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. W@}-oblem Solving

Q. What is a compﬁtational problem? Discuss its main components.

Computational Problem

A computational problem is o task or cholienge that can be solved using a step-
by-step procedure. This procedure is known as algorithm. An algorithm is a finite set of
instructions that can be executed by the computer to solve the problem. m

Components of Computational Problem ' O@@
A computational problem typically consis dmponents:
Input It refers to th Y \ GO . For example, a list of numbers
is given to th Mo e sorted. :

Process It referstox (&3 Or rules that are applied to the input to generate
3 X | ~For example, an algorithm applies the sorting process to the
iven list of numbers to sort it. '

“Output Itis the solution or result produced by the algorithm after processing the
input. For example, the list of numbers in ascending order is the output.

Q. What are different classifications_ of computational problem?

Computational problems can be classified into different cdtegories depending
on the nature of the problem and how it needs to be solved.

The main categories are as follows:
1. Decision Problems

Decision problems are the problems where output is "yes" or "no”. An example of
decision problem is as follows:

~* Problem: Is a given number even? Su 7 @©6S S
* Input:8 ; ; @O ‘
+  Output: Yes _ O @@ .

2. Search Problems 0 w
here the goal'is to find a solution or item that

i umple of search probfem is as follows: .

the first studenf in a list who scored more than 90%.
* Input: A list of student scores
¢ Output: The name of the first student with a score more than 90%

Search problems are th
satisfies certain condi

-~



3. Optiilzation Problems @ @@m

- Optimization problems are th W find the best solution
from many possible soms n example of optimization

problem is as foIIows

.« Proble est route o déllver packoges 10 five locations.
e In Iocations and distances :
o Out u'r. The route with the shortest total distance :

4. Counting Problems
Counting problems are the problems where the gocl is to count how mony ways
certcm conditions can be met. An example of counting problem is as follows:

* Problem: How many 3- Ieﬂer pcsswords can be made using letters A, B and C?
* Input Letters A, B, C
e Output: 27 (since 3° = 27 possible combinations)

AAA AAB AAC [BAA BAB BAC |[CAA CAB CAC
ABA ABB ABC |BBA BBB BBC |[CBA CBB CBC
ACA AGB- SACC 1 BCA  BCB. BCC $+CCA <€CH  CCC

Figure: 3-letter passwords

Q. Briefly describe the types of problems bas @mwey are
defined. Give examples.
% B 0

Problems can also b co’re
s a problem ’rho'r has clear goals, inputs, processes and

crly they are deflned

1. Well-defined Probl

are known nd unambiguous. They can be solved using a step-by-step method known
as an algorithm. The well-defined problems are more suitable to be solved using a
computer becouse the solution can be clearly progrommed and automated.

Example :
An example of a well-defined problem is as follows:

Problem: Determine if a number is even. ' \
Goal: Check whether the given number is even.

Input: A number such as 8

Process: Divide the number by 2 and check if the remomder is O

Output. "Even” if the result is 0, otherwise "Odd"

This is a well-defined problem because oll components such as goal, input,

process and output are clearly defined. @@m .
;;hove a clear godl, mpu’r

2. lli-defined Problems

means that these probl
different ways,

Example
An example of an |I| defined problem is as follows:

. » Problem: How con we reduce poverty in Pakisian®



« Goal: Reduce poverty which is broad and n e@@m ‘ k)
e Input: It is not clearly defined agd mayi i& data or government
policies etc. : : ' ,

e Process: There ¢ : od-1o solve the prob'lvem‘. It may require the
economi c\e\ d\pelitical reforms which are not defined. :
@) i2UTt to measure and varies depending on the criteria.

Q. Differentiate between well-defined and ill-defined problems.
The difference between well-defined and ill-defined problems is as follows:

- Well-defined Problems ; ll-defined Problems

1. A well-defined problem has clear 1. An ill-defined problem does not have
goals. ‘ : clear gogis.

2. It includes specific and clearly 2. It has vague, incomplete or varying
defined inputs. : 1= Inpbuts. : ' :

3. It follows a known step-by-step - 3. It does not provide specific method
method to solve the problem. to solve the problem.

4. It produces definite output. e 4. It may produce multiple outputs.

5. Itis suitable for computer that solvesit | 5. Itis difficult ferco solve
using algorithms and programming. 4 withg n guidance.

6. An example includes checking if (* \A lefhcludes reducing
‘number is odd or e¥€h.  ~\ C erty in a couniry.

s

Q. WhWﬁ m and how are algorithms used for probiem solving?
Also cuss "Generate and Test" algorithm. e

Algorithm for Problem Solving

An algorithm is a step-by-step procedure used to solve a problem or perform a
specific task. It is similar to a recipe in cooking where each instruction must be followed
in a particular order to achieve the desired result. In computing, algorithms are used
‘to process input data, perform calculations and produce output efficiently ‘and
accurately. The understanding of algorithms is important for the following reasons:

= Th’ey form the logic behind computer programs and software.
¢ They help to solve complex problems efficiently.
e They ensure accuracy and consistency in different applications.

~ Generate and Test Algorithm e
The Generate and Test algorithm is a basic and powerful methe "‘o solving the
problems. It generates possible solutions and tests -C gee If it works. The
process continues until a satisfactory 0lu oM y O oossible solutions have been
tested. Different heuristies or ryles ¢oN ke } edUce the number of generated

solutions. It makes ‘m. e ﬁ Sal#
‘. 8el on two main steps as follows:

1 ing the poten"ricl solutions of the problem.

el Testing the solutions to see if they meet the required conditions.




The Generate and Test algorithm is useful in 1he @ |
* The problem space is small nc()f e and test all p0551ble
~ solutions.
a solu’non and a search is necessary.

e Thereis no clecr@
GENERATOR !

The Genercfe and Tesf algorithm is often used in Arﬁficial Intelligence (Al) and
game-based problem-solving. For example, it is used in the games like chess or puzzle-
solving where the computer must fry different moves or arrangements to find a winning
solution.

Q. What is meant by problem sqlvabillty and complexnty? lain the
solvable and unsolvable problems with example @ @@

Problem Solvability and Complexityo

Problem solvability
A problem is solvable if rocedure exists that leads to a solution.
iciently a problem can be solved. It considers the

Problem complexity r ient
resources s@@ﬁé@r& memory. required by an algorithm to solve the problem.
These conc re lmpon‘cn’r when designing the algorithms and evaluating fhexr
performance. :

Solvable vs. Unsolvable Problems

- The problems are generally classified into two broad categories named solvable
and unsolvable. They are based on whether an olgonfhm exms that can solve ’rhem
for all possible inputs. -

. Solvable Problems

A solvable problem is a problem that can be solved by an olgonthm in a finite
amount of fime. These problems have:

. Clearly defined inputs and outputs
-* Alogical procedure (algorithm) to follow
e A guoronteed result cf’rer a certain number of steps

Example : :
Finding the greatest common ivis@r ef¢ w gérs is an exomple of a
solvable problem. The Euclidean qlg fit p method that efficiently
finds the GCD and alwa ylgteas ir . g number of steps.

Unsolvable Probl

Anun problemis a problem for Wthh no algorithm can be created that
solves the problem for all possible cases or inputs. These problems do not have a
general procedure that can guarantee a solution for every possible input. They often
involve snuohons that are too complex or undefined for a compufer fo hondle

ccm e solved by an algon’rhm

e




Example

The Halting Problem is a well-knowme
determine whether a given computt

to run forever for a speci
that can correctly solve ihj
o

considered u

?Jroblem. It is used to
\ uelly stop running or continue
Jong-proved that there is no general algorithm
for all inputs. Therefore, the Halting Problem is

Q. Differentiate between solvable and unsolvable problems.
The difference between solvable and unsolvable problems is as follows:

Solvable Problems i Unsolvable Problems

1. A solvable problem is a problem that | 1. An unsolvable problem is a problem
can be solved by an algorithm in a for which no algorithm can be
finite amount of time. ; created that solves it for all possible

‘ : inputs, : S
2. It can be completed in a limited - 2. It may require infinite steps or cannot
__nhumber of steps. : be solved at all.

