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Chapter 1: Introduction to Software Development

1. Imagine you are managing a project to develop a simple mobile application. Describe how
you would use the Agile Methodology to handle this project.

Answer:

Agile Methodology is an iterative, incremental approach to software development that
emphasizes flexibility, customer collaboration, and rapid delivery. To develop a simple mobile
application using Agile, | would follow these steps:

1. Form a Cross-Functional Team
Include developers, a Ul/UX designer, a product owner, and a scrum master. The team is
self-organizing and empowered to make decisions.



2. Define the Product Backlog
The product owner collaborates with stakeholders to create a list of features (user stories)
prioritized by business value. For a mobile app, user stories might be:

e Asauser, | want to sign up using my email.
e Asauser, | want to browse products by category.
e Asauser, | want to add items to a cart.

3. Plan Sprints (Iterations)
Each sprint is 1-4 weeks long. In sprint planning, the team selects a set of user stories from the
top of the backlog that they can complete during the sprint.

4. Conduct Daily Stand-up Meetings
A 15-minute daily meeting where each member answers:

e What did | do yesterday?
e What will | do today?
e Arethere any impediments?

5. Develop and Test Incrementally
During the sprint, the team designs, codes, and tests the selected features. Continuous
integration ensures that code is merged and tested frequently.

6. Sprint Review
At the end of the sprint, the team demonstrates the working increment to stakeholders.
Feedback is collected and incorporated into the backlog.

7. Sprint Retrospective
The team reflects on the sprint — what went well, what could be improved — and agrees on
actionable improvements for the next sprint.

8. Repeat
The cycle continues until the product meets the desired quality and market needs.

Benefits for a Mobile App Project:
o Adaptability — Requirements can change based on user feedback.
o Early Delivery — A basic version (MVP) can be released quickly.

e Continuous Improvement — Each sprint adds value and refines existing features.



o Stakeholder Involvement — Regular feedback ensures the final product meets real user
needs.

2. Discuss the importance of software development tools in the software development
process.

a) Explain the role of language editors, translators, and debuggers in creating and maintaining
software.

b) Provide examples of each tool and describe how they contribute to the efficiency and
accuracy of software development.

Answer:

Software development tools are essential to streamline the creation, testing, and maintenance
of software. They reduce manual effort, minimize errors, and increase productivity.

a) Roles of Key Tools:

e Language Editors — Provide an environment to write and edit source code. Modern
editors (IDEs) offer syntax highlighting, auto-completion, code refactoring, and error
detection. They help developers write clean, error-free code faster.

e Translators (Compilers/Interpreters) — Convert human-readable code into
machine-executable instructions.

o Compiler translates the entire program at once, producing an executable. It also
performs optimization and reports syntax errors.

o Interpreter executes code line-by-line, useful for scripting and rapid prototyping.

o Translators are crucial because they bridge the gap between high-level languages
and the hardware.

o Debuggers — Allow developers to execute code step-by-step, inspect variables, set
breakpoints, and analyse the program state at runtime. They pinpoint the exact location
and cause of logical errors, making debugging significantly faster than using print
statements.

b) Examples and Contribution:



Tool Type Example(s)

Contribution to Efficiency & Accuracy

i Visual Studio, Real-time syntax checking, code suggestions, project
Editor/IDE o
Pycharm navigation.
. Converts source code to machine code, optimizes
Compiler GCC, Javac

performance.

Interpreter Python, Ruby

Immediate execution, ideal for testing small code
snippets.

GDB, pdb, VS

Debugger
&8 Debugger

Step-through execution, variable inspection, call stack
tracing.

Chapter 2: Python Programming

1. Evaluate the following Python expressions.

(b) (25 + 3*4**2-6) / (2*¥*3 +1)-7
Solution:

o 4**2=16

3*16 =48

e 25+48-6=67

o 2**¥3=8

e 8+1=9

e 67/9=7.444444444444445

o 7.44444 -7 =0.44444444444444464
Result: = 0.44444444444444464




(d) 45 / (2**2 + 3*4) + 8%(7 - 3)

Solution:
o 2%¥2=14
e 3*%4=12
e 4+12=16

e 45/16=2.8125
e 7-3=4
e 8*4=32

e 2.8125+32=34.8125
Result: 34.8125

2. Translating the following mathematical expressions to Python syntax

(Note: The original question text was cut off. Assuming similar expressions, typical examples
would be:)

(a) 5 x (3 +2%) > Python: 5 * (3 + 2**2)
(b) 6-2x3 > Python:6-2 *3
(c) 7 + 22 > Python: 7 + 2**2

General rule:

Multiplication x > *

Division + > / or // for floor division

e Exponentiation (power) > **

Ensure parentheses are used to preserve order of operations.

3. Explain the concept of variables in Python.
Answer:

A variable in Python is a named storage location in memory that holds a value. It acts as a
container for data that can be changed during program execution.



Key Characteristics:

e Dynamic Typing — Variables do not require explicit declaration of data type; the type is
inferred from the value assigned.

e Case-sensitive — age and Age are different variables.

e Naming Rules — Must start with a letter or underscore, followed by letters, digits, or
underscores. Cannot use Python keywords (e.g., if, for).

¢ Rebinding — A variable can be reassigned to a different data type at any time.
Examples:
python
age =17 # integer
price =19.99 # float
name ="Ali"  # string
is_student = True # boolean

Why Variables are Important:
They allow programmers to store, retrieve, and manipulate data dynamically, making code
flexible and reusable.

4. Write a Python program that takes a number as input and checks whether it is positive,
negative, or zero using an if-elif-else statement.

Answer:
python
# Program to check if a number is positive, negative, or zero

num = float(input("Enter a number: "))

if num > 0:
print("The number is positive.")

elif num < 0O:



print("The number is negative.")
else:
print("The number is zero.")

