-:\J’ s
W“Proﬂem Solving

Q. What is a eampﬁtatiunnl problem? Discuss its main components.
Computational Problem

A computational problem is a task or challenge 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 1o solve the problem. {?@

Components of Computational Problem @ c©
A computational problem typic t vl mponents:
. For example, a list of numbers

Input It efers to the.gata giv ‘ : i
is given fo th : .
Process fe r rules that are applied to the inpul to generate

e
Wﬂvr example, an algorithm applies the sorfing process to the
n list of numbers to sort it.

Qutput 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?

Compulational problems can be classified into different categories depending
on fthe nature of the problem ard how it needs 1o be solved.

The main categories are as follows:
1. Decision Problems

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

* Problem: Is a given number even? o @@ﬁm
* Input: 8 \\\f a
*  Output: Yes ﬁ\@
2. Search Problems W;\(
Search prnbiems are m@g here the goals fo find a solution or uiem that

salisfies certain co mple of search prablem is as follows:

. thle e ﬂrsf student 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%



>\ O

Blen y s to find the best solution
i ‘ n example of optimization
problem is as follows: ‘
a

* Problem: grfest route to deliver packages to five locations.
= In | I6cations and distances
« O : The route with the shortest total distance

4. Counting Problems
Counting problems are the problems where the goal is to count how'many ways
certain conditions can be met. An example of counting problem is as follows:

» Problem: How many 3-letter passwords can be made using letters A, B and C?
« InpukLetters A, B, C
¢ Output: 27 (since 3° = 27 possible combinations)

3. Optimization Problems

AAA AAB AAC |BAA BAB BAC |CAA CAB CAC
ABA ABE ABC |BBA BBB BBC |CBA CBB CBC
ACA _ACB ACC |BCA BCB. BCC [CCA CCB cce

Figure: 3-letter passwords

Q. Briefly describe the types of pmllllllll l:: B ¢
defined. Give examples.

Vi fy =
are known A nd unumb:-guous They can be snlve_d us.lng a si'ap~by~siep method known
as an algorithm. The well-defined problems are more suitable to be solved using a
computer because the solution can be clearly programmed and automated.

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

Problem: Determine if o 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 remainder is 0
Output: "Even" if the result is 0. otherwise "Odd"

This is a well-defined problem because all compoenents such as goal, input,

OrOC d output learly defined.
process and output are clearly defin (\@@m

2. Hi-defined Problems
ale hﬂve a clear godl, input,

[

e

et

gle comrect answer or thay can be splved in
o solve using compuiational methods like algorithms.

process or expecled outpu

means that these pro *ﬁ L
different ways a \
Example

An example of an ill-defined problem is as follows:
* Problem: How can we reduce poverfy in Palisiane



» Goal Reduce poverty which is broad ; e.@
« Input Itis not clearly defined ongd ma) n womic data or govemment

policies etc. -
« Process: There to solve the problem. It may require the

gconomi i lifical reforrms which are not defined.
. GW& t o measure and varies depending on the criteria.

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

Weli-defined Problems lll-defined Problems

|. A well-defined problem has clear 1. An ill-defined problem does not have
goals. clear goals.

2. ltincludes specific and clearly 2. It has vague, incomplete or varying
defined inputs. inpuls.

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

4. It produces definite output. 4. |t may produce multiple oculpuls.

5, Itis suitable for computer that solves it | 5. -
using algorithms and programming. ¢ withouf mddr P

6. An example includes checking if | .\5 eihcludes reducing
number is odd or b erty if a couniry.

Q. Wh m and how are algorithms used for problem solving?
Also uss "Generate and Test" algorithm.

Algorithm for Probiem Solving

An algorithm is a step-by-step procedure used fo solve a problem or perform a
specific task. It is similar fo a recipe in cooking where each instruction must be followed
in a particular order fo achieve the desired resull. In compuling, algorithms are used
to process input dato, perform calculations and produce oulpu! efficienily and
accurately. The understanding of algorithms is important for the foliowing reasons:

« They form the logic behind computer programs and soffware.
» They help fo solve complex problems efficiently.
« They ensure accuracy and consistency in different applications.

Generate and Test Algorithm
The Generate and Test algorithm is a basic and mwéﬁl m

solving the

problems. It generates possible solutions and fests it works. The
process continues until a satisfaciol '
lested. Different hauri;ﬁ =

solutions. It makes the \ ] i

Thw% 3d 'on two main steps as follows:
ki rafing the potential solutions of the problem.

2. Tesling the solutions to see if they meet the required condifions.




The Generate and Test algarithm is useful in the a '
¢ The problem space is small.an asib) orate and test all possible

solutions. !
¢ Therelisno :Ienf @@
YOO "

3 solulion and a search is necessary.

wwron |

The Generate ond Test algorithm is often used in Ardificial Intelligence (Al) and
gome-based problem-solving. For example, it is used in the games like chess or puzzie-
solving where the computer must try different moves or arangements to find a winning
solution.

Q. What is meant by problem solvability and complexity? lain the
solvable and unsoivable problems with example

7

Problem solvability refer can be selved by an algorithm.
A problem is solvable if & rocedure exists that leads o a solution,
efficiently a problem can be solved. It considers the

Problem :ﬂmpie ity refe

resources id memory required by an algorithm to sclve the problem.
These con important when designing the algorithms and evaluating their
performance ]

Solvable vs, Unsolvable Problems

The problems are generally classified inlo iwo broad categories named solvable
and unsolvable. They are based on whether an algorithm exists that can solve them
for all possible inputs.
Solvable Problems

A solvable problem is o problem that can be solved by an algarithm in a finile
amount of time. These problems have:
* Clearly defined inputs and outputs
* A logical procedure (algorithm) to follow
* A guaranteed result affer a certain number of steps

Example G@)m
Finding the greatest common divi Is an example of a

solvable problem. The Euclidean aligbf ‘i A\steprby-step method that efficiently

finds the GCD and alws SIS infté number of steps.

Unsolvable Probl = '
Anu problem is a problem for which 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 inpul. They often
involve situations that are too complex or undefined for a computer to handle,



Example _ g@@m

h o
The Halting Problem is a well-kngo & problem. It is used fo
determine whether a given computet g i 11. eveniuaily stop running or confinue
to run forever for a specific Jung proved that there is no general algorithm

that can correctly so T‘i v |: L for all inputs. Therefore, the Halling Problem is
considered uns o

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

Solvable Problems Unsolvable Problems

I. 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, 3
2. It can be completed in a limited 2. It may require infinite steps or cannot
__number of steps. be solved at all.

