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2.4 Control statements

�� �� � � � � � � � � �� � � � � ��� ���� �� � � � �!  ��" � � �! " #$ ! � � �! � �

%& � � � � % # ��
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� ) � � � �� � � � +$ 3� � � � � $ � . � #� � $ � � � � � $ 456 78 9

, � # $ $ � � #� ! #! �� � �&  � $ )� & �  � !  �� � $ ��  � ! �� � � � � � � � � & � #� ! � ) � � � �:

; � � (/ <= >=? @ ABC " A @ =D E @ A BC " F >B ? G <" �! � HI JK <� , � � $ �  � !  �� � $ �! � %� � & $

� � � � 1 # � � � )� � ( � � � � � ) �& � � � #! � ��  � ! �� � � L� � � � # � � � � & � � $ $ � � � � ( �! �

%� $ � � � � ( �! � )� � ( �� � �� %� � �� (� M� & � #� � � � �� ! �� � � � � $ �  � !  �� � $

�� � # (� � � ( �! � � � #! NO O " �! � �� � �� �� � �� � � � ( ��  � � � � � #! � � � � $ � #! ;

� � � ; � � ( $�

P Q= K D BR D E J <S = Q ET = <= =C <B U ED ED = E > > K D = @ @V < A JK >=XW P Q= V ? BC < A < @ B U E <=Y I =C ? =

B U < @ E @ = J=C @ < @ Q E @ ED = =Z = ? I @ = [ BC = FV BC = UD B J @ Q= \D < @ @ B @ Q= > E < @W ]I ? Q E K D BR D E J

A < < E A [ @ B Q ET = E � #! � ��  � ! �� � � L� �W P Q A < @V K = B U? BC @D B > ^B S A <Y I A @ = D = < @D A? @ A T =X_ E <

= E? Q < @ E @ = J=C @ AC @ Q= <B I D ? = ? B [= A < =Z =? I @ = [ E @ JB < @ BC ? = [I D AC R @ Q= =Z =? I @ A BC B U @ Q=

K D B R D E JW ]I K K B < = V B I S EC @ @ B A JK >= J=C @ EC E >R B D A @ Q J @ Q E @ K =D UB D J < �` _ ` ` ` < @ = K < UB D

<B J= AC K I @W P Q=C V B I S B I > [ Q ET = @ B S D A @ = E K D B R D E JS A @ Q E @ >= E < @ �` _ ` ` ` > AC = < B U? B [=XWa F T A B I < >V @ Q A < A < I C [= < AD E F >=XW P Q=D = UB D =X_ AC B D [=D @ B A JK >= J=C @C BC b @D A T A E > E >R B D A @ Q J <_JB D = K B S =D UI > J= ? Q EC A < J < @ B ? BC @D B > @ Q= ^B S B U E K D B R D E J ED = C = = [= [W

2.4.1 Selection: if– and if-else statements

aC = K ED @ A? I > ED >V < A JK >= S EV @ B [= T A E @ = UD B J > AC = ED ? BC @D B > ^B S A < @ B <= >= ? @ S Q= @ Q=D B D

C B @ E K ED @ A? I > ED < @ E @ = J=C @ A < =Z =? I @ = [W cC de e @ Q A <? EC F = [BC = T A E EC

if

$ � � � � ( �! �WP Q= <V C @ EZ A <

if

fg hi j kl k hi m

nlo lp qp i l

S Q=D = g h i j kl k h i A < EC =Z K D = < < ABC B D T ED A E F >= [=? > ED E @ ABC B U E @V K = S QB <= T E >I = < ? EC

F = ? BC T =D @ = [ @ B

bool_ EC [ nl o lp qp i l r E < @ Q= C E J= <I R R = < @ < r A < E < @ E @ = J=C @W s s P Q=

<= J EC @ A? < A < @ Q= UB > >B S AC Rt g h i j kl k h i A < = T E >I E @ = [u A U EC [ BC >V A U A @ < T E >I = A < �� & �_ nl o lp qp i l

A < =Z =? I @ = [ E U @ =D S ED [ <W cC B @ Q=D S B D [ <_ EC

if

< @ E @ = J=C @ <K > A @ < @ Q= ? BC @D B > ^B S AC @ B

@S B FD EC ? Q= <W P Q= T E >I = B Ug h i j kl k h i < = >=? @ < S Q A? Q B U @ Q= <= FD EC ? Q= < A < =Z =? I @ = [W vB D

=Z E JK >= _ @ Q= UB > >B S AC R > AC = < B U? B [=

w wxy z{|} ~�� {�} � �| | �y � { |} � � z � � � y { ��} � � �� ��� �� �� � } z{ � � � �{ � � � �| |} � � z � � � y �| � {� � � � � �} | � { �} �} y ���

�� �� �� � � � �� �� � �� ��� � � 

int a;

std::cin >> a;

if (a % 2 == 0) std::cout << "even";

D = E [ EC I J F =D UD B J < @ EC [ ED [ AC K I @ AC @ B @ Q= T ED A E F >=

a

EC [ S D A @ = �

even

� @ B < @ EC [ ED [

B I @ K I @ A U EC [ BC >V A U

a

A < = T =C Wa K @ ABC E > >V _ EC

if

< @ E @ = J=C @? EC F = ? B JK >= J=C @ = [ FV EC

else: % � �!  �W P Q= <V C @ EZ A <

if

fg hi j kl k hi m

nlo lp qp i l�

elsenlo lp qp i l �

EC [ @ Q= <= J EC @ A? < A < E < UB > >B S <t g h i j kl k h i A < = T E >I E @ = [u A U A @ < T E >I = A < �� & �_ nl o lp qp i l�

A < =Z =? I @ = [ E U @ =D S ED [ < u B @ Q=D S A <=X_ nl o lp qp i l � A < =Z =? I @ = [ E U @ =D S ED [ <W vB D =Z E JK >=X_ @ Q=

UB > >B S AC R > AC = < B U? B [=

int a;

std::cin >> a;

if (a % 2 == 0)

std::cout << "even";

else

std::cout << "odd";

D = E [ EC I J F =D UD B J < @ EC [ ED [ AC K I @ AC @ B @ Q= T ED A E F >=

aW P Q=C A U

a

A < = T =C _ �

even

� A <

S D A @ @ =C @ B < @ EC [ ED [ B I @ K I @ u B @ Q=D S A <= _ �

odd

� A <S D A @ @ =C @ B < @ EC [ ED [ B I @ K I @W� Q=C UB D J E @ @ AC R EC
if

< @ E @ = J=C @_ A @ A <? B J JBC @ B AC <=D @ E > AC = FD = E G F = UB D = nl o lp�

qp i l� _ F = UB D =

else_ EC [ F = UB D = nl o lp qp i l �W � B D = B T =D _ nl o lp qp i l� EC [ nlo lp qp i l � ED =

AC [=C @ = [ EC [
else

A < E > AR C = [ S A @ Q

if_ E < < QB S C AC @ Q= =Z E JK >= E F B T =XW c U @ Q= S QB >=

< @ E @ = J=C @ \ @ < BC E < AC R >= > AC = @ Q=C A @? EC E > <B F = @V K = <= @ E < E < AC R >= > AC =XWd B > >=? @ A T = >V _ if b EC [

if-else

< @ E @ = J=C @ < ED = GC B S C E < $ � � � � #� ! $ � � � � ( � ! � $W

2.4.2 Iteration: for statements
  JI ? Q JB D = K B S =D UI > S EV B U J EC AK I > E @ AC R @ Q= ? BC @D B > ^B S A < K D B T A [= [ FV # � � � � � #� !

$ � � � � ( �! � $W c @ =D E @ A BC E > >B S < @ B =Z =? I @ = E < @ E @ = J=C @ J EC V @ A J= <_ K B < < A F >V S A @ Q [ A¡ =D =C @

K ED E J= @ =D < = E? Q @ A J=XW c @ =D E @ ABC < @ E @ = J=C @ < ED = E > <B ? E > >= [ � � � � $_ E < @ Q= V � >B B K @ QD B I R Q � E

< @ E @ = J=C @ f K B @ =C @ A E > >V m <= T =D E > @ A J= <W ] = >=? @ A BC EC [ A @ =D E @ A BC < @ E @ = J=C @ < ED = ? B > >=? @ A T = >V

D = U=D D = [ @ B E < � ! �� � � $ � � � � ( �! � $Wd BC < A [=D @ Q= K D B F >= J B U? B JK I @ AC R @ Q= <I J

Sn =
∑n

i=1 i

B U @ Q= \D < @

n

C E @I D E >

C I J F =D <_ UB D ER A T =C

n

¢ £W ¤D BR D E J ¥ D = E [ < AC E T ED A E F >=

n

UD B J < @ EC [ ED [ AC K I @_[= \C = < EC B @ Q=D T ED A E F >=

s

@ B ? BC @ E AC @ Q= D = <I > @_ ? B JK I @ = < @ Q= D = <I > @ EC [ \C E > >V B I @ K I @ <

A @W cC B D [=D @ B I C [=D < @ EC [S QV @ Q= K D B R D E J

sum_n.C

AC [= = [ F = Q ET = < E <? > E A J= [_ S = Q ET =

@ B =Z K > E AC @ Q= [ A¡ =D =C @ K ED @ < B U E

for

$ � � � � ( �! �W
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// Program: sum_n.C

�

// Compute the sum of the first n natural numbers.

��
�

#include <iostream >

��
�

int main()

�

{

	

// input




std::cout << "Compute the sum 1+...+n for n =? ";

��

unsigned int n;

� �

std::cin >> n;

� �
� �

// computation of sum_{i=1}^n i

� �

unsigned int s = 0;

� �

for ( unsigned int i = 1; i <= n; ++i) s += i;

� �
� �

// output

� 	

std::cout << "1+...+" << n << " = " << s << ".\n";

� 


return 0;

��

}

Program 6:

� � � ; $ �$ & ( ! � N

for statement.

P Q=

for

< @ E @ = J=C @ A < E T =D V ? B JK E? @ UB D J B U EC A @ =D E @ A BC < @ E @ = J=C @_ E <

A @? B J F AC = < @ QD = = < @ E @ = J=C @ < B D =Z K D = < < ABC < AC @ B BC = W cC JB < @? E <= <_ @ Q=

for

< @ E @ = J=C @

<=D T = < E < E �? B I C @ AC R >B B K � E < AC ¤D B R D E J ¥W c @ < <V C @ EZ A < [= \C = [ FV

for

f k i kl b nlo lp qp i l g h i j kl k hi u p  ��p n n k h i m

nlo lp qp i l

S Q=D = k i kl� nlo lp qp i l A < EC =Z K D = < < ABC < @ E @ = J=C @_ E [= ? > ED E @ ABC < @ E @ = J=C @_ B D @ Q= C I > >

< @ E @ = J=C @_ <= = ] =? @ A BC � W � W � �W cC E > > B U @ Q= <= ? E < = <_ k i kl� nl o lp qp i l =C [ <S A @ Q E <= J A? B >BC

<I ? Q @ Q E @ @ Q=D = ED = E >S EV < @S B < = J A? B >BC < AC F = @S = =C @ Q= K ED =C @ Q= < = < E U @ =D E

forW � <I E > >V

k i kl� nlo lp qp i l [= \C = < EC [ AC A @ A E > A� = < E T ED A E F >= @ Q E @ A < I <= [ @ B ? BC @D B > EC [ = T =C @I E > >V =C [

@ Q= A @ =D E @ A BC < @ E @ = J=C @ � < =Z = ? I @ A BC W cC

sum_n.C_ k i kl� nlo lp qp i l A < E [=? > ED E @ A BC < @ E @ = J=C @

@ Q E @ [= \C = < @ Q= T ED A E F >=

iW  < AC EC

if

< @ E @ = J=C @_ g h i j kl k h i A < EC =Z K D = < < ABC B D T ED A E F >= [=? > ED E @ ABC S QB < = @V K =

? EC F = ? BC T =D @ = [ @ B

boolW c @ [= \C = < QB S >BC R @ Q= A @ =D E @ A BC R B = < BC _ C E J= >V E < >BC R E <

g h i j kl k h i D = @I D C < �� & �W c @ A < E > >B S = [ @ Q E @ g h i j kl k h i A < = JK @V AC S Q A? Q? E <= A @ < T E >I = A <

AC @ =D K D = @ = [ E < �� & �W   < @ Q= C E J= <I R R = < @ <_ p  � �p n n k h i A < EC ED F A @D ED V = Z K D = < < A BC @ Q E @

