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Aufgabe 1 (4 Punkte)

P=QORTS=U@UWV�XZY![D\DY!]Z\_^a`abO]-Y!]�c_Y!^dV�egf.eA[%XZY!`d[OVhYiX�cHj�Rlkme5]nf.eAo+jDp)X�`d[)qsr=`aX�Q �.��"utvm��wx��
y"$/��.����z
{ f.eAo�jO^dR�|}[HpOo~b�R>]nr�QOR>]ZRTb�e5X�Q}X�QOR�]ZR�Y!^�Y![D\xX�QOR�`do�Y!qA`d[DY!]�cxjyY!]�X�Y!]ZR

double
V�QDY�V�X�cHj�R

std::complex<double> � c eApn[OR.R.\�X�e
#include <complex>

`d[ne5]Z\DR>]uX�e�q R>XuX�Q)`dVuX�cHj�R z�� [�e5]��
\OR>]CX�e~q R>X�Y�f.eAo+jO^dR�|�[HpOo~b�R>]Cr=`aX�QG]ZR�Y!^�jyY!]�X

r
Y�[O\�`do1Y!qA`d[DY!]�c�jyY!]�X

i � c eApGf�Y�[GpOVZR�X�QDR:R�|�jO]ZR.VZV�`deA[
std::complex <double >(r,i); // r and i are of type double

� X�QOR>]Zr=`dV�R � f.eAo�jO^dR�|�[HpOo~b�R>]ZV�rCe5]���Y�V@R�|�j�R.f>X�R.\ z { ^a^?X�QOR+V�XZY�[O\yY�]-\�e5j�R>]-Y!X�e5]ZV � Y!]�`aX�QOo+R>X�`df � ]ZR>^�Y��X�`deA[DY!^���Y�[O\�o1Y!X�QOR.o�Y�X�`df�Y!^Ck�pO[Of>X�`deA[OV � std::sqrt � std::abs � std::pow � z�z.z �@Y!]ZR1Y>�AY!`a^�Y!bO^dR z P�QOR
e5j�R>]-Y!X�e5]ZVCY�^dVZe@rCe5]��u`d[�o�`�|)R.\1R�|�jO]ZR.V�V�`deA[OV7r�QOR>]ZR�eA[OR�e5j�R>]-Y�[O\1`dV?e5k�X�c%j�R

std::complex<double>Y�[O\�X�QOR8e5X�QOR>]=eA[OR8e5k�X�c%j�R
double

z � kf.eAp)]ZV�R � c eAp�f�Y�[�Y!^dV�e~`d[)jDpOX�Y![D\�eApOX�jDp)X=f.eAo�jD^dR�|�[HpOo~b�R>]ZV z
� R>]-R�`dV:X�QOR4Y�f>X�pDY!^�XZY�V����y`do+jO^dR.o+R.[%X:X�QOR@k�e5^a^de�r�`d[)q�k�pO[Of>X�`deA[$kme5]8V�e5^a�H`d[)q��HpDY�\)]-Y!X�`df�R.�%pDY!X�`deA[OV@e�� R>]
X�QOR�f.eAo+jO^dR�|�[HpOo~b�R>]-V.�
// 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 (b=c=d=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);

� ]�`aX�R1Y�jD]Ze5qA]-Y�o X�QyY�X@X�R.V�X�V@c eApO]@k�pO[Of>X�`deA[ z�¡ e5]4R�|OY�o�jO^dR � c eAp�o�Y>c¢V�p)bDV�X�`aX�p)X�R+X�QDR�V�e5^dp)X�`deA[OV~]ZR��
X�p)]Z[DR.\£bHc�X�QORuY!b�e�� R�k�pO[Of>X�`deA[�`d[%X�e

ax2 + bx + c = 0
Y![D\$f-QOR.f��$r�QOR>X�QDR>]:X�QDR~R�|�jO]ZR.VZV�`deA[�`d[O\OR.R.\

R>�AY�^dpyY�X�R.V:X�e � Y�jDjO]Ze.|�`do1Y!X�R>^acO��¤�R>]Ze z

Aufgabe 2 (4 Punkte)

