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Computer Fundamentals

Difference Between Vacuum Tube and Semi conductor

Aspect

Vacuum Tube

Semiconductor

Material

Glass tube with electrodesin a
vacuum

Solid-state material (e.qg., silicon,
germanium)

Working Principle

Electron flow in vacuum between
cathode and anode

Electron and hole movement in solid material

Size Large and bulky Small and compact
Power Consumption(High Low

Heat Generation  |High Minimal

Durability Fragile (glass) Durable and robust
Switching Speed  |Slow Fast

Cost

Expensive and difficult to produce

Cost-effective and easy to mass-produce

Startup Time Requires warm-up time Instantly operational
Applications Old radios, early computers (ENIAC), |Modern computers, smartphones, LEDs,
(Examples) tube amplifiers solar panels

Control Mechanism

Electrons controlled in a vacuum

Carriers (electrons & holes) controlled in a
solid-state medium

Reliability

Less reliable, prone to failure

Highly reliable, long-lasting

Basic Concepts of Integrated Circuit (IC)

e Miniaturization: ICs are extremely small and compact, allowing complex circuits in tiny spaces.
e Components on Chip: Transistors, resistors, capacitors, etc., are fabricated on a single chip.
e Semiconductor Material: Most ICs are made using silicon due to its excellent semiconductor

properties.

e Low Power Consumption: ICs use less power compared to circuits made of individual

components.

e Mass Production: ICs can be produced in large quantities at low cost.

¢ Reliability: ICs are highly reliable and durable because they have no moving parts.

e Types of ICs: Analog ICs, Digital ICs, and Mixed-signal ICs.

e Uses: Found in computers, smartphones, TVs, medical devices, calculators, and more.

Communication System
A communication system is a system that transmits information (data, voice, video, etc.) from a sender
(source) to a receiver (destination) through a medium or channel.

Elements of Communication System

¢ Information Source: The origin of the message or data (e.g., human voice, computer data).
e Transmitter: Converts the message into a signal suitable for transmission (e.g., microphone,

modem).

e Transmission Channel: medium through which the signal travels (e.g., air, cables, fiber optics).
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e Receiver: Converts the received signal back into a form understandable by the user (e.g., speaker,
decoder).
e Destination: The final target where the message is delivered (e.g., human ear, computer).

Types of Communication Systems

¢ Analog Communication: Transmits analog signals (e.g., AM/FM radio).

e Digital Communication: Transmits digital signals (e.g., mobile phones, computers).

e Wired Communication: Uses physical medium like wires or cables (e.g., telephone lines,
Ethernet).

e Wireless Communication: Uses air or space as medium (e.g., Wi-Fi, satellite, mobile networks).

e Optical Communication: Uses light and optical fibers to transmit data (e.qg., fiber internet).

e Radio Communication: Uses radio waves for long-distance communication (e.g., broadcasting,
walkie-talkies).

Hardware Maintenance and Troubleshooting

Motherboard Components
Motherboard

Motherboard

» Main circuit board of computer

¢ Also called system board

» Called Mobo in shortcut

e Printed circuit board (PCB)

« Consists of expansion slots/boards for RAM, Graphic Cards and other components

* Allocates power and allows communication between the CPU, RAM, and all other hardware components.

Key Components

Component Description
CPU socket Holds the processor (Intel: LGA, AMD: AM4, etc.)
RAM slots Memory module slots (usually DDR4/DDR5 DIMMs)
Chipset Manages data flow between CPU, memory, and I/O
ROM Firmware for booting and hardware initialization
Expansion Slots PCle slots for GPU, Wi-Fi, etc.

Power Connectors | 24-pin and 4/8-pin for power from PSU

Storage Connectors | SATA, M.2 for SSDs/HDDs

USB Headers For front panel USB ports
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Audio, LAN Ports Integrated sound and network interfaces

CMOS Battery Powers real-time clock and BIOS settings

Installing and Configuring Expansion Slots

Introduction to Expansion Slots
Expansion slots are connectors on the motherboard that let you add extra components to your computer,
like:
e Graphics Cards (for better video performance)
e Sound Cards
o Wi-Fi/Bluetooth Cards
e Capture Cards
e Storage Controllers
' Common Types:

Slot Type Use
PCle x16 Graphics cards (main one)
PCle x1 Wi-Fi, sound, TV cards
PCI (older) Legacy expansion cards
M.2 SSDs, Wi-Fi/Bluetooth

Configuring Expansion Slots (Quick Guide)

1. Power Off & Unplug the computer.

2. Open the Case to access the motherboard.

3. Choose the Correct Slot:

o Use PCle x16 for graphics cards.

o Use PCle x1 for smaller cards (Wi-Fi, sound, etc.).
Remove the Slot Cover on the back of the case.
Insert the Expansion Card firmly into the slot.
Secure the Card with a screw.
Connect Power (if needed):

o Some cards (like GPUs) need a separate power cable.
8. Close the Case and turn the PC back on.

5. Troubleshooting Expansion Slot Issues

Troubleshooting Expansion Slots (Quick Guide)
1. Check Physical Connection
o Make sure the card is firmly seated in the slot.
o Reseat it if needed (take it out and plug it back in).
2. Inspect the Slot & Card
o Look for dust, damage, or bent pins.
o Try the card in a different slot (if available).
3. Test the Card
o Try the card in another working PC.
o Try a different known-good card in the same slot.
4. Check Power Supply
o Ensure any required power cables are connected to the card.