3. It always produces a definite and 3. It does not guarentee an outout for
correct output. every possible ingut. a0

4, These problems can be handied ralcielfiys: & solved
efficiently by computers using computer or
gigorithms and programs . >

5. An example of a solv -ﬂ‘?‘ fotler 5—An example of an unsolvable
finding Greatest C %‘ﬁ problem is the Halting Problem .

el infroduced by Alan Turing.

Q. Explain tractable and intractable problems with exampies.
Tractable Problems

A tractable problem is a problem that can be solved in a reasonable emount of
time even if the input size grows. These problems can be solved using clgesithms that
run in polynomial time. Polynomial fime means that the time taken to solve the problem
increases at a manageable rate s ihe input size grows. It makes it possible to solve
fractable problems using a computer, Tractable problems are considered efficientiy
solvable.

Example
Sorting a list of numbers using algorithms such as Merge Sort or Quick Sort &= o
example of fractable problem. These algorithms have fime complexi \Qfn log n)

where n is the number elements in the list. It means the 5E 0 qon an handle
large inpuls efficiently. The list can b sar:{ﬁdj 100Nt of time aven if it

contains a large number of elemen ( %
Intractable Problems -
An intractabl q& problem that becomes exfremely difficult and fime-

consuming f : e size of the input increases. These problems often require
super-polynomial or exponential time. It means that these problems are impracfical to
solve for large inputs because the time required becomes unmanageable.
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Example y @{3@@\3 0o

The Travelling Salesman Proble ntractable problem. The
task of this problem is to hn& “ = sharfe : te fo visit a set of cities and return
to the starting point. The nufbEr & POSSIOIS routes grows extremely fast as the number
of cifies increases. It be %“‘ Possible to solve it for o large number of cities,

1

Q. Describe mnt 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 :
Class P refers to g calegory of problems that can be solved efficiently by o

computer. I means that the Computer can find a solution of these problems quickly
even if the size of the problem grows. 4

The goal is to arange
fime required to sort the i
example, sorii
a reasonable |i

2. Class NP

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

Example m
__ Asimple example of class P problem is sorting a list o @b@@ the given
list of numbers is as follows: O @
41, 32, 5]:- ;
ascending order like [1, 2, 3, 4, 3. The
manageable rate as the list size increases. For

bers will require more fime to sort but it remains within

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

* Noduplicate numbers in any row -
* No duplicate numbers in any column
* No duplicaie numbers in any 3x3 square

T @w@o@@@
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3. Class NP-Hard ‘@D@@
Class NP-hard refers to a categery & \li re af least as difficult as the
"Olynomial fim

hardest problems In No orminIsiE/ e (NP). Solving an NP-hard
O

problemis challenging a Sigorthm Is available fo find a solution,

Example

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

An NP-Complete problem is a 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
solufions that can be verified in polynomial time.

Example

An example of NP-Complete problem i oble
there is a knapsack with a maximum & VoAl Jadylene’d set of items with a weight
and a value, The goal is tg “lﬁ ﬂ”‘ﬁ\“ ble combination of items to put
in the knopsack without e ‘r‘*.&" _ veight capacity.

o

' Q. What is m analysis? Describe time and Space complexity with
examples. 4
Algorithm Analysis

Algorithm ‘analysis is the study of how efficiently an algorithm performs in ferms
of lime and space. This analysis is used fo predict the algorithm's performance. It is very
important for selecting the best algorithm for a particular fask.

Time Complexity

Time complexity measures how the runtime of an algorithm increases as the input
size grows. It helps to understand the efficiency of an algorithm when it handles large

amounts of data.
@@ﬁe st
ﬁ_ Dersincreases os

ZIn fhis problem,

Example

Suppose there is a list of numbers to be sorted. The tash
has only a few nimbers. However, the time reauired to.

the volume of numbers increases, Time.co 2 e
as the size of the list becomg %%;iﬁ/&\’g ()

[N
A
Space Complexity

" Space com Jres how much memory is used by an algorithm as the
input size incr w-helps to understand how efficiently an algorithm uses memory
when it deals with larger amounts of data.



Example

€O
l@pﬂce complexity tells
increases,

Suppose an algorithm needs stare g i‘:‘“\’
the amount of memory required % e oFrUmbe
: (@) @
Q. Explain the B& me complexity with the help of Big O notation
and su ples.

Big O Notation

Big O notation is a mathematical way fo describe the time or space complexity
of an dlgorithm. 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

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 '
An algorithm has O(1) time complexity when its runti

the size of the input. The O(1)means that an alaorithm te@ad 152
to run for any size of the input. Q “
2. O(n) Linear Time %ﬁ 0

e
An algorithm ha plexity when its runfime increases directly in
proporfion 1o the seenifl Il iUt This means that if the input size doubles, the time
“required uIs‘ Dximiately doubles.

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

3. O(n?) Quadratic Time

An algorithm hos O(n?2) 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, ihe time increases by 4 times.
e |f nfriples, the fime increases by 9 fimes and so on.

Suppose n studentsin g college are partficipating ina programming competition.
The performance of each pdir of students needs to be compared to dejemi
best team. Since each student must be compared with eve _' 2

once, the number of required comparisons cam-be |
4. O(log") Logarithmic T

An algorit ime complexity when its runtime increases very slowly
as the size of NPUT grows, Suppose a person is thinking a number between 1 ancl.-
100 and the other person is guessing the number. He can use the following questions: -

* isit greater than 50?




is it less than 257
e isitlessto 127

Each question reduceéﬁ
W 0
!

£
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of1)

INput Size =

Q. Discuss the differences between time complexity and space complexity.
How do they impact the choice of an algorithm pa

for a

Time complexity

- memory an algorithm uses as
the input size increases.

1. Time complexity refers fo how lon ‘\
an algorithm takes to co i
" __the input size increases.

2. It measures nu

2. It measures amount of memory used
by an algorithm to perform a fask.

3. It focuses on the speed or runtime
efficiency of an algorithm.

3. It focuses on the memory or storage
efficiency of an algorithm,

4. It is useful when processing speed is
critical such as in real-time systems.

4, Itis useful when memory is limited
such as in mobile devices.

S. Itis expressed in ferms of operations
relative to input size such as Qfn),

5. It s expressed in terms of memory
usage relative to input size such as

Ofn?. {}{iog nj.

O(1). O(n}).

