C-Programming




Table of contents

LINErOAUCTION £0 C .ottt sttt et b e bt e s ae e s st e et e et e e s beesaeesaeesanesabeenbeennes 2
History and development Of C.........oeio it et e e e etre e s e ee e e e eabaee e enareeas 2
Areas Of apPliCAtioN OF € .o s s e s e e e e e e ee e e e naree s 3
Setting up the development ENVIFONMENT......ooc i e e s saaeeeeas 4

2. BasiCS Of C PrOSramMiNG .......vviiiiiiiieeeiiiee e et e e ettt e e e stte e e e srae e e s s tbeeesesbeeesassaeeeasstaeeeasseeeeensseeeeennsenas 5
Data Types and Variables .......uuii ittt e e e ee e e e tae e e et e e e e e nbae e e e enbtee e enreeas 5
OPErators AN EXPrESSIONS. . .ciiicuiieeiieiieeieititteesetteeesstreeeseateessastreessasteeeesassaeeessssseessssseeesssssseessnnsseeenns 6
iNStructions and CONETrOl STFUCTUIES ......cciuiiiiiiieie ettt ettt st e e sbe e e sanes 7
AITAYS ANG POINTEIS. ¢ ittt ettt ettt e bt e s bt e sat e s ate s bt e bt e beesbeesaeesaeesaeesabeebeesbeesseesanasas 9
FUNCLIONS QN0 RECUISION ..ttt ettt sttt e b e s bt e sae e sat e et e e nbeesbeesaeesanenas 10
=0 ) o N 10

Yo AV T Lol Yo I @o ] g Tl=Y o 430 [ N U PPPPPRN 12
STIUCTUIES N0 UNIONS..cniiiiitie ettt et ettt e et e s bt e e st e e sabeesbbeesabeeesabeesabeesabeeesaseens 12
11T oY = L Lo L3 USSR 13
D3V ot Ta VLol o aT=T0 0 Lo Y YA 0 g T 10 = T= =T 0 01T o N 14
Error handling and debUZEING .........oei ettt e e e tte e e e e bt e e e e e nteeaeeanes 15
Preprocessor direCtives anNd MACIOS ...ccuveiiieiieeeiiiieee ettt ee ettt e e st e e e s e e e s baeeessbaeeeesbeeeessseeeeennnes 16

O =T a1 T e 111 VR PRI 18
[1aT oYU N =T o o 1V o oYU | SR 18
Mathematical FUNCHIONS. .......oiiiieieet ettt b e st st e b e e sbeesbeesaeesaneeas 18
ST NG PrOCESSING . ceiiiiiiiiiiiiietet e e erritt ettt e e e e s sebtr et e e e e sessttbeateeeesssasaabaaaaeesssssssssbeaaeeessssssssssnaeeesssnnnsrsnns 20
Time and date fUNCLIONS....coiiieeeeee et re e sreesaeesane e 21
YU 1 a1 Y=Y o 1oV -SSR 24

SRV o o] [Tor= Y 4 [o] o T ) i G SUTRURPRRt 26
Y =T 0l e T o Y ={ = 112101011 = SN 26
o E 1Y o Il 0T do={ - [ 0] 0411 V=PSRRI 27
Y=Y AV o] o Qe g T=4e 0 a1 s 211 o= USRS 28
Y20 o1=To o F=To ISV A) A=Y o o USSP 29

(1007 o] o oL TR 30



1.Introduction to C

History and development of C

The C programming language was developed by Dennis Ritchie at Bell Labs in the early 1970s. Ritchie
was involved in the development of the UNIX operating system and realized that the languages used
at the time (such as B, BCPL) were not suitable for UNIX development. He therefore began designing
a new language that would make it possible to implement UNIX faster and more efficiently.

The first version of C, dubbed "NPL" (New Programming Language), was released in 1972. Over the
next few years, the language continued to evolve and improve, and the final version, C78, was
released in 1978. C78 was the first official version of C and contained most of the C language features
known today, such as control structures, functions and pointers.

In the 1980s, C became increasingly popular and was used as a language for many different
applications. It has been used by many companies and organizations to develop operating systems,
application software, and drivers.

In 1989, the language's first standardization, ANSI C, appeared, which improved the portability of C
code. Over the years the standards have evolved and in 2011 the current version C11 was released.

C remains one of the most widely used programming languages today and is used in many fields
including systems programming, database programming, network programming, and embedded
systems. It is also one of the foundations for many other programming languages such as C++, C# and
Java. C also helped establish the concept of structured programming and helped create standard
libraries and frameworks that have been adopted by other languages.



Areas of application of C
The programming language C has a variety of application areas and is used in many areas of
computer science. Some of the main uses of C are:

Systems Programming: C is commonly used to develop operating systems and drivers. Cis a very
efficient language that allows you to go deep into the computer and address the hardware directly.
Many operating systems, such as UNIX, Linux, and Windows, were written partially or entirely in C.