Nk
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o Make sure the PSU is strong enough to handle the load.
5. Update or Reinstall Drivers

o Go to Device Manager > Uninstall device > Reboot > Reinstall drivers.
6. BIOS/UEFI Settings

o Make sure the slot or feature is enabled.

o Reset BIOS to default if unsure.
7. Check for Conflicts

o In Device Manager, look for yellow warning signs.

Computer Architecture

Sequential Circuit
Sequential Circuits in Computer Architecture
A sequential circuit is a type of digital circuit where the output depends not only on the current input
but also on the past history of inputs
¢ Synchronous Sequential Circuits
o State changes occur in sync with a clock.
o Common in most computer systems.
e Asynchronous Sequential Circuits
o State changes occurimmediately with input change.
o Faster but more complex to design and less stable.

State table and state design

State Table
A State Table is a tabular representation of how a system transitions between different states based on
inputs, and what outputs are produced.

Current State Input Next State Output
A 0 A (o}
A 1 B 0
B ) C 1
B 1 A 1
@ o C o
C 1 B 1

Current State: The present condition of the machine.
Input: The binary input (could be more than one bit).
Next State: Where the system goes after this input.
Output: Result based on the current state and input.

State Design
1. Understand the Problem

o Define the behavior or function of the FSM.
o Identify inputs, outputs, and conditions for state changes.

2. Determine the Number of States
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o Create a state diagram or description of states.
o Name the states (e.g., A, B, Cor So, S1, S2).

3. Draw the State Diagram
e Use circles for states.
e Arrows to show transitions based on input.
e Label each transition with input/output.

4. Create the State Table
e Listall possible state and input combinations.
o Fill in next states and outputs.
5. Assign Binary Codes to States (State Encoding)
o Convert state names (like A, B, C) to binary (e.g., A=o00, B =01, C=10).
e Thisis needed for hardware implementation.
6. Choose Flip-Flops
e Common choices: D, JK, or T flip-flops.
e Thetype chosen will affect the excitation table and logic design.
7- Develop Flip-Flop Input Equations
o Use K-maps or Boolean algebra to simplify input logic.
8. Draw Logic Diagram
e Use gates and flip-flops to implement the FSM.

Addressing Mode

Addressing modes define how an instruction identifies the operands (data) it will work with. These
modes provide flexibility in accessing data and help optimize program size and speed.
¢ Immediate Addressing
o Operand is given directly in the instruction.
o Fast, no memory access required.
e 2. Direct Addressing
o Instruction gives the memory address where the operand is stored.

¢ Indirect Addressing
o The memory address is stored in a register or memory location, and the operand is at that
address.
e Register Addressing
o Operandislocated in a register.
¢ Register Indirect Addressing
o Register contains the address of the operand in memory.
¢ Indexed Addressing
o Usesa base address + index offset to find the operand.
e Relative Addressing
o Used often in branching; the offset is added to the current PC (program counter).
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e Displacement Addressing
o Combines a base register and constant offset.

Programming Concept and Data Structure

1. Procedural Programming
Definition:
A programming paradigm based on the concept of procedure calls, where programs are structured into
procedures or routines (also known as functions or subroutines).
Key Concepts:
o Step-by-step instructions
e Uses procedures/functions
e Emphasizes how to achieve a task
e Global and local variables
e Code reusability with functions
Languages: C, Pascal, FORTRAN
Advantages:
e Easytoreadand understand
e Good for small programs
Disadvantages:
 Difficult to manage as programs grow large
e Less modularity compared to OOP
2. Declarative Programming
Definition:
A style of programming where the logic of computation is expressed without describing its control flow.
Focuses on what to do rather than how to do it.
Key Concepts:
e No explicit control flow
o Describes what the program should accomplish
e Abstract and concise
Languages: SQL, Prolog, Haskell
Advantages:
e Simplified code for complex tasks
o Easierto reason about
Disadvantages:
e Less control over performance
e Not suitable for all problem types
3. Structural Programming
Definition:
A subset of procedural programming that emphasizes structured control flow: sequence, selection, and
iteration.

Smart InfoTech, Kirtipur, Kathmandu | 01-4335490, 9843521640,9841649993 | www.smartinfotechnepal



Smart InfoTech

[A Corner for Computer Learners]
Kirtipur, Kathmandu

(Computer Technician)

Key Concepts:

o Control structures like loops, conditionals

e Top-down design

e Nouse of GOTO statements
Languages: C, Python (in structured style), ALGOL
Advantages:

e Improves clarity and quality of code

o Easierto test and debug
Disadvantages:

o Still lacks the encapsulation and abstraction of OOP
4. Object-Oriented Programming (OOP)
Definition:
A programming paradigm based on the concept of "objects" which contain data (attributes) and code
(methods). Promotes code reusability, scalability, and organization.
Key Concepts:

o Classes and Objects

o Encapsulation

e Inheritance

e Polymorphism

e Abstraction
Languages: Java, C++, Python, C#
Advantages:

e Modular and reusable code

o Easierto manage large projects
Disadvantages:

e More complex to design

e Can have performance overhead

Concept of Algorithm, Flowchart and Pseudo code

1. Algorithm
Definition:
An algorithm is a step-by-step procedure or set of instructions designed to perform a specific task or
solve a particular problem.
Key Characteristics:
e Input: Takes zero or more inputs
e Output: Produces at least one output
o Definiteness: Each step is clearly and unambiguously defined
e Finiteness: Must complete after a finite number of steps
o Effectiveness: Each step must be basic enough to be performed
Example:
Algorithm to Add Two Numbers
1. Start
2. Readtwo numbers, A andB
3. Add A and B and store the resultin SUM
4. Display SUM
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5. Stop
Advantages:
e Simple to understand
e Language-independent
e Helps in planning before coding

2. Flowchart

Definition:

A flowchart is a diagrammatic representation of an algorithm, using symbols to show the flow of
control.