J EV E > <B F = = JK @V f AC S Q A? Q? E <= A @ Q E <C B = ¡ =? @ mW nlo lp qp i l A < EC ED F A @D ED V < @ E @ = J=C @Wc @ A <D = U=D D = [ @ B E < @ Q= %� �� B U @ Q=

for

< @ E @ = J=C @W

� � �� �� � � � �� �� � �� ��� � � 


PV K A? E > >V _ p  ��p n n k h i Q E < @ Q= = ¡ = ? @ B U? Q EC R AC R E T E >I = @ Q E @ EK K = ED < AC g h i j kl k h i W]I ? Q EC = ¡ =? @ A < < E A [ @ B � J E G= K D BR D = < < @ B S ED [ < @ =D J AC E @ A BC �W P Q= R B E > A < @ Q E @g h i j kl k h i

A < ) �� $ � E U @ =D p  � �p n n k h i Q E < F = =C = T E >I E @ = [ E \C A @ = C I J F =D B U @ A J= <W cC @ Q E @ <=C <= _ = T =D V

= T E >I E @ A BC B Up  ��p n n k h i J E G= < E < @ = K @ B S ED [ < @ Q= =C [ B U @ Q=

for

< @ E @ = J=C @W cC

sum_n.C_p  � �p n n k h i AC ? D = J=C @ < @ Q= T ED A E F >=

i

S Q A? Q A < F B I C [= [ UD B J E F B T = AC g h i j kl k h i W cC ? E < = <

> A G= @ Q A < S Q=D = @ Q= T E >I = B U E < AC R >= T ED A E F >= A < E? ? = < < = [ EC [? Q EC R = [ FV g h i j kl k h i EC [

p  � �p n n k h i _ S = ? E > > @ Q A < T ED A E F >= @ Q=  � ! �� � � 1 �� # � % � � B U @ Q=

for

< @ E @ = J=C @W�= ED = C B S D = E [V @ B K D =? A < = >V [= \C = @ Q= <= J EC @ A? < B U E

for

< @ E @ = J=C @W v AD < @_ k i kl�

nl o lp qp i l A < =Z =? I @ = [ BC ? = W P Q=D = E U @ =D g h i j kl k h i A < = T E >I E @ = [W c U A @ D = @I D C < �� & �_ EC

# � � � � � #� ! B U @ Q= >B B K < @ ED @ <W c Ug h i j kl k h i D = @I D C < ) �� $ �_ @ Q=

for
< @ E @ = J=C @ � � � ( #! � � � $_@ Q E @ A <_ A @ < K D B ? = < < AC R =C [ < A J J= [ A E @ = >V W

� E? Q < AC R >= A @ =D E @ A BC B U E

for

< @ E @ = J=C @? BC < A < @ < B U \D < @ = Z =? I @ AC R nlo lp qp i l EC [ @ Q=C

= T E >I E @ AC R p  ��p n n k h i W   U @ =D = E? Q A @ =D E @ A BC _ g h i j kl k h i A < = T E >I E @ = [ ER E AC W c U A @D = @I D C <

�� & �_ EC B @ Q=D A @ =D E @ A BC UB > >B S <W c Ug h i j kl k hi D = @I D C < ) �� $ �_ @ Q=
for

< @ E @ = J=C @ @ =D J AC E @ = <WP Q= =Z =? I @ A BC B D [=D A < @ Q=D = UB D = k i kl� nlo lp qp i l_ g h i j kl k h i _ nlo lp qp i l_ p  ��p n n k hi _ g h i j k�l k h i _ nlo lp qp i l_ p  � �p n n k h i _ W W W I C @ A >g hi j kl k h i D = @I D C < ) �� $ �W

� = @ � < <= = @ Q A < AC E? @ A BC t d BC < A [=D @ Q=

for
< @ E @ = J=C @

for ( unsigned int i = 1; i <= n; ++i) s += i;

AC

sum_n.C

EC [ <I K K B <=

n == 2W v AD < @_ @ Q= T ED A E F >=

i

A < [= \C = [ EC [ AC A @ A E > A� = [ @ B

1W P Q=C

A @ A < @ = < @ = [S Q= @ Q=D

i <= nW   <
1 <= 2

A < � � & �_ @ Q= \D < @ A @ =D E @ ABC < @ ED @ <W P Q= < @ E @ = J=C @

s += i

A < =Z =? I @ = [_ <= @ @ AC R

s
@ B

1_ EC [ @ Q=D = E U @ =D

i

A < AC ? D = J=C @ = [ FV BC = <I ? Q @ Q E @

i == 2W aC = A @ =D E @ A BC A <C B S ? B JK >= @ = W   < EC =Z @ < @ = K _ @ Q= ? BC [ A @ A BC

i <= n

A < = T E >I E @ = [

ER E AC W   <

2 <= 2

A < �� & �_ EC B @ Q=D A @ =D E @ ABC UB > >B S <W v AD < @

s += i

A < =Z =? I @ = [_ <= @ @ AC R

s@ B

3W P Q=D = E U @ =D _ i

A < AC ? D = J=C @ = [ FV BC = <I ? Q @ Q E @

i == 3W P Q= <=? BC [ A @ =D E @ A BC A <C B S

? B JK >= @ = W P Q= <I F <=Y I =C @ = T E >I E @ A BC B U

i <= n

=C @ E A > <

3 <= 2S Q A? Q A < ) �� $ �W P QI <_ C B

UI D @ Q=D A @ =D E @ ABC @ E G= < K > E? = EC [ @ Q= K D B ? = < < AC R B U @ Q=

for

< @ E @ = J=C @ =C [ <W P Q= T E >I = B U

s

A <C B S

3_ @ Q= <I J B U @ Q= \D < @

n == 2

C E @I D E >C I J F =D <W

Infinite loops.

c @ A < = E < A >V K B < < A F >= @ B ? D = E @ = >B B K < @ Q E @ [B C B @ @ =D J AC E @ =XW vB D =Z E JK >=X_D =? E > > @ Q E @ F B @ Qg hi j kl k hi EC [p  ��p n n k h i J EV F = = JK @V W � B D = B T =D _ F B @ Q k i kl� nlo lp qp i l

EC [ nlo lp qp i l ? EC F = @ Q= C I > > < @ E @ = J=C @W cC @ Q A <? E < = S = R = @ @ Q=

for

< @ E @ = J=C @

for (;;);
  < @ Q= = JK @V g h i j kl k h i Q E < T E >I = �� & �_ = Z =? I @ AC R @ Q A < < @ E @ = J=C @D I C < @ QD B I R Q A @ =D E @ ABC

E U @ =D A @ =D E @ A BC S A @ QB I @ E? @I E > >V [B AC R EC V @ Q AC R W P Q=D = UB D =X_ for (;;)

J EV F = D = E [ E <

� UB D = T =D �W cC R =C =D E >_ E < @ E @ = J=C @S Q A? Q [B = <C B @ @ =D J AC E @ = A <? E > >= [ EC #! �! # � � � � � � Wd >= ED >V _ AC \C A @ = >B B K < ED = =Z @D = J= >V I C [= < AD E F >= EC [ K D B R D E J J=D < @D V Q ED [ @ B ET B A [

@ Q= JW � = T =D @ Q= >= < <_ <B J= @ A J= < <I ? Q >B B K < B ? ? I D = T =C AC D = E > > A U= < B U @S ED = W c U V B I D =R I > ED >V

I < = E? B JK I @ =D _ V B I Q ET = K D B F E F >V =Z K =D A =C ? = [ @ Q A < G AC [ B U K Q=C B J=C BC t E K D BR D E J

� Q EC R < �W
�B I J EV E < Gt � QV [B = <C � @ @ Q= ? B JK A >=D < A JK >V [= @ =? @ AC \C A @ = >B B K < EC [ S ED C < J=

E F B I @ @ Q= J HI < @ E < A @? B JK > E AC < E F B I @ <V C @ EZ =D D B D < � cC [= = [_ @ Q A <S B I > [ F = ER D = E @ @ Q AC R
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@ B Q ET = EC [ A @S B I > [ <B > T = J EC V K D B F >= J < AC <B U @S ED = [= T = >B K J=C @W P Q= K D B F >= J A < @ Q E @

AC \C A @ = >B B K < ED = C B @ E >S EV < E < = E <V @ B <K B @ E < AC @ Q= E F B T = = Z E JK >=XW � B B K <? EC F =

K D = @ @V ? B JK > A? E @ = [_ EC [ K B < < A F >V @ Q= V >B B K AC \C A @ = >V S Q=C =Z = ? I @ = [ AC ? =D @ E AC K D BR D E J

< @ E @ = < BC >V WcC U E? @_ @ Q= < A @I E @ A BC A < QB K = >= < <t c @ ? EC F = < QB S C @ Q E @ @ Q= K D B F >= J B U [= @ =? @ AC R

AC \C A @ = >B B K < f? B J JBC >V D = U=D D = [ @ B E < @ Q= � �� � #! ; � � � % � � ( m ? EC C B @ F = < B > T = [ FV E

? B JK I @ =D _ E <S = Q ET = EC [ I C [=D < @ EC [ A @ @ B [ EV f <= = @ Q= � = @ E A > < mW P Q=D = UB D =X_ <B J= ? ED = A <

C = = [= [S Q=C [= < AR C AC R >B B K <W �= Q ET = @ B ? Q=? G � FV Q EC [ � @ Q E @ @ Q= A @ =D E @ ABC < @ E @ = J=C @

@ =D J AC E @ = < UB D E > > K B < < A F >= K D B R D E J < @ E @ = < @ Q E @? EC B ? ? I D W

Gauss.

�B I J EV GC B S B D Q ET = D = E > A � = [ @ Q E @ B I D K D B R D E J

sum_n.C

A < E? @I E > >V E F E [

=Z E JK >= W c @ A < F E [ AC @ Q= <=C <= @ Q E @ A @ [B = <C B @? BC T AC ? AC R >V [= JBC < @D E @ = @ Q= K B S =D B U

? BC @D B > < @ E @ = J=C @ <WcC Q A < K D A J ED V <? QB B > [ EV <_ @ Q= �=D J EC J E @ Q= J E @ A? A EC d ED > vD A = [D A? Q � EI < < f � � � ���� � � � m S E < @ B > [ @ B <I J I K @ Q= C I J F =D <

1, 2, 3, . . . , 100W P Q= @ = E? Q=D Q E [ K > EC C = [ @ B G= = K

Q A < < @I [=C @ < FI <V UB D E S Q A >=X_ FI @ � EI < < ? E J= I K S A @ Q @ Q= ? B D D =? @ D = <I > @

5050 T =D V

Y I A? G >V W � = Q E [ A J ER AC = [S D A @ AC R [B S C @ Q= C I J F =D < AC AC ? D = E < AC R B D [=D _ EC [ BC = > AC =

F = >B S BC ? = ER E AC AC [=? D = E < AC R B D [=D W d >= ED >V _ @ Q= @S B C I J F =D < AC = E? Q? B >I JC <I J I K

@ B

101

u Q=C ? =X_ @ Q= B T =D E > > <I J A <

100 � 101 = 10100_ Q E > U B US Q A? Q A < @ Q= C I J F =D @ Q E @S E <

E < G= [ UB D W� � � W W W � � � � �` `

�` ` � � � � W W W � � �

�` � �` � �` � W W W �` � �` � �` �

cC @ Q A <S EV _ � EI < < [ A <? B T =D = [ @ Q= UB D JI > E

n∑

i=1

i = n(n + 1)/2,

UB D EC V n

¢ £W P Q=

for

< @ E @ = J=C @ AC

sum_n.C

? EC @ Q=D = UB D = F = D = K > E? = [ FV @ Q= JI ? Q

JB D = = >=R EC @ EC [ = 	? A=C @ < @ E @ = J=C @ s


s = n * (n + 1) / 2;

�= C = Z @R = @ @ B ED = E > EK K > A? E @ A BC B U <= >=? @ ABC EC [ A @ =D E @ A BC < @ E @ = J=C @ <W

Prime numbers.

cC @ Q= AC @D B [I ? @ B D V ] =? @ ABC � W � _ S = Q ET = @ E > G= [ E >B @ E F B I @ K D A J= C I J bF =D <W � B S S B I > [ E K D B R D E J >B B G > A G= @ Q E @ @ = < @ <S Q= @ Q=D B D C B @ ER A T =C C I J F =D A < K D A J= �

 ? ? B D [ AC R @ B @ Q= I <I E > [= \C A @ A BC _ EC I J F =D

n

¢ £

, n

�

2

A < K D A J= A U EC [ BC >V A U A @ A <C B @

[ A T A < A F >= FV EC V C I J F =D

d

¢

{2, . . . , n − 1}W P Q= < @D E @ =R V UB D B I D K D B R D E J A < @ Q=D = UB D =

? >= EDt �D A @ = E >B B K @ Q E @D I C < @ QD B I R Q E > > @ Q= <= C I J F =D <_ EC [ @ = < @ = E? Q B U @ Q= J UB D F = AC R