Application Software: Cis also used in application software development, especially in areas such as
word processing, database management, and computer graphics. C-based applications tend to be
faster and more efficient than those written in high-level languages because C allows direct access to
the hardware.

Embedded Systems: C is one of the most important languages for developing embedded systems, as
it allows good control over the hardware and has a low memory requirement. Embedded systems
are computers integrated with other devices, such as mobile devices, automotive systems, consumer
electronics, and industrial controls.

Scientific Computing and Data Analysis: C is also used in scientific applications and data analysis as it
allows for fast numerical computations. Many libraries and frameworks used for numerical
computations are written in C, allowing for fast and efficient processing of large amounts of data.

Game development: Cis also used in game development. Since C offers the possibility of having
direct access to the hardware and having good control over memory space, it is a very suitable
language for developing games that require high performance and good graphics.

Training and Education: C is also used in training and education to teach students the basics of
programming. C is an ideal language to start programming as it is easy to learn and understand, but
also has good depth to prepare students to develop more complex applications.

Finance: Cis also used in finance, especially in the development of trading platforms and algorithms.
Since C is a very fast and efficient language, it allows trading decisions to be executed quickly and
large amounts of data to be processed.

Overall, Cis a very versatile and powerful programming language that is used in many areas of
computer science and is able to respond to a wide range of requirements. C also helped establish
many concepts and technologies that were adopted by other languages, and thus it has had a major
impact on the development of computer science.



Setting up the development environment

Setting up a development environment for the C programming language is an important step before
you can start programming. A development environment consists of various tools and resources that
you need to write, compile, and run your code.

Compiler: The most important part of a C development environment is a compiler. A compiler is a
program that translates the source code you write into machine code that a computer can run. There
are many different compilers for C, including GCC (GNU Compiler Collection), Clang, and Visual C++.

Text Editor or IDE: Another important tool for C development is a text editor or integrated
development environment (IDE). A text editor is a program that you can use to write your code.
There are many text editors including Notepad, Sublime Text, Atom, and Visual Studio Code. An IDE is
software that integrates a text editor, compiler, and other tools into a single application. Examples of
IDEs are Eclipse, Code::Blocks and Visual Studio.

Debugger: A debugger is a tool that helps you find and fix errors in your code. With a debugger, you
can step through your code, monitor variable values, and set breakpoints to stop code at specific
points. Examples of debuggers are GDB, LLDB and Visual Studio Debugger.

Libraries and Frameworks: C has an extensive standard library that provides you with many useful
functions and resources for developing applications. There are also many external libraries and
frameworks that you can include in your projects to provide additional functionality.

Documentation and Resources: Finally, it is important that you have access to documentation and
resources to help you better understand the language and the tools available. There are many online
resources such as the official C programming documentation, tutorials, forums, and Q&A sites that
can help you deepen your knowledge and solve any problems you may have during development.

Setting up the development environment can vary depending on the operating system and the
selected compiler. For example, Windows users can use Visual Studio while Linux users can use GCC.
There are also many free and open source options available for both Windows and Linux. It is
important that you become familiar with the tools and resources you will be using before you start
programming.

Once set up, you'll be able to write, compile, and run your C code. It's also important to regularly
update your development environment to ensure you're using the latest features and bug fixes.



2. Basics of C programming

Data Types and Variables
Data types and variables are fundamental concepts of the C programming language.

Data Types: A data type defines the type of information that a variable can store. C supports a variety
of standard data types, including:

Integers (int, long, short, etc.)
Floating point numbers (float, double)
character

truth values (bool)

etc.

Each data type has a specific size and range of values. For example, an int data type is typically 4
bytes in size and ranges from -2147483648 to 2147483647. It is important to choose the correct data
type for the variable as this can affect memory requirements and code precision.

Variables: A variable is a memory location where a value can be stored. Variables must be declared in
C before they can be used. A variable is declared by specifying the data type followed by a name
assigned to the variable. Example:

int age;
char degrees;

double price;

Here three variables are declared: age, grade, price with the data types int, char, double.

Variable initialization: Variables can be initialized upon declaration by assigning an initial value.
Example:

int age = 25;
char grade ="A’;

double price = 19.99;



Scope : The area in which a variable is available is called the scope. There are two types of scope in C:
local scope and global scope. A local-scope variable is only available within a specific function or
block, while a global-scope variable is available in every part of the program.

Naming Conventions: It is important that variables in C have a descriptive and meaningful name. C
compilers expect variable names to start with a letter or underscore, followed by any number of
letters, numbers, and underscore. It is customary to write variable names in lowercase and to
separate words contained in a name with an underscore.