Common Flowchart Symbols:

Symbol Meaning
Oval Start/Stop
Parallelogram Input/Output
Diamond Decision/Condition
Rectangle Process/Calculation
Advantages:

o Easy to visualize the logic

o Helpful in debugging and documentation

o Communicates ideas clearly
3. Pseudocode
Definition:
Pseudocode is a plain-text, informal description of a program'’s logic that resembles programming
language but is not code. It's used to plan and describe algorithms without syntax rules.
Features:

e Easy to write and understand

o Focuses on logic, not syntax

e Can be converted easily into actual code
Example:

Pseudocode to Add Two Numbers
START

READ A, B

SUM<A+B

PRINT SUM
END

Advantages:
» Nosyntaxerrors
o Improves logical thinking
e Bridges the gap between algorithm and actual coding

Concept of C programming, C++ Programming, JAVA Programming
C Programming — Core Concepts
Basics

o Developed by: Dennis Ritchie (1972)
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o Type: Procedural programming language
o Compiled: Yes, using compilers like GCC
Key Features
o Structured language
e Low-level memory access
e Pointers and manual memory management
o Portable and fast
Core Concepts
o Variables & Data Types: int, float, char, double
o Operators: Arithmetic, Logical, Relational, Bitwise
e Control Structures: if, else, switch, for, while, do-while
e Functions: Supports user-defined functions
e Arrays & Strings
o Pointers: Direct memory address handling
o Structures & Unions
e Filel/O: fopen(), fprintf(), fscanf(), fclose()

C++ Programming — Core Concepts
Basics
o Developed by: Bjarne Stroustrup (1985)
o Type: Object-Oriented + Procedural (multi-paradigm)
e Backward compatible with C
Key Features
o Object-Oriented Programming (OOP)
e Function and operator overloading
e Inheritance, Encapsulation, Polymorphism
e Standard Template Library (STL)
Core Concepts
o Classes & Objects
o Encapsulation: Data hiding using private, public, protected
» Inheritance: Reusing classes (Single, Multiple, Multilevel)
o Polymorphism: Compile-time (overloading) and runtime (overriding)
o Constructors & Destructors
o Friend Functions & Inline Functions
o Exception Handling: try, catch, throw
o Templates: Generic programming using template <typename T>
e STL Containers: vector, map, set, list

Java Programming — Core Concepts
Basics
o Developed by: Sun Microsystems (1995)
o Type: Object-Oriented, Platform-Independent
e Write Once, Run Anywhere (via JVM)
Key Features
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e Pure OOP (except for primitives)
e Automatic garbage collection
e Multithreading support
e Richstandard library
o Exception handling
Core Concepts
o Classes & Objects
o Inheritance (Single, via extends; Multiple via interfaces)
e Abstraction & Encapsulation
e Polymorphism (Method Overloading & Overriding)
o Interfaces & Abstract Classes
o Packages & Access Modifiers
o Exception Handling: try, catch, finally, throw, throws
e Collections Framework: List, Set, Map
o Multithreading: Thread, Runnable
e Javal/O: File, InputStream, OutputStream

Control Statements

Control statements determine the flow of execution in a program.
Types of Control Statements

1. Conditional Statements
o if
if (condition) {
/| code
}
o if-else
if (condition) {
/| code
}else {
/] other code
}
o elseif ladder
o switch
switch (expression) {
case valuex:
/[ code
break;
default:
/| code
}
2. Jump Statements
o break: Exits a loop or switch
o continue: Skips current loop iteration

o return: Exits from a function

Looping Statements

Smart InfoTech, Kirtipur, Kathmandu | 01-4335490, 9843521640,9841649993 | www.smartinfotechnepal



Smart InfoTech

[A Corner for Computer Learners]
Kirtipur, Kathmandu

(Computer Technician)

Loops are used to execute a block of code repeatedly.

Types of Loops
1. forloop
for (inti=o;i<n;i++){
/[ code

}
2. while loop
while (condition) {
// code
}
3. do-while loop
do{
/[ code
} while (condition);
do-while guarantees at least one execution.

Arrays
An array is a collection of elements of the same data type stored in contiguous memory.
Declaration
int arr[s]; /| Declaration
intarr[] = {1, 2, 3}; // Initialization
Characteristics
e Zero-basedindexing
e Fixedsize (in C/C++)
o Java has dynamic arrays using ArrayList
Multidimensional Arrays
int matrix[2][3]; // 2 rows, 3 columns

Functions
A function is a block of code that performs a specific task and can be called whenever needed.

