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Introduction to Computing and Components 
(Hardware and Software) 

Introduction to Computing and ICT Fundamentals 
Understanding Systems 
A system is an organized collection of interrelated components working together to achieve specific 
objectives by transforming inputs into outputs. Every system, whether natural or artificial, can be 
described by four fundamental concepts: 

1. Objective/Purpose: The primary goal the system is designed to accomplish 
2. Components: The essential parts or subsystems that constitute the whole 
3. Environment: Everything external that interacts with or influences the system 
4. Interaction/Communication: The mechanisms through which components exchange 

information and coordinate functions 
Natural Systems evolve organically without human intervention, characterized by self-regulation, 
adaptability, and governance by natural laws. Examples include ecosystems, weather patterns, and 
biological systems. In contrast, Artificial Systems are intentionally designed by humans to solve specific 
problems, operating under predefined rules and requiring maintenance. Computer systems fall into this 
category, along with engineering structures and social organizations. 
The study of systems aligns with different scientific approaches: Natural Science examines existing 
natural systems, Design Science creates new artificial systems, and Computer Science uniquely 
combines both—studying computational phenomena while designing new software and hardware 
systems. 
Information and Communication Technology (ICT) 
ICT represents the technological convergence of computing and telecommunications, encompassing all 
tools that enable interaction in the digital world. This umbrella term includes communication devices 
(phones, televisions), computer hardware, networks, satellite systems, and associated services like video 
conferencing and e-commerce. ICT's fundamental characteristic is the integration of voice, data, and 
video over unified systems, enabling seamless digital interaction. 
The Computer as a System 
A computer is a programmable electronic device that accepts raw data as input, processes it according to 
stored instructions, produces useful output, and stores results for future use. Its core operations follow 
the IPO Cycle: Input → Processing → Output, with Storage supporting all stages. 
Computer Hardware consists of physical, tangible components: 

• Input Devices: Convert human-readable data to machine-readable form (keyboards, mice, 
scanners) 

• Processing Unit: The CPU (Central Processing Unit) containing the ALU (arithmetic/logic 
operations) and CU (coordination/control) 

• Memory: Primary storage (RAM for temporary data, ROM for permanent instructions) 
• Storage Devices: Secondary storage for long-term data retention (HDDs, SSDs) 
• Output Devices: Present processed information to users (monitors, printers) 
• Communication Components: Ports, expansion slots, and buses enabling component interaction 

Chapter 1 
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Computer Software provides the logical instructions that drive hardware: 
• System Software: Manages hardware resources (Operating Systems, device drivers, utilities) 
• Application Software: Performs specific user tasks (productivity tools, business applications) 
• Language Processors: Convert programming code to executable form (compilers, interpreters) 

Computer Architecture: The Von Neumann Model 
Proposed by mathematician John von Neumann, this architecture underpins virtually all modern 
computers. Its revolutionary stored-program concept places both instructions and data in the same 
memory, allowing programs to be modified like data. 
Key Components:  

• CPU: Contains ALU, Control 
Unit, and registers 

• Memory Unit: Single store for 
instructions and data 

• I/O Devices: Facilitate external 
communication 

• System Buses: Parallel pathways 
for data transfer (Data Bus, 
Address Bus, Control Bus) 

The Instruction Cycle (Fetch-Decode-
Execute) represents how the CPU 
processes instructions:  

1. Fetch: Retrieve instruction from 
memory address in Program 
Counter 

2. Decode: Interpret instruction to 
determine required operation 

3. Execute: Perform the calculation 
or operation 

4. Store: Write result back to 
memory or register 

While this architecture offers flexibility 
and simplified design, it suffers from 
the Von Neumann Bottleneck—the limitation caused by the shared bus system transferring both 
instructions and data, potentially restricting processing speed. 
Classification of Computers 
Computers are categorized based on technology, size, and purpose: 
By Technology: 

• Analog Computers: Process continuous physical data (voltage, temperature) directly 
• Digital Computers: Process discrete binary data (0s and 1s)—all modern general-purpose 

computers 
• Hybrid Computers: Combine analog and digital components for specialized applications 

By Size and Capability: 
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This evolution demonstrates the progression from mechanical calculation to programmable electronic 
systems, with each generation offering increased speed, reliability, and accessibility. 
Detailed Hardware Components 
Central Processing Unit (CPU) – The "brain" executing instructions: 

• Control Unit (CU): Coordinates operations, fetches/decodes instructions 
• Arithmetic Logic Unit (ALU): Performs mathematical calculations and logical comparisons 
• Registers: High-speed temporary storage within CPU 

o General Purpose: Accumulator (results), Base/Counter/Data registers 
o Special Purpose: Program Counter (next instruction), Instruction Register (current 

instruction), Memory Address/Data registers 
• Cache Memory: Fast SRAM bridging CPU-RAM speed gap (L1, L2, L3 hierarchy) 
• Internal Buses: Transfer data between CPU components 

CPU Architectures: 
• CISC (Complex Instruction Set Computer): Rich instruction set emphasizing hardware (Intel 

x86) 
• RISC (Reduced Instruction Set Computer): Simple instruction set emphasizing software 

(ARM, PowerPC) 
Memory Hierarchy:  

1. CPU Registers: 1ns access, minimal capacity 
2. Cache Memory (L1/L2/L3): 2-10ns, KB-MB 

capacity 
3. Main Memory (RAM): 50-100ns, GB capacity 
4. Secondary Storage (SSD/HDD): ~100,000ns, 

TB capacity 
5. Tertiary Storage (Tape/Cloud): Seconds 

access, PB+ capacity 
This hierarchy exploits locality principles (temporal 
and spatial) to provide the illusion of large, fast memory 
at reasonable cost. 
Primary Memory Types: 

• RAM (Random Access Memory): Volatile, read/write workspace 
o DRAM: Needs refresh, high density, lower cost (main memory) 
o SRAM: No refresh needed, faster, more expensive (cache) 

• ROM (Read Only Memory): Non-volatile, stores permanent data 
o PROM: Programmable once 
o EPROM: Erasable with UV light 
o EEPROM: Electrically erasable (Flash memory) 

Secondary Storage: 
• Hard Disk Drives (HDD): Magnetic platters, moving read/write heads 
• Solid State Drives (SSD): Flash memory, no moving parts, faster/more durable 
• Optical Disks: CD (~700MB), DVD (4.7-17GB), Blu-ray (25-100GB) 
• Flash Memory: USB drives, memory cards 
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One Liners: Introduction to Computing and Components 
FUNDAMENTAL CONCEPTS & SYSTEMS 

1. ICT represents the technological convergence of telephone networks with computer networks via 
a single link system. 

2. A system is a collection of interconnected components working cohesively to achieve specific 
objectives by processing inputs into outputs. 

3. The four fundamental concepts describing any system are its Objective, Components, 
Environment, and Communication/Interaction. 

4. Natural systems occur organically without human intervention and are characterized by self-
regulation and adaptability. 

5. Artificial systems are intentionally designed by humans, operate under predefined rules, and 
require maintenance. 

6. Natural systems are governed by natural laws, while artificial systems operate under human-
defined rules and protocols. 

7. Design Science focuses on creating new artificial systems to solve problems, while Natural 
Science studies existing natural systems. 

8. Computer Science uniquely utilizes methods from both Natural Science and Design Science. 
9. A computer is a programmable electronic device that accepts input, processes it according to 

stored instructions, produces output, and stores results. 
10. The IPO (Input-Processing-Output) cycle represents the fundamental operations of all computer 

systems. 
11. The stored-program concept, where both instructions and data reside in the same memory, was 

proposed by John von Neumann. 
12. The Von Neumann bottleneck refers to the limitation caused by the shared bus system transferring 

both instructions and data. 
13. In the Von Neumann architecture, instructions and data sharing the same memory space creates a 

security risk for buffer overflow attacks. 
14. The Instruction Cycle consists of four stages: Fetch, Decode, Execute, and Store (Write Back). 
15. During the Fetch stage, the CPU retrieves the instruction from the memory address held in the 

Program Counter. 
16. The Program Counter (PC) holds the address of the next instruction to be fetched and is 

incremented after each fetch operation. 
17. The Current Instruction Register (CIR) holds the instruction currently being decoded and 

executed. 
18. The Control Unit (CU) directs and coordinates operations within the processor and manages data 

flow. 
19. The Arithmetic Logic Unit (ALU) performs all mathematical calculations and logical 

comparisons. 
20. Registers are high-speed temporary storage locations within the CPU for data and addresses being 

processed. 
21. The Memory Address Register (MAR) holds the memory location of data to be fetched or stored. 
22. The Memory Data Register (MDR) holds the data fetched from or to be written to memory. 
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90. An Embedded OS is built into the hardware of dedicated devices with limited resources. 
91. Batch Processing OS processes similar jobs in groups without user interaction. 
92. Multitasking/Time-Sharing OS allows multiple users/tasks to interact concurrently by rapidly 

switching CPU time. 
93. Distributed OS manages a group of networked computers as a single, cohesive system. 
94. In contiguous file allocation, files occupy consecutive disk blocks allowing fast access but 

causing external fragmentation. 
95. Linked file allocation stores file blocks scattered across disk linked by pointers—space-efficient 

but slow for random access. 
96. Indexed file allocation uses an index block pointing to all data blocks, offering a balance between 

access speed and management. 
97. Common file systems include NTFS (Windows), APFS (macOS), ext4 (Linux), and FAT32 

(removable drives). 

Practice MCQs
1. Which of the following is NOT one of 

the four fundamental concepts that 
describe any system according to 
systems theory? 
a) Objective/Purpose 
b) Components 
c) Efficiency 
d) Environment 
Answer: c) Efficiency 

2. The study that focuses on creating 
new artificial systems to solve 
problems is known as: 
a) Natural Science 
b) Design Science 
c) Computer Science 
d) Systems Science 
Answer: b) Design Science 

3. In the context of system classification, 
which characteristic is unique to 
natural systems as opposed to 
artificial systems? 
a) They operate under predefined 
human-set rules 
b) They evolve autonomously over time 
c) They require regular maintenance 
d) They have structured components 
Answer: b) They evolve autonomously 
over time 

4. The Von Neumann bottleneck 
primarily results from: 
a) Slow CPU clock speeds 
b) Limited RAM capacity 
c) Shared bus system for instructions 
and data 
d) Inefficient cache memory design 
Answer: c) Shared bus system for 
instructions and data 

5. Which component of the Von 
Neumann architecture is responsible 
for carrying memory addresses from 
the CPU? 
a) Data Bus 
b) Address Bus 
c) Control Bus 
d) System Bus 
Answer: b) Address Bus 

6. During the Fetch stage of the 
instruction cycle, what specific action 
happens to the Program Counter after 
an instruction is retrieved? 
a) It is decremented 
b) It is loaded with the address of the 
fetched instruction 
c) It is incremented to point to the next 
instruction 
d) It is compared with the Memory 
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Data Communication and Computer Networking 
Introduction to Data Communication Systems 
We live in an era of an electronic global village, where computers, telephones, and wireless devices are 
interconnected worldwide. This connectivity forms the backbone of modern life, enabling everything 
from remote collaboration and e-commerce to global information sharing. At its core, this is made 
possible by data communication. 
What is Data Communication? 
Data communication is defined as the electronic exchange of digital information (data) between two or 
more devices via a transmission medium. This medium can be guided (wired/bounded), like a cable, 
or unguided (wireless/unbounded), like radio waves. 
For a system to perform this exchange, five fundamental components must be present: 

1. Sender (Source/Transmitter): The device that originates and sends the data message (e.g., a 
computer, mobile phone, or video camera). It converts the message into a signal suitable for 
transmission. 

2. Receiver (Destination/Sink): The device that accepts the transmitted message (e.g., a server, 
printer, or another computer). It converts the received signal back into a usable form. 

3. Message: The actual information or data to be communicated. This can be text, numbers, 
pictures, sound, video, or any combination thereof. 

4. Transmission Medium (Channel): The physical path through which the message travels from 
sender to receiver (e.g., twisted-pair cable, fiber optics, or the atmosphere). 

5. Protocol: A set of pre-defined rules and conventions that govern all aspects of communication. It 
represents an agreement between devices on how data is formatted, transmitted, received, and 
acknowledged. Without a common protocol, effective communication is impossible. Protocols 
handle error detection, synchronization, and signaling. 

Example: When you send an email, your laptop (Sender) uses the SMTP protocol to send the email text 
(Message) over a Wi-Fi connection (Medium) to your email provider’s server (Receiver). 
In more detailed systems, we also consider Encoder and Decoder (Codec). An encoder converts digital 
signals into a form suitable for the transmission medium (e.g., modulation), while a decoder performs the 
reverse process (demodulation) at the receiving end. 
Key Characteristics of an Effective Network 
For a network to be functional and efficient, it must strive to meet three primary goals, often encapsulated 
in the delivery requirements: 

• Delivery: The system must deliver data to the correct, intended destination. 
• Accuracy: The system must deliver data accurately, without alteration. The data received must be 

identical to the data sent. 
• Timeliness: The system must deliver data in a timely manner. For real-time applications like 

audio and video, low delay (latency) is more critical than perfect accuracy. A related concept 
is Jitter, which refers to the variation in packet delay. High jitter in a video call causes choppy 
audio and frozen video. 

 

Chapter 2 
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Data Representation and Signals 
Data must be converted into signals to travel across a medium. 

• Analog Signal: A continuous electrical wave that varies smoothly over time. Its key 
characteristics are: 

o Amplitude: The height or strength of the wave. 
o Frequency: The number of cycles the wave completes in one second, measured in Hertz 

(Hz). 
o Phase: The position of the wave relative to a point in time. 
o Example: Traditional voice over telephone lines, AM/FM radio. 

• Digital Signal: A discrete signal representing data as a sequence of distinct on/off pulses, 
typically binary 1s and 0s. 

o Bit: The smallest unit of data, a single binary digit (0 or 1). 
o Example: Data inside a computer, Ethernet signals. 

Data Encoding (Coding Schemes): Since computers work with binary digits, all data types—text, 
numeric, image, audio, video—must be converted into binary codes. Standard schemes ensure consistent 
interpretation: 

• ASCII (American Standard Code for Information Interchange): A 7-bit code representing 
128 characters, primarily for English text. 

• Unicode: A universal 16-bit (or more) standard capable of representing over 65,000 symbols, 
including characters from almost all world languages. UTF-8 is a popular variable-length 
encoding that maintains backward compatibility with ASCII. 

• EBCDIC: An 8-bit code developed by IBM for mainframe computers. 
• BCD (Binary Coded Decimal): An older 4-bit code representing decimal digits (0-9). 

Transmission Impairments 
Signals degrade as they travel due to several factors: 

• Attenuation: The loss of a signal's energy as it propagates over distance, measured in decibels 
(dB). Amplification (using devices like amplifiers or repeaters) is the solution. 

• Distortion: A change in the signal's shape because different frequency components travel at 
slightly different speeds, arriving at different times. 

• Noise: Any unwanted external signal that mixes with and corrupts the original signal. A specific 
type is Crosstalk, where a signal from one cable leaks into an adjacent one. 

Data Flow (Transmission Modes)  
Communication between two devices can be 
organized based on the direction of flow: 

• Simplex: Communication is one-
way only. One device is 
permanently the sender, the other 
the receiver (e.g., keyboard to CPU, 
traditional TV broadcast). 

• Half-Duplex: Communication 
is two-way, but not 
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• Hybrid Topology: A combination of two or more topologies (e.g., star-bus).  

Network Architecture (Models) 
• Client-Server: 

o Powerful, dedicated servers provide services (files, email, web) to client workstations. 
o Characteristics: Centralized management, high security, scalable. Requires expensive 

server hardware/admin. 
o Example: Corporate email, web browsing. 

• Peer-to-Peer (P2P): 
o All computers (peers) have equal status; each can act as both client and server. 
o Characteristics: Easy/inexpensive to set up, no central admin. Less secure, not scalable, 

poor under heavy load. 
o Example: Small office/home networks, BitTorrent. 

• Hybrid: Combines client-server and P2P models. 
The OSI and TCP/IP Reference Models 
The Need for Layered Models 
Before standardization, vendor-specific solutions couldn't interoperate. Layered models divide the 
complex task of network communication into simpler, manageable layers, each with a specific function. 
The OSI (Open Systems Interconnection) Model 
A 7-layer theoretical framework developed by ISO. 

Layer Name Key Function Protocols/Devices PDU 

7 Application 

Provides interface 
for user/apps to 
access network 

services. 

HTTP, FTP, SMTP, DNS, 
Telnet Data 
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The TCP/IP Protocol Suite 
The 4-layer practical model that drives the modern Internet. 

TCP/IP Layer Corresponding OSI 
Layers Key Protocols Core Function 

Application Application, 
Presentation, Session 

HTTP, FTP, SMTP, 
DNS, DHCP 

Combines high-level user 
application functions. 

Transport (Host-
to-Host) Transport TCP, UDP End-to-end communication, 

flow/error control. 
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• Structure: Network ID (identifies the network) + Host ID (identifies the device). 
• Address Classes (Historical - Classful Addressing): 

o Class A: Large nets (1.0.0.1 - 126.255.255.254), mask 255.0.0.0 or /8. 
o Class B: Medium nets (128.0.0.1 - 191.255.255.254), mask 255.255.0.0 or /16. 
o Class C: Small nets (192.0.0.1 - 223.255.255.254), mask 255.255.255.0 or /24. 
o Class D: Multicast (224.0.0.0 - 239.255.255.255). 
o Class E: Reserved. 

• Private IP Ranges: Not routable on public Internet. 
o 10.0.0.0 – 10.255.255.255 (Class A) 
o 172.16.0.0 – 172.31.255.255 (Class B) 
o 192.168.0.0 – 192.168.255.255 (Class C) 

 
CIDR and Subnetting (Classless Addressing) 
Replaced wasteful classful addressing. 

• Subnet Mask: A 32-bit number where 1s = network part, 0s = host part (e.g., 255.255.255.0 or 
/24). 

• Subnetting: Dividing a large network into smaller subnets. 
o Example Problem: Network 192.168.1.0/24 needs 5 subnets with ≥20 hosts each. 

1. Need ≥5 subnets → Borrow 3 host bits (2³=8 subnets). New prefix: /27. New 
mask: 255.255.255.224. 

2. Block size = 2^(32-27) = 2⁵ = 32. 
3. Subnets: 192.168.1.0, .32, .64, .96, .128, .160, .192, .224. 
4. For subnet 192.168.1.32/27: 

 Network Addr: 192.168.1.32 
 First Host: 192.168.1.33 
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One Liners: Data Communication & Networking 
FOUNDATIONAL CONCEPTS 

1. Data communication is the electronic exchange of digital information between two or more 
devices via a transmission medium. 

2. The five fundamental components of any data communication system are Message, Sender, 
Receiver, Transmission Medium, and Protocol. 

3. A protocol is a set of rules governing communication, handling aspects like error detection, 
synchronization, and authentication. 

4. The encoder converts digital signals into a form suitable for transmission, while 
the decoder performs the reverse process at the receiver. 

5. Delivery, Accuracy, and Timeliness are the three key properties of an effective data 
communication system. 

6. Jitter refers to the variation in packet delay and is particularly detrimental to real-time 
audio/video communication. 

7. An analog signal is characterized by continuous variation in amplitude, frequency, and phase 
over time. 

8. Frequency of an analog signal is measured in Hertz (Hz) and represents the number of cycles 
completed per second. 

9. A digital signal represents data as discrete, distinct on-off electrical pulses, typically binary 1s 
and 0s. 

10. ASCII is a 7-bit coding scheme capable of representing 128 characters, primarily for English 
text. 

11. Unicode uses 16 or more bits to represent over 65,000 symbols, including characters from nearly 
all world languages. 

12. UTF-8 is a variable-length Unicode encoding that maintains backward compatibility with ASCII. 
13. Attenuation is the loss of signal strength as it travels through a medium, measured in decibels 

(dB). 
14. Amplification is the process of strengthening an attenuated signal using devices like amplifiers 

or repeaters. 
15. Distortion occurs when different frequency components of a signal arrive at different times, 

changing the signal's shape. 
16. Noise is any unwanted external signal that mixes with and corrupts the original signal during 

transmission. 
17. Crosstalk is a specific type of noise where signals leak from one cable or channel into an 

adjacent one. 
18. In simplex mode, communication is unidirectional with one permanent sender and one permanent 

receiver. 
19. Half-duplex mode allows two-way communication but not simultaneously; devices must take 

turns. 
20. Full-duplex mode enables simultaneous two-way communication, requiring either two channels 

or channel division. 
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Practice MCQs
1. In data communication, which 

component is responsible for 
converting a message into a signal 
suitable for the transmission 
medium? 
a) Receiver 
b) Protocol 
c) Encoder 
d) Transmission Medium 
Answer: c) Encoder 

2. The property of a communication 
system that ensures data is delivered 
as it is produced, without significant 
delay or jitter, is called: 
a) Delivery 
b) Accuracy 
c) Timeliness 
d) Synchronization 
Answer: c) Timeliness 

3. Which characteristic of an analog 
signal refers to the position of the 
wave relative to a point in time? 
a) Amplitude 
b) Frequency 
c) Phase 
d) Wavelength 
Answer: c) Phase 

4. UTF-8 encoding is widely adopted on 
the web primarily because: 
a) It uses the fewest bits per character 
b) It is backward compatible with 
existing ASCII text 
c) It provides the strongest encryption 
d) It is mandated by IEEE standards 
Answer: b) It is backward compatible 
with existing ASCII text 

5. Distortion in a signal differs from 
noise in that distortion: 
a) Is always caused by external sources 
like motors 
b) Refers to unwanted addition of 

external signals 
c) Involves change in signal shape due 
to varying propagation speeds of its 
components 
d) Can be completely eliminated by 
using shielded cables 
Answer: c) Involves change in signal 
shape due to varying propagation 
speeds of its components 

6. The metallic shield in a coaxial cable 
serves the primary purpose of: 
a) Providing structural rigidity 
b) Acting as the primary data conductor 
c) Shielding the central conductor from 
electromagnetic interference 
d) Reducing the cable's weight 
Answer: c) Shielding the central 
conductor from electromagnetic 
interference 

7. In fiber optic communication, total 
internal reflection occurs because: 
a) The core has a higher refractive index 
than the cladding 
b) The cladding has a higher refractive 
index than the core 
c) Both core and cladding have identical 
refractive indices 
d) Light signals are amplified at each 
reflection point 
Answer: a) The core has a higher 
refractive index than the cladding 

8. Which wireless communication 
medium is characterized by 
omnidirectional propagation and 
ability to penetrate walls? 
a) Microwaves 
b) Satellite waves 
c) Radio waves 
d) Infrared waves 
Answer: c) Radio waves 



  MK PREPARATIONS  

 

P a g e  1 | 78 

 

  

M 
K 
 

P 
R 
E 
P 
A 
R 
A 
T 
I 
O 
N 
S 

3
. P

ro
g

ra
m

in
g

 F
u

n
d

a
m

e
n

ta
ls &

 C
o

re
 C

o
n

ce
p

ts 

MK PREPARATIONS: Let’s Make It Happen 
+92 333 2605045, +92 342 4470091 
 

Programming Fundamentals & Core Concepts (C /C++) 
Introduction to Computing and Binary Representation 
At the heart of all modern computing lies a simple yet profound idea: information can be represented and 
manipulated using only two states—ON and OFF, symbolized by the digits 1 and 0. This binary system is the 
fundamental language of computers. 
Key Concepts: 

• Bit (Binary Digit): The smallest unit of data. A single bit holds either a 0 or a 1. 
• Byte: A group of 8 bits. It is the standard unit for measuring data size (e.g., a single character 
often occupies one byte). 
• Data Storage Units: Memory and storage scale using binary multiples (powers of 2): 

o 1 Kilobyte (KB) = 1024 Bytes 
o 1 Megabyte (MB) = 1024 KB 
o 1 Gigabyte (GB) = 1024 MB 
o 1 Terabyte (TB) = 1024 GB 

Inside a computer, these bits are physically represented by the state of electronic components—such as 
transistors being open or closed, or capacitors being charged or discharged. This binary foundation, formalized 
by Gottfried Leibniz, enables the representation of all forms of data: numbers, text, images, and sound. 
Binary vs. Decimal Number Systems 

Feature Decimal System (Base-10) Binary System (Base-2) 
Base 10 2 
Digits Used 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 0, 1 
Place Value Powers of 10 (…, 1000, 100, 10, 1) Powers of 2 (…, 8, 4, 2, 1) 
Smallest Unit Digit Bit 

Example 1980 = (1×1000)+(9×100)+(8×10)+(0×1) 1010₂ = (1×8)+(0×4)+(1×2)+(0×1) = 
10₁₀ 

Notation Written as 45 or 45₁₀ Written with subscript, e.g., 110₂ 
In a binary number, the leftmost bit is the Most Significant Bit (MSB) (highest value), and the rightmost is 
the Least Significant Bit (LSB). 
Number System Conversion 
Binary to Decimal: 
Use the positional notation method. Multiply each bit by 2 raised to the power of its position (starting from 0 
on the right) and sum the results. 
Example: 101101₂ = (1×2⁵)+(0×2⁴)+(1×2³)+(1×2²)+(0×2¹)+(1×2⁰) = 32+0+8+4+0+1 = 45₁₀. 
Decimal to Binary: 
Use the repeated division-by-2 method. 

1. Divide the decimal number by 2. 
2. Write down the remainder (0 or 1). 
3. Use the quotient as the new number. 
4. Repeat until the quotient is 0. 
5. The binary equivalent is the sequence of remainders read from the last to the first. 
Example: Convert 172₁₀ to binary. 

172 ÷ 2 = 86 R 0 
86 ÷ 2 = 43 R 0 
43 ÷ 2 = 21 R 1 
21 ÷ 2 = 10 R 1 
10 ÷ 2 = 5 R 0 
5 ÷ 2 = 2 R 1 
2 ÷ 2 = 1 R 0 
1 ÷ 2 = 0 R 1 

Reading remainders from bottom-up: 10101100₂. 

Chapter 3 
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Categories: 
1. Machine Language (First Generation - 1GL): 

o The computer's native language, consisting entirely of binary code (0s and 1s). 
o Executed directly by the CPU. 
o Advantage: Maximum speed and efficiency. 
o Disadvantage: Extremely difficult for humans to read, write, and debug. Machine-
specific. 

2. Assembly Language (Second Generation - 2GL): 
o Uses symbolic codes called mnemonics (e.g., ADD, MOV, JMP) to represent 
machine instructions. 
o More readable than machine language but still closely tied to the hardware 
architecture. 
o Requires an assembler to translate it into machine code. 
o Used for system programming, device drivers, and performance-critical code. 

3. High-Level Languages (Third Generation - 3GL and beyond): 
o Use syntax resembling human language (often English-like keywords). 
o Machine-independent (portable across different computer architectures). 
o Much easier to learn, write, debug, and maintain. 
o Require a compiler or interpreter for translation into machine code. 

Subcategories of HLLs: 
o Procedural Languages: Focus on a sequence of procedures or functions that operate 
on data (e.g., C, Pascal, FORTRAN). 
o Structured Languages: Emphasize clear, logical structure using control flow 
constructs (e.g., ALGOL, Ada). 
o Object-Oriented Languages: Model programs as collections of interacting "objects" 
that encapsulate data and behavior (e.g., C++, Java, C#). 
o Visual Programming Languages: Allow program creation by manipulating visual 
elements (e.g., Visual Basic, Scratch). 

Popular High-Level Languages: 
• C: A general-purpose, procedural language known for its efficiency and control. The 
foundation for system software and many other languages. 
• C++: An object-oriented extension of C, adding features like classes, inheritance, and 
polymorphism. 
• Java: An object-oriented language designed for platform independence ("Write Once, Run 
Anywhere") via the Java Virtual Machine (JVM). Widely used for enterprise and web applications. 
• C# (C-Sharp): A modern, object-oriented language developed by Microsoft for the .NET 
framework, used in Windows applications and game development (Unity). 
• Python: An interpreted, high-level language prized for its simplicity, readability, and vast 
ecosystem of libraries. Used in web development, data science, AI, and scripting. 

Translators: Compiler vs. Interpreter 
• Compiler: Translates the entire source program into machine code (object code) in one go. 
The resulting executable can be run 
independently. Examples: C, C++, 
Pascal compilers. 
• Interpreter: Translates and 
executes the program line by line. 
It stops when it encounters an error. 
The source code is needed for 
every 
execution. Examples: Python, 
JavaScript, BASIC interpreters.  
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Program Development Life Cycle in C 
Writing and running a C program involves a sequence of steps, typically managed within an Integrated 
Development Environment (IDE) like Code::Blocks, Dev-C++, or Eclipse CDT. 

1. Creating/Editing: Writing the source code in a text editor and saving it with a .c extension 
(e.g., myprogram.c). 
2. Compiling: The compiler (e.g., gcc) translates the high-level C source code into an object 
file (.obj or .o). This step checks for syntax errors. 
3. Linking: The linker combines one or more object files with necessary library files (e.g., the 
standard C library, libc) to resolve external references and create a single executable file (.exe on 
Windows, no extension or .out on Unix-like systems). 
4. Loading & Executing: The loader places the executable file into the computer's main 
memory (RAM). The CPU then begins fetching and executing the machine instructions. 

The C Programming Environment (IDE) 
An Integrated Development Environment (IDE) is a software application that consolidates all tools needed 
for program development into a single graphical interface: 

• Editor: For writing and modifying source code, often with features like syntax highlighting, 
auto-completion, and bracket matching. 
• Compiler & Linker: Integrated tools to translate and build the program. 
• Debugger: A tool for locating and fixing errors (bugs) by allowing step-by-step execution, 
inspection of variables, and setting breakpoints. 
• Other Tools: May include a project manager, version control integration, a built-in 
console/output window, and a help system. 

Basic Structure and Elements of a C Program 
Every C program follows a general structure, dividing logic into manageable units called functions.  

 
The main() function is mandatory and serves as the program's entry point—execution begins here. 
c 
/* A Simple C Program Structure */ 
 
#include <stdio.h>   // Preprocessor Directive (Header File Inclusion) 
#define PI 3.14159   // Macro Definition 
 
int main()           // Main Function Header (Program Entry Point) 
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2. Must begin with a letter or an underscore (beginning with an underscore is legal but often 
reserved for system/compiler use). 
3. C is case-sensitive (e.g., Total, total, and TOTAL are three different identifiers). 
4. Cannot be a C keyword (reserved word, e.g., int, if, while). 
5. Cannot contain spaces or special characters (except _). 
6. Should be meaningful and follow a consistent naming convention 
(e.g., student_age, total_score). 