E [ A T A <B D B U

nW c U E [ A T A < B D A < UB I C [_ S = ? EC < @ B K EC [ B I @ K I @ E U E? @ B D A � E @ A BC B U

n

AC @ B @S B

w�  � �} � �{ � �y � � �| | � { �} �} y ��� � �} �y �} �} � � �� �| � � y z � �y z � �} | � � � � � �} �} { � � �� �| � � y � | �y z} ��� { � �

n�
� �}

�� � �� z �

n(n + 1)

�| } �} y �

� ¥ �� �� � � � �� �� � �� ��� � � 


C I J F =D <_ K D B T AC R @ Q E @

n

A <C B @ K D A J=XW a @ Q=D S A <=X_ S = B I @ K I @ @ Q E @

n

A < K D A J=XW ¤D B R D E J �

A JK >= J=C @ < @ Q A < < @D E @ =R V AC de e _ I < AC R BC =

for

< @ E @ = J=C @_ EC [ BC =

if

< @ E @ = J=C @W �= b

J ED G E F >V _ @ Q=

for

< @ E @ = J=C @ Q E < EC = JK @V F B [V_ < AC ? = S = Q ET = K I @ @ Q= [ A T A < A F A > A @V @ = < @

AC @ B @ Q= g h i j kl k h i W P Q= A JK B D @ EC @ B F <=D T E @ ABC A < @ Q E @ @ Q= g h i j kl k h i

n % d != 0
[= \ b

C A @ = >V D = @I D C < ) �� $ � UB D

d == n_ < B @ Q E @ @ Q= >B B K A <R I ED EC @ = = [ @ B @ =D J AC E @ = u A U f EC [ BC >V

A U mg h i j kl k h i D = @I D C < ) �� $ � = ED > A=D _ S = Q ET = UB I C [ E [ A T A <B D B U

n

AC @ Q= D EC R =
{2, . . . , n−1}W

�

// Program: prime.C

�

// Test if a given natural number is prime.

��
�

#include <iostream >

��
�

int main ()

�

{

	

// Input




unsigned int n;

��

std::cout << "Test if n>1 is prime for n =? ";

� �

std::cin >> n;

� �
� �

// Computation: test possible divisors d

� �

unsigned int d;

� �

for (d = 2; n % d != 0; ++d);

� �
� �

// Output

� 	

if (d < n)

� 


// d is a divisor of n in {2,...,n-1}

��

std::cout << n << " = " << d << " * " << n / d << ".\n";

� �

else

� �

// no proper divisor found

� �

std::cout << n << " is prime.\n";

� �
� �

return 0;

� �

}

Program 7:

� � � ; $ �� � # ( �� N

2.4.3 Blocks and scope

cC de e A @ A < K B < < A F >= @ B R D B I K E < =Y I =C ? = B U BC = B D JB D = < @ E @ = J=C @ < AC @ B BC = < AC R >=

< @ E @ = J=C @ @ Q E @ A < @ Q=C ? E > >= [ E � (� � & ! � $ � � � � ( �! �_ B D < A JK >V E %� �  �W P Q A < J=? Q EC A < J

[B = <C B @ J EC A K I > E @ = @ Q= ? BC @D B > ^B S [ AD =? @ >V W � >B ? G < E > >B S @ B < @D I ? @I D = E K D B R D E J FV

R D B I K AC R < @ E @ = J=C @ < @ Q E @ >B R A? E > >V F = >BC R @ B R = @ Q=D W cC K ED @ A? I > ED _ @ Q= V ED = E @ B B > @ B

[= < AR C K B S =D UI > EC [ E @ @ Q= < E J= @ A J= D = E [ E F >= ? BC @D B > < @ E @ = J=C @ <W] V C @ E? @ A? E > >V _ E F >B ? G A < < A JK >V E <=Y I =C ? = B U � =D B B D JB D = < @ E @ = J=C @ < @ Q E @ ED = =C ? >B <= [



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

AC ? I D >V FD E? = <W

� nlo lp qp i l� nlo lp qp i l �W W W nlo lp qp i l � �

� E? Q B U @ Q= < @ E @ = J=C @ < J EV AC K ED @ A? I > ED F = E F >B ? G_ < B A @ A < K B < < A F >= @ B Q ET = C = < @ = [

F >B ? G <W P Q= < A JK >= < @ F >B ? G A < @ Q= = JK @V F >B ? G

{}W

�B I Q ET = E >D = E [V <= =C F >B ? G <W � E? Q K D BR D E J? BC @ E AC < E < K =? A E > F >B ? G_ @ Q= <B b? E > >= [

)& !  � #� ! %� �� B U @ Q=

main

UI C ? @ ABC W P Q A < F >B ? G =C ? >B < = < @ Q= <=Y I =C ? = B U < @ E @ = J=C @ < @ Q E @

A < = Z =? I @ = [S Q=C @ Q=

main

UI C ? @ A BC A <? E > >= [ FV @ Q= B K =D E @ AC R < V < @ = JW

� < AC R F >B ? G <_ BC = ? EC ? D = E @ = <= >=? @ ABC EC [ A @ =D E @ ABC < @ E @ = J=C @ <S QB < = F B [V ? BC @ E AC <

E <=Y I =C ? = B U @S B B D JB D = < @ E @ = J=C @ <W vB D =Z E JK >=X_ <I K K B <= @ Q E @ UB D @ = < @ AC R K I D K B < = <

S = S B I > [ > A G= @ B S D A @ = B I @ E > > K ED @ A E > <I J < [I D AC R @ Q= ? B JK I @ E @ ABC AC

sum_n.C

t

for ( unsigned int i = 1; i <= n; ++i) {

s += i;

std::cerr << i << "-th partial sum is " << s << "\n";

}

� =D = @S B < @ E @ = J=C @ < ED = = Z =? I @ = [ AC = E? Q A @ =D E @ A BC B U @ Q= >B B K W v AD < @_ @ Q= C = Z @ <I J J EC [

A < E [ [= [ @ B

s_ @ Q=C @ Q= ? I D D =C @ T E >I = B U

s

A <S D A @ @ =C @ B < @ EC [ ED [ =D D B D B I @ K I @W

� >B ? G < < QB I > [ AC R =C =D E > F = UB D J E @ @ = [ E < < QB S C E F B T =XW P Q E @ A <_ E > AC = FD = E G EK K = ED <

E U @ =D @ Q= B K =C AC R EC [ F = UB D = @ Q= ? >B < AC R FD E? =X_ EC [ E > > > AC = < AC F = @S = =C ED = AC [=C @ = [ BC =

>= T = >W aC >V A U @ Q= F >B ? G? BC < A < @ < B U HI < @ BC = < AC R >= < @ E @ = J=C @ EC [ A @ E > > \ @ < BC BC = > AC =X_@ Q= F >B ? G? EC F = UB D J E @ @ = [ E < BC = < AC R >= > AC =XWP Q= @V K = B U @ = < @ B I @ K I @S = Q ET = ? D = E @ = [ AC @ Q= K D = T AB I < =Z E JK >= A <? E > >= [ � � %& ; ; #! ;

� & �� & �W   %& ; A < E? B J JBC >V I <= [ @ =D J @ B [=C B @ = E K D B R D E J J AC R =D D B D _ Q=C ? = � [= FI R b

R AC R � A < @ Q= K D B ? = < < B U \C [ AC R EC [ = > A J AC E @ AC R <I ? Q =D D B D <W c @ A <R B B [ K D E? @ A? = @ B S D A @ =

[= FI R R AC R B I @ K I @ @ B < @ EC [ ED [ =D D B D B I @ K I @ < AC ? = A @? EC @ Q=C JB D = = E < A >V F = <= K ED E @ = [

UD B J @ Q= �D = E > � K D B R D E J B I @ K I @ @ Q E @ I <I E > >V R B = < @ B < @ EC [ ED [ B I @ K I @W

Visibility.

� >B ? G < [B C B @ BC >V < @D I ? @I D = E K D B R D E J T A <I E > >V FI @ @ Q= V E > < B K D B T A [= E >B R A? E >

F B I C [ ED V ED B I C [ [=? > ED E @ A BC < f B U T ED A E F >= <_ UB D =Z E JK >= mW  C V [=? > ED E @ ABC @ Q E @ EK K = ED <

AC < A [= E F >B ? G A <? E > >= [ � �  �� @ B @ Q E @ F >B ? GW   >B ? E > [=? > ED E @ A BC =Z @ =C [ < BC >V I C @ A > @ Q=

=C [ B U @ Q= F >B ? G AC S Q A? Q A @ EK K = ED <W  C E J= @ Q E @ A < AC @D B [I ? = [ FV E >B ? E > [=? > ED E @ ABC

A <C B @ � T A < A F >= � B I @ < A [= B U @ Q= F >B ? GS Q=D = A @ A < [=? > ED = [W vB D =Z E JK >=X_ AC

�

int main()

�

{

�

{

�

int i = 2;

�

}

�

std::cout << i; // error , undeclared identifier

�

return 0;

	

}

� � �� �� � � � �� �� � �� ��� � � 


@ Q= T ED A E F >=

i

[=? > ED = [ AC < A [= @ Q= F >B ? G AC > AC = � � � A <C B @ T A < A F >= AC @ Q= B I @ K I @ < @ E @ E J=C @

AC > AC = ¥W P QI <_ A U V B I ? BC UD BC @ @ Q= ? B JK A >=D S A @ Q @ Q A <? B [=X_ A @ A < <I = < EC =D D B D J= < < ER =XW
Control statements and blocks.

d BC @D B > < @ E @ = J=C @ < E? @ > A G= F >B ? G < @ Q= J <= > T = <W P Q=D = UB D =

EC V [=? > ED E @ A BC EK K = ED AC R AC E? BC @D B > < @ E @ = J=C @ A < >B ? E > @ B @ Q E @? BC @D B > < @ E @ = J=C @W cC

K ED @ A? I > ED _ @ Q A < EK K > A= < @ B E T ED A E F >= [= \C = [ AC @ Q= k i kl� nlo lp qp i l B U E
for

< @ E @ = J=C @WvB D =Z E JK >=X_ AC

�

int main()

�

{

�

for ( unsigned int i = 0; i < 10; ++i) s += i;

�

std::cout << i; // error , undeclared identifier

�

return 0;

�

}

@ Q= =Z K D = < < A BC

i

AC > AC = � [B = <! � �D = U=D @ B @ Q= T ED A E F >=
i

[= \C = [ AC > AC = � W

Declarative region.

  U @ =D Q ET AC R <= =C @ Q= < = \D < @ =Z E JK >= <_ S = S A > >C B S AC @D B [I ? = @ Q=

K D =? A <= @ =D J AC B >B R V @ Q E @ E > >B S < I < @ B [= [I ? = S Q A? QC E J= <? EC F = I < = [ S Q=D = AC @ Q=

K D B R D E JW � E? Q [=? > ED E @ ABC Q E < EC E < < B ? A E @ = [ � � � �� � � #1 � � � ; #� ! W P Q A <D =R A BC A < @ Q= K ED @

B U @ Q= K D B R D E J AC S Q A? Q @ Q= [=? > ED E @ A BC EK K = ED <W ]I ? Q ED =R ABC ? EC F = E F >B ? G_ E UI C ? @ ABC

[= \C A @ A BC _ B D E? BC @D B > < @ E @ = J=C @W cC E > > @ Q= <= ? E <= < @ Q= [= ? > ED E @ ABC A < < E A [ @ B Q ET = � �  ��

$ � � �W   [=? > ED E @ ABC ? EC E > <B Q ET = ! � ( � $ � � � $ � � �_ A U A @ EK K = ED < AC < A [= EC E J= <K E? =X_<= = ] =? @ A BC � W � W � W v AC E > >V _ E [=? > ED E @ A BC @ Q E @ A < B I @ < A [= B U EC V K ED @ A? I > ED B @ Q=D < @D I ? @I D =

Q E < ;� � % �� $ � � �W

Scope.