Declaration & Definition
/| Declaration
int add(int a, int b);

/] Definition

int add(int g, int b) {
returna+b;

} Types of Functions

o Built-in functions: Provided by the language/library (printf(), strlen())
e User-defined functions
Key Concepts
o Function Parameters: Arguments passed to a function
o Return Type: Type of value the function returns
e Call by Value / Call by Reference
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Introduction of Data structure and Abstract data Type

Introduction to Data Structures

What is a Data Structure?
A Data Structure is a way of organizing and storing data so that it can be accessed and modified
efficiently.
Why Use Data Structures?
o Efficient data management
o Optimal use of resources (memory, time)
o Enables complex operations like searching, sorting, and organizing data

Types of Data Structures
1. Primitive Data Structures
o Directly provided by programming languages
e Examples: int, char, float, boolean
2. Non-Primitive Data Structures
Linear Data Structures:
o Array: Fixed size, same data type
o Linked List: Nodes connected using pointers
e Stack: LIFO (Last In First Out)
e Queue: FIFO (First In First Out)
Non-Linear Data Structures:
o Trees: Hierarchical data structure (e.g., Binary Tree, BST)
o Graphs: Nodes (vertices) connected by edges
Hash-based:
o HashTable / HashMap: Key-value pair storage

Abstract Data Type (ADT)

Whatis an ADT?

An Abstract Data Type is a logical description of how data is organized and the operations that can be
performed on it, without specifying how it is implemented.

Think of ADT as the "concept", and data structure as the "implementation".

Examples of ADTs:

ADT Description Typical Operations
List |Ordered collection Insert, Delete, Traverse
Stack |LIFO structure Push, Pop, Peek
Queuve|FIFO structure Enqueue, Dequeue, Front
Deque|Double-ended queue Add/remove from both ends
Map |Collection of key-value pairs Put, Get, Remove
Set |Collection of unique elements Add, Remove, Contains
Tree [Hierarchical structure Insert, Delete, Traverse (Pre/In/Post)
Graph |Collection of nodes with relationships/Add Vertex/Edge, DFS, BFS, Pathfinding
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ADT vs Data Structure

Feature ADT Data Structure
Focus What it does |How it does it
Level of AbstractionHigh Low (concrete implementation)
Example Stack (concept)/Array-based stack, Linked-list stack

Linear data structures, Lists, Linked Lists, Stacks, Queues

What are Linear Data Structures?
o Elements are arranged in a sequential manner.
e Each element is connected to its previous and next element.
o Examples: Arrays (Lists), Linked Lists, Stacks, Queues

1. Lists (Arrays)
> Definition:
e Acollection of elements stored in contiguous memory locations.
e Eachelement can be accessed using an index.
> Operations:
e Access: O(z)
¢ Insertion/Deletion (end): O(2)
e Insertion/Deletion (beginning/middle): O(n)
e Search: O(n) (linear), O(log n) if sorted with binary search
> Pros:
o Fastrandom access
e Easytouse
> Cons:
o Fixed size (in low-level languages)
o Costly insertions/deletions in middle

2. Linked Lists

> Types:
» Singly Linked List: Each node points to the next node.
o Doubly Linked List: Each node points to both next and previous.
o Circular Linked List: Last node links back to the first.

> Node Structure:

plaintext
CopyEdit
[ Data | Pointer ]

> Operations:
e Insertion/Deletion: O(x) at head/tail (if pointer maintained)
e Search: O(n)

> Pros:
e Dynamicsize
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e Efficient insertions/deletions
> Cons:

e Norandom access

e More memory due to pointers

3. Stacks
> Definition:
e ALIFO (Last In, First Out) structure.
e Operations are done from the top of the stack.
> Key Operations:
e push(x): Insert an element at the top
e pop(): Remove and return the top element
e peek()/top(): View the top element
o isEmpty(): Check if the stack is empty
> Implementation:
e Using arrays or linked lists
> Applications:
o Function call stack
e Undo mechanisms
o Expression evaluation (e.g., postfix, infix to postfix)

4. Queues
> Definition:
e AFIFO (First In, First Out) structure.
> Key Operations:
e enqueue(x): Insert at the rear
e dequeue(): Remove from the front
e peek()/front(): View the front element
o isEmpty(): Check if the queue is empty
> Types of Queues:
o Simple Queuve: Basic FIFO
o Circular Queue: Connects rear to front, uses space efficiently
o Deque (Double-ended Queue): Insert/delete from both ends
e Priority Queue: Elements dequeued based on priority
> Applications:
e Taskscheduling
» Buffers (e.g., print queue)
e BFSingraphs

Recursive Algorithms

What is Recursion?
e Recursion is a programming technique where a function calls itself to solve a problem.
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e Typically used when a problem can be broken down into smaller subproblems of the same type.

Core Concepts

> Base Case
e The stopping condition of recursion.
e Prevents infinite recursion.

> Recursive Case
e The part where the function calls itself with a smaller or simpler input.

Structure of a Recursive Function
def recursive_function(parameters):
if base_condition:
return base_result
else:
return recursive_function(simpler_parameters)

Example: Factorial

def factorial(n):
if n==o:
return1  # base case
else:
return n * factorial(n - 1) # recursive case

How Recursion Works (Stack Memory)

o Eachrecursive call is pushed onto the call stack.
o When the base case is reached, the stack unwinds, resolving each call.

