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ALGOL: Algorithmic Language

ALU: Arithmetic Logic Unit

API: Application Programming Interface

APL: A Programming Language

ASCII: American Standard Code for Information Interchange
BASIC: Beginners All Purpose Symbolic Instruction Code
COBOL: Common Business Oriented Language
CSS: Cascading Style Sheets

DLL: Dynamic Link Library

DMA: Direct Memory Access

EOF: End of File

FORTRAN: Formula Translation

GCC: GNU Compiler Collection

GPU: Graphics Processing Unit

GUI: Graphical User Interface

IDE: Integrated Development Environment
10: Input/output

I0T: Internet of things

JIT: Just-In-Time compilation

JSON: JavaScript Object Notation

MVC: Model-View-Controller

OOP: Object-Oriented Programming

0OS: Operating System

PL/I: Programming Language, Version 1

Prolong: Program in Logic

viii|C Programming Fundamentals — Trainee Manual



PSU: Power Supply Unit

RPG: Report Program Generator
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This trainee's manual includes all the knowledge and skills required in Networking and

Internet Technologies specifically for the module of "C Programming Fundamentals".
Trainees enrolled in this module will engage in practical activities designed to develop and
enhance their competencies. The development of this training manual followed the
Competency-Based Training and Assessment (CBT/A) approach, offering ample practical
opportunities that mirror real-life situations.

The trainee's manual is organized into Learning Outcomes, which is broken down into
indicative content that includes both theoretical and practical activities. It provides detailed
information on the key competencies required for each learning outcome, along with the
objectives to be achieved.

As a trainee, you will start by addressing questions related to the activities, which are
designed to foster critical thinking and guide you towards practical applications in the labor
market. The manual also provides essential information, including learning hours, required
materials, and key tasks to complete throughout the learning process.

All activities included in this training manual are designed to facilitate both individual and
group work. After completing the activities, you will conduct a formative assessment,
referred to as the end learning outcome assessment. Ensure that you thoroughly review the

key readings and the 'Points to Remember' section.
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MODULE CODE AND TITLE: GENCP302 C PROGRAMMING
FUNDAMENTALS

Learning Outcome 1: Describe Computer Programming Language

Learning Outcome 2: Write C Programming Codes

Learning Outcome 3: Perform Program Debugging
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Indicative contents

1.1 Identification of programming Language
1.2 Development of a flowchart

1.3 Development of an algorithm

Key Competencies for Learning Outcome 1: Describe Computer Programming

Languages

Knowledge Skills Attitudes
Description of Installing programming Being Patient
programming IDE Have Critical
Languages. Analysing a given thinking, and
Identification of problem Attentive
programming IDE. Arranging steps (logical Having
Description of sequence) according to Teamwork and
flowchart. the given problem creativity
Description of Designing flowchart Having
algorithm Developing an Teamwork,

algorithm and spirit
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Duration:20 hrs

A

Learning outcome 1 objectives:
By the end of the learning outcome, the trainees will be able to:

1. Describe correctly different types of programming languages as used in computer
programming

Install properly C programming IDE according to the computer specifications.

Describe correctly different flowchart symbols according to their functions.

Design properly the flowchart according to the problem to be solved.

vk W

Develop properly the algorithms according to the problem to be solved.

'. A
“ Resources

Equipment Tools Materials
e Computers e Internet access e Chalks
® Projector ® Cprogramming IDE ® Pens
® Projection screen e Books
® Printers e Papers
e Flip-chart
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Indicative content 1.1: Identification of Programming Language

Duration: 5 hrs

OlE_’Ei Theoretical Activity 1.1.1: Identification of different types of computers

programming

1: You are requested to answer the following questions related to the Identification of
different types of computer programming languages.

I.  Whatis a computer programming language?
Il. Whatisacomputer programming IDE?
lll.  Enumerate 2 role of programming IDE in telecommunications
IV. Give 2 types of programming languages.
2: Provide the answer for the asked questions and write them on papers.
3: Present the findings/answers to the whole class
4: Follow the expert view from the trainers
5: Ask questions for more clarification where necessary.

6: Read the key readings 1.1.1.

S
(S
Key readings 1.1.1: Identification of different types of computers programming

Types of programming Languages

A computer programming language is a formal language comprising a set of instructions
that produce various kinds of output. These languages are used to implement algorithms
and to express computations in a format that can be understood and executed by
computers.
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e Low-Level Languages

Low-level languages are programming languages that provide little or no
abstraction from a computer's instruction set architecture. These languages are
closely related to the hardware and are used to write programs that interact
directly with the hardware.

v" Machine Language: The most basic type of programming language, consisting of
binary code (0s and 1s) that is directly understood by the computer's hardware.

v Assembly Language: A step above machine language, it uses symbolic names
(mnemonics) to represent binary code. Requires an assembler to convert into
machine language.

e High-Level Languages

High-level programming languages are languages that are designed to be easy for
humans to read, write, and understand. They provide a high degree of abstraction
from the machine's hardware, allowing programmers to write code in a more
natural and logical way, using words and symbols closer to human language.

v Procedural Languages: Focus on procedure or routine. Examples include C, Pascal,
and Fortran.

v" Object-Oriented Languages: Centered around objects and classes. Examples
include C++, Java, and Python.

v Functional Languages: Based on mathematical functions. Examples include Haskell
and Lisp.

v Scripting Languages: Used for automating tasks. Examples include Python,
JavaScript, and Ruby.

v Logic Programming Languages: Based on formal logic. Example includes Prolog.

v" Markup Languages
Used for annotating a document in a way that is syntactically distinguishable from
the text. Examples include HTML, XML, and LaTeX.

v" Domain-Specific Languages
Tailored to specific application domains. Examples include SQL for databases and
MATLAB for mathematical computations.

¢ Role of Programming Languages in Electronics and Telecommunication

v Embedded Systems: Programming languages like C, C++, and Assembly are used to
develop firmware and software for microcontrollers and processors in embedded
systems.

v' Signal Processing: Languages like MATLAB and Python (with libraries like NumPy
and SciPy) are used for signal processing and analysis.

v" Network Simulation and Protocol Development: Languages like C, C++, and

7|C Programming Fundamentals — Trainee Manual




v

Python are used to develop network protocols and simulate telecommunication
networks.

Automation and Control Systems: Used in designing automated and control
systems in telecommunications infrastructure.

loT Development: Programming languages such as C, Python, and JavaScript are
used for developing loT applications and devices.

DSP (Digital Signal Processing): Specialized languages and libraries are used to
implement DSP algorithms for communication systems.

Types of C Programming IDEs:

A computer programming Integrated Development Environment (IDE) is a software
application that provides comprehensive facilities to computer programmers for software
development. An IDE typically consists of a source code editor, build automation tools,
and a debugger.

Cross-Platform IDEs

Eclipse: Widely used, supports multiple languages, extensible via plugins.
Code:Blocks: Open-source, highly configurable, and supports multiple compilers.
NetBeans: Modular IDE with support for C/C++ development.

Windows-Specific IDEs

Microsoft Visual Studio: Powerful IDE with extensive features for debugging and
development.

Dev-C++: Lightweight and simple, suitable for beginners.
Linux-Specific IDEs
Codelite: Open-source IDE designed for C/C++ development.

KDevelop: Integrated development environment for Linux users, supports various
programming languages.

MacOS-Specific IDEs

Xcode: Apple's official IDE for macOS development, supports C/C++ among other
languages.

Online IDEs
Repl.it: Web-based IDE supporting many languages, including C.

JDoodle: Online compiler and IDE for C/C++ programming
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<&
»! Practical Activity 1.1.2: Installation of C programming IDE

-
Things fo Po
- w Task:

1. Referring to previous activity, you are requested to perform the given task.

John has a computer which doesn’t have C Programming IDE and he needs to write a
program which will display” TVET SCHOOL”. You are asked to install C Programming IDE in
that computer.

2. Using key readings 1.1.2, List out procedures to be used to perform the given tasks
3. Install the ¢ Programming IDE according the previous procedures in task 2.

4. Present the installed IDE to the whole class.

5 Ask clarification where necessary.

6. Read key reading 1.1.2

7. Perform the task provided in application of learning 1.1.

.&
Key readings 1.1.2: Installation of C programming IDE
Installation of c programming IDE

e How to download setup .exe

There are many compilers available for C. You need to download anyone. Here, we are
going to use Dev-c++. It will work for both C and C++. To install the Turbo C software, you
need to follow the following steps.

v' Step 1) First you must download the Dev C++ on your Windows machine. Visit to
Download Dev C++: http://www.bloodshed.net/

v Step 2) There are packages for different Operating Systems.
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88 Get Dev-C++

DEV Download original Dev-C++ 5 8E¥ Download Embarcadero Dev-C++ 6

Dev-C++ 5.0 (4.9.9.2) with Mingw/GCC 3.4.2 compiler and GDB 5.2.1 debugger (9.0 This is a new fork of Dev-C++ sponsored by Embarcadero (developers of Delphi, C++
MB) Builder and RAD Studio). Includes the TDM-GCC compiler

“ot 23 Order original Dev-C++CD

Includes Dev-C++ 4 & 5, extra Dev-C++ Packages, Dev-Pascal, documentation and
other software

++ Download original Dev-C++ 5 IDE only

Dev-C++ 5.0(4.9.9.2), IDE only - no compiler included (2.4 MB)

v Step 3) Under package Dev-C++ 5.0 (4.9.9.2) with Mingw/GCC 3.4.2 compiler and
GDB 5.2.1 debugger (9.0 MB) Click on the link “Download from SourceForge”.

DEV Download original Dev-C++ 5

Dev-C++ 5.0 (4.9.9.2) with Mingw/GCC 3.4.2 compiler and GDB 5.2.1 debugger (9.0
MB)

v’ Step 4) This package will download C++ .exe file for Windows that can be used to
install on Windows 7/8/XP/Vista/10.

v Step 5) You will direct to SourceForge website, and your C++ download will start
automatically.

Click on save button to save. By default, it is saved in the “Downloads” folder.
e How to install setup.exe
v Step 1) Locate setup.exe file of c programming IDE

v’ Step 2) Double-click the .exe file. A dialog box will appear then click ok.

Installer Language o ooy

—— Please select a language.
(-l,

|English >
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v' Step 3) Then a screen for license agreement will appear. Click on “l agree” to
proceed further.

57 Dev-C++ S beta 9 release (4.9.9.2) geon| =l
License Agreement —
Please review the icense terms before installing Dev-C++ S beta 9 release (4.9.9.2). (,‘j

Press Page Down to see the rest of the agreement.

d Dev-C++ is distributed under the GNU General Public License.
sure to read it before using Dev-C++.

|y

GNU GENERAL PUBLIC LICENSE
Version 2, June 1991

Copyright (C) 1989, 1991 Free Software Foundation, Inc.
675 Mass Ave, Cambridge, MA 02139, USA
Everyone is permitted to copy and distribute verbatim copies
of this license docaument, but changing it is not allowed. -

If you accept the terms of the agreement, dick I Agree to continue, You must accept the
agreement to install Dev-C++ S beta 9 release (4.9.9.2).

Install System

[_1agree ]| [ cancet |

v’ Step 4) Just click on the “next” button.

{3 Dev-C++ 5 beta 9 release (4.9.9.2) — e
Choo=se Components —
Choose which features of Dev-C++ 5 beta 9 release (4.9.9. 2) yvou want to install. 9

Choose components o

Select the type of install:

LJ" gt
: Description
Or, select the optional
m%ponents yuLIJ:Iwish to Lmn files i -~ Hower your mouse over
install: INgw compiler sy a component ko see its
-.[+] Language files descripkion,

+-[+] Assodiate Cand C
-.[+] Create shortouts i
- [v] Create Quidk Laur
- [+] Debug files

-] Remawve all previo o

Space required: 53, 2MB e

Mullsoft Install Swstem 2.0

v Step 5) Click on the “Install” button.
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£33 Dev-C++ S beta 9 release (4.9.9.2) E=REE X

Choose Install Location
Choose the folder in which to install Dev-C++ 5 beta 9 release (4.9.9.2). \ Y 7

Select the directory to install Dev-C++ to :

o |

Destination Folder

D C Browse... ]

Space required: 59.2MB

Space available: 38.7GB 9

<Back ||| instal ]| | cancel |

Now, Dev C++ is installed successfully on your Windows. Select ” Run Dev C++” to run it
and click on the ” Finish” button.

{74 Dev-C++ 5 beta 9 release (4.5.9.2) [E=HREIN] X" ]

Completing the Dev-C++ 5 beta 9
'I A release (4.9.9.2) Setup Wizard

Dev-C++ 5 beta 9 release (4.9.9.2) has been installed on
your computer.

Click Finish to dose this wizard.

v Run Dev-C++ 5 beta S release (4.9.9.2)

Setting Up C Programming Environment
e Installing a Compiler

v" GCC (GNU Compiler Collection): Available for Linux, Windows (via MinGW), and
macOS.

v Clang: A compiler for C language family, available for Linux, Windows, and macOS.
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Choosing and Installing an IDE

Select an IDE based on your operating system and preferences (e.g., Visual Studio
for Windows, Eclipse for cross-platform use).

Download and install the chosen IDE from its official website.
Configuring the IDE
Setting Compiler Path: Ensure the IDE knows the path to the installed compiler.

Configuring Build and Debug Settings: Set up the build configuration
(debug/release), link libraries, and include directories.

Writing and Running Code: Create a new project, write C code, and use the IDE's
build and run functionalities to compile and execute the code.

Using Command Line Tools

Compiling via Command Line: Use commands like gccfilename.c -o outputfile to
compile C programs.

Running the Program: Execute the compiled binary from the command line using
.Joutputfile.

Libraries and Dependencies

Standard Libraries: Include standard libraries like stdio.h, stdlib.h, etc., in your
programs.

Third-Party Libraries: Link any required third-party libraries during compilation.
Version Control

Using Git: Initialize a Git repository, commit your code, and use platforms like
GitHub or GitLab for version control and collaboration.

\J
Points to Remember

Types of programming Languages

A computer programming language is a formal language used to write instructions
that a computer can execute.

There are two types: low-level languages, which are closely tied to hardware, and
high-level languages, which offer more abstraction.
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® Programming languages are essential in telecommunications for developing
firmware and software for embedded systems, network monitoring, and
automation.

e C Programming is a widely-used, easy-to-learn general-purpose language that
helps understand core programming concepts, making it easier to learn other
high-level languages.

e Integrated Development Environments (IDEs) are tools where programmers write
code; C has various IDEs compatible with different operating systems like
Windows, macQS, and Linux, with some being cross-platform.

Setup the environment if C programming IDE

e Visit the official website of the IDE (e.g., Visual Studio, Code::Blocks, Eclipse) and
download the appropriate installer or Locate the setup of C programming IDE .

e Install a C compiler (e.g., GCC for Linux/Mac, MinGW for Windows) if the IDE
doesn’t include one.

e Follow the installation instructions provided by the installer, adjusting settings as
needed.

e Set up the IDE to use the correct compiler and debugger.
e Configure paths for libraries and include files if necessary.
e Create a simple C program to ensure everything is working correctly.

e Compile and run the program to get the output.

5]

( Application of learning 1.1.

Madam Rose needs to write a C program to display her name, but her computer lacks a C
programming IDE. you are requested install a C programming IDE on her computer.
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| Indicative content 1.2: Development of a Flowchart

Duration: 5 hrs

e ~
O@ Theoretical Activity 1.2.1: Description of the flowchart
R

P

Thing: 1o Po

Tasks:

1: In small groups, you are requested to answer the following question related to the
description of the flowchart symbols.

I.  Whatis a flowchart?
Il.  What are the importances of a flowchart in visualizing processes.
ll.  What are symbols used to design a flowchart
2: Provide the answer for the asked questions and write them on papers.
3: Present the findings/answers to the whole class
4: In addition, ask questions where necessary.

5: For more clarification, read the key readings 1.2.1

e
p Key readings 1.2.1. Description of the flowchart
Description of Flowchart

¢ Definition of Flowchart
Flowchart is a graphical representation of the sequence of operations in an
information system or program. Information system flowcharts show how data
flows from source documents through the computer to final distribution to
users. Program flowcharts show the sequence of instructions in a single program
or subroutine. Different symbols are used to draw each type of flowchart.
Flowchart symbols

Name of the Diagram Description
symbol

Oval Denotes the start
and end of the
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flowchart

Rectangle

A calculation or
assigning of value
to a
variable.eg.Additio
n,subtraction,divisi
on,etc

Rhombus
Diamond

or

Denotes a decision
(branch)to be
made.The
program  should
continue along
one of two
routines.True  of
False

Circle

Can be used to
eliminate lengthy
of flowrines. It's
used to indicate
that one symbol is
connected to
another.

Parallelogram

Denotes an Input
operations

Flow Line

Lines indicate the
sequence of steps
and the direction
of flow. The flow is
assumed to go
from top to
bottom and from
left to right.
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(@]
Sg Practical Activity 1.2.2: Designing a flowchart

-
Things fo Po
- w Task:

S

1: Referring to previous activities (1.2.1) you are requested to perform the given task.

Using a flowchart Describe the steps involved in going to the cinema to watch a movie,
including actions like choosing a film, buying tickets, and making decisions, such as verifying
showtime availability.

2: From key readings 1.2.2, list out procedures to be used to perform the given task f
3: Perform the given tasks according to the procedures listed in task 2.
4: Present your work to the whole class.

5: Ask clarification where necessary

S
Key readings 1.2.2: Designing a flowchart

Design a flowchart

A flowchart is a visual representation of a process, algorithm, or system that outlines
the steps or actions involved in a sequence.

e Develop a flowchart.
steps to develop a flowchart according to the given problem
Step 1: Know the purpose of your flowchart.

Before knowing how to draw a flowchart, it is mandatory to find out why you’re
creating one in the first place. Your flowchart can have various goals, such as:

Making a complex process easier to understand
Improving an existing business process by identifying bottlenecks

Explaining or communicating a process to someone else

D N N NI N

Standardizing a process for consistency and efficiency

When you know the purpose of your flowchart, it’s easier to choose the type of
flowchart to create, pick the most relevant template, and know whether to focus
more on design or function when making one.
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Step 2: Start with a template.

Creating a flowchart from scratch can be intimidating. Luckily, you don’t have to.
There are plenty of flowchart templates available online that you can customize and
adapt for your own use. Try to select a template that’s created specifically for your
field or industry so it takes you less time and effort to finalize.

Step 3: Add shapes and symbols.

Shapes and symbols play a vital role in any flowchart. They define the components
of your flowchart, and each symbol represents something unique. After you’ve
identified the purpose of your flowchart, it’s time to draw your diagram. The first
thing you need to do here is add the symbols that represent all the components in
your flowchart.

Step 4: Connect your shapes with lines and arrows.

Once you’'ve added all the different shapes you need, it’s time to connect each one
with lines and arrows. We recommend using arrows if you want to show a specific
direction of your flow of information. For example, the flowchart example below
visualizes how information is flowing in different directions with the help of arrows.

Step 5: Split paths or add decisions.

In some cases, you may want to split paths and add decisions to your flowchart, such
as adding two different paths based on Yes/No decisions. This is useful for visualizing
complex processes that require people to take different actions based on varying
inputs and outputs.

Step 6: Customize your flowchart’s appearance.

The next step is to customize your flowchart’s appearance. Your flowchart’s design
will depend on how you plan to use your diagram, where you’ll use it and who the
audience is. First, you may want to change the size, color, border, roundness and
other characteristics of your shapes, symbols and lines.

Step 7: Download or share your flowchart.

Once your flowchart is ready, it's time to download it or share it with your target
audience.
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3
Points to Remember

e Flowcharts are diagrammatic representations of processes.

e Flowchart Symbols ovals, rectangles, diamonds, and arrows to show the sequence
of steps, decision points, and outcomes. They simplify complex processes,
enhance communication, and aid in problem-solving, documentation, and

training.
Design a flowchart

e Define the Objective
e Use Standard Symbols

e Maintain Logical Flow

5]

ol
( Application of learning 1.2.

In southern province different sectors want to construct the playground for each school.
They need calculate the area of each ground using its length and width. Draw a flowchart
that will accept the length, width to calculate and print the area of the playground. (area =

length * width).
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Indicative content 1.3: Development of an Algorithm

Duration: 10 hrs

e ~
0@ Theoretical Activity 1.3.1: Description ofalgorithms.
R

P

Things to Po

Tasks:

1: In small groups, you are requested to answer the following questions related to the
description of algorithms.

