
����� �������
	���������������������� 	��

Solution to Exercise 8. !�"$#�%'&)(�*�+-,/.0%21034%657+98:.0%)10%6&<;7=>.0&)8:10%?%6+>.<@A%21 int (B1 unsigned intC +-,757+-DE8F.0%65HG�+>.0@ u I2J
8BI -2-4*3 +-&K#L8:1<%6,/.0@7%6&M+-N6%65O8P& (-2)-(4*3) &<+-,7D6%Q;7,A8:1<"R34+>,$;7&TSA+-,757&K34(B10%�&M.<10(�,7U�=>"V.0@A8P,
SA+-,A8:1<"W34+-,$;7&6X$8P,75Y&<+>,AD'%Z3);7=>.0+[#L=>+-DE8:.0+[\]% (B#^%'1�8:.0(B1<&QSL+>,A5?34(B10%�&_.<10(�,7U�=>"`.0@A8P,a8P5757+>.0+>\]%
(�,7%6&6J�b�\B8P=>;L8F.0+-(�,dc (-2)-(4*3) → (-2)-12 → -14 J

SeI 10%6*8%3 +-&d#L8:10%6,f.0@7%6&<+-N'%65g8P& ((10%6)*8)%3 &<+>,AD'%�SA+-,A8:1<" C 3O;7=>.0+>#A=-+>DE8:.0+>\]%EIA8:1<+>.0@734%'.0+-D
(B#�%21�8:.0(B10&Q8:10%�=-%'*-.Mhi8P&M&<($D6+-8:.0+>\]%BJjb�\P8P=-;A8:.0+-(�,dc ((10%6)*8)%3 → (4*8)%3 → (32)%3 →
2 J

DkI 6-3+4*5 +-&
#L8:1<%6,/.0@7%6&M+-N6%65Y8P& (6-3)+(4*5) &<+-,7D6%Z3O;7=>.0+>#A=-+>DE8:.0+>\]%�(B#^%'1�8:.0(B1<&
SA+-,75?34(B1<%
&M.M10(�,7U�=>"l.0@A8P,m8P5757+>.0+>\]%�(�,7%6&6X�8P,75n&<+-,7D6% C 8P5757+>.0+>\]%EIH8F10+>.0@734%'.0+>Do(B#�%'1�8:.<(B10&p8:1<%q=-%6*-._h
8P&M&<($D6+-8:.0+>\]%BJ�b�\B8:=-;A8:.0+-(�,dc (6-3)+(4*5) → 3+(4*5) → 3+20 → 23 J

5LI 5+5*3u +-&r#L8:10%',/.0@7%6&<+>N6%65s8P& 5+(5*3u) &<+-,7D6%t3);7=>.0+[#L=>+-DE8:.0+[\]%r(B#�%21�8:.0(B10&�SA+-,75u34(B10%
&M.M10(�,7U�=>"q.0@A8P,t8P5757+>.0+>\]%W(�,A%'&6Jqb�\P8P=-;A8:.0+-(�,dc 5+(5*3u) → 5+15u → 20u Jqv�%210%BX int
\P8P=-;7%6&�8:10%�+-3`#A=-+-D6+[.0=>"OD6(�,/\]%21<.0%65p.0( unsigned int J

%kI 31/4/2 +-&K#L8:10%',/.0@7%6&<+>N6%65`8:& (31/4)/2 &<+>,AD'% C 3);7=>.<+>#A=-+-DE8:.<+>\]%kI^8:10+[.0@734%'.0+-D�(B#�%'1�8F.0(B10&j8:10%
=-%'*-.Mhi8P&M&<($D6+-8:.0+>\]%BJjb�\P8P=-;A8:.0+-(�,dc (31/4)/2 → 7/2 → 3 J