Common Recursive Problems

Problem Description
Factorial n'=n*(n-1)!
Fibonacci Series F(n) = F(n-1) + F(n-2)
Tower of Hanoi Move disks between pegs
Binary Search Divide array to search target
Tree Traversals Preorder, Inorder, Postorder

Backtracking Problems N-Queens, Maze solving

Recursive vs Iterative

Feature Recursive Iterative
Code simplicity|Often cleaner Often more verbose
Performance |Can be slower, uses stack|Usually faster, no stack

Memory usage [More (call stack) Less
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Sorting Algorithm
Sorting Algorithms in C

1. Bubble Sort (C Code)
Idea: Repeatedly compare adjacent elements and swap if out of order.
Time Complexity:
e Best: 0(n)
o Average/Worst: O(n?)
Space Complexity: O(2) (in-place)
Stable:
C
CopyEdit
void bubbleSort(int arr[], int n) {
for(inti=o0;i<n-1;i++){
for(intj=o0;j<n-i-1;j++){
if(arrfjl > arr[j + 1]) {
int temp = arr[j];
arr[jl = arr[j + 1];
arrfj + 1] = temp;
}
}
}
}

2. Selection Sort (C Code)

Idea: Select the minimum and place it at the correct position.
o Time Complexity: O(n?)
e Space Complexity: O(1)
e Stable: X(can be modified to be stable)

C
CopyEdit
void selectionSort(int arr[], int n) {
for(inti=o;i<n-1;i++){
int minldx = i;
for(intj=i+1;j<n;j++){
if(arr[j] < arrfminldx]) {
minldx = j;
}
}
int temp = arr[i];
arr[i] = arr[minldx];
arr[minldx] = temp;

3. Insertion Sort (C Code)
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Idea: Build the sorted array one element at a time.
Time Complexity:
e Best: O(n)
o Worst: O(n?)
Space Complexity: O(2)
Stable:

C
CopyEdit
void insertionSort(int arr[], int n) {
for(inti=1;i<n;i++){
int key = arrl[i];
intj=i-1;
while(j >= o && arr[j] > key) {
arr[j + 1] = arr[j];
Ji
}
arr[j + 1] = key;
}
}

4. Merge Sort (C Code)

Idea: Divide array into halves, sort, and merge.
e Time Complexity: O(nlog n) (always)
o Space Complexity: O(n)
e Stable:

void merge(int arr[], int |, int m, intr) {
intni=m-1+1;
intn2=r-m;
int L[na], R[n2];

for(inti=o;i<na;i++) L[] =arr[l +i];
for(intj=o0; j < n2; j++) R[j1=arr[m + 1 + j];

inti=o,j=o0,k=1;

while(i < n1 &&j < n2) {
if(L[i] <= R[j]) arr[k++] = L[i++];
else arr[k++] = R[j++];

}

while(i < n1) arr[k++] = L[i++];
while(j < n2) arr[k++] = R[j++];

}

void mergeSort(int arr[], int |, intr) {
if(l<r){
intm=1l+(r-1)/2;
mergeSort(arr, |, m);
mergeSort(arr, m +1, r);
merge(arr, |, m, r);
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5. Quick Sort (C Code)

Idea: Choose a pivot, partition, and sort subarrays.
Time Complexity:

e Best/Average: O(nlogn)

o Worst: O(n?) (when pivot is worst choice)
Space Complexity: O(log n) (in-place stack)
Stable: X

C

CopyEdit

int partition(int arr[], int low, int high) {
int pivot = arr[high];
inti=low-1;

for(int j = low; j < high; j++) {
if(arr[j] < pivot) {

1++;
int temp = arr[i]; arr[i] = arr[j]; arr[j] = temp;
}
}
int temp = arr[i+1]; arr[i+1] = arr[high]; arr[high] = temp;
returni+za;

}

void quickSort(int arr[], int low, int high) {
if(low < high) {
int pi = partition(arr, low, high);
quickSort(arr, low, pi - 1);
quickSort(arr, pi + 1, high);
}
}

How to Use These in a Program
C

CopyEdit

#include <stdio.h>

int main() {

intarr[] =15, 3,8, 4, 2};
int n = sizeof(arr)/sizeof(arr[o]);

// Call your sorting function here:
bubbleSort(arr, n); // Replace with selectionSort, mergeSort, etc.

printf("Sorted array: ");

for(inti=o0;i<n;i++){
printf("%d ", arr[il);

}

return o;
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Software Engineering

Software Development Life Cycle (SDLC)
SDLC is the step-by-step process used to develop software efficiently and with quality

Phases of SDLC (in order):

1.

Requirement Analysis

o Understand what the client or user needs.

o Gather and document requirements.
Planning

o Create a project plan: timeline, cost, resources.

o Decide on tools and technologies.
Design

o Design the system architecture and user interface (UI).

o Create diagrams (like DFDs, ERDs, wireframes).
Development

o  Write the actual code based on the design.

o Backend and frontend development happens here.
Testing

o Check for bugs and errors.

o Use manual or automated tests to ensure quality.
Deployment

o Release the software to users.

o Can be done in stages or all at once.
Maintenance

o Fix bugs, add features, update regularly.

o Ongoing support after deployment.

Software Process Model

Waterfall Model
The Waterfall Model is a linear and sequential approach to software development. Each phase flows
downward to the next—Ilike a waterfall —and you can't go back once a phase is completed.

Phases of the Waterfall Model:

1.

Requirement Analysis

o Understand what the software must do.

o Gather all requirements from the client.
System Design

o Plan how the system will be built.

o  Decide architecture, technology, and Ul design.
Implementation (Coding)

o Developers write the actual code.

o Work is based on the previous design.
Testing

o Test the system for bugs and errors.

o Ensure it meets the original requirements.