Overall, data types and variables are important concepts in C that allow data to be stored and
manipulated in code. It is important to choose the correct data type for the variable and to ensure
that variables are correctly declared and initialized to avoid space and code precision issues.

Operators and Expressions
Operators and expressions are important concepts in the C programming language that make it
possible to perform logical operations and calculations in code.

Operators: Operators are symbols or keywords that perform specific operations on variables and
values. C supports a variety of operators, including arithmetic operators (eg +, -, *, /), comparison
operators (eg ==, !=, >, <), and logical operators (eg &&, ||, !). Examples:

intx=5;
inty=2;
int result=x+vy; // resultis 7

bool iskqual = x ==y; // isEqual is false

Expressions: An expression is a combination of variables, values, and operators that can be evaluated
to produce a result. Examples:

Priority and associativity: Operators have different priorities and associativity. Priority determines
which operations are performed first when multiple operators are used in an expression.
Associativity determines the order in which operations are performed when multiple operators of
the same rank are used in an expression.



Parentheses: To influence the evaluation order of expressions, parentheses can be used to delimit
subexpressions. Example:

intx=5;
inty=2;

int result = (x +y) * 2; // resultis 14

Overall, operators and expressions allow you to perform logical operations and calculations in your
code and allow you to implement more complex statements and logical decisions in your code. It is
important to understand the precedence and associativity of the different operators to ensure that
expressions are evaluated correctly. It's also important to understand the proper use of parentheses
to affect the evaluation order of expressions.

instructions and control structures
Statements and control structures are important concepts in the C programming language that allow
you to control the order of execution of code and make decisions in code.

Statements: A statement is a single action or operation to be performed by a program. Examples of C
statements are assignments, function calls, and output. Example:

intx=5;

printf("The value of x is %d\n", x);

Control Structures: Control structures allow you to control the execution order of code and make
decisions in code. C supports three types of control structures: branches, loops, and breaks.

Branching: Branching allows certain instructions to be executed depending on whether a certain
condition is met or not. Examples of branching in C are if-else statements and switch statements.
Example:

intx=5;

if (x>0)

{

printf("x is positive\n");
}

else

{

printf("x is non-positive\n");

}



Loops: Loops allow certain statements to be executed repeatedly as long as a certain condition is
met. Examples of loops in C are for loops, while loops, and do-while loops. Example:

intx=5;

while (x > 0)

{

printf("x is %d\n", x);
X--;

}

Interrupts : Interrupts allow the execution of a loop or a branch to be terminated prematurely.
Examples of breaks in C are the break and continue statements. Example:

for (inti=0;i<10; i++) {

if (i == 5) {

break;

}

printf("i is %d\n", i);
}

Overall, statements and control structures allow you to control the order of execution of code and
make decisions in code. It is important to understand the different types of statements and control
structures, how they are used, and the order in which they are evaluated to ensure that code runs
correctly and as expected.



arrays and pointers
Arrays and pointers are important concepts in the C programming language that allow working with
multiple values at once and manipulating the memory addresses of variables.

Arrays: An array is a data structure that allows multiple values to be stored and managed at the same
time. Arrays are declared in C by specifying the data type, followed by a name and the number of
elements in curly brackets. Example:

int numbers[10];

This declares an array named "numbers" containing 10 elements of type int. Arrays have a fixed size
and the elements are stored in a sequential order and are accessible via indexes.

Pointer: A pointer is a variable that stores the memory address of another variable. Pointers are
declared in C by specifying the data type, followed by a * and the name of the variable. Example:

int number = 5;

int *pNumber = &number;

Here a pointer named "pNumber" is declared, which stores the memory address of the variable
"number". Pointers can be used to access the values of the variables they point to and also to change
the values of those variables.

Array with Pointers: Arrays and pointers can also be used together. An array can be interpreted as a
pointer to the first element of the array. Example:

int numbers[10] ={1, 2, 3, 4, 5};

int *pNumbers = numbers;

Array of Pointers: An array of pointers is an array whose elements are pointers. Example:
int numberl =5;

int number2 = 10;

int *pNumbers[2] = {&numberl, &number2};

Overall, arrays and pointers allow efficient management of multiple values and flexible manipulation
of memory addresses. Understanding the differences between arrays and pointers, how they are
used, and the order in which they are evaluated is important to ensure that your code runs correctly
and as expected.



Functions and Recursion
Functions and recursion are important concepts in the C programming language that make it possible
to organize code in a meaningful way and create blocks of code that can be used repeatedly.

Functions: A function is a self-contained block of code that performs a specific task and may or may
not return a value. Functions are declared in C by specifying the return type, followed by a name and
a list of arguments in parentheses. Example:

int add(int x, inty) {
return x +y;

}

This declares a function called "add" that takes two integer arguments and returns an integer.
Functions can be invoked by giving their name followed by the arguments in parentheses.

