more efficient than Linear Search because it doesn’t check every itém. Instead, it halves
the search area each time.

* Its time complexity is O(log n), which means it works much faster, especially for large lists.
Important Note

Binary Search only works if the list is sorted. If the list is not sorted, we must first use a sorting algorithm
like Merge Sort before applying Binary-Search. :
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Q.20. - Discuss the characteristis:é 'olf search problems and compare the efficiency of Linear Search and Binary
Search algorithm.

Ans.  Search algorithms are used to find specific items or groups of items ina collection of data. They are very
important for tasks like finding information, searching in databases, and making decisions.
Characteristics of Search.Problems:

1
2,

4,

Input Data: Search problems always start with a dataset such as a list or a collection of items.
Target Element: We need to find whether a specific item (called the target) is present in the dataset
or not.

Search Method: Diffe_rent algorithms are used to search, depending on whether the data issorted or
not. .

-Result: The search may return the position of the item, a confirmation that it exists, or a message that

it is not found.

Comparison of linear and Binary Search Algorithm:

Characteristic Linear Search Binary Search :
Definition A ‘method to find an item in a list by | A method to find an item in a sorted list by
checking each item one by one. " repeatedly dividing the list in half.. .

Data Works on any list, sorted or unsorted. Works only on sorted lists:

Requirement _

Method Checks each item one by one. Starts at the middle and splits the list in half.

Time O(n), gets slower as the list grows. O(log n), efficient even with large lists.

Complexity .

Simplicity Easy to understand and use. 'More efficient but slightly harder to
, _ understand. . '

Best Use Case Best for small or unsorted lists. Best for large, sorted lists.

Linear Search is easier and works on any type of list, but it is slower.

Binary Search is much faster but requires the list to be sorted first, If we have a large sorted dataset Bmary
Search is the better choice because it saves time by reducing the number of comparisons.

Q.21. Discuss Breadth-First Search (BFS) and Depth-First Search (DFS) algorithms. How are they different from
each other? Give examples. :

Ans. Key Terms (Before You' Begin)

Node (Vertex) A single point in the graph (like a person in a social network).

Edge: A connection between two nodes (like a friendship or road). :

Queue: A list where the first added item is the first to be removed (like a line at the bus stop — first
in, first out).

Stack: A list where the last added item is the first to be removed (like a stack of plates — last'in, first
out).

Graph algorithms are used to explore and analyze graphs. A graph is a structure made up of nodes (also
called vertices) and edges that connect them.
These algorithms are useful in real life for things like:

Social networks (e.g., finding how people are connected),
Route planning (e.g., GPS paths), and '
Web page linking (e.g., search engines).

1. Breadth-First Search (BFS):

BFS is a method used to visit all the nodes of a graph step by step in levels, starting from one main
node (called the root).

How it works:
o Start from the root node and put it in a queue.
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e Example:
In a social network, BFS can help find the shortest path between two people (e.g., who knows whom).
e Time Complexity
The time complexity of BFS is O (V + E), where:
= V =number of vertices (nodes),
= E = number of edges (connections).
2. Depth-First Search (DFS):
« DFSis a method that explores a graph by going as deep as possible in one direction, and if it reaches

a dead end, it goes back and tries another path.

How it works:
e Start from the root and push it onto a stack.
e« Remove the.top node, check it, and push its unvisited neighbors onto the stack.
« Continue this until the stack is empty
e Example:
DFS is useful in solving problems like mazes, where the algorithm tries one complete path and if it
fails, it goes back and tries another.
e Time Complexity
The time complexity of DFS is also O(V + E).
3. Comparison Between BFS and DFS:

Remove the front node from the queue, check it, and add its unvisited neighbors to the queue.
Repeat this process until the queue is empty.

BFS

Output 0,1, 2,3,4,5,6,7

Output 0,1.4,5,2,6,3,7

Characteristic_ | BFS (Breadth-First Search) DFS (Depth-First Search)

Traversal Visits all nearby (connected) nodes first, | Goes as deep as possible in one direction before

Style step by step in levels. going back to try other paths.

How It Works | Uses a queue (checks nodes in the same | Uses a stack (checks the most recently added node
order they are added). first).

Best For Finding the shortest path between two | Solving puzzles, mazes, or checking all possible
points or exploring close connections. paths in depth.

Memory Can use more memory if the graph has | Uses less memory in deep graphs with fewer

Usage many cannections at each level. branches at each level.

Node Visiting | Visits nodes in the order of how close they | Visits nodes by following one:long path from the

Order are to the starting point (first level, second | starting point, then goes back if needed.
level, etc.). ;
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anciuslon:

Both BFS and DFS are important graph algorithms. BFS is best when we need to find the shortest route or
check all close connections. DFS is useful for deep searching, such as solving puzzles or finding all possible paths.
They work differently but both are powerful tools in computer science.

Q.22. Discuss the nature of optimization problems and prowde examples of their applications in real-world
~ scenarios.

Ans. An optimization problem is a type of probiemn where the goal is to find the best solution from a set of
possibic solutions, according to some criteria. In optimization, we are lookmg to either minimize or maximize a
particular value, such as cust, lime, distance, or picfit.