*MI -1-1u+1-(-1) +-&�#L8:1<%6,/.0@7%6&M+-N6%65?8P& (((-1)-1u)+1)-(-1) &<+-,7D6% C 8P5757+>.0+>\]%kI�8:1<+>.0@734%'.0+-D
(B#�%21�8:.0(B10&d8F10%�=>%6*-.Mhi8:&<&<($D'+98:.0+>\]%PJTb�\P8P=-;A8:.0+-(�,dc (((-1)-1u)+1)-(-1)→ (((2b−1)u-1u)+1)-(-1)

→ ((2b − 2)u+1)-(-1) → (2b − 1)u-(-1) → (2b − 1)u-(2b − 1)u → 0u XA57;7%w.0(O.<@A%
D6(�,f\]%'10&<+>(�,Y10;7=-%6&6J

Solution to Exercise 9. x<y)8:,A5�z6yW8:10%w+-=-=>%6U]8P=eS�%'DE8P;7&<% -a 8P,75 7+a X{10%6&M#�%'D'.0+>\]%6=["]X78:10%w1<\B8:=-;7%6&
8P,754.0@7%Z=-%6*-.�(B#�%21�8P,75H(�*T8:,Y8P&M&<+-U�,734%6,/.
3);7&M.
S�%Z8P,?=>\P8P=-;7%BJj|}(B1�.0@7%Z(B.0@7%'10&6X/.0@7%�#e8F1�8P,/.<@A%'&<%
8:10%V8P& *9(�=-=-(kG�&6J~ y c=((a+7)+(--b)) �My c=(a=(-b))� y a-((a/b)*b) �My b*=((++a)+b) �Fy a-(a*(+(-b)))� y (a+(3*(--b)))+(a++) �[y (b++)+(--a)

Solution to Exercise 10.
� y�+>,A57;7D6%6&a;7,A&_#�%6D6+>�A%65�S�%6@A86\{+-(B1?S�%6DE8:;A&M%�+>.a+-&a,7(B.a&M#�%6D'+>�A%65

G�@7%'.<@A%21�.0@7%
+>,AD210%634%6,f.�(�* a @A8:#7#�%',A&�S�%6*9(B10%
(B1�8P*-.0%21�.0@7%��710&_. a +-&�%2\B8P=>;L8F.0%65dJK!�@7%�10%63H8:+-,7+-,7U
%2�$#A1<%6&<&<+-(�,7&�DE8P,YS�%�%'\P8P=-;A8:.0%'5p8P&�*9(�=-=-(kG�&6J
8BI c=((a+7)+(--b)) → c=((5+7)+1) → c=(12+1) → c=13 → 13 J
DkI c=(a=(-b)) → c=(a=(-2)) → c=(a=−2) → c=−2 → −2 J
5LI a-((a/b)*b) → 5-((5/2)*2) → 5-(2*2) → 5-(4) → 1 J
%kI b*=((++a)+b) → b*=(6+2) → b*=8 → 16 J



�����

*MI a-(a*(+(-b))) → 5-(5*(+(-2))) → 5-(5*(+−2)) → 5-(5*−2) → 5-−10 → 15 J
+9I (b++)+(--a) → 2+4 → 6 J

Solution to Exercise 11. |}(B1�8P,/"H#�(�&<+[.0+>\]% d X}G�%VDE8:,p;7,A+��$;7%6=>"4G�10+>.0% n +>,Y.0@7%V*9(B1<3
n = xd + y,

G�@7%'1<% x, y ��� 8P,75 y < d J���,l* 8PD'.6X�.<@A%'&<%o57%'�A,A%o57+>\ 8P,75 34($5 \{+-8 x = n 57+>\ d 8P,75
y = n 34($5 d J

|}(B1 n = a, d = bc X{G�%�U�%'.
a = pbc + q,

G�@7%'1<% p, q �	� 8P,75 q < bc J
��,Y#L8:1<.0+>D6;7=98:1EX p = a 57+>\ (bc) J�� .�10%'3H8P+-,7&Q.0()#710(k\]%V.<@L8F.
(a 57+>\ b) 57+>\ c = p.