Recursion: Recursion is a concept where a function calls itself to perform a specific task. A recursive
function usually has a termination condition that causes the recursion to stop at some point.
Example:

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

}

return n * factorial(n - 1);

}

In this example, the "factorial" function calculates the factorial of a given number "n" by calling itself
and decreasing the value of "n" by 1 each time until "n" equals 0, then it returns 1.

Overall, functions and recursion enable code organization and reusability, and make programs easier
to maintain and debug. It's important to understand the differences between regular functions and
recursive functions, how they are used, and the order of evaluation to ensure that the code executes
correctly and as expected, and that the recursion doesn't run endlessly, causing a stack overflow.

goto

The goto jump command is a command in the C programming language that allows you to change
the execution order of code and jump to a specific point in code. The goto jump is specified by the
keyword "goto" followed by a label that marks the place in the code to jump to.



Example:

#include <stdio.h>

int main() {

int input;

int isPrime;

printf("Enter a number: ");
scanf("%d", &input);

for (inti=2;i<input; i++) {
if (input % i ==0) {

isPrime = 0;

break;

}

else{

isPrime = 1;

}

}

if (lisPrime) {

printf("The number is not prime.\n");
}

else {

goto prime;

}

printf("Exiting program.\n");
return O;

prime:

printf("The number is prime.\n");
return O;

}



3.Advanced Conceptsin C

structures and unions
Structures and unions are important concepts in the C programming language that make it possible
to create more complex data structures and store different types of data in a single variable.

Structures: A structure is a user-defined data type that allows different data types to be grouped
together and treated as a single entity. Structures are declared in C using the keyword "struct"
followed by a name and a list of variables in braces. Example:

structure student {
char name[50];

int age;

float grade;

|5

This declares a structure called "student" containing a string "name", an integer variable "age" and a
floating point variable "grade". Structures can then be declared as variables, like in this example:

struct student s1;

Unions: A union is a special form of structure that allows different types of data to be stored and
accessed in the same memory cell. The difference from structs is that unions only take up the storage
space of the largest element, while structs take up the storage space of all elements. Unions are
declared in Cin a manner similar to structures, using the keyword "union" followed by a name and a
list of variables in braces. Example:

union data {
inti;

float f;

char str[20];
I

This declares a union named "data" containing an integer variable "i", a floating point variable "f" and
a string "str". Unions can then be used in a similar way to structures, but only one of their members
can be used at a time since they share the same memory space.



Overall, structures and unions allow the creation of more complex data structures and the space-
saving use of different data types in a single variable. It is important to understand the differences
between structs and unions, their uses, and space requirements to ensure that your code runs
correctly and efficiently.

file operations
File operations allow the C programming language to save and load data on the computer. In C there
are a number of standard functions that can be used to perform file operations.

Opening files: Before data can be written to or read from a file, the file must first be opened. In C,
this is accomplished using the fopen() function, which takes a file path and mode as arguments. The
mode determines whether the file should be opened for reading, writing or appending data.
Example:

FILE *file = fopen("example.txt", "w");

This opens the "example.txt" file in write mode and returns a file pointer that can be used to access
the file.

Writing to files: Once afile is open, data can be written to the file. In C, this is accomplished using the
fprintf() function, which takes a file pointer, a format string, and any number of arguments. Example:

fprintf(file, "Hello, World!");

This writes the string "Hello, World!" into the opened file.

Reading from files: Similar to writing to files, data can be read from an open file. In C, this is
accomplished using the fscanf() function, which also takes a file pointer, a format string, and any
number of arguments. Example:

int age;

fscanf(file, "%d", &age);

This reads an integer number from the open file and stores it in the "age" variable.



Closing Files: Once file operations are complete, the file must be closed to ensure all data is saved
correctly. In C, this is accomplished using the fclose() function, which takes the file pointer as an
argument. Example:

fclose(file);

It is important to note that each file operation should be checked to ensure that it was performed
successfully, as errors can occur while reading or writing to files. It is also important to always close
the file when the operations are completed to avoid losing data and avoid possible errors in the file
structure.

Dynamic memory management

Dynamic memory management is an important concept in the C programming language that allows
memory to be allocated and freed during program runtime. There are two main functions used in C
to manage dynamic memory: malloc() and free().

malloc(): The malloc() function (Memory Allocate) allocates a certain memory space on the heap
(dynamic memory area) and returns a pointer to the allocated memory. The allocated memory can
then be used by the application to store data. Example:

int *p = (int *) malloc(sizeof(int));

This allocates memory for an integer variable and returns a pointer to it, which is stored in the "p
variable.

free(): The free() function returns the memory previously allocated with malloc() to the operating
system kernel so that it can be used again. It is important to release the allocated memory with free()
when it is no longer used to avoid memory leak. Example:

free(p);

There are also other functions like calloc() and realloc() that can be used to manage dynamic
memory. calloc() allocates and initializes a memory block with zeros, while realloc() resizes an already
allocated memory block.