Explanation:
The program reads a number (converted to float to handle decimals), then evaluates the
condition using if-elif-else and prints the appropriate message.

5. Write a Python program using a while loop that prints all the odd numbers between 1 and
100. Also, count and print the total number of odd numbers.

Answer:

python

# Program to print odd numbers from 1 to 100 and count them
number =1

count=0

while number <= 100:
if number % 2 1=0:
print(number)
count+=1

number +=1

print("Total odd numbers:", count)
Alternative using for loop:

python

count=0

foriinrange(1, 101, 2):

print(i)



count+=1
print("Total odd numbers:", count)

Explanation:

The while loop iterates from 1 to 100; the if condition checks for odd numbers (remainder not
zero when divided by 2). Each odd number is printed, and a counter is incremented. Finally, the
total count is displayed.

Chapter 3: Algorithms and Problem Solving

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

Answer:

Search Problems involve finding a particular element (or a set of elements) in a collection of
data. They are fundamental in computing and appear in databases, information retrieval, and
Al.

Characteristics of Search Problems:
¢ Input: A collection (array, list, tree, graph) and a target value.
e Output: The position (index) of the target, or a confirmation of its presence/absence.
¢ Evaluation: Typically measured by the number of comparisons or steps.

Linear Search:

e Process: Sequentially checks each element from the beginning until the target is found
or the end is reached.

¢ Time Complexity:
o Best case: O(1) — target at first position.
o Worst case: O(n) — target at last or not present.
o Average: O(n).

¢ Space Complexity: O(1) — in-place.

¢ Requirement: Works on unsorted data.



e Use Case: Small datasets, or when data is unsorted and changes frequently.
Binary Search:

e Process: Repeatedly divides the sorted list in half, comparing the target with the middle
element, and discarding the half that cannot contain the target.

o Time Complexity:

o Best case: O(1) — middle element equals target.

o Worst/Average: O(log n).
e Space Complexity: O(1) for iterative version; O(log n) for recursive due to call stack.
¢ Requirement: Data must be sorted.

o Use Case: Large, static datasets where sorting overhead is acceptable.

Comparison:
Criterion Linear Search Binary Search
Data

i Unsorted / Sorted Sorted only
requirement
Time complexity O(n) O(log n)
Efficiency on

Poor Excellent

large data
Implementation Simple Slightly complex

Conclusion: Binary Search is vastly more efficient for large, sorted datasets, but Linear Search is
more flexible and does not require preprocessing.

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

Answer:



Optimization Problems are computational problems where the goal is to find the best solution
among a set of feasible solutions, according to some criteria (e.g., minimize cost, maximize
profit, shortest path). They typically involve:

e Objective function — measures the quality of a solution.
e Constraints — conditions that must be satisfied.
o Decision variables — parameters that can be adjusted.
Categories:
e Continuous optimization — variables can take any real value (e.g., linear programming).
o Discrete (combinatorial) optimization — variables are discrete (e.g., scheduling, routing).
Real-world Applications:

1. Traveling Salesman Problem (TSP) — Find the shortest possible route that visits a set of
cities and returns to the origin. Used in logistics, circuit board drilling.

2. Knapsack Problem — Choose a subset of items with maximum total value without
exceeding weight capacity. Used in resource allocation, cargo loading.

3. Job Scheduling — Assign jobs to machines to minimize completion time. Used in
manufacturing, cloud computing.

4. Network Flow — Maximize the flow of data through a network. Used in
telecommunications, traffic engineering.

5. Supply Chain Management — Optimise inventory levels, distribution routes to minimise
costs.

6. Portfolio Optimisation — Select a mix of investments to maximise return for a given risk
level.

Solution Approaches:
e Exact methods: dynamic programming, branch and bound.

o Approximate methods: greedy algorithms, genetic algorithms, simulated annealing.

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

Answer:



Bubble Sort is a simple comparison-based sorting algorithm.

Process:

1. Start at the beginning of the list.

2. Compare adjacent elements. If they are in the wrong order, swap them.

3. Move one step forward and repeat the comparison.

4. After each full pass, the largest (or smallest) element “bubbles up” to its correct position

at the end.

5. Repeat passes until no swaps are needed (list is sorted).

Time Complexity:

e Worst case: O(n?) — when the list is in reverse order.

e Best case: O(n) — when the list is already sorted (with an optimization flag to detect no

swaps).
e Average case: O(n?).
Space Complexity: O(1) — in-place sorting.

Comparison with Merge Sort:

Feature Bubble Sort Merge Sort
Approach Compare-swap adjacent Divide and conquer
Time (worst) 0O(n2) O(n log n)

Time (best) O(n) O(n log n)

Space 0(1) O(n) (auxiliary array)
Stable? Yes Yes

Suitable for large data No Yes




Why Merge Sort is more efficient:
Merge Sort consistently runs in O(n log n) time, making it suitable for large datasets. Bubble
Sort’s quadratic complexity becomes impractical as n grows.

Conclusion: Bubble Sort is primarily educational and useful for very small datasets; Merge Sort
is a preferred general-purpose sorting algorithm.

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

Answer:

Time Complexity measures the amount of time an algorithm takes as a function of the input
size (n). It is expressed using Big O notation (e.g., O(n), O(n2), O(log n)). It indicates how the
runtime scales.

Space Complexity measures the amount of memory an algorithm uses as a function of the
input size. It includes both auxiliary space (extra/temporary space) and the space used by the
input itself.

Key Differences:

Aspect Time Complexity Space Complexity
What it . .

Execution time Memory usage
measures

Seconds (abstractly,

Units ) Bytes (abstractly, memory cells)
operations)
. Hardware requirements,
Impact Responsiveness, throughput .
scalability
Trade-off Often can trade space for time Often can trade time for space

Impact on Algorithm Choice:

1. Hardware Constraints — If memory is limited (embedded systems), an algorithm with
low space complexity (e.g., O(1)) may be chosen even if it is slower.