Keywords (Reserved Words) 
These are words with fixed, predefined meanings in the C language syntax. They are the building blocks of 
the language and cannot be used as identifiers. ANSI C has 32 keywords. Some of the most common are: 

auto break case char 
const continue default do 
double else enum extern 
float for goto if 
int long register return 
short signed sizeof static 
struct switch typedef union 
unsigned void volatile while 

Header Files 
Header files (with .h extension) contain declarations (not definitions) for library functions, macros, and data 
types. They tell the compiler about the interface of a library. 
Common C Header Files: 

• stdio.h: Standard Input/Output. Contains functions 
like printf(), scanf(), fopen(), fclose(). 
• conio.h: Console Input/Output (Non-standard, often found in older compilers like Turbo 
C). Contains functions like getch(), getche(), clrscr(). 
• math.h: Mathematics. Contains functions like sqrt(), pow(), sin(), cos(). 
• string.h: String Handling. Contains functions 
like strcpy(), strlen(), strcmp(), strcat(). 
• stdlib.h: Standard Library. Contains general utility functions 
like malloc(), free(), exit(), rand(). 
• ctype.h: Character Handling. Contains functions 
like isalpha(), isdigit(), toupper(). 

Variables, Constants, and Data Types 
Variables 
A variable is a named memory location whose value can change during program execution. Think of it as a 
labeled mailbox that can hold different letters (values). A variable must be declared with a specific data type 
before it can be used. 

• Declaration: data_type variable_name; (e.g., int count;) 
• Multiple Declarations: data_type var1, var2, var3; (e.g., float x, y, z;) 
• Initialization: Assigning an initial value at the time of declaration. 

o int count = 0; 
o char grade = 'A'; 
o float price = 99.95; 

An uninitialized variable in C contains a garbage value (whatever bits were previously in that memory 
location), which can lead to unpredictable behavior. 
Constants 
A constant is a quantity whose value does not change during program execution. 

1. Literal Constants: Values typed directly into the code. 
o Integer: 100, -5, 075 (octal), 0x1A (hexadecimal) 
o Floating-point: 3.14159, -0.002, 1.2e-5 (scientific notation) 
o Character: 'A', 'a', '$', '\n' (escape sequence) 
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Increment (++) and Decrement (--) Operators 
Unary operators that increase or decrease the value of a variable by 1. They can be used 
in prefix or postfix form, which affects when the increment/decrement happens relative to the value being 
used in an expression. 

• Prefix (e.g., ++x, --y): The increment/decrement happens first, and then the new value is 
used in the expression. 
• Postfix (e.g., x++, y--): The current value is used in the expression first, and then the 
variable is incremented/decremented. 

Operation Expression Value of i After Value of j After 
j = ++i Prefix i increments, then assigned to j. j gets the new value of i. 
j = i++ Postfix i assigned to j, then increments. j gets the old value of i. 

Example: If i = 5 initially: 
• j = ++i; → i becomes 6, j becomes 6. 
• j = i++; → j is assigned 5, then i becomes 6. 

Important: Avoid using the same variable multiple times in an expression with increment/decrement 
operators (e.g., x = x++ + ++x;). The behavior is undefined in C because the order of evaluation of side 
effects is not specified. 
Compound Assignment Operators 
Combine an arithmetic or bitwise operation with assignment. 

Operator Example Equivalent To 
+= a += 5; a = a + 5; 
-= a -= 3; a = a - 3; 
*= a *= 2; a = a * 2; 
/= a /= 4; a = a / 4; 
%= a %= 3; a = a % 3; 

These operators are concise and can sometimes lead to more efficient machine code. 
Conditional (Ternary) Operator (? :) 
A shorthand for a simple if-else statement. It is the only ternary operator in C (takes three operands). 

• Syntax: condition ? expression_if_true : expression_if_false 
• Example: max = (a > b) ? a : b; // Sets max to the larger of a and b. 
• Example: printf("The number is %s.\n", (num % 2 == 0) ? "even" : 
"odd"); 

Operator Precedence and Associativity 
When an expression contains multiple operators, precedence determines which operator is evaluated first. If 
operators have the same precedence, associativity (left-to-right or right-to-left) determines the order. 
Summary of Precedence (Highest to Lowest): 

Precedence Operators Type / Associativity 

Highest 

() (Parentheses) Left to Right 
++, -- (Postfix) Left to Right 
++, -- (Prefix), +, - (Unary), !, ~,  
(type) (cast), * (dereference), &  
(address-of), sizeof 

Right to Left 

*, /, % Multiplicative / Left to Right 
+, - (Binary) Additive / Left to Right 
<, <=, >, >= Relational / Left to Right 
==, != Equality / Left to Right 
&& Logical AND / Left to Right 
|| Logical OR / Left to Right 

Lowest 
?: (Conditional) Right to Left (for the operator 

itself) 
=, +=, -=, etc. Assignment / Right to Left 
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/* Output: 
* 
** 
*** 
**** 
***** 
*/ 
Example: Multiplication Table (1 to 5). 
c 
for (int i = 1; i <= 5; i++) { 
    for (int j = 1; j <= 10; j++) { 
        printf("%d x %d = %d\n", i, j, i * j); 
    } 
    printf("\n"); // Blank line between tables 
} 

 
Sentinel-Controlled Loops 
Used when the number of data items is unknown. A special sentinel value (an end marker that is not valid 
data) signals the termination of input. 
General Pattern (using while): 
c 
get the first data item; 
while (data item is not the sentinel value) { 
    process the data item; 
    get the next data item; 
} 
*Example: Calculating average marks. Sentinel = -1.* 
c 
int marks, sum = 0, count = 0; 
printf("Enter marks (-1 to stop): "); 
scanf("%d", &marks); 
 
while (marks != -1) { // Sentinel check 
    sum += marks; 
    count++; 
    printf("Enter marks (-1 to stop): "); 
    scanf("%d", &marks); // Get next item 
} 
 
if (count > 0) { 
    float avg = sum / (float)count; // Cast to float for precise division 
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    int nums[5] = {1, 2, 3, 4, 5}; 
    modify_array(nums, 5); 
    // nums now contains {2, 4, 6, 8, 10} 
    return 0; 
} 
Two-Dimensional Arrays (Matrices) 
A "array of arrays" - used for tabular data with rows and columns. 
Declaration: 
c 
data_type array_name[rows][columns]; 
Examples: 
c 
int matrix[3][4];        // 3 rows, 4 columns 
float grades[5][3];      // 5 students, 3 subjects 
char tictactoe[3][3];    // Tic-tac-toe board 
Initialization: 
c 
// Method 1: Row-wise initialization 
int matrix[3][4] = { 
    {1, 2, 3, 4}, 
    {5, 6, 7, 8}, 
    {9, 10, 11, 12} 
}; 
 
// Method 2: Sequential initialization 
int matrix2[2][3] = {1, 2, 3, 4, 5, 6}; 
 
// Method 3: Partial initialization 
int matrix3[3][3] = { 
    {1},        // Row 0: {1, 0, 0} 
    {4, 5},     // Row 1: {4, 5, 0} 
    {7, 8, 9}   // Row 2: {7, 8, 9} 
}; 
 
// Method 4: Initialize all to zero 
int zero_matrix[4][4] = {0}; 
Accessing Elements: 
Requires two indices: array_name[row][column] 
c 
int matrix[2][3] = {{1, 2, 3}, {4, 5, 6}}; 
 
int element = matrix[0][1]; // 2 (row 0, column 1) 
matrix[1][2] = 10;         // Change element at row 1, column 2 to 10 
Traversing a 2D Array: 
Use nested loops - outer loop for rows, inner loop for columns. 
c 
#define ROWS 3 
#define COLS 4 
 
int matrix[ROWS][COLS]; 
int value = 1; 
 
// Writing to matrix 
for (int i = 0; i < ROWS; i++) { 
    for (int j = 0; j < COLS; j++) { 
        matrix[i][j] = value++; 
    } 
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union Data data; 
 
data.i = 10; 
printf("data.i = %d\n", data.i); // 10 
 
data.f = 220.5; 
printf("data.f = %.2f\n", data.f); // 220.50 
// data.i is now overwritten 
 
strcpy(data.str, "C Programming"); 
printf("data.str = %s\n", data.str); // C Programming 
// Both data.i and data.f are overwritten 
When to Use Unions: 

1. When you need to store different types of data in the same memory location. 
2. For implementing variant types. 
3. In embedded systems to access hardware registers. 
4. To save memory when you know only one member will be used at a time. 

Example: Student Record with Union 
c 
struct Student { 
    int roll_no; 
    char name[50]; 
    union { 
        float marks;     // For regular students 
        char grade;      // For pass/fail courses 
    } result; 
    int is_pass_fail;    // Flag: 1 for pass/fail, 0 for marks 
}; 
 
int main() { 
    struct Student s1, s2; 
     
    // Regular student 
    s1.roll_no = 101; 
    strcpy(s1.name, "Ali"); 
    s1.is_pass_fail = 0; 
    s1.result.marks = 85.5; 
     
    // Pass/Fail student 
    s2.roll_no = 102; 
    strcpy(s2.name, "Sara"); 
    s2.is_pass_fail = 1; 
    s2.result.grade = 'P'; // Pass 
     
    return 0; 
} 
 
 
Differences Between Structures and Unions: 

Aspect Structure Union 

Memory Each member has separate memory 
location 

All members share same memory 
location 

Size Sum of sizes of all members Size of largest member 

Access All members can be accessed 
simultaneously 

Only one member can be accessed at a 
time 

Purpose Group related data of different types Store one of several possible types 
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Class: A user-defined blueprint/template for creating objects. 
Object: An instance of a class. 
cpp 
#include <iostream> 
#include <string> 
using namespace std; 
 
// Class definition 
class Student { 
private:    // Access specifier - members not accessible outside class 
    int roll_no; 
    string name; 
    float marks; 
 
public:     // Access specifier - members accessible from outside 
    // Member functions 
    void setDetails(int r, string n, float m) { 
        roll_no = r; 
        name = n; 
        marks = m; 
    } 
     
    void displayDetails() { 
        cout << "Roll No: " << roll_no << endl; 
        cout << "Name: " << name << endl; 
        cout << "Marks: " << marks << endl; 
    } 
     
    float getMarks() { 
        return marks; 
    } 
}; 
 
int main() { 
    // Creating objects 
    Student s1, s2; 
     
    // Accessing public members 
    s1.setDetails(101, "Ali Ahmed", 85.5); 
    s2.setDetails(102, "Sara Khan", 92.0); 
     
    s1.displayDetails(); 
    s2.displayDetails(); 
     
    // s1.roll_no = 103; // ERROR: roll_no is private 
     
    return 0; 
} 
Access Specifiers 

1. private: Members accessible only from within the class (default for class). 
2. public: Members accessible from anywhere. 
3. protected: Members accessible within the class and by derived classes. 

Constructors and Destructors 
Constructor: Special member function called automatically when object is created. 

• Same name as class 
• No return type 
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    Student s("Ali", 20, 101, 85.5); 
    Teacher t("Dr. Ahmed", 45, "Computer Science", 80000); 
     
    cout << "Student Details:" << endl; 
    s.displayStudent(); 
     
    cout << "\nTeacher Details:" << endl; 
    t.displayTeacher(); 
     
    return 0; 
} 
Polymorphism 
Compile-time Polymorphism (Static Binding): 

• Function Overloading 
• Operator Overloading 

Run-time Polymorphism (Dynamic Binding): 
• Virtual Functions 

Function Overloading: 
cpp 
class Calculator { 
public: 
    int add(int a, int b) { 
        return a + b; 
    } 
     
    float add(float a, float b) { 
        return a + b; 
    } 
     
    int add(int a, int b, int c) { 
        return a + b + c; 
    } 
     
    string add(string a, string b) { 
        return a + b; 
    } 
}; 
 
int main() { 
    Calculator calc; 
    cout << calc.add(5, 3) << endl;           // Calls int version 
    cout << calc.add(5.5f, 3.2f) << endl;     // Calls float version 
    cout << calc.add(1, 2, 3) << endl;        // Calls three-parameter version 
    cout << calc.add("Hello, ", "World!") << endl; // Calls string version 
     
    return 0; 
} 
Operator Overloading: 
cpp 
class Complex { 
private: 
    float real; 
    float imag; 
     
public: 
    Complex(float r = 0, float i = 0) : real(r), imag(i) {} 
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    // Size and capacity 
    cout << "Size: " << numbers.size() << endl; 
    cout << "Capacity: " << numbers.capacity() << endl; 
     
    // Sort the vector 
    sort(numbers.begin(), numbers.end()); 
     
    cout << "Sorted: "; 
    for (int num : numbers) { 
        cout << num << " "; 
    } 
    cout << endl; 
     
    // Remove element 
    numbers.pop_back(); // Remove last element 
     
    // Insert element 
    numbers.insert(numbers.begin() + 2, 25); 
     
    // Clear vector 
    numbers.clear(); 
     
    return 0; 
} 
Maps (Key-Value Pairs): 
cpp 
#include <iostream> 
#include <map> 
#include <string> 
using namespace std; 
 
int main() { 
    // Create a map 
    map<string, int> studentMarks; 
     
    // Insert key-value pairs 
    studentMarks["Ali"] = 85; 
    studentMarks["Sara"] = 92; 
    studentMarks["Bilal"] = 78; 
    studentMarks["Ahmed"] = 88; 
     
    // Access values 
    cout << "Ali's marks: " << studentMarks["Ali"] << endl; 
     
    // Check if key exists 
    if (studentMarks.find("Sara") != studentMarks.end()) { 
        cout << "Sara found in map" << endl; 
    } 
     
    // Iterate through map 
    cout << "\nAll students and marks:" << endl; 
    for (auto it = studentMarks.begin(); it != studentMarks.end(); ++it) { 
        cout << it->first << ": " << it->second << endl; 
    } 
     
    // Using range-based for loop 
    cout << "\nUsing range-based for:" << endl; 
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One Liners: Programing Fundamentals & Coe Concepts 
Programming Fundamentals & Binary System 
1. The binary number system uses only two digits: 0 and 1, representing the OFF and ON states of a 

computer. 
2. A bit (Binary Digit) is the smallest unit of data, storing either 0 or 1. 
3. Eight bits form one byte, which is the standard unit for measuring data size. 
4. Memory scales using binary multiples: 1 KB = 1024 bytes, 1 MB = 1024 KB, 1 GB = 1024 MB. 
5. The leftmost bit in a binary number is the Most Significant Bit (MSB), and the rightmost is the Least 

Significant Bit (LSB). 
6. Binary to decimal conversion uses positional notation: each bit is multiplied by 2 raised to its position 

power. 
7. Decimal to binary conversion uses the repeated division-by-2 method, reading remainders from last to 

first. 
8. ASCII is an 8-bit character encoding standard representing 128 characters, with 'A' = 65 and 'a' = 97. 
9. Unicode extends ASCII to support over 65,000 characters from multiple writing systems worldwide. 
10. In the RGB color model, each color component (Red, Green, Blue) is represented by an 8-bit value 

from 0 to 255. 
11. White in RGB is (255,255,255) or binary 11111111 for each component. 
12. Digital sound conversion uses an Analogue-to-Digital Converter (ADC), with quality determined by 

sample rate and bit depth. 
13. Problem analysis involves defining the problem clearly, identifying causes, and brainstorming 

solutions. 
14. Abstraction in problem-solving means creating a simplified model focusing only on essential details. 
15. Divide and conquer breaks complex problems into smaller, more manageable sub-problems. 
16. An algorithm is a finite, step-by-step procedure that takes input, processes it, and produces output. 
17. Algorithm efficiency is measured by time complexity (execution speed) and space complexity 

(memory usage). 
18. A flowchart's diamond shape represents a decision point with yes/no or true/false branches. 
19. The parallelogram in a flowchart denotes input/output operations. 
20. John von Neumann pioneered the stored-program concept where both instructions and data reside in 

memory. 
21. Software is a collection of multiple programs bundled together for a comprehensive task. 
22. Machine language (1GL) consists of binary code (0s and 1s) executed directly by the CPU. 
23. Assembly language (2GL) uses mnemonics like ADD and MOV, requiring an assembler for 

translation. 
24. High-level languages (3GL) like C and Python use English-like syntax and are machine-independent. 
25. Procedural languages design programs as sequences of procedures operating on data. 
26. Object-oriented languages model programs as collections of interacting objects. 
27. A compiler translates the entire source program into machine code in one go. 
28. An interpreter translates and executes code line by line, stopping at errors. 
29. The five fundamental programming constructs are sequence, selection, repetition, events, and 

variables/constants. 
30. Syntax errors violate language grammar rules and prevent program execution. 
31. Logical errors allow programs to run but produce incorrect results due to flawed logic. 
32. In Scratch, variables can be "for this sprite only" (local) or "for all sprites" (global). 
33. Scratch's forever block creates an infinite loop, while repeat [n] executes a block n times. 
34. Python uses dynamic typing where variable types are inferred from assigned values. 
35. Python's input() function reads strings, requiring explicit conversion (e.g., int()) for numeric input. 
36. The // operator in Python performs floor division, returning the integer quotient. 
37. Python lists are ordered, mutable collections accessed via zero-based indexing. 
38. The append() method adds an element to the end of a Python list. 
39. A webpage is a single HTML document, while a website is a collection of related webpages. 
40. A web server hosts websites and serves requested pages to client browsers. 
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Practice MCQs
 

1. In the binary number 110101, what is 
the decimal value of the most significant bit? 
a) 1 
b) 16 
c) 32 
d) 64 
Answer: c) 32 
2. When converting decimal 45 to binary 
using repeated division-by-2, what is the 
sequence of remainders read from last to 
first? 
a) 101101 
b) 1011011 
c) 1011010 
d) 101101 
Answer: a) 101101 
3. Which statement about ASCII encoding 
is INCORRECT? 
a) It uses 8 bits per character 
b) It represents 256 different characters 
c) 'a' has decimal value 97 
d) Uppercase letters come before lowercase in 
value 
Answer: b) It represents 256 different 
characters 
4. In the RGB color model, what is the 
binary representation for pure green? 
a) 00000000 11111111 00000000 
b) 11111111 00000000 00000000 
c) 00000000 00000000 11111111 
d) 11111111 11111111 00000000 
Answer: a) 00000000 11111111 00000000 
5. Which problem-solving technique 
involves ignoring unnecessary details to 
focus on the core model? 
a) Decomposition 
b) Pattern Recognition 
c) Abstraction 
d) Algorithmic Design 
Answer: c) Abstraction 
6. What is the primary purpose of a 
flowchart's diamond-shaped symbol? 
a) Start/End point 
b) Input/Output operation 
c) Process/Calculation step 
d) Decision/Conditional branch 
Answer: d) Decision/Conditional branch 
7. The von Neumann architecture is 
revolutionary because it introduced: 
a) Binary number system 
b) Stored-program concept 

c) Graphical user interface 
d) Object-oriented programming 
Answer: b) Stored-program concept 
8. Which translator executes source code 
line by line and stops at the first error 
encountered? 
a) Compiler 
b) Assembler 
c) Interpreter 
d) Linker 
Answer: c) Interpreter 
9. A program runs but produces incorrect 
output. This is most likely a: 
a) Syntax error 
b) Semantic error 
c) Logical error 
d) Runtime error 
Answer: c) Logical error 
10. In Scratch, a variable declared as "for 
this sprite only" has: 
a) Global scope 
b) Local scope 
c) Static scope 
d) Dynamic scope 
Answer: b) Local scope 
11. What will be the output of Python code: 
print(7 // 2)? 
a) 3.5 
b) 3 
c) 4 
d) 3.0 
Answer: b) 3 
12. The Python range(5, 0, -2) generates: 
a) 5, 3, 1 
b) 5, 4, 3, 2, 1 
c) 0, 1, 2, 3, 4 
d) 5, 4, 3, 2, 1, 0 
Answer: a) 5, 3, 1 
13. Which Python method correctly adds 
'cherry' to the end of a list named fruits? 
a) fruits.add('cherry') 
b) fruits.append('cherry') 
c) fruits.insert('cherry') 
d) fruits.push('cherry') 
Answer: b) fruits.append('cherry') 
14. A website that changes content based on 
user input without reloading the page is best 
described as: 
a) A static website 
b) A responsive website 
c) A dynamic website 
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The Python Language 
What is Python? 
Definition (Standard): Python is a high-level, general-purpose, interpreted programming language 
known for its clear syntax and code readability. 
Conceptual Definition: Python is a dynamic programming language that emphasizes code simplicity and 
developer productivity. Its design philosophy focuses on making code easy to write, read, and maintain. 
What it is: Python is a tool that allows humans to communicate instructions to computers using a 
language that is closer to human language than machine code. Instead of writing complex binary or 
assembly instructions, programmers write Python code that is then translated into machine-executable 
instructions. 
How it works: Python code is not directly executed by the computer's processor. Instead, it is processed 
by a program called the Python interpreter. The interpreter reads the Python source code, converts it into 
an intermediate form called bytecode, and then executes that bytecode on a virtual machine. This makes 
Python an interpreted language, as opposed to compiled languages like C++. 
Why it is used: Python is used because it greatly reduces the time and effort needed to develop software. 
Its simple syntax allows programmers to express complex ideas in fewer lines of code compared to many 
other languages. This makes it ideal for rapid application development, prototyping, and for domains 
where productivity is more important than raw execution speed. 
Key Point: Python is often described as a language that prioritizes developer experience. The phrase 
"batteries included" is famously used to describe Python because its standard library comes with a vast 
collection of ready-to-use modules for almost any task. 
Python as an Interpreted Language 

Aspect Compiled Languages (C, C++) Interpreted Languages (Python) 
Execution 
Process 

Source code → Compiler → Machine 
Code → Execution 

Source code → Interpreter → 
Execution (line by line) 

Speed Faster execution Slower execution (due to interpretation 
overhead) 

Portability Platform-specific machine code Platform-independent source code 
Development 
Cycle 

Compile → Link → Execute (longer 
cycle) 

Write → Execute (shorter cycle) 

Debugging More difficult Easier, interactive debugging 
History and Evolution 
Creator: Guido van Rossum 
Year of First Release: 1991 
Inspiration for the Name: The name "Python" was inspired not by the snake, but by the British comedy 
troupe "Monty Python's Flying Circus," which Guido van Rossum enjoyed watching. 
Timeline: 

• 1989: Guido van Rossum started developing Python as a successor to the ABC language. 
• 1991: Python 0.9.0 was released. 
• 1994: Python 1.0 was released. 
• 2000: Python 2.0 was released. 
• 2008: Python 3.0 was released (a major, non-backward-compatible release). 

Chapter 4 
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python 
x = "123" 
y = int(x)   # y is now integer 123 
 
z = 3.14 
a = int(z)   # a is now integer 3 (truncates, not rounds) 
 
b = str(100) # b is now string "100" 
Data Structures 
Lists 
What it is: A list is an ordered, mutable (changeable) collection of items in Python. 
Concept: Lists are one of the most versatile data structures in Python. They can hold items of different 
data types. 
How to create: 
python 
# Empty list 
my_list = [] 
 
# List of numbers 
numbers = [1, 2, 3, 4, 5] 
 
# List of mixed types 
mixed = [1, "Hello", 3.14, True] 
 
# List of lists (nested list) 
nested = [[1, 2], [3, 4]] 
Common Operations: 

Operation Code Description 
Access numbers[0] Returns first element (index 0) 
Negative Index numbers[-1] Returns last element 
Slicing numbers[1:3] Returns elements from index 1 to 2 
Append numbers.append(6) Adds element to end 
Insert numbers.insert(2, 99) Inserts at index 2 
Remove numbers.remove(3) Removes first occurrence of 3 
Pop numbers.pop() Removes and returns last element 
Length len(numbers) Returns number of elements 

Example: 
python 
fruits = ["apple", "banana", "cherry"] 
fruits.append("orange")          # ["apple", "banana", "cherry", "orange"] 
print(fruits[1])                 # Output: banana 
print(fruits[-1])                # Output: orange 
fruits.remove("banana")          # ["apple", "cherry", "orange"] 
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A.remove(2) 
 
# Discard (does nothing if not present) 
A.discard(10) 
 
# Union 
print(A | B)  # {1, 2, 3, 4, 5, 6} 
 
# Intersection 
print(A & B)  # {3, 4, 5} 
 
# Difference 
print(A - B)  # {1, 2} 
Strings (Detailed) 
What it is: Strings are sequences of characters (text) and are immutable. 
Common String Methods: 
python 
text = "  Hello Python World  " 
 
# Case conversion 
print(text.lower())      # "  hello python world  " 
print(text.upper())      # "  HELLO PYTHON WORLD  " 
print(text.title())      # "  Hello Python World  " 
print(text.capitalize()) # "  hello python world  " 
 
# Trimming whitespace 
print(text.strip())      # "Hello Python World" 
print(text.lstrip())     # "Hello Python World  " 
 
# Searching 
print(text.find("Python"))      # 9 (index where "Python" starts) 
print(text.find("Java"))        # -1 (not found) 
print("Python" in text)         # True 
 
# Splitting 
words = text.strip().split()    # ["Hello", "Python", "World"] 
 
# Joining 
joined = "-".join(["a", "b", "c"])  # "a-b-c" 
 
# Formatting 
name = "Ayesha" 
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!= Not equal to 5 != 3 → True 
> Greater than 5 > 3 → True 
< Less than 5 < 3 → False 
>= Greater than or equal to 5 >= 5 → True 
<= Less than or equal to 5 <= 3 → False 

Logical Operators 
Operator Description Example 
and Returns True if both are true True and False → False 
or Returns True if at least one is true True or False → True 
not Inverts the truth value not True → False 

Truth Table: 
A B A and B A or B 
True True True True 
True False False True 
False True False True 
False False False False 

Assignment Operators 
Operator Example Equivalent 
= x = 5 x = 5 
+= x += 3 x = x + 3 
-= x -= 3 x = x - 3 
*= x *= 3 x = x * 3 
/= x /= 3 x = x / 3 
//= x //= 3 x = x // 3 
%= x %= 3 x = x % 3 
**= x **= 3 x = x ** 3 

Bitwise Operators 
Operator Description Example 
& Bitwise AND 5 & 3 → 1 
| Bitwise OR 5 | 3 → 7 
^ Bitwise XOR 5 ^ 3 → 6 
~ Bitwise NOT ~5 → -6 
<< Left shift 5 << 1 → 10 
>> Right shift 5 >> 1 → 2 

Membership Operators 
Operator Description Example 
in True if value exists in sequence 3 in [1, 2, 3] → True 
not in True if value does not exist in sequence 3 not in [1, 2, 3] → False 

Identity Operators 
Operator Description Example 
is True if both operands refer to same object x is y 
is not True if operands refer to different objects x is not y 

Important Distinction: is checks if two variables point to the same object in memory, while == checks if 
the values are equal. 
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Advantage: Elegant solution for problems with recursive nature. 
Disadvantage: Can be memory-intensive and slower; risk of RecursionError for large values. 
Built-in Functions 
What they are: Functions that are always available without importing. 
Common Built-in Functions: 

Function Description Example 
print() Outputs to console print("Hello") 
input() Reads user input name = input("Enter name: ") 
len() Returns length len([1, 2, 3]) → 3 
type() Returns type type(5) → <class 'int'> 
int() Converts to integer int("123") → 123 
float() Converts to float float("3.14") → 3.14 
str() Converts to string str(100) → "100" 
list() Creates a list list("abc") → ['a', 'b', 'c'] 
tuple() Creates a tuple tuple([1, 2]) → (1, 2) 
dict() Creates a dictionary dict(a=1, b=2) → {'a': 1, 'b': 2} 
set() Creates a set set([1, 2, 2]) → {1, 2} 
sorted() Returns sorted list sorted([3, 1, 2]) → [1, 2, 3] 
max() Returns maximum max([1, 5, 3]) → 5 
min() Returns minimum min([1, 5, 3]) → 1 
sum() Returns sum sum([1, 2, 3]) → 6 
abs() Returns absolute value abs(-5) → 5 
round() Rounds a number round(3.1415, 2) → 3.14 

Modules and Packages 
What are Modules? 
Concept: A module is a file containing Python code (functions, classes, variables) that can be reused in 
other programs. 
What it is: A way to organize Python code into separate files to improve maintainability and reusability. 
Why use modules: 

• To avoid writing duplicate code. 
• To organize related functionality together. 
• To share code between different projects. 

Importing Modules 
Syntax: 
python 
# Import entire module 
import math 
print(math.pi)          # Output: 3.141592653589793 
 
# Import specific functions 
from math import sqrt, pi 
print(sqrt(16))         # Output: 4.0 
print(pi)               # Output: 3.141592653589793 
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student1 = Student("Ahmed", "A", 20) 
student1.display_info()  # Output: Student: Ahmed, Grade: A, Age: 20 
Inheritance 
Concept: Inheritance allows a class (child/subclass) to inherit attributes and methods from another class 
(parent/superclass). 
Why use inheritance: 

• Code reuse: Child classes get parent functionality automatically. 
• Extensibility: Child classes can add or override behavior. 
• Hierarchical relationships: Model "is-a" relationships. 

Example: 
python 
# Parent/Superclass 
class Animal: 
    def __init__(self, name): 
        self.name = name 
 
    def speak(self): 
        print(f"{self.name} makes a sound.") 
 
# Child/Subclass 
class Dog(Animal): 
    def speak(self):  # Method overriding 
        print(f"{self.name} says Woof!") 
 
    def wag_tail(self): 
        print(f"{self.name} is wagging tail.") 
 
class Cat(Animal): 
    def speak(self): 
        print(f"{self.name} says Meow!") 
 
# Usage 
dog1 = Dog("Buddy") 
cat1 = Cat("Kitty") 
 
dog1.speak()   # Output: Buddy says Woof! 
cat1.speak()   # Output: Kitty says Meow! 
dog1.wag_tail() # Output: Buddy is wagging tail. 
Multiple Inheritance 
A child class can inherit from multiple parent classes. 
python 
class Flying: 
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    def withdraw(self, amount): 
        if 0 < amount <= self.__balance: 
            self.__balance -= amount 
            print(f"Withdrawn {amount}. New balance: {self.__balance}") 
        else: 
            print("Insufficient balance") 
 
    def get_balance(self): 
        return self.__balance 
 
# Usage 
account = BankAccount("ABC123", 1000) 
account.deposit(500)  # Deposited 500. New balance: 1500 
account.withdraw(200) # Withdrawn 200. New balance: 1300 
print(account.get_balance())  # Output: 1300 
 
# This will not work directly 
# print(account.__balance)  # AttributeError 
Special Methods (Magic Methods / Dunder Methods) 
What they are: Methods with double underscores at the beginning and end that provide special behavior. 
Common Special Methods: 

Method Description Example Usage 
__init__ Constructor obj = Class() 
__str__ String representation for users print(obj) 
__repr__ String representation for developers repr(obj) 
__len__ Length of object len(obj) 
__add__ Addition obj1 + obj2 
__eq__ Equality check obj1 == obj2 
__lt__ Less than obj1 < obj2 
__getitem__ Indexing obj[index] 
__setitem__ Setting value by index obj[index] = value 
__call__ Makes object callable obj() 

Example: 
python 
class Vector: 
    def __init__(self, x, y): 
        self.x = x 
        self.y = y 
 
    def __add__(self, other): 
        return Vector(self.x + other.x, self.y + other.y) 
 
    def __str__(self): 
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Sort list sorted(x) 
Check type type(x) 

Common Mistakes to Avoid 
1. Forgetting colons : after if, for, def, etc. 
2. Inconsistent indentation. 
3. Using = for comparison instead of ==. 
4. Modifying a list while iterating over it. 
5. Not handling exceptions properly. 
6. Confusing shallow vs deep copy. 
7. Using mutable default arguments in functions. 