3. It always produces a definite and 3. It does not guarantee an output for

L corectoufont every possible ingut. _ ~{A0)\

4. These problems can be handled 4. These Aderee solved
efficiently by computers using @) \ y computer or
algorithms and programs. \/70) : |

5. An example of a solv IsSO\5—En example of an unsolvable
finding Greatest C of problem is the Halting Problem .

two numb,ersm‘g&ﬁl@ s algorithm. infroduced by Alan Turing.

NINIBY)

Q. Explain tractableand intractable problems with exampies.
Tractable Problems ‘ 1k '

A tractable problem is a problem that can be solved in a reasonable amount of -
fime even if the input size grows. These problems can be solved using algoriithms thai
runin polynomial time. Polynomial time means that the time taken to solve the problem
increases at a manageable rate as the input size grows. It makes it possible o solve _
fractable problems using a computer. Tractable problems are considered efficiently

-solvable. _ :
Example ‘
Sorting a list of numbers using algorithms such as Merge Sort or Quick Sort is on

example of'tractable problem. These algorithms have .time ¢ pl@@ﬁ@n log n)
where n is the number elements in the list. It m ans tho ‘ﬁ can handle
& )

large inputs efficiently. The list can bi sonted e oo unt of time even if it

js

contains a large number of elements “

Intractable Problems = |

An intractabl QA problem that becomes extremely difficult and time-

- consuming t as-the size of the input increases. These problems often require

super-polynomniial or exponential time. It means that these problems are impractical to
solve for large inputs because the time required becomes unmanageable.
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‘ Ao
o IGOMLE
SagaNIGE -
%m infractable problem. The
Ole10Ute to visit a set of cities and return

OIS routes grows extremely fast as the number
ssible to solve it for g large number of cities.

Exampie : .
The Travelling Salesman Proble

task of this problem is to fin@ p
fo the starting point. The nu%

of cities increases. 1t

Q. Describe different classes of problem complexity with examples.
Complexity Classes

The complexity of problems can be classified into different categories based on
their solvability and the fime required to solve them.

Different categories of complexity classes are as follows:
1. Class p '

computer. It means that the computer can find a solution of these problems quickly
even if the size of the problem grows, i

Example w | : g@
: A simplé example of class P problem is sorting a list o @5@@ the given
list of numbers is as follows: ® &@@w :
bl 1, 352, 5] -
The goal is to arrange T ascending order like [1. 2, 3, 4, 5]. The

time required to sort the |i manageable rate as the [ist size increases. For
example, sortin { mbers will require more time to sort but it remains within
a reasonable lirih ; : '

2. Class NP

: Class NP refers to a category of problems for which the given solution cén be
checked by a computer quickly. The Proposed solution of these problems can be

An example of class NP problem is solving a Sudoku puzzle that consists of 9 x 9
grid. It is pre-filled with some numbers. The user needs to fil the blank cells with the
numbers using fhe following rules: '

* No duplicate numbers in any row -
* No duplicate numbers in any column
e No duplicoie numbers in any 3x3 square

g

8 | l4] s A7
e o\ 4fA\
1 \/V8
3 ¢ \\3\,
W\ BT
S opdis| |2 1/ (3
WW 52 9
‘ 1
3_ 9 2 )



3. Class NP-Hard @o@@m
- Class NP-hard refers to a categery 6 @ at least as difficult as the
: ninistic/ . Riat fime (NP). Solving an NP-hard
fatgorithm is available to find a solution.

problem’is challenging a

Example A

The Tr alesman Problem (TSP) is an example of Class NP-hard problem.
The task of this problem is to find the shortest possible route to visit a set of cities and
return to the starting point. The number of possible routes grows extremely fast as the
number of cities increases. It becomes impossible to solve it for a large number of cities.

4. NP- Complete :

An NP-Complete problem is g problem that is both in NP and as hard as the
hardest problems in NP. This means that if one NP-Complete problem can be solved
efficiently then all NP problems can also be solved efficiently. NP-Complete problems
form a subset of NP and are also considered NP-Hard. Solving an NP-Hard problem is
considered computationally very difficult and no known algorithm can solve all NP-
Hard problems efficiently. Many of these problems do not even have guaranteed
solutions that can be verified in polynomial time.

is %@éﬁn@.ln this problem,
| et of items with a weight
a

ble combination of items to put

Example

An example of NP-Complete proble
there is a knapsack with a maximum wei
and a value. The goal is to{@term
in the knapsack without i%n t capacity.

o

Q. "What'iswmwanalysis? Describe tiine_ and space complexity with

examples.

Algorithm Analysis

Algorithm analysis is the study of how efficiently an algorithm performs in terms
of fime and space. This analysis is used to predict the algorithm's performance. It is very
important for selecting the best algorithm for a particular task.

Time Complexity : : 7 :
Time complexity measures how the runtime of an olgdrithm increases as the input

size grows. It helps to understand the efficiency of an algorithm when it handles large
amounts of data. . : :

- Suppose there is a list of numbers to be sorted. The tas
has only a few nUmbers. However, the time required to -
the volume of numbers increases. Time cofplexi @ -
as the size of the list becomg rger§w§ S

es how much memory is used by an algorithm as the
input size incré&giRes elps to understand how efficiently an algorithm uses memory
when it deals with larger amounts of data. '

@@ i§ the list
a A Increases as

his runtime will grow




T - An olgori?hm has o(1) ti‘mé complexify when its runti
fhe size of the input. The O(1) means that an algorit e
to run for any size of the input. g % X

»

: : ; ; O\ \ ¢
‘ 4. O(log") Logarithmic T %@

Example ' @O@@m .

- Suppose an algorithm needs t store gl MT Space complexity tells
the amount of memory required q % bers’increases. -
Q. ExplaiWe@ ime complexity with the help of Big O notation

and su mples.
Big O Notation . |

Big O notation is a mathematical way tfo describe the 'rimé or space complexity -
of an algorithm. It describes how the runtime or memory usage of an algorithm grows
as the input size increases. This notation helps to compare the efficiency of different

algorithms based on their scalability. Scalability refers to how well an algorithm handles
increasing input sizes. - ' ;

How Big O Notation Works ‘ : S
“Big O notation uses symbols to describe how the runtime of an algorithm changes:

- with the size of the input. Some common examples are as follows:

1. O(1) Constant Time

i ge with
eamount of time

2. O(n) Linear Time O
An algorithm has O 5@ plexity when its runtime increases directly in
proportion to the si B Ut. This means that if the input size doubles, the fime

required als ately doubles.

Suppose there are n students in a college with a unique student ID. A specific
student can be found by searching through the list of all n students. The time required
to find a specific student will depend on the number of students. -

3. O(n?) Quadratic Time : . ;
An algorithm has O(n?) time complexity when its runtime grows quadratically as

the size of the input increases. The O(n?) means that as the input size n increases, the

runtime grows proportionally to the square of n. For example:

* If ndoubles, the time increases by 4 times. :
* Ifntriples, the time increases by ? times and so on.

Suppose n studentsina college are participating ina programming competition.
The performance of each pair of students needs fo be compared to determin :
best team. Since each student must be compared with every o :
once, the number of required comparisons campe ¢ c‘a‘ﬂqu

i

: » time combléxity when its runtime increases very slowly
- as the size of n grows. Suppose a person is thinking a number between 1 and.-
100 and the other person is guessing the number. He can use the following questions: -

» isif greater than 507

An algorith



-y

, . - @'
e isitless than 25 | @o@(@
o sitlessto 122 - @ _

Each quesﬁon reduceéﬁ r geosier to guess the number.

o

n?)

O(n)

ﬂme—o

o)

Input Size —e

Q. Discuss the differences between timé complexity and space complexity.

How do they impact the choice of an algorithm for a ﬁ ifj ?
, : =
Time complexity O 2\ (Spaceep exity
1. Time complexity refers to how lon \)&%@g&iﬁdﬁ\’p\%%ﬁy refers to how
an algorithm takes to co?él% T memory an algorithm uses as
"__the input size increases. @ the input size increases.
2. It measures nu teps faken by | 2. It measures amount of memory used
- an olgoriThNWMsk. by an algorithm to perform a task.
3. It focuses on the speed or runtime 3. It focuses on the memory or storage
efficiency of an algorithm. _efficiency of an algorithm.
4. Itis useful when processing speed is 4. Itis useful when memory is limited
__critical such as in real-time systems. such as in mobile devices.
S. Itis expressed in terms of operations S. Itis expressed in terms of memory
relative to input size such as O(n), usage relative to input size such as
Q(n?), O(log n). O(1). O(n)). '

linpact on Algorithm Selection
Both time and sPace complexity are important when choosing an algorithm to

solve a problem, The choice depends on the environment in which the algorithm will

be applied. An algorithm with low sPace complexity is preferred if me ited
- such as in mobile devices. An algorithm with low time comp Y@g@@; Opriate

if speed is crucial such as in gaming or real-time prot “
There are cases where improving s/ effidie reases memory usage or
saving memory slows down executio OWn as the time-space trade-off. |t
- refers to the practice of bal eiween time and space by using more memory
to reduce computat Paccepting slower execution in order to save memory.
For example, a so orithm called Merge Sort has time complexity O(n log n) and
“space complexity O(n). It means it is faster but uses more memory.