I.  Whatis an algorithm?
Il. Whatis pseudo code, and how is it used in the algorithm design process?
lll. Enumerates the different types of algorithms.

2: Provide the answer for the asked questions and write them on papers/flipchart or white
board.

3: Present the findings/answers to the whole class
5: Ask for more clarification, where necessary.

4: For more clarification, read the key readings 1.3.1

£
&
Key readings 1.3.1.: Description ofalgorithms.

e Definition of an algorithm
Algorithm is the sequence of instructions which are involved in solving a given
problem or accomplishment of a given task. It can be translated into a
programming language in order to produce the result.A set of steps that
generates a finite sequence of elementary computational operations leading to
the solution of a given problem is called an algorithm.

Structure of an algorithm
An algorithm is made mainly of the following parts:

The variable declaration line
The beginning of an algorithm
The instruction’s part

The end

ASRNENEN

Example:

Var A as Integer
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Start

A&S5

End
Explanations:

Var A as Integer is the variable declaration line

Start marks the beginning of an algorithm
A&5 the instructions part
End marks the end of an algorithm

Pseudo code

Artificial and informal language that helps programmers develops algorithms.
Pseudo code is very similar to everyday English.

Pseudo code is a "text-based" detail (algorithmic) design tool. The rules of
Pseudo code are reasonably straightforward. All statements showing
"dependency" are to be indented. These include while, do, for, if, switch.

Types of algorithms

Algorithms are step-by-step procedures or formulas for solving problems,
executing tasks, or achieving objectives. They can be classified into various types
based on their design, structure, and purpose.

Sequential Algorithms:

Execute instructions in a linear sequence from start to finish.
Example: Simple arithmetic operations.

Iterative Algorithms:

Repeat a sequence of instructions until a specific condition is met.
Example: Searching or sorting algorithms like Bubble Sort or Binary Search.

Recursive Algorithms:

Call themselves with smaller instances of the same problem until reaching a base
case.
Example: Factorial calculation or Fibonacci sequence.

Divide and Conquer Algorithms:
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v' Break down a problem into smaller, manageable sub-problems.

<

Solve each sub-problem independently and combine the solutions.
v' Example: Merge Sort or Quick Sort.

e Greedy Algorithms:

v" Make locally optimal choices at each stage with the hope of finding a global
optimum.
v' Example: Minimum Spanning Tree algorithms like Prim's or Kruskal's.

e Dynamic Programming Algorithms:

v Solve complex problems by breaking them down into simpler sub-problems.
v’ Store solutions to sub-problems to avoid redundant calculations.
v' Example: Fibonacci sequence using memorization.

e Backtracking Algorithms:

v' Attempt to build a solution incrementally and backtrack when reaching a dead
end.
v" Example: N-Queens problem or Sudoku solving.

e Randomized Algorithms:

v’ Introduce randomness or probability in their execution.
v' Example: Randomized Quick Sort or Monte Carlo algorithms.

e Heuristic Algorithms:

v" Produce good solutions to problems that cannot be solved optimally.
v' Often used in decision-making or optimization problems.
v' Example: Genetic algorithms or Ant Colony Optimization.

e Parallel Algorithms:

v' Execute multiple operations simultaneously to reduce execution time.
v’ Suitable for tasks that can be divided into independent sub-tasks.
v' Example: Parallel Matrix Multiplication.

e Importance of Algorithm Classification

v Problem-Specific Efficiency: Different algorithms are suited to different types of
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problems based on their characteristics and constraints.

Optimization Goals: Understanding algorithm types helps in choosing the most
efficient solution approach.

Algorithm Design: Helps in designing new algorithms or optimizing existing ones
for specific tasks.

Problem Solving: Provides a structured approach to solving computational
problems across various domains.

(@)
SK Practical Activity 1.3.2: Development of an algorithm

-

mw;m%
; w Task:

e

1: Refer to previous activity 1.3.1, you are requested to perform the given task.

You are tasked with developing an algorithm and pseudocode to sort books on a
library bookshelf by their titles alphabetically. The library currently has a disorganized
shelf where books are placed randomly, and the librarian wants them arranged in

alphabetical order for easier access and browsing by library patrons.

2: By using key readings 1.3.2, list out procedures to be used to develop an algorithm.

3: Write an algorithm using the procedures list above.

4: Present your work to whole class.

5: Ask clarification where necessary

.&
Key readings 1.3.2: Development of an algorithm

Development of an algorithm

An algorithm is a step-by-step procedure or set of instructions to solve a specific
problem or perform a specific task. When developing an algorithm, you need to
break down the problem into smaller, manageable steps that lead to the desired
solution.

Understanding the Problem:
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v Define the Problem: Clearly understand and define the problem you are trying to
solve. Gather all necessary information and requirements.

v Identify Inputs and Outputs: Determine what inputs are needed and what outputs
are expected. This helps in designing the steps required to transform inputs into
outputs.

e Breaking Down the Problem:

v' Decomposition: Break down the problem into smaller, manageable parts. Each
part should be easier to handle and solve.

v Modularity: Design the algorithm in a modular way, where each module or
function handles a specific part of the problem.

e Designing the Algorithm:

v Step-by-Step Instructions: Outline the steps needed to solve the problem in a
logical sequence. Each step should be clear and unambiguous.

v Flow Control: Determine the control structures needed, such as loops,
conditionals, and function calls, to manage the flow of the algorithm.

e Writing Pseudocode:

v Informal Language: Use pseudocode, which is a mixture of natural language and
programming concepts, to outline the algorithm. Pseudocode helps in planning the
algorithm without worrying about syntax.

v Clarity: Ensure the pseudocode is easy to understand. It should be simple enough
for someone without programming knowledge to follow the logic.

e Analyzing the Algorithm:

v Efficiency: Analyze the algorithm for time and space complexity. Consider how the
algorithm scales with increasing input size.

v Correctness: Verify that the algorithm correctly solves the problem for all possible
inputs. Consider edge cases and test the algorithm with various scenarios.

Examples
1. Formulate an Algorithm to Check if a Number is Prime.

e Problem Understanding:
o Input: Anumber n.
o Output: True if nis prime, False otherwise.
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e Steps:
o Ifn<=1, return False.
o Loop from 2 to the square root of n.
o If nisdivisible by any number in this range, return False.
o If nodivisoris found, return True.
e Pseudocode:

Algorithm IsPrime(n)
1. If n<=1then
a. Return False
2. Forifrom 2 to sqgrt(n):
a.lfn%i==0then
i. Return False
3. End loop
4. Return True
End Algorithm

2. You are given a list of numbers. Develop an algorithm to find the largest
number in the list.

Step-by-Step Development of the Algorithm:
1. Understand the Problem:

v" We need to find the largest number from a list of numbers.
v" Input: A list of n numbers (e.g., [3, 5, 7, 2, 8]).
v" Output: The largest number in the list (e.g., 8).

2. Identify Key Operations:

v’ Iterate through the list of numbers.
v" Compare each number to find the largest one.

3. Outline the Steps:

25|C Programming Fundamentals — Trainee Manual




Step 1: Initialize a variable max to store the largest number. Start by setting
it to the first number in the list.

Step 2: Loop through the list starting from the second number.

Step 3: For each number, compare it with max. If the number is greater
than max, update max with this number.

Step 4: Continue the loop until all numbers have been checked.
Step 5: The value in max at the end of the loop is the largest number.
Step 6: Output the value of max.
4. Translate into Pseudocode:
Algorithm FindLargestNumber(List)

1. Set max = List[0]
2. For each number in List starting from the second number:
a. If number > max then
i. Set max = number
3. End loop
4., Output max
End Algorithm

3
Points to Remember

An algorithm is a sequence of instructions designed to solve a problem or achieve a specific
task. It can be translated into a programming language to produce a desired result.

Structure of an Algorithm:
e Variable Declaration: Defines variables used in the algorithm.
e Beginning: Marks the start of the algorithm.
e Instructions: Contains the sequence of steps to be executed.
e End: Marks the completion of the algorithm.
e Types of Algorithms: Sequence, Branching (Selection), Loop (Repetition):

e Pseudo Code:
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v Aninformal, text-based language for designing algorithms.
v Helps programmers plan and outline solutions before coding.
v Rules are straightforward and aid in algorithmic design.

Develop an algorithm

Obtain detailed information on the problem.

Analyse the problem.

Think of a problem-solving approach.

Review the problem-solving approach and try to think of a better Alternative.
Develop a basic structure of the Algorithm.

Optimize, Improve and refine.

Write the pseudo code

Always capitalise the initial word (often one of the main six constructs).

Make only one statement per line.

Indent to show hierarchy, improve readability, and show nested constructs.

Always end multi-line sections using any of the END keywords (ENDIF, ENDWHILE,
etc.).

Keep your statements programming language independent?

Use the naming domain of the problem, not that of the implementation. For
instance: “Append the last name to the first name” instead of “name = first+ last.”
Keep it simple, concise and readable.

5]

Application of learning 1.3.

The GB company is located in Kigali; they pay their employees using paper. Due to this issue

the employees did get easily their payroll statement. As a programmer Write an algorithm

and pseudocode to calculate and display the total monthly expenses based on various

categories like rent, groceries, utilities, and entertainment. The user should input expenses

for each category.
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s==! Learning outcome 1 end assessment

I

Theoretical assessment

What is a symbol in a flowchart represents the start and end of the process?
What is a programming language?
Explain the purpose of a flowchart in software development.

P WNPE

Describe the steps you would follow to install a C programming IDE like Code::Blocks

on your computer.

5. Compare and contrast the use of procedural programming and object-oriented
programming paradigms in software development.

6. Evaluate the pros and cons of using an interpreted language like Python for
developing a web application.

7. Name two programming languages commonly used for embedded systems
development.

8. What is the primary function of pseudo code in the development process?

9. Given a scenario where you need to automate a repetitive task in a
telecommunications system, which programming language would be most
appropriate and why?

10. Analyze the use of flowcharts versus pseudo code in a team setting for a large-scale
project. Which would you prefer and why?

11. Copy and complete the following table

Name of the symbol Diagram Description
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12. Compare and contrast different programming paradigms (procedural, object-
oriented, functional, and logic programming). Provide examples of languages that
exemplify each paradigm and discuss their primary use cases.

13. Describe the differences between compiled and interpreted programming

languages. Discuss the advantages and disadvantages of each approach with
examples of languages that use these methods.
Multiple choice questions

14. Which of the following is an advantage of compiled languages over interpreted
languages?
a) Easier to debug
b) Faster execution
c) Platform independence
d) Immediate feedback

15. Which of the following steps would be the best starting point for creating a new
software application?
a) Writing the final code
b) Designing a flowchart or pseudo code
c) Debugging the code
d) Compiling the program

16. In what scenario would functional programming be preferred over logic
programming?
a) Concurrent processing tasks
b) Artificial intelligence applications
c) Designing embedded systems
d) Web development

17. Which IDE would you choose for C/C++ development if you needed a lightweight,
customizable environment?
a) Eclipse
b) Visual Studio
c) Code::Blocks
d) CLion

18. Pseudo code is primarily used for:
a) Debugging code
b) Writing final programs
c) Describing the steps in an algorithm
d) Designing hardware
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Practical assessment

1. You need to write an algorithm and pseudocode for creating a grocery shopping list. The
program should allow the user to input items they need to buy, and then display the
complete list of items.

2. Develop an algorithm and pseudocode for a library management system to add and
display books. The user can enter the book's title and author, and the system should
store and display the list of books.

3. Create an algorithm and pseudocode for a simple calculator that performs addition,
subtraction, multiplication, and division based on user inputs.

END
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Indicative contents

2.1. Description of C programming building blocks
2.2. Description of C program structure

2.3. Application of condition statements

2.4. Application of loops

2.5. Application of functions

2.6. Application of Arrays

2.7. Solving a C programming problem

Key Competencies for Learning Outcome 2: Write C Programming Codes

Knowledge Skills Attitudes
e Description of C e Installing C based IDE Having Critical
e Description of e Using Operators Being
control structure Passionate

e Using different data
e Differentiating types.

Interpreter from e Applying conditional

compiler
P statements.

e Differentiate e Applying functions
statement from Applvi trol
° in contro
expression PRVInG
structure

e Differentiation Aoolving L
[ ]
variable from PRIyIng Loops

constants

Differentiation
different data types

Description of
functions
Identification of the
scope of a variable

Applying Arrays
Document program

Using comments

Having Team
work spirit
Have
Persistence

Being Hard
working

Being Self-
motivated
Having Self
confidence
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Duration: 50 hrs

A

Learning outcome 2 objectives:
By the end of the learning outcome, the trainees will be able to:

. Describe correctly the building blocks as per C programming language
. Describe correctly the C program structure as per functional program

. Apply properly a condition statements based on a syntax and certain conditions.

. Apply properly C functions based on syntax and specified task.

1

2

3

4. Apply properly C loops based on syntax and certain instructions.
5

6. Apply properly C Arrays based on syntax, data store and their use.
7

. Solve a real-world problem in line with C programming language.

.. A
“ Resources

Equipment Tools Materials
e Computer e Visual Studio Code e Electricity
® Projector e Dev-C++

e Python tutor code
visualizer

® |Internet
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Indicative content 2.1: Description of C Building Blocks

Duration: 5 hrs

Uz ]
OE Theoretical Activity 2.1.1: Description of C Tokens
AR

e

Things to Po

Tasks:

1: In small groups, you are requested to answer the following questions related to the
description of resonant circuits.

I.  What is a token in the context of the C programming language?
Il. How are tokens used to represent fundamental building blocks in C code?
lll.  Name and describe the five main categories of C tokens.
IV.  What are identifiers in C, and how do they differ from keywords?
V. Give examples of valid and invalid identifiers in C.
VI. Explain the role of keywords in C and provide some examples.
VII. Name the three primary types of constant tokens in C.
2: Provide the answer for the asked questions and write them on papers.
3: Present the findings/answers to the whole class
4: For more clarification, read the key readings 2.1.1.

5: In addition, ask questions where necessary.

S
&
Key readings 2.1.1: Description of C Tokens

C Tokens
In C programming, tokens are the smallest units of a program that have meaningful
interpretation by the compiler. These tokens form the basic building blocks of C syntax.
Here are the main types of tokens in C:
o Keywords:
v" Keywords are reserved words that have predefined meanings in C. They
cannot be used as identifiers (variable names, function names, etc.).
v' Examples: int, float, if, else, for, while, return, void, switch, case, break,
continue, sizeof, typedef, struct, union, enum, const, static, extern, volatile,
auto, register, default, do, double, short, long, signed, unsigned, char, goto.
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¢ Identifiers:
v Identifiers are names given to variables, functions, arrays, structures, etc.,
by the programmer.
v Rules for identifiers:
4+ Must start with a letter (A-Z or a-z) or an underscore (_).
4+ Can be followed by letters, digits (0-9), or underscores.
+ Case-sensitive.
4+ Cannot be a keyword.
v" Example: main, sum, counter, MAX_SIZE, is_valid.
e Constants:
v Constants are fixed values that do not change during program execution.
v" Types of constants:
v Integer Constants: Whole numbers without decimal points.
4+ Example: 123, -456, 0, OxFF (hexadecimal).
v Floating-point Constants: Numbers with decimal points.
4+ Example: 3.14, -0.5, 2.0e3 (exponential).
v" Character Constants: Single characters enclosed in single quotes.
+ Example:'A','7', "\n' (newline character).
v’ String Literals: Sequences of characters enclosed in double quotes.
4+ Example: "Hello, World!", "C programming".
e String and Character Literals:
v’ String literals are sequences of characters enclosed in double quotes (").
v Character literals are single characters enclosed in single quotes ().
v' Example: "Hello", 'A", "123", "\n'.
e Operators:
v" Operators perform operations on variables and values.
v" Types of operators:
Arithmetic Operators: +, -, *, /, %
Relational Operators: ==,1=, <, >, <=, >=
Logical Operators: &&, | |,!
Bitwise Operators: &, |, », ~, <<, >>
Assignment Operators: =, +=, -=, *=, /=, %=, <<=, >>=, &=, |=, A=
Increment and Decrement Operators: ++, --
Conditional (Ternary) Operator: ? :

FEE e

Address and Indirection Operators: &, *
v' Example:a+b, x <y, !flag, “mask, a=b, x &&y
e Punctuation Symbols:
v" Punctuation symbols are special characters that serve as separators or
delimiters in C.
v' Examples:, (comma), ; (semicolon), : (colon), . (dot), () (parentheses), {}
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(braces), [] (brackets).
e Whitespace:
v" Whitespace includes spaces, tabs, and newline characters.
v" Whitespace separates tokens but is otherwise ignored by the compiler.
e Comments:
v" Comments provide information to the programmer and are ignored by the
compiler.
v" Types of comments:
4+ Single-line comments: // this is a comment.
4 Multi-line comments: /* this is a multi-line comment */.

¥
SK Practical Activity 2.1.2: Writing the Data types in a c program

.
Things fo Po
e W Task:

1. Read the following task, you are requested to perform the given task.

John, a computer science student, is tasked with developing a program that manages
inventory for a small retail store. His program needs to handle different types of data, from
item quantities to prices, and ensure accurate calculations and storage of information. Write
all data types John need to complete his task.

2. Follow the instructions in key readings 2.1.2 related to the given task
3. Write down the findings from the discussions.
4. Present the finding to whole class.

5. Ask clarification where necessary

.ﬁ
Key readings 2.1.2: : Writing the Data types in a c program
Data type in ¢ programming

In C programming, data types are fundamental for defining the type of data that variables
can hold and manipulate. Implementing data types effectively ensures proper storage,
manipulation, and representation of data within a program. Here’s an overview of how
data types are implemented in C programs:

e Choosing Appropriate Data Types:
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v Integer Types (int, short, long): Used for storing whole numbers. The
choice depends on the range of values needed (e.g., int for general
purposes, short for small integers, long for larger integers).

v Floating-Point Types (float, double, long double): Used for handling
numbers with decimal points. float provides single-precision, double offers
double-precision, and long double provides extended precision.

v Character Type (char): Used for storing single characters. It can also be
used to represent small integers within a limited range.

v Derived and User-Defined Types: Structs, unions, enums, and typedefs
allow programmers to define custom data types that encapsulate multiple
values or create symbolic names for existing types.

e Variable Declaration and Initialization:

v Variables must be declared with a specific data type before they can be
used. For example:

int age;
float price;
char initial;
v’ Initialization assigns an initial value to a variable at the time of declaration:
int quantity = 10;
float pi = 3.14;

char grade ='A’;

e Operations and Expressions:

v' Data types determine how operations are performed and how values are
interpreted:

+ Arithmetic operations handle numerical data types (int, float,
double).

+ Relational and logical operations compare values based on their
data types (int, float, char).

+ Bitwise operations manipulate binary representations of integers
(int, char).
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e Type Casting:
v" Type casting allows conversion of one data type to another:

+ Implicit casting occurs automatically by the compiler when types
are compatible.

+ Explicit casting involves the programmer specifying the conversion,
which can help avoid loss of data or precision.

e Memory Allocation:
v Data types influence the amount of memory allocated to variables:

+ Sizes of data types vary based on the compiler and system
architecture (int typically 4 bytes, float 4 bytes, double 8 bytes).

+ Arrays and structs allocate contiguous memory based on the size
and alignment requirements of their elements.

e Input and Output Handling:

v Functions like scanf and printf are used for input and output operations,
respecting the data type of variables:

int age;
printf("Enter your age: ");
scanf("%d", &age);

e Error Handling and Validation:

v' Proper data type usage helps in error prevention and ensures that
operations are performed correctly:

+ Validate user inputs to ensure they match expected data types and
constraints.

+ Handle exceptions and errors that arise from incompatible data
types or improper conversions.
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O'EJ Theoretical Activity 2.1.3: Description Variables in C program
R

-
Things 1o Po

Tasks:

1: Read carefully and answer the following questions:
I.  Whatis a variable in c programming?
Il.  Name the three fundamental variables in C.
lll.  What are the Rules to write variable names?
IV.  Explain the differences between local, global and static variables in C.
V.  What is the syntax for declaring and initialising variables in C?
VI.  Explain the importance of initialising variables when declaring them.
2: Write down the founded answer from your group
3: Present the findings to class
4: Follow the expert view from the trainer
5: Ask for more clarification where necessary

6: Read the key reading 2.1.3

S

. 4
Key readings 2.1.3: Description Variables in C program
Variables in c programming

A variable is a name of memory location. It is used to store data. Variables are changeable,
we can change the value of a variable during execution of a program. It can be reused
many times.