One Liners: Python 
Foundational Concepts 

1. Python is a high-level, general-purpose, interpreted programming language known for its clear 
syntax and code readability. 

2. Python's design philosophy prioritizes developer experience and code simplicity over raw 
execution speed. 

3. The phrase "batteries included" describes Python because its standard library comes with a vast 
collection of ready-to-use modules. 

4. Python code is processed by an interpreter that converts source code into bytecode, which then 
executes on a virtual machine. 

5. Python is an interpreted language, unlike compiled languages like C++ which convert source 
code directly to machine code. 

6. Python was created by Guido van Rossum and first released in 1991. 
7. The name "Python" was inspired by the British comedy troupe "Monty Python's Flying Circus," 

not by the snake. 
8. Python 3.0 was released in 2008 as a major non-backward-compatible release. 
9. Python 2 reached its end of life on January 1, 2020, and all modern development uses Python 3. 
10. In Python 3, print is a function (print("Hello")), while in Python 2 it is a statement (print "Hello"). 
11. In Python 3, integer division (/) returns a float, while in Python 2 it returns an integer. 
12. Python's syntax is designed to be intuitive and mirrors natural language using English keywords 

frequently. 
13. The interactive Python shell is called a REPL (Read-Eval-Print Loop). 
14. Python is dynamically typed, meaning variable types are inferred at runtime and can change 

during execution. 
15. Everything in Python is an object, making it a fully object-oriented language. 
16. Python is cross-platform, running on Windows, macOS, Linux, and Unix without source code 

modifications. 
17. Python is open-source and distributed under a license managed by the Python Software 

Foundation. 
18. Python can be extended with C or C++ for performance-critical sections and can be embedded in 

applications for scripting. 
19. Python uses exception-based error handling for systematic and controlled error management. 
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164. IndexError occurs when a list index is out of range. 
165. KeyError occurs when a dictionary key is not found. 

Advanced Concepts 
166. Decorators are functions that modify the behavior of other functions without changing their 

source code. 
167. A decorator takes a function as an argument, adds behavior, and returns a new function. 
168. Generators produce values lazily using yield instead of return. 
169. Generators are memory-efficient because they don't store entire sequences in memory. 
170. Iterator objects implement __iter__() and __next__() methods. 
171. Context managers implement __enter__() and __exit__() methods for resource management. 
172. Duck typing determines object type by behavior rather than class. 
173. Introspection allows objects to examine their own properties at runtime. 
174. dir() lists all attributes and methods of an object. 
175. hasattr() checks if an object has a specified attribute. 
176. getattr() returns the value of a specified attribute. 
177. setattr() sets the value of a specified attribute. 
178. Mutable types include lists, dictionaries, and sets. 
179. Immutable types include integers, floats, strings, tuples, and booleans. 
180. Common mistakes include forgetting colons, inconsistent indentation, and using = instead of ==. 

Practice MCQs
Section A: Foundational Concepts (Questions 
1-30) 
1. What is the primary characteristic that 
makes Python an interpreted language? 
A) It uses a compiler to convert source code to 
machine code 
B) It processes code line by line through an 
interpreter 
C) It requires manual memory management 
D) It uses curly braces for code blocks 
Answer: B 
2. Which statement correctly describes 
Python's type system? 
A) Python is statically typed, requiring explicit 
type declarations 
B) Python is dynamically typed, with types 
inferred at runtime 
C) Python uses a hybrid type system with 
optional declarations 
D) Python types are fixed at compile time 
Answer: B 
3. What is the significance of "batteries 

included" in Python? 
A) Python comes with built-in power supply 
modules 
B) The standard library contains a vast 
collection of ready-to-use modules 
C) Python can only run on battery-powered 
devices 
D) Python includes physical battery simulation 
libraries 
Answer: B 
4. In Python 3, what is the result of the 
expression 5 / 2? 
A) 2 
B) 2.5 
C) 2.0 
D) Error 
Answer: B 
5. What is the origin of the name "Python"? 
A) The Python snake native to Southeast Asia 
B) A programming language developed at MIT 
C) The British comedy troupe "Monty Python's 
Flying Circus" 
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Visual Basic for Applications (VBA) & .NET 
Framework 

Introduction to Visual Basic 
What is Visual Basic? 
Definition and Conceptual Overview 

Visual Basic (VB) is a high-level, third-generation programming language created by Microsoft. It was 
designed to simplify Windows application development by combining a visual, drag-and-drop interface 
builder with an intuitive programming language based on the original BASIC syntax. The name itself is 
descriptive: “Visual” refers to the visual method of designing user interfaces, and “Basic” stands 
for Beginner’s All-purpose Symbolic Instruction Code. 

Visual Basic follows the event-driven programming paradigm, meaning programs are structured 
around user actions such as mouse clicks, key presses, or system events. It also supports Rapid Application 
Development (RAD), allowing developers to quickly prototype and build applications using pre-built, 
reusable components. 

Detailed Characteristics 
1. High-Level Language 

VB uses English-like syntax, abstracting away low-level hardware details. This makes it accessible to 
beginners while remaining powerful enough for complex applications. 

2. Event-Driven Programming Model 
Programs are composed of event handlers—blocks of code that execute in response to specific user or 
system events. 

3. RAD Environment 
Developers can drag controls from a toolbox onto forms, set properties in a visual designer, and write 
code only for the events they need to handle. 

4. Hybrid Execution Model 
VB6 used a P-code interpreter, while VB.NET compiles to Microsoft Intermediate Language 
(MSIL), which is then Just-In-Time (JIT) compiled to native code. 
Historical Evolution and Context 
Visual Basic has evolved significantly since its introduction: 

• VB 1.0 (1991) 
Introduced the revolutionary drag-and-drop interface builder, eliminating the need for complex 
Windows API calls to create user interfaces. 

• VB 3.0 (1993) 
Added built-in database access via the Jet Engine, transforming VB into a serious tool for business 
application development. 

• VB 6.0 (1998) 
Became the most popular version, with enhanced web capabilities and widespread adoption in 
enterprise environments. It remains in use in many legacy systems. 

• VB.NET (2002) 
A complete rewrite for the .NET Framework, marking a shift from the COM-based architecture to the 
managed, object-oriented .NET platform. 
VB6 vs VB.NET: The Fundamental Shift 
Definition of the Shift 

VB6 was the final version based on the Component Object Model (COM), while VB.NET is the first .NET-
based version, built from the ground up to leverage the .NET Framework’s capabilities. 

Why the Shift Was Necessary 
1. Full Object-Oriented Support 

VB6 offered limited OOP features; VB.NET provides full inheritance, polymorphism, and 
encapsulation. 

Chapter 5 

https://vb.net/
https://vb.net/
https://vb.net/
https://vb.net/
https://vb.net/
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Long ~9 quintillion Very large integers 
Single 7-digit precision Graphics, less precise values 
Double 15-16 digit precision Default for decimals 
Decimal 28-29 digit precision Financial calculations 
Char Single Unicode character Character processing 
String Sequence of characters Text data 
Boolean True/False Flags, conditions 
Date Date and time values Scheduling, timestamps 
Object Any type Generic containers, late binding 

Type Conversion Mechanisms 
Implicit Conversion (Widening) 

Automatic, safe conversion from smaller to larger types: 
vb 
Dim small As Integer = 100 
Dim large As Long = small   ' OK: int → long 
Explicit Conversion (Narrowing) 

Requires casting; may lose data: 
vb 
Dim big As Double = 123.456 
Dim small As Integer = CInt(big)   ' Becomes 123 
Parse and TryParse Methods 
vb 
' Parse: throws exception on failure 
Dim num As Integer = Integer.Parse("123") 
 
' TryParse: safe conversion 
Dim success As Boolean = Integer.TryParse("123", num) 
Boxing and Unboxing 
vb 
Dim value As Integer = 42        ' Value type 
Dim boxed As Object = value      ' Boxing: value → reference 
Dim unboxed As Integer = CInt(boxed)   ' Unboxing: reference → value 
Note: Boxing/unboxing has performance overhead; avoid in loops. 
Operators and Expressions 
Arithmetic Operators 

• + Addition, - Subtraction, * Multiplication 
• / Floating-point division (returns Double) 
• \ Integer division (truncates result) 
• Mod Modulus (remainder) 
• ^ Exponentiation 

Comparison Operators 
• = Equality, <> Inequality 
• < Less than, > Greater than 
• <= Less than or equal, >= Greater than or equal 

Important: String comparison is case-insensitive by default in VB.NET. 
Logical Operators 

• And, Or, Not, Xor (standard) 
• AndAlso, OrElse (short-circuit evaluation—evaluate second operand only if necessary) 

Assignment Operators 
• = Basic assignment 
• +=, -=, *=, /= Compound assignment 

https://vb.net/
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    Public Sub New(title As String, author As String) 
        Me.Title = title 
        Me.Author = author 
    End Sub 
End Class 
Destructors/Finalizers 
vb 
Protected Overrides Sub Finalize() 
    ' Cleanup code 
    MyBase.Finalize() 
End Sub 
Note: In .NET, use IDisposable pattern rather than destructors for resource management. 
Exception Handling 
Structured Exception Handling 
vb 
Try 
    Dim result As Double = 10 / 0 
Catch ex As DivideByZeroException 
    Console.WriteLine("Cannot divide by zero") 
Catch ex As OverflowException 
    Console.WriteLine("Value too large") 
Catch ex As Exception 
    Console.WriteLine($"General error: {ex.Message}") 
Finally 
    Console.WriteLine("Cleanup executed always") 
End Try 
Exception Hierarchy 

• System.Exception (base class) 
o System.SystemException 

 DivideByZeroException 
 OverflowException 
 NullReferenceException 

o System.ApplicationException (base for user-defined exceptions) 
Creating Custom Exceptions 
vb 
Public Class InvalidStudentException 
    Inherits ApplicationException 
     
    Public Sub New(message As String) 
        MyBase.New(message) 
    End Sub 
     
    Public Sub New(message As String, innerEx As Exception) 
        MyBase.New(message, innerEx) 
    End Sub 
End Class 
 
' Usage 
Throw New InvalidStudentException("Age cannot be negative") 
Best Practices 
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One Liners: Visual Basic for Applications & .NET Framework 
1. Visual Basic is a third-generation, high-level programming language that follows the event-driven 

paradigm and supports Rapid Application Development (RAD). 
2. The "Visual" in Visual Basic refers to the visual method of creating user interfaces through drag-and-

drop controls. 
3. The "Basic" in Visual Basic stands for Beginner's All-purpose Symbolic Instruction Code, indicating 

its roots in the BASIC language. 
4. Event-driven programming means programs respond to user actions like clicks, key presses, or system 

events rather than following a linear execution path. 
5. Rapid Application Development (RAD) in VB enables quick prototyping through reusable 

components and visual design tools. 
6. VB6 used P-code interpretation, while VB.NET uses full compilation to Microsoft Intermediate 

Language (MSIL). 
7. VB 1.0 (1991) revolutionized Windows programming by eliminating complex Windows API calls for 

UI creation through drag-and-drop interface building. 
8. VB 3.0 (1993) became a serious business application development tool after adding database access 

through the Jet Engine. 
9. VB 6.0 (1998) remains in use in legacy systems and represents the peak of COM-based Visual Basic 

development. 
10. VB.NET (2002) was a complete rewrite for the .NET Framework, shifting from COM to managed 

.NET architecture. 
11. The fundamental shift from VB6 to VB.NET was necessary because VB6 lacked full object-oriented 

programming support. 
12. .NET Framework offers cross-language compatibility, allowing VB.NET to interoperate seamlessly 

with C#, F#, and other .NET languages. 
13. .NET provides code access security, a significant improvement over VB6's limited security model. 
14. Automatic garbage collection in .NET eliminates manual memory management and prevents memory 

leaks common in VB6. 
15. VB6 uses Variant data type by default, allowing implicit type conversions that can cause runtime 

errors. 
16. VB.NET with Option Strict On requires explicit type conversions, preventing type-related bugs at 

compile time. 
17. VB6 uses unstructured error handling with On Error GoTo, which creates spaghetti code and makes 

program flow difficult to follow. 
18. VB.NET uses structured exception handling with Try-Catch-Finally blocks, providing readable error 

handling with specific exception types. 
19. The Finally block in VB.NET executes cleanup code regardless of whether an exception occurs or 

not. 
20. .NET Framework is a software development platform that provides a controlled programming 

environment for VB.NET applications. 
21. The four-layer .NET architecture consists of: VB Application, VB Language, Common Language 

Runtime (CLR), and Base Class Library (BCL). 
22. Common Language Runtime (CLR) is the execution engine that manages running .NET applications 

through services like JIT compilation and garbage collection. 
23. Just-In-Time (JIT) compilation converts MSIL to native machine code at runtime for optimal 

performance. 
24. Base Class Library (BCL) provides pre-built classes for common functionality like file operations 

(System.IO) and database access (System.Data). 
25. The complete flow in .NET is: VB Code → MSIL → CLR loading → JIT compilation → Native code 

execution. 
26. Integrated Development Environment (IDE) provides comprehensive facilities including code editor, 

debugger, and design tools in a single application. 

https://vb.net/
https://vb.net/
https://vb.net/
https://vb.net/
https://vb.net/
https://vb.net/
https://vb.net/
https://vb.net/
https://system.io/
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Practice MCQs

1. What fundamentally 
distinguishes VB.NET from VB6 in 
terms of architecture? 
A) VB.NET uses P-code interpretation 
while VB6 uses full compilation 
B) VB.NET is COM-based while VB6 is 
.NET-based 
C) VB.NET is .NET-based while VB6 is 
COM-based 
D) VB.NET is interpreted while VB6 is 
compiled 
Answer: C (The architectural shift from 
COM to .NET is the fundamental 
difference) 

2. Why was the shift from VB6 
to VB.NET considered necessary despite 
VB6's popularity? 
A) VB6 lacked graphical interface 
capabilities 
B) VB6 was incompatible with Windows 
operating systems 
C) VB6 lacked full object-oriented 
programming support 
D) VB6 couldn't connect to databases 
Answer: C (Limited OOP was a key 
driver for the architectural rewrite) 

3. Which feature introduced in VB 3.0 
transformed it into a serious business 
application development tool? 
A) Web capabilities through ActiveX 
B) Database access via Jet Engine 
C) Drag-and-drop interface creation 
D) Full OOP support 
Answer: B (Jet Engine database access 
made VB viable for business applications) 

4. What does the "Visual" in Visual Basic 
specifically refer to? 
A) The language's visual syntax 
highlighting 
B) The ability to create 3D graphics 
C) The visual method of creating user 
interfaces through drag-and-drop 
D) The visual representation of program 
flow 
Answer: C (The visual designer for UI 
creation is the key "Visual" aspect) 

5. How does RAD (Rapid Application 
Development) manifest in Visual Basic? 
A) Through automatic code optimization 
B) Through reusable components and 

visual design tools 
C) Through built-in artificial intelligence 
D) Through automatic documentation 
generation 
Answer: B (Reusable controls and visual 
design enable rapid prototyping) 

6. What execution model did VB6 use that 
differed from VB.NET's approach? 
A) VB6 used native compilation 
while VB.NET uses interpretation 
B) VB6 used P-code interpretation 
while VB.NET compiles to MSIL 
C) VB6 used JIT compilation 
while VB.NET uses ahead-of-time 
compilation 
D) Both used identical execution models 
Answer: B (P-code vs MSIL/JIT 
compilation distinguishes the execution 
models) 

7. Which version of VB is still commonly 
found in legacy enterprise systems? 
A) VB 1.0 
B) VB 3.0 
C) VB 6.0 
D) VB.NET 2002 
Answer: C (VB6 remains in many legacy 
systems despite being obsolete) 

8. What was the revolutionary aspect of 
VB 1.0 that changed Windows 
programming? 
A) It introduced object-oriented 
programming to Windows 
B) It eliminated complex Windows API 
calls for UI creation 
C) It was the first interpreted language for 
Windows 
D) It introduced database programming to 
the masses 
Answer: B (Drag-and-drop UI building 
replaced complex API programming) 

9. Which .NET feature directly addresses 
memory management issues common in 
VB6? 
A) JIT compilation 
B) Automatic garbage collection 
C) Type safety enforcement 
D) Cross-language interoperability 
Answer: B (Garbage collection eliminates 
manual memory management and leaks) 

https://vb.net/
https://vb.net/
https://vb.net/
https://vb.net/
https://vb.net/
https://vb.net/
https://vb.net/
https://vb.net/
https://vb.net/
https://vb.net/
https://vb.net/
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Operating Systems: UNIX/LINUX 
Core Operating System Concepts 
Introduction to Operating Systems 
What is an Operating System? 
An Operating System (OS) is a fundamental piece of system software that serves as 

an intermediary between computer hardware and the user. It can be thought of as the government of a 
computer system—managing resources, providing essential services, and ensuring all components work 
together harmoniously. 

Definition in Three Dimensions: 
• What it is: A collection of integrated programs that control the execution of application programs and 

manage system resources. 
• Why it's needed: To make computer systems convenient and efficient to use by abstracting hardware 

complexity and managing resources effectively. 
• How it works: By providing layers of abstraction that hide hardware details from users and 

applications, while efficiently allocating and managing hardware resources. 
1.2 The Dual Role of an OS 
Every operating system performs two fundamental roles simultaneously: 
1. Resource Manager: The OS acts as a resource allocator and controller for: 

• CPU (Processor): Decides which process gets the CPU and for how long 
• Memory (RAM): Allocates and deallocates memory space as needed 
• I/O Devices: Manages access to devices like disks, printers, and network interfaces 
• Storage: Manages file systems and data storage 

2. Extended Machine/Virtual Machine: The OS provides a simpler, more convenient interface than 
bare hardware by: 

• Hiding complex hardware operations behind simple system calls 
• Providing consistent interfaces regardless of underlying hardware differences 
• Creating the illusion of abundant resources through virtualization techniques 

Practical Analogy: Restaurant Kitchen 
Consider a busy restaurant kitchen as an analogy: 

• The OS is like the head chef who: 
o Manages resources (ingredients, equipment, staff schedules) 
o Provides a simplified menu (interface) to customers 
o Coordinates complex operations behind the scenes 

• Without the chef (OS), each cook (application) would need to: 
o Know where every ingredient is stored 
o Manage equipment scheduling 
o Coordinate with other cooks directly 
o Result: Chaos and inefficiency 

Evolution of Operating Systems 
The development of operating systems has been driven by the need to improve resource utilization 

and user convenience: 
Serial Processing (1940s-1950s) 

• No operating system existed 
• Programmers interacted directly with hardware using: 

o Machine language programming 
o Physical plugboards and switches 
o Manual job setup requiring hours for minutes of computation 

• Major Problem: Extremely low CPU utilization (often < 5%) 
Simple Batch Systems (1950s-1960s) 

• Concept: Group similar jobs together to reduce setup time 

Chapter 6 
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o Only one process per CPU core can be in this state at a time 
o May be preempted or voluntarily relinquish CPU 

4. Waiting/Blocked: 
o Process cannot proceed until some event occurs 
o Typically waiting for I/O completion, signal, or resource 
o Not eligible for CPU scheduling while in this state 

5. Terminated: 
o Process has finished execution 
o Resources being deallocated 
o PCB may persist temporarily for parent to collect exit status 

State Transitions 
Processes move between states based on specific events: 

• New → Ready: OS admits process (loaded into memory, PCB created) 
• Ready → Running: Scheduler dispatches process (context switch occurs) 
• Running → Ready: Interrupt occurs or time quantum expires (preemption) 
• Running → Waiting: Process requests I/O or waits for event (voluntary) 
• Waiting → Ready: I/O completes or event occurs (interrupt-driven) 
• Running → Terminated: Process finishes or is killed (exit system call) 

Real-World Analogy: Bank Customer 
A customer's journey through a bank illustrates process states: 

• New: Customer entering bank (just arrived) 
• Ready: Waiting in queue for teller (ready to be served) 
• Running: Being served at counter (actively receiving service) 
• Waiting: Teller goes to get manager approval (cannot proceed until approval) 
• Terminated: Transaction complete, leaving bank (finished) 

Process Scheduling 
Scheduling Queues 
The OS maintains several queues to manage processes: 

1. Job Queue: 
o All processes in the system 
o Processes may be on disk waiting to be brought into memory 

2. Ready Queue: 
o Processes in main memory, ready and waiting to execute 
o Typically organized as linked list or priority queue 
o CPU scheduler selects from this queue 

3. Device Queues: 
o Processes waiting for I/O device 
o Separate queue for each device 
o When I/O completes, process moves back to ready queue 

Queue Relationships: 
Job Queue (on disk) 
      
 Long-term scheduling 
Ready Queue (in memory) 
      
      Short-term scheduling 
    CPU 
      
      I/O Request 
Device Queues 
      
      I/O Completion 
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- New process enters Queue 0 
- If process doesn't complete in quantum, moves to next lower queue 
- After 1 second in lower queues, process moves up one queue (aging) 
Threads 
Thread Concept 

• Definition: Lightweight process - basic unit of CPU utilization 
• Relationship to Process: A process can have multiple threads 
• Shared Resources among threads of same process: 

o Code section 
o Data section 
o OS resources (open files, signals, current directory) 

• Thread-Specific Resources: 
o Thread ID 
o Program counter 
o Register set 
o Stack (for function calls, local variables) 
o Signal mask 
o Priority 

Process vs Thread Comparison: 
Aspect Process Thread 

Creation Heavyweight (expensive) Lightweight (cheap) 
Communication Complex (IPC required) Simple (shared memory) 
Independence Has independent address space Shares address space 
Context Switch Expensive (MMU involved) Inexpensive (mostly registers) 

Fault Isolation Good (one process crash doesn't 
affect others) 

Poor (thread crash can kill entire 
process) 

Benefits of Multithreading 
1. Responsiveness: 

o One thread blocked (e.g., on I/O), another can run 
o User interface remains responsive during long operations 

2. Resource Sharing: 
o Threads share memory and resources of process 
o No need for complex IPC mechanisms 
o Shared data accessed directly 

3. Economy: 
o Creating threads cheaper than processes (factor of 10-100x) 
o Context switching between threads cheaper than processes 
o Less memory overhead 

4. Scalability: 
o Better utilization of multiprocessor architectures 
o Threads can run in parallel on multiple CPUs 
o Natural model for parallel algorithms 

Practical Example: Web Browser 
Modern web browsers use multiple threads: 

• Thread 1: Display images and text (UI thread) 
• Thread 2: Retrieve data from network (network thread) 
• Thread 3: Handle user interaction (event thread) 
• Thread 4: Execute JavaScript (scripting thread) 
• Result: Smooth user experience even when loading large pages 

User Threads vs Kernel Threads 
User-Level Threads: 

• Management: By user-level threads library (no kernel support) 
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o Resources are non-sharable 
o Only one process can use a resource at a time 
o Example: Printer, tape drive 

2. Hold and Wait: 
o Process holds some resources while waiting for additional resources 
o Process doesn't release resources while waiting 
o Example: Process holds printer, waits for scanner 

3. No Preemption: 
o Resources cannot be forcibly taken from processes 
o Only process holding resource can release it 
o Example: Normally, OS doesn't take printer from process 

4. Circular Wait: 
o Circular chain of processes exists where each process waits for resource held by next 
o P0 waits for R1 held by P1, P1 waits for R2 held by P2, ..., Pn waits for R0 held by P0 

Real-World Example: Traffic Deadlock 
Four cars at intersection, each wants to go straight: 

• Each car holds its lane (mutual exclusion) 
• Each waits for lane ahead to clear (hold and wait) 
• Cars can't be moved (no preemption) 
• Each waits for next (circular wait) 
• Result: Complete gridlock 

Resource-Allocation Graph 
Visual representation of resource allocation state: 
Graph Components: 

• Processes: Represented as circles ○ 
• Resources: Represented as rectangles □ with dots for instances 
• Request Edge: Process → Resource (process waiting for resource) 
• Assignment Edge: Resource instance → Process (resource allocated to process) 

Deadlock Detection from Graph: 
1. No cycles → no deadlock 
2. Cycle with single instance resources → deadlock 

P1 → R1 → P2 → R2 → P1  // Deadlock if R1 and R2 have single instances 
3. Cycle with multiple instance resources → possibility of deadlock 

o Need additional analysis (like banker's algorithm) 
Graph Reduction Method for Detection: 

1. Find process that is not deadlocked (has all needed resources) 
2. Remove its edges (assume it will finish and release resources) 
3. Repeat until: 

o All processes removed → no deadlock 
o Some processes remain → deadlock exists 

Deadlock Handling Strategies 
Four approaches to deal with deadlocks: 

1. Deadlock Prevention: 
o Ensure at least one necessary condition cannot occur 
o Conservative approach, restricts resource usage 
o Example: Require processes to request all resources before starting 

2. Deadlock Avoidance: 
o Use algorithms to ensure system never enters unsafe state 
o Requires advance knowledge of resource needs 
o Example: Banker's algorithm 

3. Deadlock Detection and Recovery: 
o Allow deadlocks to occur, detect them, then recover 
o Requires detection algorithm and recovery mechanism 
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3. Work = Work + Allocation[i] 
   Finish[i] = true 
   Go to step 2 
 
4. If Finish[i] == false for any i, process is deadlocked 
Recovery Methods: 

1. Process Termination: 
o Abort all deadlocked processes: Simple but costly 
o Abort one process at a time: Until deadlock eliminated 

 Criteria for victim selection: 
 Process priority 
 How long process has computed 
 Resources process has used 
 Resources process needs to complete 
 Interactive or batch process 

2. Resource Preemption: 
o Select victim: Choose process to preempt resources from 
o Rollback: Return process to safe state, restart 

 Total rollback: Abort process, restart from beginning 
 Partial rollback: Roll back to checkpoint before acquiring resource 

o Starvation prevention: Ensure same process not always victim 
Practical Considerations: 

• Detection frequency trade-off: 
o Frequent detection → high overhead 
o Infrequent detection → long deadlock duration 

• Recovery cost vs. prevention cost 
• User notification and manual intervention 

UNIX/LINUX Operating System 
UNIX/Linux System Architecture 
Historical Evolution and Philosophy 
Historical Timeline 
The development of UNIX represents one of the most influential journeys in computing history: 
Key Milestones: 

• 1965: Multics project begins (precursor to UNIX) 
• 1969: UNIX development starts at AT&T Bell Labs by Ken Thompson 
• 1971: First edition runs on PDP-11 minicomputer 
• 1973: Rewritten in C language by Dennis Ritchie (portability breakthrough) 
• 1975: Berkeley Software Distribution (BSD) begins at UC Berkeley 
• 1983: System V Release 2 (commercial UNIX) 
• 1991: Linux kernel announced by Linus Torvalds 
• 1994: Linux 1.0 released with networking support 
• Present: Linux dominates servers, embedded systems, and cloud computing 

Why UNIX Succeeded: 
1. Portability: Written in C, could run on different hardware 
2. Simplicity: "Do one thing and do it well" philosophy 
3. Multi-user capability: Allowed multiple users simultaneously 
4. Hierarchical file system: Organized data logically 
5. Pipes and filters: Powerful command composition 

The UNIX Philosophy 
UNIX is built on a coherent set of design principles that make it powerful and flexible: 
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} 
Signals and Signal Handling 
What are Signals? 

• Software interrupts delivered to processes 
• Notify processes of events 
• Asynchronous notification mechanism 

Common Signals: 
Signal Number Default Action Description 

SIGHUP 1 Terminate Hangup detected (terminal disconnected) 
SIGINT 2 Terminate Interrupt from keyboard (Ctrl+C) 
SIGQUIT 3 Core dump Quit from keyboard (Ctrl+) 
SIGKILL 9 Terminate Kill signal (cannot be caught or ignored) 
SIGSEGV 11 Core dump Segmentation violation 
SIGPIPE 13 Terminate Broken pipe 
SIGALRM 14 Terminate Timer signal from alarm() 
SIGTERM 15 Terminate Termination signal 
SIGCHLD 17 Ignore Child stopped or terminated 
SIGCONT 18 Continue Continue if stopped 
SIGSTOP 19 Stop Stop process (cannot be caught) 
SIGTSTP 20 Stop Terminal stop (Ctrl+Z) 
SIGTTIN 21 Stop Background read from terminal 
SIGTTOU 22 Stop Background write to terminal 

Sending Signals: 
bash 
# Using kill command 
$ kill -SIGTERM 1234        # Send SIGTERM to PID 1234 
$ kill -15 1234             # Same as above (15 = SIGTERM) 
$ kill 1234                 # Default is SIGTERM (15) 
 
# Using killall (by name) 
$ killall -9 firefox        # Kill all firefox processes 
 
# Using pkill (pattern matching) 
$ pkill -f "pattern"        # Kill processes matching pattern 
 
# Keyboard signals 
Ctrl+C    # SIGINT (interrupt) 
Ctrl+Z    # SIGTSTP (suspend) 
Ctrl+\    # SIGQUIT (quit with core dump) 
Signal Handling in C: 
c 
#include <stdio.h> 
#include <stdlib.h> 
#include <signal.h> 
#include <unistd.h> 
 
// Signal handler function for SIGINT 
void sigint_handler(int sig) { 
    printf("\nCaught SIGINT (Ctrl+C)! Signal number: %d\n", sig); 
    printf("Doing cleanup...\n"); 
    // Cleanup code here 
    exit(0);  // Exit gracefully 
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#include <signal.h> 
 
int main() { 
    sigset_t set; 
     
    // Initialize empty set 
    sigemptyset(&set); 
     
    // Add signals to set 
    sigaddset(&set, SIGINT); 
    sigaddset(&set, SIGTERM); 
     
    // Block signals in set 
    sigprocmask(SIG_BLOCK, &set, NULL); 
     
    // Critical section - won't be interrupted by SIGINT or SIGTERM 
    // ... critical code ... 
     
    // Unblock signals 
    sigprocmask(SIG_UNBLOCK, &set, NULL); 
     
    return 0; 
} 
Job Control 
What is Job Control? 