-

Q. What is algorithm design technique? List the W@'g@@morithm

- design techniques. | O @

Algorithm Design Technigyes %‘X
' Algorithm design s t ! e'vefoping step-by-step methods to solve
computational probl E) .t invol

‘ ves selecting suitable fechniques to ensure
correctness, effi simplicity. : OERE ‘
Different &lgorithm design techniques are as follows: :

1. Divide and Conquer

2. Greedy Algorithms
3. Dynamic Programming
4. Backfracking :

. Q. What is Divide and Conquer algorithm design technique? Explain with an
example.

'Divide and Conquer

‘approach is very effective for the problems that g
This makes it easier to find o solution ste %

the listinto smaller MOec:ch part has only one element. It then sorts fhese parts

and merges the ed parts back together into g single sorted list,

Example O%m ' R e
Merge Sort uses fgﬁ [gfln% conquer approach to sort the list. It first diviges

Q. What is Greedy algorithm design techniq i!

Greedy Algorithms ' Q ‘ :
A greedy algorithm is a problese w gy that builds a solution by always

choosing the best available opt age. Each choice js locally optimal with
the hope that these choiges(Wildebd fo a globally optimal solution. Greedy approach
is often used whe em has an opt ‘
can be divided into maller parts and solved optimally, then combining those optimal
parts gives the best overall solution. : : '




Greedy digon’rhms are often faster and edss an ofher
techniques. However, they do not clwgys olu’rlon for every
problem. It is important 10 dndlyze hof a greedy approach is
appropriate.

Example g : o e
A CIW% a greedy dlgorlthm is the Coin Change problem. The goal

of this problentis to use the fewest number of co:ns to make the specmc amount.
The greedy algorithm works as follows: :

1. Pick the largest coin that does not exceed remdmmg amount.
2. Subtracts that value from the remaining amount.
3. Repeat the process until the remdmfng amount is zero.

Suppose the desired amount is $27 and the available coins are $25, $1O 5. b
The greedy algorithm will solve the problem as follows:

Pick the largest coin that does not exceed remaining amount: $25
-Subtracts that value from the remaining amount: $27 - $25=$2

Pick the largest coin that does not exceed remaining amount: $2

Subtracts that value from the remaining amount: $2-$2=0

The problem is solved usmg two coins of $25 and a @.

s oy
Q. What is dynamlc p(y“a i %mm example.

- Dynamic Programmi : .
' His Dynq&Mﬁmg is a method for solving complex problems by bredkmg
theminto s rand simpler subprobiems It solves each subproblem once and sfores
‘the results to avoid repeating the calculations.
Dynamic progrdmmmg ls useful for the problems that have:

MY 0. 1) =

. Overlapping subproblems: It means that the same subproblems appear again
and again during the computation.
. Optimal substructure: It means that the overalt SO|UTIO!"I of the probfem depends
on the best soluhons of its smaller parts. .
Exampie : :

In he Fibonazci sequence, the first few numbers are: 0, 1, 1, 2, 3, 5. 8, 13. Each ‘
number is the sum of two preceding numbers. Dynamic programming can be applied
to Fibonacci sequence. It stores the results of each Fibonacci number as it is computed
instead of recalculating it repedfedly It reduces number of calcu[dhons{%ﬁuﬂconﬂy

Q. What is backtracking in algorlth@ @W@ﬁ example.

Backtracking o _
‘Backiracking is a p chnlque that builds a soluhon step by step.

It tries a path but | 1 n as it determines that the path cannot lead to a valid

solution. It tk dck to try a different path. This process continues until a solution
is found or altpossible options have been explored.



N

Example . ' 5 @O@@

. Mazeis an example where backirakkii @ d to solve the problem,
The goalis to find a path fr8 fb@ﬁ% — '
: possible directions. : e

ou hit a wall or it has already been visited.
ocess until the end point is reached.

]

¢ .3

3. Move
4. Repeatthe pr

: , g
bt
o A= o LT | |
Q. What are the common computing algorith @@mmon
computing algorithms. @@ e

Q

(':ommon‘ Computing Algorithms Q '
s Different problems re% \ Types of algorithmic techniques. Different

programmers use di s to solve the same problem. Many algorithms are

considered fy _ and are commonly used in solving daily life problems. These

algorithms are &ssential tools that help in performing a variety of tasks efficiently and

_ effectively. ' : 7 e : :
Some common computing algorithms are as follows:

1. Sorting Algorithms :

Sorting algorithms are techniques used to arrange datain a particular order such
as ascending or descending. In ascending order, the elements are arranged from the
smallest to the largest such as [3.7.10,15}. In descending order, the elements are
arranged from the largest to the smallest such as [20, 12, 5, 1]. Sorting is @ fundamental
operation that is often required for other tasks such as searching, data analysis and

organizing information efficiently. ,
Two common sorting algorithms include the following:
* Insertion sort algorithm =

* Bubble sort-algorithm " _ W@O@@m

2. SearchingAAl.gorithms 7
Searching algorithms are
within a dataset. They are t
‘queries and decision- i
improve progra Ee. ‘
Two comm searching algorithms include the following:

* Binary search algorithm
* Linear search alanrithm

ECHIC elements or a set of elements
0 uch as information retrieval, database

cesses. Efficient search methods save ﬁme_ ane



. e |\
3. Graph Algorithms @©\N
rophs

Graph algorithms are used to-ex Graph is a type of
~ data structures that cons@ of connec’red by edges. The nodes

refer to the individual ite olo cture The edges refer to the connections
or relationships bety Ues. The graph algorithms are used for network analysis,
route pionnwm%eiwork analysis. _

‘Two graph traversal algorithms include the following:

e Breadth-First Search (BFS)
* Depth-First Search (DFS)

Q. Describe the workmg of bubble sort algorithm wi aWe. Also
briefly explain its complexity. o)

Bubble Sort @
; Bubble sort is one of gornthms It repecfedly visits the list: ond
s ihese the items if they are in the wrong order.
o

compares two |fems at
This process ¢ swaps are needed and the list is sorted. The algorithm
sorts the list u posses where n represents the number of values in ’rhe 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.
) Conhnue this process until no more swaps are needed

- Example

Suppose the following list needs to be sorted in oscending order:
{101 30 isTas T 5 |t

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: ; WQ
1. The first and second elements are compared. W@rﬁ@ apped as

10 is smaller than 30. There is no change!

2. The second and third element %@‘j\ lues are swapped as 30
~ isbiggerthan 15.T %@Yﬁé\ : ‘
MO T5[3025 5] :

3. The fhiwm elements are compared. The values are swapped as 30 is
: bigger an 25. The list will be as follows: T :

T 15]25|30_[5_I




O@g@ed as 30 is

4. The fourth and fifth elements are compared. The.v
% 1ment is finalized as

bigger than 5. The first pass COB]D]
follows: 5 (\ﬂ(\((\i |

: \E\B5 75T 30 ]
Pass 2; Og&m\) Al :

Pass 3: ; :

1. The first and second elements are Compared, The values are not swapped as
101s less than 15. There s no change in the list. ‘

2. The second and third elements are Ccompared. The values are swapped as 15
is bigger than 5. The third pass completes and the |ast three el ents are
finalized as follows: : m

Pass 4: -
1. The first and second _9, bed. The values are Swapped as 10 is
- bigger than 5. The | L\ PSS and all elements are finglized as follows:
oS 11075 [25 [30]
Complexity

The fime complexity of bubble sort in worst case is O(n?) that makes it inefficient
for large datasets. However, it is €asy to understand ang implement. It is useful for small
- datasets. : :

Q. Describe the working of selection sort algorithm with an example. Also
briefly explain its complexity, ' < .

Selection Sort

~ Selection Sort s on-o-fher simple sorting algorithm., It selects the smallest orulofgesf
- €lement from the unsorted part of the Jist and swaps it with first element of the unsorted
part. Selection sort works qs follows= O :

1. find the minimum or maximum value in the list. The minimmy v, @md for
ascending sort whereqs maximum value is used for- égé :

2. Swap it with the first unsorted element,

3. Move the boundary of the sorted &

4. Repeat the process fopmhe-re

Example

: Suppose VWWS‘?Q%C}S to be sorted in ascending drder:
s Sl78]3s[8i 2] -

tions by one element.

ents,




 The selection sort algorithm will use 4 passes as the AuA v |n the list is
5. It will work as follows W

Pass 1:
l’ om the unsorted list which is 12.