5. Deployment
o Launch the final product to the client or users.
6. Maintenance
o Fix bugs, make updates, and provide support after release.
Key Features:
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o Easy to understand and manage.
¢ Good for small, well-defined projects.
o Not flexible—changes are hard once development starts.
Limitations:
o Difficult to go back to a previous phase.
o High risk if requirements are misunderstood.
e Not ideal for large or complex projects.
Prototyping Model
The Prototyping Model is an SDLC approach where a quick working model (prototype) of the software
is built early to understand user requirements better. It helps refine the system through user feedback
before
Phases of the Prototyping Model:
1. Requirements Gathering
o Collect initial, basic requirements from the client.
2. Quick Design
o Create a basic layout or mock-up of the system (e.g., Ul screens).
3. Build Prototype
o Develop a working model with limited functionality.
o Focus is on look and feel, not the full backend.
4. User Evaluation
o Show the prototype to the user.
o Get feedback and suggestions.
5. Refine Prototype
o Improve the prototype based on feedback.
o Repeat steps 3—5 until the user is satisfied.
6. Full Development
o Once the prototype is approved, develop the actual system.
7. Test & Deploy
o Test, deploy, and maintain like in other models.

Advantages:
e Better understanding of user needs.
o Early detection of issues or misunderstandings.
e High user involvement.
Disadvantages:
e Can lead to scope creep (changing requirements).
o Time-consuming if not managed well.
o Prototype may be mistaken as the final product.
Incremental Model
The Incremental Model breaks the software into small, manageable parts (increments) and builds each
part step-by-step. Each increment adds new features until the full system is complete.
Phases of the Incremental Model:
1. Requirements Analysis
o Break down the full system into smaller modules or features.
2. Design & Develop the First Increment
o Build the most basic version with core functionality.
3. Test the Increment
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o Test that part of the system thoroughly.
4. Deliver & Get Feedback
o Release the increment to the user.
o Gather feedback to improve future increments.
5. Repeat for Next Increment
o Add new features in the next version.
o Design — Develop — Test — Deliver again.
6. Final Integration
o After all increments are complete, combine everything into the full system.

Advantages:

o Early delivery of working software.

o Easier to find and fix issues.

e User feedback is used continuously.

e Lower initial cost than full development.
Disadvantages:

e Needs good planning and design upfront.

o System architecture must support adding parts.

o Too many changes can cause integration issues

Spiral model
The Spiral Model combines the ideas of iterative development (like prototyping) with a strong focus on
risk management. The process goes in spirals or loops, where each loop represents a development phase.

Phases of the Spiral Model (each loop):
1. Identify Objectives & Requirements
o Define goals, features, and constraints for this phase.
2. Risk Analysis
o Identify possible risks (technical, cost, time, etc.).
o Plan how to reduce or avoid them.
3. Build & Test Prototype
o Design, develop, and test part of the system.
o Could be a prototype or real software component.
4. User Review & Planning
o Get user feedback.
o Plan the next phase/loop of development.
These steps repeat in spirals until the project is fully complete.
Advantages:
o Great for large, complex, and high-risk projects.
e Risks are identified early and managed continuously.
e Supports user feedback and gradual refinement.
Disadvantages:
e Can be costly and time-consuming.
e Requires expertise in risk assessment.
e Not ideal for small or simple projects.

Agile Model

Smart InfoTech, Kirtipur, Kathmandu | 01-4335490, 9843521640,9841649993 | www.smartinfotechnepal



Smart InfoTech

[A Corner for Computer Learners]
Kirtipur, Kathmandu

(Computer Technician)

The Agile Model is an iterative and incremental approach to software development. It emphasizes
collaboration, flexibility, and customer feedback, delivering software in small, functional pieces called
sprints.
Phases of the Agile Model:
1. Requirement Gathering (for each Sprint)
o Gather requirements in small chunks.
o Focus on the most important features for the sprint.
2. Design
o Create a lightweight design for the selected features.
o Keep it flexible for changes in future iterations.
3. Development
o Develop features in short cycles (usually 1-4 weeks).
o Keep code simple and focused on delivering value.
4. Testing
o Test continuously, within each sprint.
o Get feedback on functionality and quality.
5. Deployment
o Release the incremental version to the user after each sprint.
6. Review and Feedback
o Gather feedback from users and stakeholders after each sprint.
o Adjust plans based on feedback for the next sprint.
Advantages:
o Fast delivery of working software.
o Flexibility to change requirements at any stage.
o Continuous user feedback and improvement.
o Strong collaboration among developers, clients, and stakeholders.
Disadvantages:
o Less predictable (can be hard to estimate exact timelines).
e Requires highly skilled teams and close collaboration.
o Can lead to scope creep if requirements aren’t managed carefully.