Note: Variable are nothing but identifiers

e Rules to write variable names:
v" A variable name contains a maximum of 30 characters/ Variable name must
be up to 8 characters.
v" A variable name includes alphabets and numbers, but it must start with an
alphabet.
v’ It cannot accept any special characters, blank spaces except underscore (_).

AN

It should not be a reserved word.
v" Declaration of Variables:
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A variable can be used to store a value of any data type. The declaration of variables must
be done before they are used in the program. The general format for declaring a variable.

e Syntax:
datatype variable-1, variable-2, ----- , variable-n;
Variables are separated by commas and the declaration statement ends with a semicolon.
Example:int x,y,z;
float a,b;
char m,n;
Assigning values to variables: values can be assigned to variables using the assignment
operator (=). The general format statement is:

e Syntax
variable=constant;
Ex : x=100;
a=12.25;
m="f";
We can also assign a value to a variable at the time the variable is declared. The general
format of declaring and assigning value to a variable is:

e Syntax
data_type variable =constant;
Example: int x=100;
float a=12.25;
char m="f";
Types of Variables in C

e There are many types of variables in c:

e Local variable
Scope: Local variables are declared within a specific block of code, typically within a
function or a compound statement. They are only accessible within the block where they
are defined.
Lifetime: Local variables have a limited lifetime. They are created when the program
enters the block in which they are defined and destroyed when the block exits.
void myFunction() {

intlocalVar = 42; // localVar is a local variable
// Code here}

e Global variable
Scope: Global variables are declared outside of any function, typically at the top ofa C
source file. They are accessible from any function within the entire program.
Lifetime: Global variables have a program-wide lifetime. They are created when the
program starts and exist until the program terminates.
int globalVar = 100; // globalVar is a global variable
void myFunction() {
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// Access globalVar here }
e static variable

Scope: Static variables can be either local or global, depending on where they are
declared. Local static variables are declared within a function, but they retain their value
between function calls. Global static variables are declared at the global scope and are
accessible within the entire program.
Lifetime: Static variables have an extended lifetime. Local static variables retain their
value between function calls, while global static variables exist for the duration of the
program.
void myFunction() {

static intstaticVar = 0; // staticVar is a local static variable

// staticVar retains its value between function calls

staticVar++; }

E’ ~—
O'EJ Theoretical Activity 2.1.4: Description of constants

AR
i

Things 1o Po

Tasks:

1: Read carefully and answer the following questions

I.  Whatis aconstant in C programming?

Il.  Why are constants used in programming, and what benefits do they offer?
lll. Name and describe the three main types of constants in C.
IV.  Explain the format and syntax of integer constants in C.

V. Describe how floating-point constants are represented in C.

2: Discuss on the given topic and write down their finding.
3: Present their finding to the whole class
4: Ask clarification if necessary

5: Read key reading 2.1.4
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Key readings 2.1.4.: Description of constants

Constants in C Programming

In C programming, constants are fixed values that the program cannot alter during its
execution. Constants are used to define values that remain the same throughout the
program, making the code more readable and easier to maintain.

Different types of constants in C:

e Integer Constants

v' Decimal Constants: Base 10 numbers (e.g., 100, -42).
v Octal Constants: Base 8 numbers, prefixed with 0 (e.g., 071, -052).
v' Hexadecimal Constants: Base 16 numbers, prefixed with Ox or OX (e.g., Ox1A,

OX7F).
¢ Floating-point Constants

v' Represent real numbers (numbers with a fractional part).
v Can be written in decimal form (e.g., 3.14, -0.001) or in exponential form (e.g.,

2.5e3 for 2500).

e Character Constants

v Asingle character enclosed within single quotes (e.g., 'A', '9', '#').
v Represented by their ASCIl values in memory (e.g., 'A' is stored as 65).
e String Constants
v A sequence of characters enclosed within double quotes (e.g., "Hello, World!").
v The compiler automatically adds a null character ('\0') at the end of the string to

indicate its termination.

e Enumeration Constants

v Constants defined using the enum keyword, representing integral constants (e.g.,
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enum days {SUNDAY, MONDAY,TUESDAY}; where SUNDAY is 0O, MONDAY is 1, and
so on).

e Symbolic Constants

v Defined using the #define preprocessor directive (e.g., #define Pl 3.14159).

v These are replaced by their corresponding values during the preprocessing stage

of compilation.

e ~
O@ Theoretical Activity 2.1.5: Description of operators
R

__ P

Things 1o Po

Tasks:

1: Read carefully and answer the following questions
I.  What are operators in programming?

Il.  Describe the types of operators in programming
2: Discuss on the given topic and write down their finding.
3: Present their finding to the whole class
4: Ask clarification if necessary
5: Read key reading 2.1.5

4
&
Key readings 2.1.5.: Description of operators

Operators in c programming
In C programming, operators are symbols that perform operations on variables and values.
Here is a list of the most common types of operators in C:
e Arithmetic Operators
These operators are used to perform basic arithmetic operations.
v' +: Addition
v -:Subtraction
v *:Multiplication
v /: Division

v %: Modulus (remainder after division)
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e Relational Operators

These operators are used to compare two values or expressions.

v ==:Equal to

v I'=:Not equal to

v >: Greater than

v <:Lessthan

v' >=:Greater than or equal to
v' <=:Less than or equal to

e Logical Operators

These operators are used to combine multiple conditions or expressions.
v' &&: Logical AND (true if both operands are true)
v | |: Logical OR (true if at least one operand is true)

v I: Logical NOT (inverts the truth value)

Bitwise Operators

These operators are used to perform operations at the bit level.

&: Bitwise AND

| : Bitwise OR

A: Bitwise XOR (exclusive OR)
~: Bitwise NOT

<<: Left shift

>>: Right shift

e Assignment Operators

These operators are used to assign values to variables.
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=: Simple assignment

+=: Add and assign

-=: Subtract and assign

*=: Multiply and assign

/= : Divide and assign

%= : Modulus and assign
&=: Bitwise AND and assign
| = : Bitwise OR and assign
A= ; Bitwise XOR and assign
<<=: Left shift and assign

>>=: Right shift and assign

Unary Operators

These operators operate on a single operand.

v
v
v
v
v
v

+ : Unary plus (indicates positive value, usually optional)
- : Unary minus (negates an expression)

++ : Increment (increases the value by 1)

-- : Decrement (decreases the value by 1)

I': Logical NOT

~: Bitwise NOT

Ternary Operator

This operator takes three operands and is used for making decisions.

v

AN

? :: Ternary conditional (e.g., condition ? value_if_true : value_if false)

Special Operators

sizeof : Returns the size of a variable or data type (e.g., sizeof(int))

& : Address-of operator (returns the memory address of a variable)

* : Dereference operator (used with pointers to access the value at a particular
address)

-> : Structure pointer operator (used to access members of a structure through a

pointer)
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v

. : Structure member operator (used to access members of a structure)

\J
Points to Remember

C Tokens

In C programming, tokens are fundamental units that the compiler interprets. They

encompass keywords, identifiers, constants, operators, punctuation symbols, whitespace,

and comments, serving as the basic building blocks of C syntax:

Keywords: Reserved words with predefined meanings, like int, float, if, else, etc.

Identifiers: User-defined names for variables, functions, etc., following specific
rules and case-sensitive.

Constants: Fixed values like integer (123), floating-point (3.14), character ('A'),
and string literals ("Hello").

Operators: Symbols performing operations (arithmetic, relational, logical, bitwise,
assignment, etc.) on variables.

Punctuation Symbols: Special characters (, ,, ;, : 3, (), {} {}, []) that structure C code.

Whitespace: Spaces, tabs, newlines used for token separation, ignored by the
compiler.

Comments: Provide non-executable information to programmers (// Single-line,
/* Multi-line */).
C variables

Choosing Appropriate Data Types: Selecting the right data type (int, float, char,
etc.) based on the nature and range of the data ensures proper storage and
manipulation.

Variable Declaration and Initialization: Variables must be declared with a specific
data type, and initializing them at the time of declaration ensures they start with
a defined value.

Operations and Expressions: Data types dictate how operations (arithmetic,

relational, logical, bitwise) are performed and how values are interpreted.

Type Casting: Type casting allows conversion between data types, with implicit
casting done automatically and explicit casting requiring programmer
intervention.

Memory Allocation: Data types determine the amount of memory allocated to
variables, affecting how arrays and structs manage contiguous memory.

47| C Programming Fundamentals — Trainee Manual




Local

Variable Naming Rules: Variable names must start with an alphabet, can include
numbers, but cannot contain special characters or spaces (except the underscore)
and should not be a reserved word.

Declaration of Variables: Variables must be declared before use, specifying the
data type (e.g., int x;).

Assigning Values: Values can be assigned to variables either during or after
declaration using the assignment operator (=).

Types of Variables: Variables in C can be local, global, or static, each with
different scopes and lifetimes.

vs. Global Variables: Local variables are accessible only within the block they're

declared in, while global variables are accessible throughout the entire program

Constants in C Programming

Constants are fixed values that do not change during the execution of a program, and they

are also known as literals. C programming supports several types of constants:

Types of C Constants
v Integer Constants
v Character Constants

v’ String Constants

C programming operators

v Arithmetic Operators (+, -, *, /, %) for basic math operations.

v Relational Operators (==, !=, >, <, >=, <=) for comparing values.

v Logical Operators (&&, ||, !) for combining or negating conditions.

v/ Bitwise Operators (&, |, », ~, <<, >>) for manipulating data at the bit level.

v" Assignment Operators (=, +=, -=, *=, /=, %=, &=, |=, 7=, <<=, >>=) for assigning
and updating values.

v" Unary Operators (+, -, ++, --, |, ~) for operations on a single operand.

v" Ternary Operator (?:) for conditional decisions.

v' Special Operators (sizeof, &, *, ->, .) for size checking, memory access, and

structure manipulation.
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( Application of learning 2.1.

Ann is a programmer with career, she is going to hire another to help him, the following is
the written exam to pass before to be hired. Declare and initialize the following variables
with appropriate data types and values.

1. Aninteger variable year with a value of 2024.
A float variable pi with a value of 3.14.
A double variable gravity with a value of 9.81.
A character variable grade with a value of 'A".

vk N

A string variable greeting with the value "Hello, World!"
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| Indicative content 2.2: Description of C Program Structure

Duration: 5 hrs

E’ —~
Olﬁ] Theoretical Activity 2.2.1: Description of Pre-processor Commands

AR
e

Things 1o Po

Tasks:

1: Read carefully and answer the following questions:
I.  Whatis the purpose of pre-processor directives in C?
Il. How is the #include directive used to include header files in C code?

lll. What is the difference between including header files with angle brackets
(<>) and double quotes (" ")?

IV. How do you define a constant using the #define directive, and what are the
advantages of doing so?

V. What is conditional compilation, and how is it achieved using pre-processor
directives in C?

2: Discussion and write the findings on papers.
3: Present the findings to the whole class.

5: Address any questions or concerns.

S @

. 4
Key readings 2.2.1.: Description of Pre-processor Commands

Preprocessor commands in c

Preprocessor commands, also known as preprocessor directives, are a set of
commands used in programming to control the behaviour of the preprocessor, a
component of the compiler. Preprocessor commands are typically used in
languages like C, C++, and other languages that support the C preprocessor.
These directives are processed before the actual compilation of the code and are
used to perform tasks such as including header files, conditional compilation, and
defining macros. Here's a description of some common preprocessor commands:

#include: This directive is used to include the contents of a header file in your
source code. It is used to make external code or libraries accessible to your
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program. For example:

#include <stdio.h>

#define: This directive is used to create macros, which are symbolic names for
values or code fragments. Macros are replaced by their definitions during
preprocessing. For example:

#define Pl 3.14159265

tifdef, #ifndef, #else, and #endif: These directives are used for conditional
compilation. They allow you to include or exclude parts of your code based on
preprocessor-defined conditions. For example:

#ifdef DEBUG

// Debugging code here

#Helse

// Release code here

#endif

#undef: This directive is used to undefine a previously defined macro. It removes
the macro definition. For example:

#define DEBUG_MODE

// ...

#undef DEBUG_MODE

ttifdef, #ifndef, #else, and #endif: These directives are used for conditional
compilation. They allow you to include or exclude parts of your code based on
preprocessor-defined conditions. For example:

#ifdef DEBUG

// Debugging code here

Helse

// Release code here

#endif

#error: This directive is used to generate a compilation error with a custom error
message. It can be helpful for enforcing certain conditions during compilation.
For example:

#ifndef MY_CONST

#error "MY_CONST is not defined!"

#endif

#pragma: The #pragma directive is used to provide additional information to the
compiler or control certain compiler-specific behavior. Its usage and effects can
vary between different compilers.

#line: This directive allows you to change the line number and filename reported
by the compiler. It is often used in code generation tools and for debugging
purposes.
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tifdef, #ifndef, #else, and #endif: These directives are used for conditional
compilation. They allow you to include or exclude parts of your code based on
preprocessor-defined conditions. For example:

#ifdef DEBUG

// Debugging code here

#Helse

// Release code here

#endif

These preprocessor commands are used to manipulate the code before the
actual compilation process, enabling you to customize the behavior of your
program based on various conditions and requirements. They are specific to
languages like C and C++ that support the C preprocessor. Other programming
languages may have different mechanisms for achieving similar goals

E’ —~
O'E] Theoretical Activity 2.2.2: Description of ¢ functions

AR

%mnrz 1o Po

Tasks:

1: Read carefully and answer the following questions:

2:

I.  Whatis afunctionin C, and why is it used in programming?
Il. How do you declare a function in C?
lll.  Explain the difference between types of function in C.

IV.  Give an example of a types function.

V. What s the purpose of a return statement in a C function, and how is it used?

By using the Key readings 2.2.2, Discussion and write the findings on papers.

3: Ask trainees to present their findings to the whole class.

5: Address any questions or concerns.
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Key readings 2.2.2: Description of c functions
Functions in C
Definition of a Function

A function in C is a self-contained block of code designed to perform a specific task.
Functions are the building blocks of C programs and help in organizing code, improving
readability, and reusing code across the program.

Benefits of Using Functions

v" Modularity: Functions allow you to divide a complex program into simpler,

smaller, manageable parts.

v' Reusability: Functions can be reused across the program and even in other

programs.
v' Maintainability: Functions make code easier to maintain by isolating specific tasks.

v" Debugging: By separating code into functions, errors can be identified and fixed

more quickly.
Types of Functions in C
C functions can be broadly categorized into two types:
e Library Functions:

v Predefined functions provided by C standard libraries (e.g., printf(), scanf(),
strcpy(), etc.).

v' They are ready to use and save development time.
v" Declared in header files (like stdio.h, math.h).

e User-defined Functions:
v Functions created by the programmer to perform specific tasks.
v" Allow for greater flexibility and program customization.
v" Consist of a function declaration, definition, and call.

e Structure of a User-defined Function

A typical user-defined function in C consists of three parts:

1. Function Declaration (Prototype):
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v Provides the compiler with information about the function name, return
type, and parameters.

v' Syntax:
return_typefunction_name(parameter_list);
v' Example: int add(int, int);
2. Function Definition:
v/ Contains the actual code or statements that define what the function does.
v' Syntax:
return_typefunction_name(parameter_list) {

// Function body

v' Example:
int add(int a, int b) {

returna+b;

3. Function Call:
v" The place in the program where the function is called to execute.
v' Syntax: function_name(arguments);
v" Example: int sum = add(5, 3);
Function Parameters
Functions can accept inputs called parameters:

v Formal Parameters: Defined in the function declaration and definition (e.g., int a,
int b in add(int a, int b)).

v Actual Parameters: The real values or arguments passed to the function when it is
called (e.g., 5, 3 in add(5, 3)).

e Return Type of Functions
v void Return Type: Indicates that the function does not return a value.

v Non-void Return Type: Specifies the type of value that the function returns (e.g.,
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int, char, float).

Return Statement

The return statement is used to:

4

4

End the function execution.

Return a value from the function to the caller, if applicable.

Example:

int multiply(int x, int y) {

return x * y; // Returns the product of x and y

}

Scope and Lifetime of Variables in Functions

v

v

Scope: Refers to the part of the program where a variable is accessible. Variables
defined inside a function are local to that function.

Lifetime: Refers to the duration a variable exists in memory. Local variables in
functions have automatic storage duration; they exist only during function
execution.

Recursion

A recursive function is a function that calls itself.

Useful for solving problems that can be broken down into smaller subproblems,
such as factorial calculation, Fibonacci series, etc.

Example:

int factorial(int n) {
if (n ==0) return 1;
else return n * factorial(n - 1);

Examples of Function Usage

Example 1: Function with No Return Type and No Parameters
#include <stdio.h>

void printMessage() {
printf("Hello, World!\n");

}

int main() {

printMessage(); // Function call
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return O;

}

Example 2: Function with Return Type and Parameters
#include <stdio.h>

int add(int a, int b) {
return a + b; // Returns the sum of aand b

int main() {

int sum = add(5, 3); // Function call
printf("Sum is: %d\n", sum); // Output: Sum is: 8

return O;

}

G-:) ~
0@ Theoretical Activity 2.2.3: Description of Variables

AR

_

;Mng’no oo
5 w Tasks:

1: you are requested to read the following questions and answer it:

VI.

VII.

VIIl.

What is a variable in the context of C programming, and why are they
important?

How do you think variables help us store and manipulate data in a C
program? Can you provide examples?

Why is it important to choose meaningful names for variables? What could
go wrong if you use vague or unclear names?

What are some of the basic data types in C, and how do they affect the types
of values a variable can store?

When you declare a variable, what information must you specify, and why is
it necessary?

Differentiate declaring and defining a variable in C? What's the key
distinction?

What happens if you try to use a variable before declaring it? Why is it
important to declare a variable before using it?

How do you assign a value to a variable in C programming? Can you provide
an example?
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IX.  Why do you think it's essential to understand the scope of a variable in a
program? How can variable scope impact your code?

X. Describe the process of initialising a variable in C, and why is it considered
best practices?

2: Discussion and write the findings on paper
3: Present their findings to the whole class.
4: Address any questions or concerns.

5: Read the key reading 2.2.3 Trainee Manual

&
Key readings 2.2.3: Description of Variables
Variables in C Programming

In C programming, variables are fundamental components used to store and
manipulate data. They are named memory locations where you can store values,
and they come in various data types. Here's a description of variables in C:
e Data Types:
C supports various data types, including
int: Used for storing integer values.
char: Used for characters, such as letters and symbols.
float: Used for single-precision floating-point numbers.
double: Used for double-precision floating-point numbers.
short: Used for short integers.
long: Used for long integers.
unsigned: Used for non-negative integer values.
void: Used to declare functions that return no value.
You can also create custom data types using struct, enum, and typedef.

e Declaration:

You declare a variable by specifying its data type followed by the variable name.
For example:

int age;

char initial;
float price;
Initialization:

Variables can be initialized at the time of declaration by providing an initial value.
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For example:

int count = 10;
char grade ='A’;
float pi = 3.14159;
Assignment:

You can change the value of a variable using the assignment operator =. For

example:
age = 30; // Assigns the value 30 to the variable 'age'.
Scope:

Variables have a scope, which defines where in the code they are accessible.
Global variables are declared outside of any function and are accessible from
anywhere in the program. Local variables are declared inside a function and are
only accessible within that function.

e Lifetime:

The lifetime of a variable refers to the duration it exists in memory. Global
variables have a lifetime that spans the entire program's execution, while local
variables have a shorter lifetime, limited to the scope of the function in which
they are declared.

Constants:

In addition to variables, C allows you to define constants using the const
keyword. Constants are variables whose values cannot be changed once they are
set. For example:

constintnumberOfDaysinAWeek = 7;
e Dynamic Memory Allocation:

C also supports dynamic memory allocation, where you can allocate memory at
runtime using functions like malloc() and deallocate it using free(). This is often
used to create data structures like arrays and linked lists.

e Naming Conventions:

Variable names in C should follow certain naming conventions, such as starting
with a letter, followed by letters, digits, or underscores. They are case-sensitive,
meaning myVar and myvar are considered different variables.
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e Data Manipulation:

Variables are used to perform various operations, such as arithmetic calculations,
comparisons, and logical operations. For example:

intsum=a+b;
if (age >=18) {

// Code for adults
}

Variables are essential components of C programming as they allow you to store,
modify, and work with data. Understanding data types, scope, lifetime, and
naming conventions is crucial for effectively using variables in your C programs.

