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3. Graph Algorithms

Graph algorithms ore used to explore and analyze graphs. Graph is a lype gf
daota structures that consists of nodes or vertices that connectled by edges. The nodeg
refer to the individual itexms in the dala structure, The edges refer to the connectiong
or relationships betweer nodes. The graph algorithms are used for network analysis.
route planning and social netwerk analysis.
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Two graph fravizrsal algorithms include the following:

e Breadth-First Search (BFS)
» Depih-First Search (DFS)

Q. Describe the working of bubble sort algorithm with an example. Also
L-iafly exstain its complaxity. '
Bubble Sort
Bubble sort is one of the simplest sorling algorithms. It repeatedly visils the list and

compares two items at a lime. It swaps these the items if they are in the wrong order.
This process continues until no swaps are needed and the list is sorled. The algorilhm
sorts the list using n-1 passes where n represents the number of values in the list.
The bubble sort works as follows:

Start from the beginning of the list,

Compare each pair of adjacent elements.

Swap them if they are in the wrong order.

Continue this process unill no more swaps are needed.
Example :

Suppose Ihe following list needs to be sorted in ascending order:
[1of30f1s5]T25] 5]

The bubble sort algorithm will use 4 passes as the number of values in the list is 5,
It will work as follows:
Pass 1:
1. The first and second elements are compared. The values are nol swapped as
10 1s smaller than 30. Ther=z is no change in the [ist,
2. The second and third elements are compared. The values are swapped as 30
is bigger than 15. The list will be as follows:

[to]15[3][25] 5|

3. The third and fourlh ele ments are compared. The values are swapped as 30 is
bigger than 25. The list will be as follows:

[of]15]25]30] 5 |

.
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4, The fourth and fifth elemenls are compared. The values are swapped as 30 is
bigger than 5. The first pass compleles and the last element is finalized as
follows:

[oJ15T25] 5 [30]

s9 2! *

i 1. The first ond second elemenis are compared. The values are not swapped as
10is less than 15. There is no change in the list,

2. The second and third elements aré compaored. The values are not swapped as
15is less than 25. There is no change in the list,

3. The third and fourth elements are compared. The values are swopped as 25 is
bigger than 5. The second pass completes and the last two elemenls are
finalized as follows:

L1oJi15] 525 30]

pass 3:
1. The first and second elements are compared. The values are not swapped as

10is less than 15. There is no change in the list,

2. The second and third elements are compared. The values are swapped as 15
is bigger than- 5. The third pass compleles and the last three elemenls are
finalized as follows:

(o] 5 [15[25]30]

Pass 4
1. The first and second elements are compared. The values are swopped as 10 is
bigger lhan 5. The last pass completes and all elements are finalized as follows:
[ s Jw]is5]25]30]
Complexity

The time complexity of bubble sort in worst case is O(n?) that makes it incllicient
for large datasels. However., itIs easy 1o understand and implement. It is useful for smail
datasels. 5

Q. Describe the working of selection sort algorithm with an example. Also

briefly explain its complexity.
Selection Sort

Seleclion Sori is another simple sorting algorithm. It selecis the smallest or largest

element from the unsorted part of the list and swaps it with first element of the unserted
parl, Selection sort works as follows:

1. Find the minimum or maximum value in the list. The minimum value is used for

ascending sort whereas maximum value is used for descending sort.

2. Swap it with the first unsorted element.

3. Move the boundary of the sorted and unsorted seciions by one element.

4 Repeat the process for the remaining elements.
Example '

Suppose the following list needs 1o be sorted in ascending order:
[se]78133[81]12]
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The selection sort olgorithm will use 4 passes as the number ol values in the list j5

5. It will work as follows: . ’

Pass 1:

1. The first pass finds the minimum value from the unsorled list which is 12.
2. It swaps the firsl element with the minimum value. The list will be as follows:

(12]78]33[81[58]

Pass 2:
1. The second pass finds the minimum value from the unsorted list which is 33,
2. It swaps the second element with the minimum value. The list will be as follows:

(2337881 [56]

Pass 3:
1. The third pass finds the minimum value from the unsorted list which Is 56.
2. It swaps the third element with the minimum value. The list will be as follows:

[12T33Tss e [78]

Pass 4:
1. The fourth pass finds the minimum value from the unsorled list which is 78.
2. It swaps the fourth element with the minimum value. The list will be as follows:

|_l2]33|56[73[81‘]

Complexity

The time complexity of selection sort in wors! case is O(n?) thal makes it inofficient
for large datasets. However, It is easy lo understand and implement. Il Is uselul for small
datosets.

Q. Differentiate between bubble sort and selection sort.
The difference between bubble sort and seleclion sorl is as [ollows:

Bubble Sort

1. Bubble Sort repeatedly compares
ond swaps adjacent elemenls il they smallesl or larges! clemen! and
are in the wrong order. places il in Ihe correct posifion.

2. Swapping happens many times in 2. Swapping happens only once per
each pass as adjacent elements are pass afler linding the correct
compored and exchanged. element.

3. Its time complexity is O(n?) in the 3. lis lime complexily is also O(n?) in the
worst and average cases. worst ond average cases.

4. It has a space complexity of O(1) asil | 4. It also has a space complexily of
sorfs in place. O(1) as it does not use exlra memory.

5. It performs well (O(n)) if list is already | 5. It does not improve and remains
sorted and oplimized with no swops. QO(n?) even for the sorted data.

6. Itis less efficient due to many swaps 6. I1is mrore efficientin terms of the
even when elements are sorted. number of swaps performed.

Selection Sort
1. Selechon Sorl repecatedly finds the

Q. Describe the working of linear search with an example. Briefly explain
its complexity.

Linear Search

A linear search is a simple method for finding onitemin a list. It checks each ilem
one by one until the required item is found. It works on both sorted and unsoried dato.
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The lincar scarch works as lollows:

1. Start at the Beginning: Chack the firs! llom in the list,

2. Check Each ltem: Compare the roquirod ilem with the currant item,

3. Move to the Nexl: Move lo the next ilom in The list il Iho lom is nol lound.
4. Repeat: Conlinue this process unlil the deslred llem Is found or the list ends,

gxample
suppose Ihe word "Lahore” needs 1o be searched lrom the lollowing list:

Quolla |

[ Islomabad | Karachi | Lahore | Peshawar |

The linear search will work os follows:
1. Check Ihe lirst element in the list. The first element Is not “Lahore” so move lo
the next element.
2. The second element is not "Lahore" so move to the nex! element,
3, The third element Is.-"Lahore” so the required word Is found in the list and tho
search process ends,
complexity :
The time complexily of linear search is ©(n) where n is the number ol elements In
the list, I is less efficient for large dalasels because il may need to check every llem,

Q. Describe the working of binary search with an example. Briefly explain
its complexity.

Binary Search
Binary search is an ellicient algorithm for linding an item in a sorted lisl. It Is only
effeclive on sorted lists. It works by repeatedly dividing the search interval in hall, The
process conlinues unlil the item is lound or the interval is emply.
Binary search works as (ollows:
It starls wilth the middle element of the sorted lisl.
If the middle element is the required value, it relurns ils posilion,
If the required value is smaller than the middle element, it repeats the search
on the left half of the list.
4. If Ihe required value is greater than Ihe middle element, it repeatls the search
on the right half of the list,
5. The process continues unlil the required number Is found or the lisl ends,
Example
Suppose the number 3 needs to be searched from the following list:

Iy 1387 209130 al

: The binary search will work as follows:

1. The search will start from middle element 7 which Is nol the required number.

2. The required number 3 is smaller than 7, so Ihe search will conlinue to Ihe left
half of the list.

W~

T T I O T

3. The middle element of the left half list is 3, which is Ihe required number. The
search will be completed successfully,
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Complexity

The time complexity of binary search is O(log n) that means lhe search lime
grows slowly even with large datasets. This makes it much faster inan unear search lor
sorted dola.

Q. Discuss the characteristics of search problems and compare the linear
search and binary search algorithms.
Characteristics of Search Problems

Search pretlems involve the lask of finding a specific item or value within a given
dalaset. The process uelermines whether the required item exists in the data. It also
identfies its location or position if the data exists.

Key Characteristics
1. Input Data: A dataset such as list or array where the search will be conducted.
2. Target Value: The specific item o be searched within the dalo.

3. Search Strategy: The algorithm or method applied to search the value such as
linear search or binary search.

4. OQutput: The position of the desired value.
Compariscn of Linear with Binary Search
The comparison of linear and binary search is as follows:

Unear Scarch

1. Linear Search works on bolh sorled 1. Binary Search only works on sorled
and unsoried dalasels. datasets.

2. It checks each element one by one 2. It repealedly divides the search
from the beginning 1o the end. range In half to locate the largel.

3. lts time complexity 1s O(n) thal means | 3. lls time complexity is O(log n) that
time grows linearly with large Input means time grows slowly with large
size input sizes.

4. In best case, it can find the required 4. In best case, it can find the required
value at the beginning wilth one value in the middle wilh one
comparison. comparison.