2. Real-time Systems — If response time is critical, a faster algorithm (e.g., O(log n)) is
preferred even if it uses more memory.
3. Big Data — For massive datasets, O(n log n) time algorithms are preferred over O(n?),
even if they require extra space.
4. Trade-offs — Some algorithms (e.g., Dynamic Programming) use extra memory
(memoization) to drastically reduce time complexity.
Example:

Merge Sort: O(n log n) time, O(n) space — good for large data when memory is available.

Quick Sort: O(n log n) average time, O(log n) space (in-place) — good when memory is
limited.

Bubble Sort: O(n?) time, O(1) space — only for very small datasets.

Thus, the choice is a balance between time and space based on the problem’s constraints.

Chapter 4: Computational Structures

1. Discuss the dynamic size property of lists in Python. How does this property make lists

more flexible?

Answer:

Dynamic Size means that a Python list can grow or shrink automatically during program

execution. Unlike arrays in many languages (C, Java) that have fixed capacity, Python lists do not

require a predefined size.

How it works:

Internally, Python lists are implemented as dynamic arrays. When an element is
appended and the underlying array is full, Python allocates a new, larger array (typically
~1.125 times the current size) and copies the existing elements.

Similarly, removing elements may shrink the array (though memory is not always
immediately released).

Flexibility Benefits:

1. No Pre-allocation — Programmers don’t need to guess the maximum size; the list adapts.



2. Easy Insertion/Deletion — Methods like append (), insert (), remove (), pop () simplify
modifications.

3. Mixed Data Types — Python lists can hold objects of different types, adding another layer
of flexibility.

4. Compatibility — They work seamlessly with loops, comprehensions, and many built-in
functions.

5. Memory Efficiency — The growth strategy amortizes the cost of resizing,
making append() O(1) on average.

Example:

python

numbers =[] # empty list

numbers.append(10) #size 1

numbers.append(20) # size 2

numbers.append(30) # size 3 —internal resize may occur
print(numbers) #[10, 20, 30]

This dynamic behaviour makes Python lists one of the most versatile and commonly used data
structures.

2. Explain the operations on stack with real-life example and Python code.
Answer:

A stack is a linear data structure that follows the Last-In, First-Out (LIFO) principle. The two
primary operations are:

e Push — Add an element to the top.
¢ Pop — Remove the top element.
e Peek/Top — View the top element without removing it (optional).

Real-life Example:
A stack of plates in a cafeteria. New plates are placed on top; when a plate is taken, it is taken
from the top. The last plate placed is the first one removed.



Python Implementation using List:
python
# Create an empty stack

stack =[]

# Push operations

stack.append("Book A")
stack.append("Book B")
stack.append("Book C")

print("Stack after pushes:", stack) # ['Book A', 'Book B', 'Book C']

# Pop operation
top_item = stack.pop()
print("Popped item:", top_item)  # Book C

print("Stack after pop:", stack) #['Book A', 'Book B']

# Peek (view top)
if stack:
print("Top item:", stack[-1]) # Book B
Applications of Stacks:
e Function call management (call stack)
e Expression evaluation (infix to postfix, parenthesis matching)
e Undo mechanisms in editors

e Backtracking algorithms (DFS, maze solving)

3. Write a simple program to implement a queue (insertion and deletion).



Answer:

A queue follows the First-In, First-Out (FIFO) principle. The two main operations are:
¢ Enqueue — Add an element to the rear.
o Dequeue — Remove an element from the front.

Python Implementation using collections.deque (efficient for both ends):

python

from collections import deque

# Create an empty queue

gueue = deque()

# Enqueue (add elements)
gueue.append("Ahmed")
gueue.append("Fatima")
gueue.append("Sara")

print("Queue after enqueues:", list(queue)) # ['Ahmed', 'Fatima’, 'Sara']

# Dequeue (remove front)
front = queue.popleft()
print("Dequeued person:", front) # Ahmed

print("Queue after dequeue:", list(queue)) # ['Fatima’, 'Sara']

# Peek at front
if queue:
print("Front person:", queue[0]) # Fatima

Alternative using queue.Queue (thread-safe):



python

from queue import Queue

g = Queue()
g.put("Ahmed")
g.put("Fatima")
print("Front:", g.queue[0]) # Ahmed
removed = q.get()
print("Removed:", removed) # Ahmed
Applications of Queues:
e CPU scheduling
e Print spooling
e Breadth-First Search (BFS)

e Handling requests in web servers

4. Define Tree and explain its properties.
Answer:

A tree is a non-linear hierarchical data structure consisting of nodes connected by edges. It has
a root node and zero or more child nodes, forming a parent-child relationship.

Terminology & Properties:
1. Root — The topmost node (no parent).
2. Node — An element that stores data and links to children.
3. Edge — Connection between two nodes.
4. Parent — Node with one or more children.
5. Child — Node directly connected to another node when moving away from root.

6. Leaf — Node with no children.



7. Subtree — Any node and its descendants.
8. Height — Length of the longest path from root to a leaf.
9. Depth — Length of the path from root to a given node.
10. Level — Root at level 1, its children level 2, etc.
11. Degree — Number of children of a node.
Properties:
e There is exactly one path between any two nodes.
e Atree with n nodes has exactly n-1 edges.
e ltis acyclic (no cycles).
Types of Trees:
e Binary Tree — Each node has at most two children.
e Binary Search Tree (BST) — Left child < parent < right child.

o Balanced Tree — Height difference between left and right subtrees is limited (e.g., AVL,
Red-Black).

e Heap — Complete binary tree with heap property (max/min at root).
Example:
text
CEO
/\
CTO CFO
/\ O\
Devl Dev2 Accl

Here, “CEO” is the root, “Dev1” is a leaf, height = 3.