• Allows users to manage multiple processes (jobs) from single shell 
• Suspend, resume, and manage foreground/background jobs 

Job Control Commands: 
bash 
# Start process in background 
$ long_running_command & 
 
# List jobs 
$ jobs 
[1]  - running    sleep 100 
[2]  + stopped    vim file.txt 
 
# Bring job to foreground 
$ fg %1      # Job number 1 
$ fg         # Most recent job 
 
# Send to background 
$ some_command 
Ctrl+Z      # Suspend (stop) job 
$ bg        # Resume in background 
 
# Kill a job 
$ kill %1 
 
# Disown job (remove from shell's job table) 
$ disown %1 
Job Control Example Session: 
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EMAT = T_tlb + T_mem + (1 - Hit_ratio) × T_mem 
Example Calculation: 

• Memory access time = 100ns 
• TLB access time = 20ns 
• Hit ratio = 80% 

EMAT = (20 + 100) × 0.8 + (20 + 100 + 100) × 0.2 
     = 120 × 0.8 + 220 × 0.2 
     = 96 + 44 
     = 140ns 
Without TLB: 200ns for each access (100ns for page table + 100ns for data) 
TLB Management: 

• Hardware-managed (most common) 
• Software-managed (some RISC architectures) 
• TLB flush on context switch (expensive) 

Segmentation 
Basic Segmentation Concept 
What is Segmentation? 

• Memory divided into segments of variable sizes 
• Segments correspond to logical units: 

o Code segment 
o Data segment 
o Stack segment 
o Heap segment 

Segment Table: 
• Maps segment numbers to base addresses and limits 
• Each entry contains: 

o Base address (where segment starts in memory) 
o Limit (segment size) 
o Protection bits (read/write/execute) 

Logical Address Format: 
Segment number (s) + Offset (d) 

Address Translation: 
1. Use segment number as index into segment table 
2. Check offset < segment limit (protection) 
3. If valid: Physical address = base + offset 
4. If invalid: Segmentation fault 

Segmentation vs Paging 
Comparison Table: 

Aspect Paging Segmentation 
Unit size Fixed (pages) Variable (segments) 
Fragmentation Internal only External possible 
Address space One-dimensional Two-dimensional 
Visibility Transparent to programmer Visible to programmer 
Sharing Page-level Segment-level 
Implementation Hardware MMU Software/hardware 
Protection Page-level Segment-level 
Efficiency Good for hardware Good for logical organization 
Combined Scheme: Segmented Paging 

• Combine benefits of both 
• Segment table points to page tables 
• Two-level translation: segment → page → frame 
• Used in x86 architecture 
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/media (Removable Media): 
• Mount points for removable media 
• Examples: /media/cdrom, /media/usb 
• Automatically mounted by desktop environments 

/srv (Service Data): 
• Data for services provided by system 
• Examples: Web server data, FTP files 
• Not widely used 

/run (Runtime Data): 
• Temporary filesystem for runtime data 
• Volatile (cleared on reboot) 
• Replaces /var/run in modern systems 

5.1.2 File Types and Attributes 
Seven File Types in UNIX/Linux: 

1. Regular Files (-): 
o Ordinary data files 
o Text, binary, data 
o Example: -rw-r--r-- 1 user group 1234 Dec 10 file.txt 

2. Directories (d): 
o Contain list of filenames + inode numbers 
o Special type of file 
o Example: drwxr-xr-x 2 user group 4096 Dec 10 mydir/ 

3. Symbolic Links (l): 
o Pointers to other files (soft links) 
o Contain path to target file 
o Example: lrwxrwxrwx 1 user group 11 Dec 10 link -> target 

4. Character Devices (c): 
o Unbuffered serial access devices 
o Accessed as byte stream 
o Example: crw-rw-rw- 1 root root 1, 3 Dec 10 /dev/null 

5. Block Devices (b): 
o Buffered random access devices 
o Accessed in fixed-size blocks 
o Example: brw-rw---- 1 root disk 8, 0 Dec 10 /dev/sda 

6. Named Pipes (p): 
o FIFO (First In First Out) files for IPC 
o Created with mkfifo 
o Example: prw-r--r-- 1 user group 0 Dec 10 mypipe 

7. Sockets (s): 
o Network communication endpoints 
o Used for IPC 
o Example: srwxr-xr-x 1 user group 0 Dec 10 /tmp/mysql.sock 

File Attributes: 
Viewing File Attributes: 
bash 
$ stat file.txt 
File: file.txt 
Size: 1234       Blocks: 8          IO Block: 4096   regular file 
Device: 801h/2049d      Inode: 1234567     Links: 1 
Access: (0644/-rw-r--r--)  Uid: ( 1000/   user)   Gid: ( 1000/   user) 
Access: 2023-12-10 10:30:00.000000000 +0500 
Modify: 2023-12-10 10:30:00.000000000 +0500 
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        File1   File2   Printer 
User1   R,W     R       - 
User2   R       R,W     W 
Implementations: 

1. Access Control Lists (ACLs): 
o Column-wise implementation 
o Stored with objects 
o Example: ACL for File1: [(User1, R,W), (User2, R)] 

2. Capability Lists: 
o Row-wise implementation 
o Held by subjects 
o Example: Capability for User1: [(File1, R,W), (File2, R)] 

 
Comparison: 
Aspect ACLs Capabilities 

Storage With objects With subjects 
Revocation Easy (modify object) Hard (find all copies) 
Delegation Hard (need object permission) Easy (pass capability) 
Example UNIX file permissions Kernel objects, some distributed systems 

Security Mechanisms 
Threats and Attacks 
Malware Types: 

1. Virus: 
o Self-replicating, attaches to programs 
o Requires user action to execute 
o Examples: File infectors, boot sector viruses 

2. Worm: 
o Self-replicating, spreads via network 
o Doesn't require user action 
o Examples: Morris worm, Code Red, Conficker 

3. Trojan Horse: 
o Malicious functions disguised as legitimate 
o Doesn't replicate itself 
o Examples: Fake antivirus, backdoors 

4. Logic Bomb: 
o Triggers when specific conditions met 
o Often planted by insiders 
o Example: Payroll system that deletes data if employee fired 

5. Spyware: 
o Collects information without consent 
o Examples: Keyloggers, screen capture 

6. Ransomware: 
o Encrypts files, demands payment 
o Examples: WannaCry, CryptoLocker 

Other Attacks: 
1. Denial of Service (DoS): 

o Overwhelm system resources 
o Types: SYN flood, Ping of death, Smurf attack 

2. Distributed DoS (DDoS): 
o Multiple systems attack single target 
o Harder to defend against 

3. Man-in-the-Middle (MitM): 
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One Liners: Operating Systems Unix/Linux 
1. An operating system acts as an intermediary between computer hardware and user applications, 

abstracting hardware complexity. 
2. The dual role of an OS includes being a resource manager and providing an extended/virtual machine 

interface. 
3. Serial processing systems (1940s-1950s) had no operating system and suffered from extremely low 

CPU utilization (<5%). 
4. Simple batch systems introduced the concept of a monitor (primitive OS) to automatically load jobs 

and reduce setup time. 
5. Multiprogramming systems keep multiple jobs in memory simultaneously to improve CPU utilization 

during I/O wait times. 
6. Time-sharing systems extend multiprogramming by switching jobs so frequently that users can 

interact with programs in real-time. 
7. Modern operating systems evolved from single-user systems to graphical interfaces, networked 

systems, mobile OS, and cloud integration. 
8. OS services for users include program execution, I/O operations, file system manipulation, 

communication, and error detection. 
9. OS services for system operation include resource allocation, accounting, and protection/security. 
10. Monolithic OS structure places all functionality in one address space, making it efficient but difficult 

to maintain. 
11. Layered OS structure organizes components hierarchically, providing modularity but with 

performance overhead. 
12. Microkernel structure minimizes kernel size by moving services to user space, improving reliability 

but with more context switches. 
13. Modular structure combines core kernel with loadable kernel modules, balancing performance and 

flexibility. 
14. Without an OS, each application would need to manage hardware resources directly, leading to chaos 

and inefficiency. 
15. CPU utilization improved from 30% to 65.7% with multiprogramming by keeping three jobs in 

memory simultaneously. 
16. Time-sharing systems require sophisticated scheduling, memory management, and protection 

mechanisms for interactive computing. 
17. The restaurant kitchen analogy illustrates how an OS coordinates complex operations behind the 

scenes like a head chef. 
18. Library services analogy compares book borrowing to program execution, catalog search to file 

system manipulation. 
19. Modern hybrid OS structures use loadable kernel modules that can be dynamically linked at runtime. 
20. The degree of multiprogramming refers to the number of processes kept simultaneously in memory 

for execution. 
21. A program is a passive entity stored on disk, while a process is an active instance of a program in 

execution. 
22. Process components include text section, data section, heap, stack, and Process Control Block (PCB). 
23. The Process Control Block contains all information needed to manage a process, analogous to a 

patient's medical chart. 
24. The five fundamental process states are: New, Ready, Running, Waiting/Blocked, and Terminated. 
25. Process state transitions occur due to events like admission, dispatch, I/O requests, timeouts, and 

termination. 
26. Scheduling queues include job queue (all processes), ready queue (in-memory processes), and device 

queues (I/O waiting). 
27. Long-term scheduler controls degree of multiprogramming, short-term scheduler allocates CPU, 

medium-term scheduler handles swapping. 
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Practice MCQs
1. Which of the following best describes 

the primary function of an operating 
system? 
a) To provide a user-friendly interface for 
application development 
b) To act as an intermediary between 
hardware and user applications 
c) To optimize network communication 
protocols 
d) To manage database transactions 
efficiently 
Answer: b) To act as an intermediary 
between hardware and user applications 

2. In the restaurant kitchen analogy for an 
OS, what does the head chef represent? 
a) The CPU scheduler 
b) The operating system itself 
c) The system call interface 
d) The memory management unit 
Answer: b) The operating system itself 

3. What was the major limitation of serial 
processing systems in the 1940s-1950s? 
a) Lack of graphical user interfaces 
b) No support for multiple users 
c) Extremely low CPU utilization (<5%) 
d) Inability to handle I/O operations 
Answer: c) Extremely low CPU 
utilization (<5%) 

4. Multiprogramming systems improved 
CPU utilization by: 
a) Increasing processor clock speed 
b) Using multiple CPUs in parallel 
c) Keeping multiple jobs in memory 
simultaneously 
d) Implementing virtual memory 
techniques 
Answer: c) Keeping multiple jobs in 
memory simultaneously 

5. Which OS service is primarily 
responsible for loading programs into 
memory and handling their 
termination? 
a) I/O Operations 
b) File System Manipulation 
c) Program Execution 
d) Error Detection 
Answer: c) Program Execution 

6. In a monolithic OS structure, what is 
the main disadvantage? 
a) Poor inter-component communication 
b) Difficulty in extending the system 

c) High memory overhead 
d) A bug in any part can crash the entire 
system 
Answer: d) A bug in any part can crash 
the entire system 

7. Which scheduling algorithm is known 
for causing the "convoy effect"? 
a) Round Robin 
b) Shortest Job First 
c) First-Come, First-Served 
d) Priority Scheduling 
Answer: c) First-Come, First-Served 

8. What problem does the "aging" 
technique solve in priority scheduling? 
a) Priority inversion 
b) Memory fragmentation 
c) Starvation of low-priority processes 
d) Deadlock situations 
Answer: c) Starvation of low-priority 
processes 

9. What is the fundamental difference 
between a program and a process? 
a) A program has a PID while a process 
doesn't 
b) A program is active while a process is 
passive 
c) A program is on disk while a process is 
in execution 
d) A program consumes memory while a 
process doesn't 
Answer: c) A program is on disk while a 
process is in execution 

10. Which component of a process contains 
the executable instructions? 
a) Data Section 
b) Heap 
c) Stack 
d) Text Section 
Answer: d) Text Section 

11. During context switching, where is the 
process state saved? 
a) In the CPU registers 
b) In the Process Control Block (PCB) 
c) In the system stack 
d) In the memory management unit 
Answer: b) In the Process Control Block 
(PCB) 

12. A process in "Uninterruptible Sleep" 
state (D) is typically waiting for: 
a) User input from terminal 
b) A signal from another process 
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Windows 10/11 
Introduction To Windows 10/11 
The Evolution to Modern Windows 
Basic Idea: Windows 10 and Windows 11 represent a fundamental shift in how Microsoft develops and 
delivers its operating system. Unlike previous versions that were released as standalone products every 
few years, Windows 10 introduced the concept of "Windows as a Service" (WaaS), and Windows 11 built 
upon this foundation with a modernized interface and enhanced security requirements. 
Historical Context: 

• Windows 8/8.1 (2012-2013): Attempted to unify desktop and touch interfaces but received 
criticism for removing the Start Menu 

• Windows 10 (2015): Responded to user feedback by bringing back the Start Menu while 
introducing new features 

• Windows 11 (2021): Redesigned the user experience with centered interface, rounded corners, 
and stricter hardware requirements 

The Philosophy Shift: 
Microsoft moved from viewing Windows as a product to viewing it as a service. This means: 

• Continuous updates instead of major releases every 3-5 years 
• Regular feature additions and security improvements 
• Cloud integration becoming central to the experience 

Example: When you bought Windows 7 in 2009, you received a DVD with a complete operating system 
that would receive only security updates for its lifetime. With Windows 10/11, your computer receives 
new features and improvements multiple times per year automatically. 
What Makes Windows 10/11 Different? 
Core Distinguishing Features: 

1. Unified Platform Strategy: Windows 10/11 runs on a wide range of devices—desktops, laptops, 
tablets, 2-in-1 devices, and even Xbox consoles—using a single codebase with adaptive 
interfaces. 

2. Cloud-First Approach: Deep integration with Microsoft cloud services (OneDrive, Microsoft 
365, Azure Active Directory) makes the OS work seamlessly across devices. 

3. Security by Design: Built-in security features like Windows Defender Antivirus, Secure Boot, 
and TPM requirements (especially in Windows 11) make the OS more secure from the ground up. 

4. Continuous Innovation: Features are added through updates rather than waiting for the next 
major version. 

Example: A student using Windows 11 on a laptop can start working on a document, have it 
automatically saved to OneDrive, and continue editing on their desktop computer at home without any 
manual file transfer. 

Architectural Foundation 
The NT Kernel Evolution 

Chapter 7 
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Example: A faulty printer driver in Windows 11 might cause the printer to stop responding, but your 
computer continues working normally. In older Windows versions, a bad printer driver could cause a Blue 
Screen of Death (BSOD). 
WINDOWS 10 - THE BRIDGE OPERATING SYSTEM 
Overview and Release History 
Basic Concept: Windows 10 was designed to bridge the gap between traditional desktop computing and 
modern mobile/touch computing. It unified Microsoft's operating system strategy across all device types. 
Release Timeline: 

Version Build Codename Release Date Key Features 
1507 10240 Threshold 1 July 2015 First release, Start Menu return 
1511 10586 Threshold 2 Nov 2015 Stability improvements 
1607 14393 Anniversary Update Aug 2016 Windows Ink, Edge extensions 
1703 15063 Creators Update April 2017 3D, Game Mode, Night Light 
1709 16299 Fall Creators Update Oct 2017 OneDrive Files On-Demand 
1803 17134 April 2018 Update April 2018 Timeline, Nearby Sharing 
1809 17763 October 2018 Update Oct 2018 Clipboard history, Dark Theme 
1903 18362 May 2019 Update May 2019 Windows Sandbox, Light Theme 
1909 18363 November 2019 Update Nov 2019 Performance improvements 
2004 19041 May 2020 Update May 2020 Windows Subsystem for Linux 2 
20H2 19042 October 2020 Update Oct 2020 New Start Menu, Edge Chromium 
21H1 19043 May 2021 Update May 2021 Security improvements 
21H2 19044 November 2021 Update Nov 2021 Windows 11 announcement 

 
 
Core Features of Windows 10 
Start Menu Reimagined 
Concept: The Start Menu returned but was redesigned to combine traditional elements with modern tiles. 
Components: 

• Left Side: Traditional list of applications, power options, and user account 
• Right Side: Live Tiles (dynamic tiles that show updated information) 
• Resizable: Users can expand or shrink the menu 
• Customizable: Pin/unpin apps, resize tiles, create groups 

Example: You can pin your email app as a Live Tile that shows the number of unread messages directly 
on the Start Menu without opening the app. 
3.2.2 Cortana Integration 
What is Cortana? Microsoft's digital assistant, similar to Apple's Siri or Google Assistant. 
Capabilities: 

• Voice-activated searches 
• Setting reminders 
• Checking calendar and email 
• Providing weather updates and news 
• Opening applications 
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Virtualization-Based Security (VBS) 
What is VBS? Uses hardware virtualization features to create a secure, isolated region of memory 
separate from the normal operating system. 
How it works: 

• Uses Hyper-V hypervisor technology 
• Creates secure "virtual secure mode" 
• Critical system processes run in this isolated environment 
• Even with kernel compromise, attackers cannot access VBS-protected areas 

Features enabled by VBS: 
• Credential Guard: Protects domain credentials 
• Device Guard: Allows only trusted applications to run 
• Hypervisor-protected Code Integrity (HVCI): Kernel-mode code integrity checking 

Example: Even if malware gains administrator access, Credential Guard prevents it from extracting your 
domain password hash from memory because that memory is in the isolated VBS region. 
DMA Protection 
What is it? Protects against Direct Memory Access attacks where devices with DMA capability (like 
Thunderbolt ports) could read system memory. 
How it works: 

• IOMMU (Input-Output Memory Management Unit) isolates device memory access 
• Devices can only access memory regions assigned to them 
• Prevents "evil maid" attacks via physical ports 

SYSTEM REQUIREMENTS AND EDITIONS 
Windows 10 System Requirements 

Component Minimum Requirement Recommended 
Processor 1 GHz or faster 2 GHz or faster dual-core 
RAM 1 GB (32-bit) or 2 GB (64-bit) 4 GB or more 
Storage 16 GB (32-bit) or 20 GB (64-bit) 64 GB or more 
Graphics DirectX 9 or later DirectX 12 compatible 
Display 800×600 1366×768 or higher 

Windows 11 System Requirements 
Component Minimum Requirement Reason 

Processor 1 GHz or faster with 2+ cores on compatible 64-
bit processor 

Performance and security features 

RAM 4 GB Modern multitasking 
Storage 64 GB System files and updates 
System Firmware UEFI with Secure Boot Chain of trust 
TPM TPM 2.0 Hardware security 
Graphics DirectX 12 compatible with WDDM 2.0 Visual effects and gaming 
Display 9" with HD (720p) resolution UI design requires certain size 

Important: Windows 11 only runs on 64-bit processors. There is no 32-bit version of Windows 11. 
Windows Editions 
Windows 10 Editions 
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Partition MBR (2TB limit) GPT (9.4ZB limit) 
Boot speed Slower Faster 
Secure Boot No Yes 
Drivers Option ROMs UEFI drivers 
Networking No Yes (PXE built-in) 
GUI Text-based Graphical possible 

Windows 10/11 Boot Process 
Step-by-step boot flow: 
Phase 1: Pre-Boot 
│ Power On       
         ↓ 
│ UEFI Firmware    
│ - Hardware init  
│ - Secure Boot    
│   checks        
         ↓ 
│ Boot Manager     
│ (bootmgfw.efi)   
         ↓ 
Phase 2: Windows Boot 
 
│ Windows Loader   
│ (winload.efi)    
│ - Loads kernel   
│ - Loads HAL      
│ - Loads drivers  
         ↓ 
│ NTOSKRNL.exe     
│ - Kernel init    
│ - Executive      
         ↓ 
Phase 3: User Mode 
│ SMSS.exe         
│ (Session Manager) 
│ - Creates env    
│ - Starts CSRSS  
         ↓ 
│ WINLOGON.exe     
│ - Login screen  
│ - LSASS.exe     
         ↓ 
│ User Session     
│ - Explorer.exe   
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Snap-in Filename Purpose 
Device Manager devmgmt.msc Hardware management 
Computer Management compmgmt.msc Combined tools 
Disk Management diskmgmt.msc Partition management 
Event Viewer eventvwr.msc Log viewing 
Services services.msc Service control 
Group Policy gpedit.msc Policy editing (Pro/Enterprise) 
Local Security Policy secpol.msc Security settings 
Performance Monitor perfmon.msc System monitoring 

Windows PowerShell 
What is it? Task automation and configuration management framework. 
Key Features: 

• Object-oriented pipeline (not text) 
• Cmdlets (command-lets) in Verb-Noun format 
• Access to .NET Framework 
• Remoting capabilities 
• Desired State Configuration (DSC) 

Common Cmdlets: 
powershell 
Get-Process          # List running processes 
Get-Service          # List services 
Set-ExecutionPolicy  # Control script execution 
Get-Command          # List available commands 
Get-Help             # Built-in help 
PowerShell vs Command Prompt: 

Feature Command Prompt PowerShell 
Output Text Objects 
Scripting Batch files .ps1 scripts 
Pipelines Text streams Object streams 
.NET Access No Yes 
Remoting Limited Full 

Windows Management Instrumentation (WMI) 
What is it? Infrastructure for management data and operations. 
Use Cases: 

• Query system information 
• Configure settings remotely 
• Monitor system health 
• Trigger actions based on events 

Example WMI query (PowerShell): 
powershell 
Get-WmiObject Win32_BIOS 
Get-WmiObject Win32_Processor 
Get-WmiObject Win32_LogicalDisk 
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• Shift + Restart 
• msconfig → Boot → Safe boot 
• Interrupt boot process 3 times 

Safe Mode Options: 
• Safe Mode: Minimal drivers 
• Safe Mode with Networking: Adds network drivers 
• Safe Mode with Command Prompt: Command line only 

Uses: 
• Remove problematic drivers 
• Run antivirus when normal mode blocked 
• Troubleshoot startup issues 

COMPARISON WITH PREVIOUS VERSIONS 
Windows 10 vs Windows 8.1 

Feature Windows 8.1 Windows 10 
Start Menu Start Screen only Return of Start Menu 
Desktop Boots to Start Screen Boots to Desktop 
Charms Bar Yes Removed (Action Center) 
Multiple Desktops No Yes (Task View) 
Cortana No Yes 
Universal Apps Limited Full integration 
Command Prompt Standard PowerShell emphasis 
Windows Update Optional Mandatory (Home) 

Windows 10 vs Windows 7 
Feature Windows 7 Windows 10 

Start Menu Classic Hybrid with tiles 
Security Basic Comprehensive (Defender, Hello) 
Updates Optional Mandatory (Home) 
Virtual Desktops No Yes 
Store Apps No Yes 
Biometrics Limited Windows Hello 
Cloud Integration Minimal Deep (OneDrive) 
Support Ended Jan 2020 Current (various dates) 

Windows 11 vs Windows 10 
Feature Windows 10 Windows 11 

Interface Start left, Live Tiles Centered Start, no Live Tiles 
Widgets Taskbar news feed Dedicated Widgets panel 
Snap Layouts Basic Advanced layouts, groups 
Teams Integration Download required Built-in on taskbar 
Android Apps No Yes (with Amazon Appstore) 
Hardware Requirements Flexible Strict (TPM 2.0, Secure Boot) 
Touch Improvements Good Enhanced gestures 
Microsoft Store Legacy apps Redesigned, more content 
Gaming Standard Auto HDR, DirectStorage 
Updates Semi-annual Annual feature updates 
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Editions Comparison 

Feature Home Pro Enterprise 
BitLocker No Yes Yes 
Remote Desktop Client only Host + Client Host + Client 
Hyper-V No Yes Yes 
Windows Sandbox No Yes Yes 
Domain Join No Yes Yes 
Group Policy No Local only Full 
AppLocker No No Yes 
DirectAccess No No Yes 
BranchCache No No Yes 
Windows Update for Business No Yes Yes 

One Liners: Operating Systems, Windows 10/11 
Architecture & Kernel 

1. Windows 10 and 11 both use NT kernel version 10.0, with build numbers distinguishing releases. 
2. Memory compression in Windows 10/11 stores compressed pages in RAM instead of paging to 

disk, improving performance on systems with limited memory. 
3. The Hardware Abstraction Layer (HAL) abstracts hardware differences, allowing the same 

Windows build to run on diverse hardware configurations. 
4. User Mode processes run in Ring 3 with limited privileges; Kernel Mode processes run in Ring 0 

with full hardware access. 
5. A crash in Kernel Mode causes a Blue Screen of Death (BSOD); a crash in User Mode only 

affects the specific application. 
6. Modern Standby (Connected Standby) maintains network connectivity while the system appears 

off, enabling instant-on and background updates. 
7. Windows Driver Framework (WDF) includes Kernel-Mode Driver Framework (KMDF) and 

User-Mode Driver Framework (UMDF) for safer driver development. 
8. UMDF drivers run in user mode, so a faulty printer or camera driver cannot crash the entire 

system. 
9. The Windows boot process on UEFI systems: Power On → UEFI → Secure Boot → Boot 

Manager → Windows Loader → Kernel → SMSS → WINLOGON. 
10. Fast Startup (Hybrid Boot) hibernates the kernel session to speed up subsequent boots but is not a 

true shutdown. 
Security 

11. TPM 2.0 is a mandatory requirement for Windows 11, providing hardware-based cryptographic 
operations and secure key storage. 

12. Secure Boot ensures only signed, trusted firmware and bootloaders execute during startup, 
preventing bootkits and rootkits. 

13. Virtualization-Based Security (VBS) creates an isolated memory region using Hyper-V to protect 
critical system processes. 
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Practice MCQs
1. Which kernel version do both Windows 10 
and Windows 11 use? 
a) NT 6.1 
b) NT 6.3 
c) NT 10.0 
d) NT 11.0 
Answer: c) NT 10.0 
2. What is the primary purpose of memory 
compression in Windows 10/11? 
a) Reduce hard disk space usage 
b) Compress files for email attachment 
c) Store compressed pages in RAM instead of 
paging to disk 
d) Encrypt memory for security 
Answer: c) Store compressed pages in RAM 
instead of paging to disk 
3. A crash in which mode causes a Blue 
Screen of Death? 
a) User Mode 
b) Kernel Mode 
c) Safe Mode 
d) Recovery Mode 
Answer: b) Kernel Mode 
4. Which component abstracts hardware 
differences in Windows architecture? 
a) Executive 
b) Microkernel 
c) Hardware Abstraction Layer (HAL) 
d) I/O Manager 
Answer: c) Hardware Abstraction Layer 
(HAL) 
5. What is the primary advantage of User-
Mode Driver Framework (UMDF) drivers? 
a) They run faster than kernel drivers 
b) A faulty driver cannot crash the entire system 
c) They require less memory 
d) They have direct hardware access 
Answer: b) A faulty driver cannot crash the 
entire system 
6. In the Windows boot process, what is the 
first user-mode process started? 

a) winlogon.exe 
b) explorer.exe 
c) smss.exe (Session Manager) 
d) services.exe 
Answer: c) smss.exe (Session Manager) 
7. Fast Startup (Hybrid Boot) works by: 
a) Completely shutting down and restarting 
faster hardware 
b) Hibernating the kernel session for faster 
resume 
c) Preloading applications into memory 
d) Using SSD instead of HDD 
Answer: b) Hibernating the kernel session for 
faster resume 
8. Which statement about Modern Standby is 
TRUE? 
a) The system completely powers off 
b) Network connectivity is maintained while the 
system appears off 
c) Only desktop computers support it 
d) It requires the system to be plugged in 
Answer: b) Network connectivity is 
maintained while the system appears off 
9. Which hardware component is 
MANDATORY for Windows 11 installation? 
a) SSD drive 
b) 8GB RAM 
c) TPM 2.0 
d) Dedicated graphics card 
Answer: c) TPM 2.0 
10. Secure Boot ensures: 
a) Windows password is complex 
b) Only signed, trusted software loads during 
boot 
c) All drivers are signed by Microsoft 
d) BitLocker is enabled 
Answer: b) Only signed, trusted software 
loads during boot 
11. Virtualization-Based Security (VBS) 
creates: 
a) A virtual machine for Linux 



  MK PREPARATIONS  

 

P a g e  1 | 36 

 

  

M 
K 
 

P 
R 
E 
P 
A 
R 
A 
T 
I 
O 
N 
S 

8
. O

ra
cle

 D
a

ta
b

a
se

 &
 P

L
/SQ

L
 

MK PREPARATIONS: Let’s Make It Happen 
+92 333 2605045, +92 342 4470091 
 

Oracle Database & PL/SQL 
Introduction to Oracle Database 
What is Oracle Database? 
Oracle Database is a multi-model database management system (DBMS) developed by Oracle 

Corporation. It is a Relational Database Management System (RDBMS) that stores data in structured tables 
consisting of rows and columns. Oracle is widely adopted in enterprise environments due to its robustness, 
scalability, and comprehensive feature set. 

Key Characteristics: 
• Follows ACID properties (Atomicity, Consistency, Isolation, Durability) 
• Uses SQL (Structured Query Language) for data manipulation and definition 
• Provides data integrity through constraints (primary key, foreign key, unique, check) 
• Supports concurrent access with locking mechanisms 
• Includes built-in backup, recovery, and security features 
• Implements client-server architecture 

Why Oracle is Preferred in Enterprises: 
1. Scalability – Handles terabytes of data and thousands of concurrent users. 
2. Reliability – High availability with failover and redundancy mechanisms. 
3. Security – Advanced user authentication, authorization, auditing, and encryption. 
4. Performance – Query optimization, indexing, caching, and partitioning. 
5. Enterprise Features – Data warehousing, replication, partitioning, and advanced analytics. 

Real-World Example – Banking System: 
Consider a bank’s database with a customers table storing account details. When a customer withdraws 
money: 

1. System checks balance (SELECT query) 
2. Deducts amount (UPDATE query) 
3. Logs transaction (INSERT into transactions table) 
4. All three steps succeed or fail together as a transaction – ensuring data consistency. 

Technical Illustration: 
sql 
CREATE TABLE customers ( 
    customer_id NUMBER PRIMARY KEY, 
    name VARCHAR2(50), 
    account_number VARCHAR2(20) UNIQUE, 
    balance NUMBER(10,2) CHECK(balance >= 0) 
); 
 
INSERT INTO customers VALUES (101, 'Ali Khan', 'ACC001', 50000); 

Oracle Architecture 
Oracle’s architecture is divided into two main components: the instance (memory and processes) and 

the database (physical files). This separation allows efficient management of memory, processes, and storage. 
Instance Components 
An Oracle instance consists of memory structures (SGA) and background processes. 
A. System Global Area (SGA) – Shared memory region: 

• Database Buffer Cache: Caches data blocks read from datafiles. 
• Redo Log Buffer: Stores changes before they are written to redo log files. 
• Shared Pool: Caches SQL statements (library cache) and data dictionary information (row cache). 
• Large Pool & Java Pool: Optional memory areas for specific operations. 

B. Background Processes: 
• PMON (Process Monitor): Cleans up failed user processes and releases resources. 
• SMON (System Monitor): Performs crash recovery, cleans temporary segments. 