5. Itis less efficient for large datasets as | 5. Itis more ellicient for large dotasels
it checks each item individually. as it reduces the search quickly. =

6. I1is easy fo implement and . | 6. Itis more complex lo implement and
understand. understand.

Binary Search

Q. Describe Breadth-First Search algorithm with an example. Briefly explain
its complexity.

Breadth-First Search (BFS)

Breadth-First Search (BFS) is a graph fraversal algorithm that explores all the
nodes of a graph level by level, It starls from o given node often called root. It uses a
queve lo manage the nodes lo be explored.
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process
The breadih-first search algorithm works as follows:

|. Itstarls from the rool node and ploce it on a queue.
2. It takes the node from front of the queue, process it and places all its unvisited
neighbours on the queue.
3. Itrepeats the process until all nodes are explored and the queue is emply.
E,,mple
in a social network graph, each node represents a user and each edge between
wo nodes represents a friendship between these users. BFS algorithm can be used to
ind the shortest path belween two users also known as degree of separation.
The following process finds the degree of separation between Ali and Babar:
1. Start at the root user Ali.
2. Visit allimmediate friends of Ali which are Usman, Amir and Furqan. This is the
first-degree connections.
3. Then visit the friends of those friends which are Fozal, Babar, Zafar and Wagqas.
This Is ihe second-degree connections where the required user Babar is found.

The dotted arrows in the above figure shows the sequence of fraversal.
complexity

The time complexity of BFS is O(V + E) where V is the number of verlices and E is
ihe number of edges. This makes it efficient for exploring large graphs.

Q. Describe Depth-First Search algorithm with an example. Briefly explain
its complexity.

Depth-First Search (DFS)

Depth-First Search is a graph fraversol algorithm that explores a branch as deep
as possible before exploring other branches. It uses a stack to manage the nodes to
be explored.

Process
The deplh-first search algorithm works as follows:

1. It starts from the root node and push it onto the stack.

2. It tokes [pop) the node from the stack, process il and pushes all its unvisited
neighbours on the stack.

3. ltrepeats the process uniil all nodes are explored and the stack is empty.
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Q.3. Compare haclable and Intractable problems In the context of computalional complexity.
Tractable problems con be solved in a reasonable amount of time using efficien

algenthms. They typically toke polynomiol fime complexity such as O[n'] or O[n log p

Intractable problems require excessive lime as input size grows. They offen lake exponentiol fimg

complexily such as O(2).

Q.4. Summarize the key Idea behind Greedy Algorithms.

Greedy olgorithms build a solution by always choosing the best available option at egep, |

stoge. Each choice is locally optimal with the hope that these choices will lead 1o o globaly
optimal solution. Greedy cpproach is often used when a problem has an oplimal substructurg,

Q.5. Discuss the advantages of using Dynamic Programming.
The adventage of dynamic programming is that it solves each subproblem once gng

stores the resulls lo avoid repeating the calculations. This saves time, especially in problems wip, |

overlcpping subproblems such as Fibonacci. It also finds the most efficient or optimal solution,

Q.5. Compare the advantages of Breadth-First Search (BFS) with Depth-First Search (DFS) In
graph traversal.

Brecdth-First Search explores nodes level by level using a@ queue. It Is ideal for finding the
shortest path in grophs. Depth-First Search explores as deep as possible olong each path using
a stack. It is useful for tasks like maze solving and backiracking problems. BFS ensures the shortes
route whereas DFS is generally more memory-efficient.

Q.7. Explaln the Importance of breaking down a problem Into smaller components In
algorithmic thinking.

Breaking down a problem info smaller compenents is a key pari of algorithmic thinking, i
mokes solving complex problems eaosier by focusing on one part at a time. This approach
improves clarity, supports code reuse and simplifies testing. It olso helps 1o identify and fix eron
more efficiently.

Q.8. Identify the key lactors used to evaluate the performance of an algorithm.

The key factors used lo evaluate the performance of an algerithm are time complexity

and space complexity. Time complexity measures how fast the algorithm runs while space

complexity measures how much memory it uses. Some other factors include scalabiify, !

occuracy and behavior in best, average and worsl-case scenarios. They help to determine the
efficiency of an algorithm and ifs suitability for different problems.

Long Questions

Q.1. Provide a delalled explanation of why the Halting Problem Is considered unsolvable and
its Implications In computer sclence.

Halling Problem

The Halting Problem is @ well-known example of unsolvable problem. It is used fo
determine whether g given computer pregram will eventually stop running or continue to run
forever for a specific Inpul. Alan Turing proved that there is no general algeorithm that con
correctly sclve this problem for all program-input pairs. Therefore, the Hgalling Problem s
censidered unsolvable.

Alan Turing proved that no computer program can cormrectly answer the halling question
for all olher programs. He proved that there is no perfect way fo check whether any given
pregram will halt or run forever,

Implications in Computer Sclence

The key implications of halling program in computer science are as follows:

1. Limits of Computation

The Helting Problem proves thal there are fundamental limits to what computers ond

algenthms can solve. Not every problem can be solved with an algorithm no matter how |

powerful the hardware is.
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2, program Verlfication Limitations

It is impossible 1o design a perfect program checker that con olways determine whetner
gnother program will halt or run forever.
3. security and Malware Delection
" security software fries to detect harmful behavior in progrems. The Hoitng Problem shows
not it is impossible to predic! all future behaviors of a program that mecrs no antreryus orsecuy
gystem con perfectly detect every malicious progrem in every stugt on
@2. Discuss the characieristics of search problems and compare the efficlency of Linear
search and Binary Search algorithm. ({See chopter for the gnswer)
a.3. Discuss the nature of optimization problems and provide examples cf thelr cpplicctions in
real-world scenarlos.
optimlzation Problems
Opllmlzuﬂon pfoblems involve se[ec:iing the best solution from a set of poisicie choices
gecording fo a specific goal. The objective is 1o cptimaze o poriicu'ar value such os cost. prof!
1ime or distance while salisfying a set of constraints. Optimization problems ore esterntic! where
(esources are limited and decisions must be mede efficiently 1o acnieve the best cutcome

gxamples

1. Roule Planning: Optimization helps to find the shortest or fastest route for ge very fruces
used in GPS navigation systems and logistics. For excmple. Google Mops uies
oplimization fo suggest the best route.

2. Scheduling: It helps in allocating time slots or resources withou! conficts to mprove
productivity. For example, airlines use it to schedule flighls ond crew. The schools ute
to prepare exom timelables.

3. Resource Allocation: It is used to distnbule limited resources like budge! or malenci
effeclively to maximize oulpul or minimize costs. For example, project moncgers
oplimize how to allocatle feam members and funds.

4. Manvulacturing and Produclion: It is used to improve production efficiency by recucng
waoste and minimizing costs while maintaining guality. For excmple, foctcnes use 7 to
delermine the best combination of raw maternals and production processes.

Q4. Explain the process and time complexity of the Bubble Sort algorithm. Compare it with
another sorling algorithm of your choice In terms of efficlency. (See chapter for cnswer]

Q.5. Discuss the differences between time complexity and space complexity. How do they
Impact the choice of an algorithm for a specific problem? (See chapter for answer)

SHORT QUESTIONS

What Is a computational problem?

A computational problem is a task or challenge that con be solved using a step-by-step
procedure. This procedure is known as olgonthm. An clgorithm is o finite set of instructions tnat
con be executed by the computer to solve the problem.

Q2 What are the three key components of a computational problem?

Three key componentis of a computational probe!m are input, process and output. Input
refers to the data given to the algorithm. Process refers to the steps or rules that cre applied to
the input to generate the oulpul. Oulpul is the solution or result produced by the aigorithm cfter
processing the Input.

@3. How are computational problems classified?

Compulational problems cre classified into decision problems. search problems,

oplimzation problems and counting problems. Each category requires different metheds and

approaches to solve,

Q.1
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Q.4. What are declslon problems?

Decision problems are problems with a yes or no answer. They check whether g Qiven
condilion s met. For example, 'Is a number even?” Is a declision problem.
Q.5. What are well-delined problems?

A well-defined preblem Is a problem that has clear goals. inpuls, processes and outgys
These problems are easy fo undersiand because all aspects of the problem are known omj
unambiguous. They can be solved using a step-by-step method known as an algorithm.,

Q.6. Whatls an lii-defined problem?

Anill-deflined problem is a problem thot does not have clecrly stated goal, inpul, proces;
or expected oulput. They ore difficult to solve using computational methods like algorithms, Fo;
example, “how lo reduce poverly" is vague and does not have a single defined solution,

Q.7. How does Google use algorithms In its search engine?

Google uses a complex algorithm called PageRank 1o rank web pages in search results,
It evaluales both the number and quality of links pointing to a page. Pages with more high.
quality links are considered more relevant. This helps Google display the most uselul resulls to
usors.

Q.8. Whatls a Generale and Test algorithm?

The Generate and Test algorithm is a basic and powerfulmethod for solving ihe problems,
It generales possible solutions and tests each one o see If it works. The process continues until g
satisfaclory solution is found or all possible solutions have been tested.

Q.. When s the Generale and Test algorithm most uselul?

The Generole and Tes! algonthm is most useful when the problem space is small and |1 s
feasible to generale and tes! all possible solutions. It is also useful when there Is no cleor siralegy
for finding o solution and a search is necessary.

