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General Overview

* What is aVariable? ?
* Basic Memory Concepts

* Basic Data Types in C

* Constants and Literals

* Type Casting and Type Conversion

* Practical Examples and Demonstrations

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



Ty
What is a Variable?

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.

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

* these statements specifically apply to the C programming language.
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What is a Variable?

Some key facts in C

 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

* these statements specifically apply to the C programming language.
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& Basic Memory Concepts

gupmmm—
Where are our variables? Where is our|data? ‘
e T ‘

e _
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Basic Memory Concepts

Where are our variables? Where is our data?

Program Storage ™
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Basic Memory Concepts

Where are our variables? Where is our data?

Variable Storage

every variable has: Main Memory (RAM)
* Value

e AR AR

* (Typel/Size)
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music numbers

sensor values

What data do we want to store?

colors
characters

pictures

text
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“ What data can we store?

Binary representation of numbers!

84 1678529622
01000000 01001601
0101 0100 — B6x54 -
N 00001110 @1@1@11@\\\\@X4@49@E56
‘T 3.14149999

What now!? —> data types!
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Basic Data Types in C

Different data types occupy different amounts of memory and have different ranges

size (bytes)

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

But what if | only need positive integers?
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Basic Data Types in C

Different data types occupy different amounts of memory and have different ranges

size (bytes)

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.) 0to 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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Basic Data Types in C

Embedded Data Types / stdint.h

size (bytes)

int8_t 1 -128 to 127

uint8_ t 1 0 to 255

intl6_t 2 -32,768 to 32,767

uintl6_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 10263 -1

uinte4 t 8 Oto20%—1

Whenever possible, use these data types!
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Basic Data Types in C

Overflow
Output:
#include <stdio.h> 3294967295

##tinclude <stdint.h>

main() {

x = UINT32_MAX;

1
2
3
4
5
6
7
8
9

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

B
R ®

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

g
w N
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Basic Data Types in C

Characters

ASCII table!

—> Array of
characters =
string (see later)
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Decimal Hex Char Decimal Hex Char |Decimal Hex Char |Decimal Hex Char
0 0 [NULL] 32 20 [SPACE] 64 40 @ 96 a0 ’
1 1 [START OF HEADING] 33 21 ! 65 41 A 97 61 a
2 2 [START OF TEXT] 34 22 " 66 42 B ag 62 b
3 3 [END OF TEXT] 35 23 # 67 43 C 99 63 c
4 4 [END OF TRANSMISSION] 36 24 % B8 44 D 100 64 d
5 5 [ENQUIRY] 37 25 % 69 45 E 101 65 e
G (5] TACKNOWLEDGE] 38 26 & i0 46 F 102 66 f
ri Fi [BELL] 39 27 ! 71 47 G 103 67 g
8 8 [BACKSPACE] 40 28 { 72 48 H 104 68 h
a ] [HORIZONTAL TAB] 41 29 ) T 49 | 105 69 i
10 A [LINE FEED] 42 2A % 74 4A ) 106 6A
11 B [VERTICAL TAB] 43 2B + 75 4B K 107 6B k
12 C [FORM FEED] 44 2c 76 4C L 108 6C |
13 D [CARRIAGE RETURN] 45 2D - 77 4D M 109 (5]0] m
14 E [SHIFT OUT] 46 2E : 78 4E N 110 6E n
15 F [SHIFT IN] a7 2F / 79 4F 0 111 6F o
16 10 [DATA LINK ESCAPE] 48 30 0 80 50 P 112 70 P
17 11 [DEVICE CONTROL 1] 49 31 1 81 51 Q 113 71 q
18 12 [DEVICE CONTROL 2] 50 32 2 82 52 R 114 72 r
19 13 [DEVICE CONTROL 3] 51 33 3 83 53 S 115 73 s
20 14 [DEVICE CONTROL 4] 52 34 4 84 54 T 116 74 t
21 15  [NEGATIVE ACKNOWLEDGE] | 53 35 5 85 55 U 117 75 u
22 1e [SYNCHRONOUS IDLE] 54 36 b 86 56 vV 118 76 v
23 17 [END OF TRANS. BLOCK] 55 37 7 87 57 w 119 77 ”
24 18  [CANCEL] 56 38 8 88 58 X 120 78 X
25 19 [END OF MEDIUM] 57 39 9 89 59 Y 121 79 v
26 1A [SUBSTITUTE] 58 3A H 90 54 Z 122 TA z
27 1B [ESCAFE] 59 3B ; 91 5B [ 123 7B {
28 1C  [FILE SEPARATOR] 60 3C < 92 5C \ 124 7C |
29 1D [GROUP SEPARATOR] 61 3D = 93 5D 1 125 D }
30 1E  [RECORD SEPARATOR] 62 3E > 94 5E ~ 126 7E -
31 1F [UNIT SEPARATOR] 63 3F 7 95 5F 127 TF [DEL]
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Basic Data Types in C

Floating point: IEEE 754 single-precision floating-point format

exponent exp

|
l \
x= B 0] 1] 1] o] o] o[ 1]0o[ 1] o] o] 1} 1] 1] 1] 1] 1] o[ 1] o] 1] 1| o EEETIILTY
\ Y 23 l
sign S mantissam = 1 + Z bys_; 271
=1

x = (—1)5- 2 (exp—127) | 1y = (_1)0. 2(130-127) |, 19y =

= 23 -1.38524889945983887 = 11.081991

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

##tinclude <stdio.h>

main() {
nhumberl;
nhumber2 = 20;
pi = 3.1415, e;

nhumberl 8;