1. The first pass finds\the. mi

2. It swaps the flrs’r% ne A T € minimum value. The list will be as follows
S U2[78|33[81|56—] ‘
Pass 2: :
1. The second pass finds the minimum value from the unsorted list which is 33.

iy swaps the second elemenf with the minimum volue The list will be as follows:
' |12|33|78!81|ﬂ

l. The third pass finds fhe minimum value from the unsorted list which is 56.
2. It swaps the third element with the minimum value. The list wil 'be as follows:

U2|33|56|81{7sl

l. The fourth pass finds the minimum value from fhe unsorted list which is 78.
2B swaps the fourth element with the minimum value. The list will be as follows

(12 [33[56 [ 78 [ 81 |

Complexity

The time complexufy of selec’non sor’r i
for large datasets. However, it is e
datasets. :

Q. leferentiate b éé e sort and selection sort.
Th'e een bubble sort and selection sort is as follows:

Bubble SorY Selection Sort

l Bubble Sort repeofedly compores : 1. Selection Sort repeatedly finds the
and swaps adjacent elements if they smallest or largest etement and
are in the wrong order. _|_placesitin the correct position.

2. Swapping happens many times in 2. Swapping happens only once per

~each pass as adjacent elements are pass after finding the correcf
compared and exchanged. _element.

3. lis time complexity is O(n?) in the 3. Its time complexity is also O(n?) in the
worst and average cases. ‘ worst and average cases:

»-' okes tf meff:oenf
p emen’r Itis useful for small

4. It has a space complexity of O(l) as n

sorts in place.

4. It also has a space complexity of
O[1) as it does not use extra memory.

3. It performs well (O(n)) if list is already -

sorted and optimized with no swaps.

5. It does not improve and re ains
O(n?) even forthe sor

6. Itis less efficient due to many swaps

n i xgj&%ﬁs of the
even when elemenfs are sorted O m s performed.

Q. Describe the wor %@@@&rch with an example. Briefly explaln.
its complexit
Linear Se@ﬁw :

A linear search is a simple method for fmdlng anitem in a list. It checks each item
~ one by one unlil the required item is found. It works on both sorted and unsorted data.




The linear search works as follows: a @@@
- 1. Start at the Beginning: Check the flrs@e Y m
urrent item

2. Check Each ltem: Compare the req 'g ; :
3. Move to the Next: M&y N ' he list if the item is not found.
4. Repeat: Continue thjs the desnred item is found or the list ends.

Example ,
Suppose t ord "Lohore needs to be searched from the following list:’

Llomcbcdl Karachi Lohore | Peshawar | Quefta |

The linear search will work as follows

1. Check the first element in the |IS‘1’ The flrs'r element is not "Lohore" sO move to
the next element. : )

2. The second element is not "Lchore SO move 'ro the next element. . :

3. The third element is "Lahore" so the requnred word is found in the |IST and The
search process ends. '

; "COmpleXIty '

The time complexity of llneor seorch is O(n) where nis the number of elemenfs in
the list. it is less efficient for large datasets because it may need to check e mem

Q. Describe the workmg of binary sea(gh “ﬁ@% arieﬂy explain
its complexity.
Binary searc \J ﬂq.“ gorithm for fmdlng an n‘em ina son‘ed list. It is only

effective on so ‘J‘ 351t works by repeatedly dividing the search interval in half. The
process continues unfil the item is found or the interval is emp’ry

Blnory search works as follows:

1. It starts with the middle element of the sorted hs’r

2. If the middle element is the required value, it returns its position.

3. If the required value is smaller than the middle element, it repeo’rs the seorch

~-on the left half of the list.

4. If the required value is greofer than the middle element, n‘ repeats 1he search

~on the right half of the list. :
: S. The process continues until fhe requwed number is found or the list ends
Example : -

Binary Search

Suppose the number 3 needs to be seorched from the fOIIowing list:

ll[3[5|7[9lnl1ﬂ @@©

- The binary search will work as follows: O

1. The search will start from mid e required number.

2. The required number he seorch will continue to the left
haif of the list.

UY“1315|7]9|11l13I

3. The mlddie element of the left half list is 3, which'is the required number The
search will be compleied successfully e




ﬁomplexity @@m

O
: The time complexity of bi ry 6 @Whﬁ means the search time
grows slowly even with Iﬁe dﬁ% much faster fhon linear search for

~ sorted data.

O
i\ o
Q. Disctﬁﬂmracteristics of search problems and compare the linear
search and binary search algorithms.

Characteristics of Search Problems v -
Search problems involve the task of finding a specific item or value within a given

dataset. The process determines whether the required item exists in the data. It also
identifies its location or position if the data exists. ;

-Key Characteristics | : _ :
I. " Input Data: A dataset such as list or array where the search will be conducted.
2. Target Value: The specific item to be searched within the data.

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

4. Output: The position of the desired value. @ @m |
Comparison of Linear with Binary Sea m ¥

- The comparison of linear O”W 8 s Toltows: '
ol

A :
Linear Search, (\ \\ 1L —— Binary Search

1. Linear Sear s On\Bb1h sorted 1. Binary Search only works on sorted
and u tasets, datasets. :

28 checks‘ each element one by one 2. It repeatedly divides the search

~from the beginning to the end. range in half to locate the target.

3. Ifs time complexity is O(n) that means | 3. Its time complexity is Oflog n) that
time grows linearly with large input means-time grows slowly with large
size. . input sizes. e L

4. In best case, it can find the required | 4. In best case, if can find the required
value at the beginning with one -value in the middle with one
comparison. . s comparison.

S. Itis less efficient for large datasets as | 5. Itis more efficient for large datasets

__it checks each item individually. as it reduces the search quickly.

6. Itis easy to implement and : 6. Itis more complex to implement and
understand. : understand. >

Q. Describe Breadth-First Search a!gor
its complexity. Q
Breadth-First Search

Breadth-First 2 15 @ graph traversal algorithm that explores all the
nodes of QWY level. It starts from a given node often called root. It uses a
queue fo mahage the nodes to be explored. £, & :



Process '
: 5 O
~ The breadth-first search algorithm warks @m ; : :
1. It starts from the root node g ‘a‘ queve. : ‘ :
"\ S queue, process it and places all its unvisited

2. It takes the node fr

neighbours o : ‘ : : :
3. it repe@%s until all nodes are explored and the queue is empty.
Example ] . : ; : \

: Ina social network graph, each node represents a user and each edge befween
two nodes represents g friendship between these users. BFS algorithm can be used to
; find the shortest path between two users also known as degree of separation.

The following process finds the degree of separation between Ali 'qnd Babar:

1. Start at the root user Ali. : = :
2. Visit all immediate friends of Ali which are Usman, Amir and Furgan. This is the
~ first-degree connections. ' Ty
3. Then visit the friends of those friends which are Fozal, Babar, Zafar and Wagas.
This is the second-degree connections where the required user Babar'is found.

‘ The dotted arrows in the above figure shows the sequence of‘froversc'zl.
Complexity - =

The time cbmp!exify of BFS is O(V + E) where V is the number of vertices and E is
the number of edges. This makes it efficient for exploring large graphs. '

Q. Describe Depth-First Searéh élgorithm with an ‘exﬁmple. Briefly expla'lin_
its complexity. ; : : ' :
Depth-First Search (DFS)

Depth-First Search is o graph fraversal algorithm that explore'
as possible before exploring other branches. It uses a st
be explored. = S

Process :
~ The depth-first search al ) Warks pit ‘ . 3
1. It starts from the 2@e-and push it onto the stack. ‘ '
2. It takes ( ode from the stack, process it and pushes all its unvisited
neighbours on the stack. e , e e
3. ltrepeats the process until all nodes are explored and the stack is empty.