Q.10. How Is the Generate and Tes! algorithm used In Al?

The Generate and Test algorithm is often used in Artificial Intelligence (Al) ond game-
based problem-solving. For example, It is used in the games like chess or puzzie-solving where
Ihe compuler must Iry dilferen! moves or arrangements to find a winning solution.

Q.11. What Is meant by problem solvabliity In computer sclence?

Problem solvabllily refers to whether a problem can be solved by an algorithm. A problem
Is solvable if there exists a linite step-by-step procedure thal leads to a solution.
Q.12. How Is complexity relaled to problem-solving In compuling?

Problem complexity refers to how elficiently a problem can be solved. It considers the
resources such as lime and memory required by an algorithm to solve the problem. These
concepis are important when designing algorithms and evaluating their performance.

Q.13. What are the characterlslics of solvable problems?

The solvable problems have clearly defined inpuls ond oulpuls, a logical procedure
|algorithm) 1o follow and a guaranteed resuli after a certain number of steps.
Q.14. Give an example of a solvable problem.

Finding the greatest commeon divisor (GCD) of two integers is an example of a solvable
problem, The Euclidean algorithm is a step-by-step method thal efficienlly finds the GCD ond
always completes in a finile number of steps.

Q.15. Whalls an unsolvable problem?

An unsolvable problem is a problem for which no algorithm can be crealed that solves
the problem for all possible cases or inpuls. These problems do not have a general procedure
that can guarantee a solution for every possible inpul. They often involve situations that are foo
complex or undefined for o computer 1o handle,

Q.14. What Is a well-known example of an unsolvable problem?

Halling Problem is a well-known example of unsolvable problem. It is used to determine
whelher a given compuler program will eventually stop running or continue to run forever fora
specific input. Alan Turing proved Ihal there is no general algorithm that can correctly solve this

problem for all pregram-input pairs. Therefore, the Halling Problem is considered unsolvable.
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@.17. Whatls meant by computalional complexity?
Computational complexity refers to the amount of time and space needed 1o solve g
roblem using an algorithm. It helps determine whether a problem can be tolved efficiantly,
complexily is an important factor after determining if a problem is solvable.
@.18. What are lractable problems In computer sclence?

A tractable problem is a problem that can be solved in recsonable amount of time even
if the Input size grows. These problems can be solved using algorithms that run in polynomial time,
@.19. How does Input slze affect Intractable problems?

A small increase in input size in infractable problems can lead o a big increass In
compulation time. These problems become exitremely difficult and time-consuming 1o scive os
ihe size of the input increases.

@.20. What Is the purpose of classifying problems into complexily classes?

Classifying problems into complexity classes helps us understand how difficull a problem
is o solve and how much time or resources it may require. Il also guides algorithm design and
sels realistic expectations for solving large or complex problems.

Q.21. What Is Class P In computational complexity?

Closs P refers to a category of problems that can be solved efficiently by a computer. It
means that the computer can find a solution of these problems quickly even if the size cf the
p.-oblem grows.

@.22. What Is Class NP In computational complexity?

Class NP refers to a calegory of problems for which the given solulion con be checked
py o computer quickly. These are problems where verifying a proposed solution is easy but
finding that solutlon con be difficult and lime-consuming.

Q.23. Give an example of an NP-Complete problem?

An example of NP-Complele problem is the Knapsack Problem. In this problem, there is a
knapsack with a maximum weigh! copacily and o set of items with a weigh! and a value. The
goal is fo determine the most valuable combinalion of items 1o put in the knopsack without
exceeding its weight capacity.

Q.24. What Is algorithm analyslis?

Algorilhm analysis is the study of how efficiently an algorithm performs in terms of time and
space. This analysis Is used to predict the algorithm’s performance. If is very important for
selecling the best algorithm for a parliculor task.

Q.25. Why Is algorithm analysis Important?

Algorithm analysis is imporiant because ii is used to compare different algonthms based
on their performance. It helps to determine how fast and how much memory an algorithm will
use especially when the inpul dala grows. This leads to betler decision-making in programming.
Q.26. What Is time complexity In algorithm analysis?

Time complexity measures how runtime of an algerithm increases as the input size grows.
It helps to understand the efficiency of an algorithm when it handles large amounts of data.
Q.27. Give an example to explain ime complexity.

Suppose there is a list of numbers to be sorted. The task may be quick if the list has only a
few numbers. However, the lime reqguired to sort the numbers increases as the volume of
numbers increases. Time complexily predicts how this runtime will grow as the size of the fist
becomes larger.

Q.28. Why Is space complexity Imporiant?

Space complexily is important as it measures how much memory an algorithm uses as the
inpul size increases. It helps o understand how efficiently an algorithm uses memory when it
deals with larger amounts of data.

Q.29. How does space complexity ditfer from time complexity?

Time complexity refers fo how long an algorithm takes fo complete as the input size
increases whereas space complexily refers to how much memory an algorithm uses as the input
size increases.
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Q.30. Why Is Big O notation usetul?

Big O nofation is @ mathematical way to describe the fime or space complexity of o,
algorithm. It describes how the runtime cr memery usage of on algenthm grows as the input gy,
increcses. This notalion helps compere the efficiency of different algonthms bosed on they
scolability. Scalability refers to how well an algerithm handles increasing input sizes.

Q.31. What does O(n?) time complexity mean?

O(n?) time complexity means that as the input size n increcses, the runtime grou,
propertionally to the square of n. For example, if n doubles. the time Increases by 4 times. if
triples, the time increases by ¢ times and so on. It is less efficient for large datasets.

Q.32. Ust the names ol different algorithm design techniques. .

Different algorithm design techniques include Divide and Conquer, Greedy Algonthmy
Dynamic Programming and Scckiracking.

Q.33."What Is the Divide and Conquer technique?
Divide and Conguer is @ powerful algorithm design technigue. It divides a large preblem

into smalier and mere manageable parts. Each smaller part is soived independeantly. All solutiong

are then combined to sclve the crigincl problem
Q.34. What s the key advantage of Divide and Conquer?

The key advantage of Divide end conquer approach is that it is very effective for the |
problems that can be divided into similar smaller preblems. This makes it easier to find a soluticn

step by step.
Q.35. Give an example of Divide and Conquer.

Merge Seri uses the divide and conquer approach to sort the list. It first divides the tist intg
smaller haives until each part has cnly one element. It then sorfs these parls and merges the
sorted parts back together into a single sorted list
Q.34. Whatls a limitation of greedy algorithms?

A key limitation of greedy clgorithms is that they do not ahways guarantee the optimal
solution for every preblem. It is important to anclyze the problem to ensure thot o greeqgy
cpproach is appropriate.

Q.37. What Is Dynamlc Programming (DP)?

Dynemic Programming is @ method for solving complex problems by breaking them infg
smoller ond simpler subproblems. It solves each subproblem once and stores the results to aveig
repecting the calculations.

Q.38. Dynamic programming Is useful for which problems?

Dynamic programming is useful for the problems that have overlapping subproblems ond
optimal subsiructure. Overicpping subproblems means that the same subproblems cppeer
cgoin and again during the computation. Optimal substructure means that the overall solution
of the problem depends on the bes! solutions of its smaller parts.

Q.39. Give an example where dynamic programming Is applied.

The Fibonocci sequence is an example where dynamic progromming 15 cpplied. Each
number in this sequence is the sum of two preceding numbers. Dynamic programming stores
the results of each Fibonacci number as it is computed instead of recalculating it repeatedy.
Q.40. What Is the maln Idea behind backtracking?

Backiracking Is a problem-solving algerithm thal builds a solution step by step. It tnes o
path but leaves it ¢s soon s it determines tha! the path cannot lead to a valid sclution. It then
goes back to fry a different path. This process continues unltil a soluticn s found or all possible
options have been explored.

Q.41. Whatls an algorithm In computer sclence?

An algorithm is a step-by-step procedure to solve a problem or perform a task. Algorithms
are used in compuler programs to process data, perform calculations and maoke decisions.
Q.42. What are commonly used algorithms?

Commonly used algorithms include sorfing algorithms, searching clgorithms, and groph
traversal algonthms, These are foundational for many computer science cpplications.
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Q.43 What Is the use of soring algorithms? List two sorting algorithms.
Sorting algorithms are techniques used 1o arrange data in @ particular order such as
«cending or descending. Sorting is a fundamental operation that is often required for other
‘asks such os searching, data analysis and organizng information efficiently. Two common
sarting algerithms include inserfion sort ond bubble sort
Q.44. Why s sorting Important before searching?

Serting improves efficiency of search algorithms like binary search. When data is sorted,
searches become foster and more predictable. It reduces the time required fo locate an item.
@.45. WhatIs bubble sorl?

Bubble sort is one of the simplest sorting algonthms. It repeatedly visits the list and
compares two items al atime. It swaps these the items if they are in the wrong order. This process
continues until no swops are needed and the listis sorted.

Q.dé. How does Bubble Sort work?

The bubble sort starts from the beginning of the Iist. It compares each pair of adjacent
siements and swaps them if they are in the wrong order. It continues this process until no more
«waps are needed.

Q.47. What s the time complexity of Bubble Sort?