RAD Model
The Rapid Application Development (RAD) Model focuses on quickly developing software through
prototyping, user feedback, and rapid iteration. It emphasizes speed, user involvement, and flexibility.
Phases of the RAD Model:
1. Requirements Planning
o Gather high-level requirements with minimal documentation.
o Focus on critical user needs and features.
2. User Design (Prototyping)
o Develop a working prototype quickly.
o Users interact with the prototype, providing feedback.
3. Construction
o Refine the prototype based on user feedback.
o Develop the system incrementally, focusing on the most important features.
4. Cutover (Deployment)
o Finalize the system and deploy it for use.
o Transition from development to the production environment.
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o Provide training, data conversion, and support.
Advantages:
o Faster development and delivery.
o User involvement leads to better satisfaction.
o Flexibility to make changes during development.
o  Works well for small to medium-sized projects.
Disadvantages:
o Can be challenging for large-scale systems.
o Limited documentation can lead to future issues.
e Needs highly skilled developers.
e May cause scope creep if not properly managed.
Software Project management
Relationship to SDLC Lifecycle
e Software Project Management (SPM) is tightly connected to the SDLC as it oversees the planning,
execution, and monitoring of all project phases.
e Management ensures that the project stays on schedule, within budget, and meets quality
standards throughout the lifecycle (from requirements gathering to maintenance).
Project Planning
o Project Planning involves defining objectives, scope, and creating a detailed project schedule.
e Key elements include:
o Timeline (Gantt charts, milestones)
o Resources (human, technological, financial)
o Risk management plan
o Quality control measures
Project Control
e Project Control monitors progress against the plan.
e Key actions:
o Tracking progress through milestones.
o Adjusting timelines and resources if delays or issues occur.
o Use of status reports and dashboards to keep stakeholders informed.
Project Organization
o Project Organization defines roles and responsibilities within the team.
e Key components:
o Team Structure (e.g., Project Manager, Developers, Testers, Analysts).
o Communication Channels between team members and stakeholders.
o Decision-making process.
Risk Management
o Risk Management involves identifying, assessing, and mitigating risks during the project.
e Steps:
o Risk Identification: Identify potential issues (e.g., technical risks, resource shortages).
o Risk Analysis: Assess the impact and likelihood of each risk.
o Mitigation Strategies: Develop solutions to prevent or reduce impact.
Cost Models
e Cost Models estimate and track costs throughout the project.
e Common models include:
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o Cocomo (Constructive Cost Model): Estimates effort based on project size and complexity.
o Function Point Analysis: Estimating cost based on software functionality.
Configuration Management
e Configuration Management (CM) ensures that software components are consistent and controlled.
e Steps:
o Version control (tracking code changes).
o Change control (managing modifications).
o Release management (versioning and distribution).
Version Control
e Version Control systems track changes in the project over time.
e Common tools: Git, SVN, Mercurial.
e Benefits:
o Collaboration: Multiple developers can work on the same codebase.
o Traceability: Track changes, roll back to previous versions.
Quality Assurance (QA)
e Quality Assurance (QA) ensures the project meets defined quality standards.
e Key activities:
o Code reviews, unit testing, integration testing.
o Automated testing to ensure functional and non-functional requirements are met.
o Defect tracking to fix issues early.
Metrics
o Metrics are used to measure the project’s health and progress.
e Common metrics:
o Effort: Hours spent on tasks.
o Velocity: Amount of work completed in a sprint (in Agile).
o Defect density: Number of defects per lines of code or function points.
o Schedule variance: Difference between planned vs actual progress.
Software Requirements: Key Areas
Requirements Analysis
o Requirements Analysis is the process of understanding and defining the user needs and system
specifications.
e Goals:
o ldentify what the software should do.
o Ensure that the stakeholder needs and expectations are captured clearly.
o  Analyze feasibility: technical, operational, and financial.
Analysis Tools
o Analysis Tools help in gathering, modeling, and analyzing requirements.
o Use Case Diagrams: Visual representation of user interactions.
o Data Flow Diagrams (DFD): Show how data moves through the system.
o Entity-Relationship Diagrams (ERD): Represent system entities and their relationships.
o Flowcharts: lllustrate system processes and decision points.
Requirements Definition
o Requirements Definition is the process of documenting and clearly stating the system’s expected
functionalities, features, and constraints.
e ltincludes:
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o Functional requirements: What the system must do (e.g., process payments).
o Non-functional requirements: How the system performs (e.g., performance, security,
reliability).
Requirements Specification
e Requirements Specification involves translating the defined requirements into a formal, detailed
document.
o Software Requirements Specification (SRS) is a formal document describing both functional
and non-functional requirements.
The SRS should be clear, concise, and unambiguous.
Common formats:
= Natural language (plain text).
* Formal methods (mathematical).
= User stories (in Agile).
Static and Dynamic Specifications
o Static Specifications describe the structure of the system.
o Focus on data models, database design, and hardware architecture.
e Dynamic Specifications describe the behavior of the system.
o Focus on use cases, state transitions, and system processes.
Requirements Review
o Requirements Review is a process where stakeholders validate and verify that the documented
requirements:
o Meet the user needs.
o Are feasible, testable, and complete.
o Ensure that all conflicts or inconsistencies are addressed.
e Common methods:
o Peer reviews: Team members review each other’s work.
o Walkthroughs: A guided tour of the requirements document by the author.
o Formal inspections: Detailed reviews by a group of experts.
Software Design: Key Areas
Design for Reuse
o Design for Reuse aims to create software components that can be used in multiple applications or
projects.
e Key Principles:
o Modularity: Break down the system into small, independent modules that can be reused.
o Abstraction: Hide unnecessary details and focus on essential features, making components
more adaptable.
o Standardization: Use common patterns, libraries, or frameworks that are widely accepted
and tested.
o Loose Coupling: Ensure that components are independent and can function without heavy
reliance on each other.
Design for Change