<y
SK Practical Activity 2.2.4: Apply Variables in C programming

= ,,d'o
?m‘ ) w Task:

1: Read the following scenario and perform tasks described below:

In your formed group apply the concepts of variables, data types, initialization, and
arithmetic operations in C programming by creating a simple program to calculate
the areas of a rectangle and a circle.

2: By using the key reading 2.2.4, apply Variables in C programming
3: Write their finding on paper

4: Present their findings to the whole class

i
Key readings 2.2.4: Apply Variables in C programming
Applying variables in C

In C programming, you can declare variables by specifying their data type followed
by the variable name. Here are some examples of variable declarations in C:

e Integer Variable:

int age;
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This declares an integer variable named age without initializing it.
e Character Variable:

char grade;

This declares a character variable named grade.
¢ Floating-Point Variable:

float temperature;
This declares a floating-point variable named temperature.
e Double-Precision Floating-Point Variable:
double pi;
This declares a double-precision floating-point variable named pi.
e Multiple Variable Declarations:
You can declare multiple variables of the same data type on the same line:
intx,vy, z
This declares three integer variables named x, y, and z.
e Initializing Variables:
You can also declare and initialize variables in a single line:
int count = 10;
charinitial = 'A';
float price = 3.99;

Here, the variables count, initial, and price are declared and initialized with specific
values.

e Constants:
You can declare constants using the const keyword:
constintnumberOfDaysinAWeek = 7;

This declares a constant integer variable named numberOfDaysInAWeek with the
value 7. The const keyword ensures that the value cannot be changed later in the
program.

e Global Variables:

Global variables are declared outside of any function and are accessible from
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anywhere in the program. For example:

int globalVar = 42; // Global variable

This declares a global integer variable named globalVar with an initial value of 42.
e Local Variables:

Local variables are declared within a function and are only accessible within that
function:

void myFunction() {
int localVar = 100; // Local variable

}

In this example, localVar is a local variable that can only be used within the
myFunction function.

e Dynamic Memory Allocation:

You can declare pointers to dynamically allocated memory, typically using the
malloc function:

int *dynamicArray;
dynamicArray = (int *)malloc(10 * sizeof(int)); // Dynamically allocated integer array

Here, dynamicArray is a pointer to an integer array allocated dynamically in
memory.

These are examples of variable declarations in C, covering various data types and
scenarios. Variables are fundamental for storing and manipulating data in C
programming.

e ~
O'EJ Theoretical Activity 2.2.5: Description of Statements & Expressions
R

P
Things 1o Po

Tasks:

1: Read carefully and answer the following questions:

I.  What is the fundamental difference between a statement and an expression
in C programming, and can you provide examples of each?

Il. How are statements used to control the flow of execution in a C program?
Can you give an example of a control statement and its purpose?
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lll. Explain the role of expressions in C programming. How are expressions
evaluated, and what are some common examples of expressions?

2: Discussion and write the findings on papers.
3: Present their findings to the whole class.
4: Address any questions or concerns.

5: Read the Key readings 2.2.5 Trainee Manual

£
Key readings 2.2.5.: Description of Statements & Expressions
Statements & Expressions

In computer programming, both statements and expressions are fundamental
concepts. They serve different purposes and have distinct characteristics.

Statements:

A statement is a complete line of code that performs a specific action or task. It
represents a command or an instruction to the computer.

Termination: In most programming languages, statements are usually terminated
by a semicolon (;). This semicolon marks the end of the statement.

e Examples of Statements:
Assignment Statements: x = 10;
Control Flow Statements (if, for, while, switch, etc.):
if (condition) {
// code
}
Function Call Statements: printf("Hello, World");

Side Effects: Statements often have side effects, meaning they can modify the
state of the program, such as changing variable values, performing 1/0
operations, or altering control flow.

Return Value: Statements do not have a return value. They are executed for their
side effects rather than producing a value.

e Expressions:

An expression is a combination of variables, constants, operators, and function

62|C Programming Fundamentals — Trainee Manual



calls that produces a single value. Expressions are evaluated to yield a result.

No Semicolon: Expressions do not end with a semicolon; they are evaluated to
produce a value, and that value can be used within statements.

e Examples of Expressions:
Arithmetic Expressions: x +y
Logical Expressions: a && b
Function Call Expressions: sqrt(25)

Assignment Expressions (Right-hand side): z = x + y; (The right side is an
expression.)

No Side Effects: Expressions are typically side-effect-free. They are meant to be
evaluated to produce a result without altering the program's state. In functional
programming, this property is emphasized.

Return Value: Expressions always have a return value, and this value has a
specific data type. For example, an arithmetic expression may return an integer
or a floating-point value, while a logical expression returns a Boolean value.

e Relationship between Statements and Expressions:

Statements often contain expressions. For example, an assignment statement
typically involves an expression on the right side that calculates the value to be
assigned to the variable on the left side.

intx=5+3;//Here, "5+ 3" is an expression within the assignment statement.

Expressions can be used within statements to compute values or make decisions
based on those values. For example, an "if" statement often relies on the result
of a logical expression.

if (x> 10) {
// This is a statement that depends on the expression "x > 10."

}

In summary, statements are instructions or commands that perform actions in a
program and can have side effects, while expressions are combinations of values
and operators that produce results without side effects and always have a
specific data type and a return value. Both statements and expressions are
essential in programming and are used in different contexts within a program.
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= :J=§ Theoretical Activity 2.2.6: Description of Comments
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Things 1o Po

Tasks:

1: Read carefully and answer the following questions:

I.  What are comments in C programming, and what is their primary purpose
when writing code?

Il. Explain the different types of comments used in C programming, such as
single-line comments and multi-line comments. Can you provide examples of

each?
2: Discussion and a write the findings on paper
3: Present their findings to the whole class.
4: Address any questions or concerns.

5: Read the key reading 2.2.6 Trainee Manual

.@’
V Key readings 2.2.6.: Description of Comments
Comments in ¢ Programming
In C programming, comments are non-executable parts of the code that provide
explanations, clarifications, or documentation to help programmers understand the code.
Comments are ignored by the compiler, so they do not affect the execution of the
program. There are two types of comments in C: single-line comments and multi-line
comments.
Types of Comments in C
1. Single-Line Comments
o Syntax: Use two forward slashes (//) to create a single-line comment.
o Usage: Everything following // on that line is considered a comment and
will be ignored by the compiler.
Example:
int x = 10; // This is a single-line comment explaining the variable 'x'
2. Multi-Line Comments
o Syntax: Enclose the comment text between /* and */.
o Usage: Useful for longer comments that span multiple lines. Everything
between /* and */ is ignored by the compiler.
Example:
/*

This is a multi-line comment.
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It can span multiple lines and is useful for detailed explanations or documentation.
*/
inty=20;
Uses of Comments
e Code Explanation: Provide explanations for complex or non-intuitive code
sections, making it easier for others (or your future self) to understand what the
code does.
// Calculate the area of a circle
double area = PI * radius * radius;
¢ Documentation: Describe the purpose and usage of functions, variables, and data
structures within the code.
/*
* Function: calculateSum
*

* Computes the sum of two integers.
*

* a: the first integer

* b: the second integer

%k

* returns: the sumofaand b

*/

int calculateSum(int a, int b) {
returna+b;

e Code Organization: Separate different sections of code for better readability.
// Initialize variables
inta=5;
int b=10;
// Perform calculations
intsum=a+b;
e Debugging and Development: Temporarily disable parts of the code by
commenting them out during development or debugging.
// printf("This line is commented out and won't execute\n");
Best Practices for Using Comments
e Be Clear and Concise: Write comments that are clear and to the point. Avoid
unnecessary comments that state the obvious.
// Increment counter
counter++; // This is clear and does not require additional comments
e Keep Comments Updated: Ensure that comments are updated when code
changes. Outdated comments can be misleading.
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o Use Comments Sparingly: Rely on well-written and self-explanatory code as much
as possible. Use comments to clarify only when necessary.
¢ Avoid Redundancy: Don’t state what the code is doing if it's already clear from the
code itself. Instead, explain why the code is doing something.
// Bad Comment
int count = 0; // Initialize count to zero

// Good Comment

int count = 0; // Initialize count to track the number of items processed

Comments play a crucial role in code readability and maintainability. They help
programmers understand, document, and communicate the intent and logic of the code
efficiently.

\J
Points to Remember

Preprocessor commands in c

Preprocessor commands, also known as preprocessor directives, are used in programming
languages like C and C++ to control the behavior of the preprocessor, which is a component

of the compiler. Common preprocessor commands include:

o #include: Used to include the contents of a header file into the source code, allowing

access to external code or libraries (e.g., #include <stdio.h>).

o #define: Used to create macros, which are symbolic names for values or code
fragments that are replaced by their definitions during preprocessing (e.g., #define PI

3.14159265).

o #ifdef, #ifndef, #else, #endif: Used for conditional compilation, allowing code to be

included or excluded based on preprocessor-defined conditions (e.g., #ifdef DEBUG).
o #Hundef: Used to undefine a previously defined macro (e.g., #undef DEBUG_MODE).

e #error: Generates a compilation error with a custom message, useful for enforcing

certain conditions during compilation (e.g., #error "MY_CONST is not defined!").

e #pragma: Provides additional information to the compiler or controls certain

compiler-specific behavior. Its usage can vary between different compilers.
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o #line: Changes the line number and filename reported by the compiler, often used in

code generation tools and for debugging.

Functions in C

Definition of a Function
A function in Cis a block of code that performs a specific task, helping to organize, improve
readability, and reuse code.

Types of Functions in C

1. Library Functions: Predefined in C standard libraries (e.g., printf(), scanf()).

2. User-defined Functions: Created by the programmer to perform custom tasks.
Variables in C Programming

Variables are fundamental components in C used to store and manipulate data. They
represent named memory locations for storing values and come in various data types.

e Data Types

C supports several basic data types:

v int: Stores integer values.

v char: Stores characters, such as letters and symbols.

v float: Stores single-precision floating-point numbers.

v double: Stores double-precision floating-point numbers.

v short: Stores short integers.

v long: Stores long integers.

v unsigned: Stores non-negative integer values.

v void: Used for functions that return no value.
Application of variables

e Variable Declarations: Variables in C are declared by specifying a data type
followed by the variable name (e.g., int age;, char grade;).

e Multiple Declarations: Multiple variables of the same type can be declared on a
single line (e.g. intx, y, z;).

e Initialization: Variables can be declared and initialized in a single line (e.g., int
count = 10;, char initial = 'A";).

e Constants: Use the const keyword to declare constants whose values cannot be
changed (e.g., constintnumberOfDaysInAWeek = 7;).
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e Global Variables: Variables declared outside any function are global and
accessible throughout the program (e.g., intglobalVar = 42;).

e Local Variables: Variables declared within a function are local and accessible only
within that function (e.g., intlocalVar = 100;).

e Dynamic Memory Allocation: Dynamically allocate memory using pointers and
malloc (e.g., int *dynamicArray = (int *)malloc(10 * sizeof(int));).

Statements & Expressions

e Statements: A statement is a complete line of code that performs an action,
typically ending with a semicolon and does not return a value but may have side
effects.

e Expressions: An expression combines variables, constants, operators, and
function calls to produce a single value and always returns a value but does not
cause side effects.

e Statement Examples: Includes assignment (e.g., x = 10;), control flow (e.g., if
(condition) {...}), and function calls (e.g., printf("Hello, World");).

e Expression Examples: Includes arithmetic (e.g., x + y), logical (e.g., a && b), and
function call expressions (e.g., sqrt(25)).

e Relationship: Statements often contain expressions to calculate values or make
decisions, such as in assighment or control flow statements.

Comments in ¢ programming

e Types of Comments: In C, comments can be single-line (using //) or multi-line
(enclosed in /* */).

e Code Explanation: Use comments to clarify complex or non-intuitive code,
making it easier to understand.

e Documentation: Comments can describe the purpose, usage, and behavior of
functions, variables, and data structures.

e Code Organization: Comments can help separate and organize different sections
of code for better readability.

e Best Practices: Comments should be clear, concise, up-to-date, used sparingly,
and focus on explaining the "why" rather than the "what" of the code.

5]

( Application of learning 2.2.

Rwanda BGD wants to manage your daily expenses. As you are a programmer, declare two
integer variables representing amounts spent on two different items. Perform addition,
subtraction, multiplication, and division on these amounts to understand your total and
average spending. Print the results to see your calculations.
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“ Indicative content 2.3: Applications of Condition Statements

Duration: 15hrs

E’ —~
O'EJ Theoretical Activity 2.3.1: Description of the conditional statement in C

R
= "‘6
Things 1o ¥o
o Tasks:
1: Read carefully and respond to the following questions:

I.  What is a conditional statement, and why is it an essential concept in
programming?

Il.  Provide an example of a real-life situation where you would use a conditional
statement to make a decision or perform different actions based on a specific
condition.

lll. Explain the 'if' statement in C programming, including how it works, its
syntax, and its purpose? Additionally, clarify the concept of 'else if'
statements and their use cases compared to multiple 'if' statements, and
describe when and how to use nested 'if' statements in your code."

IV. Whatis a "switch" statement, and how does it differ from "if" statements?

V. Describe the conditions or scenarios in which you would choose to use "if"
statements over "switch" statements, and vice versa.

2: Discussion and write the findings on paper

3: Present their findings to the whole class.

4: Address any questions or concerns.

5: Read the key reading 2.3.1 Trainee Manual
S

o
Conditional statements in c programming

In C programming, conditional statements are used to make decisions and
execute code based on certain conditions or criteria. Conditional statements
allow you to control the flow of a program, enabling it to perform different
actions depending on whether specific conditions are met. There are primarily
three types of conditional statements in C: if, else if, and else.

Key readings 2.3.1: Description of the conditional statement in C
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o if Statement:
The if statement is used to test a single condition. If the condition is true, the
code inside the if block is executed. If the condition is false, the code inside the if
block is skipped.
Syntax:

if (condition) {
// Code to execute when the condition is true
}
o else if Statement:
The else if statement allows you to test multiple conditions in sequence. It is
used when you have multiple conditions, and you want to execute different code
blocks based on which condition is true.
Syntax:
if (condition1) {
// Code to execute when condition1 is true
} else if (condition2) {
// Code to execute when condition2 is true
} else {
// Code to execute if none of the conditions are true
}
e else Statement:
The else statement is used in conjunction with the if statement and provides a
code block to execute when the if condition is false.
Syntax:
if (condition) {
// Code to execute when the condition is true
} else {
// Code to execute when the condition is false
}
Example:
Here is a simple example of an if statement in C:
#include <stdio.h>
int main() {
inthum = 10;

if (num> 5) {
printf("The number is greater than 5.\n");

}

return O;
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}

In this example, if the condition num> 5 is true, the message "The number is
greater than 5." is printed to the console.

e Notes:
Conditions in conditional statements are expressions that evaluate to either true
or false (1 or 0).You can use comparison operators (e.g., >, <, ==, |=, etc.) to build
conditions.
Logical operators (&&, ||, !) can be used to combine multiple conditions. The
else if and else parts are optional, depending on the complexity of your decision-
making logic.
You can nest conditional statements within one another to create more complex
decision structures.
Conditional statements are essential for controlling the program's flow and
enabling it to make decisions, which is a fundamental aspect of programming.
They allow you to create flexible and responsive code that can adapt to different
situations.

L@ »
sg Practical Activity 2.3.2: Solving problem using if statement in ¢ programming

&
Things fo Po
?M w Task:

1: Read carefully the following scenario and perform the tasks described below:

You need to implement a feature in a shopping application that checks if a customer
is eligible for a discount based on the amount they spend. The rules for the discount
are as follows:

e If the total purchase amount is greater than or equal to $100, the customer
receives a 10% discount.

e If the total purchase amount is less than $100, no discount is applied.
2: By using the key reading 2.3.2Discuss by writing the pseudocode of a given task.
3: Convert the written pseudocode into program code by using if statement syntax.
4: Present their finding to the class.
5: Ask trainees to ask clarification where necessary.

6: Read key reading 2.3.2Trainee Manual
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Key readings2.3.2.: Solving problem using if statement in ¢ programming
If statement in C programming

An if statement in C programming is a control structure used to execute a block of code
only if a specified condition is true. It is fundamental to decision-making in programming,
allowing the program to take different actions based on varying conditions.

Syntax of if Statement
if (condition) {

// code to execute if condition is true

}
Components

1. Condition:

e This is a logical expression that evaluates to either true (non-zero) or false
(zero). The condition is placed within parentheses ().

2. Block of Code:

e This block is enclosed within curly braces {} and contains the statements
that should be executed if the condition is true.

e If the block contains only one statement, the braces can be omitted,
though it's generally good practice to include them for clarity and to
prevent errors when modifying the code later.

How It Works

o Evaluation: The condition inside the if statement is evaluated first.

e Execution: If the condition is true (non-zero), the block of code within the if
statement is executed. If the condition is false (zero), the program skips the block
and continues with the next statement after the if block.

Example

#include <stdio.h>
int main() {

int number;
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// Prompt the user to enter a number
printf("Enter a number: ");

scanf("%d", &number);

// Check if the number is positive

if (number > 0) {
printf("The number is positive.\n");

}

// Continue with the rest of the program
printf("Program continues...\n");

return O;

(@ »
sg Practical Activity 2.3.3: Solving problem using else if statement in ¢

__ 4
ngs to Po
?m " V] Task:

1: Read the following scenario and by using key readings 2.3.3, perform the tasks described
below:

You need to implement a feature in an educational application that assigns a letter grade to
a student based on their score. The grading criteria are as follows:

e Ascore of 90 or above receives an "A".
e Ascore of 80 to 89 receives a "B".
e Ascore of 70 to 79 receives a "C".
e Ascore of 60 to 69 receives a "D".
e Ascore below 60 receives an "F".
2: By using the Reading 2.3.3.,Discuss by writing the pseudocode of a given task.
3: Convert the written pseudocode into program code by using else if statement syntax.

4: Present their finding to the class.
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5: Ask clarification where necessary.

6: Reading 2.3.3. Trainee Manual

.&

g

Key readings2.3.3: Solving problem using else if statementin c
else if statement in ¢

The else if statement in C is used to evaluate multiple conditions in sequence. It extends
the basic if statement to allow for more complex decision-making processes by checking
additional conditions if the initial if condition evaluates to false. This helps create more
nuanced and detailed control flows within the program.

Syntax
if (condition1) {

// Code to be executed if conditionl is true
} else if (condition2) {

// Code to be executed if condition2 is true
} else if (condition3) {

// Code to be executed if condition3 is true
} else {

// Code to be executed if none of the above conditions are true
}
Explanation

o if Block: Evaluates conditionl. If conditionl is true, the corresponding block of
code executes, and the rest of the else if and else blocks are skipped.

o else if Blocks: Each subsequent else if evaluates its condition (condition2,
condition3, etc.) if all previous conditions were false. The first true condition’s
block of code executes.

o else Block: Executes if none of the preceding conditions are true. This is optional
but provides a fallback for when none of the conditions are met.
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sg Practical Activity 2.3.4: Solving problem using switch statement in c

-
Things fo Po
- w Task:

1: Read the following situation and perform the tasks described below:

You want to create a simple calculator application that allows users to choose an
arithmetic operation (addition, subtraction, multiplication, or division) from a menu.
The program should then perform the selected operation on two numbers provided
by the user.

2: By using the key reading 2.3.4 Discuss by writing the pseudocode of a given task.

3: Convert the written pseudocode into program code by using switch statement syntax.
4: Present their finding to the class.

5: Ask clarification where necessary.

6: Read key reading 2.3.4 Trainee Manual

.&

g

Key readings 2.3.4: Solving problem using switch statement in ¢
Switch statement

The switch statement in C is a control flow statement that allows a variable to be
tested for equality against a list of values. Each value is called a case, and the
variable being switched on is checked for each case. The switch statement
provides a way to execute different parts of code based on the value of an
expression, offering a clearer and more structured alternative to multiple if-else
if-else statements when dealing with numerous conditions.