Nature of Optimization Problems:
1. Objective Function:
o Optimization problems have an objective function, which is the value we are trying to optimize.
This could be minimizing cost or maximizing profit, for example.
2. Constraints: =
o There are often restrictions or limits (called constraints) on the solutions. These could be limits
on resources, such as time, money, or materials. The solution must satisfy these constraints.
3. Feasible Solution:

o A sclution that satisfies all the constraints is called a, feasible solution. Ophmlzahon problems
. focus on finding the best feasible solution, not:just any solution.
4. Global vs Local Optimum:
. Optimization problems often have many solutlons Among them, the best solution is the global
optimum. Other solutions might be gcod but not the best; these are called local optima.
Examples of Optimization Problems in Real-World Scenarios:
1. Finding the Shortest Path:

o In real-life navigation systems (like Google Maps), the goal is to find the shortest route between
two places. This is an optimization problern where the objective is to minimize the travel time or
distance. _

o Example: Finding the fastest route from home to school. ,

2. Supply Chain and Logistics: ' :

o Inindustries, optimization is used to find the most cost- effective way of transporting goods and
managing inventory. Companies want to minimize transportation costs while meeting delivery
deadlines

c Example: A delivery cornpariy trying to reduce fuel costs while ensuring timely delivery.
3. Scheduling Problems:
o In many fticlds, like healthcare 21 manufacturing, there are optimization probiems that involve
- scheduling tasks efficiently. The goal is to minimize waiting time or maximize the use of available
resources. ;
o Example: Scheduling workers in a hospital to ensure that there are enough staff at all times,
without overworking anyone.
4, Portfolio Optimization in Finance:
o Investors use optimization to decide how to distribute their- money among different assets (like
stocks and bonds) to maximize profit while minimizing risk.
o Exarﬁple: Deciding the best way. to invest money in the stock market to get the highest return with
the lowest risk.
5. Diet Optimization:

o Nutritionists use optimization to create the best diet plan for a person. The goal is to meet
nutritional requirements while minimizing cost or maximizing taste.

o Example: Finding the cheapest combination of foods that provide -all necessary vitamins and
minerals.
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Exercise
Multiple Choice Questions

1. 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
2. Complexity class representing problems solvable efficiently by a deterministic algorithm is:
a) NP b) NP-hard’ c) NP-complete d)P
3. The statement that applies to unsolvable problems is:
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.
4. The meaning of NP in computational complexity is:
a) Non-deterministic Polynomial time b) Negative Polynomial time
¢) Non-trivial Polynomial time d) Numerical Polynomial time
5. Search algorithm more efficient for large datasets:
a) Bubble Sort - b) Merge Sort " ¢) Selection Sort d) Quick Sort
6. Ascenario where Dynamic Programming is most useful?
a) When problems do not have overlapping subproblems.
b) When a problem can be solved by making a sequence of local choices.
c) When problems have overlapping subproblems and optimal substructure.
d) When a problem can be divided into independent subproblems.
7. An algorithm that sorts data by stepping through the list and swapping adjacent elements if needed is:
a) Selection. Sort b) Quick Sort
¢) Bubble Sort d) Merge Sort
8. Time complexity of Depth-First Search (DFS) in a graph?
a) O(nlog n) b) O(V?) _ c)O(V+E) d) O(n)
9. 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.
10. An algorithm with a time complexity of O(nlogn) ? :
a) Bubble Sort- b) Binary Search
c) Merge Sort d) Insertion Sort
Q. No. | Correct Option g
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) Merge Sort
6. c) When problems have overlapping sub-problems and optimal substructure.
7. ¢) Bubble Sort. -
8. c) O(V+E)
D ° _b) Time taken as a function of input size.
10. ¢) Merge Sort
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Short Answer Questions

Q.1. Differentiate between well-defined and ill-defined problems within the realm of computational
problem-solving.

Ans.

Characteristic . | Well-defined Problem - | ll-defined Problem. X
Definition A problem that has a clear goal, input, | A problem that has no clear goal, unclear input,
| steps, and result. and no fixed steps to solve it.

1 Clarity of Goal ‘The goal is clearly written and easy to | The goal is confusing, broad, or not clearly

understand. . described. '
Method of | Has a proper method or algorithm to.| Does not have a clear method or fixed steps to
Solution follow. ; 1 follow.
Example - | Checking if a number is even (input: 6, | Improving education in Pakistan (goal and process
output: “Even”). ) are unclear).
Q.2. ' Outline the main steps involved in the Generate and Test algorithm.
Ans. The Generate and Test algorifhrn follows these steps:
e Generate Possible Solutions: First, the algorithm creates different possible solutions to the problem.
" These can be random or follow a certain pattern or rule.
e Test Each Solution: After creating a solution, it is checked.to see if it meets the problem'’s requirements.
¢ Repeat: If the solution doesn’t work, a new one is created and tested. This repeats until a correct
: solution is found or all options have been tried.
Q.3. Compare tractable and intractable problems in the context of computational complexity..
Ans. :
Criteria Tractable Problems i Intractable Problems
Definition - ‘Problems that can be solved in polynomial | Problems that require super-polynomial time
time (P). 4 to solve.
Time ‘Grows at a manageable rate (e 8 O(n’), Grows exponentially or factorially (e.g., 0(2"),
Complexity O(n log n)). . 0O(n!)). :
Solvability Solved effncuently for large inputs. Difficult or impractical to solve for large
] : inputs. :
Approach Exact algorithms are used. Approximation or estimation methods are
; often used.
Examples Sorting algorithms-like Merge Sort, Quick | Travelling Salesman Problem (TSP), Knapsack
' Sort. problem.

Q4. Summarize the key idea behind Greedy Algorithms.