Impact 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 compiexity is prefered i
such as in mobile devices. An algorithm with low fime £=
if speed is crucial such as in gaming or r&ni—ﬂn@ '

o

There are cases where iImproving
saving memory slows down e i
refers to the practice of bal ing
to reduce computat ccepting

For example, a soRlir

y 25 memory usage or
as fhe fime-space trade-off. It

petween fime and space by using more memory

slower execution in order to save memory.

hm called Merge Sort has fime complexity O(n log n) and

“$pace complexity Ofn). It means it is faster but uses more memory,




Q. What is algorithm design technique? List the 5 @nﬁ@i&é};mmm
design techniques, W o @\I (:u EL/ 3

Algorithm Design Techniques %ﬁ@

Algorithm design is T%%Q eveloping step-by-step methods o solve

f ;

Computational probl It involves selecting suitable techniques to ensure
correctness, effj d simplicity,
Different &lgorithm design techniques are as follows:

l. Divide and C onguer

2. Greedy Algorithms
Dynamic Programming

4, Backiracking

Example m
Merge Sort uses tha i i% conquer approach o sort the list, It first divides
fhe list into smal ".-,"-*- Unti each Part has only one element. It then sorts these parts

and merges fthe SHMNes parts back together info a single sorted list.

I

.—I I \ .
' n

& @@@
Q. What is Greedy algorithm design technique? ‘example,
Greedy Algorithms Qal :; E: : S ﬂ

A greedy algorithm is o problemssalvi that builds a solution by always
choosing the best available opf age. Each choice is locally optimal with
the hope that these chai O @ globally optimal solution. Greedy approach

is often used whe has an optimal substructure. It mearns that if a problem
can be divided into maller parts and solved optimally, then combining those optimal
parts gives the best overgll solution.

(o



Greedy algorithms ore often faster and easie
techniques. However, they do not always & 5
problem. It is important to analyze Tthe-@mrabte

appropriate. &,
Example : \>

A CIG@WN% a greedy algorithm Is the Coin Change problem. The goal
of this problem is to use the fewest number of coins to make the specific amount.

The greedy algorithm works as follows:

EHPA for evér,_f‘. .
1af a greedy approach is.

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

Suppose the desired amount is $27 and the avallable coins are $25, $10. $5, $1.
The greedy algorithm will solve the problem as follows:

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

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

4. Subfracts that value from the remaining amount: $2-$2 =0 :
5 @m

. The problem is solved using two coins of $25 nnd@ @
e

Q
Q. What is dynamic p example.
Dynamic Programming

(Riggramming is a method for solving complex problems by breaking
herand simpler subproblems. solves each subproblem once and stores
the results to avoid repeating the calculations.

Dynamic programming is useful for the problems that have:

» Overlapping subproblems: It means that the same subproblems appear ogain
and again during the computation,
* Optimal substructure: It means that the overalt solution of the problem depends
on the Lest solutions of its smaller parts.
Example _ :

In ihe Fibona=ci 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 resulis of each Fibonacei number as it is computed
instead of recalculating it repeatedly. If reduces number of calculqﬁonsﬁiﬁmnm.

A AT .,.,@@@W@ﬁ@@m

Backtracking

It tries a path but le \“q 08 b as it determines that the path cannot lead to a valid
_ wghiboes back to Iy a different path. This process confinues until a solution
is found or altpossible options have been explored,




(i
Example . @3@(@“
Maze is an example where bagkiraEkin ‘ﬁ - lied to solve the problem,
The goal is to find a path frﬁ th ' 51
|, Start from the initial
2. Try moving i possible directions.
3. Mov U hit a wall or it has agiready been visited,

4. Repealthe process unfil the end point is reached.
)

Q. What are the common computing algorith 0@@3 1::3 ommon
computing algorithms, O @ f
Common Computing £ 5 i

.l.r I
Different pmble_rm rediira

programmers use di S
considered fumg J‘L e and are commeonly used in solving daily life problems. These
algorithms are 2
effectively.

Some common computing algorithms are as follows:
1. Sorting Algorithms

Sorting algorithms are techniques used to arrange data in a parficular erder such
as ascending or descending. In ascending order, the elements are arranged from the
. smallest o the largest such as [3. 7. 10, 15]. In descending order, Ihe elements are
arranged from the largest fo the smallest such as [20, 12, 5, 1]. Sorting is a fundamental
operation that is often required for other tasks such as searching, data analysis and
organizing information efficiently.

Two common sorting algorithms include fhe following:
* Insertion sort algorithm ; ©m
» Bubble sort algorithm D@
2. Searching Algorithms

Searching algorithms are.a
within a dataset. They are &
queries and decision- i
improve progra THIE S

Two comme searching algorithms include the following:

Binary search algorithm
* linear search alaarithm

CHC elements or a set of elements
S-8UC ormation refrieval, database
es. Efficient search methods save fime and
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EXDIE(E %mupm. Graph is @ type of
data structures that cons 30 Q“ connected by edges. The nodes
refer to the individual ite leshticture. The edges refer fo the connections

or relationships betwes 35! The graph algorithms are used for network analysis,
route p!annwm&f’nshﬂmrk analysis.

Two graph traversal algorithms include the following:

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

Q. Describe the working of bubble sort algorithm n@ﬁ@i. Also
~ briefly explain its complexity. : ﬁao :
Bubble Sort m @@ :

Bubble sort is one of fg& gorithms. It repeatedly visits the list and

3. Graph Algorithms
Graph algorithms are used

compares fwo items at.g: time Swaps these the items if they are in the wrong order,
This process c 0 swaps are needed and the list is sorted. The algorithm
sorts the list L ) passes where n represents the number of values in tng list.
The bubble sort works as follows:
» Starl from the beginning of the list,
» Compare each pair of adjocent elements.
* Swap themif they are in the wrong order.

* Conlfinue this process uniil no more swaps are needed.
Example

Suppuse the following list needs to be sorted in ascending order:
[1o]30 15125 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. @m;ﬁd as
=Xhuls

10 is smaller than 30, There is no
2. The second and third e
- isbiggerthan 15.T

ol 2

| MO PET30T2515 ]

3. The thiﬁwq elements are compared. The volues are swapped as 30 is
bigger than 25. The list will be as follows:

l10T15[25[30 5 |

=
“ 3‘. ‘ﬁ‘.ﬁ € Values are swapped as 30
Cig- Flo s,




4. The fourth and fifth elements are compared, Th%@ edas30is

bigger than 5. &ment is finalized as
follows:

Pass 2:
1. The first a

ERIOn ements are compared. The values are not Swapped as

1 15, There is no change in the list.

