
References

I When a variable is declared as a reference, it becomes an
alternative name for an existing variable. A variable can be
declared as a reference by putting ‘&’ in the declaration
(geeksforgeeks).

I Eine Referenz ist ein Verweis auf ein Objekt. Eine Referenz ist
damit ein Aliasname für ein bereits bestehendes Objekt
(Wikipedia).

I References allow us to build an alias for an already existing
object (Vorlesung).
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References: Example 1

int a = 3;

int& b = a;

b = 7;

std::cout << a; // Output = ?
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References: Example 1

int a = 3;

int& b = a;

b = 7;

std::cout << a; // Output = 7
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References: Example 1

int a = 3;

int& b = a;

b = 7;

std::cout << a; // Output = 7
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References: Example 2

void foo (int i) {

i = 5;

}

int main () {

int i = 4;

foo(i);

std::cout << i << std::endl;

}
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References: Example 3

void foo (int& i) {

i = 5;

}

int main () {

int i = 4;

foo(i);

std::cout << i << std::endl;

}
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Why do we need references?

int solve_quadratic_equation(

const double a, const double b, const double c,

double& s1, double& s2){...}

void read_i (Vector& v, unsigned int i);

// Error: copying std::cout is impossible

std::ostream o = std::cout;

// this now works

std::ostream& o = std::cout;
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References as return types

int& increment (int& m) {

return ++m;

}

int main () {

int n = 3;

increment (increment (n));

std::cout << n << "\n"; // outputs 5

return 0;

}
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Exercise 1



Exercise 1

(a)
What is the output of 
the program for the 
following variant of 
foo?

15

int main() {
int a = 0;
int b = 1;
for (int i=0; i<5; ++i) {
b = foo (a, b);
std::cout << b << " ";

}
return 0;

}

int foo (int& a, int b) {
a += b;
return a;

}

(From: Exam Summer 2015, Exercise 9)
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Exercise 1

(a)
What is the output of 
the program for the 
following variant of 
foo?
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int main() {
int a = 0;
int b = 1;
for (int i=0; i<5; ++i) {
b = foo (a, b);
std::cout << b << " ";

}
return 0;

}

int foo (int& a, int b) {
a += b;
return a;

}

(From: Exam Summer 2015, Exercise 9)
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Exercise 1

(b)
What is the output of 
the program for the 
following variant of 
foo?

17

int main() {
int a = 0;
int b = 1;
for (int i=0; i<5; ++i) {
b = foo (a, b);
std::cout << b << " ";

}
return 0;

}

int foo (int a, int b) {
a += b;
return a;

}

(From: Exam Summer 2015, Exercise 9)
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Exercise 1

(b)
What is the output of 
the program for the 
following variant of 
foo?
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int main() {
int a = 0;
int b = 1;
for (int i=0; i<5; ++i) {
b = foo (a, b);
std::cout << b << " ";

}
return 0;

}

int foo (int a, int b) {
a += b;
return a;

}

(From: Exam Summer 2015, Exercise 9)
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Exercise 1

(c)
What is the output of 
the program for the 
following variant of 
foo?
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int main() {
int a = 0;
int b = 1;
for (int i=0; i<5; ++i) {
b = foo (a, b);
std::cout << b << " ";

}
return 0;

}

int foo (int a, int& b) {
a += b;
return a;

}

(From: Exam Summer 2015, Exercise 9)



Exercise 1

(c)
What is the output of 
the program for the 
following variant of 
foo?
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int main() {
int a = 0;
int b = 1;
for (int i=0; i<5; ++i) {
b = foo (a, b);
std::cout << b << " ";

}
return 0;

}

int foo (int a, int& b) {
a += b;
return a;

}

(From: Exam Summer 2015, Exercise 9)
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Characters: char

In C and C++, an integer (ASCII value) is stored in char variables
rather than the character itself. For example, if we assign ’h’ to a
char variable, 104 is stored in the variable rather than the
character itself. It’s because the ASCII value of ’h’ is 104.
https://www.programiz.com/cpp-programming/char-type
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Characters: ASCII table

Wikipedia
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std::vector

#include <vector>

...

std::vector<type> vec_name;

// some examples

std::vector<bool> first; // empty vector of bools

std::vector<int> second (4,0); // 4 ints with value 0

std::vector<int> third (second); // a copy of second

https://cplusplus.com/reference/vector/vector/vector/ and

https://en.cppreference.com/w/cpp/container/vector/vector
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Nützliche Funktionen von std::vector

Auf https://www.geeksforgeeks.org/vector-in-cpp-stl/
werden unter ”Capacity”, ”Modifiers” und ”Element access”
nützliche Funktionen beschrieben die ein Vektor euch anbietet.
Hier einige davon:

I push back(element)

I at(index)

I size()

for (unsigned int i = 0; i < letters.size(); ++i) {

std::cout << letters.at(i);

}
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const int a = 5;

void + (int& a) S ...prin
(const int & a)



Course and Exercise Feedback
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