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>@?BADC�?BA5E+F�AHG�I�J9F,K�LNMOJQP�R�F�GTSVU�F�AHI2AHA!R�AHI2WYXZEHF�G\[(?^]9_^]9`9F�AbacKd?BPdR�?BEeC�?BAHE+F�A5G�I,J9F,KTfdg�h9i9j.klg�h9m9j!ndS4?BP�R
F,?BAporq+s�F,_

(Σ, P, s)
S�tu]9U�F,?

v Σ
F,?BA+F1F�AHE+_^?BWYXHF�wxF�A+`9F�fzy1{ |&�l�+-.���,ndS

v P
F,?BA+F}acUHU5?^_BEHqHA+`

Σ → Σ ~ f�6��,���,���!�����5nuqHAHE
v s � Σ ~ F,?BAp��]9KdR�f��������.�	�7�����,nu?BPdR,����q+K8F,?BA+F�w�F�A+`9F

Σ
U�F���F,?BWYXHA+F�A�tc?^K�G�?^R

Σ ~ EH?^F�wxF�A+`9F�I�_^_^F,K���������d�,�.S�E���X���I�_^_^F,K�F�AHEH_^?BWYX+F�A��Q]9_^`9F�A� ]�A�>@_^F�G�F�A�R�F�A�I2qHP
Σ
f�?BA+�O_BqHP�? � FxE+F�P8_^F,F,KYF�A���]9KdR�F�P,S
EHI2P8tc?^K1G�?^R

ε
U�F��,F,?BW�XHA+F�A�nd�r��F,K1�8F�A+F,KYI�R�]9K

U�F�PdWYXHKdF,?^UHR�F,?BA+F�acUHUH?^_BE5qHA+`
Π : Σ ~ → Σ ~ EHqHKYWYX σ1 . . . σn �→ Π(σ1 . . . σn) := P(σ1) . . . P(σn)

S
n ��� 0

��>�?BAbC�?BAHEHF�AHG�I,J9F,KdLNMOJOPdR�F�G�F,KY�,F�q+`9R�F,?BAb�Q]9_^`9F � ]�Ae���]9KdR�F,KYA
w0, w1, . . .

I2qHP
Σ ~ SVt�]9U�F,?

wi := Πi(s)
S5  �qHK

i �p� 0

f�?BA5P�U�F�P�]�AHE+F,KdF
w0 = s

nd��[(F,?BPdsH?^F,_�¡&� �q+K�EHI2P7MQJOP�R�F�G
({X}, {X �→ XX}, X)

?BP�R
wi = X2i �
�e?^K�U�F,R�K�I�W�X�R�F�A¢?BG£ ¤]9_^`9F�AHE+F�A�C�?BAHEHF�AHG�I,J9F,KdLNMOJOPdR�F�G�F¥�q+U�F,K�E+F�G ac_^slXHI�U�F,R

Σ ¦ := {+, -, X, Y}
�

� �]9KYR�F,K �q+U�F,KuE+?^F�P�F�G�ac_^s5X5I�U�F,Ru��I2AHA§G�I2A�`9KYI�¨5PdWYX©?BA!R�F,KdsHKdF,R�?^F,KdF�A&S+?BAHE+F�G¢G�I2A�E+?^F7F,?BAH�,F,_BAHF�AxMQJOG�L
U�]9_^F�?BA oªq+KYR�_^F�LN�7KYI�¨H�p[�F, «F�XH_^Fx�q+U�F,KYP�F,Rd��R,�5¬­?^F,KdU�F,?
F�A!RdP�sHKYF�WYX+F�A
v +