Chapter 8 
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    v_tax NUMBER; 
BEGIN 
    v_tax := calculate_tax(50000, 20); 
    DBMS_OUTPUT.PUT_LINE('Tax: ' || v_tax); 
END; 
 
-- In SQL 
SELECT employee_id, salary, 
       calculate_tax(salary) AS tax_amount, 
       salary - calculate_tax(salary) AS net_salary 
FROM employees; 
Procedure vs Function Comparison: 

Aspect Procedure Function 
Return value No return value Returns a single value 
Call context Called as executable statement Called in expression 
Parameter modes IN, OUT, IN OUT Typically only IN 
SQL usage Cannot be used in SQL Can be used in SQL (if pure) 
Transaction control Can contain COMMIT/ROLLBACK Should not contain 

COMMIT/ROLLBACK 
Packages 
A package groups logically related PL/SQL types, variables, and subprograms. It consists of 

a specification (interface) and body (implementation). 
Package Structure: 

• Specification: Declares public types, variables, constants, exceptions, cursors, and subprograms. 
• Body: Implements the subprograms and can contain private declarations. 

Why Use Packages? 
1. Encapsulation: Hide implementation details. 
2. Modularity: Group related functionality. 
3. Performance: Entire package loaded into memory at once. 
4. Persistent State: Package variables maintain values across calls. 
5. Overloading: Multiple subprograms with same name but different parameters. 

Example: Employee Management Package 
sql 
-- Specification 
CREATE OR REPLACE PACKAGE emp_pkg IS 
    g_company_name CONSTANT VARCHAR2(100) := 'FPSC Corporation'; 
    invalid_department EXCEPTION; 
     
    CURSOR c_dept_employees(p_dept_id NUMBER) RETURN employees%ROWTYPE; 
     
    PROCEDURE hire_employee( 
        p_first_name VARCHAR2, 
        p_last_name VARCHAR2, 
        p_dept_id NUMBER, 
        p_salary NUMBER DEFAULT 30000 
    ); 
     
    FUNCTION get_employee_count(p_dept_id NUMBER) RETURN NUMBER; 
     
    -- Overloaded procedure 
    PROCEDURE update_employee(p_emp_id NUMBER, p_salary NUMBER); 
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One Liners: System analysis & Design 
Volume I: Oracle Database Fundamentals 

1. Oracle Database is a multi-model DBMS and a relational database management system (RDBMS). 
2. ACID properties in Oracle ensure transaction reliability: Atomicity, Consistency, Isolation, Durability. 
3. Oracle uses SQL for data manipulation and supports data integrity through constraints. 
4. Oracle’s client-server architecture enables concurrent access with locking mechanisms. 
5. Scalability in Oracle allows handling terabytes of data and thousands of concurrent users. 
6. High availability in Oracle is achieved through failover and redundancy mechanisms. 
7. Oracle provides advanced security via authentication, authorization, auditing, and encryption. 
8. Performance features in Oracle include query optimization, indexing, caching, and partitioning. 
9. Oracle supports enterprise features like data warehousing, replication, and advanced analytics. 
10. A transaction in Oracle ensures all steps succeed or fail together, maintaining data consistency. 
11. Oracle architecture comprises two main components: the instance (memory and processes) and the 

database (physical files). 
12. The System Global Area (SGA) is a shared memory region containing the buffer cache, redo log 

buffer, and shared pool. 
13. The Database Buffer Cache stores data blocks read from datafiles. 
14. The Redo Log Buffer holds changes before they are written to redo log files. 
15. The Shared Pool caches SQL statements and data dictionary information. 
16. Background processes in Oracle include PMON, SMON, DBWn, LGWR, and CKPT. 
17. PMON (Process Monitor) cleans up failed user processes and releases resources. 
18. SMON (System Monitor) performs crash recovery and cleans temporary segments. 
19. DBWn (Database Writer) writes modified buffers from the buffer cache to datafiles. 
20. LGWR (Log Writer) writes redo log buffer entries to redo log files. 
21. CKPT (Checkpoint Process) updates control files and datafile headers with checkpoint information. 
22. Physical files in Oracle include datafiles, control files, redo log files, and parameter files. 
23. The flow of a SELECT query involves the shared pool check, buffer cache check, and possible disk 

I/O. 
24. Logical storage hierarchy in Oracle: Database → Tablespace → Segment → Extent → Block. 
25. Physical storage hierarchy: Database → Datafile → OS Block → Disk Sector. 
26. A tablespace is a logical storage unit containing segments like tables and indexes. 
27. An extent is a contiguous set of database blocks allocated to a segment. 
28. The smallest unit of I/O in Oracle is a database block (default 8KB). 
29. CHAR(n) is fixed-length and padded with spaces; VARCHAR2(n) is variable-length with no padding. 
30. NCHAR and NVARCHAR2 support Unicode for multilingual data. 
31. NUMBER(p,s) stores numeric data with precision p and scale s. 
32. DATE stores date and time to the second; TIMESTAMP includes fractional seconds. 
33. LOB types include CLOB for text, BLOB for binary data, and BFILE for external files. 
34. DDL commands (CREATE, ALTER, DROP, TRUNCATE, RENAME) auto-commit transactions. 
35. DML commands (SELECT, INSERT, UPDATE, DELETE, MERGE) require explicit commit. 
36. DCL commands (GRANT, REVOKE) manage privileges and roles. 
37. TCL commands (COMMIT, ROLLBACK, SAVEPOINT) manage transaction boundaries. 
38. Analytic functions perform calculations across a set of rows related to the current row. 
39. Hierarchical queries retrieve tree-structured data using CONNECT BY and START WITH. 
40. Flashback queries retrieve data as it existed at a previous point in time. 
41. The MERGE statement performs conditional insert or update (UPSERT). 
42. PIVOT transforms row data into columnar format; UNPIVOT does the reverse. 
43. Oracle’s advanced SQL features support complex business scenarios like monthly comparisons and 

ETL processes. 
Volume II: PL/SQL Programming 

44. PL/SQL is Oracle’s procedural extension to SQL, enabling complex logic within the database. 
45. PL/SQL reduces network traffic by executing multiple SQL statements in a single block. 
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Practice MCQs
1. Which of the following best describes 

Oracle Database? 
a) A file-based storage system 
b) A multi-model DBMS and RDBMS 
c) A NoSQL database only 
d) A programming language 
Answer: b) A multi-model DBMS and 
RDBMS 

2. ACID properties in Oracle ensure: 
a) High availability and redundancy 
b) Atomicity, Consistency, Isolation, 
Durability 
c) Fast backup and recovery 
d) Data encryption and compression 
Answer: b) Atomicity, Consistency, 
Isolation, Durability 

3. Oracle’s client-server architecture 
enables: 
a) Single-user access only 
b) Concurrent access with locking 
mechanisms 
c) Only read operations 
d) No network connectivity 
Answer: b) Concurrent access with 
locking mechanisms 

4. Which feature allows Oracle to handle 
terabytes of data? 
a) Scalability 
b) Encryption 
c) Auditing 
d) Graphical interface 
Answer: a) Scalability 

5. High availability in Oracle is achieved 
through: 
a) Failover and redundancy mechanisms 
b) Only backup files 
c) Single server setup 
d) Manual intervention 
Answer: a) Failover and redundancy 
mechanisms 

6. The SGA component that caches data 
blocks is: 
a) Shared Pool 
b) Redo Log Buffer 
c) Database Buffer Cache 
d) Large Pool 
Answer: c) Database Buffer Cache 

7. PMON (Process Monitor) is responsible 
for: 
a) Writing redo logs 
b) Cleaning up failed user processes 

c) Performing checkpoints 
d) Writing datafiles 
Answer: b) Cleaning up failed user 
processes 

8. LGWR writes from _____ to _____. 
a) Buffer cache, datafiles 
b) Redo log buffer, redo log files 
c) Shared pool, buffer cache 
d) Datafiles, control files 
Answer: b) Redo log buffer, redo log 
files 

9. The physical file that contains database 
structure metadata is: 
a) Datafile 
b) Control file 
c) Redo log file 
d) Parameter file 
Answer: b) Control file 

10. During a SELECT query, if parsed SQL 
is found in the shared pool, it results in: 
a) Hard parsing 
b) Soft parsing 
c) No parsing 
d) Recompilation 
Answer: b) Soft parsing 

11. The logical storage unit containing 
segments is called: 
a) Database 
b) Tablespace 
c) Extent 
d) Block 
Answer: b) Tablespace 

12. The smallest unit of I/O in Oracle is: 
a) Extent 
b) Segment 
c) Block 
d) Tablespace 
Answer: c) Block 

13. Which data type is fixed-length and 
space-padded? 
a) VARCHAR2 
b) CHAR 
c) NCHAR 
d) CLOB 
Answer: b) CHAR 

14. NUMBER(10,2) can store up to: 
a) 10 digits with 2 decimal places 
b) 12 digits total 
c) 8 digits with 2 decimals 
d) Only integers 
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Web Development & Web Programming 
Introduction to the World Wide Web and Web Development 
The World Wide Web (WWW) 
The World Wide Web (WWW, W3, or Web) is a graphical information system introduced to the 

public on August 6, 1991, by Tim Berners-Lee. It is built on the Internet and allows documents to be 
connected via hypertext links, enabling users to navigate between them seamlessly. It is essential to 
distinguish the Web from the Internet: 

• Internet: The global network of interconnected computers and devices. 
• Web: A collection of interconnected documents (web pages) accessed via web browsers. 

The Web operates on a client-server model, where browsers (clients) request resources from web 
servers, which respond with the requested content, typically in HTML format. 

What is Web Development? 
Web Development is the process of creating websites and web applications. It involves designing, 

building, and maintaining sites using a combination of programming languages, frameworks, and tools. Web 
development is broadly categorized into: 

1. Front-End Development: Concerned with what users see and interact with (user interface). 
2. Back-End Development: Deals with server-side logic, databases, and application functionality. 
3. Full-Stack Development: Combines both front-end and back-end expertise. 

1.3 Why Learn Web Development? 
• Digital Literacy: Understanding how websites are built and how the Internet works. 
• Career Opportunities: Opens roles such as Web Developer, UI/UX Designer, Front-End/Back-End 

Engineer, and Full-Stack Developer. 
• Problem-Solving Skills: Enhances logical thinking and debugging abilities. 
• Creativity: Allows the design of visually appealing and interactive interfaces. 
• Entrepreneurship: Enables the creation of online businesses, services, or digital products. 

Core Web Terminology 
Fundamental Concepts 

• Web Page: A document written in HTML and viewed in a browser, identified by a unique URL. It 
may contain text, images, audio, video, and hyperlinks. 

• Website: A collection of related web pages hosted on a web server and accessible via a unique 
address (URL). 

• Web Browser: Software used to retrieve, interpret, and display web content (e.g., Chrome, Firefox, 
Edge). 

• Web Server: A computer that stores, processes, and delivers web pages to clients 
using HTTP/HTTPS. Any computer can act as a server by installing server software (e.g., Apache, 
Nginx). 

• URL (Uniform Resource Locator): The unique address of a resource on the Internet. 
Format: protocol://hostname/path. Example: https://www.example.com/about. 

• Search Engine: A website that helps users find information by searching keywords (e.g., Google, 
Bing). 

• Home Page: The main or index page of a website, usually the first page accessed. 
• Web Hosting: A service that stores website files on a server connected to the Internet, making them 

accessible worldwide. 
Types of Websites 

1. Web Portals: Comprehensive sites offering multiple services (email, news, search) often requiring 
login (e.g., university portals). 

2. News Websites: Provide latest news, updates, videos, and archives (e.g., BBC, Tribune). 
3. Informational Websites: Offer detailed information on various topics (e.g., Wikipedia). 

Chapter 9 
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One Liners: We Development & Web Programing 
Web Fundamentals & Terminology (1-25) 

1. Tim Berners-Lee introduced the World Wide Web to the public on August 6, 1991. 
2. The Internet is the global network connecting computers, while the Web is the collection of 

interconnected documents accessed via browsers. 
3. A web page is an HTML document viewed in a browser and identified by a unique URL. 
4. A web server stores, processes, and delivers web pages using HTTP protocol. 
5. Any computer can become a web server by installing server software like Apache or Nginx. 
6. URL stands for Uniform Resource Locator and follows the format: 

protocol://hostname/other_information. 
7. The home page is the main or index page of a website that opens first when the site is accessed. 
8. Web hosting is the service of storing website content on a server connected to the Internet. 
9. Search engines like Google help users find information by searching keywords across the Web. 
10. Web portals are comprehensive websites offering multiple services like email and news, often 

requiring login. 
11. Front-end development focuses on what users see and interact with, using HTML, CSS, and 

JavaScript. 
12. Back-end development manages behind-the-scenes functionality like servers, databases, and 

application logic. 
13. Full-stack development involves both front-end and back-end aspects of web application 

development. 
14. Digital literacy through web development helps understand how websites are built and how the 

Internet works. 
15. Career opportunities in web development include roles like web developer, designer, and other IT 

industry positions. 
16. Web development enhances problem-solving skills through logical thinking and troubleshooting. 
17. Web development allows creativity by enabling the creation of visually appealing and interactive 

websites. 
18. Entrepreneurship skills are supported by web development through starting online businesses or web 

services. 
19. A web browser is software used to retrieve and display information from websites. 
20. HTTP (Hypertext Transfer Protocol) is used by web servers to deliver web pages to users' browsers. 
21. News websites provide the latest news, updates, and often include videos and archives. 
22. Informational websites like Wikipedia provide detailed information on various topics. 
23. Educational websites are created for learning, offering tutorials, courses, and organized educational 

content. 
24. Personal websites are created by individuals for expression, portfolio, or social networking. 
25. Business websites facilitate business activities like e-commerce, banking, and reservations. 

HTML Fundamentals (26-75) 
26. HTML (HyperText Markup Language) is the standard markup language for creating web pages. 
27. HTML 1.0 was the first, simple version released in 1991. 
28. HTML 2.0 introduced more tags for complex pages in 1995. 
29. HTML 3.2 added tags for tables, scripts, and applets in 1997. 
30. HTML 4.0/4.01 brought major improvements with support for multimedia in 1997/1999. 
31. HTML5 is the latest version with new elements for better multimedia, graphics, and interactivity, 

released in 2014. 
32. HTML files are saved with a .html extension, such as index.html. 
33. The basic structure of an HTML5 document starts with <!DOCTYPE html> declaration. 
34. The <html> tag is the root element of an HTML page. 
35. The <head> section contains meta-information like the page title and links to CSS/JavaScript. 
36. The <title> tag sets the title shown in the browser tab. 
37. The <body> tag contains the visible page content like headings, paragraphs, and images. 



  MK PREPARATIONS  

 

P a g e  17 | 29 

 

  

M 
K 
 

P 
R 
E 
P 
A 
R 
A 
T 
I 
O 
N 
S 

9
. W

e
b

 D
e

v
e

lo
p

m
e

n
t &

 W
e

b
 P

ro
g

ra
m

in
g

 

MK PREPARATIONS: Let’s Make It Happen 
+92 333 2605045, +92 342 4470091 
 

Practice MCQs
1. Which of the following correctly distinguishes 
between the Internet and the World Wide Web? 
A) The Internet is for emails, while the Web is for 
browsing 
B) The Internet is the global network of 
computers, while the Web is the collection of 
interconnected documents 
C) The Internet uses HTTP, while the Web uses 
FTP 
D) They are identical terms and can be used 
interchangeably 
Answer: B 
2. A web server's primary function is to: 
A) Write HTML and CSS code for websites 
B) Store, process, and deliver web pages using 
HTTP 
C) Design user interfaces for web applications 
D) Execute JavaScript code in the user's browser 
Answer: B 
3. What is the significance of August 6, 1991, in 
the context of web development? 
A) The day JavaScript was created by Brendan 
Eich 
B) The day the first web browser was released 
C) The day Tim Berners-Lee introduced the World 
Wide Web to the public 
D) The day HTML5 specification was finalized 
Answer: C 
4. Which type of website typically requires user 
login and offers multiple integrated services like 
email and news? 
A) News Website 
B) Web Portal 
C) Personal Website 
D) Entertainment Website 
Answer: B 
5. In the URL 
"https://www.example.com:443/path/page.html
", what does "443" represent? 
A) The page number in the website 
B) The version of HTTP being used 
C) The default port number for HTTPS 
D) An error code for secure connections 
Answer: C 
6. What is the primary purpose of web hosting? 
A) To write code for websites 
B) To design visual layouts 
C) To store website content on a server connected 
to the Internet 
D) To test websites across different browsers 
Answer: C 

7. Which HTML version first introduced 
support for tables and scripts? 
A) HTML 1.0 
B) HTML 2.0 
C) HTML 3.2 
D) HTML5 
Answer: C 
8. The <!DOCTYPE html> declaration at the 
beginning of an HTML document: 
A) Is optional in modern browsers 
B) Declares the document as HTML5 
C) Links an external CSS file 
D) Embeds JavaScript code 
Answer: B 
9. Which HTML tag pair is correctly used to 
define the title that appears in the browser tab? 
A) <header> ... </header> 
B) <title> ... </title> 
C) <h1> ... </h1> 
D) <caption> ... </caption> 
Answer: B 
10. What is the key difference between paired 
tags and unpaired tags in HTML? 
A) Paired tags have semantic meaning, while 
unpaired tags don't 
B) Paired tags require closing tags, while unpaired 
tags are self-closing 
C) Paired tags are for content, while unpaired tags 
are for styling 
D) Paired tags are HTML5 only, while unpaired 
tags are older HTML 
Answer: B 
11. Which heading tag represents the most 
important heading on a page? 
A) <h1> 
B) <h3> 
C) <h6> 
D) <header> 
Answer: A 
12. What is the purpose of the alt attribute in 
an <img> tag? 
A) To set the image alignment 
B) To provide alternative text for accessibility 
C) To define the image source URL 
D) To set the image border width 
Answer: B 
13. Which HTML entity would you use to insert 
a non-breaking space? 
A) &space; 
B)   
C) &break; 

https://www.example.com/path/page.html
https://www.example.com/path/page.html
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System Analysis and Design 
Foundations of System Analysis & Design 
Introduction to Systems 
What is a System? 
Basic Idea: A system is a set of interconnected components that work together to achieve a common goal. 
Concept: In computing, a system refers to an organized collection of hardware, software, data, people, 
procedures, and networks that process information and support organizational functions. 
Explanation: 

• A system has boundaries separating it from its environment. 
• It accepts inputs from outside, processes them through defined procedures, and 

produces outputs. 
• It operates within an environment and interacts with it. 

Example: A university admission system. 
• Inputs: Student applications, marks, fees. 
• Processing: Eligibility checks, merit calculation, seat allocation. 
• Outputs: Admission lists, fee receipts, roll numbers. 
• Environment: Educational policy, competition, technological infrastructure. 

Summary: A system is a goal-oriented collection of interrelated components working together. 
Characteristics of a System 

1. Organization: Structured arrangement of components. 
2. Interaction: Components depend on and communicate with each other. 
3. Interdependence: Parts cannot function in isolation. 
4. Integration: Components unified to achieve objective. 
5. Central Objective: Primary goal drives system existence. 

Example: A car as a system. 
• Engine, wheels, brakes are organized. 
• Brakes interact with wheels. 
• Engine depends on fuel system. 
• All integrated for transportation. 
• Central objective: Mobility. 

Types of Systems 
Type Description Example 

Physical Tangible, material components Computer hardware 
Abstract Conceptual, non-physical Mathematical model 
Open Interacts with environment Business organization 
Closed Isolated, minimal interaction Thermostat (theoretical) 
Natural Occur in nature Solar system 
Manufactured Human-made Railway reservation system 
Adaptive Changes with environment AI-based recommendation system 
Non-adaptive Static, fixed behavior Basic calculator 

Chapter 9 
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Credit Score > 700 Y N N 
Approve Loan ✓ ✗ ✗ 
Reject Loan ✗ ✓ ✓ 

Decision Tree: Graphical tree-like structure of decisions. 
Loan Application 

System Design 
Architectural Design 
What is System Architecture? 
System architecture refers to the high-level structural design of a system. It defines the major 
components, their relationships, and the principles guiding their design and evolution. Think of it as the 
blueprint of a building—it shows how different parts fit together and interact to achieve the system’s 
objectives. 
Key Objectives of Architectural Design: 

• To ensure the system meets both functional and non-functional requirements. 
• To provide a clear structure for development, integration, and maintenance. 
• To address qualities such as scalability, performance, security, and reliability. 
• To serve as a communication tool among stakeholders. 

Architectural Components: 
1. Modules/Components: Distinct parts of the system with specific responsibilities. 
2. Connectors: Mechanisms that enable communication between components. 
3. Constraints: Rules governing the arrangement and interaction of components. 
4. Rationale: Justification for architectural choices. 

Example: E-commerce System Architecture 
• Presentation Layer: Web interface (HTML, CSS, JavaScript). 
• Application Layer: Business logic (Java/Python services). 
• Data Layer: Database (MySQL, MongoDB). 
• Communication: REST APIs between layers. 

Architectural Styles/Patterns 

Income > 50,000?

Yes

Credit Score > 700? 

Approve

NO

Reject
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    ELSE IF marks >= 60 THEN 
        grade = 'C' 
    ELSE 
        grade = 'F' 
    ENDIF 
    PRINT grade 
END 
Flowcharts 
Graphical representation of algorithm flow using standardized symbols. 

• Symbols: 
o Oval: Start/End 
o Rectangle: Process 
o Diamond: Decision 
o Parallelogram: Input/Output 
o Arrow: Flow direction 

Database Design 
Database design transforms conceptual data models into physical database schemas. 
Logical Database Design 
Converts ER diagrams into relational schemas. 

• Conversion Rules: 
o Entity → Table 
o Attribute → Column 
o Primary Key → Unique identifier 
o Relationship → Foreign key or intersection table 

Normalization 
Process of organizing data to minimize redundancy and avoid anomalies. 
Normal Forms Summary: 

NF Condition Example Violation 

1NF 
Atomic values, no repeating 
groups 

Address: “House#10, Street#5, City” (non-atomic) 

2NF In 1NF + no partial dependency 
In (StudentID, CourseID)→Grade, CourseName depends only on 
CourseID 

3NF 
In 2NF + no transitive 
dependency 

StudentID→Department, Department→HOD (HOD transitively 
depends on StudentID) 

BCNF 
Every determinant is a candidate 
key 

Course→Instructor, Instructor→Course (both determinants but 
not necessarily keys) 

Example: Normalization Process 
Original Table: Student_Course(StID, StName, CourseID, CourseName, Grade, Instructor, Dept) 
Problems: Update anomaly (StName repeated), Insertion anomaly (CourseName repeated) 
After 3NF: 

• Student(StID, StName, Dept) 
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One Liners: System Analysis and Design 
1. System: A set of interrelated components working toward a common objective. 
2. Information System: A formal system to collect, process, store, and distribute information. 
3. SDLC: Framework of phases to develop systems systematically. 
4. Waterfall Model: Linear, sequential, non-iterative SDLC model. 
5. Prototyping: Building a working model to clarify requirements. 
6. Feasibility Study: Determines if project is technically, economically, operationally viable. 
7. Technical Feasibility: Can the system be built with available technology? 
8. Economic Feasibility: Cost-benefit analysis; ROI, payback period. 
9. Operational Feasibility: Will the system be used effectively? 
10. Functional Requirements: What the system must do. 
11. Non-functional Requirements: How well the system performs (speed, security). 
12. JAD: Joint Application Development – intensive workshop for requirements. 
13. DFD: Data Flow Diagram – shows movement of data through processes. 
14. Context Diagram: Highest-level DFD with single process. 
15. Entity: A person, place, thing, or event about which data is stored. 
16. Cardinality: Number of instances one entity can associate with another. 
17. Normalization: Process of organizing data to minimize redundancy. 
18. 1NF: Eliminate repeating groups; atomic values. 
19. 2NF: In 1NF + no partial dependency (all non-key attributes depend on full primary key). 
20. 3NF: In 2NF + no transitive dependency. 
21. Cohesion: Measure of how closely operations in a module are related. 
22. Coupling: Degree of interdependence between modules (low coupling desired). 
23. Black-box Testing: Tests functionality without knowing internal logic. 
24. White-box Testing: Tests internal structures or workings. 
25. Alpha Testing: By development team within organization. 
26. Beta Testing: By actual users in real environment. 
27. Regression Testing: Re-testing after modifications to ensure no new bugs. 
28. System Maintenance: Modifying system after deployment. 
29. Corrective Maintenance: Fixing defects. 
30. Adaptive Maintenance: Adapting to new environment (OS, hardware). 
31. Perfective Maintenance: Improving performance, adding minor features. 
32. Preventive Maintenance: Preventing future problems. 
33. Agile: Iterative, incremental, flexible development methodology. 
34. Scrum: Agile framework with sprints, product owner, scrum master. 
35. UML: Unified Modeling Language – standard for OO modeling. 
36. Use Case Diagram: Shows actors and use cases (functionality). 
37. Class Diagram: Static structure – classes, attributes, methods, relationships. 
38. Sequence Diagram: Shows object interactions over time. 
39. CASE Tools: Computer-Aided Software Engineering – automate SDLC activities. 
40. Data Dictionary: Repository of data about data (metadata). 
41. Gantt Chart: Bar chart for project scheduling. 
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Practice MCQs
1. Which model is also known as linear-

sequential model? 
a) Prototyping 
b) Waterfall 
c) Spiral 
d) Agile 
Answer: b 

2. In DFD, a process is represented by: 
a) Rectangle 
b) Circle 
c) Rounded rectangle 
d) Diamond 
Answer: c 

3. Which feasibility deals with "Can the 
system be built with available 
technology?" 
a) Economic 
b) Technical 
c) Operational 
d) Legal 
Answer: b 

4. A many-to-many relationship in ERD 
is represented as: 
a) 1:1 
b) 1:M 
c) M:1 
d) M:N 
Answer: d 

5. Which testing is conducted by 
developers? 
a) Alpha 
b) Beta 
c) Acceptance 
d) Regression 
Answer: a 

6. Modifying system to work in a new 
environment is: 
a) Corrective maintenance 
b) Adaptive maintenance 
c) Perfective maintenance 

d) Preventive maintenance 
Answer: b 

7. Which is NOT a UML diagram? 
a) Class diagram 
b) Flowchart 
c) Sequence diagram 
d) Use case diagram 
Answer: b 

8. Process of removing partial 
dependency is part of: 
a) 1NF 
b) 2NF 
c) 3NF 
d) BCNF 
Answer: b 

9. In PERT, the most likely time is 
weight multiplied by: 
a) 1 
b) 4 
c) 6 
d) 2 
Answer: b (Formula: Expected time = 
(O+4M+P)/6) 

10. Which is a characteristic of good 
system design? 
a) High coupling 
b) Low cohesion 
c) High cohesion 
d) Complex interfaces 
Answer: c 

11. Which architectural style has all 
components tightly integrated? 
a) Microservices 
b) Client-Server 
c) Monolithic 
d) SOA 
Answer: c 

12. In structured design, the ideal 
coupling is: 
a) Content coupling 
b) Common coupling 
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Introduction and Basics of Artificial Intelligence (AI) 
What is Artificial Intelligence? 
Definition (Standard): Artificial Intelligence (AI) is the simulation of human intelligence processes by 
machines, especially computer systems. These processes include learning (acquiring information and 
rules for using it), reasoning (using rules to reach approximate or definite conclusions), and self-
correction . 
Conceptual Definition: AI is the field of computer science dedicated to creating systems that can 
perform tasks that typically require human intelligence. It is the "art of creating machines that perform 
functions that require intelligence when performed by people" . 
What it is: AI is a broad and ambitious field. For computer scientists, it refers to the development of 
programs that exhibit intelligent behavior. For engineers, it means building machines that perform actions 
often done by humans. For cognitive scientists, it involves building models of human intelligence to 
better understand human behavior . 
How it works: Modern AI systems use algorithms (sets of rules for computer processes) and computing 
models that enable machines to perform problem-solving, decision-making, and other tasks requiring 
intelligence. Most contemporary AI systems are built using machine learning, where an AI system is 
programmed to teach itself rules, patterns, and associations from data . 
Defining AI – Multiple Perspectives 
AI is a broad field, and definitions vary by discipline . Understanding these different perspectives is 
crucial for a comprehensive understanding: 

Perspective Definition Focus 
Computer 
Science 

Development of programs that exhibit 
intelligent behavior  

Creating algorithms and systems that 
solve complex problems 

Engineering Building machines that perform actions 
typically done by humans  

Creating practical, functional systems 

Cognitive 
Science 

Building models of human intelligence to 
better understand human behavior  

Understanding and mimicking human 
cognition 

Why this matters: No single definition captures AI completely. The field is a convergence of multiple 
disciplines with different goals and methodologies. 
The Core Goal of AI 
The overarching goal of AI is building systems that can think and act intelligently like humans . 
However, today's AI systems have not yet achieved that goal. They can mirror how humans think and act 
only in specific circumstances. 
What AI actually does: AI systems use: 

• Algorithms: Sets of rules used for computer processes 
• Computing models: Mathematical frameworks for processing information 
• Software platforms and apps: Tools for implementing AI solutions 
• Machinery: Hardware that enables AI functionality 

AI is NOT Human Intelligence 
This distinction is critical for exams and practical understanding: 
 
 



  MK PREPARATIONS  

 

P a g e  8 | 30 

  

M 
K 
 

P 
R 
E 
P 
A 
R 
A 
T 
I 
O 
N 
S 

1
0

. In
tro

d
u

ctio
n

 a
n

d
 B

a
sic o

f  A
I 

MK PREPARATIONS: Let’s Make It Happen 
+92 333 2605045, +92 342 4470091 
 

Hallucinations in Generative AI 
Definition: Instances where AI generates information that appears plausible but is incorrect or 
nonsensical . 
Why Hallucinations Happen: 

1. AI doesn't understand truth—it predicts patterns  
2. It fills in gaps when information is missing  
3. It mixes similar facts or concepts 
4. It presents guesses with total confidence  

Example: One study found models can hallucinate up to 28% of responses . 
Why It Matters for Academic Work: 

• AI "confidently invents facts, citations, data, and quotations"  
• It has no mechanism for verifying truth  
• It cannot defend or explain its outputs  

ONE-LINERS: Introduction and Basics of AI 
Foundational Concepts and Definitions 

1. Artificial Intelligence (AI) is the simulation of human intelligence processes by machines, 
especially computer systems, including learning, reasoning, and self-correction. 

2. AI is the field of computer science dedicated to creating systems that can perform tasks that 
typically require human intelligence. 

3. The term "artificial intelligence" was coined by John McCarthy in 1956 and used in a proposal 
for a workshop at Dartmouth College. 