 C E J= AC @D B [I ? = [ FV E [=? > ED E @ ABC

D

A < 1 �� # � B D 1 # $ # %� � AC E K ED @ B U A @ < [=? > ED E b@ A BC � < [=? > ED E @ A T = D =R ABC _ ? E > >= [ @ Q= $ � � � B U @ Q= [= ? > ED E @ A BC W � A @ Q AC @ Q= <? B K = B U

D_ @ Q=

C E J= AC @D B [I ? = [ FV
D

J EV F = I <= [ EC [ E? @I E > >V D = U=D < @ B @ Q= [= ? > ED E @ ABC

DW cC JB < @

? E <= <_ @ Q= <? B K = B U E [=? > ED E @ ABC A < =Y I E > @ B A @ <� � � �! � # �� $ � � �WP Q= � � � � ! � # �� $ � � � B U E [=? > ED E @ ABC < @ ED @ < E @ @ Q= K B AC @S Q=D = @ Q= [=? > ED E @ ABC EK K = ED <WvB D @ Q= C E J= @ B F = [=? > ED = [ @ Q A < A <? E > >= [ A @ <� � #! � � ) � � � �� � � #� ! W P Q= K B @ =C @ A E > <? B K =

=Z @ =C [ < I C @ A > @ Q= =C [ B U @ Q= [=? > ED E @ A T = D =R A BC WPB R = @ @ Q= <? B K = B U E [=? > ED E @ ABC _ S = < @ ED @ UD B J A @ < K B @ =C @ A E > <? B K = FI @ S = K B < < A F >V

Q ET = @ B D = JB T = <B J= K ED @ < B U A @W P Q A < Q EK K =C <S Q=C @ Q= K B @ =C @ A E > <? B K = ? BC @ E AC < BC = B D

JB D = [=? > ED E @ A BC < B U @ Q= $ � ( � C E J=XW   < EC =Z E JK >=X_ ? BC < A [=D ¤D B R D E J �W

�

#include <iostream >

�
�

int main()

�

{

�

int i = 2;

�

for (int i = 0; i < 5; ++i)

�

std::cout << i; // outputs 0, 1, 2, 3, 4
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Figure 5:

. � � �! � # �� $ � � � $ � ) � � � �� � � #� ! $

D, E1, E2, E3

� ) � � � $ � ( � ! � ( ��" �� � �! � $

� � � �! ;� � $ � # � � � � �  � � � � $ � � ! � #! ; � � � �� � � #� ! #! � � � & � � � � � � ) � � � ! � � 4� � ) � 9�

� ! � � � � # ; � �" � � $ � � � � � � � $ & � � #! ; $ � � � $ � )

D

4 � �� � ; � �� 9" E1, E3

4� # ; � � ; � �� 9

�! �

E2

4 � � # � � 9�

	

std::cout << i; // outputs 2




return 0;

��

}

Program 8:

� � � ; $ �$ � � �� N

P Q=

i

AC > AC = �D = U=D < @ B @ Q= [=? > ED E @ A BC UD B J > AC = ¥_ S Q=D = E < @ Q=

i

AC > AC = �D = U=D < @ B

@ Q= [=? > ED E @ A BC UD B J > AC = � W P Q=D = UB D =X_ @ Q= K D B R D E J B I @ K I @ < \D < @

0_ 1_ 2_ 3_ 4_ EC [ @ Q=C

2W cC <B J= <=C <=X_ @ Q= [= ? > ED E @ ABC AC > AC = ¥ @ = JK B D ED A >V Q A [= < @ Q= K D = T A B I < [= ? > ED E @ ABC B U

i

UD B J > AC = � W P Q A < K Q=C B J=C BC A <? E > >= [! � ( � � # � #! ;W �I @S Q=C @ Q= [=? > ED E @ A T = D =R ABC

B U @ Q= <= ? BC [ [= ? > ED E @ ABC =C [ < AC > AC = �_ @ Q= < =? BC [ [=? > ED E @ A BC � F =? B J= < AC T A < A F >= � fS =

< EVt � A @D I C < B I @ B U <? B K = � m EC [ @ Q= \D < @ [=? > ED E @ A BC @ E G= < B T =D ER E AC W cC K ED @ A? I > ED _< AC ? = @ Q= C E J=

i

AC > AC = �D = U=D < @ B @ Q= T ED A E F >= [= \C = [ AC > AC = � _ S = R = @ @ Q= B I @ K I @

2

AC

> AC = �Wc @ A <R B B [ K D E? @ A? = @ B ET B A [C E J= Q A [ AC R < AC ? = @ Q A < I C C =? = < < ED A >V B F UI <? E @ = < @ Q= K D B b

R D E JW aC @ Q= B @ Q=D Q EC [_ C E J= Q A [ AC R E > >B S < I < f > A G= AC ¤D B R D E J � m @ B I < = B I D U ET B D A @ =

A [=C @ A \=D

i

E < @ Q= C E J= B U @ Q= ? BC @D B > T ED A E F >= AC E

for

< @ E @ = J=C @_ S A @ QB I @ Q ET AC R @ B

? Q=? G S Q= @ Q=D @ Q=D = A < < B J= B @ Q=D C E J=

i

< B J= S Q=D = = > <= AC @ Q= K D B R D E JW P Q A < A < EC

E? ? = K @ E F >= EC [ = T =C I <= UI > EK K > A? E @ A BC B UC E J= Q A [ AC R W

� B S S = ? EC R = @ @ B @ Q= UB D J E > [= \C A @ ABC B U <? B K = AC @ Q= R =C =D E >? E <= f K B < < A F >= K D = <=C ? =

B U JI > @ A K >= [= ? > ED E @ ABC < B U @ Q= < E J= C E J= mW P Q= $ � � � B U E [=? > ED E @ ABC

D

A < B F @ E AC = [

UD B J A @ < K B @ =C @ A E > <? B K = E < UB > >B S <t vB D = E? Q [=? > ED E @ A BC

E

AC @ Q= K B @ =C @ A E > <? B K = B U

D<I ? Q @ Q E @ F B @ Q

D

EC [

E

[=? > ED = @ Q= < E J= C E J=X_ @ Q= K B @ =C @ A E > <? B K = B U

E

A <D = JB T = [ UD B J

@ Q= <? B K = B U

DW v AR I D = � R A T = < E < V J F B > A? K A? @I D = B U @ Q= < A @I E @ ABC WcC ¤D B R D E J �_ @ Q= [=? > ED E @ A T = D =R A BC B U @ Q= [=? > ED E @ A BC AC > AC = � A < > AC = � � �` f E F >B ? G m_

�` �� �� � � � �� �� � �� ��� � � 


A @ < K B @ =C @ A E > <? B K = A < > AC = � � �` _ EC [ A @ < <? B K = A < > AC = � K >I < > AC = � � �` W vB D @ Q= [=? > ED E @ ABC

AC > AC = ¥_ [= ? > ED E @ A T = D =R ABC f E? BC @D B > < @ E @ = J=C @ m_ K B @ =C @ A E > <? B K = EC [ <? B K = ED = > AC = ¥ � �W

�D = E G AC R [B S C @ Q= <? B K = < AC @ B > AC = < A < AC R =C =D E >C B @ K B < < A F >=X_ B U? B I D <= _ < AC ? = > AC =

FD = E G < J EV f B D J EV C B @ m EK K = ED E > JB < @ EC V S Q=D =XW c US = S EC @ @ B @ E > G E F B I @ <? B K = BC E

> AC = b FV b > AC = F E < A <_ S = Q ET = @ B UB D J E @ @ Q= K D BR D E J E? ? B D [ AC R >V W

Storage duration.

�= > E @ = [ @ B @ Q= <? B K = B U E T ED A E F >= A < A @ < $ � � � � ; � �& � � � #� ! W P Q A < @ =D J

[=C B @ = < @ Q= @ A J= AC S Q A? Q @ Q= E [ [D = < < B U @ Q= T ED A E F >= A < T E > A [_ @ Q E @ A <_ < B J= J= JB D V

>B ? E @ A BC A < E < < AR C = [ @ B A @WvB D E T ED A E F >= S A @ Q >B ? E > <? B K = _ @ Q= < @ B D ER = [I D E @ ABC A < I <I E > >V @ Q= @ A J= AC S Q A? Q

@ Q= K D B R D E J � <? BC @D B > A < AC @ Q= T ED A E F >= � < K B @ =C @ A E > <? B K =XW �I D AC R K D B R D E J =Z =? I @ A BC _@ Q A < J= EC < @ Q E @ S Q=C = T =D @ Q= T ED A E F >= [= ? > ED E @ ABC A <D = E? Q= [_ <B J= J= JB D V >B ? E @ ABC A <

E < < AR C = [ EC [ @ Q= E [ [D = < < F = ? B J= < T E > A [W  C [S Q=C = T =D @ Q= = Z =? I @ ABC R = @ < @ B @ Q= =C [ B U

@ Q= [=? > ED E @ A T = D =R A BC _ @ Q= E < < B ? A E @ = [ J= JB D V A < UD = = [ EC [ @ Q= T ED A E F >= � < E [ [D = < < F =? B J= <

AC T E > A [W s � �= @ Q=D = UB D = R = @ E � UD = < Q AC < @ EC ? = � B U @ Q= T ED A E F >= = T =D V @ A J= A @ < [= ? > ED E @ ABC A <

=Z =? I @ = [WP Q A < F = Q ET AB D A <? E > >= [ �& �� ( � � # $ �� � � ; � �& � � � #� ! W vB D =Z E JK >=X_ AC

for ( unsigned int i = 0; i < 10; ++i) {

int k = 2;

// do something with k

}

@ Q= E [ [D = < < B U @ Q= T ED A E F >=
k

J EV ? Q EC R = AC = E? Q A @ =D E @ A BC B U @ Q= >B B K W   > <B @ Q= AC A @ A E > bA � E @ A BC @ B

3

@ E G= < K > E? = AC = E? Q A @ =D E @ ABC W  < E JB D = ? BC ? D = @ = = Z E JK >=X_ ? BC < A [=D @ Q= UB > >B S AC R ? B [= UD ER J=C @W

�

int i = 5;

�

for (int j = 0; j < 5; ++j) {

�

std::cout << ++i; // outputs 6, 7, 8, 9, 10

�

int k = 2;

�

std::cout << --k; // outputs 1, 1, 1, 1, 1

�

}

] AC ? = > AC = � F = >BC R < @ B @ Q= <? B K = B U @ Q= [=? > ED E @ A BC AC > AC = � _ @ Q= = ¡ =? @ B U > AC = � A < @ B

AC ? D = J=C @ @ Q= T ED A E F >= [= \C = [ AC > AC = � AC = T =D V A @ =D E @ ABC B U @ Q=

for

< @ E @ = J=C @W � AC = � _BC @ Q= B @ Q=D Q EC [_ F = >BC R < @ B @ Q= <? B K = B U @ Q= [=? > ED E @ A BC AC > AC = �u @ Q= = ¡ =? @ B U > AC = � A <

@ Q=D = UB D = @ B [=? D = J=C @ @ Q= � UD = < Q � T ED A E F >=

k

AC = T =D V A @ =D E @ ABC _ EC [ @ Q A < E >S EV <D = <I > @ <

AC T E >I =

1WcC ? BC @D E < @_ E T ED A E F >= @ Q E @ A < [= \C = [ AC C E J= <K E? = <? B K = B D R >B F E > <? B K = Q E < $ � � � # 

$ �� � � ; � �& � � � #� ! W P Q A < J= EC < @ Q E @ A @ < E [ [D = < < A < [= @ =D J AC = [ E @ @ Q= F =R AC C AC R B U @ Q=

K D B R D E J � < = Z =? I @ ABC _ EC [ A @ [B = <C B @? Q EC R = f Q=C ? = � < @ E @ A? � mC B D F =? B J= AC T E > A [ I C @ A >

@ Q= =Z =? I @ A BC B U @ Q= K D B R D E J =C [ <W P Q= T ED A E F >= <C E J= [ FV std::cin

EC [

std::cout_

w�  � �} � �{ � � �} { � ��} | | � �} | y � � y } z} | | {� � � ~�} �{ �y � �} | { �} � �� �� � � �� � � �} �� � �� { � �| } �} z� � � � y �
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UB D AC < @ EC ? =X_ Q ET = < @ E @ A? < @ B D ER = [I D E @ ABC W � ED A E F >= <S A @ Q < @ E @ A? < @ B D ER = [I D E @ ABC ED = E > <B

D = U=D D = [ @ B E < $ � � � # 1 �� # � %� � $W

2.4.4 Iteration: while statements

] B U ED _ S = Q ET = < = =C BC = A @ =D E @ ABC < @ E @ = J=C @_ @ Q=

for

< @ E @ = J=C @W P Q=

while

$ � � � � ( �! �

A < E < A JK > A \= [

for

< @ E @ = J=C @_ S Q=D = F B @ Q k i kl� nl o lp qp i l EC [p  ��p n n k h i ED = B J A @ @ = [W c @ <