Example

' o
The depth-first search algorit ‘ @m@

- The algorithm starts from the root node Ali. It visits Ali — Usman — Fazal — Babar.

It then backtracks to Ali. Next, it visits Amir — Zafar. It again backtracks to Ali and then
visits Furqan — Wagqas.

COmpIemty
The fime complexﬁy of DFS is O (V+E) similar to BFS.

@@%@earch algorlthms
Comparison of BFS andg

Breadth-First Se odes level by level using a queue It is ideal for
finding the s tin ‘graphs. Depth-First Search explores as deep as possible
along eac sing a stack. It is useful for tasks like maze solving and backtracking -

problems. BFS ensures the shortest route wherecs DFS is generally more memory-
efficient. .

Q. Briefly compare breadth-fir

DFS

£0.  Source Node

@ &

Output01234567 ompurouszss?

Questlons (McCas)

1. The ch T ﬁll defined problem is:
o) A JS gools and unclear requirements
b) Vague processes and inputs
c} Clear goals, inputs, processes, and outputs
d) Undefined solutions



2. Complexity class representing the problems solvable eff @ -“ »\ irﬁinistic
O !.Jete d)P

algorithm Is: o “

a) NP - . b) NP-hard (0 R-e
3. The statement that appli€s to unsolvat t 3

a) They can be solved] %w(ﬁ. A

b) They cannot v py-ary algorithm

c) They. NP class

d) They iré exponential time to solve
4. The meaning of NP in computational complexity Is:
a) Non-deterministic Polynomial time
b) Negative Polynomial time ‘ \
c) Non-trivial Polynomial time e '
d) Numerical Polynomial time : -
5. Search algorithm more efficient for large datasets is:
a) Bubble Sort - b) Merge Sort
c) SelectionSort  * ‘ d) Quick Sort
é. A scenario where Dynamic Programming proves most useful is:
a) Problems without overlapping subproblems
b) Problems solved by making local choices
. €) Problems with overlapping subproblems and optimal substructure
d) Problems divided into independent subproblems :

7. An dlgerithm that sorts data by stepping through the list and swappi jacent
elements if needed is: W a o :

a) Selection Sort
c) Bubble Sort

\ S WL
8. Time complexity of De ‘) ' : ‘
a) O(nlogn) d) O(n)
9. Best descripti e exity Is:

a) Am an algorithm needs ;
b) Time feken 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(n log n) Is:

a) Bubble Sort b) Binary Search
c) Merge Sort i d) Insertion Sort
: Answers
1% 2 4 3 b 4 5.4 Bl e ]
fioi b e 92 b 1 X .

Short Questions

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

A well-defined problem has clear goals whereas an ill~%§} r@@»@hove a
litae

clearly stated goal. A well-defined problem inclgsgles spegi fined inputs but an
_ ill-defined problem has vague, incomplete i fined problem follows a

known step-by-step method ta uf @A Ti-defined problem does not provide
specific method to solve the pr
Q.2. Outline the ma o n the Generate and Test algorithm.

The main sMnvolved in Generate and Test algorithm are Generate and Test. The

‘Generate is used to find the possible solutions to a problem. The Test is used to test each solution
to see if it satisfies the desired goal or condition. .



Q.3. Compare tractable and intractable problems in the context ¢

Tractable problems can be solved io asontible &c‘

- algorithms. They typically take polynomigl ¥ -
Intractable problems require essiveti
complexity such as O(2n).

Q.4. Summqrfze the g Greedy Algorithms.

Greed vild a solution by always choosing the best available option at each
stage. Each choice is locally optimal with the hope that these choices will lead to a globally
optimal solutien. Greedy c:p'prooch is often used when a problem has an optimal s'ubs'rruc‘ture.

Q.5. Discuss the advantages of using Dynamic Programming.

The advantage of dynamic programming is that it solves each subproblem once and
stores the results to avoid repeating the calculations. This saves time, especially in problems with
- overlapping subproblems such as Fibonacai. It also finds the most efficient or optimal solution.,

Q.6. Compare the advantages of Breadth-First Search (BFS) with Depth-First Search ( DFS)' in
graph traversal. :

Breadth-First Search explores nodes level by level using a queue. It is ideal for finding the
shortest path in graphs. Depth-First Search explores as deep as possible along each path using
a stack. It is useful for tasks like maze solving and backtracking problems. BFS ensures the shortest
route whereas DFS is generally more memory-efficient.

Q.7. Explain the importance of breaking down a problem into smaller com @@@
algorithmic thinking, @O@

. Breaking down a problem into smalll r cOmMpangnt @% 5t algorithmic thinking. It
makes solving complex problems easier §ing\or.ore part at a time. This approach
improves clarity, supports code ésting. It also helps to identify and fix errors
more efficiently, ‘ ; ‘

us

Q.8. Identify the k o evaluate thg performance of an algorithm. 5
The key s Used to evaluate the performance of an algorithm are time complexity

and spbace complexity. Time complexity ‘measures how fast the algorithm runs while space
complexity measures how much memory it uses. Some other factors include scalability,
accuracy and behavior in best, average and worst-case scenarios. They help to determine the

efficiency of an.algorithm and its suitability for different problems. .

c@ ‘ “mplexity.
f fime using efficient

h as O(n? or O(n log n).
grows. They often take exponential time

Long Questions

Q.1. Provide a detailed explanation of why the Halting Problem is considered unsolvable and
its implications in computer science. :

Halting Problem : - :

: The Halting Problem is a well-known example of unsolvable problem. It is used to

determine whether g given computer program will eventually stop running or continue to run

forever for a specific input. Alan Turing proved that there is no general algorithm that can

correctly solve this problem for all program-input pairs. Therefore, the Halting_Problem is

considered unsolvable. : @ :
Alan Turing proved that no computer program-can @@ lting question
for all other programs. He proved that there i€h @ fq check whether any given
program will halt or run forever, . Q

Implications in Computer Scie :
, The key impiication: iy gram in computer science are as follows:

1. Limits of Co

The Halting Problem proves that there are fundamental limits to what computers and
algorithms can solve. Not every problem can be solved with an algorithm no matter how
powerful the hardware is.




ad

2. Program Verification Limitations = | a O@©m &
It is impossible to design a perfect ogram che @ ways determine whether

another program will halt or run forever. / KX :

3. Security and Malware Dete , : :

Security software :; o) rmful behavior in progroms. The Halting Problem shows
that it is imposs J \-N &lifuture behaviors of a program that means no antivirus or security
- system can pe etect every malicious program in every situation.

8
Q.2. Discuss the characteristics of search problems and compare the efficiency of Linear
Search and Binary Search algorithm. (See chapter for the answer)

Q.3. Discuss the nature of opﬂmlzatlon'problerhs and provide examples of their applications in
real-world scenarios. : : :

Optimization Problems

Optimization problems involve selecting the best solution from a set of possible choices
according to a specific goal. The objective is to optimize a particular value such as cost, profit,
time or distance while satisfying a set of constraints. Optimization problems are essential where
resources are limited and decisions must be made efficiently to achieve the best outcome.

Examples '
1. Route Planning: Optimization helps to find the shortest or fastest route for delivery trucks
used in GPS navigation systems and logistics. For example, Goo fmps uses

optimization to suggest the best route. @
2. Scheduling: It helps in allocating ﬁme ‘% Bonflicts to improve
i giRis ghd crew, The schools use it

_productivity. For example, airlinesUse
to prepare exam timeig

3. Resource Allocation: ff 13 Ysad t& \distribute limited resources like budget or materials

effectively to itnjzel output or minimize costs. For example, project managers
~ optimi ate team members and funds. 3 : :
4. Manvufacturing and Production: It is used to improve production efficiency by reducing

waste and minimizing costs while maintaining quality. For example, factories use it to
determine the best combination of raw materials and production processes.

Q.4. Explain the process and time complexity of the Bubble Sort algorithm. Compare it with
another sorting aigorithm of your choice in terms of efficiency. (See chapter for answer)

QS 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

Q.1. What is a computational problem?