¥ R>r=]Z`aX�R=X�QORCk�e5^a^de�r=`d[Oq4]ZR.f.pO]ZV�`a� R=k�pO[Of>X�`deA[+`d[u`aX�R>]-Y!X�`a� R:kme5]-ogY![D\uX�R.V�X�r=`aX�Q�Y�jD]Ze5qA]-Y�o¦r�QOR>X�QDR>]�c eAp)]
`aX�R>]-Y!X�`a� R4� R>]ZV�`deA[G`dV§f.e5]�]-R.f>X z)� QDY!X=f�Y�[�c eAp�VZY>cGY!b�eAp)XCX�QOR:]ZpO[%X�`do+R.V§e5kb�e5X�Q��AY!]�`�Y�[�X�V�kme5]C�AY�^dpDR.V=e5k
n

p)j�X�e
100 � VZY>cO¨

unsigned int f ( unsigned int n)

{

if (n == 0) return 1;

return f(n-1) + 2 * f(n/2);

}



Aufgabe 3 (4 Punkte)

SCeA[OV�`d\OR>]uX�QOR�k�e5^a^de�r=`d[)q�]ZR.f.p)]ZV�`a� RGkmpD[Of>X�`deA[n\OR��D[DR.\�eA[nY�^a^�[OeA[O[OR>q�Y!X�`a� R£`d[�X�R>q R>]ZV � Y!^dV�e��H[De�r�[ Y�V
������#��!�	����� �G'
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M(n) :=

{

n − 10,
`ak

n > 100

M(M(n + 11)),
`ak

n  100.

YA����]Ze��H`d\OR�Y�S=U�U k�pO[Of>X�`deA[
mccarthy

X�QDY!X�`do�jO^dR.o1R.[�X�V��Gf�S§Y!]�X�Q%c�� V���� ¡ pO[Of>X�`deA[ z
b�� � QDY!X:Y!]ZR�X�QDR��5Y!^dpOR.V:e5k X�QOR�k�e5^a^de�r=`d[)qGk�eAp)]=k�pO[Of>X�`deA[$f�Y!^a^dV-¨

� `�� mccarthy(101)

� `a`a`�� mccarthy(100)

� `a`a`�� mccarthy(99)

� `a�O� mccarthy(91)

f���� |HjO^�Y!`d[ r�Q�c£X�QOR~kmpD[Of>X�`deA[¢`dV�f�Y!^a^dR.\���f�S§Y!]�X�Q�c�� V���� ¡ pO[Df>X�`deA[����Ge5]-R4jD]ZR.f>`dV�R>^ac � r�QyY�X8`dV8X�QOR
�AY!^dpOR~e5k

M(n)
k�e5]:Y�[�c�qA`a� R.[�[HpOo~b�R>]

n
¨

Aufgabe 4 (4 Punkte)
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X�QOR�\yY�XZY�o+R.o~b�R>]ZV�o1Y�[HpDY!^a^ac r�QOR.[OR>� R>]�Y�[ e5b���R.f>X�e5k7X�QDR�V�X�]ZpOf>X@X�cHj�R+[OR.R.\OV4X�eGb�R�`d[)`aX�`�Y!^a`d¤�R.\ z {
jO]ZR>k�R>]�]-Y!bO^dR@V�e5^dp)X�`deA[$`dV=X�eur�]�`aX�R4Y~k�pO[Of>X�`deA[£X�QDY!X�\OeHR.V=X�Q)`dV z { V:Y![�R�|)Y�o�jD^dR � f.eA[OV�`d\OR>]�X�QDR�X�cHj�R
struct rational_vector_3 {

rational x;

rational y;

rational z;

};

r�QOR>]-R
rational

`dV:Y�V=b�R>kme5]-R�\OR��D[OR.\$Y!V
struct rational {

int n;

int d; // INV: d != 0

};

� ]�`aX�R4Y~k�pO[Of>X�`deA[
rational_vector_3 create_rational_vector_3

(int n1 , int d1 , int n2 , int d2 , int n3 , int d3)

X�QDY!X�]ZR>X�p)]-[OV�X�QORC]-Y!X�`deA[DY!^y� R.f>X�e5]
(n1/d1, n2/d2, n3/d3)

z P=QORCk�pO[Of>X�`deA[+VZQOeAp)^d\+Y!^dV�e�o�Y!� R§V�p)]ZR7X�QDY!X
d1, d2, d3

Y!]ZR�[DeA[O¤�R>]Ze z

Abgabe: � `dV��! z�" R.¤�R.o4b�R>]$#&%&%&' � �!( z �!(*)�Q)] z