It is important to note that dynamic memory management can introduce bugs like memory leak and
overflow if not used properly. It is therefore crucial that the allocated memory is always released
with free() when it is no longer being used, in order to avoid a memory leak. It is also important to
ensure that the allocated memory is not exceeded by checking the size of the allocated memory
against the actual size needed and checking that the return values from malloc() and other memory
allocation functions are correct to ensure that there is enough memory is available.

Error handling and debugging

Error handling and debugging are important aspects of the programming process that help code run
stable and reliable. In the C programming language, there are several techniques that can be used to
handle errors and debug code.

Error Handling: Error handling refers to the processing of errors that may occur during the execution
of the program. One way to handle errors in Cis to use return values and error codes. Example:

int divide(int a, int b) {
if (b ==0) {
return -1;

}

returna/b;

}

This example checks for an error condition that indicates a division by zero would occur and returns
an error code (-1) that the calling function can handle.

assert(): Another option is to use the assert macro. assert() checks whether a condition is true and
returns an error message and terminates the program if the condition is false. Example:

inta=0;

assert(a !=0);



Debugging: Debugging refers to identifying and fixing errors in code. One way to debug errorsin Cis
to use print statements to monitor the state of the program as it runs. Example:

printf("Value of a: %d", a);

Here the value of the variable "a" is printed to the console, which can help identify the error.

Another option is to use debugger tools that allow you to step through the code, display variable
values, and set breakpoints. Many development environments, such as GCC, Visual Studio, Xcode,
etc. have built-in debugger tools that allow debugging the code and finding errors.

It is important to incorporate both error handling and debugging into the programming process to
ensure code is stable and reliable and errors can be identified and fixed quickly.

Preprocessor directives and macros
Preprocessor statements and macros are important features in the C programming language that
allow code to be edited and extended before translation.

Preprocessor Instructions: Preprocessor instructions are instructions that are executed before the
code is translated. They start with a hash sign (#) and can be used to include libraries, define
constants, and control conditions. Some commonly used preprocessor directives are:

#include: This directive is used to include header files that contain function definitions and
prototypes. Example:

#include <stdio.h>

#define: This directive is used to define symbols or constants. Example:

#definePl 3.14



ttifdef, #ifndef, #else, #tendif: These directives are used to control conditions and include or exclude
certain parts of code based on certain conditions. Example:

#ifdef DEBUG
printf("Debug information");

ttendif

Macros: Macros are text replacements performed by the C compiler before translation. They make it
possible to quickly reuse frequently used code and improve code readability. Macros are defined
with the keyword "define" and can be both symbolic constants and function macros.

Symbolic Constants: These macros define a symbolic name for a value that is substituted during
compilation. Example:

ttdefinePl 3.14

Function macros: These macros define a symbolic name for a function or expression that is
substituted during compilation. Example:

#tdefine MAX(a,b) ((a)>(b)?(a):(b))

In C there is also the possibility of declaring the macros with the keyword "inline", these are then not
replaced as function calls but directly by the code.

It's important to note that the use of macros can quickly lead to unforeseen errors if not used
carefully, since they don't offer the same error handling as regular functions. It is therefore
recommended to only use macros for small, frequently used expressions and to test them carefully
before using them in productive code.



4.C standard library

input and output

Input and output (I/0) are important aspects of programming that make it possible to read and write
data to and from external sources, such as files or user input. In the C programming language, there
are several standard libraries and functions that can be used to perform I/O operations.

Input from the keyboard: In C, data can be read from the keyboard using the scanf() function, which
takes a format string and any number of arguments. Example:

int age;

scanf("%d", &age);

This reads an integer number from the keyboard and stores it in the "age" variable.

Output to screen: In C, data can be output to the screen using the printf() function, which also takes a
format string and any number of arguments. Example:

printf("Hello, World!");

This returns the string "Hello, World!" on the screen.

Mathematical Functions

In the C programming language there are a large number of mathematical functions that are
available in the standard library <math.h>. These functions make it possible to perform simple and
complex mathematical calculations, such as trigonometric functions, powers, roots, logarithms and
much more. Some examples of mathematical functions in C are:

Trigonometric functions: sin(), cos(), tan(), asin(), acos(), atan() etc. Example:
#include <math.h>

double x = 0.5;

double y = sin(x);



This calculates the sine function of x and stores the result in y.

Powers and roots: pow(), sgrt(), cbrt() etc. Example:

#include <math.h>
double x = 2;

double y = pow(x,3);

This calculates x to the power of 3 and stores the result iny.

