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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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› Automatic repetition of program parts – an introduction

› Types of loops (in C)

› count-controlled loops (for)

› condition-controlled loops (while, do while)

› (collection-controlled loops)

› Loop control statements (break, continue, goto)

› Nested loops

› Infinite loops

4 General Overview
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› Why do we need loops?

› Every program consists of

1. observing the world (input),

2. deciding what should happen (logic), and

3. act (output) accordingly;

in repeat.

5 Automatic repetition of program parts – an introduction
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› Why do we need loops?

› repeating the same action manually in code is 

error-prone and tedious

› loops run a block of statements multiple times, 

automatically, until a condition is met

› use cases:

› iterating through arrays/lists of data

› performing computations on sequences (e.g., summing up numbers)

› interacting with a user or the environment (e.g., repeatedly polling I/Os)

6 Automatic repetition of program parts – an introduction
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› In general, there are three common types of loops, being

› count-controlled (e.g., for), 

› condition-controlled (e.g., while, do while), and

› collection-controlled (e.g., foreach) loops.

› Loops have a

› body (the code “inside” the loop), a

› break condition (deciding how many iterations the body is executed), and a

› type keyword

7 Types of loops

type (condition) {

body

}
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› C keyword: for

› the init statement is executed before the loop starts

› condition tests whether the loop continues

› the update statement executes after every loop iteration

8 Types of loops
count-controlled loops (for)

for (init; condition; update) {
// statements inside the body of loop

}

12
13
14

C main.c ×



Unit 4: Control Structures – Loops Computer Engineering, VU (448.012)

› most common way: integer counter incrementing to a certain threshold

› most compact way to repeat a block a certain number of times

› use meaningful variables: avoid using, e.g., i, j, k, a, b, c, x, y, z

› but: init, condition, and update can be any expression

→ beware of undefined behavior!

9 Types of loops
count-controlled loops (for)

uint32_t counter;
for (counter = 0; counter <= 4; counter++) {

printf("Counter: %u\n", counter);
}

12
13
14
15

C main.c × Counter: 0
Counter: 1
Counter: 2
Counter: 3
Counter: 4

Output:
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10 Types of loops
condition-controlled loops (while)

› C keyword: while

› there is only a condition, whether the loop continues

› condition is evaluated at the beginning of every loop iteration

› the “rest” must be done manually

› easily degenerates to an infinite loop

while (condition) {
// statements inside the body of loop

}

12
13
14

C main.c ×
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11 Types of loops
condition-controlled loops (do while)

› C keyword: do while

› there is only a condition, whether the loop continues

› condition is evaluated at the end of every loop iteration

› the “rest” must be done manually

› easily degenerates to an infinite loop

do {
// statements inside the body of loop

} while (condition);

12
13
14

C main.c ×

→ body runs at least once!
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12 Types of loops
condition-controlled loops (while, do while)

uint32_t counter;
for (counter = 0; counter <= 4; counter++) {

printf("Counter: %u\n", counter);
}

12
13
14
15

C main.c ×

uint32_t counter = 0;
while (counter <= 4) {

printf("Counter: %u\n", counter);
counter++;

}

12
13
14
15
16

C main.c ×

for (uint32_t counter = 0; counter <= 4; counter++) {
printf("Counter: %u\n", counter);

}

12
13
14
15

C main.c ×

Counter: 0
Counter: 1
Counter: 2
Counter: 3
Counter: 4

Output:
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13 Types of loops
condition-controlled loops (while, do while)

uint32_t counter = 0;
do {

printf("Counter: %u\n", counter);
counter++;

} while (counter <= 4); 

12
13
14
15
16

C main.c ×

Counter: 0
Counter: 1
Counter: 2
Counter: 3
Counter: 4

Output:

for (uint32_t counter = 0; counter <= 4; counter++) {
printf("Counter: %u\n", counter);

}

12
13
14

C main.c ×
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uint32_t counter = 12;
while (counter <= 4) {

printf("Counter: %u\n", counter);
counter++;

}

12
13
14
15
16

C main.c ×

14 Types of loops
condition-controlled loops (while, do while)

uint32_t counter = 12;
do {

printf("Counter: %u\n", counter);
counter++;

} while (counter <= 4); 

12
13
14
15
16

C main.c ×

Counter: 12

Output:

Output:
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15 Types of loops
condition-controlled loops (while, do while)

feature while do while

condition evaluation before first iteration after first iteration

minimum iterations >= 0 >= 1

typical usage read input that may not 

occur,

processing lists

systems that must run 

once
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› not natively supported in C

› iterates over elements of a collection

16 Types of loops
collection-controlled loops

fruits = ["apple", "banana", "cherry"]
for fruit in fruits:

print(fruit)

12
13
14

string[] students = { "Alice", "Bob", "Charlie" };
foreach (string student in students)
{
  Console.WriteLine(student);
}

12
13
14
15
16
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› to enable similar behavior in C, for instance use

› iterators

› array indices

17 Types of loops
collection-controlled loops

#include <stdio.h>

int main() {
  char string[] = "hello";
  char *iterator = string;
  while(*iterator != NULL) {
    printf("Processing character: %c\n", *iterator);
    iterator++;
  }
  return 0;
}

12
13
14
15
16
17
18
19
20
21
22

C main.c ×

#include <stdio.h>
int main() {
  char string[] = "hello";
  for (char *iterator = string; *iterator != NULL; iterator++) {
    printf("Processing character: %c\n", *iterator);
  }
  return 0;
}

12
13
14
15
16
17
18
19

C main.c ×
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break;

› break statement terminates a loop immediately

› syntax: 