The fime complexily of bubble sort in worst case 1s O[n?) that makes it inefficient for large
datasets. However. il is easy to understand and implement. I is uselul for small datasels.
@Q.48. What Is Selection Sorl?

selection Sort is another simple sorting algorithm. It selects the smaliest or largest element
«om the unsorted part of the list and swaops it with first element of the unsorted part.
Q.49. How does Seleclion Sort work?

Selection sort finds the minimum or maxmum value in the list. The minimum value is used
tor ascending sort whereas maximum value is used for descending sort. It swaps it with the first
unsorted element. It moves the boundary of the sorted and unscorted sections by one element.
i repects the process for the remaining elements.

@Q.50. What is the time complexity of Selection Sort?

The time complexity of selection sort in worst case is O(n?) that makes it inefficient for large
datasets. However, it is easy to understond and implement. It is useful for small datasets.
Q.51. What is o key difference between Bubble Sort and Selection Sort?

The key difference is that bubble sort repeatedly compares and swaps adjacent elements
ifihey are in the wrong order. Selection sort repealedly finds the smallest or largest element and
places it in the correct position.

Q.52. What Is the use of searching algorithms? List two search algorithms.

Searching clgerithms are designed to find specific elements or a set of elements within a
datasel. They are critical for tasks such as information retneval, database queries and decision-
making processes. Two search algerithms include linear search and binary search.

Q.53. What s linear search?

A linecr search is a simple methed for finding anitem in a list. It checks each ilem one by
cne until the required item is found. It works on both sorfed and unsorted data.
Q.54. How does linear search work?

The linecr search starts at the beginning and checks the first item in the list. It compares
the required item with the current item, It moves to the next item in the bist if the item is not found.
it continues this process until the desired item is found or the list ends.

Q.55. What s the time complexity of linear search?

The time complexity of linear search is O[n) where n is the number of elements in the list.
I'15 less efficient for large dalosets becouse It moy need to check every Item.
Q.56. What Is binary search?

Binary search is an efficient algorithm for finding an item in a sorted list. It is only etfective
on sorted lists. It works by repeatedly dividing the search interval in half. The process conlinues
until the item is found or the interval is empty.
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16. Caolculaling the GCD (Grealest Common Divisor) of twe numbers Is a(n):
a. ll-defined problem b. Sclvable problem
c. Unsolvable problem d. Non-computable functlicn
17. The Euclidean algorithm Is used fo solve which of the following computalional problem;
0. Caolculating square rcol b. Finding GCD of two numbers
c. Sorting a list d. Finding lactoriol
18. Which ol lhe lollowing Is a famous example of an unsolvable problem?
a. Culculating square roo! b. Finding lactcrial
c. Halling Problem d. Sorting numbaers
19. Which classic compulalional problem Involves determining whether a program will hay
or run Infinitely for a given Input?
a. Sorting problem p. Holling problemn
c. Search problem d. Optimizalion problem
20. Who proved that the Halling Problem Is unsclvable?
a. Bill Gales b. Alan Turing
c. Chorles Bobbage d. Tim Berners-Lee
21. A problem Is considered computationally tractable If it can be solved In:
a. Infinlg time b. Exponential time
c. Conslant ime d. Polynomial time
22. Intraclable problems are lhose that cannot be solved In polynomial time and typically
require:
a. Constont time b. Linear time
c. Logornthmic lime d. Super-pclynomial time
23. Which ol the following Is an example of a fractable problem?
a Halting Problem b. Sorling a lis! using Merge Sort
c. lraveling Salesman Problem (TSP) d. Boolean Satisfiability (SAT)
24. The lime complexity of merge sort |s:
a. O (nl) b. O[nlog n) c. O(2Z7) d. O(r?)
25. Which of the following sorting algorithms has polynomial time complexity In its typlcal
Implementalion?
0. Bogo Sort b. Quick Sorl
c. Sleep Sort d Brute-force Sort
26. How does the lime complexity of Intractable problems typlcally scale with input size?
a. Exponenlially | b. Lineorly
c. Logarithmically d. Constant time
27. Which of the lollowing Is a classic example of an Intractable (NP-hard) problem?
a. Bubble Sort b. Euclidean algorithm
c. Traveling Solesman Problem d. Linear Search
28. What hoppens to the number of possible roules In lhe Traveling Salesman Problem as
the number of cllies Increases?
a. It stays the same b It increases linearly
c. It grows lactorially d. It decreases
29. For problems In class NP, linding a solution Is:
a. Quick and easy b. Randomly determined
c. Potentially time-consuming d. Always impossible
30. Veritying a proposed solution fo an NP problem Is:
a Slow " b. Difficult lo implement
c. Efficient d. Theoretically impossible
31. Which of the following Is an example of an NP problem?
a. Sudoku Puzzle b, Knapsack Problem
¢. Colculaling Factorials d. Adding integers
32. NP-Complete problems lle at the Interseclion of:

0. P ond NP-Hord
c. NP and NP-Hard

b. P and NP
d. NP ond Unsolvable

?‘__ﬂ" 3 = Algorithms and Problem Solving 153

33. A classic example of an NP-Complete problem is:
a. Calculating Factorials b. Merge Sort
c. ¥nopsack Problem d. Finding GCD
34. Which visual representation best shows how P, NP, NP-Complete and NP-Hard problems
relate to each other? ¢
o. Tree dicgram b. Bor chaort
c. Venn diagram d. Flowchart
35. The primary focus of algorithm analysis Is studying:
a. Input and output formatiing b. Horawore perfcrmonce
c. Time and spoce complexity d. Code readabiity
14. Time complexity helps to understand how the running time of an algorithm changes with:
a Inpul format b. Input size
c. Output size d. Prcgram languoge
37. In Blg O notation, what does the 'n’ typically represent?

o.Time b. Output sze

c. Input sze d. Memory usage
38. Which of the following Is NOT a standard Blg © notation?

0. 0(n) b. O(nm?) c.Cliogn) d.O[n-1)!
39. Which of these Blg O notatlons represents consiant ime complexity?

a. O[n) b.O[1) c. O d.Cllog n)
40. Which Big O notatlon describes the most efficient algorithm In terms of time complexity?

a. O(nY) b. O(27) c.Of1) d.Olleg n)

41. How Is O(1) complexity represented on a runtime vs. Input slze graph?
a. A steeply rising line b. A fiat horizontal line
c. A porabolic curve d. A fluctuating line
42. Which Blg O notation describes an algorithm whose runtime grows linearly with input

size?

0. 0(n?) b. Ofiog n) . c.O(n) d. Ol1)
43. Whal Is the time complexity of linear search in the worst case?

a.O[1) b. Ollog n) c.Oln) d. O[n?)
44. If an algorithm processes each Hem In a list once, ils time complexity Is:

a. Ofl) b. Ofleg n) c.O(n) d. O(n?)
45, Which time complexity increases very slowly even as the input size becomes large?

a. O(n?) b. Ofleg n) c.O(n) d.Q(nl)
46. Which Blg O notation represents quadratic time complexity?

a. O(n?) b. Ollogn) c. O[n) d.0(1)
47. Which lime complexity grows the lastest as Input size (n) Increases?

a. O(n?) b. Olleg n) c.O[n) d.01)

48. measures the memory required by an algorithm relative to Input size.
a. Time complexty b. Dala structure
c. Space complexity d. Code optimization
49. Which performance scenario does Big O notation primarily describe?
a. Best-case perfermance b. Average-case performance
c. Worst-case performance d. Memory usage
50. Which technique breaks a problem Into smaller subproblems, solves each one, and
comblines thelr solutions lo solve the original problem?
a. Greedy method b. Divide ond Conguer
¢. Dynamic Programming d. Backtracking
51. Which algorithm Is a classic example of Divide and Conquer technique?
a. Linear secrch b. Bubble sort
c. Merge sort d. Hashing
52. Which method makes locally oplimal cholces at each step to reach a global solution?
a. Divide and Conguer b. Greedy method
c. Dynamic Progremming d. Brule Force
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53. Which technique may NOT produce oplimal solutions in all cases?
0. Dwvice and Conguer b. Greedy
¢. Dynamic Programming d. Backiracking
54. Which approach sfores solutions of subproblems to avold recompuling and |m
efficlency?
0. Divide and Conguer b. Greedy
c. Dynamic Programming d. Backiracking
55. Which method explores all possible solutions syslematically?
a. Drvide ond Congquer b. Greaedy
¢. Dynamic Programming d. Bockiracking
56é. Which problem Is commonly solved using a greedy approach?
0. Bnory Search b. Ccin change problern
c. Depin-First Search d. Merge Sorl
57. Which aigorithm technique Is used In solving puzzles like Sudoku?
o. Divide and Conguer b. Greedy
¢. Dynamic Programming d. Bocktracking
58. Which of the fcllowing Is NOT an aigerithm design technique?
o. Divide ond Conguer b. Greedy
c. Dynomic Programming d. Compilation
59. Which sorting algorithm repeatedly compares adjacent elements and swaps them i

Proye

they ore In the wrong order?
a. Quick Sort b. Bubble Sort
c. Merge Son d. Insertion Sort

40. What Is the worsi-case time complexity of the Bubble Sort algorithm?
a.0(n) - b. Oflog n) c.O[nlogn) d. O(n?)

é1. Which sorling algorithm works by repeatedly selecling the smallest unsorted elemens
ond swopping It Inlo its comect position?
a. Quick Sor b. Selection sor
c. Buoble sort d. Insenion sort

2. What Is the worst-case ime complexity of selection sort?
a. O[nj b. Olleg n) €. O[nlegn) d. O[n?)

&3. Which of the following sorting algorithms Is Inefficlent lor large datasets due fo ifs high
time complexity?