Logarithms: log(), log10(), log2() etc. Example:

#include <math.h>
double x =10;

double y = log10(x);

This calculates the decimal logarithm of x and stores the result iny.

There are many other math functions available in the <math.h> library that can be used depending
on the needs of the program. It is important to note that some of the functions have special
requirements for the arguments passed, such as that they must not be negative or that they must be
within certain bounds. It is therefore recommended that you read the documentation for each
function carefully before using it.

Another important issue related to mathematical functions in C is the accuracy of the results.
Because C is a fixed-point language, some results may be inaccurate, especially when doing
calculations involving very large or very small numbers. However, there are also special functions,
such as fmod(), that allow improving the accuracy of the results.

Overall, the standard library <math.h> in C offers an extensive range of mathematical functions that
make it possible to perform complex calculations and improve the accuracy of the results. However,
it is important to carefully read the documentation for each function and the argument requirements
to ensure that the results are correct.



string processing

In the C programming language, there are several ways to work with character strings (also known as
strings). One of the most common methods is to use the string library <string.h>, which provides a
set of functions that allow strings to be compared, copied, searched, and manipulated.

One of the basic functions in <string.h> is strlen(), which returns the length of a string. Example:

#include <string.h>
char str[100] = "Hello World";

int len = strlen(str);

In this example, the length of the string "Hello World" is stored in the variable "len".

Another important function is strcpy(), which allows copying one string into another. Example:

#include <string.h>
char str1[100] = "Hello World";
char str2[100];

strcpy(str2, strl);

In this example, the string "Hello World" in strl is copied to the variable str2.

strcmp() is another important function that allows comparing two strings. The function returns a
negative value if the first string is lexicographically before the second, a positive value if it comes
after, and 0 if they are equal. Example:

#include <string.h>
char str1[100] = "Hello World";
char str2[100] = "Hello World";

int result = strcmp(strl, str2);

In this example, the strings strl and str2 are compared and the result is stored in the "result"
variable.



There are also functions like strcat() which allows to concatenate two strings, strchr() which looks for
a specific character within a string and strstr() which looks for a substring in a larger string.

It is important to note that character strings in C are stored as arrays of char values and therefore
must be of fixed size. In many cases it is therefore necessary to know the maximum size of the
character string in advance in order to ensure that buffer overflows do not occur. One way to get
around this is to use dynamically allocated memory, such as with the malloc() function.

Another important issue when processing character strings in C is the handling of spaces and special
characters. In C, strings are stored as arrays of char values, and so care must be taken to ensure that
spaces and special characters are handled correctly when processed. Some functions, such as
strtok(), can be used to split strings into substrings using spaces or special characters as delimiters.

Overall, the standard <string.h> library in C provides an extensive range of string processing functions
that allow strings to be compared, copied, searched, and manipulated. However, it is important to
consider string size requirements and how spaces and special characters are handled to ensure the
results are correct.

Time and date functions

There are several ways to work with time and date functions in the C programming language. One of
the most common methods is to use the time and date library <time.h>, which provides a set of
functions that allow working with times and dates.

One of the basic functions in <time.h> is time(), which returns the current time in seconds since
01/01/1970. Example:

#include <time.h>
time_t rawtime;

time(&rawtime);

In this example, the current time is stored in the "rawtime" variable.



Another important function is localtime(), which makes it possible to convert time to a local date and
time. Example:

#include <time.h>
time_t rawtime;
struct tm *timeinfo;
time(&rawtime);

timeinfo = localtime(&rawtime);

In this example, the current time is stored in the "rawtime" variable and then transformed into a
local date and time and stored in the "timeinfo" variable.

gmtime() is a similar function that converts time to a UTC date and time. Example:

#include <time.h>
time_t rawtime;
struct tm *timeinfo;
time(&rawtime);

timeinfo = gmtime(&rawtime);

mktime() is another important function that allows converting a local date and time to a time in
seconds since 01/01/1970. Example:

#include <time.h>

struct tm timeinfo;
timeinfo.tm_year = 2020-1900;
timeinfo.tm_mon =9-1;
timeinfo.tm_mday = 15;
timeinfo.tm_hour = 12;
timeinfo.tm_min = 30;
timeinfo.tm_sec = 0;

time_t rawtime = mktime(&timeinfo);



There are also functions like difftime() which allows to calculate the difference between two times in
seconds and strftime() which allows to convert a time to a formatted string.

It's important to note that most of these functions operate on a tm structure, so it's a good idea to
become familiar with the structure and its member variables in order to use the functions properly.
Some of the member variables of the tm structure are:

tm_year: The year (e.g. 2020)

tm_mon: The month (January = 0, February = 1, etc.)
tm_mday: The day of the month (1 to 31)

tm_hour: The hour (0 to 23)

tm_min: The minute (0 to 59)

tm_sec: The second (0 to 59)

It is also important to note that most of these functions work with local time, which is managed by
the operating system and therefore may depend on the user's preference. In order to use the UTC
time, the corresponding functions (eg gmtime() instead of localtime()) must be used.