<V C @ EZ A <

while

fg h i j kl k h i m

nlo lp qp i l

S Q=D = g h i j kl k h i EC [ nlo lp qp i l ED = E < AC E

for

< @ E @ = J=C @W   < F = UB D =X_ nlo lp qp i l A <D = U=D D = [

@ B E < @ Q= F B [V B U @ Q=

while

< @ E @ = J=C @W ] = J EC @ A? E > >V _ E

while

< @ E @ = J=C @ A < =Y I A T E >=C @ @ B

@ Q= ? B D D = < K BC [ AC R

for

< @ E @ = J=C @

for

f u g h i j kl k hi u m

nlo lp qp i l

P Q= = Z =? I @ ABC B D [=D A < @ Q=D = UB D = g h i j kl k h i _ nlo lp qp i l_ g h i j kl k h i _ W W W I C @ A > g h i j kl k h i D = b@I D C < ) �� $ �W] AC ? =

while

< @ E @ = J=C @ < ED = <B = E <V @ B D = S D A @ = E <

for

< @ E @ = J=C @ <_ S QV [B S = C = = [

@ Q= J � P Q= J E AC D = E < BC A <D = E [ E F A > A @V W   < A @ <C E J= <I R R = < @ <_ E

for

< @ E @ = J=C @ A < @V K A? E > >V

K =D ? = A T = [ E < E? B I C @ AC R >B B K AC S Q A? Q @ Q= AC ? D = J=C @ f B D [=? D = J=C @ m B U E < AC R >= T ED A E F >=

A <D = < K BC < A F >= UB D @ Q= K D B R D = < < @ B S ED [ < @ =D J AC E @ A BC W cC @ Q A <? E < =X_ @ Q= K D B R D = < < A < JB < @

? BC T =C A=C @ >V J E [= AC @ Q=

for

< @ E @ = J=C @ � < p  � �p n n k h i W �I @ @ Q= < A @I E @ ABC ? EC F = JB D =

? B JK >=Zt @ Q= K D B R D = < < J EV [= K =C [ BC @ Q= T E >I = < B U <= T =D E > T ED A E F >= <_ B D BC < B J= ? BC [ A @ ABC

@ Q E @S = ? Q=? G AC @ Q= >B B K � < F B [V W cC < B J= B U @ Q= < = ? E <= <_ E

while

< @ E @ = J=C @ A < K D = U=D E F >=XWP Q= C =Z @ <=? @ ABC [= <? D A F = < EC =Z E JK >=XW

The Collatz problem.

� A T =C EC E @I D E >C I J F =D

n

¢ £_ S = ? BC < A [=D @ Q= N� � � � �� $ �� & �!  �

n0, n1, n2, . . .

S A @ Q

n0 = n

EC [

ni =

{
ni−1/2,

A U

ni−1

A < = T =C

3ni−1 + 1,

A U

ni−1

A < B [ [ i

�

1.

vB D =Z E JK >=X_ A U

n = 5_ S = R = @ @ Q= < =Y I =C ? =

5, 16, 8, 4, 2, 1, 4, 2, 1, . . .W ] AC ? = @ Q= < =Y I =C ? =

R = @ <D = K = @ A @ A T = E < <B BC E <

1

EK K = ED <_ S = J EV < @ B K E @ @ Q A < K B AC @W ¤D BR D E J �D = E [ < AC E

C I J F =D

n

EC [ B I @ K I @ < @ Q= = >= J=C @ < B U @ Q= <=Y I =C ? =

(ni)i

�

1

I C @ A > @ Q= C I J F =D

1

EK K = ED <W

�

// Program: collatz.C

�

// Compute the Collatz sequence of a number n.

�
�

#include <iostream >

� � �� �� � � � �� �� � �� ��� � � 


�
�

int main()

�

{

	

// Input




std::cout << "Compute the Collatz sequence for n =? ";

��

unsigned int n;

� �

std::cin >> n;

� �
� �

// Iteration

� �

while (n > 1) {

� �

if (n % 2 == 0)

� �

n = n / 2;

� �

else

� 	

n = 3 * n + 1;

� 


std::cout << n << " ";

��

}

� �

std::cout << "\n";

� �

return 0;

� �

}

Program 9:
� � � ; $ � � � � � ��� N

P Q= >B B K ? EC B U? B I D <= F = S D A @ @ =C E < E

for

< @ E @ = J=C @ S A @ Q = JK @V k i kl� nlo lp qp i l

EC [p  � �p n n k h i _ FI @ @ Q= D = <I > @ AC R T ED A EC @ B U @ Q= K D BR D E J A < >= < <D = E [ E F >= < AC ? = A @ @D A = < @ B

E [ T =D @ A <= @ Q= D E @ Q=D ? B JK > A? E @ = [ A @ =D E @ A BC E < E < A JK >= ? B I C @ AC R >B B K W   < ED I >= B U @ QI J F_A U @ Q=D = A < E < A JK >= p  � �p n n k h i @ Q E @? EK @I D = < @ Q= >B B K � < K D B R D = < <_ I <= E

for

< @ E @ = J=C @Wa @ Q=D S A <= _ ? BC < A [=D UB D JI > E @ AC R V B I D >B B K E < E

while

< @ E @ = J=C @WP E > G AC R E F B I @ K D B R D = < <t A < A @? >= ED @ Q E @ @ Q= C I J F =D

1

E >S EV < EK K = ED < � c UC B @_ @ Q=

K D B R D E J

collatz.C
? BC @ E AC < EC AC \C A @ = >B B K UB D ? =D @ E AC T E >I = < B U

nW c U V B I K > EV S A @ Q @ Q=

K D B R D E J_ V B I S A > > B F < =D T = @ Q E @

1

AC [= = [ EK K = ED < UB D E > >C I J F =D < V B I @D V _ E > @ QB I R Q @ Q A <

J EV @ E G= ES Q A >=XW �B I S A > > \C [_ UB D =Z E JK >=X_ @ Q E @ @ Q= d B > > E @ � <=Y I =C ? = UB D

n = 27

A <

27_ 82_ 41_ 124_ 62_ 31_ 94_ 47_ 142_ 71_ 214_ 107_ 322_ 161_ 484_ 242_ 121_

364_ 182_ 91_ 274_ 137_ 412_ 206_ 103_ 310_ 155_ 466_ 233_ 700_ 350_ 175_ 526_

263_ 790_ 395_ 1186_ 593_ 1780_ 890_ 445_ 1336_ 668_ 334_ 167_ 502_ 251_ 754_

377_ 1132_ 566_ 283_ 850_ 425_ 1276_ 638_ 319_ 958_ 479_ 1438_ 719_ 2158_ 1079_

3238_ 1619_ 4858_ 2429_ 7288_ 3644_ 1822_ 911_ 2734_ 1367_ 4102_ 2051_ 6154_

3077_ 9232_ 4616_ 2308_ 1154_ 577_ 1732_ 866_ 433_ 1300_ 650_ 325_ 976_ 488_

244_ 122_ 61_ 184_ 92_ 46_ 23_ 70_ 35_ 106_ 53_ 160_ 80_ 40_ 20_ 10_ 5_ 16_ 8_ 4_

2_ 1W
c @ A <R =C =D E > >V F = > A = T = [ @ Q E @

1

= T =C @I E > >V ? B J= < I K UB D E > > T E >I = < B U

n_ FI @ J E @ Q= b

J E @ A? A EC < Q ET = C B @ V = @ F = =C E F >= @ B K D B [I ? = E K D B B U B U @ Q A <? BC H =? @I D =XW   < AC C B ? =C @ E <

A @ >B B G <_ @ Q A < K D B F >= J < <= = J < @ B F = E T =D V Q ED [ J E @ Q= J E @ A? E >C I @ @ B ? D E? G f <= = E > < B @ Q=

� = @ E A > < <=? @ ABC m_ FI @ V B I ED = ? =D @ E AC >V AC T A @ = [ @ B R A T = A @ E @D V �
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2.4.5 Iteration: do statements

Do

$ � � � � ( �! � $ ED = < A J A > ED @ B

while

< @ E @ = J=C @ <_ =Z ? = K @ @ Q E @ @ Q= ? BC [ A @ ABC A < = T E >I E @ = [

� ) � � � = T =D V A @ =D E @ A BC B U @ Q= >B B K AC < @ = E [ B U % � )� � � = T =D V A @ =D E @ A BC W P Q=D = UB D =X_ AC ? BC @D E < @

@ B UB D � EC [

while

< @ E @ = J=C @ <_ @ Q= F B [V B U E

do

< @ E @ = J=C @ A < =Z =? I @ = [ E @ >= E < @ BC ? =XWP Q= <V C @ EZ B U E

do

< @ E @ = J=C @ A < E < UB > >B S <W

do nlo lp qp i l

while

fp  � �p n n k h i m u

S Q=D = p  ��p n n k h i A < B U E @V K = S QB <= T E >I = <? EC F = ? BC T =D @ = [ @ B

boolWP Q= <= J EC @ A? < A < [= \C = [ E < UB > >B S <W  C A @ =D E @ A BC B U @ Q= >B B K ? BC < A < @ < B U \D < @ =Z =? I @ AC R

nl o lp qp i l EC [ @ Q=C = T E >I E @ AC R p  ��p n n k hi W c Up  ��p n n k h i D = @I D C < �� & � @ Q=C EC B @ Q=D A @ =D b

E @ A BC UB > >B S <W a @ Q=D S A <= _ @ Q=

do

< @ E @ = J=C @ @ =D J AC E @ = <W P Q= =Z =? I @ A BC B D [=D A < @ Q=D = UB D =

nl o lp qp i l_ p  ��p n n k h i _ nlo lp qp i l_ p  � �p n n k h i _ W W W I C @ A >p  � �p n n k h i D = @I D C < ) �� $ �W  > @ =D C E @ A T = >V _ @ Q= < = J EC @ A? <? B I > [ F = [= \C = [ AC @ =D J < B U @ Q= UB > >B S AC R =Y I A T E >=C @

for< @ E @ = J=C @W

for

f

bool firsttime = true; firsttime ||

p  ��p n n k h i u

firsttime = false

m

nlo lp qp i l

P Q A < F = Q ET = < > A G= B I D � < A JI > E @ ABC � B U @ Q=

while

< @ E @ = J=C @_ =Z ? = K @ @ Q E @ AC @ Q= \D < @

A @ =D E @ ABC _ p  ��p n n k h i A <C B @ = T E >I E @ = [ f [I = @ B < QB D @? AD ? I A @ = T E >I E @ A BC _ <= = ] =? @ ABC � W � W � m_EC [ nlo lp qp i l A < =Z = ? I @ = [ I C ? BC [ A @ A BC E > >V Wd BC < A [=D E < A JK >= ? E >? I > E @ B D b @V K = EK K > A? E @ ABC AC S Q A? Q @ Q= I <=D =C @ =D < E <=Y I =C ? = B U

C I J F =D <_ EC [ E U @ =D = E? QC I J F =D @ Q= K D B R D E J B I @ K I @ < @ Q= <I J B U @ Q= C I J F =D < =C @ =D = [

<B U ED W � V =C @ =D AC R

0_ @ Q= I <=D AC [ A? E @ = < @ Q E @ @ Q= K D BR D E J < QB I > [ < @ B K W P Q A < A < JB < @

C E @I D E > >V S D A @ @ =C I < AC R E

do

< @ E @ = J=C @_ < AC ? = @ Q= @ =D J AC E @ A BC ? BC [ A @ A BC ? EC BC >V F =

? Q=? G= [ � ) � � � @ Q= C = Z @C I J F =D Q E < F = =C =C @ =D = [W

int a; // next input value

int s = 0; // sum of values so far

do {

std::cout << "next number =? ";

std::cin >> a;

s += a;

std::cout << "sum = " << s << "\n";

} while (a != 0);

cC @ Q A <? E <=X_ A @ A <! � � K B < < A F >= @ B [=? > ED =

a

S Q=D = S = S B I > [ I <I E > >V [B A @_ C E J= >V A J J= b[ A E @ = >V F = UB D = @ Q= AC K I @ < @ E @ = J=C @W P Q= D = E <BC A < @ Q E @

a

S B I > [ @ Q=C F = >B ? E > @ B @ Q= F B [V

B U @ Q=

do

< @ E @ = J=C @ EC [S B I > [C B @ F = T A < A F >= AC @ Q=

do

< @ E @ = J=C @ � <p  ��p n n k hi

a != 0W

� � �� �� � � � �� �� � �� ��� � � 

2.4.6 Jump statements

  @ @ Q A < K B AC @_ S = S B I > [ > A G= @ B =Z @ =C [ B I D ED <=C E > B U? BC @D B > < @ E @ = J=C @ <S A @ Q E < K = ? A E >

@V K = B U < @ E @ = J=C @ < @ Q E @ ED = D = U=D D = [ @ B E < �& (� $ � � � � ( �! � $W P Q= <= < @ E @ = J=C @ < ED = C B @