5. What is a graph? Explain differences between directed and undirected graphs.

Answer:



A graph is a non-linear data structure composed of a set of vertices (nodes) and a set
of edges that connect pairs of vertices. Graphs model relationships between objects and can
represent networks, pathways, social connections, etc.

Formal Definition:
G =(V, E) where V is a set of vertices, E is a set of edges, each edge is a pair (u, v) of vertices.

Directed Graph (Digraph):
Edges have a direction — they go from one vertex to another. The pair (u, v) is ordered; (u, v) is
different from (v, u). Represented with arrows.

Undirected Graph:
Edges have no direction — they are bidirectional. The pair (u, v) is unordered; (u, v) and (v, u)
represent the same connection.

Differences:

Feature Directed Graph Undirected Graph

Edge representation (u = v) —one-way (u—v)—two-way
Symmetry Not symmetric Symmetric

Example Twitter followers (A follows B) Facebook friends (mutual)
Degree In-degree and out-degree Degree only

Path traversal Must follow edge direction Can travel both ways

Example Diagrams:
e Undirected: A — B (connected both ways)
e Directed: A - B (only A to B)

Weighted Graphs: Both directed and undirected graphs can have weights (costs) associated
with edges, representing distances, times, or capacities.

Applications:

¢ Undirected: Road networks (two-way streets), social networks (friendship).



o Directed: Web pages (hyperlinks), flight routes, task dependencies.

Chapter 5: Data Analytics

1. Discuss the types of data visualizations and their uses.
Answer:

Data visualization is the graphical representation of information. Different chart types serve
different purposes.

1. Bar Chart
¢ Use: Compare quantities across categories.
o Example: Sales per product, population per city.
2. Line Graph
e Use: Show trends over time.
o Example: Monthly temperature, stock prices.
3. Histogram
o Use: Display distribution of a single continuous variable.
o Example: Distribution of exam scores, age distribution.
4. Scatter Plot
e Use: Examine relationship between two continuous variables.
¢ Example: Height vs weight, advertising spend vs sales.
5. Box Plot (Box-and-Whisker)
¢ Use: Summarise distribution (median, quartiles, outliers) and compare groups.
o Example: Test scores across different classes.
6. Pie Chart
¢ Use: Show proportions of a whole (limited to few categories).

o Example: Market share by company.



7. Heatmap
e Use: Visualise matrix data with colour intensity.
e Example: Correlation matrix, geographic density.
8. Area Chart
e Use: Emphasise magnitude of change over time.
e Example: Cumulative sales over months.
9. Bubble Chart
e Use: Scatter plot with a third variable represented by bubble size.
o Example: GDP vs life expectancy with population as bubble size.
Choosing the Right Visualization:
e Comparison - Bar chart, box plot.
e Trend - Line chart, area chart.
¢ Distribution - Histogram, box plot.
e Relationship - Scatter plot, bubble chart.
¢ Composition = Pie chart, stacked bar chart.

Good visualisations make data easier to understand and communicate insights effectively.

2. Explain data collection methods.
Answer:

Data collection is the process of gathering and measuring information on targeted variables. The
choice of method depends on the research question, resources, and nature of data.

Primary Data Collection Methods:
1. Surveys / Questionnaires
o Structured set of questions administered to a sample.
o Can be online, paper, telephone.

o Efficient for large samples; limited depth.



2. Interviews
o One-on-one conversation (structured, semi-structured, unstructured).
o Provides rich qualitative data.
o Time-consuming and may have interviewer bias.

3. Observations
o Watching subjects in their natural environment.
o Useful for behavioural studies.
o Observer may influence subjects (Hawthorne effect).

4. Experiments
o Controlled manipulation of variables to establish cause-effect.
o Conducted in labs or field.
o High internal validity, but may lack realism.

5. Focus Groups
o Small group discussion led by a moderator.
o Generates diverse opinions and ideas.
o Not representative of larger population.

Secondary Data Collection Methods:

¢ Using existing data from government reports, academic journals, company records,
online databases.

¢ Cost-effective and quick, but may not perfectly fit the research need.
Factors Influencing Choice:

e Purpose of study (exploratory vs confirmatory).

e Budget and time.

e Required accuracy.

¢ Ethical considerations (privacy, consent).



3. Discuss the concept of measure of tendency with example.
Answer:

Measures of Central Tendency are single values that attempt to describe a set of data by
identifying the central position within that set. The three main measures are mean, median,
and mode.

1. Mean (Arithmetic Average)
¢ Sum of all values divided by the number of values.
e Sensitive to outliers.
e Example: Scores [50, 60, 70, 80, 90] - Mean = (50+60+70+80+90)/5 = 70.

2. Median

Middle value when data is arranged in order.
¢ If even number of values, median is average of the two middle values.
¢ Not affected by outliers.

e Example: [50, 60, 70, 80, 90] > Median = 70.
[50, 60, 70, 80] > Median = (60+70)/2 = 65.

3. Mode
e Value that appears most frequently.
¢ A dataset may have one mode, more than one (bimodal), or no mode.

¢ Example: [50, 60, 70, 70, 90] - Mode = 70.
[50, 60, 70, 70, 60] > Modes = 60 and 70.

When to Use Each:
e Mean - for symmetric distributions without outliers.

¢ Maedian —for skewed distributions or when outliers are present (e.g., household
income).

e Mode — for categorical data (e.g., most common product sold).

Example Scenario:
A teacher wants to understand typical student performance. If the class has one extremely high
or low score, the median gives a better picture than the mean.



Chapter 6: Emerging Technologies

1. Define cloud deployment models and assess the differences among them.

Answer:

Cloud Deployment Models define how cloud services are made available to users. The four

main models are:

1. Public Cloud

Services offered over the public internet, shared among multiple organisations
(multi-tenant).