Syntax
switch (expression) {
case valuel:
// Code to be executed if expression equals valuel
break;
case value2:
// Code to be executed if expression equals value2

break;
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default:

// Code to be executed if expression doesn't match any case

}
Explanation

e switch (expression): The expression is evaluated once, and its value is compared
with the values of each case label.

o case value:: If the expression matches value, the corresponding block of code is
executed. The break statement exits the switch block.

o default:: The default case is optional. It executes if none of the case values match
the expression. It acts as a fallback.

<y
»g Practical Activity 2.3.5: Solving problem using nested conditions in c

&
Things fo Po
e w Task:

1: Read carefully the following situation and perform the tasks described below:

You need to decide what to wear based on the weather conditions and the type of event
you plan to attend. The choices depend on whether it is a formal event or a casual outing,
combined with the weather being sunny, rainy, or cold.

2: Use key reading 2.3.5, and write the pseudocode of a given task.
3: convert the written pseudocode into program code by using nested if syntax.
4: Present their finding to the class.

5: Ask clarification where necessary.

i
\d
Key readings2.3.5: Solving problem using nested conditions in c

Nested conditions in C involve placing one or more if, else if, or else statements
inside another if, else if, or else block. This allows for more complex decision-
making processes by enabling the evaluation of multiple, layered conditions.
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Syntax
if (condition1) {
// Code to be executed if conditionl is true
if (condition2) {
// Code to be executed if condition1 and condition2 are true
} else {
// Code to be executed if conditionl is true and condition2 is false
}
} else {
// Code to be executed if conditionl is false
if (condition3) {
// Code to be executed if conditionl is false and condition3 is true
} else {

// Code to be executed if condition1 and condition3 are false

}

Explanation

e Primary if Condition: Evaluates conditionl. If true, the corresponding block
executes, otherwise the else block (if present) executes.

¢ Nested if Condition: Inside the primary if or else block, additional if, else if, or
else statements can be nested to evaluate further conditions.

e Multiple Layers: Nested conditions can be multiple levels deep, allowing for
intricate and detailed decision-making logic.

\J
Points to Remember

Conditional statement in ¢ programming

Essential for decision-making in code, allowing different actions based on specific
conditions.
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1. 'if' Statementin C:
e Used to execute code blocks only if a condition is true. The syntax includes if
(condition) { code }.
e else if statements allow checking multiple conditions, providing more control
than multiple standalone if statements.
e Nested if statements enable more complex decision-making by placing if
statements inside other if statements.
2. Switch Statements:
e Used for handling multiple possible values of a single variable, often
simpler and more readable than using multiple if statements.

If statement in C programming
An if statement in C programming is a control structure used to execute a block of code only
if a specified condition is true.
Syntax of if Statement
if (condition) {

// code to execute if condition is true
}
Components

e Condition
e Block of Code

else if statementin c
The else if statement in C programming is used to handle multiple conditional branches in a
decision-making process
Syntax of else if
if (condition1) {

// Code to execute if condition1 is true
} else if (condition2) {

// Code to execute if condition1 is false and condition2 is true
} else if (condition3) {

// Code to execute if condition1 and condition2 are false and condition3 is true
} else {

// Code to execute if none of the above conditions are true

}

Components

e Initial if Statement

e else if Statements

e Optional else Statement
Switch Statement
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Executes one code block among many options based on a variable's value, offering a
cleaner alternative to multiple if...else if statements.
e Expression Evaluation:
The switch statement evaluates an expression that must be an integer or character,
and this value is compared against case labels.
e Case Labels:
Case labels represent possible values for the expression. If a match is found, the
associated code block is executed.
e Break Statement:
Used to exit the switch block after a case is executed; prevents "fall-through" to
subsequent cases unless intended.
e Default Case:
Provides a fallback option if no case matches; optional but recommended to handle
unexpected values.
Nested conditions in C
Nested conditions in C refer to using conditional statements, such as if, else if, and else,
within other conditional statements. This structure allows you to create complex decision-
making processes by evaluating multiple criteria in a hierarchical manner.
if (condition1) {

// Code block executed if condition1 is true
if (condition2) {
// Code block executed if condition1 and condition2 are true
} else {
// Code block executed if condition1 is true and condition2 is false
}
} else {
// Code block executed if condition1 is false
if (condition3) {
// Code block executed if condition1 is false and condition3 is true
} else {

// Code block executed if condition1 and condition3 are false

1}
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ABC Company seller of movie. They need to hire a programmer to Write a program that
calculates the price of a movie ticket based on the customer's age and the time of day they
wish to watch the movie. The program should apply different pricing rules based on these
conditions.

Application of learning 2.3.
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Indicative content 2.4: Applications of Loops

Duration: 10hrs

@ ~c
= :JQE Theoretical Activity 2.4.1: Description of Loops

AR
.

;’Mnn 1o o

Tasks:

1: Read carefully and respond to the following questions:
I.  Whatisaloop in programming, and why do we use loops?
Il. How does a "while" loop work, and what's its primary purpose?
lll. What are the key differences between a "for" loop and a "while" loop?

IV. Can you provide a practical example of when you might use a loop in a real-
life situation?

V. Why is it important to have a clear exit condition for loops to prevent them

from running infinitely?

VI. How does a loop help in avoiding repetitive and redundant code in a

program?
2: Discussion and write the findings on paper
3: Present their findings to the whole class.
4: Ask questions or concerns.

5: Orients them to read the key reading 2.4.1 Trainee Manual

S
g
Key readings 2.4.1.: Description of Loops

Loops in ¢c programming

Loops in C programming allow a set of instructions to be executed repeatedly,
either for a specific number of times or until a certain condition is met. They are
fundamental for performing repetitive tasks efficiently and reducing code

redundancy.

Types of Loops in C
1. for Loop
2. while Loop

3. do-while Loop
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1. for Loop
The for loop is used when the number of iterations is known beforehand. It
combines initialization, condition checking, and increment/decrement in one
line.
Syntax
for (initialization; condition; increment/decrement) {
// Code to be executed
}
Example
#include <stdio.h>

int main() {
for (inti = 1; i<=5; i++) {
printf("%d\n", i);
}
return O;
}
Explanation
¢ Initialization: Sets the starting value of the loop control variable (e.g., inti = 1).
¢ Condition: Checked before each iteration; if true, the loop body executes (e.g.,
i<=5).
¢ Increment/Decrement: Updates the loop control variable after each iteration
(e.g., i++).
2. while Loop
The while loop is used when the number of iterations is not known in advance. It
continues executing as long as the given condition is true.
Syntax
while (condition) {
// Code to be executed
}
Example
#include <stdio.h>
int main() {
inti=1;
while (i<=5) {
printf("%d\n", i);
i++;
}

return O;
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Explanation
e Condition: Checked before each iteration. If true, the loop body executes;
otherwise, the loop terminates.
e Body Execution: The loop body can update the loop control variable to
eventually make the condition false and exit the loop.
3. do-while Loop
The do-while loop is similar to the while loop but guarantees that the loop body
is executed at least once. The condition is checked after executing the loop body.
Syntax
do{
// Code to be executed
} while (condition);
Example
#include <stdio.h>

int main() {
inti=1;
do {
printf("%d\n", i);
i++;
} while (i<=5);
return O;
}
Explanation
o Initial Execution: Executes the loop body once before checking the condition.
e Condition: Checked after the loop body execution to determine if the loop
should continue.
Loop Control Statements
C provides several statements to control the flow of loops:
e break: Exits the loop immediately.
e continue: Skips the remaining code in the current iteration and proceeds to the
next iteration.
e goto: Transfers control to a labeled statement (use with caution as it can lead to
unstructured code).
Example with break and continue
#include <stdio.h>

int main() {
for (inti = 1; i<= 10; i++) {
if (i==5){
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continue; // Skip the current iteration when i is 5
}
if (i==8){
break; // Exit the loop wheniis 8
}
printf("%d\n", i);
}
return O;
}
Nested Loops in C
Nested loops in C are loops within loops. This means placing one loop inside the
body of another loop. They are particularly useful for performing operations that
require multiple levels of iteration, such as working with multi-dimensional
arrays or generating complex patterns.
Syntax
for (initialization; condition; increment/decrement) {
for (initialization; condition; increment/decrement) {
// Code to be executed in the inner loop
}
// Code to be executed in the outer loop
}
Explanation
e Outer Loop: The outer loop executes its body a certain number of times.
e Inner Loop: For each iteration of the outer loop, the inner loop executes its body
completely.

Key Points

e Efficiency: Loops reduce code redundancy by allowing repeated execution with
minimal syntax.

e Versatility: Different loop types allow handling both fixed and variable iteration
scenarios.

e Control Flow: Loop control statements (break, continue) provide finer control
over loop execution.
Advantages

¢ Reduces Code Redundancy: Loops minimize the need for repeating code.

o Enables Complex Iterations: Handle repetitive tasks efficiently.

o Flexible and Powerful: Can iterate over arrays, collections, and implement
complex algorithms.
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SK Practical Activity 2.4.2: Solving problem using for loop in ¢ programming

"
Things fo Po
i w Task:

1: Read carefully the given scenario and perform tasks described below:

You are developing a simple voting system where users can vote for different
candidates. After collecting the votes, you need to count and display the number of
votes each candidate received.

2: By using the Key readings2.4.2 Discuss by writing the pseudocode of a given task.
3: Convert the written pseudocode into program code by using for loop syntax.

4: Present their finding to the class.

5: Ask clarification where necessary.

i
g
Key readings2.4.2: Solving problem using for loop in c programming

The for loop in C is a control flow statement that allows code to be executed repeatedly
based on a given condition. It is typically used when the number of iterations is known
beforehand. The for loop combines initialization, condition checking, and
increment/decrement in a single line, making it concise and easy to read.

Syntax
for (initialization; condition; increment/decrement) {

// Code to be executed

}
Components
1. Initialization: This part is executed once at the beginning of the loop. It is usually
used to initialize the loop control variable.
2. Condition: This part is evaluated before each iteration of the loop. If the condition
is true, the loop body is executed. If it is false, the loop terminates.
3. Increment/Decrement: This part is executed after each iteration of the loop body.
It is usually used to update the loop control variable.
Flowchart

1. Initialization: Set the starting value of the loop control variable.
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2. Condition: Check if the condition is true.
o True: Execute the loop body.
o False: Exit the loop.
3. Increment/Decrement: Update the loop control variable.

4. Repeat steps 2 and 3 until the condition is false.

<&
sl Practical Activity 2.4.3: Solving problem using while loop in ¢ programming

__
Things fo Po
e W Task:

1: Read carefully the situation to perform tasks described below:

You are developing a basic ATM system that allows users to withdraw money from their
account. The system needs to repeatedly prompt the user to enter the amount they wish to
withdraw, ensure the amount does not exceed their balance, and check if it is a valid
withdrawal amount. The loop should continue until the user successfully withdraws the
amount or decides to cancel the transaction.

2: By using the key Reading 2.4.3, discuss by writing the pseudocode of a given task.
3: Convert the written pseudocode into program code by using while syntax.

4: Present their finding to the class.

5: Ask clarification where necessary.

6: Reading 2.4.3 Trainee Manual

i
g
Key readings2.4.3.: Solving problem using while loop in ¢ programming

While loop in ¢ programming

The while loop in C is a control flow statement that allows code to be executed repeatedly
based on a given condition. It is typically used when the number of iterations is not known
beforehand and depends on a condition that is evaluated before each iteration.

Syntax

while (condition) {
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// Code to be executed

}
Components
1. Condition: The expression evaluated before each iteration of the loop. If the
condition is true, the loop body is executed. If it is false, the loop terminates.
2. Loop Body: The code block that is executed as long as the condition is true.
Flowchart
1. Condition: Check if the condition is true.
o True: Execute the loop body.
o False: Exit the loop.
2. Loop Body: Execute the code inside the loop.
3. Repeat steps 1 and 2 until the condition is false.
Example

Consider a program that prints numbers from 1 to 5:
#include <stdio.h>
int main() {
inti=1;// Initialization
while (i<=5) { // Condition
printf("%d\n", i);
i++; // Increment

}

return O;

Output
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5
Explanation

¢ Initialization: int i = 1 sets the starting value of i to 1.

¢ Condition: i<= 5 checks if i is less than or equal to 5. If true, the loop body
executes.

¢ Increment: i++ increments i by 1 after each iteration, ensuring that i eventually
exceeds 5 and the loop terminates.

(@ »
sg Practical Activity 2.4.4: Solving problem using do while in ¢ programming

- ,,d'o
;mm ) w Task:

1: Read carefully the situation and perform tasks described below:

You are developing a user authentication system that prompts the user to enter their
password. The system should continue to prompt the user until they enter the
correct password or choose to cancel after a certain number of failed attempts. You
want to ensure that the prompt is displayed at least once, regardless of whether the
password is correct on the first try.

2: By using the key Reading 2.4.4 ,Discuss by writing the pseudocode of a given task.
3: Convert the written pseudocode into program code by using do while syntax.

4: Present their finding to the class.

5: Ask clarification where necessary.

6: Reading 2.4.4: Trainee Manual

i
g

Key readings2.4.4: Solving problem using do while in ¢ programming
do-while loop

The do-while loop in C is a control flow statement that allows code to be executed
repeatedly based on a given condition. Unlike the while loop, the do-while loop
guarantees that the loop body is executed at least once before the condition is tested.
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Syntax
do{

// Code to be executed
} while (condition);
Components

1. Loop Body: The code block that is executed at least once and then repeatedly as
long as the condition is true.

2. Condition: The expression evaluated after each iteration of the loop. If the
condition is true, the loop body is executed again. If it is false, the loop terminates.

Flowchart
1. Loop Body: Execute the code inside the loop.
2. Condition: Check if the condition is true.
o True: Execute the loop body again.
o False: Exit the loop.
3. Repeat steps 1 and 2 until the condition is false.
Example
Consider a program that prints numbers from 1 to 5:

#include <stdio.h>

int main() {

inti=1;// Initialization

do{
printf("%d\n", i); // Loop body
i++; // Increment

} while (i<=5); // Condition

return O;
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}
Output
Copy code
1
2
3
4
5
Explanation
¢ Initialization: int i = 1 sets the starting value of i to 1.
e Loop Body: printf("%d\n", i); i++; prints the value of i and then increments i by 1.

¢ Condition: i<= 5 is checked after the loop body executes. If true, the loop body
executes again; if false, the loop terminates.

L@ »
\g Practical Activity 2.4.5: Solving problem using nested loops in c

&
Things fo Po
?M " w Task:

1: Read the following situation then perform the tasks described below:

You are developing a program that needs to generate and display a multiplication
table for numbers from 1 to 10. This involves creating a table where each cell in the
table represents the product of the row and column numbers.

2: By using the key Reading 2.4.5., Discuss by writing the pseudocode of a given task.
3: Convert the written pseudocode into program code by using nested loop syntax.
4: Present their finding to the class.

5: Ask clarification where necessary.

6: Reading 2.4.5. Trainee Manual
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Key readings 2.4.5.: Solving problem using nested loops in c
Nested loops in C

Nested loops in C are loops that exist within another loop. They are useful for
dealing with multi-dimensional data structures or scenarios requiring multiple
levels of iteration. A typical use case for nested loops is working with matrices or
generating patterns.

Syntax

The basic structure of nested loops is as follows:

for (initialization; condition; increment/decrement) {
for (initialization; condition; increment/decrement) {

// Code to be executed

}

You can also use while and do-while loops in a nested fashion:
while (condition) {
while (condition) {

// Code to be executed

}
do {

do{

// Code to be executed

} while (condition);
} while (condition);
Example: Multiplication Table
Consider a program that prints a 10x10 multiplication table:

#include <stdio.h>
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int main() {
// Outer loop for rows
for (inti = 1; i<=10; i++) {
// Inner loop for columns
for (intj = 1; j <= 10; j++) {
printf("%4d", i * j); // Print product with width of 4
}
// Newline after each row
printf("\n");
}
return O;
}
Output
12345678910
2 4 6 81012 14 16 18 20
3 6 912 15 18 21 24 27 30
4 8 12 16 20 24 28 32 36 40
5 10 15 20 25 30 35 40 45 50
6 12 18 24 30 36 42 48 54 60
7 14 21 28 35 42 49 56 63 70
8 16 24 32 40 48 56 64 72 80
9 18 27 36 45 54 63 72 81 90
10 20 30 40 50 60 70 80 90100
Explanation
e Outer Loop: The outer loop (for (inti = 1; i<= 10; i++)) iterates over the rows.
e Inner Loop: The inner loop (for (int j = 1; j <= 10; j++)) iterates over the columns.

e Product Calculation: i * j computes the product of the current row and column
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indices.

e Output Formatting: printf("%4d", i * j) ensures the products are aligned in a 4-
character-wide field.

\J
Points to Remember

Loops in c programming
e ForlLoop:

Used when the number of iterations is known beforehand; includes initialization,

condition, and increment/decrement in one line.
e While Loop:

Ideal for scenarios where the number of iterations is not predetermined; continues
as long as the condition is true.

e Do-While Loop:

Similar to a while loop but ensures the loop body executes at least once before the
condition is checked.

e Loop Control Statements:

break exits the loop immediately, continue skips the current iteration, and goto
transfers control to a labeled statement.

Structure of a for Loop in C
In C programming, the for loop has the following general structure:
for (initialization; condition; increment) {
// Code to be executed on each iteration
}
Structure of a while Loop in C
In C programming, the while loop has the following general structure:
while (condition) {
// Code to be executed on each iteration

}

Structure of a do-while Loop in C
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The general structure of a do-while loop in Cis:
do{
// Code to be executed on each iteration

} while (condition);

Structure of Nested Loops

In most programming languages, including C, nested loops are structured as follows:
for (inti = 0; i< n; i++) { // Outer loop

for (intj=0;j<m;j++) { // Inner loop

// Code to be executed

5]

( Application of learning 2.4.

you are organizing a 3-day conference in ATL hotel Kigali with multiple sessions each day.
Each session has multiple activities, such as presentations, workshops, and discussions. You
need to create a schedule that covers all sessions and their activities over the 3 days. To do
this, you'll need to use nested loops to iterate through each day, each session of the day,
and each activity in the session. Write a ¢ program make these activities.
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“ Indicative content 2.5: Applications of Functions

Duration: 5 hrs

e ~
0@ Theoretical Activity 2.5.1: Description of types of C functions

AR

__aP

;an 1o Po

Tasks:

1: Read carefully the given scenario and respond to the following questions:

V.

V.

What is a function in programming, and why do we use them?

Can you give an example of a situation in everyday life that's similar to how a
function works in C?

What are some common functions you've encountered or used in C
programming?

How do you call a function in C, and what does it mean to "call" a function?

What is the purpose of a return statement in a function, and how is it used?

2: Discussion and write the findings on paper

3: Present their findings to the whole class.

4: Ask questions or concerns.