Overall, the standard C library <time.h> provides an extensive range of time and date processing
functions, allowing times to be converted to local dates and times, times to be calculated, times to be
converted to formatted strings, and much more. However, it is important to become familiar with
the tm structure and its member variables, and to consider local time versus UTC time, to ensure that
the results are correct.



multithreading

Multithreading is a concept of parallel processing in which multiple threads (or processes) run at the
same time. Each thread has its own stack and can work independently of the other threads. In C,
multithreading is supported via the POSIX threads (pthreads) library.

To create a new thread, you must first define a function to run as a thread function. This function
must have void pointer argument and void pointer result. To create a new thread, call the
pthread_create() function, passing it the address of the thread handle, options, the function to run as
the thread, and arguments to that function.

An example of calling the pthread_create() function:

pthread_t thread_id;

int status = pthread_create(&thread_id, NULL, thread_function, (void*) arg);

To exit a thread, call the pthread_exit() function and pass it the result of the thread. Another thread
can wait for a thread's result by calling the pthread_join() function and passing the handle of the
thread to wait for completion.

An example of calling the pthread_join() function:

void* result;

pthread_join(thread_id, &result);

It is important to ensure synchronization between threads to avoid deadlocks and racedition. One
possibility is the use of mutex variables (mutual exclusion), which synchronize access to shared
resources. A mutex can be locked with pthread_mutex_lock() and unlocked with
pthread_mutex_unlock().

An example of calling pthread_mutex_lock() function:

pthread _mutex_t mutex = PTHREAD _MUTEX_INITIALIZER;
pthread_mutex_lock(&mutex);
//Critical section

pthread_mutex_unlock(&mutex);



In this example, the critical section is the code that accesses shared resources and can only be
executed by one thread at a time.

Another important concept in multithreading is the use of condition variables to facilitate the
exchange of information between threads. A condition variable allows one thread to wait for a
specific condition and another thread to signal that condition. This can be achieved via the
pthread_cond_wait() and pthread_cond_signal() functions.

An example of using condition variables:

pthread_cond_t cond = PTHREAD_COND_INITIALIZER;

pthread_mutex_t mutex = PTHREAD_MUTEX_INITIALIZER;

//thread 1
pthread_mutex_lock(&mutex);
while(condition == false) {
pthread_cond_wait(&cond, &mutex);

}

pthread_mutex_unlock(&mutex);

// thread 2
pthread_mutex_lock(&mutex);
condition = true;
pthread_cond_signal(&cond);

pthread_mutex_unlock(&mutex);

In this example, thread 1 is waiting for the condition to become true. When thread 2 changes the
condition and calls the pthread_cond_signal() function, thread 1 wakes up and exits the queue.

There is also the possibility of thread-specific data, which allows data to be stored specifically for a
particular thread. This can be achieved via the pthread_setspecific() and pthread_getspecific()
functions.



In C there is also the possibility of thread-specific data, which allows data to be stored specifically for
a particular thread. This can be achieved via the pthread_setspecific() and pthread_getspecific()
functions.

In this sense, multithreading allows us to execute tasks in parallel and optimize the use of resources,
thus increasing the performance of applications. However, it is important to ensure that
synchronization between threads is properly implemented to avoid deadlocks and raceditions.

5.Applications of C

system programming

Systems programming refers to the development of programs that dig deep into the operating
system to control and manage it. This includes drivers, operating system kernel, system libraries,
system tools and other types of programs that interact directly with the operating system.

An important aspect of system programming is the interaction with hardware components. This
includes, for example, input and output operations, access to memory, network communication and
other hardware functions. To perform these operations, programmers often need to access
hardware interfaces directly, rather than relying on higher-level abstractions like the standard C
library.

Another important aspect of system programming is optimizing resource usage and performance.
System programs often have to work with limited resources and therefore have to be very efficient.
This includes, for example, minimizing memory access, avoiding unnecessary calculations and using
algorithms with low resource requirements.

Another important concept in systems programming is the synchronization of processes and threads.
Because many system programs run in parallel, they need to ensure that they don't interfere with
each other and that they deliver consistent results. This can be accomplished using mutexes,
semaphores, and other synchronization mechanisms.

Another important concept in systems programming is the management of processes and threads.
This includes the creation, termination and monitoring of processes and threads, as well as the
management of process and thread-specific data.

Finally, systems programming often requires a deep understanding of operating system architectures
and mechanisms. This includes, for example, process and thread scheduling, memory management,
file systems and network communication.