Managed by third-party providers (AWS, Azure, Google Cloud).
Pros: Cost-effective, scalable, no maintenance.

Cons: Less control, potential security concerns.

2. Private Cloud

Cloud infrastructure used exclusively by one organisation.
Can be hosted on-premises or by a third party.
Pros: High security, customisation, control.

Cons: Expensive, requires IT expertise.

3. Hybrid Cloud

Combination of public and private clouds, with data and applications sharing between
them.

Pros: Flexibility, scalability, security (sensitive data on private, less sensitive on public).

Cons: Complex management, integration challenges.

4. Multi-Cloud

Use of multiple public cloud services from different providers simultaneously.
Pros: Avoid vendor lock-in, best-of-breed services, increased reliability.

Cons: Complexity, governance overhead.



Differences:

Model Ownership Access Security Cost Scalability
Public Provider Multi-tenant Lower Low Very high
Private Single org Single-tenant High High Limited
Hybrid Mixed Mixed Custom Medium High
) Multiple ) . . .
Multi-Cloud . Multi-tenant Varies Varies Very high
providers

Selection depends on budget, regulatory requirements, and workload sensitivity.

2. Classify the various types of cloud services and compare them, highlighting key distinctions.
Answer:
Cloud services are categorised into three primary service models:

1. Infrastructure as a Service (laaS)

Provides virtualised computing resources (servers, storage, networking) over the
internet.

User manages OS, applications, middleware; provider manages hardware.

Examples: Amazon EC2, Google Compute Engine, Microsoft Azure VMs.
e Use case: Hosting websites, data backup, development/test environments.
2. Platform as a Service (Paa$)

e Provides a platform allowing customers to develop, run, and manage applications
without managing underlying infrastructure.

¢ Includes OS, middleware, development tools, database management.
¢ Examples: Google App Engine, Microsoft Azure App Services, Heroku.

¢ Use case: Web application development, APl development.



3. Software as a Service (Saa$S)

o Delivers software applications over the internet, on a subscription basis.

e Provider manages everything; user just uses the application.

o Examples: Google Workspace, Microsoft Office 365, Salesforce.

¢ Use case: Email, CRM, collaboration tools.

Comparison:
Feature laaS PaaS Saa$S
) ] Low (configuration
Control High (OS, apps) Medium (apps only)
only)
User manages Provider manages
Management Fully managed
apps/0S platform
Scalability High High High
. System admins,
Typical user Developers End users
DevOps
Example AWS EC2 Google App Engine Gmail

Emerging model: Serverless (Function as a Service — FaaS) is sometimes considered PaaS or a

separate category where developers run code in response to events without managing servers.

3. Discuss the advancements and benefits of edge computing in modern technology.

Answer:

Edge Computing is a distributed computing paradigm that brings data processing closer to the

source of data generation (the “edge”) rather than relying on a centralised cloud.

Advancements:




1. 1oT Growth — Billions of sensors and devices generate massive data; sending all to cloud
is impractical.
2. 5G Networks — High-speed, low-latency connectivity enables real-time edge processing.
3. Al at the Edge — Lightweight machine learning models run on edge devices (e.g.,
smartphones, cameras).
4. Edge Hardware — Development of powerful, energy-efficient edge servers and gateways.
Benefits:
1. Reduced Latency — Data processed locally, critical for autonomous vehicles, industrial
automation, gaming.
2. Bandwidth Savings — Only aggregated or important data sent to cloud, reducing network
costs.
3. Enhanced Privacy & Security — Sensitive data can be processed locally without
transmission.
4. Reliability — Applications can function even with intermittent cloud connectivity.
5. Real-time Decision Making — Immediate responses without round-trip to cloud.
Examples:

Autonomous Vehicles — Process sensor data on-board for instant braking/steering.
Smart Cities — Traffic lights adjust in real-time based on local congestion.

Healthcare — Wearable devices monitor patients and alert doctors instantly.

Edge computing complements cloud computing, creating a seamless continuum from device to

data centre.

4. Describe "Cloud Deployment Models" with examples.

Answer:

Cloud Deployment Models define where the infrastructure resides and who has access. The

four primary models are:

1. Public Cloud

Owned and operated by a third-party provider, delivered over the internet.



e Examples: Amazon Web Services (AWS), Microsoft Azure, Google Cloud Platform (GCP).

e Use case: Startups, small businesses, web hosting.
2. Private Cloud

o Dedicated to a single organisation, can be on-premises or hosted.

e Examples: VMware private cloud, OpenStack, IBM Private Cloud.

e Use case: Banks, government agencies, healthcare (strict compliance).
3. Hybrid Cloud

e Combines public and private clouds with orchestration between them.

e Examples: AWS Outposts, Azure Stack, Google Anthos.

¢ Use case: E-commerce that uses private cloud for customer data and public cloud for
seasonal traffic spikes.

4. Multi-Cloud
e Using multiple public cloud services from different providers.
e Examples: A company using AWS for compute and Azure for Al services.
e Use case: Avoid vendor lock-in, leverage best-of-breed services.

5. Community Cloud (sometimes included)

e Shared infrastructure for a specific community with common concerns (e.g.,
government, research).

o Example: Cloud for multiple universities collaborating on research.

Each model offers different trade-offs in cost, control, security, and scalability.

Chapter 7: Legal and Ethical Aspects of Computing System

1. Explain the common clauses found in Terms of Use and describe how they protect both the

service provider and the user.

Answer:



Terms of Use (ToU) are legal agreements between a service provider and a user. Common
clauses include:

1. User Obligations

e Specifies what the user must do (e.g., provide accurate information, not misuse the
service).

o Protection: Protects provider from liability caused by user misconduct; protects users by
setting clear expectations.