!�(O.0@7+-&�%6,75�X}G�%�;7&<% n = q, d = b .0(WU�%2.
q = rb + s,

G�@7%'1<% r, s �	� , s < b 8P,75 r < c
C &<+-,7D6% rb � q < cb I2J�!�@7%6,YG�%�@L86\]%

a = (pc + r)b + s, s < b,

8P,75Y.0@7+-&�34%E8:,A&�.0@A8:.
a 5A+[\ b = pc + r, r < c.

!�@A+>&�+-,?.0;}10,p34%E8:,A&�.0@A8:. p = (a 57+>\ b) 57+>\ c J
! @7%p+>3`#L=>+-DE8:.0+>(�,�@7(�=-57&W8P&`=-(�,7U�8:&W.0@7%p3H8:.0@7%63H8F.0+-DE8P=�\B8:=-;7%p(�*�.0@7%p%2�$#A1<%6&<&<+-(�, b*c +-&

10%'#710%'&<%6,/.08:SA=-%�8P&Q8P, unsigned int \P8P=-;7%BJj!�@A+>&
@7(�=-57&�&M+-,7D6%�.0@7%�(B.<@A%21Q(B#�%'108:.0+-(�,7&�+-,/\](�=>\$+-,7U
/ 8:1<%�8P=[G 8E"$&�%21<10(B1Mh�*-10%6%BJ
��*L.0@7%'1<%�+-&�8P,`(k\]%'1�A(kG�+>, b*c X].0@7%�% �{#710%6&<&M+-(�,7& a/b/c 8P,75 a/(b*c)
34+-U�@f.�"{+-%6=>5Y57+��^%210%6,/. \P8P=-;7%6&6J
Solution to Exercise 12.

~ y 1111 x<y 10101100 �My 101001001
� y 1111111110

Solution to Exercise 13.
~ y 55 x<y 65 �My 233

� y 341

Solution to Exercise 14.~ y 0110 xMy 1100 �My 1000
� y ,7(B.�10%'#710%6&M%6,/.�8FSL=>% �My 1101

Solution to Exercise 15. ��%
&_.�8:1<.dS$"�&<(�=[\{+-,7U�.0@7%���%6=-&M+-;7&_h�.0(Ph |78P@}10%6,7@7%6+>.�%��$;A8:.<+-(�,V*9(B1��Z%6UB10%6%'&
��%6=-&<+-;7& 8P,75pU�%'.

�Z%6UB10%'%6&���%6=-&<+>;A& =
5( �Z%6UB10%'%6&�|78P@}10%6,7@7%6+>. − 32)

9
.
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! @7%�D210+>.0+-D68P=L(B#^%'1�8:.0+>(�,`+-&�.<@A%�3);7=>.0+[#L=>+-DE8:.0+>(�, S$" 5 J
��* m, m 8:10% .0@7%�&<3H8P=>=-%6&M.
8P,754=98:10U�%'&M.
10%'#710%'&<%6,/.08:SA=-% int \P8P=-;7%6&'X7G�%�3O;A&_.�U�;A8:108P,/.0%'%�.0@A8:.

m � 5( �Z%6UB10%6%6&�|78P@}10%6,7@7%6+>. − 32) � m

+-,�(B1<5A%21 .0(p86\](�+-5 (k\]%'1MhZ8P,75 ;7,A57%'1 L(kG�&'J��$(�=>\{+>,AU?.0@7+-&�*9(B1 �Z%6UB10%6%6& |78P@}10%6,7@7%6+>. "$+-%6=-57&w.0@7%
*9(�=-=-(kG�+>,AU S^(�;A,757&6J

m

5
+ 32 � �Z%6UB10%6%'&�|78P@}10%6,7@7%6+>. � m

5
+ 32.