2. The second and third elements are Compared. The values are not Swapped as
1515 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 elements are
finclized as follows:

L1075 5 2530

. The first and second elements are compared. The values are not swapped as
10 s less than 15. There is no change in the list,

I. Thefirst and second ¢ . The values are swapped as 10 s
- bigger than 5. The 1&2i elements are finalized as follows:

N
_ ﬂ E’TIﬂflsizslaul
W

The fime complexity of bubble sortin worst case is O(n2) that makes it inefficient
forlarge datasets, However, itis easy to understand and implement. It is useful for small
datosets,

Q. Describe the working of selection sort algorithm with an example. Also
briefly explain its complexity,
Selection Sort :
Selection Sort is another simple sorting algorithm. I selects the smallest or largest

element from the unsorted part of the list and Swaps it with first element of the unsorfed
part. Selection sort works as follows: :

l. Find the minimum or maximum value in the list. The mini
ascending sort whereas maximum value i
2. Swap it with the first unsorted ele ent)

3. Move the boundary of the sorfed & -“
' 1-!}* 1T

4. Repeat the process for \‘—Tﬁ

Example
Suppose th st heeds to be sorted in ascending order:

{"_Eaj?ajaaf-alirz_—}




The selection sort algorithm will use 4 passes as the AR -= in the list is
5. It will work as follows: | @0
Pass 1: Q @

1. The first pass fingls m the unsorted list which is 12.

2. Itswaps the first e minimum value. The list will be as follows:

WNNNMG [12]78 ]33] 81 | 56 |
Pass 2: Q\!\

1. The second pass finds the minimum value from the unsorled list which is 33.
2. It swaps the second element with the minimum value. The list will be s follows:

(12 (337881 [5]

Pass 3:
I, The third pass finds the minimum value from the unsoried list which is 56,
2. It swaps the third element with the minimum value, The list will be as follows;

|12 13375 [81]78]

Pass 4:

. The fourth pass finds the minimum value from the unsorted list which is 78.
2. It swaps the fourth element with the minimum value. The fist will be as follows:

[12 |33 (56 [78 ] a1 |

Complexity ' c m
The time complexity of selection sort | ™ or Gex ="-f“a acmiokes it inefficient
for large datasets. However, it is easy toines .-» ; *-‘ dimpiement, It is useful for small
datasets. m )
Q. Differentiate @ma sort and selection sort.
The t{\ﬁﬁﬁi‘%&n bubble sort and selection sort is as follows:

Bubble Sorf Selection Sort

1. Bubble Sort repeatedly compares 1. Selection Sort repeatedly finds the
and swaps adjacent elements if they smallest or largest efement and
are in the wrong order. places it in the comect position.

2. Swapping happens many times in 2. Swapping happens only once per
each pass as adjacenf elements are pass after finding the correct
compared and exchanged. element.

3. lIs fime complexity is O(n?) in the 3. Its time complexity is also Q(n?) in the
worst and average cases. worst and average cases.

4. It hos a space complexity of O(1) asit | 4. It also has a space complexity of
sorts in place. ' Of1) as it does not use exira memory.

5. It performs well (O(n)) if listis already | 5. It does not improve and remains
sorted and optimized with no swaps. Q(n?) even forthe

6. Itis less efficient due to many swaps It Is o
even when elements are sorled., O |- \py

'. N
VAR \RER\ i -
Q. Describe the worﬂ@@@ﬂﬁ% with an example. Briefly explain
o

its complqu‘E -\,.l‘]
Linear

A linear search is a simple method for finding an item ir a fist. It checks each item
one by one until the required item is found. It works on both sorted and unsorted data.



The linear search works as follows: a @@m
1. Start at the Beginning: Check the ﬁrstjf UG Y D

2. Check Each ltem: Compare the\req = R, rrent item,
3. Move fo the Next: Mcﬁi‘-‘ e next ey the list |f the item is not found.
4. Repeat: Confinue this'd 55 LTt the desired itemn is found or the list ends.
N |
Suppose t rd "Lahore” needs o be searched from the following list;
| siomabad [ Korachi | Lohore | Peshawer | GQuetta |

The linear search will work as follows:

. Check the first element in the list. The first element is not "Lahore" so move to
the next element. J

2. The second element is not "Lahore" so maove to the next element,

3. The third element is ‘Lahore” so the required word is found in the list and the
search process ends.

Complexity
; The time complexity of linear search is O(n) where n is the number of elementsin
the list. It is less efficient for large dataseis because it may need to check e mem

Q. Describe the working of binary earch W T’ : ﬁri-fly explain
its complexity. k @U
Binary Search

5 Arheticis: - gnnihm for finding an ftem in a sorted list. It is only
sffecfive on sorfd Jislk) fwarks by repeatedly dividing the search interval in half, The

process confinues until the item is found or the interval is empiy
Blmlry search works s follows:

1. " If starts with the middie element of the sorted list,

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 repeats the search
‘on the left half of the Iist,

4. If the required value is greater than the middie element, it repeats the search
on the right half of the lisf.

3. The process continues until the requued number is found or the list ends.

Example

Suppose the number 3 nesds fo be searched from the following list:

Ll 3l s 7T Tnla}
The binary search will work as follows: *a
I. The search will start fro iddl € required number.
2. The required number earch will continue to the left

halfoffhellsi
Y"]alﬂ?{?]nhs]

3. The middie elemenit of the left half list is 3, which is the required number The
search will be completed successfully.




\
Complexity @U@@@\‘
The time complexity of bi ] @W means the search fime
grows slowly even with larae dat 3 i much faster than linear search for
" sorfed data. %ﬁm
Q. Disc :?nnterlstl:s of search problems and compare the linear

search and binary search algorithms.
Characteristics of Search Problems

Search problems involve the task of finding a specific item or value within a given
datasel. The process determines whether the required item exists in the data, It also
identifies its location or position if the data exists,

Key Characteristics

. Input Data: A dataset such os list or array where the search will be conducted.
4. Target Value: The specific item 1o be searched within the data.

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

4. Output: The position of the desired valve. a @@m
Comparison of Linear with Binary Bu% ﬂ o \o
i li i '
The comparison QLHEGLTW@\(@ s Toltows
2GiCh, ||

= Binary Search

Ks omBbih sorfed I Binary Search only works on sorled
; datasets.

ementonebyone |2 i repeatedly divides the search
range in half to locaie the target.
3. Its ime complexity is Qfn) that means | 3. Its time complexity is Oflog n) that

lime grows linearly with large input means fime 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 wilh one value in the middle with one
comparison. comparison,

5. Itis less efficient for large datasets as | 5. It is more efficient for large datasefs
it checks each item individually. as it reduces the search quickly.