4. The Dartmouth Workshop of 1956 is generally considered the official birth year of AI as a new 
science . 

5. AI is a convergence of multiple disciplines including computer science, neuroscience, linguistics, 
engineering, mathematics, physics, philosophy, and psychology . 

6. The Russell and Norvig textbook defines AI as "the study of agents that receive percepts from the 
environment and perform actions" . 

7. An agent is anything that can perceive its environment through sensors and act upon that 
environment through actuators. 

8. A rational agent selects actions that maximize its expected performance measure for each possible 
input sequence. 

9. AI is sometimes defined as the study of rational agents and the components for constructing them. 
10. The Turing Test, proposed by Alan Turing in 1950, defines AI in the context of acting humanly . 
11. A machine passes the Turing Test if a human engaged in conversation cannot determine whether 

it is interacting with a computer or another human . 
12. AI does NOT possess human-like intelligence, understanding, or reasoning capability . 
13. AI systems are sophisticated statistical models that generate responses by predicting probable 

patterns based on training data. 
14. Generative AI is fundamentally similar to the autocomplete feature on a smartphone, operating at 

a vastly larger scale. 
15. AI cannot think, reason, analyze, evaluate, assess evidence, weigh arguments, or identify logical 

fallacies. 



  MK PREPARATIONS  

 

P a g e  15 | 30 

  

M 
K 
 

P 
R 
E 
P 
A 
R 
A 
T 
I 
O 
N 
S 

1
0

. In
tro

d
u

ctio
n

 a
n

d
 B

a
sic o

f  A
I 

MK PREPARATIONS: Let’s Make It Happen 
+92 333 2605045, +92 342 4470091 
 

Practical Considerations 
161. The field of AI aims to investigate underpinnings of human intelligence, simulate human 

intelligence in machines, and engineer systems that can learn . 
162. Much of AI is about agents that take inputs from the world and produce outputs that are useful 

and informed. 
163. An agent that always responds in the same manner regardless of input would not be construed as 

intelligent . 
164. Cognitive computing mimics the human brain to improve decision-making by extracting 

information from unstructured data. 
165. Deep learning is the consequence of neural networks learning from large chunks of data by 

performing a job repeatedly, each time tweaking it slightly for a better outcome . 
166. Self-learning algorithms, pattern recognition, and natural language processing are key elements 

of cognitive analysis . 
167. The current crop of AI technologies is not scary or even that smart; it involves mundane 

processes like machine learning and cognitive analytics . 
168. AI today is restricted to the role of a facilitator, bereft of any capacity to execute truly 

independent actions. 
169. The ethics of deploying weaponized AI for warfare has been a topic of intense debate, with calls 

for a global ban on autonomous weapons . 
170. Global spending on AI is expected to reach 79.2 billion US dollars by 2022, with fastest growth 

in federal governments, customer services, education, and healthcare . 

Practice MCQs
Section A: Foundational Concepts  
1. Who coined the term "Artificial 
Intelligence"? 
A) Alan Turing 
B) John McCarthy 
C) Marvin Minsky 
D) Herbert Simon 
Answer: B 
2. In which year was the term "Artificial 
Intelligence" officially coined? 
A) 1950 
B) 1955 
C) 1956 
D) 1943 
Answer: C 
3. What event is considered the official birth 
of AI as a new science? 
A) The publication of Turing's paper 
B) The Dartmouth Workshop 
C) The creation of the Logic Theorist 

D) The invention of Lisp 
Answer: B 
4. According to Russell and Norvig, what is 
AI defined as? 
A) The study of intelligent machines 
B) The study of agents that receive percepts 
from the environment and perform actions 
C) The simulation of human intelligence by 
computers 
D) The creation of thinking machines 
Answer: B 
5. What is an agent in AI terminology? 
A) A computer program only 
B) Anything that can perceive its environment 
through sensors and act upon it through 
actuators 
C) A human operator 
D) A machine learning algorithm 
Answer: B 
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The Noun 
Definition of Noun 

A noun is a word that functions as the name of a: 
• Person: child, woman, Ali, teacher 
• Place: city, Lahore, park 
• Thing: table, car, money 
• Animal: dog, elephant, bird 
• Idea, Quality, or State: happiness, bravery, knowledge, poverty 
• Action: (Gerunds) swimming, reading, driving 

In simple terms, a noun is a naming word. The name of everything is a noun. 
Types of Nouns 

Nouns can be categorized into eight primary types for a clearer understanding of their usage. 
1. Proper Noun 
A proper noun is the specific name of a particular person, place, or thing. 

• Rule 1: It always begins with a capital letter. 
• Rule 2: It can not be changed into a plural form (e.g., There are two Ali's in my class). 

2. Common Noun 
A common noun is a general name that is common to all persons, places, or things of the same kind. 
It denotes no particular entity. 

Proper Noun Common Noun 

Ali boy 
Lahore city 
Badshahi Mosque mosque 

3. Material Noun 
A material noun is the name of a substance or matter from which things are made. These often exist in 
different states of matter: solid, liquid, gas, and plasma. Things in a solid state are sometimes called 
concrete nouns. 

• Examples: wood, gold, water, air, plastic, cement. 

4. Abstract Noun 
An abstract noun is the name of an idea, quality, state, or feeling that does not exist in a physical or 
material form. 

Examples: love, honesty, anger, childhood, poverty, wisdom. 

Material Noun Abstract Noun 

Water Honesty 

Iron Strength 

Milk Whiteness 

5. Countable Noun 
Countable nouns refer to objects or items that can be counted. They have both singular and plural forms. 

• Examples: an egg, three oranges, many chairs, several ideas. 

6. Uncountable Noun 

Chapter 1 
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Rule 13: Subject-Verb Agreement with "Number of" vs. "A Number of" 
The phrases "the number of" and "a number of" are followed by different verb forms. 

• The number of students is increasing. (Refers to the number itself, which is singular) 
• A number of students are absent today. (Means "several," referring to the students, which is plural) 

Rule 14: Nouns Ending in "-ics" (Academic Subjects) 
Names of academic subjects ending in "-ics" are generally singular. However, when they refer to 
specific activities, qualities, or practical applications, they can be plural. 

• Mathematics is easy for her. (As a field of study) 
• Her mathematics are weak. (Referring to her mathematical skills/calculations) 

Rule 15: Agreement with Paired Nouns 
When two or more singular nouns are connected by "and" and refer to the same person or thing, they 
take a singular verb. Otherwise, they take a plural verb. 

• Bread and butter is my favorite breakfast. (Treated as a single item) 
• The principal and secretary has arrived. (One person holding both positions) 
• The principal and the secretary have arrived. (Two different persons)

Practice MCQ 
1. Identify the type of noun for the word 
"team" in the sentence: "The team won 
the championship." 
A. Common Noun 
B. Collective Noun 
C. Abstract Noun 
D. Compound Noun 
Answer: B 
2. Which of the following is an abstract 
noun? 
A. Water 
B. Honesty 
C. Lahore 
D. Chair 
Answer: B 
3. Choose the correct sentence according 
to noun rules. 
A. The scissor is on the table. 
B. The scissors is on the table. 
C. The scissors are on the table. 
D. A scissor are on the table. 
Answer: C 
4. The noun "poultry" in the sentence 
"The poultry are being fed" is an 
example of a noun that: 
A. Is always singular 
B. Appears singular but takes a plural verb 
C. Is a material noun 
D. Is uncountable 
Answer: B 
5. Which of the following nouns is always 
plural in form and takes a plural verb? 

A. News 
B. Economics 
C. Trousers 
D. Politics 
Answer: C 
6. Identify the compound noun. 
A. Beautifully 
B. Swimming pool 
C. Quickly 
D. Happiness 
Answer: B 
7. Select the sentence where an 
uncountable noun is used correctly. 
A. She gave me some good advices. 
B. The furnitures in this room are new. 
C. Her hair are long and black. 
D. The information provided was incorrect. 
Answer: D 
8. The word "people" in "Many people 
attend the fair" is a noun that: 
A. Is singular 
B. Appears singular but takes a plural verb 
C. Is a collective noun 
D. Is a proper noun 
Answer: B 
9. The use of the indefinite article 'a' with 
the normally uncountable noun 
'experience' in the sentence "I had a 
bitter experience" is justified because: 
A. The noun is used in a general sense to 
refer to the concept as a whole. 
B. The noun is specified and particularized, 

referring to a single instance or 
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The Pronoun 
Definition of Pronoun 
A pronoun is a word used in place of a noun or a noun phrase to avoid repetition. It refers to a noun 
that has been mentioned before or is clearly understood from the context. 

• Example: "Ali is a doctor. He works in a hospital." (The pronoun "He" replaces the noun "Ali"). 
Types of Pronouns 
Pronouns can be categorized into nine main types: 

1. Personal Pronoun 
2. Possessive Pronoun 
3. Reflexive Pronoun 
4. Demonstrative Pronoun 
5. Indefinite Pronoun 
6. Relative Pronoun 
7. Interrogative Pronoun 
8. Distributive Pronoun 
9. Reciprocal Pronoun 

1. Personal Pronoun 
Personal pronouns refer to specific people or things and change form based on person (first, second, 
third), number (singular, plural), case (subject, object), and gender (he, she, it). 

Person 
Subject 
Pronoun 

Object 
Pronoun 

Possessive 
Adjective 

Possessive 
Pronoun 

Reflexive 
Pronoun 

First (Singular) I me my mine myself 

First (Plural) we us our ours ourselves 

Second 
(Singular/Plural) 

you you your yours yourself / 
yourselves 

Third (Masc.) he him his his himself 

Third (Fem.) she her her hers herself 

Third (Neutral) it it its its itself 

Third (Plural) they them their theirs themselves 
2. Possessive Pronoun 
A possessive pronoun shows ownership and is used when the noun is not expressed. 

• Examples: mine, his, hers, ours, yours, theirs. 
• This is my book. That one is yours (your book). 
• Their house is big, but ours (our house) is more comfortable. 

3. Reflexive Pronoun 
A reflexive pronoun ends in -self or -selves and is used when the subject and the object of a verb are the 
same person or thing. 

• Examples: myself, ourselves, yourself, yourselves, himself, herself, itself, themselves. 
• She taught herself how to play the guitar. 
• The cat cleaned itself. 

4. Demonstrative Pronoun 
A demonstrative pronoun points to a specific noun (its antecedent) and replaces it. 

Chapter 2 
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The Verb 
Definition of Verb 
A verb is fundamentally a word that denotes an action (run, synthesize), indicates a state of being (is, 
exist), or describes an occurrence (happen, become). It forms the essential predicate that tells something 
about the subject. 
A Conceptual Classification of Verb 
Understanding verb types is crucial for mastering sentence structure, tense usage, and voice. 
1. Transitive Verbs: The Action Transferers 

A transitive verb requires one or more objects to complete its meaning. The action originates with 
the subject and is transferred to an object. 

• Example 1: The scientist conducted the experiment. 
o Analysis: The verb "conducted" is meaningless without its object "the experiment." It answers 

"conducted what?" 
• Example 2: The author wrote a compelling novel. 
o Analysis: "Wrote" requires the object "a compelling novel" to complete the thought. 

2. Intransitive Verbs: The Self-Contained Actions 
An intransitive verb expresses a complete action without transferring that action to an object. It may 
be followed by an adverb, a prepositional phrase, or nothing. 

• Example 1: The results emerged slowly. 
o Analysis: The verb "emerged" is complete in itself. "Slowly" merely modifies the action; it is not an 

object. 
• Example 2: All the guests arrived before noon. 
o Analysis: "Arrived" does not need an object; "before noon" is a prepositional phrase indicating time. 

3. Ditransitive Verbs: The Double Object Handlers 
A subset of transitive verbs that take two objects: a direct object (the thing that is given/told) and 
an indirect object (the person/thing that receives it). 

• Structure: Subject + Verb + Indirect Object + Direct Object 
• Example 1: She gave the student a book. 
o Analysis: "A book" (Direct Object - what was given), "the student" (Indirect Object - to whom it was 

given). 
• Example 2: The manager offered his team a new proposal. 
o Analysis: "A new proposal" (Direct Object), "his team" (Indirect Object). 

4. Linking (Copular) Verbs: The Connectors 
Linking verbs do not express action. Instead, they link the subject to a subject complement—a 
word or phrase that renames or describes the subject. 

• Common Linking Verbs: be, become, seem, appear, feel, look, sound, smell, taste, remain, stay, grow, 
turn, prove. 

• Example 1: His hypothesis proved correct. 
o Analysis: "Proved" connects the subject "hypothesis" to the adjective "correct," which describes it. 
• Example 2: She became a renowned scientist. 
o Analysis: "Became" links the subject "She" to the noun phrase "a renowned scientist," which renames 

her. 
5. Causative Verbs: The Instigators 

Causative verbs indicate that the subject causes someone else to perform an action. The three 
primary causatives (make, have, get) differ in force and structure. 

• Make + Agent + Base Form: Implies force or compulsion. 
o Example 1: The manager made the team work overtime. 

Chapter 3 
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drink drank drunk drinking 

drive drove driven driving 

eat ate eaten eating 

fall fell fallen falling 

feed fed fed feeding 

feel felt felt feeling 

fight fought fought fighting 

find found found finding 

flee fled fled fleeing 

fly flew flown flying 

forbid forbade forbidden forbidding 

forget forgot forgotten forgetting 

forgive forgave forgiven forgiving 

freeze froze frozen freezing 

get got got/gotten getting 

give gave given giving 

go went gone going 

grind ground ground grinding 

grow grew grown growing 

hang hung hung hanging 

have had had having 
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o Example: Everybody in the offices has a computer. 
• Collective Nouns: Treat as singular if the group acts as one unit; plural if members act individually. 
o Example (Unit): The **committee has reached its decision. 
o Example (Individuals): The **committee are divided in their opinions. 

Rule 6: Sequence of Tenses in Complex Sentences 
The tense in a subordinate clause is often dependent on the tense in the main clause. 

• If the main clause verb is in the past, the subordinate clause verb is usually in a past form. 
o Incorrect: He said that he is the manager. 
o Correct: He said that he was the manager. 
o Incorrect: She knew that she has a chance. 
o Correct: She knew that she had a chance. 
• An exception is made for universal truths. 
o Correct: The teacher taught that the earth revolves around the sun. 
o Correct: He knew that water boils at 100 degrees Celsius. 

Practice MCQs 
1. Identify the type of verb in: "She 
became a doctor after years of study." 
A. Transitive Verb 
B. Intransitive Verb 
C. Linking Verb 
D. Causative Verb 
Answer: C 
2. Which sentence uses a ditransitive verb? 
A. The sun rises in the east. 
B. She sang a beautiful song. 
C. He told the children a story. 
D. They arrived late. 
Answer: C 
3. Choose the correct causative structure: 
A. I made him to apologize. 
B. I had him apologize. 
C. I got him apologize. 
D. I let him to leave. 
Answer: B 
4. The verb in "The flowers smell 
wonderful" is: 
A. Transitive 
B. Intransitive 
C. Linking 
D. Auxiliary 
Answer: C 
5. Which verb is followed by a gerund? 
A. decide 
B. want 
C. avoid 
D. hope 
Answer: C 

6. Select the correct sentence: 
A. She suggested to go early. 
B. She suggested going early. 
C. She suggested go early. 
D. She suggested to going early. 
Answer: B 
7. Identify the intransitive verb: 
A. write 
B. build 
C. arrive 
D. make 
Answer: C 
8. "The committee has reached its 
decision." Here 'has' is: 
A. Main verb 
B. Primary auxiliary 
C. Modal auxiliary 
D. Linking verb 
Answer: B 
9. Which sentence shows correct verb 
agreement? 
A. The list of items are long. 
B. Each of the students are present. 
C. Neither answer is correct. 
D. The team are winning. 
Answer: C 
10. Choose the correct past participle 
form: 
A. swimmed 
B. swam 
C. swum 
D. swim 
Answer: C 
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 Subject-Verb Agreement 
Introduction 
Subject-verb agreement is a fundamental rule of English grammar. It states that the verb in a sentence 
must agree in number with its subject. A singular subject requires a singular verb, and a plural subject 
requires a plural verb. This chapter outlines the key rules and exceptions to ensure grammatical accuracy 
in your writing and speech. 
Subject Verb Agreement Correction Rules 
Rule 1: The Interrupting Phrase 
When the subject is followed by a phrase like as well as, along with, together with, in addition to, 
including, besides, or accompanied by, the verb agrees with the original subject, not the noun in the 
phrase. 

• The manager, as well as the team members, is attending the conference. 
• My parents, along with my uncle, are visiting us. 

Rule 2: Compound Subjects with "And" 
• General Rule: Two or more subjects joined by and take a plural verb. 
o Ali and Sana are studying for the exam. 
• Exception: When the compound subject refers to a single idea or item, use a singular verb. 
o Bread and butter is a common breakfast. (One food item) 
o My friend and mentor has left the company. (One person) 

Rule 3: Indefinite Pronouns 
The following indefinite pronouns always take a singular verb: 
each, either, neither, anyone, anybody, anything, everyone, everybody, everything, someone, somebody, 
something, no one, nobody, nothing. 

• Everyone in the office has a assigned parking space. 
• Neither of the answers is correct. 
• Each of the students has passed the test. 

Note on "None": "None" can be singular or plural. However, it is often treated as singular, especially 
in formal writing. 

• None of the information was useful. (Singular) 
• None of the options are acceptable. (Plural, implying "not any") 

Rule 4: Flexible Quantity Words 
The pronouns all, any, more, most, and some can be singular or plural, depending on whether they refer 
to a countable or uncountable noun. 

• All the water has evaporated. (Uncountable = Singular Verb) 
• All the students have left. (Countable = Plural Verb) 
• Some of the advice was helpful. (Uncountable) 
• Some of the books were missing. (Countable) 

Rule 5: Collective Nouns 
A collective noun (e.g., team, jury, crowd, committee, family) can be singular or plural. 

• Use a singular verb when the group acts as a single unit. 
o The jury has reached its verdict. 
• Use a plural verb when the members of the group are acting individually. 
o The jury are still debating their opinions. 

Rule 6: "A Number" vs. "The Number" 
• A number of... means "many" and takes a plural verb. 
o A number of students were absent today. 
• The number of... refers to a specific figure and takes a singular verb. 

Chapter 4 
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 The Adverb 
Definition of Adverb 
An adverb is a word that modifies (qualifies) a verb, an adjective, another adverb, a preposition, a 
conjunction, or even an entire sentence. It provides additional information about time, manner, place, 
frequency, degree, and certainty. 
Core Function: To add descriptive detail to show how, when, where, why, or to what extent something 
happens. 

The Versatile Roles of an Adverb 
Adverbs can modify various parts of speech: 
 Modifying a Verb: 

• She sang beautifully. 
• He runs quickly. 

 Modifying an Adjective: 
• She is extremely intelligent. 
• This is a very interesting book. 

 Modifying Another Adverb: 
• He works incredibly efficiently. 
• She spoke almost inaudibly. 

 Modifying a Preposition: 
• The ball landed just inside the boundary. 
• He arrived shortly after noon. 

 Modifying a Conjunction: 
• I like him, simply because he is honest. 
• She left soon after the meeting began. 

 Modifying an Entire Sentence: 
• Fortunately, the weather remained clear. 

Types of Adverb 
Adverbs can be categorized based on the specific information they provide. 

1. Adverbs of Manner 
Describe how an action is performed. 

• Questions Answered: How? In what manner? 
• Examples: quickly, slowly, carefully, beautifully, well, fast 
• He solved the problem efficiently. 
• They danced gracefully. 

2. Adverbs of Place 
Describe where an action occurs. 

• Questions Answered: Where? Where to? 
• Examples: here, there, everywhere, somewhere, inside, outside 
• Please wait outside. 
• The children are playing upstairs. 

3. Adverbs of Time 
Describe when an action occurs. 

• Questions Answered: When? How long? How often? 
• Examples: now, then, today, yesterday, soon, already, yet 

Chapter 5 
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 The Adjective 
Definition of Adjective 
An adjective is a word that modifies a noun or a pronoun by describing, identifying, or quantifying it. It 
adds meaning by answering questions like What kind? Which one? How many? or How much? 
Core Function: To provide more information about a noun or pronoun. 
Placement Rules: 

1. Before a Noun (Attributive Position): A brilliant idea, the blue sky 
2. After a Linking Verb (Predicative Position): The idea is brilliant. The sky appears blue. 

Types of Adjective 
Adjectives can be categorized based on their specific function and meaning. 

1. Proper Adjective 
Formed from proper nouns and used to describe something related to that noun. 

• Examples: Chinese food, Pakistani culture, Victorian era, Shakespearean drama 

2. Descriptive Adjective (Adjective of Quality) 
Describes the quality, state, or kind of a noun. 
Examples: a brave soldier, a sick patient, a beautiful painting, an honest person 

3. Adjective of Quantity 
Indicates the amount or quantity of a noun (used with uncountable nouns). 
Examples: some water, much effort, little hope, enough time, all people 

4. Adjective of Number (Numeral Adjective) 
Shows the number or order of nouns (used with countable nouns). 

• Definite Numeral: one, two, first, second (shows exact number) 
• Indefinite Numeral: many, few, several, some (shows approximate number) 
• Distributive Numeral: each, every, either, neither (refers to individual members) 

5. Demonstrative Adjective 
Points out or demonstrates which specific noun is being referred to. 

• Definite Demonstrative: this, that, these, those, the 
• Indefinite Demonstrative: a, an, any, one, certain, some, other, another 

6. Interrogative Adjective 
Used with a noun to ask a question. 
Examples: Which book do you prefer? Whose bag is this? What time is it? 

7. Possessive Adjective 
Shows possession or ownership. 
Examples: my book, your pen, his car, her dress, our house, their garden 

Degrees of Comparison 
Most descriptive adjectives, along with much/many and little/few, have three degrees of comparison. 

1. Positive Degree 
• The base form of the adjective. 
• Used when no comparison is made. 
• Example: This is a long road. She is intelligent. 

Chapter 6 
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2. Comparative Degree 
• Used to compare two entities. 
• Formed by adding *-er* or using more before the adjective. 
• Often followed by than. 
• Example: This road is longer than that one. She is more intelligent than her brother. 

3. Superlative Degree 
• Used to compare three or more entities. 
• Formed by adding -est or using most before the adjective. 
• Almost always preceded by the. 
• Example: This is the longest road in the city. She is the most intelligent student in the class. 

Formation Rules: 
Positive Comparative Superlative Rule 

tall taller tallest Add -er/-est to one-syllable adjectives 

big bigger biggest Double the consonant + -er/-est 

happy happier happiest Change -y to -i + -er/-est 

beautiful 
more 
beautiful 

most beautiful 
Use more/most with 2+ syllable 
adjectives 

good/well better best Irregular forms 

bad/ill worse worst Irregular forms 

much/many more most Irregular forms 

little less least Irregular forms 

far farther/further farthest/furthest Irregular forms 

Adjective Rules and Exceptions 
Rule 1: Adjectives vs. Adverbs with Specific Verbs 

• Action Verbs require adverbs: She sang beautifully. He drives carefully. 
• Linking Verbs & Verbs of Perception require adjectives: You look tired. The food smells delicious. 

She feels happy. 
• Common Linking/Perception Verbs: be, become, seem, appear, feel, look, smell, sound, taste, grow, 

remain, prove, turn 
Rule 2: Adjectives Ending in '-ly' 
Some words ending in *-ly* are adjectives, not adverbs. They often describe a manner or characteristic. 

• Adjectives: friendly, lively, lovely, lonely, silly, cowardly, motherly, fatherly 
• Incorrect: She spoke to me friendly. 
• Correct: She spoke to me in a friendly manner. 

Rule 3: 'Good' vs. 'Well' 
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Preposition 
Introduction 
A preposition is a word that shows a relationship between a noun (or pronoun) and another word in a 
sentence. This relationship can be one of time, place, direction, manner, or agency. Prepositions are 
essential for providing context and clarity. 
Common Prepositions: in, on, at, with, under, above, into, by, of, to, for, from, about, between, among. 

Prepositions of Time 

Preposition Usage Example 

At Specific times, night, holidays At 5 o'clock, at night, at Eid 

On Days, specific dates On Monday, on 25th March 

In 
Months, seasons, years, centuries, long 

periods, parts of the day (except 'night') 

In August, in winter, in 2006, in the 

morning 

Since 
From a specific point in time (past until 

now) 
She has lived here since 2010. 

For A duration of time (past until now) He studied for two hours. 

From...to Start and end of a period 
The shop is 

open from Monday to Friday. 

Until/Till Up to a certain time He is on holiday until Friday. 

By At the latest; a deadline I will finish by noon. 

Before Earlier than a certain time Before 2004 

After Later than a certain time After the meeting 

Ago A time in the past from now He left ten minutes ago. 

Past/To Telling the time Ten past six (6:10), Ten to six (5:50) 

Prepositions of Place and Location 
These prepositions tell us where something is located. 
 

Preposition Usage Example 

In 
Enclosed spaces, countries, cities, 

streets, books 

In the kitchen, in Pakistan, in a 

book, in the car 

On 
Surfaces, public transport, rivers, 

floors, attached 

On the wall, on the bus, on the 

Thames, on the 2nd floor 

Chapter 7 
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Absorbed in  ا  � �م � � ��ن

Accuse of ا  � � � ا�ام ��ز

Accustomed to  ا  � � � �دى ��ز

Adapt to ا  � � � �� ڈ� ��ز

Add to ا  � � � ا�� ��ز

Adept at  ا ر ��ن  � �م � ��ہ

Admit to  ا  � �بات � ا�اف ��ف

Advise on  �رہ د� � �� � 

Afraid of  ا  � � � ڈر�ز

Agree with  ا  � � � � ��خ

B 

Base on  ا  � � � � ��ز

Beg for ا  � � � ا� ��ز

Begin with آز  � � � آ�ز ��

Believe in  �ر � � � � 

Belong to  ا  � � � ��ن

Benefit from ا  � � � ��ہ ا��ز

Blame for ا  � � � ا�ام ��ز

Boast about  ا  � � � � ��خ

Borrow from  � اد�ر � � 

Bump into ا  ��ت ��ن  � � ا��ن

C 

Capable of  ا  ��ن  � �م � ��ب

Care about  ا  � � � �واہ ��ز

Charge with  ا ذ پ
ذ

 � �م � ذ� دارى ��

Choose between ا  دو �وں � � ا�ب ��خ

Clash with ا  � � �دم ��ن

Collaborate with ا  � � �� � � �م ��ن

Combine with  ا  � � � �� ��ز

Comment on  ا  � � � �ہ ��ز
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o I like mathematics, but my brother likes biology because he wants to be a doctor. 
Practice MCQs

1. ______, the renowned scientist presented 
her groundbreaking research on quantum 
computing. 
(a) After years of meticulous experimentation 
(b) A woman of great intellect and 
determination 
(c) In the prestigious international conference 
(d) Which was attended by Nobel laureates 
Answer: (c) In the prestigious 
international conference (This is a 
prepositional phrase setting the scene. The 
other options are either a dependent clause (a, 
d) or a noun phrase (b) that cannot stand 
alone before the comma.) 

2. The hypothesis, ______, was later proven 
to be fundamentally flawed. 
(a) although initially met with great acclaim 
(b) the result of an inspired guess 
(c) a complex and seemingly logical 
construct 
(d) which the young researcher had 
passionately defended 
Answer: (d) which the young researcher 
had passionately defended (This is an 
adjective clause correctly modifying 
"hypothesis." Option (a) is an adverb clause, 
(b) and (c) are appositive phrases.) 

3. Which of the following is a classic example 
of a compound-complex sentence? 
(a) The storm raged, and the sailors fought 
bravely. 
(b) Although the storm raged, the sailors 
fought bravely, and they eventually reached 
the shore. 
(c) The brave sailors fought the raging storm. 
(d) Fighting the storm, the brave sailors 
persevered. 
Answer: (b) Although the storm raged, the 
sailors fought bravely, and they eventually 
reached the shore. (It has two independent 
clauses and one dependent clause.) 

4. In the sentence "His ultimate goal is to 
decipher the enigmatic code," the phrase 
"to decipher the enigmatic code" functions 
as a: 
(a) Noun Phrase 

(b) Adjective Phrase 
(c) Adverb Phrase 
(d) Prepositional Phrase 
Answer: (a) Noun Phrase (It acts as a 
subject complement, renaming the subject 
"goal.") 

5. "The committee will approve the proposal 
provided that the necessary funds are 
allocated." The underlined segment is 
a/an: 
(a) Adverb Clause of Condition 
(b) Noun Clause as Object 
(c) Adjective Clause 
(d) Independent Clause 
Answer: (a) Adverb Clause of 
Condition (It begins with the subordinating 
conjunction "provided that" and shows the 
condition for the main action.) 

6. Which sentence is correctly punctuated? 
(a) May you succeed in all your endeavors, 
and may you find true happiness. 
(b) May you succeed in all your endeavors 
and may you find true happiness. 
(c) May you succeed, in all your endeavors, 
and may you find true happiness. 
(d) May you succeed in all your endeavors; 
and may you find true happiness. 
Answer: (a) May you succeed in all your 
endeavors, and may you find true 
happiness. (It correctly uses a comma before 
the coordinating conjunction "and" to join the 
two independent clauses in this compound 
sentence.) 

7. "What the witness claimed under oath was 
later contradicted by forensic evidence." 
The subject of this sentence is: 
(a) the witness 
(b) forensic evidence 
(c) What the witness claimed under oath 
(d) was later contradicted 
Answer: (c) What the witness claimed 
under oath (This is a noun clause acting as 
the complete subject of the sentence.) 

8. The sentence "The artist, whose work has 
been both praised and vilified, remains an 
enigmatic figure" contains: 

(a) An appositive phrase 
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Active and Passive Voice 
Introduction 
Voice is a form of a verb that indicates whether the subject performs the action or receives the action. 
There are two voices in English: Active and Passive.  

• Active Voice: The subject performs the action. 
o Example: The chef cooked the meal. 
• Passive Voice: The subject receives the action. 
o Example: The meal was cooked by the chef. 

Key Principle: Only transitive verbs (verbs that take an object) can be changed from active to passive 
voice. 

Rules for Converting Active to Passive Voice 
1. The object of the active verb becomes the subject of the passive verb. 
2. The subject of the active verb becomes the agent in the passive sentence, usually introduced by the 

preposition "by." The agent can be omitted if it is unknown or unimportant. 
3. The main verb is changed into its past participle form (V3). 
4. An appropriate helping verb (a form of 'be' or modals) is added, which must agree with the new subject 

in number and person. 

Tense-wise Conversion Charts 
1. Present Indefinite Tense 

• Active Structure: Subject + V1(s/es) + Object 
• Passive Structure: Subject + is/am/are + V3 + by + Agent 

Active Voice Passive Voice 

She writes a letter. A letter is written by her. 

They do not play hockey. Hockey is not played by them. 

Does he respect his teachers? Are his teachers respected by him? 