2. Limitations of Liability

o Caps the provider’s financial responsibility if something goes wrong (e.g., service outage,
data loss).

e Protection: Shields provider from excessive lawsuits; users are aware of risks.
3. Privacy and Data Use

e Explains how user data is collected, stored, and shared.

e Protection: Ensures compliance with privacy laws; informs users about their data rights.
4. Intellectual Property Rights

e States that content (software, logos, text) is owned by the provider and cannot be
copied without permission.

e Protection: Prevents unauthorised use of provider’s IP; users know what they
can/cannot do.

5. Termination of Service
¢ Conditions under which the provider can suspend or terminate a user’s account.

¢ Protection: Allows provider to remove abusive users; users are forewarned about
prohibited behaviour.

6. Dispute Resolution
¢ Specifies how conflicts will be resolved (arbitration, jurisdiction).
¢ Protection: Avoids costly litigation; users know where and how to file complaints.

7. Modifications to Terms



Provider reserves right to update terms; users are bound by changes if they continue
using the service.

Protection: Allows provider to adapt to legal/technical changes; users are encouraged to
review updates.

By clearly outlining rights and duties, ToU create a transparent relationship, reduce

misunderstandings, and provide legal safeguards for both parties.

2. Explain how critical thinking skills contribute to responsible information utilization. Provide

examples of how these skills can be applied in real-life scenarios.

Answer:

Critical thinking is the ability to analyse information objectively, evaluate sources, and make

reasoned judgments. It is essential for responsible information use in the digital age.

How it Contributes:

Source Evaluation — Distinguish credible news from fake news.
Bias Detection — Recognise sponsored content, political agendas.
Fact-Checking — Verify claims using multiple sources.

Logical Reasoning — Identify fallacies and unsupported arguments.

Real-life Scenarios:

1.

Social Media — Before sharing a sensational headline, a critical thinker checks the
original source, publication date, and author credentials.

Health Information — When reading about a miracle cure, they look for scientific studies,
consult medical professionals, and avoid unverified remedies.

Shopping — Reading reviews critically: look for verified purchases, check multiple
platforms, beware of fake reviews.

Academic Research — Using peer-reviewed journals instead of random websites; citing
sources properly to avoid plagiarism.

By applying critical thinking, individuals become responsible digital citizens who contribute to

an informed society.



4. Discuss the importance of collaborative problem solving in a digital environment and
provide examples of how human-machine collaboration can enhance this process.

Answer:

Collaborative Problem Solving involves multiple individuals working together to address a
challenge, leveraging diverse skills and perspectives. In a digital environment, this is amplified
by technology.

Importance:

1. Diverse Expertise — Brings together different knowledge areas (e.g., coder + designer +
marketer).

2. Faster Solutions — Parallel work and instant communication (Slack, Teams) speed up
development.

3. Innovation — Brainstorming tools (Miro, Jamboard) generate more creative ideas.
4. Global Reach — Teams can collaborate across continents, 24/7.
Human-Machine Collaboration Examples:

1. Data Analysis — Humans interpret results, machines process large datasets (e.g., using
Python/Pandas).
Enhancement: Analysts focus on strategy, not manual calculation.

2. Design — Architects use CAD software to draft buildings; Al suggests optimised layouts.
Enhancement: Faster iterations, reduced errors.

3. Customer Service — Chatbots handle routine queries; humans handle complex issues.
Enhancement: 24/7 support, human agents spend time on high-value interactions.

4. Healthcare — Al analyses medical images; doctors make final diagnosis.
Enhancement: Increased accuracy, early detection.

Digital collaboration tools combined with machine intelligence create synergy, making teams
more productive and innovative.

Chapter 8: Online Research and Digital Literacy

1. Discuss the different types of online research and their purposes, providing examples for
each type.



Answer:
Online research can be categorized by its purpose:
1. General Information Research
e Finding basic facts or overviews on a topic.
o Example: Searching Google for “history of the internet” to write a school essay.
2. Academic Research
e Scholarly inquiry using peer-reviewed journals, books, academic databases.

e Example: Using Google Scholar or PubMed to gather papers for a thesis on climate
change.

3. Market Research

e Understanding customer preferences, competitor analysis, industry trends.

o Example: A startup surveys social media users to gauge demand for a new app.
4. Fact-Checking Research

e Verifying the accuracy of claims or news.

e Example: Using Snopes or official government websites to confirm a viral news story.
5. Health Research

o Seeking medical information, symptoms, treatments.

o Example: Looking up symptoms on a reputable site like Mayo Clinic before visiting a
doctor.

6. Technical/How-to Research
e Learning to perform a task or solve a technical problem.
e Example: Searching YouTube tutorials to fix a leaking tap.
7. Legal Research
o Finding laws, regulations, case studies.
o Example: A lawyer uses online legal databases to prepare for a case.

Each type requires different sources and evaluation criteria.



2. Explain the concept of digital literacy and its key components. How does it contribute to

effective use of digital tools and resources?

Answer:

Digital Literacy is the ability to use digital technologies effectively, critically, and safely. It goes

beyond basic technical skills to include cognitive and ethical competencies.

Key Components:

1.

6.

Technical Proficiency — Operating devices (computers, smartphones), using software
(word processors, browsers), managing files.

Information Literacy — Searching, locating, evaluating, and organising digital
information. Includes using search engines, databases, and judging source credibility.

Communication and Collaboration — Using email, social media, collaborative platforms
(Google Docs, Slack) to exchange ideas and work with others.

Content Creation — Producing digital content (documents, videos, websites) and
understanding copyright, licensing.

Digital Safety and Privacy — Protecting personal data, recognizing phishing, managing
passwords, understanding privacy settings.

Critical Thinking — Analyzing online content for bias, misinformation, and propaganda.

Contribution to Effective Use:

Efficiency — Skilled users find information faster and use tools more productively.
Accuracy — Evaluating sources reduces reliance on false information.
Creativity — Digital tools enable creation and innovation.