Ans.  The key idea behind Greedy Algorithms is to make the best choice at each-step, hoping that these local
decisions will lead to the best overall solution. It focuses on plckmg the option that seems best at the
moment, without thinking about future steps.

o Simple and Fast: Greedy algorithms are easy to understand and quick to use. .
« Breaking Down the Problem: They work well when a problem can be divided into smaller parts where
the best solution to the whole problem can be built from the best solutions to these smaller parts.
Example: In the Coin Change problem, the greedy algorithm picks the largest coin that is less than or
. equal to the remaining amount and continues this until the total amount is made.
Q.5. Discuss the advantages.of using Dynamic Programming.
Ans.  Dynamic Programming (DP) is a method used to solve problems by breaking them into smaller parts and

sto'ring_the solutions to avoid repeating work. The main advantages of using DP are: )
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« Efficiency: DP saves time by solving each subproblem only once and storing its solution, so we don’t
repeat the same calculations.

¢ Best Solution: DP ensures that we find the best possible solution by solving all parts of the problem
in the most effective way.
» Helps with Overlapping Problems: DP is useful when the problem has repeating smaller problems.

Example: In the Fibonacci sequence, DP stores previous results to avoid recalculating them, which makes
the process faster.

Q.6. Compare the advantages of Breadth-First Search (BFS) with Depth-First Search (DFS) in graph traversal
Ans. Comparison of BFS and DFS in Graph Traversal
1. Traversal Strategy:
o BFS explores nodes level by level, making it ideal for finding the shortest path in unwe:ghted
graphs.
o DFS explores deeply along one path before ba'cktracklng, useful for‘exploring all possible paths.
2. Memory Usage:
o BFS uses more memory since it stores all nodes at the current level in a queue.
o DFS uses less memory as it only stores nodes along the current path (in a stack).
3. Best Use Cases:
o BFSis best for finding the shortest path or exploring shallow graphs.
o DFSis better for problems like solving puzzles or finding all solutions.
Q.7. Explain the importance of breaking down a problem into smaller components in algorithmic thinking.
Ans. Breaking down a problem into smaller components is an important step in algorithmic thinking. It helps
in solving complex problems in a more organized and manageable way. The key reasons for breaking down
a problem are:
o Simplifies the Problem: Breaking a large problem into smaller parts makes it easier to understand and
solve step by step.
+ Improves Efficiency: Solving smaller subproblems allows us to focus on one part at a time, leading to
more efficient solutions.
« Easier to Manage: Working on smaller parts reduces the chances of making mistakes and helps in
keeping track of the solution.
Q.8. Identify the key factors used to evaluate the performance of an algorithm.
Ans. The performance of an algorithm is evaluated based on several key factors, including:
e Time Complexity: It measures how the running time of an algorithm increases as the size of the input
grows. It helps us understand how fast the algorithm will perform for larger inputs.
e Space Complexity: It measures how much memory or storage the algorithm increases as the input
size increases. It helps us evaluate the efficiency of the algorithm in terms of memory usage.
 Scalability: This refers to.the algorithm's ability to handle increasing amounts of data. efficiently,
without significant performance loss.
e Correctness: An algorithm must solve the problem correctly, producing the right results for all tnputs
‘Example: For sorting algorithms, we often compare their time complexity (like O(n?) for Bubble Sort vs.
O(n log n) for Merge Sort) to determine which one is faster as the input size increases.
Long Question Answers
Q.1. Provide a detailed explanation of why the Halting Problem is considered unsolvable and its implications
in computer-science.
The Halting Problem asks the following:

Ans:

"Given any computer program and its input, is there a general method (an algorithm) that can decide

whether the program will eventually halt (finish ranning) or continue to run forever?"
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Why It Is Unsolvable
For some programs, you cannot predict what will happen WIthout actually running them forever.

Alan Turing proved that no algorithm can solve the Halting Problem for all possible program-input pairs. His proof
used a method called proof by contradiction. Here's a simplified explanation of the idea:

A

3.

Suppose we have a program called HALT(P, 1). This program checks if program P will stop (halt) when
it runs with input L.

Now, imagine we make a new program that uses HALT in a tricky way:

o If HALT says the program will halt, it goes into an infinite loop.

o If HALT says it will loop, then the program halts.

This behavior contradicts itself, because the program ends up doing the opposite of what HALT says.

This logical contradiction proves that the HALT program cannot exist. So, we can never make one general
program that checks all other programs to see if they halt or not.

Implications in Computer Science:

Limits of Computation:

o The Halting Problem shows that not all problems can be solved by computers, no matter how
powerful they are. This puts a limitation on what computers can do.

Program Analysis:

o It tells us that it is-almost impossible to build a tool that can automatically check whether all
programs will work correctly (i.e., stop or not) under all conditions.

Software Testing and Debugging:

o Although we can. test software for bugs, we cannot guarantee that a pf'ogram will always behave
as expected for every input. This is why complete software verification is so difficult.

Theoretical Importance:

o The Halting Problem plays a key role in theoretical computer science, helping define which
problems are decidable’(can be solved by an algorithm) and which are undecidable.

Artificial Intelligence and Automation:

o This problem reminds us that even smart programs or machlnes have limits and cannot solve
everything.

The Halting Problem is considered unsolvable because there is no general metl]od that can determine
whether all programs will halt.

Q.2. Discuss the characteristics of search problems and compare the efficiency of Linear Search and Binary
Search algorithm.

Ans. See answer of chapter question # 20

Q.3. Discuss the nature of optimization problems and provide examples of their applications in real-world
scenarios. :

Ans. See answer of chapter question # 22

Q.4. Explain the process and time complexity of the Bubble Sort algorithm. Compare it with another sorting
algorithm of your choice in terms of efficiency.

