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2 Computer Engineering Units

› Unit 0 – Introduction and Course Organization, Motivation (today)

› Unit 1 – Introduction to Programming and C Language

› Unit 2 – Basic Concepts:  Variables and Data Types

› Unit 3 – Control Structures: Conditional Statements

› Unit 4 – Control Structures: Loops

› Unit 5 – Functions and Modular Programming

› Unit 6 – Arrays and Strings

› Unit 7 – Pointers and Structures

› Unit * – Advanced Embedded Concepts

Homework 1

Homework 2
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› What is a variable?

› Basic memory concepts

› Basic data types in C

› Constants and literals

› Type casting and type conversion

4 General Overview
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A variable is a named storage location in memory that can hold an 

arbitrary value. The value of a variable is the actual data, and it can be 

assigned variably throughout the program.

A variable has a specific data type that determines the layout and size of 

its memory area. 

A variable has a unique name to identify it.

5 What is a Variable?

int age = 8;
float pi = 3.1415;
char letter = ‘c‘;

* these statements specifically apply to the C programming language. 
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6

› data type specifies the type of the variable → can not be changed!

› name is used to identify the variable

› must not begin with a digit

› must not have any keywords (e.g., int, float)

› can consist of digits, letters, and special symbols (no operators!)

› must not have spaces or blanks

› case sensitive!

› variables have scopes → name must be unique for the scope

› variables must be declared before being used

› values can be set throughout the code

Some key facts in C

What is a Variable?

* these statements specifically apply to the C programming language. 
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7 Basic Memory Concepts
Where are our variables? Where is our data?

Registers

Cache

Main Memory (RAM)

Drive (ROM)

volatile

non-

volatile
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8 Basic Memory Concepts
Where are our variables? Where is our data?

Registers

Cache

Main Memory (RAM)

Drive (ROM)

Variable 

Storage

?

?

Program 

Storage

??
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9 Basic Memory Concepts
Where are our variables? Where is our data?

Registers

Cache

Main Memory (RAM)

Drive (ROM)

Variable Storage

every variable has:

› Value

› Address

› (Type/Size)

1 2 3 4
…
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10

What data do we want to store?

numbers

characters
colors

music
sensor values

pictures

text …
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11 What data can we store?

Binary representation of numbers!

0101 0100

84

0x54

‘T‘

01000000 01001001 
00001110 01010110

1078529622

0x40490E56

3.14149999

→ data types!What now?
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Different data types occupy different amounts of memory and have different ranges

12 Basic Data Types in C

But what if I only need positive integers?

data type size (bytes) range

void 0 –

char 1 -128 to 127

int 2-8 (arch. dep.) -2,147,483,648 to 2,147,483,647 (for 32bit arch)

float 4 approx. ±3.4E-38 to ±3.4E+38

double 8 approx. ±1.7E-308 to ±1.7E+308
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Different data types occupy different amounts of memory and have different ranges

13 Basic Data Types in C

data type size (bytes) range

void 0 –

signed char 1 -128 to 127

unsigned char 1 0 to 255

signed int 2-8 (arch. dep.) -2,147,483,648 to 2,147,483,647 (for 32bit arch)

unsigned int 2-8 (arch. dep.) 0 to 4,294,967,295

float 4 approx. ±3.4E-38 to ±3.4E+38

double 8 approx. ±1.7E-308 to ±1.7E+308

For integer data types, the modifiers short and long can also be applied.

Isn‘t there a better way to control bit widths? →YES!
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14 Basic Data Types in C
Embedded Data Types / stdint.h

data type size (bytes) range

int8_t 1 -128 to 127

uint8_t 1 0 to 255

int16_t 2 -32,768 to 32,767

uint16_t 2 0 to 65,535

int32_t 4 -2,147,483,648 to 2,147,483,647

uint32_t 4 0 to 4,294,967,295

int64_t 8 −263 to 263 − 1

uint64_t 8 0 to 264 − 1

Whenever possible, use these data types!
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15

Overflow

Basic Data Types in C

#include <stdio.h>
#include <stdint.h>

void main() {

uint32_t x = UINT32_MAX;

printf("%lu \n", x);

x = x + 1;
printf("%lu \n", x);

}

1
2
3
4
5
6
7
8
9
10
11
12
13

C main.c ×
4294967295
0 

Output:



Unit 2: Basic Concepts – Variables and Data Types Computer Engineering, VU (448.012)

16 Basic Data Types in C
Characters

ASCII table!