Responsibility — Ethical use of resources, respect for intellectual property, online
etiquette.

Digital literacy empowers individuals to participate fully in a connected society, from education

and employment to civic engagement.

3. Explain the process of developing a clear and focused research question. lllustrate your
answer with examples of well-formulated and poorly-formulated research questions.

Answer:



A research question guides the entire research process. A well-formulated question is clear,
focused, feasible, and debatable.

Process:
1. Choose a Broad Topic —e.g., “Climate Change”.
2. Narrow Down — Focus on a specific aspect: “Effects of climate change on agriculture”.

3. Make it Specific — Add geographic area, population, timeframe: “Impact of rising
temperatures on wheat yield in Punjab, Pakistan (2000—-2020)".

4. Ensure it is Researchable — Can you collect data? Is the scope manageable?

5. Formulate as a Question — “How has the increase in average temperature affected
wheat production in Punjab from 2000 to 2020?”

Poor vs. Well-Formulated:

Poor Research ]
Well-Formulated Research Question

Question
“What is social “How does Instagram usage affect body image among teenage girls
media?” in Lahore?”

. , . “What is the correlation between PM2.5 levels and hospital
Is pollution bad? o ] o
admissions for asthma in Karachi?

“Why are people “What are the primary barriers to microfinance adoption among
poor?” rural women in Sindh?”

Characteristics of a Good Research Question (FINER):
¢ Feasible — Adequate time, resources, data.
o Interesting — Engages the researcher and audience.
e Novel — Adds new knowledge.
e Ethical — No harm to subjects.

e Relevant — Important to science/society.



4. Discuss the importance of research ethics in maintaining the credibility and reliability of
research findings. Explain how unethical practices could affect the research community and
society.

Answer:

Research Ethics are moral principles guiding researchers to conduct honest, fair, and
responsible studies.

Importance:
1. Credibility — Ethical research produces trustworthy results that others can build upon.

2. Protection of Participants — Ensures informed consent, confidentiality, and avoidance of
harm.

3. Accountability — Researchers are answerable for their work.

4. Public Trust — Society relies on research for policy, medicine, technology; unethical
behaviour erodes confidence.

Consequences of Unethical Practices:
e For the Research Community:
o Retractions and wasted resources.
o Damage to institutional reputation.
o Slowed scientific progress due to misinformation.
e For Society:
o Harm to participants (e.g., Tuskegee syphilis study).
o Flawed policies based on fabricated data.
o Public skepticism towards science (e.g., anti-vaccine movement).
Examples of Unethical Practices:
o Plagiarism — Stealing others’ work.
o Data Fabrication — Making up results.
o Data Falsification — Manipulating data to get desired outcomes.

e Failure to Obtain Consent — Using people without permission.



Bias — Cherry-picking results to support a sponsor’s agenda.

Upholding ethics is not just a legal obligation but a professional responsibility that ensures

research remains a reliable foundation for progress.

5. Discuss the various types of intellectual property and provide examples of each. Explain

how each type helps in protecting different kinds of creations and innovations.

Answer:

Intellectual Property (IP) refers to creations of the mind protected by law. The main types are:

1. Patents

Protect inventions — new products, processes, or technical improvements.
Exclusive right to make, use, sell the invention for 20 years.
Example: A Pakistani engineer patents a more efficient solar panel.

Protection: Encourages innovation by granting temporary monopoly.

2. Trademarks

Protect brand identifiers — names, logos, slogans.
Renewable indefinitely as long as used in commerce.
Example: The “National Foods” logo.

Protection: Prevents consumer confusion; builds brand loyalty.

3. Copyrights

Protect original literary and artistic works — books, music, films, software, paintings.
Automatically upon creation; lasts author’s life + 50 years (varies by country).
Example: A Pakistani author’s novel, a software code.

Protection: Rewards creativity; allows creators to earn from their work.

4. Industrial Designs

Protect the visual appearance of a product (shape, configuration, pattern).
Not functional features.

Example: A unique bottle shape for a beverage.



e Protection: Prevents copying of distinctive product look.
5. Trade Secrets
e Protect confidential business information that gives a competitive edge.
o No registration; protected via non-disclosure agreements.
e Example: The recipe for Pakola soft drink.
e Protection: Encourages investment in proprietary knowledge.
6. Geographical Indications
o Identify goods originating from a specific place with qualities due to that origin.
¢ Example: Basmati rice, Multani khussa.
o Protection: Preserves regional heritage and prevents misuse.

Each IP type serves a distinct purpose, fostering innovation, creativity, and economic growth.

Chapter 9: Entrepreneurship in Digital Age

1. Discuss the importance of Design Thinking in developing business solutions. Provide
examples of how it can be applied.

Answer:

Design Thinking is a human-centred, iterative problem-solving approach that focuses on
understanding user needs, challenging assumptions, and redefining problems. It consists of five
phases: Empathise, Define, Ideate, Prototype, Test.

Importance in Business Solutions:

1. User-Centric — Products/services are designed based on real user needs, increasing
adoption.

2. Reduces Risk — Early prototyping and testing catch flaws before heavy investment.
3. Fosters Innovation — Encourages out-of-the-box ideas.

4. Cross-Functional Collaboration — Brings together diverse perspectives (marketing,
engineering, design).



5. Iterative Improvement — Continuous feedback leads to refined solutions.
Examples of Application:

e Airbnb — Founders used design thinking to identify that poor listing photos were a
barrier; they went door-to-door taking professional photos, dramatically increasing
bookings.

e Banking App — Empathising with elderly users who struggle with digital banking led to a
simplified interface with larger fonts and voice commands.

e Food Delivery — Observing that users often order for groups, a feature for split payment
was prototyped and tested.

Design Thinking transforms businesses from solution-driven to problem-driven, resulting in
products people truly love.