A computational problem is a task or challenge fhcf can be solved using a sts by-sfep :
procedure. This procedure is known as algorithm. An algorithm is a finjteset @“ ons that
can be executed by the computer to solve the problem. - o e

Q.2. What are the three key components of a €¢
Three key components of a-comp a
refers to the data given to the Gl %
the input to generate the outpu
processing the inpu o :
Q.3. Howare ¢ onal problems classified?

Computational problems are classified into decision problems, search problems,

optimization problems and counting problems. Each category requires different methods and
approaches to solve., & ' N S

are’input, process and output. Input
efefs to the steps or rules that are applied to
s'thé solution or result produced by the algorithm after




Q.4. What are decision problems? @m
eheck whether a given

Decision problems are problems with a y
condition is met. For example, "Is a nurater i i oblem.
Q.5. What are well-definec _
A well-defined prob at has clear goals, inputs, processes and outputs.
These problems are ta rstand because all aspects of the problem are known and
- unambiguous.. T &solved using a step-by-step method known as an algorithm. '
Q.6. What -defined problem? ‘

An lll-defined problem is a problem that does not have cClearly stated goal, input, process
or expected output. They are difficult to solve using computational methods like algorithms. For -
- example, “how to reduce poverty" 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 to rank web pages in search results,
It evaluates 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 useful results to
users, _

Q.8. Whatis a Generate and Test algorithm?. _ ,

The Generate and Test algorithm is @ basic and powerful method for solving the problems.
It generates possible solutions and tests each one to see if it works. The process continues until a
satisfactory solution is found or all possible solutions have been tested.

- Q.9. When is the Generate and Test algorithm most useful? @
The Generate and Test algorithm is most useful when @ mall and it is

i ére is no clear strategy

Q.10. How is the Generate Te thi\used.in AT? ‘ :
The Generate and T . Mhsioffen used in Artificial Intelligence (Al) and game-
based problem-solvin e it is used in the games like chess or puzzle-solving where
the computeWr@nt moves or arangements to find a winning solution.
Q.11. Whatis by problem solvability in computer science?
; Problem solvability refers to whether a problem can be solved by an algorithm. A problem
is solvable if there exists a finite step-by-step procedure that leads to a solution.
Q.12. How is complexity related to problem-solving in computing? : :
: Problem complexity refers to how efficiently a problem can be solved. It considers the
resources such as time and memory required by an algerithm to solve the problem. These
concepts are important when designing algorithms and evaluating their performance.
Q.13. What are the characteristics of solvable problems? :
' The solvable problems have Clearly defined inputs and outputs, a logical procedure
(algorithm) to follow and a guaranteed result after a certain number of steps.
Q.14. Give an example of a solvable problem, :
Finding the greatest common divisor (GCD) of two integers is an example of a solvable
problem. The Euclidean algorithm is a step-by-step method that efficiently finds the GCD and
" always completes in a finite number of steps. :
Q.15. What is an unsolvable problem? : @m

An unsolvable problem is a problem for whi§ n

. eated that solves
i have a general procedure
y Often involve situations that are too

the problem for all possible cases or iINPWAS.
that can guarantee a solution fo every-poss

Q.16. What is a well-kno ‘ TRle n unseclvable problem?

nown example of unsolvable problem. It is used to determine
ter program will eventually stop running or continue to run forever for a
specific input, Alan Turing proved that there is no general algorithm that can correctly solve this
problem for all program-input pairs. Therefore, the Halting Problem is considered unsolvable.



Q.17. What is meant by computational complexity? Hieas @m

Computational complexity refers to the o] : saidce hieeded to solve a
problem using an calgorithm. It helps dete w @‘%&Y on be solved efficiently.
Complexity is an important fcc fie ing.it-g pretlem is solvcble ;

Q.18. What are fractable probl er-science?

A tractable prob \F\; at can be solved in reasonable cmounf of time even
if the input size g ‘.\i ‘u ! O lems can be solved using algorithms that run in polynomial time.
Q.19. How does input size affect intractable problems?

A small increase in input size in intractable problems can lead to a big increase in
computation time. These problems become extremely difficult cnd hme-consumlng to solve as
the size of the input increases.

Q.20. What Is the purpose of classlfylng problems into complexlfy classes?

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

Q.21. What is Class P in computational complexity? :

Class P refers fo 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
problem grows.

Q.22. What is Class NP in computational complexity?

Class NP refers to a category of problems for which the given sol jtion ecked

by a computer quickly. These are problems where verifying g V.a asy but

finding that solution can be difficult and time- -CQRsU
Q.23. Give an example of an NP-Complete prohile

An example of NP-Comgile e isThe Krapsack Problem. In this problem, there is a
knapsack with a maximum wei eind a set of items with a weight and a value. The
goal is to determine._t
exceeding its w&
Q.24. What is algorithm anaIySIS‘?

' Algomhm analysis is the study of how eff' C|enﬂy an clgonfhm performs in terms of time and
space. This analysis is used to predict the algorithm's performance. It is very important for:
selecting the best algorithm for a particular task. :

‘Q.25. Why is algorithm analysis important?

Algorithm analysis is important because it is used to compcre dlfferent olgonfhms based
on their performance. It helps to determine how fast and how much memory an algorithm will
use especially when the input data grows. This leads to better decision-making in programming.
Q.26. What is time complexity in algorithm analysis?

Time complexity measures how runtime of an algorithm increases as the input size grows.
It helps to understand the efﬂcuency of an’ clgorn‘hm when it handles large omounfs of data.
Q.27. Give an example to explain time 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 time required to sort the numbers increases as th ume of

numbers increases. Time complexity predicts how this runtime will g 1he list

J) C
becomes larger. Y é

- Q.28. Why Is space complexity |mporiunf‘? “ _
Space complexity is mp@ memory an algorithm uses as the

-

w

input size increases. It helps ’ro |C|en'rly an algorithm uses memory when it
deals with Iorger amount ; '
Q.29. How doe y dlﬂer from time complexity?

Time com |Ty refers to how long an algorithm takes to complete as the input size
increases whereas space complexity refers to how much memory an clgorithm uses as the input
size increases.



. Q.30. Why is Big O notation useful? -

Big O notation is a mcfhemchcal wc: to
algorithm. It describes how the runhme -
increases. This notation hel ' '
scalability. Scalability refers 16

descri m ce complexﬁy of an
'i ajgori hm grows as the input size

different algorithms based on their
lf_ m handles increasing input sizes.

Q.31. What does O(n? omplexi mean?, :
: O[(n? Mﬁy means that as the input size n increases, the runtime grows

* proportionall the square of n. For example, if n doubiés, the time increases by 4 times. If n

triples, the time increases by 9 times and so on. It is less efficient for large doTcse’rs

Q.32. List the names of different algorithm design techniques. :

Different algorithm design techniques lnclude Divide and ‘Conquer, Greedy Algonthms

~ Dynamic Programming and Backtracking. 7
Q.33. What is the Divide and Conquer technique? .

: ~ Divide and Conquer is a powerful algorithm design technique. It divides a Iarge problem
into smaller and more manageable parts, Each smaller part is solved independently. All solutions
are then combined to solve the original problem.

Q.34. What is the key advantage of Divide and Conquer?

: The key advantage of Divide and conquer approach is that it is very effective for the

problems that can be divided into similar smaller problems. This makes it easier to find a solution

step by step. -

Q.35. Give an example of Divide and Conquer : ; '
Merge Sort uses the divide and conquer opproach to so 3 list )\ It C@ 0 !he list into
smdller halves unfil each part has only one e parts and merges the

emeht.. Ik ﬁ"‘
sorted parts back together into a single - U‘
Q.36. What Is a limitation of dy-aig “{
.A key limitation of gr mﬂ‘
5 \ikp

i) portant to analyze the problem to ensure that a greegb{

alc Programmlng (obP)?

Dyncmlc Programming is a method for solving complex problems by breaking them into .
smaller erd simpler subproblems. It solves each subproblem once and stores the results to avoid
tepeating the calculations. . , : .

+ Q.38 Dynamlc programming is useful for which problems"

Dynamic programming is useful for the problems that have overloppmg subproblems ond.
optimal substructure. Overlapping subproblems means that the same subproblems appear
again and again during the computation. Optimal substructure means that the overoll solution
. of the problem depends on the best solutions of its smaller parts.

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

The Fibonacci sequence is an example where dynamic programming is opplled 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 repeatedly.