5: Orient them to read the key reading 2.5.1 Trainee Manual

e
Functions in C
Functions in C are self-contained blocks of code designed to perform specific
tasks. They help in breaking down complex problems into smaller, manageable
pieces, promoting code reuse, readability, and maintainability. Functions can
take inputs, perform actions, and return results.
Types of Functions

e Library Functions: Predefined functions provided by C standard libraries (e.g.,
printf(), scanf(), strcpy()).

e User-Defined Functions: Custom functions created by the programmer to
perform specific tasks.
Syntax
The basic structure of a function in C consists of:

Key readings 2.5.1.: Description of types of C functions
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1. Function Declaration (Prototype): Tells the compiler about the function's name,
return type, and parameters.
Function Definition: Contains the actual body of the function.
Function Call: Executes the function.
¢ Function Declaration
A function declaration informs the compiler about the function name, return
type, and parameters without providing the function body.
return_typefunction_name(parameter_list);
Example:
int add(int a, int b);
e Function Definition
A function definition includes the actual implementation of the function.
return_typefunction_name(parameter_list) {
// Function body
}
Example:
int add(int a, int b) {
return a + b;
}
e Function Call
A function call executes the function with specified arguments.
function_name(argument_list);
Example:
int result = add(5, 3); // Calls the add function with arguments 5 and 3
Example: Full Program with Functions
tinclude <stdio.h>

// Function declaration
int add(int a, int b);
void print_result(int result);

int main() {
intnuml=5, num2 =3;
int sum;

// Function call
sum = add(num1, num2);

// Function call
print_result(sum);
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return O;

// Function definition
int add(int a, int b) {
return a + b;

// Function definition
void print_result(int result) {
printf("The result is: %d\n", result);
}
Output
csharp
Copy code
The result is: 8
Explanation
v" Function Declaration: int add(int a, int b); and void print_result(int result);
declare the functions.
v" Function Call: sum = add(numl, num2); calls the add function, and
print_result(sum); calls the print_result function.
v Function Definition: The add function computes the sum of two integers, and
the print_result function prints the result.
Return Type
e Void: Indicates the function does not return a value.
¢ Non-Void: Indicates the function returns a value of a specified type (e.g., int,
float, char).
Parameter Passing
Parameters are passed to functions by value in C, meaning the function gets a
copy of the argument values.
Example:
void increment(int a) {
at+,
}
Example: Swapping Two Numbers Using a Function
#include <stdio.h>

void swap(int *x, int *y);
int main() {
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inta=5,b=10;

printf("Before swap: a = %d, b = %d\n", a, b);
swap(&a, &b); // Pass addresses of aand b
printf("After swap: a = %d, b = %d\n", a, b);

return O;

void swap(int *x, int *y) {
int temp;
temp = *x;
*X = *y’
*y = temp;
}
Output
less
Copy code
Before swap:a=5,b=10
After swap:a=10,b=5
Explanation
¢ Pointer Parameters: swap(int *x, int *y) uses pointers to swap the values of a
and b.
e Function Call: swap(&a, &b) passes the addresses of a and b to the swap
function.
Advantages of Using Functions
v" Modularity: Breaks down complex problems into simpler, smaller functions.
v Reusability: Functions can be reused across different programs or within the
same program.
v' Readability: Makes the code easier to read and understand.
v" Maintainability: Easier to maintain and debug.
Key Points
e Functions can have zero or more parameters.
e Functions can return a value or be void.
Function declarations are necessary if the function is defined after the main
function.
e Functions help in organizing code efficiently and promoting good programming
practices.
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sg Practical Activity 2.5.2: Applying C functions to solve a problem

-
Things fo Po
- w Task:

1: Read carefully the given scenario and respond to the following questions:

You are developing a simple student grade management system for a school. The system
needs to perform several tasks:

e Add Student Grades: Record grades for multiple subjects for each student.

e Calculate Average Grades: Compute the average grade for each student.

e Determine Grade Category: Categorize students based on their average grade (e.g.,
Excellent, Good, Average, Needs Improvement).

2: By using the Reading 2.5.2, Discussion and write the findings on paper
3: Present their findings to the whole class.
4: Ask questions or concerns.

5: Reading 2.5.2 Trainee Manual

i
Key readings2.5.2 : Applying C functions to solve a problem

C functions are not just fundamental to C programming but also pivotal in
various practical applications. They enable modular programming, which
simplifies code management and enhances functionality. Here are key
applications and examples where C functions play a critical role:

1. Code Organization and Reusability

e Modular Design: Functions help in breaking down large programs into smaller,
manageable modules, each responsible for a specific task.

e Code Reuse: Functions can be reused across different parts of a program or in
different programs, reducing redundancy and making code maintenance easier.

Example:
#include <stdio.h>
// Function to compute the average

float compute_average(int a, int b, int c) {
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return (a+b +c)/3.0;
}
int main() {
intx=10,y=20,z=30;
float average = compute_average(x, y, z);
printf("Average: %.2f\n", average);
return O;
}
2. Encapsulation of Functionality

¢ Encapsulation: Functions encapsulate specific tasks or operations, making the
code modular and easier to understand. For example, separate functions can
handle user input, processing, and output.

Example:
#include <stdio.h>
// Function to get user input
void get_input(int *num1, int *num?2) {
printf("Enter two integers: ");
scanf("%d %d", num1, num2);
}
// Function to print the result
void print_result(int sum) {
printf("The sum is: %d\n", sum);
}
int main() {

int a, b, result;
get_input(&a, &b);

result=a +b;

print_result(result);
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return O;
}
3. Handling Complex Algorithms

¢ Algorithm Implementation: Functions are essential for implementing complex
algorithms, such as sorting, searching, and mathematical computations, by
breaking them into simpler, reusable parts.

Example:

#include <stdio.h>

// Function to find the maximum of two numbers
int max(int a, int b) {
return (a>b)?a:b;
}
// Function to perform binary search
intbinary_search(intarr[], int size, int key) {
int left =0, right = size - 1;
while (left <=right) {
int mid = left + (right - left) / 2;
if (arr[mid] == key) return mid;
else if (arr[mid] < key) left = mid + 1;
else right =mid - 1;
}

return -1; // Key not found

int main() {
intarr[] ={1, 3, 5, 7, 9};

int size = sizeof(arr) / sizeof(arr[0]);
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int key = 7,
int index = binary_search(arr, size, key);
printf("Element %d is at index %d\n", key, index);
return O;
}
4. Improving Program Readability

e Readability: Functions with descriptive names and clear purposes make the
program easier to read and understand. They help in maintaining a clean and
organized code structure.

Example:
#include <stdio.h>
// Function to calculate the area of a rectangle
float calculate_area(float length, float width) {
return length * width;
}
// Function to display the area
void display_area(float area) {
printf("The area of the rectangle is: %.2f\n", area);
}
int main() {
float length = 5.0, width = 3.0;
float area = calculate_area(length, width);
display_area(area);
return O;
}
5. Error Handling and Validation

e Validation: Functions can be used to validate inputs and handle errors, ensuring
the program behaves correctly under various conditions.
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Example:

#include <stdio.h>

// Function to validate age

intvalidate_age(int age) {
if (age<0 || age>120) {

return 0; // Invalid age

}
return 1; // Valid age

}

int main() {
int age;

printf("Enter your age: ");

scanf("%d", &age);

if (validate_age(age)) {
printf("Age is valid.\n");

}else {
printf("Invalid age entered.\n");

}
return O;
}
6. Recursive Functions

e Recursion: Functions that call themselves can solve problems that can be broken
down into smaller, similar sub-problems, such as computing factorials or
generating Fibonacci sequences.

Example:
#include <stdio.h>

// Recursive function to compute factorial
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int factorial(int n) {
if (n ==0) return 1;
return n * factorial(n - 1);
}
int main() {
int number =5;
printf("Factorial of %d is %d\n", number, factorial(number));

return O;

\J
Points to Remember

Functioninc

A function in C is a block of code designed to perform a specific task, helping
organize and manage code effectively.

e Library Functions:
Predefined functions provided by C libraries, such as scanf(), printf(), and sqrt().
e User-Defined Functions:

Functions created by the programmer, involving a declaration (prototype), call, and
definition, promoting code modularity and reuse.

e Passing Parameters:

Parameters are declared in the function definition, while arguments are the values
passed during function calls.

e Calling Methods:

Call by Value passes a copy of the argument’s value, while Call by Reference passes
the argument’s address, affecting the original argument.

To apply functions effectively in C:

e Modular Design: Break programs into smaller, manageable functions.
e Parameter Passing:
v Use pass-by-value for simple types.
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v' Use pass-by-reference (via pointers) for complex types or to modify data.
e Return Values: Use return to send a result back. Use void if no value is returned.
e Error Handling: Include checks (e.g., for division by zero) within functions.
¢ Documentation: Comment on functions to explain their purpose and parameters,
enhancing readability and maintainability

5]

( Application of learning 2.5.

LDT Company located in Karongi district, need to make a calculator. Write a C program to
create a calculator that illustrates the following tasks:

¢ Defining functions
¢ Declaring functions

¢ Calling functions
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Indicative content 2.6: Applications of Arrays

Duration: 5 hrs

e ~
0@ Theoretical Activity 2.6.1: Describe the Types of arrays
R

P

Things to Po

Tasks:

1: Read carefully the given scenario and respond to the following questions:

I.  Whatis an array in programming, and why is it used?
Il. How are elements stored in an array, and what is the significance of the
index?
lll. What are the benefits of using arrays in your code?

IV.  What are some common use cases where arrays are indispensable?
2: Discuss and write the findings on paper
3: Present their findings to the whole class.
4: Ask questions or concerns.

5: Read the key reading 2.6.1 Trainee Manual

%
&

Key readings 2.6.1.: Describe the Types of arrays
Arrays in ¢ Programming:

In C programming, arrays are used to store multiple values of the same type in a
contiguous block of memory. They are a fundamental data structure that allows
for efficient access and manipulation of elements. There are several types of
arrays, each serving different purposes:

1. Single-Dimensional Arrays

Definition: The simplest form of an array, where elements are stored in a linear
sequence.

Declaration and Initialization:

// Declaration

int numbers[5];
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// Initialization

int numbers[5] ={1, 2, 3, 4, 5};

Accessing Elements:

int first = numbers[0]; // Accesses the first element

int second = numbers[1]; // Accesses the second element

Use Case: Ideal for storing lists of values like student grades, temperatures, or
any other one-dimensional data.

2. Multi-Dimensional Arrays

Definition: Arrays with more than one dimension, often used to represent
matrices or tables.

2.1. Two-Dimensional Arrays

Declaration and Initialization:

// Declaration

int matrix[3][4];

// Initialization
int matrix[3][4] = {
{1, 2, 3, 4},
{5, 6, 7, 8},
{9, 10, 11, 12}
2
Accessing Elements:
int value = matrix[1][2]; // Accesses the element at row 1, column 2
Use Case: Useful for representing grid-like data structures such as chessboards,
game maps, or spreadsheet data.
2.2. Three-Dimensional Arrays
Declaration and Initialization:
// Declaration
int cube[2][3][4];

// Initialization
int cube[2][3][4] = {
{
{1, 2,3, 4},
{5,6,7,8},
{9, 10, 11, 12}
1
{
{13, 14, 15, 16},
{17, 18, 19, 20},
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{21, 22, 23, 24}

}
|7
Accessing Elements:
int value = cube[1][2][3]; // Accesses the element in the second matrix, third row,
fourth column
Use Case: Suitable for applications involving three-dimensional data, such as 3D
graphics or volumetric data.
3. Jagged Arrays (Arrays of Arrays)
Definition: Arrays where each element is a different-sized array. They are also
known as "array of arrays."
Declaration and Initialization:
// Declaration
int *jagged[3];

// Initialization

int rowl[] =11, 2, 3};

int row2[] = {4, 5};

int row3[] =16, 7, 8, 9};

jagged[0] = row1;

jagged[1] = row2;

jagged|[2] = row3;

Accessing Elements:

int value = jagged[1][1]; // Accesses the second element of the second row

Use Case: Useful for storing data where each row or sub-array can be of different
sizes, such as varying-length records.

4. Dynamic Arrays

Definition: Arrays whose size can be determined at runtime. They are created
using dynamic memory allocation functions like malloc(), calloc(), and realloc.
Declaration and Initialization:

#include <stdlib.h>

// Declaration
int *dynamicArray;

// Allocation
dynamicArray = (int *)malloc(5 * sizeof(int));

// Initialization
for (inti = 0; i< 5; i++) {
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dynamicArray[i] =i+ 1;

}

// Free memory
free(dynamicArray);
Accessing Elements:
int value = dynamicArray[2]; // Accesses the third element
Use Case: Ideal for situations where the size of the array is not known at compile
time and can change during program execution.
Summary

e Single-Dimensional Arrays: Simple linear data structure, ideal for lists and
sequences.

e Two-Dimensional Arrays: Useful for grid-like data structures such as matrices.

¢ Three-Dimensional Arrays: Suitable for representing 3D data, such as volumes or
3D matrices.

¢ Jagged Arrays: Arrays of varying sizes, useful for non-uniform data.

¢ Dynamic Arrays: Arrays whose size can be changed at runtime, useful for flexible
data storage.

¥
» g Practical Activity 2.6.2: Declaring Arrays
&

:‘.'Mn;mbrb
; ‘\ Task:

1: Read carefully the given situation perform tasks described below:

You are a teacher managing a class of students. You need to store the grades of your
students in a program so you can easily calculate averages, find the highest and lowest
grades, and perform other analyses.

e Declare all the array in your program using a suitable syntax
2: By using the Reading 2.6.2,Discuss by writing the syntax declaration of arrays.
3: write the code in a given syntax of arrays
4: present their finding to the class.
5: Ask clarification where necessary.

6: Reading 2.6.2 Trainee Manual
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Key readings2.6.2: Declaring Arrays

In C programming, an array is a collection of elements of the same data type
stored in contiguous memory locations. The declaration of arrays involves
specifying the type of elements and the size of the array. Here’s a detailed
overview of array declaration:

1. Basic Syntax
The syntax for declaring an array is as follows:
type array_name|size];
e type: The data type of the elements (e.g., int, float, char).
e array_name: The name of the array.
¢ size: The number of elements in the array.
Example:
int numbers[5]; // Declares an array of 5 integers
2. Initialization at Declaration
Arrays can be initialized at the time of declaration. The syntax for initialization is:
type array_name[size] = {valuel, value2, ..., valueN};
e valuel, value2, ..., valueN: Initial values for the array elements.
Example:
int numbers[5] ={1, 2, 3, 4, 5}; // Declares and initializes an array of 5 integers

If the number of initializers is less than the size of the array, the remaining
elements are initialized to zero:

int numbers[5] ={1, 2}; // {1, 2,0,0, 0}

If the number of initializers is greater than the size of the array, the excess
initializers are ignored:

int numbers[3]={1, 2, 3, 4}; //{1, 2, 3} (4 is ignored)
3. Omitting Size

The size of the array can be omitted if it is initialized at the same time. The size is
automatically determined based on the number of initializers:
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int numbers[] ={1, 2, 3, 4, 5}; //Sizeis5
4. Multi-Dimensional Arrays
2D Arrays: The syntax for a 2D array is:
type array_name[rows][columns];
e rows: Number of rows.
e columns: Number of columns.
Declaration and Initialization:
int matrix[3][4] = {
{1, 2, 3, 4},
{5,6,7, 38},
{9, 10, 11, 12}
I
3D Arrays: The syntax for a 3D array is:
type array_name[depth][rows][columns];
Declaration and Initialization:
int cube[2][3][4] ={
{
{1, 2,3, 4},
{5,6,7,8},

{9, 10, 11, 12}

{13, 14, 15, 16},
{17, 18, 19, 20},

{21, 22, 23, 24}
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5. Accessing Array Elements

Array elements are accessed using indices. The index starts from 0 for the first
element and goes up to size-1 for the last element.

Example:
int numbers[5] =11, 2, 3, 4, 5};
int first = numbers[0]; // Accesses the first element (1)
int second = numbers[1]; // Accesses the second element (2)
For multi-dimensional arrays:
int matrix[3][4] = {
{1, 2, 3, 4},
{5,6,7,8},
{9, 10, 11, 12}
I
int value = matrix[1][2]; // Accesses the element at row 1, column 2 (7)
6. Default Values

¢ Integer Arrays: Uninitialized integer arrays contain garbage values unless
explicitly initialized.

e Character Arrays: Uninitialized character arrays may contain random characters.

o Floating-Point Arrays: Uninitialized floating-point arrays may contain garbage
values.

7. Size Determination
o Size of a Single-Dimensional Array:

int size = sizeof(numbers) / sizeof(numbers[0]);

This calculates the number of elements in the array numbers.
o Size of Multi-Dimensional Arrays:

int rows = sizeof(matrix) / sizeof(matrix[0]);

int columns = sizeof(matrix[0]) / sizeof(matrix[0][0]);
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<&
»g Practical Activity 2.6.3: Initializing Arrays
P

ﬁn;mﬂn
: w Task:

1: Read carefully the given situation and perform task described below:

You are a teacher managing a class of students. You need to store the grades of your
students in a program so you can easily calculate averages, find the highest and lowest
grades, and perform other analyses.

2: By using the key reading 2.6.3, Discuss by writing the code for array initialization.
3: write the code in a given syntax of arrays

4: Present their finding to the class.

5: Ask clarification where necessary.

6: Read key reading 2.6.3 Trainee Manual

i
g
Key readings 2.6.3: Initializing Arrays

Array initialization in C

In C programming, arrays can be initialized in several ways, depending on the type of array
and the requirements of the program. Here’s a detailed guide on how to initialize arrays:

1. Single-Dimensional Arrays
1.1. Direct Initialization

You can initialize an array at the time of declaration by specifying a list of values in curly
braces {}. The size of the array can be explicitly specified or omitted.

o Explicit Size:
int numbers[5] ={1, 2, 3, 4, 5}; // Size is explicitly set to 5
¢ Implicit Size:

int numbers[] = {1, 2, 3, 4, 5}; // Size is automatically set to 5 based on the number of
initializers

If fewer initializers are provided than the size of the array, the remaining elements are
initialized to zero:
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int numbers[5] ={1, 2}; //{1, 2,0, 0, 0}
If more initializers are provided than the size, the excess values are ignored:
int numbers[3]={1, 2, 3, 4}; //{1, 2, 3} (4 is ignored)
1.2. Initialization with Specific Values
You can specify values for individual elements after declaring the array:
int numbers[5];
numbers[0] = 1;
numbers[1] = 2;
numbers[2] = 3;
numbers[3] = 4;
numbers[4] = 5;
2. Multi-Dimensional Arrays
2.1. Two-Dimensional Arrays
You can initialize a 2D array by providing initializers for each row:
int matrix[3][4] = {
{1, 2,3, 4},
{5,6,7,8},
{9, 10, 11, 12}
I

If fewer initializers are provided for any row, the remaining elements in that row are
initialized to zero:

int matrix[3][4] = {
{1, 2},
{3, 4},
{5, 6}
% //{{1,2,0,0}{3,4,0,0}{5,6,0, 0}

2.2. Three-Dimensional Arrays
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Similarly, a 3D array can be initialized by providing initializers for each 2D "layer":
int cube[2][3][4] = {
{
{1, 2, 3, 4},
{5,6,7,38},

{9, 10, 11, 12}

{13, 14, 15, 16},
{17, 18, 19, 203},

{21, 22, 23, 24}

I
If fewer initializers are provided, the remaining elements are zero-initialized:
c
Copy code
int cube[2][2][2] ={
{
{1, 2},
{3, 4}
}
5 /11, 2}, {3, 4}, {{0, 0}, {0, O}}}
3. Array Initialization with Loops

You can also use loops to initialize arrays dynamically. This is useful when the array size is
not known at compile time or when you want to initialize elements with a pattern.

Example:

#include <stdio.h>
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int main() {
int numbers[5];
for (inti = 0; i< 5; i++) {

numbers[i] =i * 2; // Initialize each element with its index multiplied by 2

// Print the array
for (inti = 0; i< 5; i++) {
printf("%d ", numbers[i]);

}

return O;
}
4. Partial Initialization

For arrays with more elements than initializers, the remaining elements are automatically
set to zero:

int numbers[5] = {1, 2}; // Initializes as {1, 2, 0, 0, O}
5. String Initialization

Strings in C are arrays of characters ending with a null terminator '\O'. They can be
initialized with double quotes:

char str[] = "Hello"; // Automatically includes the null terminator

\J
Points to Remember

Arrays in ¢ Programming:

In C programming, arrays are data structures that store multiple elements of the same type
in contiguous memory. The types of arrays include:

e One-Dimensional Array: A single row of elements. Declared with one pair of square
brackets.
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v Example: int numbers[5];

e Two-Dimensional Array: An array of arrays, forming a matrix. Declared with two
pairs of square brackets for rows and columns.

v' Example: int matrix[3][4];

e Multi-Dimensional Array: Extends beyond two dimensions with multiple levels of
brackets.

v' Example: int data[2][3][4];

Arrays declaration in c

In C programming, arrays are declared by specifying the data type of the elements and the
array size. The methods of declaration vary based on the array type:

e One-Dimensional Array:
data_typearray_name[array_size];
e Two-Dimensional Array:
data_typearray_name[rows][columns];
Syntax of Array Initialization
The general syntax for initializing an array during its declaration is as follows:
data_typearray_name[array_size] = {valuel, value2, value3, ...};

e data_type: The type of elements in the array (e.g., int, float, char).

e array_name: The name you give to the array.

e array_size: The number of elements the array can hold. This can sometimes be
omitted if the array is being initialized with values.

o {valuel, value2, value3, ...}: A comma-separated list of values used to initialize the
array elements.
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You are a software developer working on a sales analysis application for a retail store. You
need to record the sales figures for each day of the week and then calculate the total and
average sales. To achieve this, you will declare and initialize an array with the sales data for
the week.

Application of learning 2.6.