› usually used with an if statement inside the loop

18 Loop control statements
break

uint32_t counter = 0, trigger;
[...] // read trigger externally
while (counter <= 4) {

printf("Counter: %u\n", counter);
counter++;
if(counter == trigger) {

printf("Counter reached trigger: %u\n", trigger);
break;

}
}

12
13
14
15
16
17
18
19
20
21

C main.c ×
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continue;

› continue statement 

› skips the rest of the loop

› starts from the top

› syntax: 

› usually used with an if statement inside the loop

uint32_t counter = 0, trigger;
[...] // read trigger externally
while (counter <= 4) {

if(counter == trigger) {
printf("Counter reached trigger: %u\n", trigger);
continue;

}
printf("Counter: %u\n", counter);
counter++;
}

12
13
14
15
16
17
18
19
20
21

C main.c ×

19 Loop control statements
continue
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“Go To Statement Considered Harmful”, Edsger W. Dijkstra

› goto statement performs an unconditional jump to a label

› problems:

› non-local control flow 

→ harder reasoning and maintenance

› encourages “spaghetti code” 

→ complicates writing clean code

› rare acceptable use cases:

› single exit cleanup on error paths

› very low-level code with clear, documented labels

20 Loop control statements
goto

goto LABEL;
[...]

LABEL:
[...]
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› placing one loop inside another is called nesting loops

› common terms include outer and inner loop; no limit in nesting

› typically used for n-dimensional problems

› any loop can be nested in C; also mix and match possible

› general form:

› for each iteration of the outer loop, the inner loop runs through all iterations!

21 Nested loops

outer loop {
outer body
inner loop {

inner body
[. . . ]

}
}
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22 Nested loops
nested for loop example

#include <stdio.h>

void main() {
  for (int i = 1; i <= 3; i++) {
    for (int j = 1; j <= 3; j++) {
      printf("i: %d j: %d\n", i, j);
    }
    printf("End of inner loop\n");
  }
  printf("End of outer loop\n");
}

12
13
14
15
16
17
18
19
20
21
22

C main.c ×

i: 1 j: 1
i: 1 j: 2
i: 1 j: 3
End of inner loop
i: 2 j: 1
i: 2 j: 2
i: 2 j: 3
End of inner loop
i: 3 j: 1
i: 3 j: 2
i: 3 j: 3
End of inner loop
End of outer loop

Output:
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23 Nested loops
nested for/while loop example

#include <stdio.h>

void main() {
  for (int i = 1; i <= 3; i++) {
    int j = 1;
    while (j <= 3) {
      printf("i: %d j: %d\n", i, j);
      j++;
    }
    printf("End of inner while loop\n");
  }
  printf("End of outer for loop\n");
}

12
13
14
15
16
17
18
19
20
21
22
23
24

C main.c ×

i: 1 j: 1
i: 1 j: 2
i: 1 j: 3
End of inner while loop
i: 2 j: 1
i: 2 j: 2
i: 2 j: 3
End of inner while loop
i: 3 j: 1
i: 3 j: 2
i: 3 j: 3
End of inner while loop
End of outer for loop

Output:
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24 Nested loops
nested n-dimensional problems

#include <stdio.h>

int main() {
  for (int row = 1; row <= 3; row++) {
    for (int col = 1; col <= 3; col++) {
      printf("%4d", row * col);
    }
    printf("\n");
  }
}

12
13
14
15
16
17
18
19
20
21
22

C main.c ×

1   2   3
2   4   6
3   6   9

Output:
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› an infinite or endless loop is a loop that never terminates

› why would you use such a construct?

→embedded systems usually do not terminate!

→ continuous sensor readings / actuator outputs

→ same applies for server applications

→ can easily be programmed unintentionally!

→ in PC systems mainly a bug ;-)

→ creates high CPU load if not written properly

25 Infinite loops
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› embedded systems usually have one main infinite loop 

after the system initialization to:

› handle the main state machine

› avoid terminating

› keeps the embedded (RT)OS kernel and its housekeeping running

› embedded systems usually have one main infinite loop to

→ considered an important embedded programming technique in C

26 Infinite loops
… in embedded systems
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27 Infinite loops
some examples

int main() {
// some initialization code here
while (1) {

// body executes forever
printf("Hello World\n");

}
return 0; // never reached

}

12
13
14
15
16
17
18
19

C main.c ×

int main() {
// some initialization code here
for (; ;) {

// body executes forever
printf("Hello World\n");

}
return 0; // never reached

}

12
13
14
15
16
17
18
19

C main.c ×

int main() {
// some initialization code here
while (1); 
return 0; // never reached

}

12
13
14
15
16

C main.c ×
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› embedded systems usually have one main infinite loop 

after the system initialization to:

› handle the main state machine

› avoid terminating

› keeps the embedded (RT)OS kernel and its housekeeping running

› embedded systems usually have one main infinite loop to

→ considered an important embedded programming technique in C

28 Infinite loops
… in embedded systems
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29 Best practices and Common Pitfalls

› use meaningful loop iterator variables

› use proper indentation (especially for nested loops)

› define clear loop bounds

› use break and continue sparingly

› test edge cases!

› avoid off-by-one errors: a logic error where the loop iterates one time 

to often or to little (especially with < or <=)

› avoid forgetting to increment or decrement the loop variable

› putting a semicolon after a while statement creates an endless loop!

› unexpected modifications to the loop variables inside the body are 

hard to debug!
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30 What’s missing?

› especially: how to handle complex data structures / arrays with loops

→ will be covered later
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› Try simple loop constellations with different conditions

› Try nested loops of the same type

› Try nested loops of different types

› Try the break/continue statements

› Try how goto makes your life hard (or does it?)

› Try different types of infinite loops

31 Practical Examples and Demonstrations
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