Q.40. ‘What Is the main idea behind backiracking? :
Backiracking is a problem-solving algorithm that builds a sg Ii tries a
path but leaves it as scon as it determines that thepath canndile % so!uhon It then
goes back to try-a different path. This pre CoF u n is found or all possible
" options have been explored. \& :
Q.41. What Is an algorithm | Bnce? . -
. - . Analgorithm is a st E edure to solve a problem or perform a ’fcsk Algorithms .
are used in co © process data, perform calculations and mcke decisions.
.Q.42. What aim%?}r% used algorithms? :
~ Commonly used algorithms include sorting algorithms, seorchlng algorithms, and graph
'rrcverscl algorithms. These are foundational for many computer science applications. :



Q.43. What Is the use of sorting algorithms? List two sorting algorithr @m
Sorting algorithms are techniques used e ‘ lar order such as
ascending or descending. Sorting is a fundament ot

tasks such as searching, o‘s‘.‘ 5i
Q) (
N

sorting algorithms include insertio sori
Q.44. Why is sorting im 8 e-searching? . ~ et

Sorting i iency of search algorithms like binary search. When data is sorted,
searches become’faster and more predictable. It reduces the time required to locate an item.
Q.45. What is bubble sort? ;

Bubble sort is one of the simplest sorting algorithms. It repeatedly visits the list and
compares two items at a time. It swaps these the items if they are in the wrong order. This process
- continues until no swaps are needed and the list is sorted. :

Q.46. How does Bubble Sort work? : : _

The bubble sort starts from the beginning of the list. It compares each pair of adjacent -
elements and swaps them if they are in the wrong order. It continues this process until.no more
swaps are needed. e : v .

Q.47. What Is the time complexity of Bubble Sort? = :

The time complexity of bubble sort in worst case is O(n?) that makes it inefficient for large

datasets. However, it is easy to understand and implement. It is useful for small datasets.

Q.48. What is Selection Sort? : , 3

Selection Sort is another simple sorting algorithm. It selects the sm
- from the unsorted part of the list and swaps it with first element o |

: € minimum value is used

ordescending sort. It swaps it with the first

Q.49. How does Selection Sort work? -0 i ““
i e Ia.the' Iist.
unsorted element. It moves the e sorted and unsorted sections by one element.

Selection sort finds the minimum or m
It repeats the process f inthg elements. :

- 'Q.SO. What is the exity of Selection Sort? = -
The time complexity of selection sort in worst case is O(n2) that makes it inefficient for large
~ datasets. However, it is easy to understand and implement. If is useful for small datasets.

Q.51. What is a key difference between Bubble Sort and Selection Sort? ,

The key difference.is that bubble sort repeatedly compares and swaps adjacent elements
if they are in the wrong order. Selection sort repeatedly 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 algorithms are designed to find specific elements or a set of elements within a
dataset. They are critical for tasks such as information retrieval, database queries and decision-
making processes. Two search algorithms include linear search and binary search. :
Q.53. What is linear search? = : soie ;

S A linear search is a simple method for finding an item in a list. It checks each Efer_n one by
one until the required item is found. It works on both sorted and unsorted data. :
Q.54. How does linear search work? : m

The linear search starts at the beginning and checks the firstiterin } i pares
the required item with the current item. It moves to.t ite

%t S

eHfem is not found.

It continues this process until the desired ite
Q.55. What is the time complexify, : _ - ,
The time complexity of line ere n is the number of elements in the list.

It is less efficient for large s ause it may need to check every item..
Q.56. What Is bin ? s : :
- Binary searchis-an efficient algorithm for finding an item in a sorted list. It is only effective

on sorted lists. It works by repeatedly dividing the search interval in half. The process continues
until the item is found or the interval is empty. : B



Q.57. How does binary search work? m

Binary search starts with the middie el GRIEN ddte glement is the
. required value, it returns its position. If the, regoijn 'rhdn the middle element, it
repeats the search on the g“ red volue is greater than the middle
element, it repeats the searg “ cif of the list. .
Q.58. What is the ti ) binary search? : :
The fi y of binary search is Oflog n) that means the search time grows slowly

even with large datasets. This makes it much faster than linear search for sorted data.
Q.59. How does binary search improve eﬁlciency‘?

Binary search reduces the number of comparisons by ehmlno’nng half of the remaining
elements at each step. This makes it much more efficient than checking every item especwlty in
large datasets.

Q.60. Why is Binary Search more efficient than Linear Seurch"

Binary search is faster because it repeatedly divides the list in half that reduces the size of :
the collection to be searched.

Q.61. Which search method should be used to find an item from an unsorted list of 10 items
~and why?

The linear search should be used because fhe list is unsorted. The Imecr search does no’r
require the list to be sorted.

Q.62. Which search method is more efficient to search an item from a sorted list of 1,000 items?

Binary search is more efficient to search an item from a sorted list @ r.ﬂf’ﬂ fems. This is
because binary search quickly narrows down the possible Jogatiolh 2 v- SpALbY repeatedly
dividing the list in half. It quickly finds the reqL@edn &
Q.63. Why linear search is preferred ove s E

Linear searchis prefe f\!& 2 q‘ Yo
cannot be used with an uns ‘ ‘J\

Q.64. What are rithers?

Graph s are used fo explore and analyze graphs. Graph is a type of data
structures that consists of nodes or vertices that connected by edges. The nodes refer to the
“individual items in the data structure. The edges refer to the connections or relationships
between nodes. ' '

Q.65. What is Breadth-First Search (BFS)? <

Breadth-First Search (BFS) is a graph traversal olgomhm that explores all the nodes of a

graph level by level. It starts from a given node often called root. It uses a queue to manage the
‘nodes to be explored.
Q.66. How dnes BFS work? :

The BFS starts from the root node ond place it on a queue. It takes the node from front of
the queue. nrocess it and places all its unvisited neighbors on the queue. If repeats the process
until all nodes are 2apiored and the queue is empty.

Q.47. What is the time complexity of BFS?

The time complexity of BFS is O(V + E) where V is the number ofvemces ond Eis the number
of edges. This makes it efficient for exploring large graphs.
Q.68. What data structure is used In BFS?

BFS uses a queue data structure to managgl\t apg%rohon This allows it
to explore nodes in the order they are %

Q.69. What is Depth-First Seg%
c

ch-an item from unscried list?
gecause the listis unsorted. The binary search

. Depth-First Seorch is algorithm that explores a branch as deep as
possible before ex es. I’f uses a stack to manage the nodes to be explored
Q.70. How

DFS starts from the root node and push it onto the stack. It takes (pop) the node from the
stack, process it and pushes all its unvisited neighbors on the stack. It repeats the process unhl all
nodes are explored and the stack is empty.
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Q.71. What data structure is used in DFS?

DFS uses a stack to keep track of nodes 8 vns @‘é P tnto the grcph
before backtracking. _
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WW |ple Choice Questions :
Which of the following refers to a challenge that can be solved through a computaﬂonul

process involving an algorithm?

a. Computational problem - b. Programming language

c. Binary conversion ‘ d. Debugging technique

A step-by-step set of instructions to solve a problem is called a(n):

a. Algorithm ~ b. Syntax : c. Protocol d. Heuristic
Which of the following Is not a core compenent of a computational problem?

Q. Input svoitput c. Debugging d. Process
A problem with a "yes" or "no" output is called a: '

a. Search problem : b. Decision problem

c. Optimization problem d. Counting problem

A problem where the goal is to find the best solution according to specific criteria is
classified as a(n): _

a. Counting problem b. Optimization problem m

c. Search problem ' : isi

Which type of problem is characterized | uts?

a. li-defined problem

c. Open-ended proble

Determining if a numbe problem. = . : :
a. Well-defined c. Optimization - d. li-defined
A proble ed goals and no fixed solution is called: :

a. Well- b. Algorithmic

C. ll-defined d. Optimization

A problem that asks "How to reduce poverty in Pakistan” can be closslﬂed as:

a. Well-defined problem , b li-defined problem

c. Optimization problem d. Numerical problem

What is the name of the algorithm used by Google search engine to rank web pages?
a. PageRank - b. SearchMaster

c. LinkRank : : d. WebCrawler

The Generate and Test algorithm is most often used in which field?

a. Network security - b. Arificial Inteligence

C. Hardware circuit design d. Financial auditing ,

What is a specific example of an Al application where Generate and Test algorithm is

often used?

a. Sending emails : b. Game playing

c. File compression  ° d. Virus detection -
can be used reduce the number of poienﬂal soluﬂons 2 ra@memte

and Test algorithm. A o

a. Compilers L i

C. Loops . &

In computer science, h - caiegorlzed based on the existence

of algorithmic solutio

a. Solvable b. Linear or Nonlinear .

c. Deterministi ondeterministic - d. Sequential or Parallel

A solvable problem in computer science must have:

a. Finite procedure ; b. At least 1000 steps

c. Graphical user interface. - d. Cloud computing support
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a. li-defined problem

Calcululing the GCD (Greaiest Common Divisor) of h ‘g ik
O (MO
U al

€. Unsolvable problem ) ble funchon S
The Euclidean algo of the following computational problem?
Q. Cclculahng squ b Finding GCD of two numbers :

c. Sortin d. Finding factorial
Whi fr)lg is a famous example of an unsolvable problem?
a.C lating square root S b. Finding factorial

c. Halting Problem - d.Sorting numbers .