o Design for Change involves creating a system that can easily adapt to future requirements or
modifications.
e Key Principles:
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o Flexibility: Design systems to be modular and loosely coupled to accommodate changes with
minimal impact.
Scalability: Ensure the system can grow in terms of performance, users, or features.
Separation of Concerns: Keep different concerns (e.g., data handling, Ul) separate to allow
changes in one area without affecting others.
o Use of Design Patterns: Implement well-known design patterns (e.g., Factory, Observer,
Strategy) that allow easy modification and extension.
Design Evaluation and Validation
o Design Evaluation ensures that the design satisfies requirements, is of high quality, and is suitable
for the problem.
o Techniques:
* Design Reviews: Have stakeholders and experts review the design for correctness,
feasibility, and adherence to best practices.
* Prototyping: Build a prototype to test the design concepts in a real-world scenario
before full implementation.
» Walkthroughs: Present the design step-by-step to the team and users to identify
potential problems early.
o Design Validation is the process of ensuring that the design will meet the user needs and functional
requirements.
o Key Activities:
= Testability: Ensure that the design is structured in a way that allows easy testing and
validation.
» User Feedback: Gather feedback from users or stakeholders to verify that the design
aligns with expectations.
* Simulation: Run simulations to check how the design behaves under various
conditions.
Implementation: Key Areas
Programming Standards and Procedures
o Programming Standards define best practices and guidelines to ensure consistent, readable, and
maintainable code.
o Code Style: Naming conventions, indentation, commenting, and formatting.
o Code Reviews: Regular code reviews to ensure adherence to standards and identify
potential issues early.
o Documentation: Clear, concise documentation of code functionality, modules, and
interfaces.
o Version Control: Use of version control systems (e.g., Git) for tracking changes, collaborating,
and maintaining a history of the codebase.
Modularity
e Modularity is the practice of breaking down a software system into independent, reusable
components or modules.
o Advantages:
» Easier to maintain and update individual parts of the system.
= Allows for reuse of code in other projects.
= Separation of concerns: Each module focuses on a specific aspect of functionality,
making the system more understandable and manageable.
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o Good Practices:
» Keep modules small and focused on a single task.
= Ensure clear interfaces between modules.
= Minimize interdependencies between modules to allow for flexibility.
Testing: Key Areas
Unit Testing
e Unit Testing tests individual components or functions in isolation to ensure they work as expected.
o Purpose: Ensure that each function or module behaves correctly.
o Tools: JUnit (Java), NUnit (.NET), PyTest (Python).
o Best Practices: Write test cases for both positive and negative scenarios, and test edge
cases.
Integration Testing
e Integration Testing tests how multiple modules or components work together after unit testing.
o Purpose: Identify issues when combining individual units or modules.
o Types:
* Top-down: Testing starts from the top-level modules, simulating lower-level modules.
* Bottom-up: Testing starts from the lower-level modules and integrates upward.
o Tools: JUnit, Postman (for API testing), SoapUl (for web services).
Regression Testing
e Regression Testing ensures that new changes or additions to the system don't negatively impact
existing functionality.
o Purpose: Verify that new features or bug fixes haven't introduced new issues in already
working parts of the system.
o Best Practices: Run regression tests after every update or modification.
o Tools: Selenium (for automated Ul testing), TestComplete.
Tools for Testing
e Unit Testing Tools: JUnit, NUnit, PyTest.
¢ Integration Testing Tools: Postman (APIs), SoapUl (web services), TestNG.
e Automated Regression Testing Tools: Selenium, Appium (for mobile testing), TestComplete.
e Continuous Integration Tools: Jenkins, Travis Cl (automates running tests after each code commit).
Software Maintenance: Key Areas
The Maintenance Problem
o Software Maintenance refers to the process of modifying and updating software after its initial
release to fix defects, improve performance, or adapt to new environments.
o Challenges:
o Evolving Requirements: As user needs change, software must be updated to meet these
evolving demands.
o Legacy Systems: Many systems are built on outdated technology, which can be hard to
maintain and integrate with modern systems.
o Bug Fixes: Defects or issues discovered post-deployment often require fixes without
breaking existing functionality.
o Documentation: Lack of proper documentation can make maintenance harder, as
developers struggle to understand existing code.
o Complexity: Software may become more complex over time due to continuous changes,
which can result in higher costs and difficulty in tracking issues.
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The Nature of Maintenance
e Types of Software Maintenance:
1. Corrective Maintenance: Fixing defects or bugs that are discovered after deployment.
2. Adaptive Maintenance: Modifying the software to adapt to new environments, such as
updated operating systems, hardware, or third-party software dependencies.
3. Perfective Maintenance: Enhancing the software to improve performance, usability, or
other non-functional attributes based on user feedback or technological advances.
4. Preventive Maintenance: Making changes to reduce the likelihood of future problems by
improving the software’s design, code quality, or documentation.
e Maintenance Process:
o Bug Identification: Recognizing issues or bugs reported by users or detected through
monitoring.
o Impact Analysis: Understanding how the issue or change will affect the software and its
users.
o Implementation: Making the necessary changes while ensuring the stability of the software.
o Testing: Ensuring that new changes don’t negatively affect the existing functionality.
Planning for Maintenance
o Effective Maintenance Planning is essential to minimize downtime, maintain system stability, and
manage costs.
o Establish a Maintenance Team: Having a dedicated team responsible for handling
maintenance tasks ensures that issues are resolved efficiently and effectively.
o Allocate Resources: Adequate resources (time, money, personnel) should be set aside for
maintenance tasks to avoid rushing or neglecting them.
o Create a Maintenance Schedule: Schedule regular maintenance checks to identify and
address potential problems before they escalate.
o Track Changes: Keep a clear record of all changes made to the system, including bug fixes,
updates, and enhancements, to ensure traceability and accountability.
o User Feedback: Continuously collect feedback from users to understand what needs
improvement and to prioritize maintenance tasks.
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