�$+-,7D6%O+-,/.0%'U�%'1 57+>\$+-&<+-(�,o10(�;7,757&V57(kG�,r*9(B1 #�(�&<+[.0+>\]%R,$;734%'108:.0(B10&6Xd84\P8P=-+-5r;7#7#�%21�S^(�;A,75r+-&
(BS7.�8P+-,7%65a*-10(�3 .0@7%V%2�$#710%6&<&<+>(�,
std:: numeric_limits <int >::max () / 5 + 32

|}(B1�.<@A%�=-(kG�%'1�S�(�;7,75�X{G�%w@A86\]% 8P&M&<;734%65Y*9(B1 .0@7+-&�%2�}%210D6+-&<%w.0@A8:.�.0@7%�+-,/.0%'U�%'1�57+>\$+-&<+-(�,410(�;7,757&
.0(kG 8:1057& N6%'10( C ;}#^I�*9(B1�,A%'U]8:.0+>\]%�,$;734%'1�8F.0(B10&6Jj!�@7%'10%6*9(B10%PXA.0@7%w\B8:=-;7%
std:: numeric_limits <int >::min () / 5 + 32

+-&48 \B8P=>+-5 =-(kG�%'1`S�(�;7,75dJ !�@7%p10%6&<;7=>.0+>,AUrD6($57%o+-&WU�+>\]%6, S�%6=-(kG C .0@7%p(�;}.<#A;}.`(�*Z.0@7%p34+[�{%65
,$;73gS�%'1 &<+-3`#A=>"`%63`#A=-(F"$&Q.0@7%V57+>\Y8P,75p34(/5a(B#�%21�8:.0(B10&0I2J
�

// Program: celsius.C�
// Convert temperatures from Fahrenheit to Celsius.��
#include <iostream >�
#include <limits >	 

int main ()�
{�

// Input��
std ::cout << "Temperature in degrees Fahrenheit =? \n"���

<< " (from the interval ["���
<< std :: numeric_limits <int >:: min () / 5 + 32���
<< " , "���
<< std :: numeric_limits <int >:: max () / 5 + 32���
<< "])\n";��	

int fahrenheit ;� 

std ::cin >> fahrenheit ;������
// Computation��
int ncelsius = 5 * ( fahrenheit - 32); // numerator������
// Output as mixed number���
std ::cout << fahrenheit << " degrees Fahrenheit are "���

<< ncelsius / 9 << " " << ncelsius % 9���
<< "/9 degrees Celsius .\n";��	� 


return 0;���
}

Solution to Exercise 16. ��D6D6(B1057+-,7U4.0(��$%6D'.0+>(�, � J � J��{Xe.0@7%R=-%68P&M.w&<+-U�,7+>�ADE8:,/.�SA+-,A8:1M"o57+-U�+>. b0(�* n +>& n 34(/5 2 Xd8P,75�.<@A% 1<%63H8P+-,7+-,7UW57+-U�+[.0&�8:1<%R(BSA.08P+-,7%65pS$" 8F#A#A=>"$+-,7U).0@7%R&08:34% .0%6D�@7,7+ �$;7%
.0( (n − b0)/2 = n 57+>\ 2 J � . *9(�=>=-(FG�&Z.0@A8:.V.<@A%O&<%6D'(�,A5�.<(Y=98P&_.V57+-U�+[.V+>& (n 57+>\ 2) 34($5 2 X�8P,75



�����

.0@A8:.�.0@7%).0@7+>1<5r.0(a=98P&M.V(�,7%W+-& ((n 57+>\ 2) 57+>\ 2) 34($5 2 X�(B1 C 8P& (�,7%ODE8P,�#710(k\]%���,7+-D6%)b��{%'10D6+-&M%
*9(B1�,A% �{.�.<+-34%kI (n 57+>\ 4) 34($5 2 J
�

// Program: threebin.C�
// Output the last three binary digits of a number n.��
#include <iostream >�	
int main ()



{�

// input�
std ::cout << "Last three binary digits of n =? ";��
unsigned int n;���
std ::cin >> n;������
// computation and output���
std ::cout << "The digits are "���

<< n / 2 / 2 % 2 < < n / 2 % 2 < < n % 2 << ".\n";��	� 

return 0;���

}

Solution to Exercise 17. |}(B1 #L8:1<.�8�I2X{G�%w�A1<&M.�@A86\]%w.0()�A,75p8R.0@7%6(B10%'.<+-DE8P=�G 86"H(�*KD6(�3`#A;}.0+-,7U
.0@7%�&<;}1<\$+>\](B1 p(k) J��Z,A%�G 86" (�*757(�+-,7U�+>.K+-&�.0(wU�%6,7%'1�8:=-+-N6%
.<@A%�#A1<(BSL=>%63 �710&M.EJ���%'. pn(k) S�%Q.0@7%
=98P&_.j&<;}1<\{+>\](B1j+>,W8ZD6+>1<D6=-%�(�* n #�%6(B#A=-%QG�@7%6,W%'\]%21<" k h�.0@O#�%'10&<(�,)+-&��{+>=-=-%65dJK!�@7%6, p(k) = p41(k) J
v�%'1<%V+-&�.0@7%�D'10;7D6+98P=d+-,7&<+>U�@/.�.0@A8:. =-%E8P57&�.0()8g10%'D6;}10&<+>\]%V*9(B103);7=98 *9(B1 pn(k) c

pn(k) = (pn−1(k) + k) 34(/5 n, n � 2,

G�@7%'1<% p1(k) = 0
C +-, 8 D6+[10D6=-%a(�* 1 X
#�%'1<&<(�, 0 +-&g.0@7%Y(�,7=>" #�%210&<(�,l8P,75 .0@7%'1<%6*9(B10%Y.0@7%a=98P&M.

&<;}1<\$+>\](B1 I2J�!T(`&<%6% .<@L8F.�.0@7+-&�*9(B103O;A=-8g@7(�=-57&6X}G�%VD6(�,7&<+-57%'1�.<@A% n h D6+>1<D6=-% 8:*-.0%'1�.<@A%��710&M.�#^%'10&<(�,C ,/;A3gS�%'1<%65 k − 1 IZ@A8P&ZS�%'%6,��$+-=-=-%65dJ ��%g,7(FGs@A86\]%)8P, (n − 1) h D'+>10D6=-%PXd8P,75q+-*jG�%R10%6,$;73gS�%'1
.0@7%�#^(�&<+>.0+-(�,7&�+-,4&<;7D�@?8�G 86"W.0@A8:.�.0@7%�#�(�&M+>.0+-(�,)*9(B1034%'10=>"gS�%'+-,7U k +-&Q,7(kG�#^(�&<+>.0+-(�, 0 X pn−1(k)

.0%6=>=-&V;7&�.0@7%W=98P&_. &<;}1<\$+>\](B1 +>,�.0@7+-&V,7%'G ,$;73gS�%'10+>,AU}J)!�(pU�%2. .0@7%W&M;71M\{+>\](B1 pn(k) +-,r.0@7%W(�=-5
,$;73gS�%'10+>,AU}X7G�%R&<+-3`#A=>"?@A86\]% .0(?8P575 k X
x
	����� � 	���� n Jw!�@7+-&�.�8��]%6&w8`=-+>.<.<=-%�.<@A(�;7U�@f.�SA;7.�+-&
%E8P&M+-=>"H57%657;7D6%65o*-10(�3 .0@7%V*9(�=>=-(FG�+-,7U .�8:SA=-%BJ

(�=-5p,/;73OS�%210+-,7U 0 1 �
�
� k − 2 k − 1 k �
�
� n − 1

,7%'G ,$;73gS�%'10+-,7U n − k n − k + 1 �
�
� n − 2 − 0 �
�
� n − k − 1

v�%'10% +-&H.0@7% #710(�UB108P3 .0@A8:.?5A%2.0%'1034+-,7%6& p(k) S$" +>.0%'108:.0+>\]%6=[" D6(�3`#A;}.0+-,7U�.0@7%r&M%��$;7%6,7D6%
p1(k), p2(k), ..., p41(k) XA8PD6D6(B1<5A+>,AUg.0(O.0@7%V*9(B103O;7=98R8:S�(k\]%BJ
�

// Program: josephus.C�
// determines the survivor number in the Josephus Problem��
#include <iostream >�	
int main ()



{�

// input



����� �������
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�

std ::cout << "Every k-th person is killed for k =? ";��
unsigned int k;���
std ::cin >> k;������
// computation of p_41(k)���
unsigned int n = 1; // circle size , runs through 1 ,...,41���
unsigned int p = 0; // survivor number , runs through p_1(k),...,p_ {41}(k)��	� 

// each of the following 40 identical statements increments n and updates���
// p according to the formula p_n(k) = ( p_{n -1}(k) + k) mod n���
p = (p + k) % ++n; p = (p + k) % ++ n; p = (p + k) % ++n; p = (p + k) % ++ n;��
p = (p + k) % ++n; p = (p + k) % ++ n; p = (p + k) % ++n; p = (p + k) % ++ n;���
p = (p + k) % ++n; p = (p + k) % ++ n; p = (p + k) % ++n; p = (p + k) % ++ n;���
p = (p + k) % ++n; p = (p + k) % ++ n; p = (p + k) % ++n; p = (p + k) % ++ n;���
p = (p + k) % ++n; p = (p + k) % ++ n; p = (p + k) % ++n; p = (p + k) % ++ n;���
p = (p + k) % ++n; p = (p + k) % ++ n; p = (p + k) % ++n; p = (p + k) % ++ n;���
p = (p + k) % ++n; p = (p + k) % ++ n; p = (p + k) % ++n; p = (p + k) % ++ n;��	
p = (p + k) % ++n; p = (p + k) % ++ n; p = (p + k) % ++n; p = (p + k) % ++ n;� 

p = (p + k) % ++n; p = (p + k) % ++ n; p = (p + k) % ++n; p = (p + k) % ++ n;���
p = (p + k) % ++n; p = (p + k) % ++ n; p = (p + k) % ++n; p = (p + k) % ++ n;�����
// now p = p_ {41}(k) = p(k); output���
std ::cout << "The survivor is the person number " << p << ".\n";������
return 0;���

}

� 8:1<.wSeI�+-&Z&M(�=>\]%65�S$"o#A=986"{+-,7UWG�+>.0@o.0@7% #710(�UB1�8P3 8`=-+>.<.0=>%BX^8P,75o.0@7%O8P,7&MG�%'1w+-&Z,7(}J�!�@A%210%
8:10% 41 #�(�&<&M+>SA=-%Z+-,7+>.0+98:=L#�(�&<+[.0+-(�,7&Q*9(B1��P(�&M%'#A@$;7&6X78P,75 41 G 86"{&�(�*�D�@A(/(�&<+-,7U k J��
(B.0@a*9(B1 k = 3

8P,75H*9(B1 k = 7 X$.0@7%�&<;}1<\$+>\](B1�,$;73gS�%'1
+-& 30 X/&<(g+-,4.0@7%�&<%��/;A%',AD'% p(1), . . . , p(41) X/8:.�=-%E8:&M.�(�,7%
(�*K.0@7% � � ,/;A3gS�%'1 {0, . . . , 40} 8:#7#�%68:10&�.iG�+>D6%BJ��
;7.�.0@7+-&�+-3`#A=-+>%6&�.0@A8:.�.0@7%'1<% 3);7&M.�8P=-&<()S�%g8:.
=-%E8:&M. (�,7%`(B.0@7%'1 ,$;73OS^%'1 +-, {0, . . . , 40} .0@A8:. 57(/%6& ,7(B.g8:#7#�%E8F1R8:.g8:=-=�J?! @7%`+>,A+[.0+98P=K#�(�&M+>.0+-(�,
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