‘Which classic computational problem involves determining whefher a program will halt

or run infinitely for a given input?

a. Sorting problem ~b. Halting problem

c. Search problem : d. Optimization problem

Who proved that the Hulﬂng Problem Is unsolvable?

a. Bill Gates b. Alan Turing

c. Charles Babbage d. Tim Bemers-Lee

A problem is considered computationally tractable if it can be solved in:

a. Infinite time b. Exponential time

¢. Constant time d. Polynomial time '
Intractable problems.are those that cannot be soived in polynomial time and typically
require:

a. Constant time b. Llnecr ’rlme

c. Logarithmic time

Which of the following is an example® qbleProblem?
a. Halting Problem % p ing Merge Sort

c. Traveling Salesm&n
The time comple
a. O (n!

o O(n log n) c. O[2) d. O(n?

Whi ollowing sorﬂng algorithms has polynomial time complexity in its fypicul
implementation?

a. Bogo Sort 2 - - b. Quick Sort

c. Sleep Sort d. Brute-force Sort

How does the time complexity of infractable problems typically scale with input size?
a. Exponentially : b. Linearly :
c. Logarithmically : d. Constant time

Which of the following is a classic example of an intractable (NP- hard) problem"

a. Bubble Sort b. Euclidean Algorithm

c. Travelling Salesman Problem "~ d. Linear Search

What happens to the number of possible routes in the Traveling Salesman Problem as
the number of cities increases?

a. It stays the same h b. It increases linearly

c. It grows factorially d. It decreases

For problems in class NP, finding a solution is:

a. Quick and easy 3 b. Randomly determined m
c. Potentially time-consuming d. Always i a @
Verifying a proposed solution to an pr

a. Slow um lement
c. Efficient - E@@ oretically impossible
Which of the followi % ‘of an NP problem?
a. Sudoku P % b. Knapsack Problem
CWTOHGIS d. Adding integers
NP C lete problems lie at the intersection of:

a.Pand NP-Hard : b. P and NP
c. NP and NP-Hard d. NP and Unsolvable -
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33.

A classic example of an NP- Cpmplete problem is: @ @@m
a. Calculating Factorials : g / O e
c. Knapsack Problem

. Which visual represent % -Co mplete and N P-Hard problems

41,
42.
43,

44,

46.

47.

49.

50.

51.

52.

relate to each other?

a. Tree diagram b. Bar chart
c. Venn W d. Flowchart
. The prim s of algorithm analysis is studying:

a. Input and output formatting b. Hardware performance
c. Time and space complexity d. Code readability

. Time complexity helps to understand how the runnlng time of an algorithm changes with:
a. Input format b. Input size :
c. Output size d. Program language

- In Big O notation, what does the 'n’ typically represent? ;
afime . @ b. Output size
c. Input size ' . d. Memory usage

. Which of the following is NOT a standard Big O notation?
a. O(n) : b. O(n? <. Ollog n) d. O(n-1)!

. Which of these Big O notations represents constant time complexity? ;
a. O(n) e e , e O d. O(Iog n)
Which Big O notation describes the most efficient algorithm in terms of fime comp IexHy"
a. O(n?) b. O(27) c.O(1) g n)
How is O(1) complexity represented on a runﬂme Vs, Inp t.S

a. A steeply rising line
c. A parabolic curve %
Which Big O notation % e runﬂme grows Iinearly with mput
size? m}
@ 5t

a. O(n? -¢. 0(n) d. O(I)
What is t exﬂy of linear seorch in the worst case?
a. O(1) - b.Oflog n) c.O(n) d.O[n?) -

If an algorlfhm processes each item in a list once, its time complexity is:

a. O(1) b. Oflog n) ; c. O(n) - d. O(n?)

Which time complexity i increases very slowly even as the input size becomes large?

a. O(n?) b. Oflog n) c. O(n) _ ‘ d. O(nl)

Which Big O notation represents quadratic time complexity?

a. O(n?) b. Oflog n) 0N O]

Which time complexity grows the fastest as input size (n) increases?

a. O(n? b. O(log n) O e Ol
measures the memory required by an algorithm relative to mpuf size.

a. Time complexity b. Data structure

C. Space complexity d. Code optimization

Which performance scenario does Big O notation primarily describe?

a. Best-case performance b. Average-case performance :

c. Worst-case performance d. Memory usage m

Which technique breaks a problem into smaller subprobl » e, and

combines their solutions to solve the original p b o2

a. Greedy method qy

c. Dynamic Progrcmml ing

Which algorithm is a c!a e and Conquer fechmque’

a. Linear search b. Bubble sort

g Mergeﬁw d. Hashing

Which m akes locally optimal choices at each step to reach a global solution?

a. Divide and Conquer b. Greedy method

c. Dynamic Programming - d. Brute Force - -
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Which tec hniqué may NOT produce optimal solutions in all cases?

a. Divide and Conguer ~ b. Greedy

c. Dynamic Programming - 5 d. Backiracking : :
Which approach stores solutions of subproblems to avoid recomputing and improve
efficiency? ﬁﬁ :

a. Divide and Conquer

¢. Dynamic Programming ;
Which method explores all pbss 5O
a. Divide and Cenfd

_ @o@(@

¢. Dynamic Prog d. Backtracking

Which pro I% only solved using a greedy approach?
QB b. Coin change problem -
o th-First Search ‘ d. Merge Sort

Which algorithm technique Is used in solving puzzles like Sudoku?
a. Divide and Conguer b. Greedy

¢. Dynamic Programming d. Backtracking

Which of the following is NOT an algorithm design technique?

a. Divide and Conguer b. Greedy

c. Dynamic Programming : d. Compilation

Which sorting algorithm repeatedly compares adjacent elements and swaps them if

they are in the wrong order?

a. Quick Sort b. Bubble Sort

C. Merge Sort . d. Insertion Sort

What is the worst-case time complexity of the Bubble Sort algorithm?

a. O(n) b. O(log n) c.O(nlogn) d. O(n?

Which sorting algorithm works by repeatedly selecting the smallest unsorted element

and swapping It into its correct position?

a. Quick Sort : b. Selection sp @@@

c. Bubble sort : d. ‘ (o)

What is the worst-case time o} l election ? a0y

SO s ! log n) d. O(n?
Which of the foll _ s inefficient for large datasets due to its high
time complexity? \ \ :

a. Me b. Quick Sort

o : d. Heap Sort

Which algorithm is most efficient for sorting large datasets?

a. Merge Sort : b. Bubble Sort

C. Selection Sort d. Bothbandc

Which search algorithm examines each element sequentially until it finds the target

value or reaches the end of the list?

a. Binary Search x b. Hashing

c. Linear Search , d. Merge Sort

Binary search requires the input list to be: -

a. Unsorted b. Sorted c. Partitioned d. Hashed
The worst-case time complexity of Linear Search is: ;

a. Oflog n) b. O(n) c. O(n? d. O(1)
What is the time complexity of Binary Search? :
a.Oflegn) . b. O(n)

c. O(m? : d. O[nlognj) ; m

Where does binary searc . examining in the i @

a. First element o :

c. Middle element Q 'ﬁﬂmem ‘

Which search olg?_lj i %@ a? :

a. Linear Search Em b. Binary Search

¢. Both are I%Yg r ©d. Neither :
} ﬁ@?@ 5 _