C = ? = < < ED V AC @ Q= <=C <= @ Q E @ @ Q= V S B I > [ E > >B S V B I @ B [B <B J= @ Q AC R S Q A? Q A <C B @ K B < < A F >=

B @ Q=D S A < =XW cC < @ = E [_ HI < @ > A G=

while� EC [

do

< @ E @ = J=C @ < fS Q A? Q ED = E > <B I C C =? = < < ED V AC @ Q E @

<=C <= m_ HI JK < @ E @ = J=C @ < K D B T A [= E [ [ A @ ABC E > ^=Z A F A > A @V AC [= < AR C AC R A @ =D E @ A BC < @ E @ = J=C @ <W

�B I < QB I > [ I < = @ Q A < ^=Z A F A > A @V S Q=D = T =D A @ E > >B S < V B I @ B A JK D B T = V B I D ? B [=XW � B S = T =D _ F =

E > <B S ED C = [ @ Q E @ HI JK < @ E @ = J=C @ < < QB I > [ F = I <= [S A @ Q? ED = < AC ? = @ Q= V @ =C [ @ B ? B JK > A? E @ =

@ Q= ? BC @D B > ^B S W P Q= ? B JK > A? E @ ABC B U @ Q= ? BC @D B > ^B S Q E < @ B F = F E > EC ? = [ FV E < AR C A \? EC @

R E AC AC BC = B U @ Q= B @ Q=D ? E @ =R B D A = <W P Q=D = UB D =X_ @ Q AC G? ED = UI > >V F = UB D = AC @D B [I ? AC R E HI JK

< @ E @ = J=C @ �

� Q=C E HI JK < @ E @ = J=C @ A < =Z =? I @ = [_ @ Q= K D B R D E J ^B S I C ? BC [ A @ ABC E > >V � HI JK < � @ B E

? =D @ E AC K B AC @W P Q=D = ED = @S B [ A¡ =D =C @ HI JK < @ E @ = J=C @ < @ Q E @S = S EC @ @ B [ A <? I < < Q=D =XWP Q= \D < @ HI JK < @ E @ = J=C @ A <? E > >= [ E

break

$ � � � � ( �! � u A @ < <V C @ EZ A <D E @ Q=D < A JK >=XW

break

u
� Q=C E

break

< @ E @ = J=C @ A < =Z =? I @ = [ S A @ Q AC EC A @ =D E @ A BC < @ E @ = J=C @_ s� @ Q= < J E > >= < @ =C b

? >B < AC R A @ =D E @ A BC < @ E @ = J=C @ @ =D J AC E @ = < A J J= [ A E @ = >V W P Q= =Z =? I @ ABC ? BC @ AC I = < E @ @ Q=

< @ E @ = J=C @ E U @ =D @ Q= A @ =D E @ A BC < @ E @ = J=C @ f A U EC V mW vB D = Z E JK >=X_

for (;;) break;

A <C B @ EC AC \C A @ = >B B K FI @D E @ Q=D E? B JK > A? E @ = [S EV B US D A @ AC R EC I > > < @ E @ = J=C @W � =D = A <

E JB D = I <= UI > EK K = ED EC ? = B U
breakW cC B I D ? E >? I > E @ B D = Z E JK >= UD B J ¤ ER = � � _ A @S B I > [ F =

JB D = = >=R EC @ @ B <I K K D = < < @ Q= AD D = >= T EC @ E [ [ A @ ABC B U

0

AC @ Q= > E < @ A @ =D E @ ABC W P Q A <? EC F =

[BC = S A @ Q @ Q= UB > >B S AC R >B B K W

for (;;) {

std::cout << "next number =? ";

std::cin >> a;

if (a == 0) break;

s += a;

std::cout << "sum = " << s << "\n";

}

� =D =X_ S = <= = @ Q= @V K A? E > I < ER = B U

break_ C E J= >V @ Q= @ =D J AC E @ ABC B U E >B B K � < B J= S Q=D =

AC @ Q= J A [ [ >= �W � B @ = @ Q E @S = ? B I > [ =Y I A T E >=C @ >V S D A @ =

do {

std::cout << "next number =? ";

std::cin >> a;

if (a == 0) break;

s += a;

w� � � �} � � �|} � � � z{ y � y � ~ � z z� � �y {

switch

| � { �} �} y ��� |} } � �} �} � { � �| �
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std::cout << "sum = " << s << "\n";

} while (true);cC @ Q A < ? E <=

for

A < K D = U=D E F >=X_ @ QB I R Q_ < AC ? = A @C A? = >V D = E [ < E < � UB D = T =D �W a U? B I D <=X_@ Q= < E J= UI C ? @ A BC E > A @V A < K B < < A F >= S A @ QB I @

break_ FI @ @ Q= D = <I > @ AC R ? B [= D =Y I AD = < EC

E [ [ A @ ABC E > F >B ? G EC [ = T E >I E @ = <

a != 0

@S A? =XW

do {

std::cout << "next number =? ";

std::cin >> a;

if (a != 0) {

s += a;

std::cout << "sum = " << s << "\n";

}

} while (a != 0);P Q= < =? BC [ HI JK < @ E @ = J=C @ A < ? E > >= [ E

continue

$ � � � � ( �! � u ER E AC @ Q= <V C @ EZ A <

< A JK >=XW

continue

u

� Q=C E? BC @ AC I = < @ E @ = J=C @ A < =Z =? I @ = [_ @ Q= D = J E AC [=D B U @ Q= < J E > >= < @ =C ? >B < AC R A @ =D E @ ABC

< @ E @ = J=C @ � < F B [V A < < G A K K = [_ EC [ =Z =? I @ ABC ? BC @ AC I = < E @ @ Q= =C [ B U @ Q= F B [V W P Q=

A @ =D E @ ABC < @ E @ = J=C @ A @ <= > U A <! � � @ =D J AC E @ = [Wc U @ Q= <I D D B I C [ AC R A @ =D E @ ABC < @ E @ = J=C @ A < E

while� B D

do

< @ E @ = J=C @_ @ Q= =Z =? I @ ABC

@ Q=D = UB D = ? BC @ AC I = < FV = T E >I E @ AC R A @ < g h i j kl k hi W c U @ Q= <I D D B I C [ AC R A @ =D E @ A BC < @ E @ = J=C @

A < E

for

< @ E @ = J=C @_ @ Q= =Z = ? I @ A BC ? BC @ AC I = < FV = T E >I E @ AC R A @ < p  ��p n n k h i EC [ @ Q=C A @ <

g h i j kl k h i W � A G= @ Q=

break

< @ E @ = J=C @_ @ Q=

continue

< @ E @ = J=C @? EC @ Q=D = UB D = F = I <= [ @ B

J EC AK I > E @ = @ Q= ? BC @D B > ^B S � AC @ Q= J A [ [ >= � B U E >B B K WcC B I D ? E >? I > E @ B D =Z E JK >=X_ @ Q= UB > >B S AC R T ED A EC @ B U @ Q= >B B K AR C B D = <C =R E @ A T = AC K I @W R E AC _ A @S B I > [ F = K B < < A F >= @ B [B @ Q A <S A @ QB I @

continue_ E @ @ Q= = Z K =C <= B U EC B @ Q=D C = < @ = [

F >B ? GW

for (;;) {

std::cout << "next number =? ";

std::cin >> a;

if (a < 0) continue;

if (a == 0) break;

s += a;

std::cout << "sum = " << s << "\n";

}

2.4.7 Equivalence of iteration statements

cC @ =D J < B U K I D = UI C ? @ A BC E > A @V _ @ Q=

while� EC [

do

< @ E @ = J=C @ < ED = D = [I C [ EC @_ E < F B @ Q B U

@ Q= J? EC =Y I A T E >=C @ >V F = =Z K D = < < = [ I < AC R E

for

< @ E @ = J=C @W P Q A < J EV ? D = E @ = @ Q= A JK D = < b

< A BC @ Q E @

for

< @ E @ = J=C @ < Q ET = JB D = =Z K D = < < A T = K B S =D @ Q EC

while� EC [

do

< @ E @ = J=C @ <W

� ¥ �� �� � � � �� �� � �� ��� � � 


cC @ Q A < <=? @ ABC S = < QB S @ Q E @ @ Q A < A <C B @ @ Q= ? E <=t E > > @ QD = = A @ =D E @ A BC < @ E @ = J=C @ < ED =

UI C ? @ ABC E > >V =Y I A T E >=C @W � B D = K D = ? A < = >V _ S = < QB S QB S @ B I <=

� do < @ E @ = J=C @ < @ B =Z K D = < <

while

< @ E @ = J=C @ <_ EC [

� while < @ E @ = J=C @ < @ B =Z K D = < <

for

< @ E @ = J=C @ <W

c US = [=C B @ = �

A

? EC F = I <= [ @ B =Z K D = < <

B

� FV A ⇒ B_ S = @ Q=D = UB D = Q ET =
do

< @ E @ = J=C @ ⇒ while

< @ E @ = J=C @ ⇒ for

< @ E @ = J=C @ ⇒ do

< @ E @ = J=C @
,

S Q=D = S = GC B S @ Q= > E < @ A JK > A? E @ A BC UD B J @ Q= K D = T A B I < <=? @ ABC W PB R = @ Q=D _ @ Q A <? >= ED >V

�K D B T = < � @ Q= ? > E A J= [ =Y I A T E >=C ? =XW

� B @ = @ Q E @ S = K I @ @ Q= S B D [� � � 1 � $ AC Y I B @ = <_ E < B I D D = E <BC AC R ? EC C B @ F = ? BC < A [=D = [

E UB D J E > K D B B UW cC B D [=D @ B D = E > >V K D B T = E < @ E @ = J=C @ > A G= @ Q A <_ S = \D < @ B U E > >S B I > [ Q ET =

@ B F = JB D = UB D J E > AC [= \C AC R @ Q= <= J EC @ A? < B U < @ E @ = J=C @ <W ] = J EC @ A? < B U K D B R D E J J AC R

> EC R I ER = < A < E <I F H = ? @ B U A @ < B S C _ EC [ @ Q= UB D J E > @D = E @ J=C @ B U <= J EC @ A? < A <S EV F = V BC [

S Q E @ S = ? EC [B Q=D = W cC B @ Q=D S B D [ <t P Q= UB > >B S AC R A < E < JI ? Q B U E �K D B B U � E < V B I

S A > >R = @ Q=D =X_ FI @ A @ A < <I 	? A=C @ @ B I C [=D < @ EC [ @ Q= D = > E @ ABC < F = @S = =C @ Q= @ QD = = A @ =D E @ ABC

< @ E @ = J=C @ <W

do statement ⇒ while statement.

d BC < A [=D @ Q=

while

< @ E @ = J=C @

while

fg h i j kl k h i m

nlo lp qp i l

�B I D \D < @ A [= E QB S @ B < A JI > E @ = @ Q A < I < AC R E

do

< @ E @ = J=C @ J AR Q @ >B B G > A G= @ Q A <t

if

fg hi j kl k hi m

do nl o lp qp i l
while

fg h i j kl k h i m u

cC [= = [_ @ Q A < AC [I ? = < @ Q= = Z =? I @ ABC B D [=D g h i j kl k h i _ nlo lp qp i l_ g h i j kl k h i _ W W W I C @ A >g h i j k�l k h i D = @I D C < ) �� $ � EC [ @ Q= < @ E @ = J=C @ @ =D J AC E @ = <W �I @ @ Q=D = A < E < A JK >= @ =? QC A? E > K D B F >= Jt

A Ug hi j kl k h i A < E T ED A E F >= [=? > ED E @ A BC _ S = ? EC � @ I <= A < E < @ Q= p  ��p n n k h i AC @ Q=

do

< @ E @ = J=C @W

� =D = A < ED = UB D JI > E @ ABC @ Q E @S B D G <W s�

do

if

fg hi j kl k h i m

nl o lp qp i l

else

break

u

while

f

true

m u

P Q A < AC [I ? = < =Z E? @ >V @ Q=

while

< @ E @ = J=C @ � < = Z =? I @ ABC B D [=D g hi j kl k hi _ nlo lp qp i l_ g h i j k�l k h i _ W W W I C @ A >g hi j kl k hi D = @I D C < ) �� $ � EC [ @ Q= >B B K A < @ =D J AC E @ = [ I < AC R

breakW

w� �} {� } y � � | { ~ �y � � �{ � � � �| | � �� � ��} � � y } �y �� { z � � z} � �y � �} z � y �� {� ~� � � �| | � �� � �� �� �	 �} � � y }�y �� { z � � z} � 
 � �| |} z � � � y �| { � �� �� �� � � ��� �} �� �� { �} y z} � y � � { � �� � �� { z � � z{ �} �� �� { �} y z} �
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while statement ⇒ for statement.