Ans.  See answer of chapter Question #16 & 17

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

Ans. See answer of chapter Question # 11
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SLO Based Questions

Q.1. Whatis a computational problem? Explain with an example.
Ans. A computational problem is a problem that can be solved by a computer using a step-by-step method
called an algorithm. It always includes input, process, and output.
Example: To check if a number is even, input is a number (e.g., 6), the process is dividing it by 2, and the
output is “Even”.
Q.2. Name and briefly describe the three main components of a computational problem.
Ans. The three main components are:
e Input: The data given to the algorithm (e.g., a number).
e Process: The steps or instructions used to solve the problem (algorithm).
e Output: The final result produced after processing the input.
Q.3. Define a decision problem and give one example. '
Ans.  Adecision problem is a type of computational problem where the answer is either “Yes” or “No”.
Example: |s 10.greater than 5? The answer is “Yes”.
Q.4. What is a search problem? Write with an example.
Ans.  Asearch problem-is a problem where we need to find an item or value that meets a condition.
Example: Find the number 7 in a list. The output is the position where 7 is found.
Q.5. Explain the term “optimization problem” with a suitable example.
Ans. An optimization problem is a problem where we need to find the best or most efficient solution from
many options. . '
Example: Finding the shortest path from home to school.
Q.6. What is a counting problem? Give an example.
Ans. A counting problem is a problem where we need to count how many ways something can happen.
Example: How many ways can 3 books be arranged? Answer: 6 (3 x 2 x 1 = 6).
Q.7. Differentiate between input and output in a computational problem.
Ans. '
Characteristic | Input Output
Definition Input is the data or value we give to the | Output is the result the computer gives after
computer. solving the problem.
Purpose It helps the computer know what | It shows the final answer or solution of the
problem to solve. problem. .
Example Example: A number given to cfieck (like | Example: The result after checking (like “Even”).
6).
Q.8. Define well-defined problems with an example.
Ans. A well-defined problem has a clear goal, input, steps, and output.
Example: Checking if a number is even. Input is a number, and output is “Even” or “Odd”.
Q.9. What are ill-defined problems? Give one example.
Ans. Anill-defined problem is unclear and has no fixed input, method, or output.
Example: “How to improve- education in Pakistan?” is an ill-defined problem because the goal is not
specific.
Q.10. What s an algorithm? Explain its importance in problem-solving.
Ans.  An algorithm is a set of clear, step-by-step instructions designed to solve a problem or complete a task.

Importance of an algorithm:
Efficiency: It helps to solve problems quickly and correctly.

Optimization: It allows us to complete tasks in the best way possible.
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Q.11.

Ans.

Q.12.

Ans.

Q.13.

Ans.

Q.14.
Ans.

Q.15.

Ans.

Q.16.
Ans.,

Q.17.

Ans.

Accuracy: It ensures that tasks are done correctly without mistakes.

For example, Google's PageRank algorithm helps sort search results by determlnmg which pages are most
relevant to the user’s query.

Define the Generate and Test algorithm. Explain its process.

The Generate and Test algonthm is a way of solving problems by trying different solutions one by one
until we find the correct one.

Process: ¢ s

Generate: We create or guess possible solutions to the problem.

Test: We check if each solution works. If it does, we stop. If not, we try another solution.

We repeat this process until we find the correct solution or try all possible solutions.

What are the advantages of the Generate and Test algorithm?

The Generate and Test algorithm has several benefits:

Simple: It's easy to understand and use, even for beginners.

Flexible: It can be used to solve many different types of problems.

Complete: It checks all possible solutions, so no solution is missed.

These advantages make it a useful method in cases where we need a simple and complete approach to
finding a'solution.

- What are the disadvantages of the Generate and Test algorithm?

The Generate and Test algorithm also has some drawbacks:

Slow: It can take a lot of time, especially if there are many possible solutions to check.

No Guarantee of Best Solution: It may find a correct solution, but it doesn t always give the best or most
efficient one.

High Cost: It can use a lot of computing power and time for large problems.

These disadvantages make it less practical for complex orlarge problems.

Discuss the applications of the Generate and Test algorithm with examples.

The Generate and Test algorithm is used in many situations where we need to check many possibilities to
find the right answer. Some examples are:

e Puzzle Solving: In puzzles like Sudoku, we try different combinations until we find the correct one.

"o Games: In games like chess, we try different moves and see which one works best.

e Al Problem Solving: It is used in finding paths or solutions to problems, like navigating through amaze.
e Password Cracking: It tries all possible passwords until it finds the right one.

What is meant by the "problem space"” in the Generate and Test algorithm?

The problem space is the set of all possible solutions that.can be tried to solve a problem. It's aII the
options we need to check to find the correct answer. '

For example, if you are guessing a number between 1 and 100, the problem space includes all 100

' numbers (1 to 100).

Explain the significance of heuristics in the Generate and Test algorithm. _
Heuristics are smart strategies that help reduce the number of solutions wie need to check in the Generate
and Test algorithm. They are based on experience or patterns and they help us guess better solutions

more quickly.
For example, in a word puzzle, instead of trying random combinations, heuristics might help us focus on

trying common English words first. .
When is the Generate and Test algorithm useful in problem-solving? =

The Generate and Test algorithm is helpful when:
No clear solution is available: When we don’t have a formula or method to solve the problém, this
approach helps by testing different solutions.

Trying all possible solutions is okay: I it's okay to test all options to find the correct answer, the algorithm
is useful,

We can use heuristics: If there are smart strategies (heunstrcs) that.can make the search faster, this
method works well. _
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Q.18. What is the importance of exhaustiveness in the Generate and Test algorithm?
Ans. Exhaustiveness means checking all possible solutions to make sure we do not miss any correct answers.
v " In the Generate and Test algorithm, this guarantees that if a solution exists, it will be found.
For example, when guessing a 3-digit PIN, if we try every combination from 000 to 999, we are being
exhaustive. ' '
.Q.19. What does "problem space" mean in the context of the Generate and Test algorithm?