Declare and initialize an array to store the daily sales figures for a week (7 days) and then
calculate and display the total and average sales.
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Indicative content 2.7: Solving of C Programming Problems

Duration: 5 hrs

<&
» ! Practical Activity 2.7.1: Description of draw the flowchart of problem

&

*'.‘Mn’ml}n
o J] Task:

1: Read carefully the given situation and perform tasks described below:

You are a systems analyst working for a bank. Your task is to design a flowchart for the ATM

withdrawal process to help developers understand the logic and steps involved in the

transaction. Create a flowchart that outlines the steps a user takes to withdraw money from

an ATM. The flowchart should include the following steps:

Start

Insert ATM card

Enter PIN

Validate PIN

Select withdrawal option

Enter withdrawal amount

Check account balance

Dispense cash if the balance is sufficient

Display error message if the balance is insufficient

End transaction and eject card

2: By using the key reading 2.7.1., Discuss and write the findings in appropriate template.

3: Draw a flowchart of a given scenario.

4: Present their finding to the class.

5: Ask clarification where necessary.

6: Read key reading 2.7.1. Trainee Manual
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Key readings2.7.1: Description of draw the flowchart of problem

Steps to Draw a Flowchart

e Define the Purpose: Clearly understand the problem you are trying to solve.
Determine the starting point, the sequence of steps, and the end point.

e Identify the Main Steps: Break down the problem-solving process into a series of

steps. These steps will become the main elements of your flowchart.

e Select the Right Symbols:

v

DN N NN

Oval: Start and end points.

Rectangle: Process or action step.

Diamond: Decision point, leading to different paths.
Parallelogram: Input or output.

Arrows: Show the direction of flow.

e Arrange the Steps: Organize the steps in the order they should be followed.

Typically, you start from the top and move down or from left to right.

e Draw the Flowchart:

v

AN NN

Start: Use an oval to indicate the beginning of the process.

Process Steps: Use rectangles for each action or process step.
Decisions: Use diamonds to show points where decisions are made.
Inputs/Outputs: Use parallelograms to represent inputs and outputs.

Flow Lines: Use arrows to connect the symbols and indicate the flow of the
process.

e Review and Revise: Go through the flowchart to ensure all steps are included and

correctly ordered. Check if the decisions lead to appropriate next steps and that all

paths eventually lead to an end point.
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<&
sg Practical Activity 2.7.2: Design the algorithm to solve the problem

-
Things fo Po
- w Task:

1: Read carefully the given scenario and perform tasks described below:

You are a software developer tasked with creating a system for a school to sort student
grades. The system will take a list of student grades and sort them in ascending order to
help teachers quickly identify students' performance levels. Design an algorithm that sorts a
list of student grades in ascending order

2: By using the key reading 2.7.2, Discuss and write the pseudocode of the problem.
3: Design an algorithm of a given scenario.

4: Present their finding to the class.

5: Ask clarification where necessary.

6: Read key reading 2.7.2 Trainee Manual

&
g
&Key readings2.7.2: Design the algorithm to solve the problem
Steps to Design an Algorithm
e Understand the Problem:
v’ Clearly define the problem statement.
v’ Identify the inputs and outputs.
v" Understand the constraints and requirements.
e Plan the Algorithm:
v" Break down the problem into smaller, manageable tasks.
v" Determine the sequence of operations needed to solve the problem.
v' Consider any edge cases and error handling.
e Choose the Right Approach:

v' Decide on an appropriate algorithmic strategy (e.g., greedy, dynamic
programming, divide and conquer, etc.).

v" Consider the efficiency of your algorithm in terms of time and space
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complexity.
e Write Pseudocode:
v’ Draft a high-level representation of the algorithm using pseudocode.
v Ensure the pseudocode is clear and easy to follow.
¢ Implement the Algorithm:
v' Translate the pseudocode into a programming language of your choice.
v' Write the code in a modular and readable manner.
v" Include comments and documentation to explain the logic.
e Test the Algorithm:
v' Test the algorithm with various inputs, including edge cases.
v" Debug and fix any issues that arise.

v" Optimize the algorithm if necessary.

<&
Sg Practical Activity 2.7.3: Write the C program to solve the problem

-
ngs fo Po
?" " V] Task:

1: Read carefully the given scenario and perform tasks described below:
You need to write a C program to find the median of a list of integers. The median is
defined as:
e The middle value in a sorted list if the list has an odd number of elements.
e The average of the two middle values in a sorted list if the list has an even
number of elements.
2: By using the key reading 2.7.3, Discuss by writing the pseudocode of the problem.
3: Write the c code of a given scenario.
4: Present their finding to the class.
5: Ask clarification where necessary.

i
g
Key readings2.7.3

Werite the C program
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e Set Up Your Development Environment:

v Install a C compiler. Commonly used compilers include GCC (GNU Compiler
Collection) for Linux/Mac and MinGW for Windows.

v Install a text editor or an Integrated Development Environment (IDE). Examples
include Visual Studio Code, Sublime Text, Code::Blocks, or even a simple text
editor like Notepad++.

e Write the C Code:
v' Open your text editor or IDE.

v Write your C program. Below is an example program to calculate the factorial of a
number.

e Debugging techniques and error handling are important skills for C programmers
to ensure the program functions correctly.

<
» g Practical Activity 2.7.4: Program documentation

= ,,d'p
-_mm ’ w Task:

1: Read carefully the given scenario and perform tasks described below:

You need to write comprehensive documentation for a C program that calculates the
factorial of a non-negative integer. The documentation should describe the purpose of the
program, how to use it, and provide details on its functionality, input/output, and any
relevant notes.

2: By using the key reading 2.7.4. Discuss how to write the documentation of a program.
3: Write the documentation on a written program.
4: Present their finding to the class.

5: Ask clarification where necessary.

.&
Key readings2.7.4. : Program documentation

Program documentation

e Provide a clear, concise title for the program to identify its purpose quickly.
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e Summarize the program’s functionality, main purpose, and key features to give
readers a clear understanding of what it achieves.

e Usage Instructions:

v Compilation/Installation: Explain how to compile or install the program, including
any prerequisites.

v Execution: Describe how to run the program and any command-line options.
v' Examples: Provide usage examples, including sample input and expected output.

e Input/Output Specifications: Detail the expected inputs and outputs, including
their format and any validation rules.

e Function Descriptions:

v Purpose: What each function does.

v' Parameters: The inputs to the function.

v" Returns: The outputs or results of the function.

e Example: Include typical usage examples with sample inputs and outputs to
illustrate how the program operates.

e Notes:

v Limitations: Describe any known limitations or constraints.

v' Assumptions: State any assumptions made during development.
e Error Handling:

v Invalid Input: How the program handles invalid input.

v Exceptions: How the program manages unexpected situations or errors.

\J
Points to Remember

Steps to draw a flowchart

e Understand the Process

e List the Steps

e Choose Flowchart Symbols
e Draw the Flowchart
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Steps to design an algorithm

e Understand the Problem

e Plan the Algorithm

e Design the Algorithm
Writing c code from an algorithm

e Implementing an algorithm in C programming involves using variables, data types,
and control structures to execute the steps of the algorithm.
e Well-structured and error-free code is essential for the program to produce the
desired results.
e Debugging techniques and error handling are important skills for C programmers to
ensure the program functions correctly.
Documenting a program

e Clear, concise title to quickly identify the program's purpose.

¢ Program’s functionality, main purpose, and key features to provide readers with a
clear understanding of what the program achieves.

Usage Instructions

e Compilation/Installation: Instructions on how to compile or install the program,
including any prerequisites.

¢ Execution: Steps to run the program and description of any command-line options.
Input/Output Specifications

o Expected inputs and outputs: Details on the format and any validation rules for
inputs and outputs.

5]

6_;;‘\
( Application of learning 2.7.

Rwanda meteorological Agency needs a thermometer which convert temperatures from
Celsius to Fahrenheit. As a ¢ programmer Write documentation for a C program that
converts temperatures from Celsius to Fahrenheit. The program should prompt the user to
enter a temperature in Celsius, convert it to Fahrenheit, and display the result.
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s=—! Learning outcome 2 end assessment

I

Theoretical assessment

Multiple choice questions
1. What is the correct syntax for declaring a variable in C?

A. varint x;

B. int x;

C. variable int x;
D.intx=var;

2.Which of the following is the correct way to include a header file in a C program?

A. #include "stdio.h"

B. include <stdio.h>

C. #include <stdio.h>
D. #include <stdio.h.h>

3. What will be the output of the following C code snippet?

#include <stdio.h>

int main() {
inta=10,b=5;

printf("%d\n", a + b);
return O;

}

A. 10

B. 15

C.5

D. 105

4.Which of the following data types can be used to store a floating-point number in C?

A.int

B. char
C. float
D. bool
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5.What is the output of the following code?

#include <stdio.h>

int main() {
intx=7;

printf("%d\n", x % 3);
return O;

}

A.7

B.2

C.3

D.1

6.How do you declare an array of 10 integers in C?

A. intarr[10];

B. intarr(10);

C. array intarr[10];
D. intarr = [10];

7.Which function is used to read input from the user in C?

A. scanf()
B. printf()
C. input()
D. read()

8.What is the purpose of the return 0; statement in the main() function?

A. To exit the program with a status code of 0
B. To restart the program

C. To print O to the console

D. To create a new integer variable

9.What is the correct syntax for defining a function in C?

A. return_typefunction_name(parameters) { /* code */ }
B. function return_typefunction_name(parameters) { /* code */ }
C. function return_type { /* code */ } function_name(parameters)
D. function_name(parameters) return_type { /* code */}
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10. What is a function in C programming?

A) A reserved keyword

B) A block of code that performs a specific task

C) A type of data structure

D) A type of loop

11.Which of the following is a valid way to declare a function in C?
A) intfunction_name[];

B) function_nameint();

C) intfunction_name();

D) function_name = int();

12. Which keyword is used to return a value from a function in C?
A) void

B) return

C) break

D) exit

13. Which of the following is a valid control statement in C?
A) loop

B) do-while

C) foreach

D) switch-case

14. What is the output of the following code?

intx=25;

if (x>3){
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printf("Hello");
}else {

printf("World");

A) World
B) Hello
C) Error
D)5

15. Which control statement allows a program to execute a block of code repeatedly
based on a condition?

A) if

B) for

C) switch

D) goto

16.In C, which of the following statements is used to terminate a loop?
A) continue

B) break

C) return

D) switch

17.What does the continue statement do in a loop?

A) Terminates the loop

B) Skips the current iteration and continues with the next iteration

C) Returns a value
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D) Ends the program

18.Which of the following is the correct syntax for a switch statement in C?
A) switch (variable) {}

B) if (variable) {}

C) loop (variable) {}

D) case (variable) {}

19. What is the purpose of the default case in a switch statement?
A) To execute when none of the other cases match

B) To stop the execution of the program

C) To execute before any other case

D) To handle all cases

Subjective questions

1. Explain the difference between a for loop and a while loop in C. Provide examples of
when to use each.

2. Whatisanarrayin C, and how is it declared and initialized? Provide an example.

3. How does a switch statement work in C, and how does it differ from an if-else
statement? lllustrate with code examples.

4. Describe the purpose of the break and continue statements in loops. Provide
examples of how each is used.

5. Write a C program to find the largest number in an array of integers. Explain the logic
used in your solution.

6. What are nested loops, and when are they used in C programming? Provide an
example of a situation where nested loops would be necessary.

7. Discuss the concept of an infinite loop. How can an infinite loop be created in C, and
how can it be terminated?

8. Explain how multidimensional arrays are used in C. Provide an example of how a 2D
array can be used to store and access data.

9. What are the limitations of using arrays in C? How do arrays differ from other data
structures like linked lists?
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Practical assessment

1. Write a C program to find the sum of all integers from 1 to n, where n is provided
by the user.

2. Write a C program to check if a given number is a prime number.

3. Write a C program to reverse a string entered by the user.

4. Write a C program to calculate the factorial of a non-negative integer using
recursion.

5. Write a C program to find the largest and smallest number in an array of integers.

6. Write a C program to sort an array of integers in ascending order using the bubble
sort algorithm.

END
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Testing debugging
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Indicative contents

3.1. Identification of errors
3.2. Compilation of the C program

3.3. Test of the C program

Key Competencies for Learning Outcome 3: Perform program debugging

Knowledge Skills Attitudes
Description of errors Selecting types of Having an
types. errors, including innovative
Description of types syntax errors, Having Creativity

of compiler

Description of
debugging
techniques and tools
you can use when
working  with C
programming
Description of the
types of testing

logical errors, and
runtime errors in a
C program
Applying debugging
tools like GDB or
integrated
development
environment (IDE)

debuggers.
Debugging a ¢
program

Selecting of

different types of
compilers in ¢
program

Testing a ¢ program

Having Critical
thinking

Having Teamwork
Being Problem
Solver

Being Patient
Having Punctuality

Having Curiosity
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Duration: 10hrs

A

Learning outcome 2 objectives:

By the end of the learning outcome, the trainees will be able to:

1. Describe correctly different program errors in computer programming

2. Compile C program in accordance with the program instructions.

3. Debug correctly the errors in a c program.

4. Check errors program correctly based on programming instructions.

5. Test correctly based on programming instructions.

-. A
w Resources

Equipment Tools Materials
e Computers ® Internet ® Pens
® Projector e C programming IDE e Books
® Projection screen ® Papers
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) Indicative content 3.1: Identification of Errors

Duration: 5 hrs

@ e
0@ Theoretical Activity 3.1.1: Describe types of errors
R
___ .

Things fo Po

Tasks:

1: You are requested to answer the following questions:
I.  Whatisan errorin c programming?
Il. How toreadan errorinc programming?
ll.  What are the different types of errors?
2: Discuss to the questions asked in step 1and write down the answers on paper
3: Present findings to the whole class.
4: For more clarification, if necessary

5: read the Key readings 3.1.1

i
Key readings 3.1.1.: Describe types of errors

Types of Errors in C Programming

® An error in ¢ programming: An Error is an illegal operation performed by the user
which results in abnormal working of the program.
e |dentify different types of errors in ¢ programming

o Syntax error
Types of
errors
o Logical error
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Syntax errors: Errors that occur when you violate the rules of writing c
example:

#include <iostream>

usingnamespace std;

int main(void)

{

// while() cannot contain "." as an argument.
while(.)

{
printf("hello");

}

return O; }

Run-time Errors : Errors which occur during program execution(run-time) after successful
compilation are called run-time errors. One of the most common run-time errors is
division by zero also known as Division error. These types of error are hard to find as the
compiler doesn’t point to the line at which the error occurs.

example:

#include <stdio>

#include <bits/stdc.h>

usingnamespace std;

void main()

{
intn=9, div=0;

// wrong logic

// number is divided by 0,

// so this program abnormally terminates
div =n/0;

printf("result = %d",div);
}
linker error : errors generated when the executable of the program cannot be generated.
This may be due to wrong function prototyping, incorrect header files. One of the most
common linker errors is writing Main() instead of main().

example:

#tinclude <bits/stdc.h> //<bits/stdc.h> should be <stdio.h>

usingnamespace std;
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void Main() // Here Main() should be main()
{
inta =10;
printf( “a”); }
Logical error: On compilation and execution of a program, desired output is not obtained
when certain input values are given. These types of errors which provide incorrect output
but appear to be error free are called logical errors.
example:
#include<stdio.h>
int main()
{inti=0;

// logical error : a semicolon after loop

for(i = 0; i< 3; i++);

{

printf ("loop ");

continue;

}

return 0; }
Semantic errors: This error occurs when the statements written in the program are not
meaningful to the compiler.
example: a + b = ¢; //semantic error

&
SK Practical Activity 3.1.2: Correcting errors
_-

:‘.'Mn;mbrb
; ‘\ Task:

1: Read the following scenario and do the following task.

In your computer lab, suppose that you're working on a simple C program that reads
a series of numbers from the user, calculates their sum, and then displays the result.
However, there are several errors in the code, and your task is to identify practical
techniques for correcting errors and correct them.

2: By using the Key readings 3.1.2, Discuss to the scenario in task above
3: Perform the activity above in your computer
4: |dentify the founded errors during the activity, if any

5: Correct the identified errors and compile.
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6: Present your work to the whole class.

7: Ask For more clarification.

.&
d
Key readings 3.1.2: Correcting errors

Correct error in ¢ programming

Correcting errors in C programming involves a combination of techniques and
strategies to identify and fix issues in your c code.

e Techniques of correcting errors in c programming

Correcting errors in C programming involves a systematic and structured
approach to identifying and fixing issues in your code.

e Here are some techniques to help you correct errors in C programming:
v" Understanding the Error Messages:

Pay close attention to compiler and runtime error messages. They often provide
valuable information about the nature and location of the error. Read the
messages carefully to understand what went wrong.

v Inspect the Code:

Review your code thoroughly, line by line, to identify syntax errors, logical errors,
or potential issues. Compare your code against the requirements and
expectations.

v' Use a Debugger:

Debugging tools like GDB (GNU Debugger) can help you step through your code,
inspect variable values, and identify the exact location of errors. Set breakpoints
in your code to stop execution at specific points.

v" Print Statements:

Insert print statements (printf in C) strategically throughout your code to output
variable values, program flow, and diagnostic messages. This can help you trace
the program's execution and identify issues.

v' Isolate the Problem:

If you encounter a runtime error, try to isolate the problem by narrowing down
the section of code causing the issue. Comment out parts of the code or use a
binary search approach to identify the problematic section.
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v Divide and Conquer:

For logical errors, break your code into smaller components and test each part
independently. This "divide and conquer" approach makes it easier to pinpoint
the source of the error.

v Check for Typographical Errors:

Syntax errors often result from typographical mistakes, such as missing
semicolons, mismatched parentheses, or typos in variable and function names.

Carefully review your code for such errors.
v Variable Initialization:

Ensure that all variables are properly initialized before use, especially if they are
being used for calculations. Uninitialized variables can lead to undefined
behavior.

v' Data Type Mismatches:

Pay attention to data type mismatches in expressions and function calls. Make
sure that the types of operands are compatible and that you're using the correct
format specifiers in printf and scanf.

v Memory Management:

For issues related to memory allocation and deallocation, use memory
management functions like malloc, free, calloc, and realloc correctly. Be diligent
in releasing allocated memory to prevent memory leaks.

v Array Bounds Checking:

If you're working with arrays, ensure that you're not accessing elements outside
the array bounds. Array index errors can lead to buffer overflows or
segmentation faults.

v" Avoiding Infinite Loops:

Carefully inspect your loops to prevent infinite loops. Make sure your loop
control variables are being updated correctly and that loop termination
conditions are met.

v" Error Handling:

Implement error-handling mechanisms to gracefully handle exceptions and
unexpected conditions, especially in functions that may encounter errors during
execution.
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v" Peer Review:

Collaborate with peers or colleagues to conduct code reviews. A fresh pair of
eyes can often spot errors that you may have missed.

v' Documentation and Comments:

Maintain clear and concise code documentation and add comments to explain
the purpose and logic of your code. This can aid in understanding and debugging
your code.

v" Testing and Validation:

Thoroughly test your code with various test cases, including boundary cases and
edge cases. Ensure that your code produces the expected results.

v Learning from Mistakes:

Embrace errors as opportunities for learning. Take note of common mistakes you
make and strive to avoid them in the future.

v Use Static Code Analysis Tools:

Utilize static code analysis tools that can automatically identify potential issues in
your code and offer suggestions for improvement. Correcting errors in C
programming is an essential skill that requires patience, attention to detail, and a
methodical approach.

\J
Points to Remember

Types of Errors in C Programming

In C programming, an error refers to any deviation from the intended or expected behavior
of a program. Errors can occur at various stages of development and execution and are
categorized into three main types: syntax errors, logical errors, and runtime errors.

e Syntax Errors:

v Violations of the rules of the C programming language. They occur when the
code does not conform to the syntax of C.

e Logical Errors:
v" Flaws in the logic or design of a program, leading to undesired outcomes or

e Runtime Errors:
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v" Occur during the execution of a program due to unexpected conditions.
Correcting Errors in C Programming
e Understanding Error Messages
e Inspect the Code
e Use a Debugger
e Print Statements

e |[solate the Problem
e Divide and Conquer

5]

( Application of learning 3.1.

You are an engineer working on an embedded system project for a weather monitoring
station. The station collects temperature readings from multiple sensors installed in
different locations (e.g., on different floors of a building or at various points in a large area).
Your task is identify the errors in the segment of code

#include <stdio.h>
int main(){
intarr[5] ={1, 2, 3, 4, 5};

for (inti = 0; i<=5; i++) {
printf("%d ", arr[i]);

}

return O;
}
Task:

1. ldentify the error in the code and explain why it occurs.