F,?BA+F,K¯®4F�WYX!RdPdE+KdF�XOqHA+`�qHG°F,?BA+F�Ap�b?BA+�9F,_
α
S

v -
F,?BA+F,K¯C�?BA+�QPdE+KdF�XOqHA+`§qHG±F,?BA+F�A²�e?BAH�9F,_

α
q5AHE

v I�_^_^F�I2AHE+F,KdF�A�MOJOG}U�]9_^F�F,?BA+F,K7³@]9Kdt´�I�KdRdP�U�F,tuF,`�qHA+`�qHG±F,?BAHF�A�MQW�X+Kd?^R�R,S
  �q+KxF,?BA+F�AµU�F,_^?^F,UH?^`9F�A¶I�U�F,KT «F�PdR�F�A·�e?BA+�9F,_

α
�c[(F,?BPdsH?^F,_�¡7�7I2Px��]9KdRe¸�¹¯º¼»¯º7¹¯º¼»7½¾  �q+K

α = 90 ¿F�A!RdP�sHKd?BW�X�R7F,?BA+F�GÁÀ8qHI2E+KYI�R,�
�¼?^F�EHq+KYW�XxF,?BApC�?BA5E+F�AHG�I�J9F,K�LNMOJQP�R�F�GÂE+F,¨5A+?^F,KdR�F�Ap�¶�]9KdR�F,K���I2AHA²G�I2A�P�F�X+KcF,?BA+ ÃI2WYXpKdF,�OqHKYP�? � U�F,KYF�WYXQLA+F�A��c¬c?^F,KY��q·E+F,¨5AH?^F,KdRxG�I2AÄ ��q+K}Å�F�E+F�PpMOJQG}U�]9_

σ
E+F�P�ac_^s5XHI�U�F,RdPxF,?BA+F��HqHA+�OR�?^]�AÆG�?^RxÇªI�K�I�G�F,R�F,K

i �p� 0

S+tuF,_BWYX+F
Πi(σ)

U�F,KdF�WYXHAHF,R,�

Aufgabe 1 È 01���,�9�}y�
���É+�+-.���­����Êp���ÄÊ5�,� �Ë4-.
l��É��,����
l�rÊ5�1É5�.{��������%ÍÌ
MQW�X+KdF,?^U�F1Ç@Kd]9`9K�I�G©G�F9S5EH?^F� «]9_^`9F�A5E+F)�8KYI�¨H�9F�ApG�?^R¼¬­?^_^ ¤F1E+F,K7oªqHKdR�_^F�LN�7KYI�¨H�p�+q5A+�!R�?^]�AHF�A ��F,?BWYXHA+F�A&�

I!n
squares.C

¡ U�n
spiral.C

¡

W�n�M+WYX+KdF,?^U�F²F,?BAÄÇ@KY]9`9KYI2G�G
lind.C

S@E5I�P©F,?BA+F A+?BWYX!RdA+F,`�I�R�? � F¾Î�I2X+_
i
F,?BAH_^?^F�P�RxqHAHE

wi

  �q+K�EHI2P
C�?BAHE+F�AHG©I,J9F,K�LNMOJQP�R�F�G

({X, +}, {X �→ X+X+, + �→ +}, X)
G�?^R��e?BA+�9F,_

α = 90 ¿ `9K�I�¨lPdWYX©I�q5P�`9?^UHR,�

Abgabe:
a¼q+ «`�I�U�F1iO¡HU5?BP¼jO�l�¼F��,F�G}U�F,K¼i2Ï9Ï2Ð+Sªg�iO��Ï9Ï�ÑcXHK�S+s�F,K¼>�G�I�?^_��
a�qH «`�I�U�F1ÒO¡5I2GÓjO����F���F�G1U�F,K¼i2Ï9Ï2Ð+S�I2G°a�AH ¤I2A+`�EHF,K �Ñ­UlqHA+`9F�A�S5PYWYX+Kd?^ ¤R�_^?BWYX&�

Ô	ApE+F,K�A&�I2WYX5P�R�F�A � ]QWYXHF´tc?^KYEpF�PcF,?BA+F�MQWYXHAHF,_^_��q+U5qHA+`�`9F,U�F�A�Õ



Aufgabe 2 (6 Punkte)