. Merge Sort b. Quick Sort
c. Bubble Sort d. Heap Sort

64. Which algorithm Is most efficlent for sorling lorge datasets?
0. Merge Sort b. Bubble Sort

c. Selection Scrt d. Bothbondc
&5. Which search algorithm examines each element sequentially until it finds the targel
vaolue or reaches the end of the list?
Q. Bingry Search
C. Linegr Search
é&. Binary search requires the Input list fo be;

b. Hashing
d. Merge Sorl

a. Unsorted b. Sorted c. Pantitionad d. Hoshed
67. The worst-case time complexity of Linear Search Is:

a. Ollog n) b. C[n) c. O[r?) d. O1)
&8. What is the time complexity of Binary Search?

a. Ollogn) b. O[n)

c O(n?) d. O[nlogn)
£9. Where does binary search begin examining In the list?

Q. First element b. Last element

c. Middle element d. Random element
Which search algorithm Is better for unsorfed data?

0. Linacr Search b. Binary Search

c. Bolh ore equaliy efficient d. Neither

70.

3
|

|

chopler 3 = Algorithms and Problem Solving

-

72

155

search algorithm halves the search space at each step.

o. Unear b. Binary c. Bubble d. Insertion
In Binary search, If the forget Is less than the middle element, the algorithm:

0. Stops b. Searches the lelt holf

c. Searches the right halt d. Paesiarty

Which task Is NOT fypically solved using graph algorithms?

. o. Poute planning b. Socicl network analysis
c. Tex! lormalting d. Networe exploration
74. Which traversal algorithm explores all neighbors af current depth before going deeper?
a. Depth-First Search b. Quick Sort
c. Breadih-First Search d. Merge Sort
75. What data structure Is essential for implementing BF$?
o Queue b, Stack C. Hecp d. Anay
76. Which graph traversal algorithm Is used fo find the shorest path In unwelghted graph?
o DFS b. BFS c. Both d. Neither
77. Finding mutual frlends In a soclal network Is best done with:
o DFS b. BFS
c. Binary Seorch d. Unear Search
78. In DFS, when a dead end Is reached, the algorithm:
0. Restaris b. Bocktracks
c, Jumps 10 O roracm node d. Terminalas
79. What dota shruclure is used by Depth-First Search (DFS)?
a. Queue b. Stack
c. Heop d. Priority Gueue
80. Which graph traversal method is most commonly used fo solve maze/puzzie problems?
o. DFS b. BFS
c. A® Seorch d. Djrstra’s Algorithm
81. What is the lime complexity of BFS on a graph with V verlices and E edges?
a. O(V?) b. O(E?) c. OV + Ej d. OV x E)
82. Which algerithm Is optimal for exploring graphs where solutions are near the roof?
o. Depth-First Search (CFS) b. Breadth-First Search (BF3)
c. Greedy Best-First Search d. Bidirectional Search
83. Which graph traversal algorithm is most space-efficient for exploring deep graphs with
long branches?”
a. Depth-First Search (DF3) b. Breadth-First Search [BFS)
¢. Uniform-Cosl Search d. Depih-Limited Search
Answers
1. o 2. o 3 _c 4. b 5. b 6. d
7. D g c 9 b 10. a 11. b 12. b
13. b 14 o 15. o 16. b 17. b 18. ¢
[ 19.b 20. b 21. d 22. d 23. b 24. b
25. b 24, g 27. € 28. ¢ 29. c 30. c
il. o 32. c 33. ¢ 34, C 35. c 3é6. b
ar. ¢ 3s. d 3%9. b 40. ¢ 41. b 42 ¢
43. c 44. ¢ 45. b 44. a 47. a 48, a
49. C 50. b L 52. b 53.. B 54. ¢
55. d 56. b 57. d 58. d 5%9. b 40 d
6. b 62. d 43. c 64, Q 65. c 6. D
67. b £8. a £79. C 70. a 7Y, b 72. b
73. € 74, c 75. o 76. b 77. b 78. b
79. b 80. a Bl. c 82. b 83. o




CHAPTER 4

Computational Structures

Q. What Is a list? Describe its properties and applications.
List

A list is o data structure in Python that can store multiple values. The list is mutable
that means its elements can be created, accessed, modified or removed easiy. Eac-
item stored in a listis called an element. Lists con store elements of different data type:
including integers, floats, strings etc. Each element in the list can be accessed wirr

reference to its position in the list. This position is called Index. Each element In the lis

has o unigue index. The index of first element is 0 and the index of last element is length
-1. The value of the index is written in brackets along with the name of the list.

The following example shows a list Num with three elements:

Index of each element — 0 1 2

Figure: A list Num with three elements

List Properties

List has the following properties:
1. Dynamic Size

A list in Python can change ifs size. The new items can be added to the list ang
existing items can be removed easily. The size of the list automatically changes.
2. Index-Based Access

Every itemin alist has a unique index that indicates ifs position in the list. The inde.
is used o access specific items in the list easily.
3. Ordered Collection

The order in which items are added to a list Is preserved. It means that the firs!
iterm added to the list will stay in that position unless it is changed.
Applications of Lists

Usts are one of the most commonly used data structures in Python due lo their
flexibility and ease of use. Some important applications of lists are described below:

1. Data Storage and Manipulation

Lists are commonly used o store and manage collections of dala like records.
enfries or values. The dalain the lisls can be inserfed, deleted and accessed easily.
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Sl"""" and Queue Implementations
z Lists can be used to implement the dato structures known as stack and queve.
ok Itis a dala slructure that follows the Last In, First Out (LIFO) principle. This
sl meons the last element added to stack is the first one to be removed.

Itis a data structure that follows the First In, First Out (FIFO) principle. This
means the first element added to queue is the first one fo be removed.

queve

a pescribe some common operations of a list with examples.
some common operations of a list include insertion, deletion and searching.

1. [nsertion

The insertion operation is used to add o newitem to alist. Anitem can be inserted
ot different positions in the lisi. The Insert() methed in Python is used to insert an item at
o specific index in a list.

syntax
The syniox of Insert() method is as follows:
list_name.inseri(index, element);

It Indicates the name of the list.

fist_nome i i .
Itindicates the index where the element will be inserted In the list,

Index
gxample

country = ["Turkey”, "Iran”, "Oman"]
country.inserl(0, "Pakistan”)
print(country)

output: [Pakistan’, Turkey', ‘Iran’, 'Oman’)
2, Deletion

The deletion operation is used to remove an item from a list. The deletion of an
item con be done using the value or index of the item.

s. Removing by Value

The remove() method is used to delete an item from the list by value. It removes
fne first occurrence of the specified volue from the list.

Syntax
The syntox of remove() method is as follows:

list_name.remove(val)

Ist_name It indicates the name of the list.
val Itindicates the value of the list element fo be removed.
Example

fruit = ["apple”, "banana”, "cherry", "potato”, "kiwi"]

fruit.remove(“potato”)

print(fruit)

Qutput: ['apple’, ‘banana’, "cherry’, "kiwi')
b. Removing by Index

The pop() method is used to deleie an item from the lisl by index. The function
deleles the last item from the list if the index is not given.
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Byninx

the syrtaz of pap() tmathod 1 as tolees,

list_pame geaplind)
st name W inediccnes the niaraes of 1he lish,
Ind Wiriedie caless \he Dniedeyz €0 Wiy veslue Ve baer pernicartard, 115 Gapaticanies
Prnmple

aven =2, 4.6, /1, 10)

avnn popll)

pininl(eynn)

Oulpul (2,4, 6,1, 10)
3, Bearching

The saarching opsiation fs used 1o find an Nerm o o 51, The In aperalorn cor |
used 1o chack whaelhar a spacilec valus ezsts in the lis) 11 relurns True If Ihe value oz,
ancd atuims Falve Il 1he value daoos nol sazdst, 11 s casasensitive and only checks (g
aracl matchng,
Byntax

The synlaz ol In operaton s as lollees;

valua In list_name

value IV 1s the llarm 1o be saarched In the lis),
Isl_name M indlaatas the name ol 1he s,
Axample
frulla = I"njlph", "hanasna”, "charry”) ]

I manga” In frate).
prinl("Mango la availabla®)
olan’
print("tiotry, mango ls not avellabile®)

Quitpul; Loy, mongo s nol avollable

PROGHAM A Wilte a program that Inpuls o number lrom the user and searches the number
In s,
mylial = [10, 20, 20, 40, (0]
ne= Iot(inpul("Entar & number of sesroh: )
(i not in mylisl)
print(n, “la not In the lial *)
alan
a = myllst index(n) . -
pont(*The number ', n, "ls al Index”, )