6. Itis easy fo implement and 6. It is more complex to implement and
understand. understand,

. \%@Wﬂ

Q. Describe Breadth-First Search alg \!}a‘i} . Briefly explain
its complexity. i\j:g%; 0 :; Q_Eg j

Breadth-First Search -

Breadth-First MEm graph fraversal algorithm that explores all the

nodes of a y level, I starts from a given node often Called roof. It uses
queue to manage the nodes o be explored. :



Process %\ @@ .
? ¥)
The breadth-first search algorithm warks 5\ WU
1. It starts from the roof pode gnd p - uveuve,
2. It takes the node from fié he queus, process it and places all its unvisited

neighbours o SUE }
3. i rabﬂgmm until all nodes are explored and the queve is empty.
Example b

I. Start at the root user All.

2. Visit all immediate friends of Ali which are Usman, Amir and Furgan. This is the
first-degree connections. ' £ 5

3. Then visit the friends of those friends which are Fazal, Babar, Zafar and Waqgas.
This is the 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 vertices and E is
the 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 traversal algorithm that explores.a br eep
as possible before exploring other branches. It uses o sta odes to
be explored. e @@

Process
" The depth-first search al < Tollows:
1. Itstarts from t ﬂ pade-and push it ontfo the stack.
2, It takes ( ode from the stack, process it and pushes all its unvisited
neighbourson the stack. : 3
3. ltrepeats the process until all nodes are explored and the stack is empty,







algorithm is:

a) NP
3. The statement that apg
a) They can be solved §

4. The meaning of NP In computational :umplexﬂy Is:
a} Non-deterministic Polynomial time
b} Negative Polynomial time )
c) Non-trivial Polynemial time ¢
d) Numerical Polynomial fime
5. Search algorithm more efficlent for large datasets Is;
a] Bubble Sort b} Merge Sorl
c) SelectionSort - d) Quick Sort
6. A scenario where Dynamic Programming proves most useful [s:
a) Problems without overapping subproblems
b) Problems solved by making local choices
¢ Problems with overlapping subproblems and optimal substructure
d} Problems divided into independent subproblems

7. An algorithm that sorts data by stepping through the list acent
elements If needed Is: _ w%ﬂ ‘1. G

o) Selection Sort

c) Bubble Sort
8. Time complexity of Degh

a) O[n log n)

0 o
9. Bestdesc . ity Is:
a) Am an algarrhﬂm needs
b) Time as a function of input size

c) Efficiency os input size grows
d) Upper beund of spoce requirements
10. An algorithm with a time complexity of O(n log n) Is:

c) D[v + d} Ofn)

a) Bubble Sort b) Binary Search
c) Merge Sort : d) Insertion Sort
Answers
Yy 2. d 3. b 4 o 5. 1 ki e |
i, - B. ¢ 2. h I e
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 whete i robie t have a
clearly stated goal. A well-defined problem inclygies ipe We
il-defined problem has vague, incomplete|dr var @ 5.\ hiwellro &ﬂnEd problem follows a
known step-by-step method 1 i I
specific method to solve the

Q.2. Outline the ma (- the Generate and Test algarithm.

The main sunvolved in Generate and Tesl algorithm are Generate ond Test. The
‘Generate is used fo find the possible solutions to a problem. The Test is used to fest each solution
to see If it satisfies the desired gool or condition.




Tractable problems can be solved in.o fegsorble "‘ - fime using efficient
algorithms. They typically take poly 1 ; el ich as O(n?) or Ofn log n).
Infractable problems require i =grows, They often take exponential time
complexity such as O(2),

Q.4. Summarize the m edy Algorithms.
Greaduﬁm d 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 solution. Greedy approach is 6ften used when a problem has an eptimal substructure.

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

The advantoge of dynamic pregramming is that it solves each subproblem once and
stores the results to avoid repeating the calculations. This saves time, aspecially in problems with
overlapping subproblems such as Fibonacel. If also finds the most efficient or opfimal 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 Ssarch expiores as deep as possible along each path using
a stock. 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 s
algorithmic thinking, '

- Breaking down a problem info smalle

makes solving complex problems easier b

improves clarity, supports codsa ral

0=

e algerithmic thinking. It
e Part of a fime. This approcch

i also helps to identify and fix srrors

more efficiently,
Q.8. identify the k. evaluate the performance of an algorithm.
The key to evaluate the performance of an algorithm are fime complexity

and space complexity. Time complexity measures how fast the algerithm runs while spoce
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 problerms.

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 a given computer program will eventually stop running or continue 1o run

forever for a specific input. Alan Turing proved fthat there is no general algorithm that can
correctly solve this problem for all program-input pairs. Therefore, the Haltin blem Js

considered unsolvable.
Alan Turing proved that no computer program-can

for all other programs. He proved that t i£n ‘
program will halt or run forever. %

Implications in Computer Scie
The key impﬂcufiaT Nh} program in computer science are os follows:

pel dhe halting guestion
whether any given

1. Limits of Co

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




2. Program Verification Limitations /‘\G@@@SU

. N (o
It is impossible to design a perfect ( W ﬁﬁys determine whether
another program will halt or run ; ; E E«“ )

Security softw =X : mful behavior in programs, The Halting Problem shows
210 e dic ture behaviors of @ program that means ne antivirus or security
=hye ect every malicious program in every situation.
Q.2. Discuss the characteristics of search problems and compare the efficlency of Linear
Search and Binary Search algorithm, (See chapter far the answer)

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

Optimization Problems

Optimization problems involve selecting the best solution from a set of possible choices
according fo a specific goal. The objective is to opfimize a particular value such as cost, profit,
lime or distance while satisfying o set of consiraints. Optimization problems are essential where
resources are limited and declsions must be made efficiently to achieve the best cutcome.
Examples :

I. Route Planning: Optimization helps to find the shortest or fastest route for delivery trucks
used in GPS navigatfion systems and logisfics. For example, Goo mm uses
optimization o suggest the best route. @

2. Scheduling: I helps in allocating fime \dut Eonflicts to improve
productivity, For example, airlines i s ghd crew. The schools use it
to prepare exam timatoble

3. Resource Allocation: ff | te limited resources fike budget or materials

effectively 1 iz€ put or minimize costs. For example, project managers
optim ate team members and funds. : .
4. Man ring and Production: If 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 aigorithm. Compare it with
another sorting algorithm of your cholce In terms of efficlency. (See chapter for answer)
Q.5. Discuss the differences between time complexity and space complexity. How do they
Impact the choice of an algorithm for a speclfic problem? (See chapter for answer)

SHORT QUESTIONS

Q.1. Whatis a computational problem?

A compulational problem is a task or chalienge that can be solved using a y-step
procedure. This procedure Is known as algorithm, An algorithm is o finiteset s rs that
can be executed by the computer to solve the problsm.