Ans. The problem space refers to all the possible solutions that could solve the problem. It is the collection of
all the different options that we test to find the correct one.

For example, in,a’ Sudoku puzzle, the problem space includes all the ways the numbers could be arranged

in the grid.

Q.20. What are the benefits of using heuristics in the Generate and Test algorithm?

Ans.  Heuristics are helpful because they make the Generate and Test algorithm faster by reducing the number
of solutions we need to test. Instead of trying random solutions, heuristics guide the search towards better
solutions.

For example, in a crossword puzzle, heuristics might guide the algorlthm to try common words first, wh:ch

speeds up the process.

Q.21. What is the significance of the question of whether P equals NP, and how does it impact areas like
cryptography, algorithm,design, and computational complexity? _

Ans. The question of whether P equals NP is one of the most important unsolved problems in computer science.

" It has important effects on different areas:
e Cryptography: Cryptography keeps our data safe by using problems that are.hard to solve (like
‘ breaking: codes or factoring large numbers). If P equals NP, it would mean that these hard problems
could be solved easily, which would make our current ways of protecting data less secure.

e Algorithm Design: If P equals NP, it would mean we could find fast solutions for many problems that
are now very hard to solve. This would change how we create algorithms to_solve real-life problems,
making them much more efficient.

e Computational Complexity: The P vs. NP question hetps us understand which problems are easy or

k hard to solve with computers. Solving this question would show us the limits of what can be done with
computers in a reasonable amount of time.

Q.22. What is a tractable problem? Give an example.

Ans. A tractable problem is one that can be solved in a reasonable amount of time using a computer. These
problems are solved in polynomial time, such as O(n?), O(n log n), etc.

Example: Sorting a list of numbers using Merge Sort is a tractable problem because it runs in O(n log n)

time, which is efficient even for large inputs. '

Q.23. What is an intractable problem? Give an example. _ -

Ans.  Anintractable problem is one that takes an extremely long time to solve, especially when the input size
increases. These problems require exponential or factorial time.

Example: The Travelling Salesman Problem is intractable because the number of possible routes increases

factorially with the number of cities, making it impractical to solve for large inputs.

Q.24. What is the importance of understanding computational complexity?

Ans.  Understanding computational complexity helps programmers choose the best method to solve problems efficiently.
It prevents wasting time on problems that are too difficult to solve exactly and encourages the use of
approxlmanon methods.

It also helps save time, memory, and computational resources in solving real-world problems.

Q.25. What is the difference between Class P and Class NP?

Ans. J

Feature Class P . Class NP
Definition Problems that can be solved quickly (in Probiems‘ whose solutions can be verified
polynomial time) quickly
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Solving Time | Easy to solve using efficient algorithms " | Hard to solve, may take a long time

Verification | Solution can be found and verified quickly Only verification is fast, not finding the
: solution

Subset P is a subset of NP : NP includes all problems in P and more

Relation , .

Example Sorting numbers using Merge Sort Sudoku puzzle (easy to check, hard to solve)

Q.26. What.is meant by NP-Hard problems?-Give an example. '

Ans.  NP-Hard problems are at least as hard as the most difficult problems in NP. They may not even belong to
NP (i.e., they might not be verifiable quickly), but solving them is very complex.

Example: The Travelling Salesman Problem is NP-Hard because it becomes very difficult to solve as the
number of cities increases. .

Q.27. What are NP-Complete problems? Explain with an example.

Ans.  NP-Complete problems belong to both NP and are as hard as the hardest problems in NP. This means they
are easy to verify but very hard to solve. .
Example: The Knapsack Problem is NP-Complete. Finding the best combination of items is difficult, but
once a solution is given, it can be checked quickly.

Q.28. Why is the Travelling Salesman Problem intractable and NP-Hard?

Ans.  The Travelling Salesman Problem is intractable because the number of routes increases factorially, making
it impractical for large numbers of cities. It is NP-Hard because it is as difficult as the hardest problems in
NP and no fast algorithm is known to solve it in all cases.

Q.29. How does complexity help in choosing the right algorithm? :

Ans.  Knowing the complexity.of a problem helps in choosing an appropriate algorithm. For tractable problems,
exact solutions are preferred. For intractable problems, approximation or heuristic methods are better.
This saves time and ensures practical use of computational resources.

Q.30. What is the significance of NP-Complete problems in computer science?

Ans.  NP-Complete problems help us understand which problems are hard to solve but easy to verify. If one NP-
Complete problem is solved in polynomial time, then all NP problems could be solved efficiently. They are
important to understand problem difficulty in computational theory.

Q.31. What is algorithm analysis and why is it important?

Ans.  Algorithm analysis is the process of studying how much time and memory an algorithm uses. It helps us
understand how an algorithm behaves when the input size increases. This is important to choose the best
and most efficient algorithm for solving a problem. '

Q.32. What is time complexity? Explain with an example. 2

Ans. Time complexity shows how the time taken by an algorithm increases as the size of the input grows. .
For example, if we search for a student's ID in a list of n students one by one, the time taken increases with
n. This is an example of linear time complexity (O(n)).

Q.33. What is Big O notation? Why is it used?

Ans. Big O notation is a way to describe the time complexity of an algorithm in a simple form. It shows how the
running time grows with the input size. It helps us compare the efficiency of different algorithms easily.