Outputy
Inter o nurmbor (o search.
The nuimber ) 18 al indes 7

Q. What Is n stnoh? Discusse Ite baslo oparations,
Ninok

A stack s a data shucture thal (ollows the Last In, First Oul (LIFO) principle, This
madns thal the last elament addad 1o slack s the sl one 1o be omaoved, [ can be
conslderad as a container where both Inserllon and delellon of slameants occur af the
lop and,
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a. Expinin the operntions on stack with real Ife example and python code.
stack In Python

e, ]
A slack can be croated in P yinon wing o st Tne osic sloce coeratiors con ce
irplermented using append() und pop() metnod,
The Push Operation

The push oparation of stack can be inmpiemened in Pyinon uting append()
meinod. IV adds anilarm af ne 1o of Ine slace,

Byntax

The syritar ol this rostinod s as lolloees:

list_norme sppend(sal)
list_nume It inediceates the narme of 1he Gist,
vol I inedic.catess thes value thiat il be appoended (o the st
The Pop Oparation

Ihe pops oporalion of slack can be irnplermented in Python ueing pop() metrod
I edastestess thies Weseny frearn thies Vg of thies stack.
Byntax

The syntar ol this resthod is as ollows:

list_nimene pragi()
list_name It indicates the narme of the lish,
Renllifo Exnmple

A simple real-wold azampls of a slack is a pile of books, The last book placed
on Iha top of the piles b the Hiest one 1o be rermmoved, The books ot the bottormn cannot
be lakan viAthout ticst ramaoving the books on the top. This approach is called Last In
First Qut (LIFO),
Python Code for Book Stack

botks = | ]

prnt®Initinl atnck of books *, books)
print*Adding books 1o stack ")
books append("Computer”)

Hrrgpy
Lok
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prini(*Slack after adding one book’ °, books) [ Output:

books append("Python”) Initial stock of books: (]

print(*Black after adding two books. ", books) | Adaing books 1o stack..

pint("Deleting top book . 7) Slack offer adding one bock: [Computer|

lop = books pop() stack affer adding 'wo books;

prini(*Removed book ", top) [Computer, ‘Python)

prinl("Stack after removing book ", books) Deleting the fop book. ..

Removed book: Python

Stack after removing book: [Compuler)
e ——

Q. What Is a quouo? Discuss its basic operations.

Quoue

A queve is o daolo structure that follows the Flrst In First Oul (FIFO) principle. This
means that il stores new [lem at the end of all previously entered items. Similarly, the
Itemn that is stored ot lirst position Is removed first, It can be considered as o line in fronf
of a bonk or a ficket counter, The firs! person In the line Is served first,

Front [/ Head Back / Tail/ Raar

n.l.l..‘il’[.l":..l...

Quoue Operations
Two baslc operalions In a queue are as lollows:
« Enqueve: This operation is used to add an item to the end of the queue,
« Dequeue: This operation is used lo remove an item from the front of the queue,
Some other operations include the following:

« Checking if the queue is emply or full,
= Relrieving the element al the front of the queue withou! removing it,
* Delermining the size of the queue.

Q. How can a quoue be created In Python? Give an example.

Quoue in Python

A queue con be crealed in Pylhon using bull-in Queue class of queue module. It
provides various methods lo creale a queue and perform different operalions on i,
The Quevue class must be imported in Python program In order lo creale a queue.

The lollowing line of imporls Queue class from Python's buill-in queuve module:

from queue import Quoue
Methods of queue Module

Sorme imporlan! melhods in queue module are as follows:
1. The Queua() Method

The Queue() method creales an object of Queue() class. The syntax of this
function is as follows:
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obj Queue();
ob Itindicates the name of the object to be created.
4, The put() Method
The pul() method odds an item to the queue. The syntox of this method is os
follows:
ob) put(item),
ob) It indicates the name of the Queue object,
ifem Il indicales the ilem 1o be added lo the queue.
3, The get() Method
The gel() method refrieves an item from the queue. The syntax of this method is
as lollows:
obj.gel(item),
obj It indicates the name of the Queus object. '
ifem It indicates the item to be added lo the queue.

gxample
from queue import Queue
q = Queue()
q pul("Ali") Output:
qput(’Usman’) Aliis ot the front of 1he queue
q.put("Furgan®) Aliis removed from the queue.
front = q.queue(0)] [Usman', Furgan’, ‘Sara’]
print(front, "is at the front of the queue.”)
removed = q.gel()
prini{(removed, "is removed from the queue.”)
q put("Sara”)
updaled = lisl(q queue)
print(updated)

Explanation

from queue import Queue

This line imports Queue class.

q = Queue()

This line creates a new empty gueue object q.

q.pul("Ali")

q.pul("Usman”)

q.pul("Furgan”)

These lines add three people to the queue.

front = q.queue(0]

This line accesses the firstitem in the queue ("All") without removing il.

print(front, "is at the front of the queue.”) !

This line displays the first item in the queue ("Ali").

removed = q.gel()

This line removes the firstitem in the queue ("Ali") and slores it in variable removed.

print(removed, "is removed from the queue.”)

This line displays the value of removed variable.

q.pul("Sara")




162 ) IT Serles = Compuler Sclence (iCs n)
—1

This line adds "Sara” to the end of the queve.

updated = list(q.queue)

This line stores the whole queue in updated variable.
print(updated)

This ine adds displays updated variable.

Q. What Is a tree? Explain with an example.
Tree

A tree is a data structure that organizes data in a hierarchicol way. It consists of
nodes and edges where each node stores data and is connected to other nodes by
edges. It forms a branching structure like a tree,

®
& ® @
® ® OOV

A tree is similar to a family iree where the oldest ancestor represents root node,
It is the starting point of the hierarchy. Each individual In a free may have descendants
that form subsequent levels of the hierarchy. It is a non-linear struciure that represents
parent-child relafionships.

Example

Figure: Family tree

F
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a. pescribe the properties and applications of trees.
,.nlu of Trees

some importan! properlies of trees are as follows:
4, Root Nodo

The root is the top most node in a tree. It acts as the eniry point to the entire
ucture. It Is similar to the main folder in @ computer where all other folders and files
oe contained.

2, Edges and Nodes

pre

Nodes are the individual elemenis in the free. The nodes cre connected by lines
colled edges. A node without any child nodes is called a leat similar to @ file in G folder
jhat does not conlain any other files.

3, Helght

The height of a tree is the longest path from the root node down fo ine deepest

leaf node. It indicates the height or depth of the tree.

4. Balanced Trees

A free is considered balanced if the branches on the left ond right sides cre
nearly the same height.

Applications of Trees
some important applications of trees are as follows:
4, Flle Systems

pre-order tree traversal is useful for creating backups of file systems. It is a method
of fraversing a tree where each node is visiled before ifs children. It ensures that
drectories are backed up before their contents.
2. Flle System Deletion

Post-order traversal is a tree traversal method where the child nodes are visited
pefore the parent node. It is used in file systems to ensure that files and directories are
deleted in the cormrect order. It first deletes all sub directories and files before deleting
the parent directory.

3, Hlerarchical Data Representation

Trees are used in representing data with a clear hierarchical relationship such as
organizational charts and family irees.
4. Declsion Making

Trees such as decision lrees are used in algorithms to make decisions based on
various conditions and outcomes.

Q. What is a graph? Explain with an examples.
Graph

A graph is a data structure that consists of a set of vertices or nodes connected
by edges. Grophs are used to represent networks of connections where each
connection is a relationship between two vertices. These vertices can represent real-
world entities such as cities, people or concepts. The edges represent the relationships.
connecllons or pathways between them.
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Figure: Graph

A graph does not have a single root node and it does not follow a hierorcmcu
struclure. It can have mulliple connections belween nodes.

Example 1

Suppose the user is mapping out all cilies in Pakistan and the roads that CONnegy
them. Each city is a vertex and each road between two cilies is an edge. This forms
graph because cities can be connecied in mulliple ways and there is no single sionm;
or ending point.

Example 2

In a social nehwork, each user is a node and a friendship or connection betweg,
users is an edge. A user can be connected to many ofher users thaf forms a grapy
There is no single starting or ending polnt.

Q. Describe different characteristics and properties of graphs.

Characteristics of Graphs '
Soeme important characteristics of graphs are as follows:

1. Vertices (Nodes)

These are the individual points or entities in a graph. For example, each usering
social network graph is represented by a verlex.

2. Edges (Links)

These are the connections between verlices. For example, each road in g
transport system graph Is an edge that connects two cities.

Properties of Graphs
Some important properties ot graphs are as follows..
1. Degree

This is the number of edges connecled to a vertex. For example, the degree o
vertex will be 3 if a city is connected to three other cilies.

2. Weight

In some graphs. edges have weights that represent the values like distances o
cosls. For example, if a road between two cilies is 50 kilometers long. its edge moy
have a weight of S0.

3. Direction

Edges can be either directed or undirected. Direcled edges have a one-woy
connection such as a one-way street. The undirected edges represent a two-woy
connection.
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a. Describe different types of graphs.