Q.2. Whoat are the three key components of a €amp

~ Three key components of a.com
refers to the data given to thegﬁ
o

AiLare inpu prccass and output. Input
Bfats to the steps or rules that are applied to

the input to generate the out solution or result produced by the algorithm after

processing the inpu \

Q.3. How are nal problems classifled?

Computational problems are classified info decision problems, search problems,
optimization problems and counting problems. Each category requires different methods and
approaches to solve, 2



Q.4. What are decision problems?

Decision problems are problems wit = O F :
condifion is met. For example, "ls a numiper BYenz"\k &'\dadisi problem.
Q.5. What are well-defined problen

om

k whether a given

A well-defined pmb ; m-that has clear goals, inputs, processes and outputs.
These problems are I arstund because all aspects of the problem are known and
unambiguou &'stlved using o step-by-step method known as an algorithm,

Q.6. What ~defined problem? ;

An il-defined problem is o problem that does not have clearly stated goal, input, process
or expected output. They are difficult to solve using computational methods like algarithms. For -
exomple, "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 ore considered more relevant. This helps Google display the most useful results fo
Users.

Q.8. Whalls a Generate and Test algorithm?

The Generate ond Test algorithm is a 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 g
satisfactory solution is found or all possible solutions have been tested. :

@é@mun and it is

re is no clear strategy

Q7. When is the Generate and Test algorithm most useful?
_The Generate and Test algorithm is most useful when
feasible lo generate and test all possible sol Hons (T is- o T
for finding a solution and a search is necs “"‘
se'd i
: ' en used in Arfificial Intelligence (Al) and game-
XAnslole- it is Used in fhe gomes like Chess or puzzle-solving where
At moves or arangements to find o winning solution,
I by problem solvabliity In computer sclence?

Problem solvability refers 1o whether a problem con be solved by an algorithm. A problem
is solvable if there exists a finite step-by-step procedure that leads to o solution.
Q.12. How is complexity related to problem-solving in computing?

Problem complexity refers to how efficiently a problem can be soived. It considers the
resources such as time and memaory required by an algorithm o solve the problem. These
concepls are important when designing algerithms and evaluating thelr performance.

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

The solvable problems have clearly defined inpuls and outputs, a logical procedure
[algorithm) to follow and o guaranteed result affer o certain number of steps.

Q.74. 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 algarithm is a step-by-step method that efficiently finds the GCD and
" always completes in a finite number of steps, m

Q.15. What is an unsolvable problem? :
4’3"‘ @ created that solves

. Theseprable bf have a generol procedure
,* [Ty They offen involve situations that are too
&

ple ¢ unsolvable problem?
own example of unsolvable problem, It is used to determine
rom will eventually stop running or continue to run forever for Q
_ ed that there is no general algorithm that can cormrectly solve this
prablem for all program-input pairs. Therefore, the Halting Problem is considered unsolvable.




Q.17. What is meant by computational :omplixﬂy?
Computational complexity refers to the - : ;

problem using an algorithm. It haips determing Wwhe ‘1 an be snl\r&d efficiently.

Complexity Is an important fac : : :

Q.18. What are tractable problé

. l

A ﬂmtw - k
if the input size o blems can be solved using algorithms that runin polynomial fime.
Q.19. How does size affect intractable problems?

A small Increase in Input size In infractable problems can lead to o big increase in
computation time, These problems become exfremely difficult and time-consuming to solve as
the size of the input increases. 3
Q.20. What is the purpose of classifying problems into complexity classes?

Classifying problems into complexity classes helps us understand how difficult o problem
Is to solve and how much time 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 to a category of problems that can be solved efficiently by a computer. It
means 1hat the computer can find o solution of these problems quickly even if the size cf the
pmblem grows,

E..-Z"a‘ What is Class NP in computational complexity?
Ctass NP raf&rs to o cﬂiegﬂrp af pmblems for which the gTven sol i_tm ﬁ@:eckeﬂ
5B asy but

Q.24. Whatls ulg »‘ hm unuhrsl:":‘ _
Algorithm analysis is the study of how efficiently an algorithm performs in terms of time and
space. Tnis analysis is used 1o predict the algorithm's performance. It is very important for
selecting the best clgorithm for o particular task.
Q.25. Why is algorithm analysis important? £
Algerithm analysis § imporiont because 1t s used fo compare different algorithms bosed
on their performance. It helps to determine how fast and how much memery an algorthm 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 algerithm increases as the input size grows.
It helps to understand the efficiency of an'algorithm when it handles lorge amounts of data,
Q.27. Glve an example fo 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 time required to sort the numbers incmmﬁs as th ume of
numbers increases. TII'TIE! complexity predicts how this runtime will g Mih& list
beccmes larger.

Q.28. Why Is space complexity lmpoﬂurﬂ?

. Space complexity is imp@ , :
input size increasas. It helps h:: : "" / an algorithm uses memory when it

deals with larger amount .
Q.2%9. How di differ from time complexity?
Time com ty refers to how long an algorithm takes to complete as the input size

increases whereas space complexity refers fo how much memeory an aigorithm uses as the input
size Increases.

D




. Q.30. Why is Big O notation useful? Cn ’FDG\N

Big © notation is a mathematical way to describa 1he or spoce complexity of an
~ algorithm. It describes how the runtime onme: hm grows as the input size
increases. This notation helpst 2 fhe e
scalability. Scalability refers
Q.31. What does v e xf

Ofn?). means that as the Input size n increases, the runtime grows
proportionall tHe square of n, For example, if n doubles, the time increases by 4 times. If n
triples, the time increases by 9 times and so on. It is less efficient for large datasets.

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

Different cigorithm design techniques include Divide and Conquer, Greedy Algorithms,

Dynamic Programming and Bockiracking.
Q.33. What Is the Divide and Conquer technique?

- Divide and Conquer is a powerful olgorithm design fechnique. It divides a large problem
Into smaller and more manageable parts, Each smaller part Is solved independently. All solufions
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 sffective for the
problems that can be divided into similar smaller problems. This makes it sasier to find a solution
step by step.

Q.35. Glve an example of Divide and Conquer.

Merge Sort uses the divide and conquer nppmuch h: 5 o, 5
smaller halves unfil each part has only one g
sorted parts back together into a single sarte.
Q.34 wha!llallmllulloncf dy-alg

=0

5 lis) it he list info
g parts and merges the

g arthims at they do not always guarantee the optimal
s anl to analyze the problem to ensure that o graﬂw

Bynamic rrogrumﬂng (DP)?

Dynamic Programming is a method for solving complex problems by breaking them into.
smaller and simpler subproblems. If solves each subproblem once and stores the results to avoid
tepeating the calculations. : .
© Q.38. Dynamic programming Is useful for which problems?