With that in mind, systems programming requires a deep understanding of operating systems and
hardware, as well as the ability to design efficient and reliable solutions.



database programming

Database programming refers to the development of programs that interact with a database. A
database is a system for storing, managing and querying data. Most databases use relational data
modeling, where data is stored in tables with columns and rows.

An important aspect of database programming is the use of Structured Query Language (SQL) to
manipulate data in the database. SQL is a query language that allows searching, filtering, sorting,
inserting, updating and deleting data in the database. Examples of SQL statements are SELECT,
INSERT, UPDATE, and DELETE.

Another important aspect of database programming is using database APIs to access the database
from a programming language. There are different APIs supported by different database systems,
such as JDBC for Java programs and ADO.NET for .NET programs. These APls make it possible to
execute SQL statements and to query and manipulate data from the database.

Another important aspect of database programming is the modeling of the data in the database. This
includes developing Entity Relationship Diagrams (ERD) to show the relationships between different
entities in the database and normalizing the data to avoid redundancies and inconsistencies.

Another important aspect of database programming is optimizing the performance of database
queries. This includes using indexes, avoiding unnecessary joins, and using appropriate query plans.

Another important aspect of database programming is the security of the data in the database. This
includes the use of access rights and roles, encryption of sensitive data and the use of security
policies and auditing.

In this sense, database programming requires a deep understanding of database management
systems and SQL, as well as the ability to develop efficient and secure data management and query
solutions. It also requires an understanding of data modeling techniques and best practices to ensure
the database data structure is optimally aligned with the needs of the application.

While developing database applications, developers must also ensure that their applications are
scalable and fault-tolerant to ensure that they remain resilient as data volumes and loads increase.
This can be achieved by supporting the use of transactions, replication and load balancing.

It is also important to measure and tune the performance of database applications by monitoring
and tuning the performance of queries and transactions, and analyzing the use of resources such as
memory and CPU.



Overall, database programming requires a wide range of knowledge and skills, from using SQL and
database APIs to optimizing performance and security. It also requires the ability to solve complex
problems and adapt quickly to new technologies and requirements.

network programming

Network programming refers to the development of programs that deal with communication and
data transfer over networks. Network programming allows applications to exchange data with each
other and with other devices.

An important aspect of network programming is the use of network protocols to transfer data. There
are different protocols used for different requirements, such as TCP (Transmission Control Protocol)
and UDP (User Datagram Protocol) for the transmission of data, and HTTP (Hypertext Transfer
Protocol) and HTTPS (HTTP Secure) for the transmission of web content.

Another important aspect of network programming is the use of sockets to connect applications and
exchange data. Sockets are interfaces that allow network connections to be established and data to
be sent and received. There are different types of sockets, such as TCP sockets and UDP sockets.

Another important aspect of network programming is the use of network libraries to simplify the
implementation of network functionality. Examples of such libraries are the "sockets" library in C and
the "networking" library in Python. These libraries provide already implemented functions that make
it possible to establish connections, send and receive data, and use network protocols without having
to worry about the deeper details.

Overall, network programming is an important area of computer science that allows applications and
devices to connect and exchange data. However, it is important to become familiar with the various
network protocols, sockets, and libraries in order to successfully develop network applications in C.



embedded systems

Embedded systems are computers that are integrated into other devices and products and perform
specific functions. They can be found in a variety of applications such as automobiles, smartphones,
home appliances, medical devices, industrial automation systems and many more.

A key component of embedded systems is the use of microcontrollers, which are small, cost-
effective, and power-efficient computer chips designed specifically for the needs of embedded
systems. They typically contain a processor, memory, and peripheral interfaces on a single chip.

Another important characteristic of embedded systems is the limitation of resources, especially in
terms of memory and computing power. Because embedded systems are typically deployed in small
devices and energy efficiency is of the essence, developers must carefully consider how to use the
available resources to implement desired functionality.

Another characteristic of embedded systems is the close interaction with the physical world. They
often have sensors and actuators that collect data and react to the environment. Examples of this are
automatic door openers that react to movement or thermostats that regulate the room
temperature.

Cis a very suitable programming language for developing embedded systems as it allows good
control over hardware resources and has good portability. Many microcontroller manufacturers
provide C compilers and libraries for their products, and there are also many open source tools for
developing embedded systems in C.

However, developers developing in C for embedded systems must be aware that resource
constraints and close interaction with the physical world impose specific programming requirements
that may differ from those for applications on traditional computing systems.



imprint

This book was published under the
Creative Commons Attribution-NonCommercial-NoDerivatives (CC BY-NC-ND) license released.

Q00

This license allows others to use and share the book for free as long as they credit the author and
source of the book and do not use it for commercial purposes.

Author: Michael Lappenbusch

E-mail: admin@perplex.click

Homepage: https://www.perplex.click

Release year: 2023


mailto:admin@perplex.click
https://www.perplex.click/