→ Array of 

characters = 

string (see later)
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17 Basic Data Types in C
Floating point: IEEE 754 single-precision floating-point format

https://www.h-schmidt.net/FloatConverter/IEEE754.html

0 1 0 0 0 0 0 1 0 0 1 1 0 0 0 1 0 1 0 0 1 1 1 1 1 1 0 1 0 1 1 0 = 11.081991

sign 𝑠

exponent 𝑒𝑥𝑝

mantissa 𝑚

𝑥 = (−1)𝑠∙ 2(𝑒𝑥𝑝−127) ∙ 𝑚

𝑥 =

= (−1)0∙ 2(130−127) ∙ 𝑚 =

𝑚 = 1 +෍

𝑖=1

23

𝑏23−𝑖 ∙ 2
−1

= 23 ∙ 1.38524889945983887 = 11.081991

https://www.h-schmidt.net/FloatConverter/IEEE754.html
https://www.h-schmidt.net/FloatConverter/IEEE754.html
https://www.h-schmidt.net/FloatConverter/IEEE754.html
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18 Variable Declaration

#include <stdio.h>

void main() {
int number1; // integer declaration
int number2 = 20; // integer declaration and initialization
float pi = 3.1415, e; // declaration of two floats, init the first

number1 = 8;                 // specify the value of number1

int sum = number1 + number2; // calculate a sum

printf("The sum is: %d\n", sum); // output the result
}

1
2
3
4
5
6
7
8
9
10
11
12
13

C main.c ×
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19 Excerpt: printf() Basics

#include <stdio.h>

void main() {
int integer = 7;
char character = ‘c‘;
float floatingpoint = 12.0;

printf("The integer is: %d / %u\n", integer); 
printf("The character is: %c\n", character); 
printf("but also: %d\n", character);
printf("The floatingpoint is: %.1f\n", floatingpoint)

}

1
2
3
4
5
6
7
8
9
10
11
12
13

C main.c ×
The integer is: 7 / 7
The character is: c
but also: 99
The floatingpoint is: 12.0

Output:
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20 Excerpt: printf() Basics
specifier output

%d / %i signed decimal integer

%u unsigned decimal integer

%x unsigned hexadecimal integer

%f decimal floating point

%e scientific notation (mantissa/exponent)

%c character

%s string of characters

printf("%2.2lf \n", floatingpoint);

length of the data type

padding / minimum 

characters

precision
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21 Excerpt: printf() Basics

Escape sequence Hex value in ASCII table Character represented 

\n 0x0A newline (line feed)

\r 0x0D carriage return 

\t 0x09 horizontal tab 

\v 0x0B vertical tab 

\\ 0x5C backslash 

\' 0x27 apostrophe or single quote

\" 0x22 double quotation mark 

printf("%2.2lf \n", floatingpoint);
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22 Variable Scopes

#include <stdio.h>

void main() {
int number = 12;

printf("number: %d\n", number);
}

1
2
3
4
5
6
7

C main.c ×

number: 12

Output:
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23 Variable Scopes

#include <stdio.h>

void main() {

{
int number = 42;
printf("number: %d\n", number);

}
printf("number: %d\n", number);

}

1
2
3
4
5
6
7
8
9
10

C main.c ×
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24 Variable Scopes

#include <stdio.h>

void main() {
int number = 12;
{

int number = 42;
printf("number: %d\n", number);

}
printf("number: %d\n", number);

}

1
2
3
4
5
6
7
8
9
10

C main.c ×

number: 42
number: 12

Output:
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25 Variable Scopes

#include <stdio.h>

void main() {
int number = 12;

printf("number: %d\n", number);
}

1
2
3
4
5
6
7

C main.c ×

number: 12

Output:



Unit 2: Basic Concepts – Variables and Data Types Computer Engineering, VU (448.012)

26

Local variables

Variable Scopes

#include <stdio.h>

void function() {
int number = 42;

printf("number: %d\n", number);
}

void main() {
int number = 12;

printf("number: %d\n", number);

function();
}

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

C main.c ×

number: 12
number: 42

Output:
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27 Variable Scopes

#include <stdio.h>

int number = 12;

void function() {
int number = 42;

printf("number: %d\n", number);
}

void main() {
int number = 12;

printf("number: %d\n", number);

function();
}

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
15
16

C main.c ×

Global variables
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28 Variable Scopes

#include <stdio.h>

int number = 12;

void function() {
printf("number: %d\n", number);

}

void main() {
printf("number: %d\n", number);
number = number + 12;

function();
}

1
2
3
4
5
6
7
8
9
10
11
12
13
14

C main.c ×

number: 12
number: 24

Output:

Global variables
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29 Variable Scopes

› auto

› default for all variables → rarely used

› register

› explicit use of a register → no address

› static

› retains value between function calls

› extern

› sharing of variables between C files

› volatile

› tell the compiler not to optimize anything 

newly loaded every time → especially useful when accessing hardware

Classification Keywords
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30 Operators for Variables
Arithmetic Operators

Operator Description Example

= assignment operator a = 10;

+ adds two operands a = b + c;

- subtracts two operands a = b – c;

* multiplies two operands a = b * c:

/ divides numerator by denumerator a = b / c;

% modulo operator (yields remainder) a = b % c;

++ increment a++; ++b;

-- decrement a--; --b;
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31 Operators for Variables
Relational Operators

Operator Description Example

== relational equals (a == b)

!= relational not equals (a != b)

> greater than (a > b)

< less than (a < b)

>= greater than or equal to (a >= b)