Dynamic programming is useful for the problems that have overlapping subproblems and

+ opfimal substructure. Overlapping subproblems means that the same subproblems appear
- again and again during the computation. Optfirnal substructure means that the overall solution

. of the problem depends on the best solutions of its smaller parts.

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

. The Fibonocci sequence Is an exomple where dynamic programming is applied. Each
number in this sequence is the sum of two preceding numbers. Dynamic programming stores
the results of each Fibonaccl number as it is computed instead of recalculating it repeatedly.
Q.40. What Is the main Idea behind backtracking?

Backiracking is a prablem-soiving algorithm that builds GRS . [t fries @
path but leaves it as soon as it defermines that the u - solution. It then
goes back fo iry a different path. This = i - @S is found or all poﬁslble.

. opfions have been explored.
Q.41, What Is an algorithm In-¢
An ulgorﬁh‘m ] Edt.re io solve o problem or perform a faisk, Algorithms
are used in comp o] pmcass data, perform calculations and make decisions.

c:ummonly t.:se_d qlgnrithms include sorfing algorithms, searching aigorithms, and graph
fraversal algorithms. These are foundational for many computer science applications. .



Q.43. What is the use of sorfing algorithms? List two sorting alge
Sorling algorithms are fechniques used (g arfohae
ascending or descending. Sorting is a fundomer
tasks such as searching, dotag sis i

sorting algorithms include insertk
arching? :

Q.44. Why BW SrE-Se

Sorfing cy of search cigorithms like binary search. When data is sorted,
segrches becom er and more predictable. It reduces the time required to locate an ftem.
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 swops are needed and the [ist is sorfed,

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,

Q.47. What Is the time complexity of Bubble Sori?
. The time complexity of bubble sorf in worst case is ©(n?) that makes it inefficient for large
datasets. However, if is easy to understond and implement. it is useful for small dalasets.
Q.48. What Is Selection Sorf?
Selection Sort is another simple sorting algerithm. 1t selects the smalles
* from the unsorted part of the list and swaps it with first element of jtre @
Q.49. How does Selection Sort work?
Selection sort finds the mini minimum value is used
It swaps it with the first

for ascending sort whereas
d unsorted sections by one siement.

@@m
tCUlar order such as

nat s often required for other
ation efficiently. Twe common

‘unscrted element. It moves the

exity of Selection Sort? _

lexity of selection sort in worst case s O(n?] that makes it inefficient for large
datasets, However, if 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 thot bubble sort repeatedly compares and swops adjacent elements
if they are in the wrong order. Selaction tort repeatedly finds the smallest or largest element and
places it in the comect pasition, g
Q.52. What Is the use of searching algorithms? List two search algorithms.

Searching algorithms ore designed to find specific elements or a set of elements within o
dataset, They are critical for tasks such as information refrieval, database queries ond decision-
making processes, Two search algorithms include linear search and binary search,

Q.53. What Is linear search?

~ Alinearsearch is a simple method for finding an item in a list. It checks each item cne by
one untll 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 ot the beginning and checks itgrivin G@ pares
the required item with the current item. If moves to the Re 2 ligt[fthe
It continues this process until the desired ite :
Q.55. What Is the fime complexity o ar se

The time complexity of inear\seatdh ere n is the number of elements in the list,

It Is less efficient for large % 20ause it may need to check every item..
Q.56. What |s .
Binary searc n 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.




Q.57. Hnw does binary search work?

Q.58. Whmlsrhutt .- -0

The ti of binary wur:h is Oflog n} that means the search time grows slowly
even with | tasets, This mokes it much faster than linear search for sorted data,
Q.59. How does binary search improve efficiency?

Binary search reduces the number of comparsons by eliminating half of the remaining
elements at each step. This makes it much more efficient than checking every item especially in
lorge datasets.

Q.60. Why Is Binary Search more efficient than Linear Search?

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 ltem from an unsorted list of 10 lfems
and why?

The linear search should be used because the list is unsorted. The linanr search dces nar
require the iist to be sorted,

Q.62. Which search method Im'mm efficlent to mm:h an item from nmﬂad Ihinf‘l ﬁﬂﬂﬂm‘f

individual H&ms in iha data ﬂmf:n.re The edges [efer fo the connections or relationships
between nodes.
Q.45. What is Breadth-First Search (BFS)? -

Breadth-First Search (BFS) is o graph fraversal algorithm that explores dll the nodes of a
graph level by level. I starls from o given node often called rool, It uses o queue 1o manage the
nodes to be explored.

Q.66. How dnas BFS work?

The BFS starts from the root node and place it on a queue. It iakes the node from front of
the gueue, niocess it and places all its unvisited nelghbors on the queue. It repeats the process
until all nodes are eauiored and the gueue is empty.

Q.47. What is the time complexity of BF§?
The time complexity of BFS is OV + E) where V is the number of vertices and E is the number

of edges. This makes it efficient for exploring lorge grophs.
Q.68. What data structure Is used in BFS? @Yﬁf\l
BFS uses a queua data structure 1o mae This allows it

Q.6%. What is Depth- Hrﬂ 5
Depth-First Search Is &\ grom mgnmhm that explores a branch as deep s
possible before e ro es It uses a stack to manage the nodes to be explored.
Q.70. How
DFS st rom the root node and push it onto the stack. If takes [pop) the node from the
stack, process it and pushes all its unvisited neighbors on tha stack, It repeats the process until all
nodes are explored and the stack is emply.



S ————

Q.71. What data structure is used in DFS? @Rﬁ\’i\\

DFS uses a stack 1o keep track of nodes g visff| i QS % into the graph
before backtracking. (\ Q L

Qﬁ.—f‘f':“n -z
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WW& ple Choice Questions
Which of the following refers to a challenge that can be solved through a computational

process Involving an algorithm?

a. Computational problem - b. Programming language

¢. Binary conversion d. Debugging technigue

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

a. Algorithm . Syntax c. Protocol d. Heurlstic
Which of the following Is not a core compenent of a computational problem?

Q. Input b. Cutput c. Debugging d. Process
A problem with a "yes" or "no" output Is called a;

a. Search problem b. Decision problem

c. Optimizatian problem d. Counting preblem

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

a. Counting problem b. Cplimization problem m

c. Search problem d.D =1y @

Which type of problem Is characterized : o d oulputs?