] A JI > E @ AC R @ Q=

for

< @ E @ = J=C @

for

f k i kl b nlo lp qp i l g h i j kl k hi u p  ��p n n k h i m

nlo lp qp i l

FV E

while

< @ E @ = J=C @ <= = J < = E <Vt

�

k i kl b nlo lp qp i l

while

fg h i j kl k h i m �

nl o lp qp i l

p  � �p n n k h i u

�

�
cC [= = [_ @ Q A < S A > > S B D G_ & ! � � $ $ nlo lp qp i l ? BC @ E AC < E

continueW cC @ Q=

for

< @ E @ = J=C @_=Z =? I @ A BC S B I > [ @ Q=C K D B ? = = [ S A @ Q @ Q= = T E >I E @ A BC B Up  ��p n n k h i _ FI @ AC @ Q= < A JI > E @ AC R

while

< @ E @ = J=C @_ p  � �p n n k h i A < < G A K K = [_ EC [ g h i j kl k h i ? B J= <C =Z @W P Q A <D = UB D JI > E @ A BC

A < @ Q=D = UB D = S D BC R W � =D = A < E T =D < A BC @ Q E @S B D G <t

�

k i kl b nlo lp qp i l

while

fg h i j kl k h i m �

bool b � false

u

while

f

b = !b

m

nlo lp qp i l

if

f

b

m

break

u

p  � �p n n k h i u

�

�
P Q A < >B B G < <B J= S Q E @ JB D = ? B JK > A? E @ = [_ < B >= @ I < =Z K > E AC S Q E @ A <R B AC R BC W�= J EV <I K K B <= @ Q E @ @ Q= A [=C @ A \=D

b

[B = <C B @ EK K = ED AC @ Q= R A T =C

for

< @ E @ = J=C @

f B @ Q=D S A <= S = ? QB B < = E [ A¡ =D =C @C E J= mW � B @ = @ Q E @ @ Q= S QB >= < @ E @ = J=C @ UB D J < E < = K ED E @ =

F >B ? G_ E < [B = < E

for

< @ E @ = J=C @W   K B @ =C @ A E > [= ? > ED E @ ABC AC k i kl� nlo lp qp i l E < S = > > E < @ Q=

<? B K = B U

b

A < @ QI < > A J A @ = [ @ B @ Q A < F >B ? GWd BC < A [=D EC =Z = ? I @ ABC B U @ Q= B I @ =D

while

< @ E @ = J=C @W v AD < @_ g h i j kl k h i A < = T E >I E @ = [_EC [ A U A @D = @I D C < ) �� $ � @ Q= < @ E @ = J=C @ @ =D J AC E @ = <W a @ Q=D S A < =X_ @ Q= T ED A E F >=

b

A < <= @ @ B �� & �

AC @ Q= AC C =D

while

< @ E @ = J=C @ � <? BC [ A @ ABC _ J= EC AC R @ Q E @ nlo lp qp i l A < =Z =? I @ = [C =Z @W s�

c U nlo lp qp i l [B = <C B @ ? BC @ E AC E

break_ @ Q= AC C =D >B B K = T E >I E @ = < A @ <? BC [ A @ ABC UB D @ Q=

<=? BC [ @ A J=XW cC [B AC R <B _ b

A < <= @ @ B ) �� $ �_ EC [ @ Q= ? BC [ A @ A BC D = @I D C < ) �� $ �W P Q=D = UB D =X_@ Q= AC C =D >B B K @ =D J AC E @ = <W ] AC ? =

b

A <C B S ) �� $ �_ p  � �p n n k h i A < = T E >I E @ = [C = Z @_ UB > >B S = [

FV g h i j kl k h i W P Q A < AC [I ? = < @ Q=

for

< @ E @ = J=C @ � < =Z =? I @ A BC B D [=D g h i j kl k h i _ nlo lp qp i l_p  � �p n n k h i _ g h i j kl k h i _ W W W I C @ A >g h i j kl k h i D = @I D C < ) �� $ � EC [ @ Q= B I @ =D >B B K @ =D J AC E @ = <W

w� �} z{ � � � �{ � � �} {| | � �y �} y � � �} � { � �� � } �� � y | � �} y } � � { �� } � � � �| �} �� � �} � { y ��

� � �� �� � � � �� �� � �� ��� � � 


cC @ Q= ? E <= S Q=D = nl o lp qp i l ? BC @ E AC < E

break_ @ Q= AC C =D >B B K @ =D J AC E @ = < A J J= [ A E @ = >V _EC [

b

D = J E AC < �� & �W cC @ Q A <? E <=X_ S = E > <B @ =D J AC E @ = @ Q= B I @ =D >B B K @ Q E @D = K D = <=C @ < B I D

B D AR AC E >

for

< @ E @ = J=C @WcC D = @D B <K =? @_ S = < QB I > [C B S ? Q= ? G @ Q E @ HI JK < @ E @ = J=C @ < ? EI <= C B Q ED J AC B I D

K D = T A B I <D = UB D JI > E @ ABC B U @ Q=

while

< @ E @ = J=C @ AC @ =D J < B U @ Q=

do

< @ E @ = J=C @W �= >= ET =

@ Q A < E < EC =Z =D ? A <=XW

2.4.8 Choosing the “right” iteration statements

�= Q ET = <= =C @ Q E @ UD B J E UI C ? @ A BC E > K B AC @ B U T A= S _ @ Q=

for

< @ E @ = J=C @_ @ Q=

while

< @ E @ = b

J=C @ EC [ @ Q=

do

< @ E @ = J=C @ ED = =Y I A T E >=C @W � B D = B T =D _ @ Q=

break
EC [

continue

< @ E @ = J=C @ <

ED = D = [I C [ EC @W ] @ A > >_ de e B ¡ =D < E > > B U @ Q= < = < @ E @ = J=C @ <_ EC [ @ Q A <R A T = < V B I @ Q= UD = = [B Jf FI @ E > <B @ Q= FI D [=C m B U? QB B < AC R @ Q= EK K D B K D A E @ = ? BC @D B > < @ E @ = J=C @ < UB D V B I D K ED @ A? I > ED

K D B R D E JW�D A @ AC R K D BR D E J < A < E [V C E J A? K D B ? = < <W � T =C @ QB I R Q @ Q= K D B R D E J J EV [B S Q E @ V B I

S EC @ E @ < B J= K B AC @_ @ Q= D =Y I AD = J=C @ <? Q EC R =X_ EC [ V B I S A > > G= = K ? Q EC R AC R @ Q= K D B R D E J AC

@ Q= UI @I D = W � T =C A U @ Q=D = A <? I D D =C @ >V C B C = = [ @ B ? Q EC R = @ Q= UI C ? @ A BC E > A @V B U @ Q= K D B R D E J_V B I J EV S EC @ @ B D = K > E? = E? B JK > A? E @ = [ A @ =D E @ ABC < @ E @ = J=C @ FV EC =Y I A T E >=C @ < A JK >=D

UB D JI > E @ A BC W P Q= R =C =D E > @ Q= J= Q=D = A < � � ) � � � � #! ;t @ Q= K D B ? = < < B UD = S D A @ AC R E K D BR D E J

@ B A JK D B T = A @ <D = E [ E F A > A @V B D < @D I ? @I D =X_ S Q A >= G= = K AC R A @ < UI C ? @ A BC E > A @V I C ? Q EC R = [W

� =D = A < E < A JK >= R I A [= > AC = UB D S D A @ AC R �R B B [ � >B B K <W d QB B <= @ Q= >B B K @ Q E @ >= E [ < @ B

@ Q= JB < @ � � � � � %� � EC [ � !  # $ � UB D JI > E @ A BC W P Q A < J= EC <

� U= S < @ E @ = J=C @ <_

� U= S > AC = < B U? B [= _

� < A JK >= ? BC @D B > ^B S _ EC [

� < A JK >= = Z K D = < < A BC <W

  > JB < @C = T =D @ Q=D = A < � � � BC = EC [ BC >V F = < @ UB D JI > E @ A BC u QB S = T =D _ @ Q=D = ED = E >S EV <

ED R I E F >V F E [? QB A? = < S Q A? Q V B I < QB I > [ @D V @ B ET B A [W � <I E > >V _ @ Q=D = ED = < B J= @D E [= B ¡ <_> A G= U= S =D > AC = < B U? B [= T =D <I < JB D = ? B JK > A? E @ = [ =Z K D = < < A BC <_ EC [ @ Q=D = A < E > <B < B J=

E JB I C @ B U K =D <BC E > @ E < @ = AC T B > T = [W �B I < QB I > [ =Z K =D A =C ? = EC [ \C [ B I @ S Q E @ <I A @ < V B I

F = < @W
� = @ I < >B B G E @ <B J= =Z E JK >= < @ B < QB S S Q E @ S = J= EC W ]I K K B <= @ Q E @ V B I S EC @ @ B

B I @ K I @ @ Q= B [ [C I J F =D < F = @S = =C

0

EC [

100W � ET AC R HI < @ >= ED C = [ E F B I @ @ Q=

continue< @ E @ = J=C @_ V B I J EV S D A @ = @ Q= UB > >B S AC R >B B K W

for ( unsigned int i = 0; i < 100; ++i) {

if (i % 2 == 0) continue ;

std::cout << i << "\n";

}
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P Q A < A < K =D U= ? @ >V ? B D D =? @_ FI @ @ Q= UB > >B S AC R T =D < A BC A < K D = U=D E F >= < AC ? = A @ Q E <

fewer state-

ments

EC [

fewer lines of codeW

for ( unsigned int i = 0; i < 100; ++i)

if (i % 2 != 0) std::cout << i << "\n";

P Q A < T ED A EC @ < @ A > > ? BC @ E AC <C = < @ = [ ? BC @D B > < @ E @ = J=C @ <u FI @ V B I ? EC R = @ D A [ B U @ Q=

if< @ E @ = J=C @ EC [ B F @ E AC ? B [= S A @ Q

simpler control flowW

for ( unsigned int i = 1; i < 100; i += 2)

std::cout << i << "\n";

P Q= < E J= B I @ K I @? EC F = K D B [I ? = [S A @ Q E

while

< @ E @ = J=C @ EC [ =Y I E > >V < A JK >= ? BC @D B >

^B S W

int i = -1;

while ((i += 2) < 100)

std::cout << i << "\n";

�I @ Q=D =X_ @ Q= ? BC [ A @ ABC A < JB D = ? B JK > A? E @ = [_ < AC ? = A @? B J F AC = < E < < AR C J=C @ EC [? B JK ED bA <BC B K =D E @ B D <W ]I ? Q =Z K D = < < ABC < ED = ? B JK ED E @ A T = >V [ A 	? I > @ @ B I C [=D < @ EC [ [I = @ B @ Q=

= ¡ =? @ B U @ Q= E < < AR C J=C @ B K =D E @ A BC W   > <B _ @ Q= AC A @ A E > A � E @ A BC B U

i

@ B

−1

A <? B I C @ =D b AC @I A @ A T = _R A T =C @ Q E @S = [= E >S A @ QC E @I D E >C I J F =D <W

�B I ? EC < B > T = @ Q= > E @ @ =D K D B F >= J EC [ E @ @ Q= < E J= @ A J= R = @

simpler expressions

FV S D A @ AC R

unsigned int i = 1;

while (i < 100) {

std::cout << i << "\n";

i += 2;

}

P Q= K D A? = @ B K EV A < @ Q E @ V B I R = @ >= < <? BC ? A <= ? B [= u @ Q=D = ED = C B S \ T = > AC = < AC < @ = E [ B U @ Q=

@S B > AC = < @ Q E @ @ Q=

for

< @ E @ = J=C @C = = [ <W c @ <= = J < @ Q E @ UB D @ Q= < A JK >= K D B F >= J B US D A @ AC R

B I @ B [ [C I J F =D <_ E

for

< @ E @ = J=C @S A @ Qp  � �p n n k h i

i += 2

A < @ Q= >B B K B U? QB A? =XW

2.4.9 Details

Nested if-else statements.

d BC < A [=D @ Q= < @ E @ = J=C @

if(true) if ( false); else std::cout << "Where do I belong?";

c @ A <C B @ E K D A B D A? >= ED S Q E @ A @ < = ¡ =? @ A <t A U @ Q=

else

FD EC ? Q F = >BC R < @ B @ Q= B I @ =D

if_ @ Q=D =

S A > > F = C B B I @ K I @ f < AC ? = @ Q= ? BC [ A @ ABC Q E < T E >I = �� & � m_ FI @ A U @ Q=

else

FD EC ? Q F = >BC R <

@ B @ Q= AC C =D

if_ S = R = @ @ Q= B I @ K I @

Where do I belong?P Q= AC @I A @ A T = D I >= A < @ Q E @ @ Q=

else

FD EC ? Q F = >BC R < @ B @ Q=

if

A J J= [ A E @ = >V K D =? = [ AC R

A @_ AC B I D ? E < = @ B @ Q= AC C =D

ifW P Q=D = UB D =X_ @ Q= B I @ K I @ A <

Where do I belong?_ EC [ S =

< QB I > [ E? @I E > >V UB D J E @ @ Q= < @ E @ = J=C @ > A G= @ Q A <t

if(true)

if (false)

�` �� �� � � � �� �� � �� ��� � � 

; // null statement

else

std::cout << "Where do I belong?";

� Q=C = T =D V B I ED = I C <I D = E F B I @D I >= < > A G= @ Q A <_ V B I ? EC J E G= @ Q= < @D I ? @I D = ? >= ED @ QD B I R Q

=Z K > A? A @ F >B ? G <t

if(true) {

if (false) {

; // null statement

}

else {

std::cout << "Where do I belong?";

}

}

The switch statement.