Graphs can be classifled into many lypes based on fheir structure and properties.
he malin types of graphs are directed, undirected ond weighied.
1. Directed Graphs

A directed graph is o type of graph where each edge has a direction. It means
ihat it goes from one vertex to anolther vertex in a specific way.
gxample

The following graph is a directed graph. The arrows show the direction of link
petween two vertices.

2. Undirected Graphs

An undirected graph is a type of graph in which the edges have no direction.
This means that if there is a conneclion belween two verlices, you can travel in bolh
directlions.
Example

The following graph is an undirected graph. Suppose the user needs to go from
A lo D. There is no restriction on Ihe direction.

3, Weighted Graphs .
A welghted graph is a type of graph in which each edge has an associated

numerical value called a weight or cost. It represents the distance, time or cost
required to travel from one vertex to another.

Example

The lollowing example shows a graph for the map of o city. Each road on the
map has a differeni dislance or lravel time. This informatlon helps the user to determine
the shortest or quickest route between two points.
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4. Sultable for Varying Dala: It is Ideal for situations where the number of items is noy know,
in advance such as reacing user input.
Q.2. Explain the operations on stack with real life example and python code. (See chapley
Q.3. Write, a simple program to Implement a queue (Insertlon ond deletlon). (See chapley)
Q.4. Dellne Tree and explain lis propertles. [See chapler)

Q.5. What is graph? Explain differences between direcled and undirected graph.
(See chapter)

SHORT QUESTIONS

Q.1. What are the properties of a list in Python?
The properties of a st in Pythonn include dynamic size, index-bosed access and ordereq

collection. Dynamic size means that a sl can change its size. Index-based access means thet !

every item in a list has o vnique index that indicates its position in the list, Ordered colleclion
means tha! the order in which items are added lo a list is preserved.
Q.2. What does dynamic size mean In the context of lists?

It meens thot a list n Python con change ifs size. The new items can be added to the iy
and existing items can be removed easily. The size of the list culomatically changes

Q.3. Llist some common operations that you can perform on lists in Python.

Some common operations that you can perform on lists in Python include insertion,
deletion. seocrching and sorting.

Q.4. How do you remove an item from a list In Python?

You can remove an item from a list in Python using remove() or pop() funclicn. Thg
remove|) funcrion deletes an item from the list by value. It removes the first occurrence of the
specified value from the list. The pop|() function is used to delete an item from the lisl by indey
The function deletes the last item from the list if the index is not given.

Q.5. How can you remove an ilem from a list by value?

You can remove an item from a list by value using remove() function. It removes the i)
occurmence of the specified value from the list. For example, frult.remove("polato”) remove;
“potato” from fruit list.

Q.6. How can you remove an lltem from a list by index?

You can remove an item from a list by index using pop() function. It deletes the value g
the specified mdex of the list. The function deletes the last tem from the list if the index is not
given. For example. even pop(3) removes the item at index 3 from even list.

Q.7. How do you search for an item In a list In Python?

The in operator is used to search a value in the list. It returns True if the volue exists ang
returns False if the value does not exist.
Q.8. Whaiis a stack in data structures?

A stock is a data structure that follows the Last In, First Qut (LIFO) principle. This means that
fhe lost element added to stack is the first one to be removed. It con be considered as o
container where both insertion and delelion of elements occur at the top end.

Q.9. Name wo basic operations In a siack.

Two basic operations in a stack are push and pop. The push operation is used to add en
item to the top of the stack. The pop operation is used to remove the top item.
Q.10. How do you implement a stack using a list in Python?

You can implement a stack using a list in Python by using the append|) method to add
ilems to the stack and the pop() method to remove items from the slack.

Q.11. Con you access items in the middle of a stack?

No. you canno! access items in the middle of a stack direclly. You can only access the
top item of the stack.
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a1 whal Is @ queve In dala structures?
: A queuc is adala slruciure thol tollows the First In First Oul (FIFO) principle. This means that
|ores New ilem al the end of all proviously enlered itlems. Similarly, the item that is storod al
position Is removed lirst, It can be considered as a line in front of a bank or a licke! counter,
i fr3t person in the Iine is served first
ald wille lwo basic operalions in a queue.
" wo baosic operations in a queue are enqueve and dequeue. The enqueue oparalion is
edtoaddon item lo the end of the queue. The dequeue operalion is used lo remove an item
ihe front of the queue
a4 How do you Implement a queuve using the queue module In Pylhon?
You can implement a queve uviing queue module in Pylhon by creating o Queue objec!
ond UsiNg ils pul() and gel{) methods 1o add ond remove ilems,
15. How do you add llems lo a queue in Pylhon?
You addilems to o queue in Python using put() method. For example, . pul("Ahmed’) will
d 'Anmea’ 1o Ine queue Nomea g
@.14. How do you remove ifems from a queue In Python?

You remove an item from ac queue In Python using get|) method. For exampie, q.gel|)
removes the frst ccaed item from tne queue nomed Q.

@.17. Whotls the ditference between a stack and a queue?

The stock data siructure foliows Last in, First Out [LIFO) principle, This means that the last
gement addead 1o stack is the first one 1o be removed. The queue follows the First In First Qul
[FFO) principle. This means that the first element added lo queue is the first one 1o be removed.
@.18. What s a free In data structure?

A Iree Is a data structure that organizes data in a hierarchical way. It consists of nodes
ond edges where eacn node stores data and Is connecled to other nodes by edges. It forms a
pronching structure like a tree.

@.19. What Is the rool node In a free?

The root is the top most node in a Iree. It acts as the entry point 1o the entire structure. It is
gmilar to the main folder in @ computer where all olher folders and files ore contained
@.20. What are nodes and edges In a lree?

Nodes are the individual elemenls in the tree. The nodes are connected by lines called
edges. A node withou! any child nodes Is called a leaf similar 1o a file in a folder thal does not
contain any other files.

@.21. How do you determine the height of a lree?

The height of a free is determined by finding the longest path from the rool node down
to the deepest leaf node.

Q@.22. What is a balanced tree?

A lree is a balanced if the branches on the left and righl sides are nearly the same height
Q.23. What Is pre-order tree traversal?

Pre-order lree Iraversal is useful for creoling backups of file systems. It is @ method of
Iraversing a iree where each node is visited before its children. It ensures thot directories are
bocked up before their contents.

Q.24. What Is post-order tree traversal?

Posl-order fraversol is a lree Iraversal method where the child nodes are visited before
the pareni node. Il is used in file systems to ensure thal files and direclories are deleted in the
corect order. It first deletes all sub directories and files before deleting the parent directory.

Q25. What Is a graph?

A graphis a data siructure thal consists of a set of vertices or nodes connected by edges,
Graphs are used to represent networks of conneclions where each connection is a relationship
between two vertices.
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Q.26. Glve areal-world example of a graph.

Suppose the user is mapping out all cities In Pakistan and the roads that connect the,
Each city is a vertex and each road between two cities is an edge. This forms a graph becayyg
cilies can be connected in mulliple ways and there is no single starting point.
Q.27. Can graphs have mulliple paths between two verlices?

Yes, grophs allow multiple paths between fwo vertices. It Is useful for modeling transp gy
routes or communication channels.
Q.28. What Is meant by the degree of a vertex?

The degree of a vertex is the number of edges connected to it. For example, the degreg
of vertex will e 3 if a city is connected to three other cities.
Q.29. Whal Is the difference between directed and undirected edges?

Directed edges have a one-way connection that means the relationship or pathway i
cnly in one direction. Undirected edges represent a two-way connection.
Q.30. How do graphs differ from trees?

Tree Is a hierarchical structure whereas groph is a network-like structure. Tree has a single
rool node but groph does not have any root node. Tree hos exactly one path between any two
nodes but graph can have multiple paths between nodes.

10.

M.

12.

13,

Multiple Choice Questions

A data structure used to store multiple Items In a sequence Is called:

a. Dictionary b. Loop List d. Function
Each plece of data In a list Is known as a:
Veoriable b. Element c. Operoter d. Function
ts are created using:
a. Curly braces {} b. Parentheses ()
c. Angle brackets <> Square brackets []
How are elements separaled In a Python list?
a. Semicolons Commas ) c. Periods d. Colons
ery ltem In a lis! has a position, called an .
@v Index b. Value c. Label d. Node
hat Is the Index of the first element In a list?
5’0 b. 1 c.-1 d. First

Which of the following are properties of a list In Python?

ynomic Size b. Index-Based Access
c. Ordered Collection All
Which property allows Python lists fo Increase or decrease In size during execution?
a. Static Size b. Indexed Storage

ynamic Size d. Constant Size
In Python, what type of collection Is a list?
a. Random b Unordered Crdered d. None
Which method Is used to Insert an element at a speclfic position In a Python list?
a. add() é‘ insert() ppend|) d. pul()
Which of the following cdn be used to insed 5 Into The third position (Index 2) In list1?
a. list1.insert(3, 5) @istl inseri[2, 5)
c. list1.add(3, 5) .listl.append(3, 5)
Which method removes an item from fhe list by value?
a. pop|) b. delete|() remove()
Which of the following removes "Buy snacks” fromihe party_list?
a. party_list.delete{"Buy snacks”) . party_list.remove("Buy snacks")
c. pary_list.pop("Buy snacks”) d. pany_list.clear("Buy snacks")

d. discard])
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14. Which method Is used to remove an tem by Its Index?