Q. lll-defined problem -

c. Open-ended proble

Determining if a num problem .
a. Well-defined c. Optimization d. lil-defined
A proble goals and no fixed solution is called:;

a. Wel b. Algorithmic

c. lii-defined d, Optimization

A problem that asks "How fo reduce poverty In Pakistan” can be classified as:

a. Well-defined problem b ll-defined problem

c. Opfimization problem d. Numerical problem

What Is the name of the algorithm used by Google search engine fo rank web pages?
a. PogeRank b. SearchMaster

¢. LinkRank d. WebCrawler

The Generate and Test algorithm Is most often used In which field?

a. Network security b. Artificial Inteligence

¢. 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. Fle compression ° d. Virus detection
can be used reduce the number of potential solutions ¢ nerate
and Test algorithm.
a. Compilers
c. Loops i\ \Syniaos
In computer sclence, h & prol s {ormally colegorized based on the existence
of algorithmic sol [
a. Scivable b. Linear or Nonlinear

ndeterministic d. Sequential or Parallel

A solvable problem In computer sclence must have:

a. Finite procedure b. At least 1000 steps

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

c. Unsolvable problem ble function
The Euclidean algo m the following computational problem?

Q. Culcuiﬂhng squ b. Finding GCD of two numbers

c. Sorfi d. Finding factoriol
Whi ng is a famous example of an unsolvable problem?
a.C oting square root b. Finding factoriol

c. Halfing Problem d. Sorting numbers .
Which classic computational problem involves determining whether 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 Halting Problem Is unsolvable?

a. Bill Gates b. Alan Turing

c. Charles Babboge d. Tim Bemers-Lee

A problem Is considered computationally fractable if it can be solved in:
a. Infinite fime b. Exponentiol time

c. Constant time d. Polynomial time

Intractable problems are those that cannof be solved in polynomial time and typically
require: .

a. Constant time

c. Logarithmic time

b. Linear ﬁme

i=) E,E-.. - 1 EngMargescrri
o-Boolean Satisfiability (SAT)

N o Gln lng ) e. Of2") d. O[m?)
Wh -1\!- he_following sorting algerithms has polynomial time complexity in its typlical

Implementation?

a. Bogo Sort : b. Quick Sori

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. Consignt fime

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. Lineor 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 b. it increases linearly
c. It grows factorially d. Il decreases
For problems In class NP, finding a solution Is:
a. Quick and eas b. Eandomly determined
c. Potentially ﬂmﬁr-cnnsuming | @@
Verifying a proposed solution te an r& orik
a. Slow
c. Efficient Q% el JF
Which of l‘ha I'ollowl € ‘of an NP pmhﬂlm?
g b. Knapsack Problem

d. Adding infegers

0. P ond NP-Hard bR um‘i MNP
c. NP and NP-Hard d. NP and Unsoclvable
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A classic example of an NP-Complete pmblern is: yvj‘\ @@@?\l

a. Calculating Factorials o]
c. Knapsack Problem

Which visual repres : om ete and NP-Hard problems
relate to each other?

a. Tree drﬂgfﬂm b. Bar chart

c. Venn d. Flowchart

The of ulgmﬂhm 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 running time of an algorithm changes with:
Q. Input format b. Input size

<. Output size d. Program language

in Big O notation, what does the 'n’ typlcally represent?

a.Time b. Output size

<. Input size d. Memory usage

Which of the following is NOT a standard Big O notation?

a. Ofn) b. O[n?) <. Oflogn) rd. On-1)!
Which of these Big O notations represents constant fime complexity?

a. Ofn) b. Of]) c. O d. Ollog n)
Which Big O notation describes the mest efficient algorithm in terms of time com plexity?
a. O(n?) b. O[2) c. o1 g )
How is O(1) complexity represented on a runtime vs. in @

a. A steeply rising line
c. A parabolic curve

Which Big O notation ﬂ@%
size?

a. O(n?) c. Ofn) d. O[]
What is &ﬂy of linear search in the worst case?
a. Of1) b. Ollog n) ¢. Ofn) d. O[n?)

If an algorithm processes each item In a list once, its time complexity is:

& runtime grows linearly with input

a. Q1) b. Oflog n) <, O[n) d. O(n?)

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

a. O(n?) b. Ofleg n) c. O[n) d. Ofn!)

Which Big O notation represents quadratic time complexity?

a. O[n?) b. Olleg n) c. Olnj d. Of1)

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

a. O(n?} b. Olleg n) c. O(n) d. O(1})
measures the memory required by an algorithm relative to input 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

Which technique breaks a problem into smaller wbprob a@@m, and

combines their solutions to solve the origi G 240

Q. Greedy method

¢. Dynamic Programm o\ Bl g
Which algorithm is a cla e und Conquer technique?
q, Linear search b. Bubble sort

c Memg d. Hashing
Which kes Iocully 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 technique may NOT produce optimal solutions In all cases?
a. Divide and Congquer b. Greedy
c. Dynamic Programming d. Backlracking

Which approach stores solutions of subproblems to avoid recomputing ond improve
efficiency?
a. Divide and Conguer

¢. Dynomic Programming ‘l
Which method explores all 40
a. Divide and Cengile

A

¢. Dynamic Prog d. Backtracking

HWE’ Amonly solved using a greedy approach?

Q ; b. Coin chonge problem

c. tR-First Search d. Merge Sort

Which algorithm technique Is used In solving puzzies like Sudoku?

a. Divide and Conquer b. Greedy

¢. Dynamic Programming d. Bockiracking

Which of the following Is NOT an algorithm design technique?

a, Civide and Conguer b. Greedy

¢. Bynamic Pregramming 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?

e. O(n| b. Oflog n) c. C(nlog n) d. O[n?
Which sorting algorithm works by repeatedly selecting the smallest unsorted element

and swapping It Info its correct position?
a. Quick Sort

. Bubble sorl d
What Is the worst-case time akity o
a, O(n) b, Qllag a m d. O
Which of the foll algor s Inefficient for large datasets due to its high
fime comple '
a. Merg: “:’j’o b. Quick Sort
c. Ol d. Heap Sort
Which algorithm is most efficient for sorling large datasets?
a. Merge Sort b. Bubble Sort
c. Selection Sori d. Bothbondc
Which search algorithm examines each element sequentially until it finds the target
value or reaches the end of the list?
a. Binary Search . b. Hashing
¢, Linecr Search _ d. Merge Sort
- Binary search requires the Input list to be:
a. Unsorted b. Sorted ¢, Partitioned d. Hashed
The worst-case time complexity of Linear Search Is:
a. Ollogn) b, O(n) c. Ofn? d. Of1)
What Is the time complexity of Binary Search?
a. Ollog n)
c. O(nY
Where does binary searc
a. First element
<. Middle element
Which search alg it

a. Linear Search

O