1
2
3
4
5
6
7
8
9

=
S

sum numberl + number2;

Y
N B

printf("The sum is: %d\n", sum);

=
(V9
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Excerpt: printf() Basics

Output:

The integer is: 7 / 7

The character is: ¢

but also: 99

The floatingpoint is: 12.0

##tinclude <stdio.h>

main() {
integer = 7;
¢

character = ‘c
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)
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Excerpt: printf() Basics

specifier |output

%d / %1i [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

length of the data type

printf("%2.21f \n", floatingpoint);

padding / minimum precision

characters
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Excerpt: printf() Basics

Escape sequence Hex value in ASCII table Character represented

\n OX0A newline (line feed)

\r Ox0D carriage return

\t Ox09 horizontal tab

\V Ox0B vertical tab

\\ Ox5C backslash

\' Ox27 apostrophe or single quote
\" 6x22 double quotation mark

printf("%2.21f \n", floatingpoint);

Ty
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Variable Scopes

main.c X

##tinclude <stdio.h>

main() {

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

1
p
3
4 number = 12;
5
6
7

¥

Output:

number: 12
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Variable Scopes

main.c X

##tinclude <stdio.h>

main() {

number = 42;
printf("number: %d\n"Y

1
2
3
4
5
6
7
8
9

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

10 }
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Variable Scopes

##tinclude <stdio.h>

main() {
number = 12;

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

}

printf(“number: %d\n", number);

Output:

number: 42
number: 12

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

Local variables

main.c X

##tinclude <stdio.h>

main() {

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

1
p
3
4 number = 12;
5
6
7

¥

Output:

number: 12
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Variable Scopes

Local variables

##tinclude <stdio.h>

function() {
number = 42;

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

main() {
nhumber = 12;

printf(“number: %d\n", number);

function();

Unit 2: Basic Concepts — Variables and Data Types

Output:

number: 12
number: 42

Ty
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Variable Scopes

Global variables

printf("numB

1
2
3
4
5
6
7
8
9

Y
R ®

main() {
nhumber

IR
w N

printf("number: %d\n

function();
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Variable Scopes

Global variables

1 #include <stdio.h>

2

3 number = 12;

4

5 function() {

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

8 number: 12
9 main() { number: 24

=
S

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

R R
w N R

function();

=
N
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#ma Variable Scopes

Classification keywords

* 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

Ty

newly loaded every time = especially useful when accessing hardware

Unit 2: Basic Concepts — Variables and Data Types
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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;

Unit 2: Basic Concepts — Variables and Data Types
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Operators for Variables

Relational Operators

Operator Description Example
== relational equals (a == b)
I= 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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Operators for Variables

Logical and Bitwise Operators

Operator Description Example

&& logical and (a && b)

| | logical or (a || b)

! not I(a == b)
& bitwise and a=b & c;
| bitwise or a=>b| c;
A bitwise xor a=b " c;
~ bitwise not a = ~b;

<< bitwise left shift a =b << 2;
>> bitwise right shift a =b > 4;

Unit 2: Basic Concepts — Variables and Data Types
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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;
<K= >>= shift and assign a <<= 5; b >>= 3;

&= "= = bitwise and/xor/or and assign a & b; b *=c; c |= d;
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Ml 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[1l];
struct element operator a = str.a;
-> struct pointer element arrow operator a = strp->a;
? ternary operator (a ==b) ? c : d;

Unit 2: Basic Concepts — Variables and Data Types
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Constants and Literals

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), 8144 (octal),

100LL (signed long long), 9xFFFOUL (unsigned long long)
* floating-point: 3.14,2.5e3

* characters and strings: ‘¢ (char) vs

€€ ~6¢
C

(string)

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

#define is not only for constants!

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

main.c X

#define *
#define printf("Hello, I print fancy %d %d %d\n"

main() {

10 Output:
X / 3; Hello, I print fancy 10 3 30

(X, ¥);

Attention: No check if proper data type!

Always use nested brackets to avoid problems!
Better: Use functions! (see later)

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



Ty

Macros

#define is not only for constants!

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

main.c X

#define *
#define printf("Hello, I print fancy %d %d %d\n"

Output:
Hello, I print fancy 10 0 1074266112

Attention: No check if proper data type!

Always use nested brackets to avoid problems!
Better: Use functions! (see later)

Unit 2: Basic Concepts — Variables and Data Types Computer Engineering, VU (448.012)
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Type Casting and Type Conversion

Implicit Conversion

integer =
floating = integer;

printf("%d, %f \n", integer, floating);

floating = 7.1234567,;
integer = floating;
printf("%d, %f \n", integer, floating);

Output:

7 7.0000000
7 7.1234567

Unit 2: Basic Concepts — Variables and Data Types Computer Engineering, VU (448.012)
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Type Casting and Type Conversion

Explicit Casting

explicit casting

Output:
b = 3.000000
c = 3.333333

Always use explicit casting in mixed-type arithmetic!

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



Type Casting and Type Conversion

Explicit Casting

/ 3.0;

%f \n", b);

)a / 3;
%f \n", c);

Output:
b = 3.333333
c = 3.333333

Unit 2: Basic Concepts — Variables and Data Types
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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 tvs.intl6_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
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What'’s missing?

* sets of data > arrays

* sets of characters =2 strings

* composed data types =2 structs, unions
* enumeration types = enums

 data access by addresses = pointers

* cluster functionality = functions

- will be covered later
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Practical Examples and Demonstrations

* 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
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