<= less than or equal to (a <= b)
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32 Operators for Variables
Logical and Bitwise Operators

Operator Description Example

&& logical and (a && b)

|| logical or (a || b)

! not !(a == b)

& bitwise and a = b & c;

| bitwise or a = b | c;

^ bitwise xor a = b ^ c;

~ bitwise not a = ~b;

<< bitwise left shift a = b << 2;

>> bitwise right shift a = b >> 4;
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33 Operators for Variables
Assignment Operators

Operator Description Example

= assignment operator a = 10;

+=   -= add/subtract and assign a += 5; b -= 5;

*=   /=   %= multiply/divide/modulo and assign a *= 5; b /= 6; c %= 3;

<<=  >>= shift and assign a <<= 5; b >>= 3;

&=   ^=   |= bitwise and/xor/or and assign a &= b; b ^= c; c |= d;
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34 Operators for Variables
Other Operators

Operator Description Example

sizeof() returns the size of a variable in bytes sizeof(a);

& returns the address of a variable a = &b;

* pointer to a variable *a;

[] array index operators a[1];

. struct element operator a = str.a;

-> struct pointer element arrow operator a = strp->a;

? : ternary operator (a == b) ? c : d;
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const int MAX_STUDENTS = 25;

→ MAX_STUDENTS is a constant int of value 25,  which cannot be 

modified

#define PI 3.14159

→ this preprocessor directive defines a macro for a constant value 

→ text replacement!

Literals:

› integer: 100,  0x64 (hexadecimal),  0144 (octal),

100LL (signed long long), 0xFFF0UL (unsigned long long)

› floating-point: 3.14, 2.5e3

› characters and strings: ‘c‘ (char) vs “c“ (string) 

35 Constants and Literals
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#define is not only for constants!

Preprocessor uses defines to replace certain pre-defined passages in your code.

36 Macros

#define multiply(a, b) ((a) * (b))
#define printfancy(a, b) {printf("Hello, I print fancy %d %d %d\n", a, b, multiply(a, b));}

void main() {
[...]

int x = 10; 
int y = x / 3;
printfancy(x, y);

[...]
}

11
12
13
14
15
16
17
18
19
20

C main.c ×

Attention:    No check if proper data type!

Always use nested brackets to avoid problems!

Hello, I print fancy 10 3 30

Output:

Better:          Use functions! (see later)
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#define is not only for constants!

Preprocessor uses defines to replace certain pre-defined passages in your code.

37 Macros

#define multiply(a, b) ((a) * (b))
#define printfancy(a, b) {printf("Hello, I print fancy %d %d %d\n", a, b, multiply(a, b));}

void main() {
[...]

int x = 10; 
float y = x / 3;
printfancy(x, y);

[...]
}

11
12
13
14
15
16
17
18
19
20

C main.c ×

Attention:    No check if proper data type!

Always use nested brackets to avoid problems!

Hello, I print fancy 10 0 1074266112

Output:

Better:          Use functions! (see later)
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38 Type Casting and Type Conversion
Implicit Conversion

[. . .]

int integer = 7;
float floating = integer; // implicit type conversion
printf("%d, %f \n", integer, floating);

floating = 7.1234567;
integer = floating; // implicit type conversion
printf("%d, %f \n", integer, floating);

12
13
14
15
16
17
18
19
20

C main.c ×

7 7.0000000
7 7.1234567

Output:
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39 Type Casting and Type Conversion
Explicit Casting

[. . .]

int a = 10; 
float b = a / 3;
printf("b = %f \n", b);

float c = (float)a / 3;
printf("c = %f \n", c);

12
13
14
15
16
17
18
19

C main.c ×

b = 3.000000 
c = 3.333333

Output:

explicit casting

Always use explicit casting in mixed-type arithmetic!
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40 Type Casting and Type Conversion
Explicit Casting

[. . .]

int a = 10; 
float b = a / 3.0;
printf("b = %f \n", b);

float c = (float)a / 3;
printf("c = %f \n", c);

12
13
14
15
16
17
18
19

C main.c ×

b = 3.333333 
c = 3.333333

Output:
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41 Best practices and Common Pitfalls

› Use descriptive names

› (e.g.,  magnetometerValue instead of mv)

› Consistent use of constants

› avoid magic numbers by using constants instead

› Usage of appropriate data types

› choose data types based on the required range and precision

(e.g., uint32_t vs. int16_t, float vs. double)

› Avoid uninitialized variables

› as they can lead to undefined behavior

› Take care of overflows and underflows

› Take care when casting variables → information loss



Unit 2: Basic Concepts – Variables and Data Types Computer Engineering, VU (448.012)

42 What’s missing?

› sets of data → arrays

› sets of characters → strings

› composed data types → structs, unions

› enumeration types → enums

› data access by addresses → pointers

› cluster functionality → functions

→ will be covered later
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› Instantiate different variables and assign values to them

› Try different printf constellations

› Try overflows

› Try variable scopes

› Try constants and literals

› Try macros

› Try type casting and type conversions

43 Practical Examples and Demonstrations
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