Q.34. What does O(1) mean in Big O notation? Give an example.

Ans. O(1) means constant time. The time taken does not change with the size of the input.

For'example, accessing an element by its index in a list always takes the same time, no matter how big the
listis. - - .
Q.35. Explain O(n) time complexity with an easy example.
Ans. O(n) means linear time. Time increases directly with the input size.
Example: Searching for a student by checking each ID one by one in a list of n students. If the student is
_last, we check all n students.
Q.36. What is O(n?) time complexity? Explain with an example.
Ans.  O(n?) is quadratic time. Time increases very fast as input size increases.
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Q.37.
Ans.

Q.38.
Ans.

Q.39.
Ans.

Q.40.
Ans.

Q.41.
Ans.

Q.42.
Ans.

Q.43.
Ans.

Q.44.

Q.45.
Ans.

Q.46.
Ans.

Q.47.

Example: In a competition, if every student is compared with every other student, we do about n(n-1)
comparisons. This makes time grow rapidly

What is logarithmic time complexity (O(log n))? Explain with an example.

0O(log n) means logarithmic time. Time grows slowly even if the input gets large.

Example: In a guessing game, if you always guess the middle number and narrow the range in half each
time, you quickly find the correct number.

How does time complexity help in comparing algorithms? _

Time complexity helps us see which algorithm performs better as the input increases. By comparing their
Big O values (like O(n), O(n?)), we can pick the faster and more efficient one for large inputs.

Which time complexity is best and why?

0(1) (constant time) is the best because the time taken does not increase wuth input size. It is the fastest
and most efficient type of algorithm.

Wﬁat does the Big O graph show about different time complexities?

The graph shows how time increases with input size for different complexities:

e 0(1) stays flat (constant),

e Oflog n) increases slowly,

e O(n) grows steadily,

e 0O(n?) increases very fast.

It helps understand which algorithm is better for large inputs.

What is space complexity in algorithm analysis?

Space complexity refers to the amount of memory an algorithm uses while it runs, depending on the size
of the input. It helps us understand how efficiently an algorithm uses memory, especially for large datasets.
It is usually expressed using Big O notation like O(1), O(n), etc.

Why is understanding space complexity important?

Understanding space complexity is important because it shows how much memory an algorithm needs.
This helps in selecting efficient algorithms, especially in systems with limited memory or when dealing
with large amounts of data.

What is meant by O(1) space complexity? Give an example.

0O(1) means constant space complexity; the memory used by the algorithm-ddes not change with input
size. _

Example: Using a few fixed variables to calculate the sum of two numbers uses the same memory whether
the inputs are small or ldrge.

Explain O(n) space complexity with an example.

O(n) means linear space complexity—the memory used increases directly with the input size.

Example: Storing a list of n items in an list requires memory for each item, so memory grows as n increases.
What is O(n?) space complexity? Give one simple example.

0O(n?) means quadratic space complexity—memory increases with the square of the input size.

Example: A program that creates an n x n table (like a matrix) uses space proportional to n?.

Explain O(log n) space complexity with a simple example.

O(log n) means logarithmic space complexity—the membry used grows very slowly compared to input
size.

Example: In binary search, we divide the list in half each time and only store a few variables, so memory
usage stays low even for large inputs,

How is Big O notation used in space complexity?

Big O notation describes how the memory used by an algorithm grows as the input size increases. It helps
in comparing the efficiency of algorithms. Common examples include O(1), O(n), O(n?), and O(log n).
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Q.48. What i§ the difference between time complexity and space complexity?
Ans. ’
Time Complexity ' 'Space Complexity
Measures how much time an algorithm takes as | Measures how much memory an.algorithm uses as
input size grows input size grows
Focuses on execution speed Focuses on memory usage
Depends on the number of operations or steps Depends on the number of variables or data structures
- | used .
Expressed using Big O notation (e g.. 0(1), O(n), | Expressed using Big O notation (e.g., O(1), O(n), O(n‘})
0(n?)
Example: Linear search takes O(n)' time to find an | Example: Storing n items in an list takes O(n) space
item
Q.49. What is algorithm efﬁciency? Explain with an example.
Ans.  Algorithm efficiency refers to how well an algorithm uses resources like'time and space. It.is measured by
time complexity and space complexity.
* Time complexity measures how the run time increases with input size.
« Space complexity measures how memory usage increases with input size.
For example, Merge Sort has a time complexity of O(n log n), which is more efficient for large datasets
compared to Bubble Sort, which has a time complexity of O(n?).
Q.50.  Define scalability in the context of algorithms. How does it impact an algorithm's performance?
Ans.  Scalability refers to an algorithm's ability to handle increasing input size efficiently. A scalable algorithm
performs well even with large data.
For example, Merge Sort scales well with iarge datasets, while Bubble Sort performs poorly because its
time complexity increases quickly with input size.
Q.51. How does the choice of an algorithm depend on the problem requirements? Provide an example.
Ans.  The choice of an algorithm depends on factors like speed, memory usage, and data nature.
For example, for a sorted list, Binary Search is fast with O(log n) complexity. However, for an unsorted list,
LinearSearch is more suitable, éven though it has a higher time complexity of O(n).
Q.52. Explain the Divide and Conquer technique.with an example.
Ans. Divide and Conquer involves dividing a large problem into smaller subproblems solving them
independently, and combining the solutions.
For example, in Merge Sort, the list is split into two halves, each half is sorted, and then the two sorted
halves are merged. This method improves efficiency, especially for large problems.
Q.53. What is a Greedy Algorithm? Explain with an example.
Ans. A Greedy Algorithm makes the best choice at each step, hoping it leads to the best overall solution.
For example, in the Coin Change Problem, the algorithm picks the largest coin at each step. Although it is
fast, this method does not always guarantee the best solution for all problems.
Q.54. Define Dynamic Programming: Explain its use with the Fibonacci sequence example.
Ans. Dynamic Programming (DP) solves problems by breaking them into smaller subproblems and storing the
results to avoid redundant calculations.
For example, in the Fibonacci sequence, instead of re;alculatlng each Fibonacci number, DP stores
previous results, reducing computahon time.
Q.55. Whatis Backtracklng? Explain with an example:
Ans.  Backtracking is a method where we try differ&nt options step by step and backtrack if a path doesn’t work.