2. Explain the process of creating a business plan, and why each step is critical to the success
of a new business.

Answer:

A business plan is a formal document outlining business goals and the strategy to achieve them.
Its creation involves several critical steps:

1. Executive Summary

Overview of the entire plan — mission, product, market, financial highlights.

Critical: Often the only part investors read; must be compelling.

2. Business Description

Explains the problem, solution, value proposition, and target customers.

Critical: Clarifies the business concept and differentiates from competitors.

3. Market Analysis

Research on industry size, growth, customer segments, competitors.

Critical: Demonstrates that there is demand and that you understand the market.

4. Products or Services

Detailed description of offerings, features, benefits, and lifecycle.



e Critical: Shows what you are selling and why it’s unique.
5. Marketing and Sales Strategy
e How you will attract and retain customers (pricing, promotion, channels).
e Critical: Connects product to revenue; proves you can reach your audience.
6. Management Team
e Profiles of founders and key personnel, their expertise.
e Critical: Investors bet on people; demonstrates capability to execute.
7. Financial Plan
e Projections for income, cash flow, balance sheet; funding requirements.
o Critical: Validates financial viability; shows return on investment.
8. Operational Plan
o Day-to-day logistics, location, technology, suppliers.
e Critical: Proves you can deliver the product/service.
9. Appendices
e Supporting documents (resumes, patents, detailed charts).
e Critical: Provides evidence for claims made in the plan.

Skipping any step leaves gaps that can lead to failure. A thorough business plan forces
entrepreneurs to think through every aspect, anticipate challenges, and present a credible case
to stakeholders.

3. How does market insight influence business decisions? Give examples of how businesses
can use this information.

Answer:

Market insight is a deep understanding of customer behaviour, market trends, and competitive
landscape derived from data analysis. It influences decisions across all business functions:

1. Product Development

¢ Insight: Customers prefer eco-friendly packaging.



o Decision: Switch to biodegradable materials; highlight this in marketing.
2. Pricing

¢ Insight: Price-sensitive segment exists for daily groceries.

e Decision: Introduce smaller, lower-cost packages.
3. Marketing

e Insight: Instagram is the primary platform for your target age group.

o Decision: Allocate budget to Instagram ads and influencer collaborations.
4. Distribution

e Insight: 60% of orders come from a specific district.

e Decision: Open a local warehouse to reduce delivery time.
5. Customer Service

¢ Insight: Long wait times are the top complaint.

e Decision: Implement a chatbot for instant responses.
Examples:

¢ Netflix — Uses viewing data to decide which original series to produce (e.g., House of
Cards based on demand for David Fincher and political dramas).

e Daraz — Analyses shopping behaviour during Ramadan to offer targeted discounts on
specific categories.

o Starbucks — Identified that customers wanted plant-based milk; introduced oat milk
nationwide.

Market insight transforms intuition into evidence-based strategy, minimising risk and
maximising impact.

4. What are the essential components of a marketing and sales strategy? Discuss how these
strategies can be tailored for different markets.

Answer:

A marketing and sales strategy outlines how a company will attract and convert customers.
Essential components:



1. Target Market — Specific customer segments to focus on (demographics, psychographics,
behaviour).

2. Value Proposition — Clear statement of why a customer should buy from you (unique
benefits).

3. Marketing Mix (4Ps)

e Product — Features, design, packaging.

e Price — Pricing model (premium, economy, freemium).

e Place — Distribution channels (online, retail, direct).

¢ Promotion — Advertising, PR, content, social media, events.
4. Sales Strategy — Tactics for converting leads (direct sales, e-commerce, partnerships).
5. Budget & KPIs — Financial allocation and metrics (ROI, CAC, conversion rate).
Tailoring for Different Markets:

B2B vs B2C

o B2B: Longer sales cycles, relationship-based, content marketing (whitepapers,
LinkedIn).

o B2C: Emotional appeals, mass media, social commerce.

Domestic vs International

o Domestic: Local language, cultural references, known payment methods.

o International: Adapt to local regulations, currencies, customs (e.g., McDonald’s
serves halal in Pakistan).

Urban vs Rural

o Urban: Digital ads, trendy packaging, convenience.
o Rural: Radio, local influencers, small pack sizes (affordability).

Generational

o Gen Z: TikTok, influencer marketing, sustainability.
o Baby Boomers: Email, trust-based, clear instructions.

A flexible marketing strategy that adapts to the nuances of each market is key to global success.



5. Discuss the role of communication and storytelling in building a brand and connecting with

customers.

Answer:

Communication and storytelling are powerful tools for brand building. They go beyond simply

conveying information — they create emotional connections, differentiate the brand, and drive

loyalty.

Role of Communication:

Clarity — Clearly articulate what the brand stands for.
Consistency — Maintain a uniform voice across all channels.
Credibility — Transparent, honest messaging builds trust.

Engagement — Two-way communication (social media) fosters community.

Role of Storytelling:

Emotional Connection — Stories evoke feelings, making the brand memorable.
Example: TOMS Shoes tells the story of giving a pair of shoes to a child in need for every
purchase.

Simplifies Complex Ideas — A narrative makes abstract concepts relatable.
Example: Apple’s “1984” commercial introduced the Mac as a tool for individuality.

Humanises the Brand — Behind-the-scenes stories of founders, employees, customers.
Example: Nike’s ads feature real athletes overcoming adversity.

Differentiation — In a crowded market, a unique story sets you apart.
Example: Khaadi weaves the story of Pakistani heritage and handwoven fabrics.

How to Craft a Brand Story:

1.

2.

Hero — The customer, not the brand.
Conflict — The problem the customer faces.
Resolution — How your product/service solves it.

Moral — The values your brand upholds.



Conclusion:
Great stories make customers feel part of something bigger. Combined with clear, consistent
communication, they transform transactions into relationships and customers into advocates.