MQW�X+KdF,?^U�F�Ç�Kd]9`9KYI2G�G�F9S²E+?^F¢F,?BA+F�A+?BWYX!RdA+F,`�I�R�? � F Î�I2X+_
i
F,?BA+_^F�P�F�A q5AHE

wi

 ��qHK�E+?^F¢ «]9_^`9F�A5E+F�A
C�?BAHEHF�AHG�I,J9F,KdLNMOJOPdR�F�G

(Σ ¦ , P, s) `9KYI�¨5PdWYX²I2qHP�`9F,U�F�A��I!n§>@?BA�Ç@Kd]9`9KYI2G�G
lind-ko.C

 ��q+K
P := {X �→ X-X++X-X, + �→ +, - �→ -}

S
α := 45 ¿ qHAHE

s := X+X+X+X+X+X+X+X+
�

U�n§>@?BATÇ�Kd]9`9KYI2G�G
lind-st.C

 ��qHK
P := {X �→ Y+X+Y, Y �→ X-Y-X, + �→ +, - �→ -}

S
α := 60 ¿ qHAHE

s := Y
�

W�n§>@?BA¶Ç@Kd]9`9KYI2G©G
lind-go.C

 ��q+K
P := {+ �→ +, - �→ -, X �→ X+Y++Y-X--XX-Y+, Y �→

-X+YY++Y+X--X-Y}
S
α := 60 ¿ qHA5E s := Y

�
Aufgabe 3 (6 Punkte)

�7?^U�C�?BAHE+F�AHG©I,J9F,K�LNMOJQP�R�F�G�F
(Σ, P, s)

I2A�SHtuF,_BWYX+F� ¤]9_^`9F�AHE+F´� �]9KdR�F,K¼`9F�AHF,Kd?^F,KdF�A��

I!n U�n

w0 w1 w2 w0 w1 w2

W�n

w0 w1 w2

Material aus der Vorlesung

Programm: ggt.h

unsigned int ggt(unsigned int a, unsigned int b)

// POST: Rueckgabe ist der groesste gemeinsame

// Teiler von a und b, wobei ggt(x,0):=ggt(0,x):=x.

{

if (b == 0) return a;

return ggt(b, a % b);

} // ggt(a, b)

Programm: fib.h

unsigned int fib(unsigned int n)

// POST: Rueckgabe ist die n-te Fibonacci-Zahl F_n, wobei

// F_0:=0, F_1:=1 und F_i:=F_{i-1}+F_{i-2}, fuer i>1.

{

if (n == 0) return 0;

if (n <= 2) return 1;

return fib(n-1) + fib(n-2);

} // fib(n)

Programm: ackermann.h

unsigned int A(unsigned int n, unsigned int m)

// POST: Rueckgabe ist Wert der Ackermann-Funktion

// A(n,m) : N_0 x N_0 -> N, wobei

// / m+1 , fuer n=0;

// A(n,m) := | A(n-1, 1) , fuer n>0 und m=0;

// \ A(n-1,A(n,m-1)), fuer n>0 und m>0.

{

if (n == 0) return m+1;

if (m == 0) return A(n-1, 1);

return A(n-1, A(n, m-1));

} // A(n,m)

Programm: login.h

// Programm: login.h

// Unbekannte login-Funktion...

#include <string>

bool login(std::string s);

// POST: true genau dann, wenn s das gueltige Passwort ist.

Programm: code.C

// Programm: code.C

// Testet alle 0/1 strings der Laenge 50 mit 4 Einsen.

#include <iostream>

#include <login.h>

void crack(std::string prefix, unsigned int n, unsigned int o)

// POST: Ruft fuer jeden 0/1 string s der Laenge n mit o Einsen

// login(prefix+s) auf. Falls login(prefix+s), wird prefix+s

// nach std::cout ausgegeben.

{

if (n < o) return;

if (n == 0) {

if (login(prefix)) std::cout << prefix << std::endl;

} else {

crack(prefix + "0", n-1, o);

crack(prefix + "1", n-1, o-1);

}

}

int main()

{

crack("", 50, 4);

return 0;

}