For example, in a Sudoku puzzle, we place a number in a cell.’If it leads to an invalid solution, we backtrack
and try a different number.
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Q.56.

Ans.

Q.57.
Ans.

Q.58.
Ans.

Q.59.
Ans.

QOSO.
Ans.

Q.61.
Ans.

Q.62.
Ans.

Q.63.
Ans.

Q.64.

Ans.

How can Dynamic Programming be used to find the Fibonacci sequence? Explain the steps.

Dynamic Prograrnming is used in Fibonacci to store results of prevuous calculations and avoid repeated

tasks.

Create a list fib[ ] to store Fibonacci numbers.

Initialize fib[0] = 0 and fib[1] = 1

e For eachindex i, calculate fib[i] = fib[i-1] + fib[i-2].

e Return the list fib[ ] with Fibonacci numbers up to n.

List and briefly explain the four main algorithm design techniques.

The four.main algorithm design techniques are:

1. Divide and Conquer: Breaks a problem into smaller subproblems, solves them, and combines results.
Example: Merge Sort,

2. Greedy Algorithms: Makes the best choice at each step to get an optimal solution. Example: Coin
Change Problem.

3. Dynamic Programming: Solves problems by storing results of subproblems to avoid redundant work.
Example: Fibonacci Sequence.

4. Backtracking: Tries dlfferent possibilities step by step and backtracks when a path fails. Example:
Sudoku Solver.

Define Bubble Sort.

Bubble Sort is a simple sorting algorithm that compares adjacent elements in a list and swaps them if they

are not in the correct order. This process continues, passing through the entire list muitiple times until no

more swaps are needed, and the list is sorted. e

Explain the working process of Bubble Sort.

Start from the first element of the list.

e Compare it with the next element.’

e |If the first element is greater than the second, swap them.

e Move to the next pair of elements and repeat the comparison and swap if needed.

e Continue this process until you reach the end of the list.

e Repeat the process from the beginning until no swaps are needed, indicating the list is fully sorted.

What is the time complexity of Bubble Sort?

The time complexity of Bubble Sort is O(n?). In the worst case, each element may need to be compared

with every other element in the list, leading to n x n = n* comparisons.

Why is Bubble Sort not efficient for large datasets? ‘

Bubble Sort is not efficient for large datasets because its time complexity is O(n?), which means the time

taken increases rapidly as the number of elements increases. For large lists, _this results in many

comparisons and swaps, making the algorithm slow and inefficient.

Explain the best-case scenario for Bubble Sort.

The best-case'scenario for Bubble Sort occurs when the list is already sorted. In this case, Bubble Sort only

needs one pass through the list to confirm that no swaps are needed. The time complexity in the best case

is O(n) if the algorithm is optimized to stop early when no swaps are made.

What happens to the largest element after the first pass of Bubble Sort?

After the first pass of Bubble Sort, the largest element is moved to its correct position at the end of the

list. This is because it is repeatedly swapped with smaller elements during the pass, eventually "bubbling"

up to the correct position.

Provide an example of Bubble Sort on the llst [9,4,7,2].

Iteration 1: b

Compare9and4 - Swap - [4,9,7,2] -

CompareSand 7 = Swap = (4, 7, 9, 2]

Compare 9and 2 - Swap - [4,7,2,9)

(9 is now in the correct position)
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Q.65.
Ans.

Iteration 2:

Compare 4 and 7 - No swap = [4, 7, 2, 9)

Compare 7and 2 - Swap = [4, 2,7, 9)

(7 is now.in the correct position)

Iteration 3:

Compare 4 and 2 - Swap = [2, 4,7, 9]

(List is fully sorted) _ .

What is a search algorithm? Why is it importantin computer science?

A search algorithm is a method used to find specific data in a list or dataset. It helps locate elements quickly
and correctly. Search algorithms are important in computer science because they are used in information
retrieval, database systems, and decision-making tasks.

Q.66. Define linear search. Explain how it works.

Ans. Llinearsearch is a simple method that checks each item in a list one by one until the required item is found
or the list ends. It starts from the beginning and compares each item with the target value.

Q.67. What is binary search? Why does it need a sorted list? :

Ans. Binary search is an efficient method to find a target in a sorted list. It checks the middle item first, then
decides whether to search in the left or right half. It needs a sorted list because it relies on comparing the
middle value to eliminate half the data each time.

Q.68. Write two key differences between linear search and binary search.

Ans.

Feature Linear Search | Binary Search

Definition A method that checks each element in | A method that divides the list into halves and
the list one by one until the target is | repeatedly compares the middle element with
found. the target.

Data Works on any list (sorted or unsorted). | Works only on sorted lists.

Requirement : ;

Efficiency . Time complexity is O(n), slower for large | Time complexity is O(log n), faster for large
datasets. datasets.

Q.69. Why is binary search more efficient than linear search?