@ remove() (®) pop|) +c. delete() d. clear()
15. Which of the following removes Ihe first occurence of an Hem from a list?

a. oppend|) > pop|() c. remove() d. clear()
16. Wh!ch operator Is used lo check If an ltem exIsts In a Python list? P

o. find B)in c. has (& exist
17. Which types of elementscan a Python list contaln?

a. Only Integers b. Only strings

c. Only characlers . Any lype of data
18. Which data structure can be Implemented using a Python list fo follow Last In First Out

(LIFO) order?

a. Queuve b. Dictionary @Siuck d. Tuple
19. Which data structure can be Implemented using a list In First In First Out (FIFO) order?

a. Set JQueue c. Stack d. Matrix
20. In a stack data struclure, Trom which end are elements added and removed?

a. Bottom b. Middle Top d. Randc.n
21. Which operation adds an ltem to the top of the slack?

a. insert() b. pop() ypush d. delete|)
22. Which operation removes an Item from the top of the stack?

a. append|) b. remove|() c. push onp
23. Which Python list method Is used to Implement the “push” operation In a stack?

o. insert() (®. oppend) c. pop() d. extend|)
24. Which Python list method Is used to Implement the “pop” operation In a stack?

a. delete() b. insert() &- pop() d.remove|)
25. What does the following code do? stack_of_books = []

a. Creates o queuve b Crectes on aray

c. Creates an empty stack d. Deletes a list
26, Allne of customers ot a bank Is an example of which data structure?

a. Stack b. Queue c. Tree d. Amray
27. In a queve data structure, new elements are always added to the:

a. Front b. Middle c. Rear d. Any
28. Which operation adds an item fo the end (rear) of a queue?

a. dequeuve b. push c. enquever d. pop
29. The operation to remove an element from the front of a queue Is called:

Q. pop b. Dequeue c.remove d. delele
30. Which Python module Is commonly used to Iimplement a queue?

a. stack b. collections c. queue d.list °
31. Which method Is used to add (enqueue) an tem to a queuve In Python?

a. add() b. push() c. pul() d. append|)
32. Which method Is used to remove an ltem from a queue In Python?

a.remove() b. get() c. delete|) d. pop|)
33. Atlreelsa data structure.

a. Llinear b. Hierarchical c. Sequential d. Random
34, The topmost node in a tree Is called:

o. Leaf node b. Paren! node

c. Root node d. Branch node
35. The Individual elements In a tree are called:

a. Leaves b. Edges c. Nodes d. Roots
36. The lines that directly connect nodes In a tree are called:

a. Path b. Edge c. Link d. Branch
37. In tree data structures, nodes without any children are called:

a. Root nodes b. Internal nodes

c. Leaof nodes d. Edge nodes
38. The number of edges from root node to the deepest leaf Is called the of tree.

a. Height . b. Depth c. Distance d. Width
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39, Which tree lraversal Is most svilable for creating file system backups?
a. In-order b. Pre-order
c. Post-order d. Level-order
40. The correct traversal for salely deleting a directory and its contents |s:
a. In-order b. Pre-order
c. Post-order d. Breadin-first
41. Which data structure uses iree-based branching o evaluate conditions and make
declsions?
. o. Stack b. Queue
c. Decision trees d. Circular list
42, A Is a dala structure that conslists of a sel of verlices (or nodes) connecled
by edges.
a. Groph b. Tree C. Array d. Slock
43. Which of the following Is a data structure that consists of a set of vertices (or nodes)
connecled by edges?
a, Tree b. Array c. Groph d. Stack
44, Another name for a vertex In a graph s called:
Q. Lea! b. Node c. Root d. Point
45, What are the Individual polints or entities In a graph called?
. Edge b, Path c. Verlices d. Degrees
46. A connectlon or relallonship between two verfices In a graph Is called a:
a. Node b. Edge c. Root d. Pain
47. Which structure Is best lor modeling a network of frlends connecled with each others?
a. Stack b. Tree c. Groph d. Queue
48. Which of the following Is NOT typlcally represented using a general graph structure?
a. Social networks b. Web page links.
c. Family trees d. transport systems
49. In a graph representing a soclal network, what do vertices typically represent?
0. Fnendships b. Pecple c. Messoges d. Groups
50. In a transport system graph, what represents the roads between citlles?
a. Veriices b. Usts c. Edges d. Trees
51. Which of the following data structures allows multiple paths between nodes and
permits cycles?
a. Tree b. Graph c. Stack d. Queue
52. In a tree dala structure, how many distinct paths exist between any two nodes?
a. Multiple poths b. No path
c. Exoctly one d. Random paths
53. Which data structure Is most sultable for representing hlerarchical relationships like
family trees or organizational charts?
o. Stack b. Queue c.lree d. Groph
54, The number of edges connected to a vertex In a graph Is called His:
a. Weight b. Degree c. Path d. Cycle
55, If a city Is connecled to three other citles In a graph, iis vertex degree Is:
a.l b.2 c.3 d. 4
56. Which of the following Is NOT a type of graph?
a Undrected b. Weighted c. Directed d. Linear
57. Whal type of edge has a one-way connection In a graph?
a. Undirected edge b. Weighted edge
c. Directed edge d. Circuloredge
58. If an edge allows fravel only from node A to node B, it Is called:
a. Undirected b. Weighted
c. Reversible d. Directed
59. What type of edge has a two-way connection in a graph?

a. Undirected
c. Directed

b. Welghted
d. Circular

—
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40. Which type of graph has edges that do nof Indicate a specific direction?
0. Drected graph b. Weighted groph
c. Undrecled graph d. Cyclic graph
§1. Aroad map where edges show travel ime Is an example of graph.
o. Unweighted b. Weightad c. Complete d. Bipartite
Answers
T c___ 2. b 3 d 4. D 5 a £&_a
-7 d__ 8. c 9. ¢ 10. b 1. b 12. ¢
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CHAPTER §

Data Analytics

Q. What is data analytics and statistics?

Data Analytics

Data analytics is the process of examining and analyzing data fo find usefy
information, palierns or trends that can help In decision-making.
Statistics

Stafistics is a branch of mathemalics that is used to undersiand, analyze ang
interpret data. Statistics is important because it can summarize large sets of dataing
simple way that makes it easier to draw useful conclusions and make decisions. It jy
widely used in vorious fields such as education, business, healthcare and economig
elc.

Q. What are measures of central tendency? Briefly describe the three majy,
measures of central tendency with examples.
Measures of Central Tendency

Measures of central tendency are stalistical tools used to find the cenlral g
typical value in a dataset. The three main measures are mean, medlan and mode,

1. Mean (Average)

Mean is the average of all the.values in o datasel. It is calculated by adding g
the data values and then dividing by the number of values.

Example

§uppose the scores of five students in a test are 41, 12, 30, 25 and 9. The mean
score is calculated by adding all the scores and then dividing by 5.

Data set: 4] 12 30 25 9
Mean: (41 +12+30+25+9) /5 =234
2. Mode

Mode is the value that appears most frequently in a datasel. I helps o identify
_the most common or repeated value in a datasel. There can be more than one mode
if multiple values appear with the same highest frequency.

Example 1: Single Mode

Suppose the scores of five students are 50, 40, 70, 70 and 90. The number 70
appears twice whereas all other numbers appear only once. Therefore, the modeis 70
as it is the most frequent value.
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gxample 2: Multiple Modes

Suppose the scores of six students are 50, 60, 70, 70, 60 and 90. Both 60 and 70
appear Iwice which is the highest frequency in this dataset. Therelore, this datlaset has
two modes 60 and 70,

3. Medlan ;
Median is Ihe middle value when the numbers are arranged in order. The median
is the exacl middle value if there is an odd number of values. The median is the
average of the lwo middle values if lhere is an even number of values.
Example 1
Suppose lhe scores of five students are 50, 60, 70, 80 and 90. These scores are
already in ascending order. The number of scores is odd with the middle value 70.
Therefore, the median score is 70.

Example 2

Suppose the scores of four students are 50, 60, 70 and 80. These scores are
already in ascending order. The number of scores is even. Therelfore, the median score
is lhe average of two middie values of 60 and 70 as (60 + 70) / 2 = é5.

Q. What are measures of dispersion? List two commonly used measures of
dispersion.

Measures of Dispersion
Measures ol dispersion describe how spread out or scattered the data values are
in a dalasel. They help to understand the degree of varialion or inconsistency among
the dala points, These measures are important for idenlitying how much individual
values differ from the mean (average).
Two commonly used measures of dispersion are as follows:
« Variance
« Standard devialion

Q. What is variance. Explain how variance Is calculated and interpreted

Variance

Varlance is a statistical measure that shows how much the values in a dataset
differ from the mean (average). A higher variance means the values are more spread
out from the mean. A lower variance means the values are closer to the mean.
Variance is calculated using the following formula:
N o

Variance(o?) = -2;-:'(‘::}—“)

Where
o?is lhe symbol for variance
Xiindicates each individual value in the datasel
His the mean (average) of the datosel
2 is the sum of all squared differences _
N indicates the total number of values in the dataset



