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Skript-Aufgabe 122 (4 Punkte)The Towers of Hanoi puzzle (that an atually be bought from shops) is the following. Thereare three wooden pegs labeled 1, 2, 3, where the �rst peg holds a stak of n disks, staked indereasing order of size, see Figure Abbildung 1.
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Abbildung 1: The Tower of HanoiThe goal is to transfer the stak of disks to peg 3, by moving one disk at a time from one peg toanother. The rule is that at no time, a larger disk may be on top of a smaller one. For example,we ould start by moving the topmost disk to peg 2 (move (1, 2)), then move the next diskfrom peg 1 to peg 3 (move (1, 3)), then move the smaller disk from peg 2 onto the larger diskon peg 3 (move (2, 3)), et.Write a program hanoi.cpp that outputs a sequene of moves that does the required transfer,for given input n. For example, if n = 2, the above initial sequene (1, 2)(1, 3)(2, 3) is alreadyomplete and solves the puzzle. Chek the orretness of your program by hand at least for
n = 3, by manually reproduing the sequene of moves on a piee of paper (or an atual Towerof Hanoi, if you have one).By the way, if you searh for Towers of Hanoi on the Internet you will �nd a lot if information.There's also an iPhone appliation, and inidentally somebody who programmed a robot to playthe game on his iPhone. Wath http://www.youtube.com/watch?v=ETNpYCq2AN8, it's reallyfunny.
Skript-Aufgabe 128 (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 140 (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 125 und 133 aus den Vorlesungsunterlagen sind die Challenge Aufgaben und gebenjeweils 8 Punkte, wenn sie vollst�andig gel�ost werden.
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