Ans.  Binary search is more efficient because it reduces the number of comparisons by half each time, making
it faster for large datasets. Its time complexity is O(log n), compared to O(n) for linear search.

Q.70. Give a real-life example where linear search might be used.

Ans. Looking for a friend’s name in a list of handwritten names in a notebook is like linear search. You check
each name one by.one until you find it.

Q.71. Give a real-life example where binary search might be useful.

Ans. Searching for a word in a d;ctlonary is like binary search. You open near the middle, compare, and then
move left or right depending on the word'’s position. N

Q.72. Whatis BFS?

Ans.  BFS (Breadth-First Search) is a method to visit all nodes of a graph level by level. It starts from a selected
node and explores all nearby nodes before moving deeper. It is useful to find the shortest path between
nodes.

Q.73. What is DFS? When is it used?

Ans..  DFS (Depth-First Search) visits nodes by going as deep'as possible along one path before backtracking. )t
is useful in puzzles, mazes, or situations where we need to explore all paths completely.

Q.74. Name the data structures used in BFS and DFS.

Ans.  BFS uses a queue, which checks items in the order they are added. DFS uses a stack, which checks the

most recently added item first.
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Q.75.

Differentiate between BFS and DFS.

Ans.
Feature BFS (Breadth-First Search) DFS (Depth-First Search)
Definition A graph traversal method that explores all | A graph traversal method that explores as

the nodes at the present depth level before
moving.on to nodes at the next depth level.

far as possible down one branch before
backtracking.

Traversal Style

Explores the graph level by level.

Explores the graph deeply in one path
before going back.

Data Structure | Uses a queue for storing nodes to be | Uses a stack or recursion for storing nodes.
Used explored. '
Important MCQs
B) There is a clear strategy for finding a solution
1. What is a computational problem? C) The problem space is small or heuristics can be
A) A problem that cannot be solved used
B) A challenge solvable by an algorithm D) No solution exists
C) A mathematical equation | 8, Whatdoes the "test" step do in the Generate and
D) A type of hardware issue Test algorithm?
2.  Which of the following is NOT a component of a A) Creates a-new problem
computational problem? B) Checks if a solution meets the required conditions
A) Input B) Output C) Deletes the solution
C) Process D) Hardware D) Changes the input
3. Which of the following is a Decision Problem?
A) Finding the shortest path 5 : .
B) Counting the number of ways to arrange books Wi A DREON, Is cqn§|dered Sotvabie I
C) Checking if a number is prime (yes/no) A) It has n? splution e g .
. D) Maximizing profit B) An algorithm can solve it in a finite amount of time
4. Whatisan example of a well-defined problem? Pt thkesforever to soive
A): How to, reduce poveity D) It can only be solved by humans
B} Decidiiigwhatito eat far lurch 10. What s thel Halting Problem an example of?
C) Checking if a number is even A Solvab.le joblem
B Deshining s newcliy ‘ B) Optimization problem
C). Unsolvable problem
o :::lcr: it::teoo:;;zbclzz ::I;s for the best solution D) Co‘t_mting problem
11. Which of the following is a tractable problem?
. A Searc-h Problem A) One that can be solved in polynomial time
B) DECESIO.n Problem B) One that cannot be solved :
C) Optimization Problem C) One that takes infinite time
D) Counting Problem D) One that requires guessing -
12. The Travelling Salesman Problem (TSP) is an
6. Whatis an algorithm? example of:
A) A random guess A) Tractable problem B) Intractable problem
B) A step-by-step procedure to solve a problem &) Degision problem; D) Countlig problem
C) Atype of computer |
D) A programming language 13. Which class contains problems that can be solved
7. The Generate and Test algorithm is most useful efficiently by a computer?
when: A) NP B) P
A) The problem space is very large C) NP-hard D) NP-complete
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14,

In which class can a solution be checked'quicklv,
even if finding it is hard?

A) P

B) NP

. C) NP-hard

15,

Algorithm Analysis

D) Optimization

The Knapsack Problem is an example of:
A) NP-complete problem

B) Tractable problem

C) Decision problem

D) Unsolvable problem

Algorithm Design Techniques

20.

Divide and Conquer works by:
A) Making random guesses

B) Breaking a problem into smaller parts and
solving each part

C) Ignoring the problem
D) Using only one step

. Which algorithm design technique makes the

best local choice at each step?
A) Divide and Conquer

B) Greedy Algorithm

C) Dynamic Programming

16. What does time complexity measure? D) Backtracking

A) The amount of memory an algorithm uses 22. Dynamic Programming is useful for problems

B) The number of programmers needed with:

C) How the runtime increases with input size A) No subproblems

D) The cost of the algorithm B) Overlapping subproblems and optimal
17. What does Big O notation describe? substructure .

A) The smallest possible runtime C) Only one 50'”?'0"

B) The upper bound on- runtime as input size D) Random solutions

i | -

C) The cost of hardware 23. Backtracklng is a method where you: ' ;

D) The number of programmers ' A) Only move forward
18. Which of the following is an example of O(1) time B) Build a solution step by step and go back if
" complexity?’ " needed

A) Searching a list C) Guess the answer

8) Adding two numbers D) Ignore wrong paths

C) Bubblesort

D) Comparing every student with every other | 24, Algorithms are important in computer science

student : because they: '

19. What is space complexity? A) Only sort numbers

A) Theltir_ne taken by an algorithm B) Are used to solve a \n}ide_range of problems

B) The amount of memory used by an algorithm C) Are used only for games'

C) The number of programmers D) Are not important

D) The cost of the computer
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