2. Present Continuous Tense 
• Active Structure: Subject + is/am/are + V-ing + Object 
• Passive Structure: Subject + is/am/are + being + V3 + by + Agent 

Active Voice Passive Voice 

I am reading a book. A book is being read by me. 

Why are you blaming me? Why am I being blamed by you? 

3. Present Perfect Tense 
• Active Structure: Subject + has/have + V3 + Object 
• Passive Structure: Subject + has/have + been + V3 + by + Agent 

Active Voice Passive Voice 

The police have caught the thief. The thief has been caught by the police. 

Chapter 9 



  MK PREPARATIONS  

 

P a g e  3 | 6 

 

  

9
. A

ctiv
e

 a
n

d
 P

a
ssiv

e
 V

o
ice

 

M 
K 
 

P 
R 
E 
P 
A 
R 
A 
T 
I 
O 
N 
S 

MK PREPARATIONS: Let’s Make It Happen 
+92 333 2605045, +92 342 4470091 
 

A. Imperative Sentences (Commands & Requests) 
• Structure: Let + Object + be + V3 

Active Voice Passive Voice 

Open the window. Let the window be opened. 

Do not waste time. Let time not be wasted. 

Please help the poor. Let the poor be helped. 

B. Optative Sentences (Wishes & Prayers) 
• Structure: May + Subject + be + V3 + by + Agent 

Active Voice Passive Voice 

May God bless you. May you be blessed by God. 

May you have a long life. May a long life be lived by you. 

C. Sentences with Modals (can, could, may, might, must, should, etc.) 
• Structure: Subject + Modal + be + V3 + by + Agent 

Active Voice Passive Voice 

You must obey the rules. The rules must be obeyed by you. 

She can solve this problem. This problem can be solved by her. 

D. Sentences with Modal Perfects (may have, must have, should have, etc.) 
• Structure: Subject + Modal + have been + V3 + by + Agent 

Active Voice Passive Voice 

They should have completed the work. The work should have been completed by 

them. 

She might have sent the email. The email might have been sent by her. 

E. Sentences with "to" Infinitives (has to, have to, is to, etc.) 
• Structure: Subject + Helper + to be + V3 + by + Agent 

Active Voice Passive Voice 

She has to do this assignment. This assignment has to be done by her. 

They are going to build a new school. A new school is going to be built by them. 

When to Use Passive Voice 
While active voice is usually preferred for its clarity and directness, passive voice is useful in these 
situations: 

1. When the doer of the action is unknown, obvious, or unimportant. 
o Example: My car was stolen last night. (We don't know who did it.) 
2. When the action itself is more important than the doer. 
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o Example: The new policy was implemented in January. 
3. In scientific or formal writing, to maintain an objective tone. 
o Example: The solution was heated to 100°C. 
4. To be tactful and not place blame. 
o Example: A mistake was made in the report. 

Practice MCQs 
1. Given the active voice sentence: "They are 

building a new suspension bridge over the 
river." Which passive voice 
transformation is correct? 
(a) A new suspension bridge is built over the 
river by them. 
(b) A new suspension bridge was being built 
over the river by them. 
(c) A new suspension bridge is being built 
over the river by them. 
(d) A new suspension bridge has been built 
over the river by them. 
Answer: (c) A new suspension bridge is 
being built over the river by them. 

2. "Someone has stolen my confidential files 
from the server." The most appropriate 
passive voice is: 
(a) My confidential files were stolen from the 
server by someone. 
(b) My confidential files have been stolen 
from the server. 
(c) Someone has been stolen my confidential 
files from the server. 
(d) My confidential files are stolen from the 
server by someone. 
Answer: (b) My confidential files have 
been stolen from the server. 

3. The active sentence "The board of 
directors will have made a decision by the 
next quarter" becomes in the passive: 
(a) A decision will be made by the board of 
directors by the next quarter. 
(b) A decision will have been made by the 
board of directors by the next quarter. 
(c) A decision is being made by the board of 
directors by the next quarter. 
(d) A decision had been made by the board of 
directors by the next quarter. 
Answer: (b) A decision will have been 
made by the board of directors by the next 
quarter. 

4. Identify the correct passive form for the 
modal perfect: "You should have handled 

that sensitive matter with more 
discretion." 
(a) That sensitive matter should be handled 
with more discretion by you. 
(b) That sensitive matter should have been 
handled with more discretion by you. 
(c) That sensitive matter had been handled 
with more discretion by you. 
(d) That sensitive matter was handled with 
more discretion by you. 
Answer: (b) That sensitive matter should 
have been handled with more discretion by 
you. 

5. The imperative sentence "Do not reveal 
the secret under any circumstances" is 
best transformed into the passive as: 
(a) The secret was not revealed under any 
circumstances. 
(b) Let the secret not be revealed under any 
circumstances. 
(c) You are ordered not to reveal the secret 
under any circumstances. 
(d) The secret should not be revealed under 
any circumstances. 
Answer: (b) Let the secret not be revealed 
under any circumstances. 

6. Which of the following sentences cannot be 
converted into a passive voice form? 
(a) She sleeps peacefully. 
(b) The chef prepared a magnificent feast. 
(c) Someone rang the doorbell. 
(d) They are discussing the merger. 
Answer: (a) She sleeps 
peacefully. (Intransitive verb 'sleeps' has no 
object) 

7. Choose the correct passive voice for the 
sentence with a double object: "The 
committee awarded him the 'Researcher of 
the Year' prize." 
(a) He was awarded the 'Researcher of the 
Year' prize by the committee. 
(b) The 'Researcher of the Year' prize was 
awarded him by the committee. 
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 Idioms and Phrasal Verbs 
Introduction to Idioms and Phrasal Verbs 

• Idiom: A group of words established by usage as having a meaning not deducible from the individual words 
(e.g., rain cats and dogs). They add color and depth to the language. 

• Phrasal Verb: A verb combined with a preposition or an adverb (or both) to create a new verbal phrase 
with a meaning different from the original verb (e.g., give up, look into). They are fundamental to fluent 
and natural English. 

Idioms: 

Idiom English Meaning 
Urdu 

Meaning 
Example 

Above board Honest and open.  د�ىا�ارى، �ف �بازى Don't worry, the deal was 
completely above board. 

To smell a rat To suspect foul dealings. 
ا �س   ا، ��ت � ��ن

ا   ��ن

When he offered to double 
my investment, I began to 
smell a rat. 

To throw dust in 
someone's eyes 

To deceive or mislead 
someone. 

� � آ�ں �  

د�ل ��، د��  

 د�

The report threw dust in the 
public's eyes about the true 
environmental impact. 

To give a false 
coloring 

To misrepresent 
something. 

ا، �   ڑر��خ  �چ � ر�خ

ا   ��ن

He gave a false coloring to 
the events to make himself 
look like a hero. 

To play fast and 
loose 

To behave in an unreliable 
and insincere way. 

ا، � و��   � � ��ف

ا   ��ن
You can't trust him; he plays 
fast and loose with the truth. 

Sharp practices 
Dishonest business 
dealings. 

 �رى، �د�ىا� 
The company was accused of 
sharp practices to eliminate 
competition. 

Crocodile tears 
Pretended or insincere 
sorrow. 

�� � آ�،  

 د�وے � آ�

She shed crocodile tears at 
his dismissal, though she had 
advocated for it. 

A wolf in sheep's 
clothing 

A person who appears 
harmless but is actually 
dangerous. 

  ،� � ��

 �� 
Be careful of him; he's a wolf 
in sheep's clothing. 

Chapter 11 
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Turn up To arrive; to increase volume; 
to be found. 

آز؛   آز؛ آواز � �� �� �

ا  � ��ن

He finally turned up an hour late. 
Turn up the heat. My keys turned up 
in the drawer. 

Watch out To be careful. ر�� Watch out for the step! 

Wear off To gradually disappear.  آخ  The painkiller's effect began to wear آ� آ� � � ��
off. 

Work out To exercise; to be successful; 
to calculate. 

ا؛ ��ب   ورزش ��ز

ا ا؛ � ��ن  ��ن

I work out at the gym. I hope 
everything works out for you. Can 
you work out the total cost? 

Practice MCQs – Idioms and Phrasal Verbs
1. He decided to bite the bullet and finally 
confront his boss about the promotion. 
A. Avoid the issue 
B. Prepare carefully 
C. Face a painful situation bravely 
D. Resign from the job 
Answer: C 
2. Her extravagant plans to build a 
castle went up in smoke when the investors 
backed out. 
A. Were highly praised 
B. Were partially successful 
C. Ended in complete failure 
D. Were postponed indefinitely 
Answer: C 
3. The detective smelled a rat when the 
witness changed his story for the third time. 
A. Became angry 
B. Suspected deception 
C. Found evidence 
D. Felt nauseous 
Answer: B 
4. After the scandal, the company had to face 
the music from regulatory authorities. 
A. Enjoy success 
B. Accept consequences 
C. Avoid punishment 
D. Celebrate victory 
Answer: B 
5. The new manager brought about significant 
changes in the organizational structure. 
A. Prevented 
B. Delayed 
C. Caused to happen 

D. Criticized 
Answer: C 
6. His explanation for the missing funds 
doesn't add up. 
A. Make sense 
B. Seem honest 
C. Appear complete 
D. Sound convincing 
Answer: A 
7. She's always blowing her own 
trumpet about her academic achievements. 
A. Being modest 
B. Boasting 
C. Criticizing others 
D. Working hard 
Answer: B 
8. The negotiations broke down when neither 
side would compromise. 
A. Succeeded 
B. Concluded 
C. Failed 
D. Accelerated 
Answer: C 
9. His sudden resignation came as a bolt from 
the blue for everyone in the office. 
A. Expected event 
B. Complete surprise 
C. Regular occurrence 
D. Minor incident 
Answer: B 
10. We need to cut corners to complete the 
project within the limited budget. 
A. Increase quality 
B. Reduce costs 
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 Synonyms and Antonyms 
• Synonyms are words or phrases that have the same or nearly the same meaning as another word or phrase 

in the same language. For example, "happy" and "joyful" are synonyms. Knowing synonyms helps in 
understanding nuanced meanings and improves writing style. 

• Antonyms are words that have the exact opposite meaning of another word. For example, "hot" is the 
antonym of "cold." A strong grasp of antonyms is crucial for understanding contrast and constructing 
balanced arguments. 

Word 
Urdu 

Meaning 
Synonyms Antonyms Sentence 

Abate  نناا
ٹ ا، �ھن  ,Subside, Diminish � ��ن

Decrease, Lessen 

Intensity, Increase, 

Augment, Escalate 

The storm finally began 

to abate after raging for 

hours. 

Aberration  ا�اف ،� 
Anomaly, 

Deviation, 

Irregularity, Oddity 

Normality, 

Regularity, 

Standard, 

Conformity 

His poor performance was 

an aberration from his usual 

excellence. 

Abhor 
ا،   �ت ��ف

ا   ��ن ت  �ا�ہ
Despise, Detest, 

Loathe, Hate 

Admire, Adore, 

Cherish, Love 

She abhors any form of 

cruelty towards animals. 

Abridge 
ا،   � ��خ

ا   �� ��خ
Shorten, Condense, 

Abbreviate, Curtail 

Elongate, Expand, 

Amplify, Extend 

The publisher released 

an abridged version of the 

classic novel for students. 

Acrimonious 
   ٹ ڑوا�ہ

ٹ
� ،�

 �ا 
Bitter, Caustic, 

Hostile, Sarcastic 

Harmonious, Kind, 

Gentle, Amicable 

The divorce proceedings 

were acrimonious and 

lengthy. 

Admonish  ا بىىہہ ��ن ب
بن
ا، بت

ن ٹ ن
 ڈا�

Reprimand, 

Rebuke, Chide, 

Warn 

Praise, Commend, 

Applaud, Encourage 

The teacher had 

to admonish the student for 

talking in class. 

Adversity  � ،� 
Hardship, 

Misfortune, 

Distress, Difficulty 

Prosperity, Fortune, 

Success, Affluence 

She showed great resilience in 

the face of adversity. 

Alleviate 
آ، آرام   � ��ن

ا   ��ن
Mitigate, Relieve, 

Assuage, Ease 

Aggravate, Worsen, 

Exacerbate, 

Intensity 

This medicine will 

help alleviate the pain. 

Chapter 12 



  MK PREPARATIONS  

 

P a g e  11 | 14 

 

  

1
2

. 
Sy

n
o

n
y

m
s a

n
d

 A
n

to
n

y
m

s 

M 
K 
 

P 
R 
E 
P 
A 
R 
A 
T 
I 
O 
N 
S 

MK PREPARATIONS: Let’s Make It Happen 
+92 333 2605045, +92 342 4470091 
 

Practice MCQs  
1. What is the synonym of "NOVEL" (as an 
adjective)? 
A) Traditional 
B) Hazardous 
C) New 
D) Complicated 
Answer: C) New 
2. What is the synonym of "IMPERVIOUS"? 
A) Vulnerable 
B) Resistant 
C) Sensitive 
D) Susceptible 
Answer: B) Resistant 
3. What is the synonym of "SCRUTINIZE"? 
A) Ignore 
B) Skim 
C) Examine 
D) Overlook 
Answer: C) Examine 
4. What is the synonym of "INGENIOUS"? 
A) Uninspired 
B) Dull 
C) Clever 
D) Simple 
Answer: C) Clever 
5. What is the synonym of "SAGACIOUS"? 
A) Foolish 
B) Redundant 
C) Wise 
D) Obtuse 
Answer: C) Wise 
6. What is the synonym of 
"MAGNANIMOUS"? 
A) Petty 
B) Spiteful 
C) Vindictive 
D) Generous 
Answer: D) Generous 
7. What is the synonym of "INNATE"? 
A) Acquired 
B) Extrinsic 
C) Learned 
D) Inborn 
Answer: D) Inborn 
8. What is the synonym of "OBFUSCATE"? 
A) Elucidate 
B) Clarify 
C) Confuse 

D) Explain 
Answer: C) Confuse 
9. What is the synonym of "FASTIDIOUS"? 
A) Negligent 
B) Sloppy 
C) Meticulous 
D) Careless 
Answer: C) Meticulous 
10. What is the synonym of "TRANSIENT"? 
A) Permanent 
B) Enduring 
C) Temporary 
D) Perpetual 
Answer: C) Temporary 
11. She was the victim of a MALICIOUS 
rumor. 
A) Benevolent 
B) Compassionate 
C) Spiteful 
D) Kind 
Answer: C) Spiteful 
12. The government implemented a policy of 
fiscal AUSTERITY. 
A) Luxury 
B) Frugality 
C) Indulgence 
D) Opulence 
Answer: B) Frugality 
13. A prolonged illness can DEBILITATE 
even a strong person. 
A) Strengthen 
B) Invigorate 
C) Weaken 
D) Fortify 
Answer: C) Weaken 
14. The divorce proceedings were 
ACRIMONIOUS and lengthy. 
A) Harmonious 
B) Amicable 
C) Bitter 
D) Gentle 
Answer: C) Bitter 
15. The weather in the mountains is 
notoriously CAPRICIOUS. 
A) Predictable 
B) Steadfast 
C) Fickle 
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Teaching Techniques and Methodologies 
1. Introduction to Teaching: Concept, Nature, and Evolution 
Definition of Teaching: 
Teaching is a deliberate, interactive, and planned process implemented by an educator to facilitate learning. 
It involves the systematic transmission and facilitation of knowledge (cognitive skills), practical abilities 
(psychomotor skills), and values or attitudes (affective skills) within a structured educational context. A 
refined definition characterizes teaching as the process of preparing students for learning by providing an 
initial structure, clarifying intended outcomes, indicating effective learning strategies, creating 
opportunities for practice and application, and delivering improvement-oriented feedback. 
The Nature and Evolution of Teaching: 

• Teaching as a Mutual Exchange: It is not a one-way transmission but a dynamic interaction 
involving the mutual exchange of experiences and information between the teacher and the 
students. 

• Teaching as a Provocative Activity: Its purpose is to stimulate and provoke academic, mental, 
and personal development in learners. 

• Shift from Traditional to Modern Role: 
o Traditional (Teacher-Centered) Role: The teacher was viewed as the primary source or 

"fountainhead" of knowledge. The focus was on the dissemination of information through 
methods like lecturing ("chalk-and-talk"), and students were passive recipients. 

o Modern (Student-Centered) Role: The teacher acts as a facilitator, guide, and co-learner. 
The focus shifts to creating environments where students can discover, construct, and 
collaborate on knowledge. This approach caters to individual differences and uses methods 
like group work, experiments, and research-based learning. 

The Process of Learning and Teaching: 
• Students possess unique ways of understanding, processing, and demonstrating knowledge, and 

they learn at their own pace. 
• Teachers must be diagnosticians of learning, considering students' background knowledge, the 

learning environment, and educational goals when selecting appropriate teaching methods. 
• A wide spectrum of methods exists, ranging from traditional (explaining, questioning) to modern 

(role-play, seminars, case studies, technology-integrated learning). 
2. The Roles and Characteristics of an Effective Teacher 
An effective teacher seamlessly transitions between multiple roles, embodying a blend of personal and 
professional qualities. 
The Five Major Roles of a Teacher: 

1. Subject Matter Expert: Possesses deep, extensive, and current knowledge of the subject, going 
beyond textbooks to develop original thoughts and a genuine passion for the discipline. 

2. Pedagogical Expert: Sets clear, achievable learning goals; demonstrates a positive attitude; helps 
students overcome learning difficulties; guides critical thinking and problem-solving; and provides 
fair and constructive evaluation. 

Chapter 1 
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Teaching Techniques & Methodologies: One - Liners 
1. Introduction to Teaching 

1. Teaching is a deliberate, interactive, and planned process to facilitate learning. 
2. It involves the systematic transmission of knowledge (cognitive), practical abilities 

(psychomotor), and values (affective). 
3. Teaching prepares students for learning by providing an initial structure and clarifying intended 

outcomes. 
4. The nature of teaching is a mutual exchange of experiences between teacher and students. 
5. Teaching is a provocative activity aimed at stimulating academic, mental, and personal 

development. 
6. The traditional role of a teacher is as the primary source or "fountainhead" of knowledge. 
7. The modern role of a teacher is as a facilitator, guide, and co-learner. 
8. The traditional method focuses on "chalk-and-talk" lecturing with students as passive recipients. 
9. The modern method focuses on creating environments for students to discover, construct, and 

collaborate on knowledge. 
10. Teachers must be diagnosticians of learning, considering students' background knowledge and the 

learning environment. 
2. Roles and Characteristics of an Effective Teacher 

11. The five major roles of a teacher are Subject Matter Expert, Pedagogical Expert, Excellent 
Communicator, Student-Centered Mentor, and Systematic Assessor. 

12. A Subject Matter Expert possesses deep, current knowledge and a genuine passion for the 
discipline. 

13. A Pedagogical Expert sets clear learning goals and guides critical thinking and problem-solving. 
14. An Excellent Communicator helps students develop their own communication competencies. 
15. A Student-Centered Mentor encourages learning through varied methods and promotes active 

participation. 
16. A Systematic and Continual Assessor evaluates student outcomes and their own teaching 

effectiveness. 
17. Personal qualities of an effective teacher include fairness, positive attitude, and preparedness. 
18. Fairness means treating all students justly and equitably without favoritism. 
19. A positive attitude involves believing in student success and using meaningful verbal praise. 
20. Preparedness in subject matter and lessons allows for better management of behavioral matters. 
21. Personal touch involves connecting with students by using their names and showing genuine 

interest. 
22. A sense of humor is used to break the ice, reduce anxiety, and make learning enjoyable. 
23. Creativity involves using unusual and innovative methods to motivate students. 
24. Willingness to admit mistakes models humility, integrity, and a growth mindset for students. 
25. A forgiving nature means moving forward from student misbehavior without holding grudges. 
26. Respect is given to students to earn it in return, handling situations with sensitivity. 
27. High expectations involve setting challenging yet realistic academic and behavioral standards. 
28. Compassion involves caring for students' emotional well-being and reducing the impact of hurt 

feelings. 
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Practice MCQ 
1. What is the primary focus of the modern, 
student-centered role of a teacher? 
A) Disseminating information through lectures 
B) Acting as the fountainhead of knowledge 
C) Facilitating knowledge discovery and 
collaboration 
D) Ensuring passive reception of knowledge 
Answer: Facilitating knowledge discovery 
and collaboration 
2. Which of the following is NOT a key role of 
a teacher? 
A) Subject Matter Expert 
B) Financial Advisor 
C) Pedagogical Expert 
D) Systematic Assessor 
Answer: Financial Advisor 
3. Vygotsky's Zone of Proximal Development 
(ZPD) is defined as the difference between 
what a learner can do: 
A) With and without technology 
B) In a group and individually 
C) Without help and with guidance from a 
skilled partner 
D) At home and at school 
Answer: Without help and with guidance 
from a skilled partner 
4. Which teaching technique involves learning 
through observation, retention, and 
replication of demonstrated behavior? 
A) Brainstorming 
B) Modeling 
C) Lecturing 
D) Collaborating 
Answer: Modeling 
5. The constructivist approach to learning 
emphasizes that knowledge is: 
A) Passively received from the teacher 
B) Actively constructed by the learner 
C) Only acquired through memorization 
D) Solely dependent on textbook content 
Answer: Actively constructed by the learner 

6. Which of the following is a personal quality 
of an effective teacher? 
A) Collaboration with colleagues 
B) High expectations for students 
C) Commitment to lifelong learning 
D) Emotional maturity 
Answer: High expectations for students 
7. What is the most critical factor in time 
management that is directly linked to student 
achievement? 
A) Allocated Time 
B) Engaged Time 
C) Academic Learning Time 
D) Break Time 
Answer: Academic Learning Time 
8. The 'Inquiry' approach to teaching 
effectiveness is determined by: 
A) The teacher's display of warmth and 
enthusiasm 
B) Student results on standardized tests 
C) The quality of the teacher's reflection on their 
style and student outcomes 
D) The number of research-based techniques 
used 
Answer: The quality of the teacher's 
reflection on their style and student outcomes 
9. Which co-teaching strategy involves two 
teachers teaching the same content to two 
equal groups of students simultaneously? 
A) One Teach/One Assist 
B) Station Teaching 
C) Parallel Teaching 
D) Alternative Teaching 
Answer: Parallel Teaching 
10. A key element of Cooperative Learning 
that ensures no one "hitches a free ride" is: 
A) Positive Interdependence 
B) Face-to-Face Interaction 
C) Individual Accountability 
D) Group Processing 
Answer: Individual Accountability 
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Classroom Management and Discipline 
1. Definition, Concept, and Importance of Classroom Management 
Definition: 
Classroom Management is a broad, multi-dimensional process encompassing all the strategies, methods, 
and practices a teacher employs to establish and maintain a supportive, orderly, predictable, and 
productive learning environment. It is not merely about controlling student behavior but about 
systematically creating conditions where both teaching and learning can flourish efficiently. 
Key Definitions from Theorists: 

• Wong (2004): Defines it as the practices and processes a teacher uses to uphold an environment 
where instruction and learning can occur smoothly. 

• Mallory (2008): Describes it as a multifaceted process that depends on an engaging curriculum, 
student responsibility, effective instruction, and management skills for conflict resolution. 

• Brophy & Good: Emphasize that it is broader than student discipline, including all things 
teachers do to foster student involvement, cooperation, and a productive working environment. 

Importance of Classroom Management: 
Effective classroom management is a critical indicator of student success and teacher efficacy. Its 
importance is multifaceted: 

• Maximizes Learning Time: A well-managed classroom minimizes disruptions and time spent on 
disciplining, allowing maximum time to be allocated to instructional activities. 

• Creates a Positive and Safe Atmosphere: It fosters an environment where students feel 
physically and emotionally safe, respected, and comfortable to take intellectual risks, ask 
questions, and participate actively. 

• Enhances Student Engagement: Through structured routines and engaging activities, it helps 
keep students on-task, focused, and involved in the learning process. 

• Improves Academic Achievement: Consistent routines, clear expectations, and a focused 
environment directly contribute to higher student test scores and overall academic performance. 

• Promotes Student Self-Control and Responsibility: The ultimate aim is to encourage and 
establish student self-control through the promotion of positive behavior and academic 
achievement. 

• Reduces Teacher Stress: A predictable and orderly classroom environment makes teaching more 
enjoyable and sustainable, reducing frustration and burnout. 

2. Goals, Components, and Dimensions of Classroom Management 
A. Goals of Classroom Management: 

• Better Teaching: Goals force teachers to plan lessons carefully, ensuring a deep understanding of 
the curriculum and appropriate pacing for all students. 

• Student Focus: Clear goals provide students with a clear picture of what is expected, helping 
them focus their attention and efforts. 

• Teacher Goal-Setting as a Model: Teachers modeling goal-setting behavior teach students how 
to set and achieve their own objectives. 

• Student Motivation: Well-defined and achievable goals motivate students toward higher 
academic achievement. 

Chapter 2 
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Classroom Management and Discipline: One-Liners 
1. Definition, Concept, and Importance of Classroom Management 

1. Classroom Management is a multi-dimensional process to establish a supportive, orderly, and 
productive learning environment. 

2. According to Wong (2004), it is the practices to uphold an environment where instruction and 
learning occur smoothly. 

3. Mallory (2008) describes it as a multifaceted process dependent on an engaging curriculum and 
effective instruction. 

4. Brophy & Good emphasize that it is broader than discipline, fostering student involvement and 
cooperation. 

5. Effective classroom management maximizes learning time by minimizing disruptions. 
6. It creates a positive and safe atmosphere for students to take intellectual risks. 
7. It enhances student engagement through structured routines and engaging activities. 
8. It directly improves academic achievement and student test scores. 
9. A key aim is to promote student self-control and responsibility. 
10. It reduces teacher stress and prevents burnout. 

2. Goals, Components, and Dimensions of Classroom Management 
11. A goal of classroom management is better teaching through careful lesson planning. 
12. Clear goals provide student focus by clarifying expectations. 
13. Teacher goal-setting acts as a model for students to set their own objectives. 
14. Well-defined goals motivate students toward higher academic achievement. 
15. A key operational component is classroom design, the intentional physical arrangement. 
16. Establishing rules and procedures is crucial for a functional classroom. 
17. Discipline with consistency involves implementing fair and firm consequences. 
18. Effective scheduling and time management keeps the class on task. 
19. Teacher organizational skills set a good example and prevent wasted time. 
20. Effective instructional techniques are tailored to the grade level and subject. 
21. Clear and constant communication with students and parents is essential. 
22. Establishing learning goals at the start of a lesson provides direction. 
23. Structuring predictable classroom routines creates order and security. 
24. Encouragement and praise should be emphasized over punishing negative behavior. 
25. Froyen and Iverson (1999) identified three components: Content, Conduct, and Covenant 

Management. 
26. Content Management refers to the management of the instructional process. 
27. Conduct Management focuses on managing student behavior and setting expectations. 
28. Covenant Management involves creating shared expectations for a cooperative community. 
29. The A-C-T-S model outlines four dimensions of classroom management. 
30. The Activity dimension states that learning activities are directly linked to outcomes. 
31. The Climate dimension is the emotional and psychological atmosphere of the classroom. 
32. The Time dimension involves the effective devotion of time to learning tasks. 
33. The Space dimension is the strategic use of the physical classroom. 

3. The Physical Environment and Seating Arrangements 
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Practice MCQs 
1. According to Harry Wong (2004), 
classroom management is defined as: 
A) The process of controlling student behavior 
through rules and consequences. 
B) The practices and processes a teacher uses to 
uphold an environment where instruction and 
learning can occur smoothly. 
C) A system for fostering student creativity and 
independent thought. 
D) The administrative duties a teacher performs 
to maintain classroom order. 
Answer: The practices and processes a 
teacher uses to uphold an environment where 
instruction and learning can occur smoothly. 
2. Which of the following is NOT cited as a 
key importance of effective classroom 
management? 
A) Maximizes learning time 
B) Creates a positive and safe atmosphere 
C) Guarantees all students will achieve high 
grades 
D) Reduces teacher stress 
Answer: Guarantees all students will achieve 
high grades 
3. According to Froyen and Iverson (1999), 
which component involves managing the 
instructional process? 
A) Conduct Management 
B) Content Management 
C) Covenant Management 
D) Curriculum Management 
Answer: Content Management 
4. The A-C-T-S model of classroom 
management dimensions includes all 
EXCEPT: 
A) Activity 
B) Climate 
C) Time 
D) Strategy 
Answer: Strategy 

5. What is the standard space requirement 
per student in an Elementary school 
classroom? 
A) 0.6 m² 
B) 1.0 m² 
C) 1.2 m² 
D) 1.5 m² 
Answer: 0.6 m² 
6. A seating arrangement that is ideal for 
whole-group discussions but may lead to 
disturbances due to students being close 
together is the: 
A) Rows 
B) Clusters 
C) U-Shape 
D) Pair Pods 
Answer: U-Shape 
7. A student who withdraws from new 
persons or events is displaying which type of 
temperament? 
A) Active 
B) Passive 
C) Irritable 
D) Reflective 
Answer: Passive 
8. Which of the following is a characteristic of 
Attention-Deficit/Hyperactivity Disorder 
(ADHD)? 
A) Exceptional musical ability 
B) Difficulties in social interaction with a 
restricted range of interests 
C) Inattention, hyperactivity, and impulsivity 
D) A pattern of angry/irritable mood and 
argumentative behavior 
Answer: Inattention, hyperactivity, and 
impulsivity 
9. Differentiating instruction to cater to 
individual differences primarily involves: 
A) Using the same teaching method for all 
students for consistency. 
B) Varying teaching methods like lectures, 
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Testing, Measurement, Assessment and Evaluation 
1. Introduction to the Core Concepts 
The process of understanding and judging student learning is built upon four fundamental, sequential 
concepts: Test, Measurement, Assessment, and Evaluation. These terms are often used interchangeably but 
have distinct, hierarchical meanings and scopes. 

• Scope: Test (Least in scope) → Measurement → Assessment → Evaluation (Broadest in scope). 
A. Test 

• Definition: A test is a formal and systematic instrument or procedure used to measure a sample of 
an individual's behavior, knowledge, skills, or abilities. It consists of a set of questions or tasks that 
require an answer orally, in writing, or through performance. 

• Purpose: To elicit a response that can be quantified and interpreted. 
• Example: A final exam in mathematics, a driving test, a personality inventory. 
• It answers the question: "How well?" does the individual perform on this specific set of tasks. 

B. Measurement 
• Definition: Measurement is the process of obtaining a numerical description of the degree to 

which an individual possesses a particular characteristic. It is the quantification or scoring of the 
test. 

• Purpose: To assign a number (a score) to the performance observed in the test. 
• Nature: It is quantitative and objective but does not, by itself, include qualitative judgments. 
• Example: "Rafaih solved 23 arithmetic problems out of 40." or "Sara scored 85 marks out of 100." 
• It answers the question: "How much?" 
• Final Product: The final product of measurement is a Score. 