2. How would you correct the error to prevent the program from accessing out-of-
bounds memory?
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| Indicative content 3.2: Compilation of the C Program

Duration: 3 hrs

E’ ~
= :JQE Theoretical Activity 3.2.1: Describe types of compilers
AR

&P
Things 1o Po

Tasks:

1: You are requested to answer the following questions:
I.  Whatis acompiler?
1l What does the compiler do exactly?
1. identify the different types of compilers
2: Discuss to the questions asked in step 1and write down the answers on paper
3: Present findings to the whole class.
4: Ask questions for more clarification, if any.

5: Read the Key readings 3.2.1

&
&
Key readings 3.2.1.: Describe types of compilers

Types of compilation
e What is a Compiler?

g R R R )

A compiler is software that converts high-level language code (like C) into machine-
level language. It checks for errors in the code and lists them if the input code doesn't

adhere to language rules.
What Does the Compiler Do?

e Source Code Analysis: Reads and analyzes the source code structure and syntax

(lexical analysis and parsing).

e Syntax Checking: Checks for syntax errors and reports them to the developer.

e Semantic Analysis: Ensures the code makes logical sense within the

programming language context, checking data types, variable declarations, and

function calls.

¢ Intermediate Code Generation: Generates an intermediate representation of

the code, which is platform-independent and easier to optimize.

e Optimization: Applies techniques to improve the efficiency of the generated

machine code.
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e Code Generation: Translates the source code into machine or assembly code
specific to the target computer architecture.

e Linking: If necessary, links multiple modules to create the final executable
program.

e Executable Output: Produces an executable file containing machine code that
the computer can execute.

Types of Compilers:

e Borland Turbo C: A popular and basic C compiler known for its small size and
fast compilation speed, re-released as freeware by Embarcadero Technologies
in 2006.

e Tiny C Compiler (TCC): Designed for performance on slow computers with
limited disk space, it is known for its small size and fast speed, approximately
nine times faster than GCC.

e Portable C Compiler (PCC): An early and influential compiler, prevalent in the
mid-1970s, designed with machine-dependent source files for better portability
and error checking.

e GCC (GNU Compiler Collection): Supports multiple languages, initially released
for C, and is known for extensive optimizations, such as dead code elimination
and redundancy removal.

e Clang: Supports C, C++, Objective-C, and Objective-C++, known for its detailed
error reports and memory efficiency, and uses LLVM for backend compilation.

e MSVC (Microsoft Visual C++): A commercial compiler integrated with Visual
Studio, supporting C and C++, known for Windows-specific features and tools.

e ICC (Intel C++ Compiler): Optimized for Intel processors, supports C and C++,
and offers high performance and parallelism.

e MinGW (Minimalist GNU for Windows): A port of GCC for Windows, providing
a minimal set of tools to compile and run C programs on Windows, known for
its lightweight and fast performance

(@)
»g Practical Activity 3.2.2: Compilation techniques

-
Things fo Po
?“‘ w Task:

——————t

1: Read the following scenario and do the following task.

Compile and run a simple C program that prints "Hello, World!" to the console.
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2: By using the Key readings 3.2.2 ,write the source code

3: Open terminal/command prompt

4: Compile a program

5: Present your work to the whole workshop assistant

6: Ask For more clarification, if any

7: Read the Key readings 3.2.2

S

(S

Key readings 3.2.2: Compilation techniques

Key Compilation Techniques

Preprocessing: Handles preprocessor directives and macros, performing text
substitution to prepare the code for further processing.

Lexical Analysis (Scanning): Breaks down the modified source code into individual
tokens, the smallest units in the programming language.

Syntax Analysis (Parsing): Checks the order and structure of tokens to ensure they
follow syntax rules, constructing a parse tree or abstract syntax tree (AST).

Semantic Analysis: Checks the meaning and correctness of the code, including
type checking and enforcing complex semantic rules.

Intermediate Code Generation (Optional): Generates an intermediate
representation of the code for optimizations, closer to machine code but platform-
independent.

Optimization: Improves code efficiency through techniques like constant folding,
loop unrolling, and dead code elimination.

Code Generation: Translates the code into machine code or assembly language
specific to the target hardware platform.

Linking (if necessary): Resolves references between different parts of a program,
combines them into a single executable, and links external libraries.

Output: Produces an executable program or binary file that can be run on the
target machine, containing the machine code the CPU can execute.
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3
Points to Remember

What is a Compiler?

A compiler is software that converts high-level programming language code (like C) into

machine-level language. It checks the code for errors and reports them if the code does not

follow language rules.

Types of Compilers:

Borland Turbo C: A basic, fast C compiler known for its small size, re-released as
freeware in 2006.

Tiny C Compiler (TCC): Optimized for slow computers with limited disk space, known
for its small size and fast compilation speed.

Portable C Compiler (PCC): An influential compiler from the mid-1970s, designed for
portability and error checking with machine-dependent source files.

GCC (GNU Compiler Collection): Supports multiple languages, initially released for C,
and known for extensive optimizations like dead code elimination.

Compilation techniques

Preprocessing: Processes preprocessor directives and macros, performing text
substitution to prepare the code for further processing.

Lexical Analysis (Scanning): Breaks down the source code into tokens, which are the
smallest units of meaning in the programming language.

Syntax Analysis (Parsing): Analyzes the sequence of tokens to ensure they follow the
syntax rules of the language, constructing a parse tree or abstract syntax tree (AST).
Semantic Analysis: Verifies the meaning and correctness of the code, performing
type checking and enforcing semantic rules.
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Application of learning 3.2.

A parser is responsible for checking the syntactic structure of the code according to the rules
of the programming language. Consider the following code snippet:

if (x>0{

printf("Positive");

Task:

1. ldentify the syntax error in the code and explain why it would be flagged by the
parser.

2. How does a parser use a parse tree or abstract syntax tree (AST) to represent the
structure of this code?
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P Indicative content 3.3: Test of the C Program

Duration: 2 hrs

e e
= :JQE Theoretical Activity 3.3.1 Design of effective test cases

AR

__aF

}h‘ln;—x 1o Po

Tasks:

1: You are requested to perform tasks described below:

Write a ¢ program to display a simple calculator and write all possible test cases of this

program.

2: Discuss on the given tasks in their groups.

3: Write down the finding from the discussion.

4: Present the findings.

4: Ask clarification if any.

6: Read the key reading 3.3.1

i@.

Key readings 3.3.1.: Design of effective test cases

Testing in c programming

Understanding Requirements:

Functional Requirements: Define what the program is supposed to do. For
instance, if testing a function that calculates the factorial, ensure you understand

how it should handle different inputs.

Non-Functional Requirements: Consider performance, security, and usability. For
example, test how the program handles large input sizes or potential buffer

overflows.

Identify Key Features and Scenarios:

Feature Identification: Determine the core features or functions of the program.
For instance, if testing a sorting algorithm, key features include sorting accuracy

and performance.

Scenario Development: Create scenarios that cover all possible use cases,
including edge cases. For a sorting function, scenarios might include empty lists,
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single-element lists, and large lists with various types of data.
Design Test Cases:
e Test Case Components:
v' Test Case ID: Unique identifier for the test case.
Description: Brief explanation of what the test case is checking.
Preconditions: Conditions that must be met before executing the test case.
Test Steps: Detailed steps to perform the test.

Expected Result: The outcome that should occur if the test passes.

AN N N RN

Postconditions: State after the test has been executed.
¢ Example Test Case for a Factorial Function:
v Test Case ID: TC_FACTORIAL_01
v Description: Verify factorial calculation for positive integers.
v" Preconditions: Function factorial(int n) is available.
v' Test Steps:
1. Call factorial(5).
2. Compare the output with the expected result 120.
v" Expected Result: Output should be 120.
v" Postconditions: Function factorial(5) correctly returns 120.
Consider Edge Cases and Boundary Values:

o Edge Cases: Test the limits of the input domain. For instance, test the factorial
function with large values to ensure it handles them without overflow.

e Boundary Values: Test the smallest and largest possible values for inputs, such as
0 or negative values in a function that is supposed to handle only non-negative
integers.

Include Negative and Error Cases:

o Negative Testing: Ensure the program handles invalid inputs gracefully. For
example, test a sorting function with unsorted input to check if it correctly sorts it.

e Error Handling: Verify that the program handles and reports errors appropriately.
For instance, check if a function correctly handles division by zero.
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Automate Where Possible:

e Automation Benefits: Automated tests can be run frequently and consistently,
making it easier to catch regressions. Tools like CUnit or CMocka can help
automate unit testing in C.

o Test Scripts: Write scripts to automate the execution of test cases and validation
of results.

Document Test Cases Thoroughly:

¢ Clear Documentation: Ensure that each test case is well-documented to make it
easy for others to understand and execute. Include details about the purpose of
the test and how to interpret results.

Review and Refactor Test Cases:

¢ Review: Regularly review test cases to ensure they remain relevant as the code
evolves. Update test cases based on new requirements or identified issues.

¢ Refactor: Refactor test cases to improve clarity and efficiency. Avoid redundancy
and ensure that test cases are maintainable.

Perform Regression Testing:

¢ Regression Testing: After making changes to the code, run existing test cases to
ensure that new changes haven’t introduced new bugs.

Leverage Test Coverage Metrics:

e Coverage Metrics: Use tools to measure test coverage to ensure that all parts of
the code are tested. Aim for high coverage to increase confidence in the code’s
correctness.

By following these notes, you can design effective test cases that thoroughly validate the
functionality, reliability, and performance of C programs.

40 mini
write notes to Design Effective Test
ChatGPT
Notes on Designing Effective Test Cases
* Understand the Requirements:

e Functional Requirements: Clearly understand what the software is supposed to
do. Define what constitutes correct behavior for each function or feature.
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Non-Functional Requirements: Consider aspects like performance, security, and
usability. For instance, check response times and handling of large inputs.

Define Testing Objectives:

Purpose: Determine the objective of each test case. Are you validating a specific
feature, checking for performance issues, or ensuring the software meets user
requirements?

Scope: Clearly define what each test case should cover, including specific inputs,
processes, and outputs.

Identify Test Scenarios:

Feature Scenarios: Develop scenarios based on different features or
functionalities. Ensure you cover all critical paths and common use cases.

Edge Cases: Include scenarios that test the boundaries of the input domain. For
example, testing with minimum and maximum input values.

Design Test Cases:

Test Case Components:
v" Test Case ID: Assign a unique identifier for tracking.
v Description: Briefly describe what the test case is verifying.

v" Preconditions: State any conditions that must be met before the test case
can be executed.

v" Test Steps: Outline the sequence of actions to be performed.

v" Expected Result: Define the anticipated outcome for each test step.

v' Postconditions: Describe the state after executing the test case.
Example:

v' Test Case ID: TC_LOGIN_01

v Description: Verify login functionality with valid credentials.

v Preconditions: User account with valid credentials exists.

v" Test Steps:

+ Navigate to the login page.

+ Enter valid username and password.
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+ Click the login button.
v Expected Result: User should be redirected to the dashboard.
Consider Boundary and Edge Cases:

¢ Boundary Values: Test at the limits of input ranges (e.g., the smallest and largest
possible inputs).

e Edge Cases: Test unusual or extreme conditions that might not be frequently
encountered but could cause issues.

Include Negative and Error Cases:

¢ Invalid Inputs: Test with incorrect or unexpected inputs to ensure the system
handles errors gracefully (e.g., invalid user credentials).

e Error Handling: Verify that the system reports errors correctly and that the
application does not crash.

Prioritize Test Cases:

e Critical Tests: Focus on the most crucial functionalities first, especially those that
are critical to the application's core functionality.

¢ High-Risk Areas: Prioritize areas of the code that have been recently changed or
have a history of defects.

Automate Where Possible:

e Automation Benefits: Automated tests can run frequently, help in regression
testing, and provide consistent results.

e Tools: Utilize testing frameworks and tools that support automation for your
development environment.

Review and Refactor Test Cases:

o Review: Regularly review test cases to ensure they are relevant and up-to-date
with the latest application changes.

o Refactor: Optimize and refactor test cases to eliminate redundancy and improve
clarity.

Document Test Cases:

e Clear Documentation: Ensure that test cases are well-documented to facilitate
understanding and execution by different testers.

e Maintainability: Keep documentation organized and up-to-date with any changes
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in the application or testing requirements.
Leverage Test Coverage Metrics:

¢ Coverage Analysis: Use tools to measure test coverage and ensure that all critical
parts of the application are tested.

e Aim for High Coverage: Strive for comprehensive test coverage to increase
confidence in the software’s reliability.

Conduct Peer Reviews:

e Collaborative Review: Have colleagues review test cases to catch issues that may
have been missed and to get feedback on test design.

Execute and Monitor:
¢ Execution: Run the test cases and carefully monitor results.

o Issue Tracking: Log any defects or issues discovered during testing and track their

resolution

(@ x
sg Practical Activity 3.3.2: Debugging techniques

&
Things to Po
?M " J\ Task:

1: By using key readings 3.3.2,You are requested to perform tasks described below:

Write a ¢ program to find the factorial of a number, you are requested to identify the

debugging techniques you have used.

2: Write the source code of a given scenario in your groups
3: Compile the written source code

4: Debug the founded bugs if any

5: Read the key reading 3.3.2

4
&
Key readings 3.3.2: Debugging techniques

Debugging Techniques for C Programming:
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e Debugging is an essential skill for C programmers, as it helps identify and
correct errors in your code.

Here are some common debugging techniques and tools you can use when working
with C programming:

e Print Debugging:

v Insert print statements in your code to display the values of variables
and the program's flow. Printing variable values at different points in
your code can help you identify where issues are occurring.

e Debugger Tools:

v" Use a debugger tool, such as GDB (GNU Debugger) on Unix-like systems
or integrated debugging features in IDEs like Visual Studio or
Code::Blocks on Windows. Debuggers allow you to set breakpoints, step
through code, inspect variables, and analyze program state during
runtime.

e Breakpoints:

v Set breakpoints at specific lines in your code where you suspect issues
may exist. When the program reaches a breakpoint, it pauses execution,
allowing you to inspect variables and step through the code.

e Watch and Evaluate Expressions:

v" Many debuggers let you watch and evaluate expressions. You can
monitor the values of specific variables or expressions in real-time as
the program runs.

e Stack Traces:

v" When an error occurs, examine the stack trace provided by the
debugger. It shows the function call sequence and can help you trace
the source of an issue.

e Memory Debugging:

v" Use tools like Valgrind or AddressSanitizer to detect memory-related
errors, such as memory leaks, buffer overflows, and invalid memory
accesses.

e Static Analysis Tools:

v" Employ static code analysis tools like Clang Static Analyzer, Lint, or
Coverity to identify potential issues in your code without running it.

154 | C Programming Fundamentals — Trainee Manual




These tools can catch issues at compile-time.
e Assertions:

v Insert assertions in your code to verify assumptions and conditions. If an
assertion fails, it halts the program's execution, helping you identify
issues early in development.

e Code Review:

v" Have a colleague or peer review your code. A fresh set of eyes may spot
issues that you missed.

e Error Messages and Logs:

v' Check for error messages and logs generated by the program or
external libraries. These messages can provide valuable information
about what went wrong.

e Unit Testing:

v" Write unit tests for your functions and modules. Unit tests are designed
to test individual parts of your code in isolation, making it easier to
identify and fix issues.

e Regression Testing:

v’ Use regression tests to ensure that new code changes do not introduce
new errors in existing functionality.

e |Isolate the Problem:

v Isolate the problem to the smallest possible code snippet or module
that reproduces the issue. Reducing the code's complexity can help
pinpoint the problem more effectively.

e Code Profiling:

v Use profiling tools like gprof to identify performance bottlenecks in your
code. Profiling helps optimize the program's performance.

e Documentation and Comments:

v" Maintain clear documentation and comments in your code.
Understanding the purpose and design of your code can make
debugging more efficient.

e Online Communities and Forums:
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Debugging is an iterative process, and it often requires a combination of these
techniques to identify and resolve issues in your C programs effectively. The choice of
technique may depend on the nature of the problem and your familiarity with the
debugging tools and methods available.

v' Participate in programming communities and forums like Stack
Overflow to seek help and advice from experienced programmers when
you're stuck.

\J
Points to Remember

Design an effective test

Test Case ID: Assign a unique identifier.

Description: Briefly describe what the test case is verifying.

Preconditions: State any conditions that must be met before executing the test case.
Test Steps: Outline the sequence of actions to be performed.

Expected Result: Define the anticipated outcome.

Postconditions: Describe the state after the test has been executed

Debugging techniques

Print Debugging: Use print statements to display variable values and program flow.
Debugger Tools: Utilize tools like GDB or IDE features to set breakpoints, step
through code, and inspect variables.

Breakpoints: Pause execution at specific points to inspect variables and program
state.

Watch and Evaluate Expressions: Monitor and evaluate variable values or

expressions during execution.

156 |C Programming Fundamentals — Trainee Manual



5]

%
Application of learning 3.3.

you have opened a savings account at a local bank, and you want to know how much
interest you will earn over a certain period. The bank offers a simple interest rate of 5% per
year. You decide to write a C program to calculate the interest you will earn based on the
amount of money (principal) you deposit, the interest rate, and the time period in years. For
this task, please complete the following:

a. ldentify possible test cases.

b. Describe the debugging techniques employed.
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Theoretical assessment

Multiple choice questions
Types of Errors in Programming
1. Which of the following is an example of a runtime error in C programming?
A) Using an undeclared variable
B) Dividing a number by zero
C) Missing a semicolon at the end of a statement
D) Incorrect use of function syntax

2. What type of error is caused by violations of the rules of the programming
language syntax?

A) Runtime error
B) Logical error
C) Syntax error
D) Semantic error

3. Which type of error is the most difficult to detect and fix because the program still
runs but gives incorrect output?

A) Compilation error

B) Logical error
C) Syntax error
D) Semantic error

4. What type of error will the following code produce? printf("Hello World)
A) Syntax error
B) Runtime error
C) Logical error
D) None of the above

5. Which of the following is the first step in the C compilation process?

A) Linking
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B) Preprocessing
C) Code Optimization
D) Assembling
6. What is the purpose of the linker in the compilation process?
A) To check syntax errors
B) To combine multiple object files into a single executable
C) To translate code into machine language
D) To optimize the code for performance

7. Which compilation technique translates high-level code into machine code one line
at a time, while the program is running?

A) Interpreter
B) Compiler
C) Assembler
D) Linker
8. Which phase of compilation involves translating assembly code to machine code?
A) Linking
B) Preprocessing
C) Assembling
D) Optimization

9. Which of the following tools is commonly used for debugging C programs on Unix-
like systems?

A) Valgrind
B) Git
C) NetBeans
D) Makefile
10. What does a debugger tool primarily help with?
A) Writing code faster
B) Detecting syntax errors

C) Testing program performance
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D) Finding and fixing runtime errors

11. Which debugging tool allows you to step through your program line-by-line to
check its execution flow?

A) Compiler
B) Debugger
C) Profiler
D) Assembler
12. Which of the following is NOT a feature of most modern debugging tools?
A) Breakpoints
B) Memory leak detection
C) Automated code generation
D) Stack trace analysis

13. Which tool is used to analyze memory management problems, like memory leaks
and invalid memory access in C programs?

A) GDB (GNU Debugger)
B) GCC (GNU Compiler Collection)
C) Valgrind
D) Make
14. What is the main use of setting breakpoints while debugging a program?
A) To make the code run faster
B) To stop the execution of the program at specific points
C) To compile the program
D) To link multiple object files

Subjective questions

1. Whatis the purpose of a compiler in the context of C programming?

Describe the main phases of the compilation process in C programming.

What is the role of a linker in the C compilation process?

Explain the difference between syntax errors and semantic errors in C programming.
What is the purpose of the #include directive in a C program?

How does optimization improve the performance of a compiled C program?

NouhwNbN

What is the significance of the main function in a C program?
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8. What is a preprocessor directive, and provide an example?

Practical assessment

1. Write a C program, which calculates the area of a rectangle.
Your tasks are:

1. Compile the C program using a C compiler.
Identify and explain any errors or warnings that occur during the compilation
process.

3. Describe the steps taken during the compilation and the purpose of each step.

END
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