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Skript-Aufgabe 130 (4 Punkte)De�ne a type Z_7 for omputing with integers modulo 7. Mathematially, this orresponds tothe �nite ring Z7 = Z/7Z of residue lasses modulo 7.For the type Z_7, implement addition and subtration operators
// POST: return value is the sum of a and b

Z_7 operator+ (Z_7 a, Z_7 b);

// POST: return value is the difference of a and b

Z_7 operator - (Z_7 a, Z_7 b);aording to the following table (this table also de�nes subtration: x−y is the unique number
z 2 {0, . . . , 6} suh that x = y + z).

+ 0 1 2 3 4 5 6

0 0 1 2 3 4 5 6

1 1 2 3 4 5 6 0

2 2 3 4 5 6 0 1

3 3 4 5 6 0 1 2

4 4 5 6 0 1 2 3

5 5 6 0 1 2 3 4

6 6 0 1 2 3 4 5

Skript-Aufgabe 139 (4 Punkte)We want to have a funtion that normalizes a rational number, i.e. transforms it into the uniquerepresentation in whih numerator and denominator are relatively prime, and the denominatoris positive. For example,
21

−14is normalized to
−3

2
.There are two natural versions of this funtion:

// POST: r is normalized

void normalize (rational& r);

// POST: return value is the normalization of r

rational normalize (const rational& r);Implement one of them, and argue why you have hosen it over the other one.
Hint: you may want to use the funtion gcd from setion 3.2, modi�ed for arguments of type
int (how does this modi�ation look like?).



Skript-Aufgabe 142 (8 Punkte)The C++ standard library also ontains a type for omputing with omplex numbers.A omplex number where both the real and the imaginary part are doubles has type
std::complex<double> (you need to #include <complex> in order to get this type). In orderto get a a omplex number with real part r and imaginary part i, you an use the expression
std::complex <double >(r,i); // r and i are of type doubleOtherwise, omplex numbers work as expeted. All the standard operators (arithmeti, rela-tional) and mathematial funtions (std::sqrt, std::abs, std::pow. . . ) are available. Theoperators also work in mixed expressions where one operand is of type std::complex<double>and the other one of type double. Of ourse, you an also input and output omplex numbers.Here is the atual exerise. Implement the following funtion for solving quadrati equationsover the omplex numbers:
// POST: return value is the number of distinct complex solutions

// of the quadratic equation ax^2 + bx + c = 0. If there

// are infinitely many solutions (a=b=c=0), the return

// value is -1. Otherwise , the return value is a number n

// from {0,1,2}, and the solutions are written to s1 ,..,sn

int solve_quadratic_equation (std::complex <double> a,

std::complex <double> b,

std::complex <double> c,

std::complex <double >& s1 ,

std::complex <double >& s2);Test your funtion in a program for at least the triples (a, b, c) from the set
{(0, 0, 0), (0, 0, 2), (0, 2, 2), (2, 2, 2), (1, 2, 1), (i, 1, 1)}.

Die Aufgaben 127 aus den Vorlesungsunterlagen ist die Challenge Aufgabe und gibt 8 Punkte.
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