C. Assessment 
• Definition: Assessment is a broader process that includes measurement. It is the process of 

gathering, recording, interpreting, using, and communicating information about a learner’s progress 
and achievement. It involves giving meaning to the measured scores. 

• Purpose: To understand what the measurement data means in the context of learning. 
• Nature: It is an ongoing, dynamic process that includes both formal (tests) and informal 

(observations, questioning, portfolios) methods. The term derives from the Latin 'assidere', 
meaning 'to sit beside', indicating a supportive, non-threatening partnership between teacher and 
student. 

• Example: Assessing a student's English proficiency not just through a written test score, but also 
through an oral quiz, a presentation, and class participation. 

• It answers the question: "What does the performance mean?" 
D. Evaluation 

• Definition: Evaluation is the most comprehensive term. It involves making a value 
judgment about the desirability, quality, or worth of the measured and assessed performance 
against a set of standards, objectives, or criteria. 

• Purpose: To make decisions and judgments about the quality of educational outcomes, processes, 
or individuals. 

Chapter 3 
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• Comparison of Formative vs. Summative Assessment 

Feature Assessment FOR Learning 
(Formative) Assessment OF Learning (Summative) 

Purpose To improve learning and teaching To measure, certify, and report learning 

Timing Ongoing, during instruction Periodic, at the end of a unit/course 

Feedback Detailed, descriptive, immediate Often a single score or grade, delayed 

Stakes Low-stakes High-stakes 

Comparison Compared to student's own past 
performance Compared to other students or a standard 

B. Based on Interpretation of Results 
• Norm-Referenced Test (NRT) 

o Definition: Interprets a student's score by comparing it to the scores of other students in a 
defined group (the "norm group"). The goal is to rank students. 

o Focus: On individual differences and relative standing. 
o Example: SAT, IQ tests, many competitive exams. 

• Criterion-Referenced Test (CRT) 
o Definition: Interprets a student's score by comparing it to a pre-defined standard or 

criterion level of performance (a specific learning objective). The goal is to see if the 
student has mastered specific skills or knowledge, regardless of how others performed. 

o Focus: On mastery of a clearly defined and delimited domain of learning tasks. 
o Example: A driving test, a classroom chapter test on fractions, a certification exam. 

3. Types of Tests and Their Classifications 
Tests can be classified based on various criteria: 

• By Method of Administration: 
o Written Test: Student answers questions in writing. 
o Oral Test: Student answers questions orally (e.g., viva voce). 
o Performance/Practical Test: Student demonstrates a skill or creates a product (e.g., in a 

lab, art class, or workshop). 
o Computer-Adaptive Test: The test is taken on a computer, and the difficulty of 

questions adapts based on the test-taker's previous responses. 
• By Ease of Scoring: 

o Objective Tests: Tests with convergent responses that are easily and consistently scored. 
 Supply Type: Student must supply their own answer (e.g., Fill-in-the-Blanks, 

Short Answer). 
 Selection Type: Student must select an answer from given choices (e.g., Multiple 

Choice Questions (MCQs), True/False, Matching). 
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One Liner Statements – Testing, Measurement, Assessment and Evaluation 
Educational Testing, Measurement, and Evaluation 
1. Introduction to Core Concepts 

1. The four fundamental, sequential concepts are Test, Measurement, Assessment, and 
Evaluation. 

2. The scope of these concepts ranges from Test (least scope) to Evaluation (broadest scope). 
3. A Test is a formal, systematic instrument to measure a sample of behavior, knowledge, or skills. 
4. The purpose of a test is to elicit a quantifiable response. 
5. A test answers the question, "How well?" an individual performs on specific tasks. 
6. Measurement is the process of obtaining a numerical description of a characteristic. 
7. The purpose of measurement is to assign a score to a performance. 
8. Measurement is quantitative and objective but does not include qualitative judgments. 
9. Measurement answers the question, "How much?" 
10. The final product of measurement is a Score. 
11. Assessment is a broader process that includes measurement. 
12. Assessment involves gathering, interpreting, and using information about a learner's progress. 
13. The purpose of assessment is to give meaning to the measured scores. 
14. The term 'assessment' derives from the Latin 'assidere', meaning 'to sit beside'. 
15. Assessment answers the question, "What does the performance mean?" 
16. Evaluation involves making a value judgment about the quality or worth of a performance. 
17. The purpose of evaluation is to make decisions and judgments. 
18. Evaluation integrates both quantitative and qualitative information. 
19. Evaluation answers the question, "How good is it?" 
20. The summary relationship is: Test (Tool) → Measurement (Score) → Assessment (Meaning) → 

Evaluation (Judgment). 
2. Types of Educational Assessments 

21. Assessment is categorized based on purpose, timing, and interpretation of results. 

22. Assessment FOR Learning is also known as Formative Assessment. 

23. The purpose of formative assessment is to monitor learning during instruction. 

24. Formative assessment is continuous, diagnostic, and low-stakes. 

25. Formative assessment provides descriptive, specific, and timely feedback. 

26. Assessment OF Learning is also known as Summative Assessment. 

27. The purpose of summative assessment is to evaluate learning at the end of a unit or course. 

28. Summative assessment is periodic, final, and high-stakes. 

29. Summative assessment summarizes learning and is used for grading and reporting. 

30. Assessment AS Learning develops students' metacognitive skills. 

31. Assessment AS Learning focuses on self-regulation and lifelong learning. 

32. In Assessment AS Learning, students engage in self-assessment and reflection. 
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Practice MCQs 
1. What is the correct hierarchical sequence 
of the core concepts from least to broadest 
scope? 
A) Assessment, Measurement, Test, Evaluation 
B) Test, Measurement, Assessment, Evaluation 
C) Evaluation, Assessment, Measurement, Test 
D) Measurement, Test, Evaluation, Assessment 
Answer: Test, Measurement, Assessment, 
Evaluation 
2. A final exam in mathematics is a direct 
example of which core concept? 
A) Measurement 
B) Assessment 
C) Evaluation 
D) Test 
Answer: Test 
3. The process of assigning a numerical score 
to a student's performance is known as? 
A) Assessment 
B) Evaluation 
C) Measurement 
D) Testing 
Answer: Measurement 
4. Which concept answers the question, 
"What does the performance mean?" 
A) Test 
B) Measurement 
C) Assessment 
D) Evaluation 
Answer: Assessment 
5. Making a value judgment about the quality 
of a student's work is the essence of? 
A) Assessment 
B) Measurement 
C) Evaluation 
D) Testing 
Answer: Evaluation 
6. Assessment FOR Learning is synonymous 
with? 
A) Summative Assessment 
B) Diagnostic Assessment 

C) Formative Assessment 
D) Placement Assessment 
Answer: Formative Assessment 
7. The primary purpose of summative 
assessment is to? 
A) Provide ongoing feedback 
B) Monitor learning during instruction 
C) Develop metacognitive skills 
D) Measure and certify learning at the end 
Answer: Measure and certify learning at the 
end 
8. Assessment AS Learning primarily focuses 
on developing? 
A) Social skills 
B) Metacognitive skills 
C) Psychomotor skills 
D) Linguistic skills 
Answer: Metacognitive skills 
9. In which type of assessment is feedback 
typically detailed, descriptive, and 
immediate? 
A) Summative Assessment 
B) Norm-Referenced Assessment 
C) Formative Assessment 
D) Criterion-Referenced Assessment 
Answer: Formative Assessment 
10. A test that interprets a student's score by 
comparing it to the performance of a norm 
group is called? 
A) Criterion-Referenced Test 
B) Aptitude Test 
C) Norm-Referenced Test 
D) Achievement Test 
Answer: Norm-Referenced Test 
11. A driving test, which requires a person to 
demonstrate mastery of specific skills, is an 
example of a? 
A) Norm-Referenced Test 
B) Aptitude Test 
C) Intelligence Test 
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Educational Taxonomies 
Introduction to Educational Taxonomies 
Definition: 
 Educational taxonomies are systematic frameworks or models used to classify educational goals, learning 
objectives, and standards into hierarchical levels of complexity and specificity. 
Purpose and Uses: 

• To help educators design, implement, and assess instructional strategies and student learning 
outcomes effectively. 

• To provide a common language for discussing educational objectives. 
• To ensure that instruction, curriculum, and assessments are aligned with the intended learning 

goals. 
• To guide the creation of questions, lesson plans, and curriculum mapping (e.g., Table of 

Specification). 
• To differentiate instruction and provide targeted learning feedback. 

Bloom's Taxonomy 
Bloom's Taxonomy is the most famous and widely used taxonomy in education. It is a three-dimensional 
hierarchical model that classifies learning objectives into levels of complexity and specificity. 
The Three Domains of Bloom's Taxonomy: 

1. Cognitive Domain: Related to mental skills and knowledge (Head). 
2. Affective Domain: Related to attitudes, emotions, and values (Heart). 
3. Psychomotor Domain: Related to manual and physical skills (Hand). 

A. The Cognitive Domain (Benjamin Bloom, 1956) 
This domain is concerned with knowledge outcomes, intellectual abilities, and mental skills. The original 
taxonomy has six levels, progressing from the simplest to the most complex. 
Original Levels (1956): 

1. Knowledge (Lowest Level) 
o Definition: The ability to recall or remember previously learned material, such as facts, 

terms, basic concepts, and answers. 
o Active Verbs: name, list, define, describe, recall, memorize, tell, find, relate. 
o Example: Define immunity. List the planets in the solar system. 

2. Comprehension 
o Definition: The ability to understand the meaning of material, such as by interpreting, 

summarizing, or explaining. 
o Active Verbs: explain, discuss, outline, predict, translate, summarize, interpret. 
o Example: Explain a solar eclipse in your own words. Summarize the main idea of a 

story. 
3. Application 

o Definition: The ability to use learned material in new and concrete situations. This 
involves applying rules, methods, concepts, and theories. 

o Active Verbs: use, apply, illustrate, solve, demonstrate, calculate, complete. 

Chapter 4 
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Surface 
Multi-
structural 

The student identifies several 
relevant aspects, but they are 
treated separately and 
independently. The relationships 
between them are missed. 

"What is photosynthesis?" -> "It 
needs sunlight, water, and carbon 
dioxide." (Listed without connection) 

Deep Relational 

The student understands the 
relationships between the various 
aspects and how they integrate to 
form a coherent whole. 

"What is photosynthesis?" -> "Plants 
use sunlight, water, and CO2 to create 
their food (glucose) and release 
oxygen." 

Deep 
Extended 
Abstract 

The student generalizes the 
integrated knowledge to new, 
untaught domains. They can create 
new ideas, theories, and 
hypotheses. 

"What is photosynthesis?" -> "Explain 
how the principles of photosynthesis 
could be used to design a self-
sustaining space habitat." 

Importance and Advantages of SOLO Taxonomy: 
• Distinguishes Complexity from Difficulty: A task can be difficult (e.g., memorizing a long list) 

without being cognitively complex. 
• High Inter-rater Reliability: It is easier for different assessors to agree on the SOLO level of a 

student's work compared to Bloom's. 
• Evidence-Based: It is based on research into how students actually learn and structure their 

understanding. 
• Useful for Judging Outcomes: It is explicitly designed for evaluating the quality of learning 

outcomes. 
Bloom's Taxonomy vs. SOLO Taxonomy: 

Feature Bloom's Taxonomy SOLO Taxonomy 

Primary 
Focus 

Intended objectives of instruction 
(teacher-centered). 

Observed outcome of learning (student-centered). 

Nature 
A taxonomy of educational 
objectives. 

A model/theory about teaching and learning. 

Main Use 
To formulate learning goals, 
instruction, and design tests. 

To measure and judge the level of understanding in 
student responses. 

Progression 
Suggests a hierarchy but no 
necessary progression in teaching. 

Implies a necessary progression from surface to 
deep understanding in the manner of learning. 

Reliability Lower inter-rater reliability. Higher inter-rater reliability. 

Other Modern Educational Taxonomies 
A. Fink's Taxonomy of Significant Learning (L. Dee Fink) 
This taxonomy moves beyond cognitive dominance to focus on creating holistic and "significant learning 
experiences" that promote lasting change in students. 



  MK PREPARATIONS  

 

P a g e  11 | 21 

 

  

4
. E

d
u

ca
tio

n
a

l T
a

x
o

n
o

m
ie

s 

M 
K 
 

P 
R 
E 
P 
A 
R 
A 
T 
I 
O 
N 
S 

MK PREPARATIONS: Let’s Make It Happen 
+92 333 2605045, +92 342 4470091 
 

Practice MCQs 
1. What is the primary purpose of 

educational taxonomies? 
A) To replace traditional teaching 
methods 
B) To classify educational goals into 
hierarchical levels 
C) To focus solely on student 
assessment 
D) To standardize curriculum across 
countries 
Answer: To classify educational goals 
into hierarchical levels 

2. Bloom's Taxonomy is primarily a 
framework for classifying what? 
A) Student personalities 
B) Educational resources 
C) Learning objectives 
D) School administrative levels 
Answer: Learning objectives 

3. Which of the following is NOT one of 
the three domains of Bloom's 
Taxonomy? 
A) Cognitive 
B) Affective 
C) Psychomotor 
D) Sociological 
Answer: Sociological 

4. The Cognitive Domain in Bloom's 
Taxonomy is primarily associated 
with which part of the human 
faculties? 
A) Heart 
B) Hands 
C) Head 
D) Health 
Answer: Head 

5. In the original Bloom's Taxonomy, 
which level was considered the 
highest? 
A) Synthesis 
B) Analysis 

C) Evaluation 
D) Application 
Answer: Evaluation 

6. The ability to break down material 
into its constituent parts is defined as 
which level in the cognitive domain? 
A) Comprehension 
B) Application 
C) Analysis 
D) Synthesis 
Answer: Analysis 

7. Which verb is most associated with 
the 'Knowledge' level of the original 
cognitive domain? 
A) Explain 
B) Summarize 
C) Define 
D) Compare 
Answer: Define 

8. The revised version of Bloom's 
Cognitive Domain was developed by 
whom? 
A) Benjamin Bloom and Elizabeth 
Simpson 
B) Lorin Anderson and David 
Krathwohl 
C) John Biggs and Kevin Collis 
D) Robert Marzano and John Kendall 
Answer: Lorin Anderson and David 
Krathwohl 

9. What major change was introduced in 
the revised Bloom's Taxonomy 
(2001)? 
A) Removal of the Affective domain 
B) Changing level names from nouns to 
verbs 
C) Combining Analysis and Synthesis 
D) Eliminating the Evaluation level 
Answer: Changing level names from 
nouns to verbs 
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Educational Psychology 
1. Introduction to Educational Psychology 
Definition and Concept 
Educational Psychology is an applied branch of psychology. It is the scientific study of human behavior 
in educational settings. It applies psychological principles and techniques to understand and improve the 
teaching-learning process. 

• Key Objectives: 
o To understand the learner, their development, and individual differences. 
o To study the learning process and various learning theories. 
o To examine the learning situation, including classroom management, teaching methods, 

and evaluation. 
o To develop effective educational strategies, curricula, and programs. 
o To solve educational problems and facilitate the holistic development of the child. 

It is not merely a collection of borrowed knowledge from general psychology but a distinct field with its 
own research into interpersonal relationships and the influence of home, school, and peer groups. 
Relationship with General Psychology 

• General Psychology: The scientific study of the mind (mental processes) and behavior. It seeks to 
understand how people think, feel, and act. 

• Derivation: The term "psychology" comes from the Greek words "psyche" (soul or mind) 
and "logos" (study or science), literally meaning the "study of the soul or mind." 

• First Use: Rudolf Gockel (Rudolphus Goclenius) is credited with first using the term "psychology" 
in 1590. 

• Scholar Definitions: 
o Stephen: "The science of the activities of the individual in relation to his environment." 
o B.F. Skinner: "Psychology is the science of behavior and mental processes." 
o Crow & Crow: "Psychology is the study of human behavior and human relationships." 

• Branches: 
o Pure Psychology (Theoretical/Experimental): Focuses on understanding fundamental 

mental processes (e.g., perception, cognition, emotion) to build basic knowledge. 
o Applied Psychology: Uses psychological principles to solve real-world problems in fields 

like education (Educational Psychology), health, and business. 
Scope: The Three Focal Areas 
Educational psychology primarily revolves around three key areas: 

1. The Learner: Studies the individual's abilities, intelligence, interests, needs, motivation, growth, 
and development (physical, mental, emotional, social). It also investigates individual differences 
and the influence of family, culture, and social class. 

2. The Learning Process: Examines the nature of learning, theories of learning (e.g., behaviorism, 
cognitivism, constructivism), and factors influencing learning (like reinforcement, forgetting, 
problem-solving, and memory). 

Chapter 5 
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One-Liner Statements - Educational Psychology 
1. Introduction to Educational Psychology 

1. Educational Psychology is an applied branch of psychology. 
2. It is the scientific study of human behavior in educational settings. 
3. Its key objective is to understand the learner, learning process, and learning situation. 
4. It helps in developing effective educational strategies, curricula, and programs. 
5. It is a distinct field with its own research, not just borrowed from general psychology. 
6. General Psychology is the scientific study of the mind (mental processes) and behavior. 
7. The term "psychology" comes from the Greek words "psyche" (soul/mind) and "logos" (study). 
8. Rudolf Gockel is credited with first using the term "psychology" in 1590. 
9. B.F. Skinner defined psychology as the science of behavior and mental processes. 
10. Pure Psychology is theoretical and focuses on fundamental mental processes. 
11. Applied Psychology uses psychological principles to solve real-world problems. 
12. The three focal areas of Educational Psychology are the Learner, the Learning Process, and the 

Learning Situation. 
13. Knowledge of educational psychology helps a teacher understand learner development and 

individual differences. 
14. It aids in child-centered curriculum planning and effective classroom management. 
15. It enables teachers to provide proper educational, vocational, and personal guidance. 

2. Methods of Educational Psychology 
16. Educational psychology employs scientific methods to study human behavior. 
17. The Introspection Method involves examining one's own thoughts and feelings. 
18. Wilhelm Wundt, the father of experimental psychology, is the founder of the Introspection 

method. 
19. J.B. Watson and other Behaviorists rejected introspection as unscientific and subjective. 
20. The Clinical Method is a case-study approach for diagnosing and treating individual behavioral 

problems. 
21. Key figures in the clinical method are Sigmund Freud and Carl Rogers. 
22. The Experimental Method is the most sophisticated method for testing hypotheses under 

controlled conditions. 
23. Key components of an experiment are the Independent Variable and Dependent Variable. 
24. A Control Group is used for comparison and is not exposed to the independent variable. 
25. Basic conditions of an experiment are Control, Randomization, and Replication. 
26. The Differential Method studies individual differences in psychological traits. 
27. Francis Galton is a key figure in the differential method. 
28. Psychophysical Methods investigate the relationship between physical stimuli and psychological 

sensations. 
29. The Method of Limits determines thresholds by gradually increasing or decreasing stimulus 

intensity. 
30. The Absolute Threshold is the minimum intensity of a stimulus detected 50% of the time. 
31. The Difference Threshold (JND) is the smallest detectable difference between two stimuli. 

3. Human Growth and Development 
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MCQs – Educational Psychology 
1. What is the primary focus of Educational 
Psychology? 
A) The study of abnormal behavior 
B) The scientific study of human behavior in 
educational settings 
C) The application of business principles in 
schools 
D) The historical development of education 
systems 
Answer: The scientific study of human 
behavior in educational settings 
2. Which of the following is NOT a key 
objective of Educational Psychology? 
A) To understand the learner and individual 
differences 
B) To study the learning process and its theories 
C) To develop effective educational strategies 
and curricula 
D) To prescribe standardized medication for 
learning disabilities 
Answer: To prescribe standardized 
medication for learning disabilities 
3. Educational Psychology is best described as 
a branch of: 
A) Pure Psychology 
B) Applied Psychology 
C) Social Psychology 
D) Clinical Psychology 
Answer: Applied Psychology 
4. The term "psychology" is derived from the 
Greek words "psyche" and "logos", 
meaning: 
A) Behavior and science 
B) Soul/Mind and study 
C) Brain and function 
D) Life and explanation 
Answer: Soul/Mind and study 
5. Who is credited with first using the term 
"psychology" in 1590? 
A) Wilhelm Wundt 
B) B.F. Skinner 

C) Rudolf Gockel 
D) Sigmund Freud 
Answer: Rudolf Gockel 
6. Which school of psychology focuses on 
breaking down mental processes into basic 
components using introspection? 
A) Functionalism 
B) Behaviorism 
C) Structuralism 
D) Gestalt Psychology 
Answer: Structuralism 
7. The three focal areas of Educational 
Psychology are: 
A) Brain, Mind, and Consciousness 
B) Teacher, Student, and Principal 
C) The Learner, The Learning Process, The 
Learning Situation 
D) Curriculum, Instruction, and Assessment 
Answer: The Learner, The Learning Process, 
The Learning Situation 
8. Which method of educational psychology 
involves examining one's own thoughts and 
feelings? 
A) Clinical Method 
B) Experimental Method 
C) Introspection Method 
D) Differential Method 
Answer: Introspection Method 
9. Who is considered the founder of the 
Introspection Method? 
A) Sigmund Freud 
B) J.B. Watson 
C) Wilhelm Wundt 
D) Carl Rogers 
Answer: Wilhelm Wundt 
10. The Clinical Method in psychology is 
primarily used for: 
A) Mass testing of intelligence 
B) Diagnosing and treating individual behavioral 
problems 
C) Studying group dynamics in a classroom 
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119. Financial limitations and low allocation of GNP to education hinder guidance programs. 
120. Social stigma is a significant barrier to seeking psychological help in Pakistan. 
121. Pakistan faces an absence of a regulatory body to set standards for counsellors. 
122. The way forward includes integrating guidance into teacher training programmes and launching 

specialized degree programmes. 
MCQs – Educational Guidance and Counselling

1. The term "Guidance" is 
etymologically derived from which 
language? 
A) Latin 
B) Greek 
C) French 
D) German 
Answer: French 

2. According to Crow and Crow, what is 
the primary purpose of guidance? 
A) To treat mental illness 
B) To help individuals manage life 
activities and make decisions 
C) To provide financial assistance 
D) To enforce discipline 
Answer: To help individuals manage 
life activities and make decisions 

3. Which perspective views guidance as 
a philosophy emphasizing the 
inherent worth of an individual? 
A) As a Service 
B) As an Educational Construct 
C) As a Concept 
D) As a Process 
Answer: As a Concept 

4. Counselling is best described as a: 
A) Broad and general process 
B) Group-oriented activity only 
C) Specialized and in-depth component 
of guidance 
D) Method for academic teaching 
Answer: Specialized and in-depth 
component of guidance 

5. According to Carl Rogers, counselling 
is a service to assist individuals in: 
A) Finding a job 

B) Changing attitudes and behaviour 
C) Selecting university courses 
D) Improving physical health 
Answer: Changing attitudes and 
behaviour 

6. What is the key focus of counselling? 
A) External facts and events 
B) The personal meaning of events and 
experiences 
C) Historical data 
D) Financial planning 
Answer: The personal meaning of 
events and experiences 

7. What is the primary nature of 
Guidance compared to Counselling? 
A) More internal 
B) More therapeutic 
C) More external and informational 
D) More emotional 
Answer: More external and 
informational 

8. Counselling is considered to be: 
A) Only remedial 
B) Only preventive 
C) Remedial, preventive, therapeutic, 
and developmental 
D) Only developmental 
Answer: Remedial, preventive, 
therapeutic, and developmental 

9. The guidance process is often ______, 
while counselling is primarily ______. 
A) Individual-centered; group-oriented 
B) Long-term; short-term 
C) Group-oriented; individual-centered 
D) Informal; formal 
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Education System in Pakistan 
1. Introduction to Educational Policy 
Definition: 
An educational policy is a comprehensive framework of principles, rules, and guidelines formulated by a 
government or governing body to manage, direct, and improve the entire education system. It serves as a 
strategic blueprint for educational institutions, teachers, and administrators to achieve coherent national 
education goals, ensuring the system is organized, equitable, effective, and aligned with the nation's socio-
economic and cultural aspirations. 
Purposes of Educational Policy: 

1. Achieving National Goals: Education policies are designed to align the education system with 
broader national development objectives, such as poverty reduction, economic growth, social 
cohesion, and, most fundamentally, the eradication of illiteracy. 

o Example: A policy mandating free and compulsory primary education directly contributes 
to the national goal of improving literacy rates. 

2. Shaping the Future of the Nation: Education is the primary tool for preparing a skilled, 
knowledgeable, responsible, and patriotic citizenry capable of leading the country's future progress 
and development. 

o Example: Emphasizing Science, Technology, Engineering, and Mathematics (STEM) 
education helps create a workforce of engineers, doctors, and scientists essential for 
national advancement. 

3. Controlling the Quality of Education: Policies establish minimum standards for instruction, 
infrastructure, and learning outcomes. They regulate teacher qualifications, curriculum content, and 
assessment methods to ensure a consistently high-quality education for all students. 

o Example: Mandating a B.Ed. degree for elementary school teachers ensures a baseline of 
pedagogical competence. 

4. Solving Critical Problems: Policies provide targeted strategies to address urgent and systemic 
issues within the education system, such as low enrollment rates, high dropout rates, gender 
disparities, and poor learning outcomes. 

o Example: Introducing a Midday Meal Scheme in schools can significantly increase daily 
attendance and reduce dropout rates, particularly in underprivileged areas. 

5. Determining Outcomes and Outputs: Policies define the desired learning objectives (outcomes) 
and establish mechanisms to measure student achievement and system performance (outputs). 

o Example: Standardized public examinations at the secondary level (Matric) are used to 
assess and certify student learning on a national scale. 

6. Distributing Educational Resources: A key function of policy is to ensure the equitable and 
efficient allocation of finite resources—such as funding, textbooks, teaching staff, and physical 
infrastructure—across different regions and socio-economic groups to bridge resource gaps. 

o Example: Allocating specific funds for the construction of girls' schools in rural districts 
to improve access to education. 

7. Identifying How to Educate: Policies guide pedagogical approaches, teaching methodologies, and 
the design of the curriculum, determining how knowledge is to be imparted to students. 

Chapter 7 
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One-Liner Statements - Education Policies of Pakistan (1947-2009) 
1. Introduction to Educational Policy 

1. An educational policy is a comprehensive framework of principles and guidelines to manage and 
improve the education system. 

2. The purpose of an educational policy is to achieve national goals like poverty reduction and 
economic growth. 

3. Education policies aim to shape a skilled, knowledgeable, and patriotic citizenry for the nation's 
future. 

4. Policies control the quality of education by setting standards for instruction, infrastructure, and 
learning outcomes. 

5. A key function of policy is to solve critical problems like low enrollment, high dropout rates, and 
gender disparities. 

6. Policies determine the desired learning outcomes and establish mechanisms to measure student 
achievement. 

7. Educational policies ensure the equitable distribution of resources like funding, textbooks, and 
teaching staff. 

8. Policies guide pedagogical approaches and teaching methodologies, determining how knowledge 
is imparted. 

9. A goal of policy is to ensure effectiveness and efficiency in the use of time, money, and resources. 
10. Policies promote standards and uniformity to ensure a consistent educational experience across 

regions. 
11. Leveling the education system to reduce urban-rural and socioeconomic disparities is a key policy 

aim. 
12. Policies work towards securing qualified and motivated teachers and educational administrators. 
13. Policies translate broad strategic visions into concrete, actionable steps and programs within 

institutions. 
2. Chronological Overview of Pakistan's Education Policies 
First Educational Conference, 1947 

14. The First Educational Conference was held from November 27 to December 1, 1947, in Karachi. 
15. It was presided by Fazal Ur Rehman and held under the supervision of Quaid-e-Azam 

Muhammad Ali Jinnah. 
16. Its key focus was to establish an education system based on Spiritual, Social, and 

Vocational principles. 
17. It proposed free and compulsory primary education for all children. 
18. The Adult Education Committee estimated it would take 140 years to eliminate illiteracy in 

Pakistan. 
19. It introduced compulsory Physical Education in schools. 
20. The conference proposed an Overseas Scholarship Scheme for higher education abroad. 
21. It recommended the use of broadcast media (radio) and films as teaching tools. 
22. It proposed a Council of Technical Education to address the shortage of technicians and 

engineers. 
23. It recommended establishing a Central Institute of Islamic Research. 
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MCQs - Educational Policies of Pakistan 
1. What is the primary purpose of an 
educational policy as defined in the 
document? 
A) To generate revenue for the government 
B) To manage, direct, and improve the entire 
education system 
C) To replace teachers with technology 
D) To focus solely on higher education 
Answer: To manage, direct, and improve the 
entire education system 
2. Which of the following is NOT listed as a 
purpose of educational policy? 
A) Achieving National Goals 
B) Controlling the Quality of Education 
C) Privatizing all educational institutions 
D) Solving Critical Problems 
Answer: Privatizing all educational 
institutions 
3. The First Educational Conference of 1947 
was held under the supervision of: 
A) Liaquat Ali Khan 
B) Fazal Ur Rehman 
C) Allama Iqbal 
D) Quaid-e-Azam Muhammad Ali Jinnah 
Answer: Quaid-e-Azam Muhammad Ali 
Jinnah 
4. The First Educational Conference (1947) 
proposed free and compulsory education at 
which level? 
A) Secondary 
B) University 
C) Primary 
D) Technical 
Answer: Primary 
5. The Adult Education Committee in 1947 
estimated it would take how many years to 
eliminate illiteracy? 
A) 50 years 
B) 86 years 
C) 140 years 

D) 25 years 
Answer: 140 years 
6. The 1947 Conference recommended the use 
of which tools for teaching? 
A) Smartboards and Tablets 
B) Radio and Films 
C) Only textbooks 
D) Social media platforms 
Answer: Radio and Films 
7. The Sharif Commission (1959) was formed 
during the government of: 
A) Zulfiqar Ali Bhutto 
B) General Yahya Khan 
C) President Ayub Khan 
D) General Zia-ul-Haq 
Answer: President Ayub Khan 
8. What was the key focus of the Sharif 
Commission (1959)? 
A) Islamization and Vocational Training 
B) Character building, Science, and Technical 
Education 
C) Literacy and Equality 
D) Life Skills and Quality 
Answer: Character building, Science, and 
Technical Education 
9. The Sharif Commission recommended 
which language as the medium of instruction? 
A) English 
B) Punjabi 
C) Urdu 
D) Arabic 
Answer: Urdu 
10. Which regulatory body was established as 
a result of the Sharif Commission? 
A) Higher Education Commission (HEC) 
B) Academy of Educational Planning and 
Management (AEPAM) 
C) University Grants Commission (UGC) 
D) National Testing Service (NTS) 
Answer: University Grants Commission 
(UGC) 
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