� = < A [= <

ifW W W else

@ Q=D = =Z A < @ < E <=? BC [ < = >=? @ ABC < @ E @ = J=C @ AC

de et @ Q=

switch

$ � � � � ( � ! �W c @ A < I <= UI > @ B <= >=? @ F = @S = =C J EC V E > @ =D C E @ A T = < @ E @ = J=C @ <_I < AC R @ Q= UB > >B S AC R <V C @ EZ W

switch

fg h i j kl k hi m

nlo lp qp i l

P Q= T E >I = B Ug h i j kl k h i JI < @ F = ? BC T =D @ A F >= @ B EC AC @ =R D E > @V K =XW P Q A < A < AC ? BC @D E < @ @ B @ Q=

B @ Q=D ? BC @D B > < @ E @ = J=C @ <S Q=D = g h i j kl k h i Q E < @ B F = ? BC T =D @ A F >= @ B

boolWnlo lp qp i l A < I <I E > >V E F >B ? G @ Q E @? BC @ E AC < <= T =D E > � � % � � $ B U @ Q= UB D J

case

� klp �o �t

S Q=D = � klp �o � A < E > A @ =D E > B U AC @ =R D E > @V K =XW vB D C B @S B > E F = > < < Q E > > @ Q= <= > A @ =D E > < Q ET = @ Q=

< E J= T E >I =XW P Q=D = ? EC E > < B F = E > E F = >

default:WP Q= <= J EC @ A? < B U E

switch

< @ E @ = J=C @ A < @ Q= UB > >B S AC R W g h i j kl k h i A < = T E >I E @ = [ EC [ @ Q=

D = <I > @ A <? B JK ED = [ @ B = E? Q B U @ Q= > A @ =D E > <S Q A? Q EK K = ED AC E > E F = > AC nl o lp qp i lW c U UB D EC V

B U @ Q= J @ Q= T E >I = < ER D = =X_ @ Q= = Z =? I @ ABC ? BC @ AC I = < E @ @ Q= < @ E @ = J=C @ A J J= [ A E @ = >V UB > >B S AC R

@ Q= > E F = >W c U @ Q=D = A <C B ER D = = J=C @ FI @ E

default:

> E F = >_ @ Q= =Z = ? I @ A BC ? BC @ AC I = < E @ @ Q=

< @ E @ = J=C @ A J J= [ A E @ = >V UB > >B S AC R @ Q=

default:

> E F = >W a @ Q=D S A <=X_ nlo lp qp i l A < AR C B D = [

EC [ @ Q= =Z =? I @ ABC ? BC @ AC I = < E U @ =D @ Q=

switch

< @ E @ = J=C @W

� B @ = @ Q E @

switch

BC >V <= >= ? @ < EC =C @D V K B AC @ UB D @ Q= K D B ? = < < AC R B U nl o lp qp i l_ A @ [B = <

C B @ =Z A @S Q=C @ Q= =Z =? I @ A BC D = E? Q= < EC B @ Q=D > E F = >W c U BC = S EC @ < @ B <= K ED E @ = @ Q= [ A¡ =D =C @

E > @ =D C E @ A T = <_ BC = Q E < @ B I <=

break

f EC [ @ Q A < A < @ Q= BC >V >=R E > I <= B U

break

B I @ < A [= B U

EC A @ =D E @ ABC < @ E @ = J=C @ mW d BC < A [=D UB D =Z E JK >= @ Q= UB > >B S AC R K A =? = B U? B [=X_ EC [ >= @ I <

<I K K B <= @ Q E @

x

A < E T ED A E F >= B U @V K =

intW

switch (x) {

case 0: std::cout << "0";

case 1: std::cout << "1"; break;
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default : std::cout << "whatever ";

}

vB D

x==0

@ Q= B I @ K I @ A <

01

u UB D

x==1

@ Q= B I @ K I @ A <

1

u B @ Q=D S A < = S = R = @ @ Q= B I @ K I @

whateverWP Q=

switch

< @ E @ = J=C @ A < K B S =D UI > AC @ Q= < =C < = @ Q E @ A @ E > >B S < @ Q= [ A¡ =D =C @ E > @ =D C E @ A T = <

@ B < Q ED = ? B [=XW � B S = T =D _ @ Q A < K B S =D E > <B J E G= <

switch

< @ E @ = J=C @ < Q ED [ @ B D = E [ EC [ =D D B D

K D BC =XW   UD =Y I =C @ K D B F >= J A < @ Q E @ BC = UB D R = @ < @ B K I @ E

break

S Q=D = @ Q=D = < QB I > [ F = BC =XWP Q=D = UB D = _ S = J=C @ A BC

switch

Q=D = UB D ? B JK >= @ =C = < < BC >V W � Q=C = T =D @ Q=D = ED = BC >V E

U= S E > @ =D C E @ A T = < @ B F = [ A < @ AC R I A < Q= [_ K > EV A @ < E U= EC [ I < =

ifW W W else

D E @ Q=D @ Q EC

switchW

The Halting Problem, Decidability, and Computability.

P Q= Q E > @ AC R K D B F >= J A < BC = B U @ Q=

UI C [ E J=C @ E > K D B F >= J < AC @ Q= @ Q= B D V B U? B JK I @ E @ ABC W cC UB D J E > >V < K = E G AC R _ @ Q= K D B F >= J

A < @ B [= ? A [= fI < AC R EC E >R B D A @ Q J m S Q= @ Q=D ER A T =C K D B R D E J Q E > @ < f @ =D J AC E @ = < m S Q=C

=Z =? I @ = [ BC ER A T =C AC K I @ f K D B R D E J < @ E @ = mW P Q= @ =D J �K D B R D E J � J EV D = U=D @ B E de e b

K D B R D E J_ FI @ E > <B @ B E K D B R D E J AC EC V B @ Q=D ? B J JBC K D B R D E J J AC R > EC R I ER =XWPB E @ @ E? G @ Q= K D B F >= J UB D J E > >V _ @ Q= �D A @ A < Q J E @ Q= J E @ A? A EC   > EC PI D AC R f � � � � b � � � � m

[= \C = [ AC E <= J AC E > K EK =D E � J AC A J E > � K D B R D E J J AC R > EC R I ER = u E K D B R D E J AC @ Q A < > EC b

R I ER = A < GC B S C E < E ,& � #! ; ( � � #! �WPI D AC R K D B T = [ @ Q E @ @ Q= Q E > @ AC R K D B F >= J A < I C [=? A [ E F >= UB D PI D AC R J E? Q AC = <_ FI @ @ Q=

< E J= ED R I J=C @ <? EC E > <B F = I <= [ @ B K D B T = @ Q= < E J= < @ E @ = J=C @ UB D de e K D B R D E J <W� Q E @ [B = < �I C [=? A [ E F >= � J= EC � �= Q ET = <= =C E < A JK >= >B B K UB D S Q A? Q A @S E < K E AC UI > >V

= T A [=C @ @ Q E @ A @ A < EC AC \C A @ = >B B K _ Q ET =C � @ S = � �= <_ AC [= = [ BC =  �! [=? A [= @ Q= Q E > @ AC R

K D B F >= J UB D J EC V ? BC ? D = @ = K D B R D E J <W �C [=? A [ E F >= J= EC < @ Q E @ f AC E K ED @ A? I > ED JB [= >

B U? B JK I @ E @ A BC m @ Q=D = ? EC C B @ F = EC E >R B D A @ Q J @ Q E @ [=? A [= < @ Q= Q E > @ AC R K D B F >= J UB D �� �

� � $ $ # %� � K D B R D E J <W

� = <K A @ = @ Q= AD < A JK > A? A @V _ PI D AC R J E? Q AC = < ED = E S A [= >V E? ? = K @ = [ JB [= > B U? B JK I @ E b@ A BC u AC U E? @_ HI < @ > A G= J E? Q AC = > EC R I ER = _ PI D AC R J E? Q AC = <? EC [B = T =D V @ Q AC R @ Q E @ de e

K D B R D E J <? EC [B _ =Z ? = K @ @ Q E @ @ Q= V I <I E > >V C = = [ E QI R = C I J F =D B U T =D V K D A J A @ A T = B K =D E b@ A BC < UB D @ Q E @W  @ @ Q= < E J= @ A J= E < PI D AC R _ @ Q=   J=D A? EC J E @ Q= J E @ A? A EC   >BC � B d QI D ? Q f � �` � �� � � � m [= T = >B K = [ E? B JK I @ E @ ABC E > JB [= >? E > >= [

λ b? E >? I >I <W   < A @ @I D C = [ B I @_ Q A < JB [= >

A < =Y I A T E >=C @ @ B PI D AC R J E? Q AC = < AC @ =D J < B U? B JK I @ E @ ABC E > K B S =D W P Q= d QI D ? Q b PI D AC R

@ Q= < A < < @ E @ = < @ Q E @ �= T =D V UI C ? @ A BC @ Q E @ A <C E @I D E > >V D =R ED [= [ E <? B JK I @ E F >= ? EC F = ? B J b

K I @ = [ FV E PI D AC R J E? Q AC = �W   < @ Q=D = A <C B D AR B D B I < [= \C A @ ABC B US Q E @ A < �C E @I D E > >V

D =R ED [= [ E <? B JK I @ E F >= �_ @ Q A < < @ E @ = J=C @ A <C B @ E @ Q= B D = J FI @ E QV K B @ Q= < A < @ Q E @? EC C B @

F = K D B T =C J E @ Q= J E @ A? E > >V W   < B U @ B [ EV _ @ Q= QV K B @ Q= < A < Q E <C B @ F = =C [ A <K D B T = [W cC @ Q= b

B D = @ A? E >? B JK I @ =D <? A=C ? = @ Q= @ =D J � (� & � � %� � I <= [ S A @ QB I @ UI D @ Q=D Y I E > A \? E @ ABC A < E

<V C BC V J UB D �? B JK I @ E F >= FV E PI D AC R J E? Q AC = � f =Y I A T E >=C @ >V _ E de e K D B R D E J mW

Point of declaration.

aI D EK K D B E? Q B U [= \C AC R K B @ =C @ A E > <? B K = EC [ <? B K = > AC = FV > AC = A <

E < A JK > A \? E @ A BC _ = T =C A U @ Q= ? B [= A < <I A @ E F >V UB D J E @ @ = [ EC [S = BC >V Q ET = BC = [=? > ED E @ ABC

K =D > AC = W P Q= @D I @ Q A < @ Q E @ @ Q= K B AC @ B U [=? > ED E @ A BC B U

i

AC

int i = 5;

� � �� �� � � � �� �� � �� ��� � � 


A < AC @ Q= ( # � �� � B U @ Q= [= ? > ED E @ ABC _ E U @ =D @ Q= C E J=

i

Q E < EK K = ED = [W P Q= K B @ =C @ A E > <? B K =

@ Q=D = UB D = [B = <C B @ AC ? >I [= @ Q= UI > > > AC =X_ FI @ BC >V @ Q= K ED @ < @ ED @ AC R UD B J

=W P Q A < =Z K > E AC <

S Q E @ Q EK K =C < AC @ Q= UB > >B S AC R ? B [= UD ER J=C @_ FI @ UB D @I C E @ = >V @ Q A < A <? BC < A < @ =C @S A @ Q B I D

> AC = b FV b > AC = EK K D B E? QW cC

�

int i = 5;

�

{

�

int i = i;

�

}

@ Q= C E J=

i

E U @ =D @ Q=

=

AC > AC = � D = U=D < @ B @ Q= [=? > ED E @ A BC AC > AC = � W d BC < =Y I =C @ >V _ i

A <

AC A @ A E > A� = [S A @ Q A @ < = > U AC @ Q A < > AC =X_ J= EC AC R @ Q E @ A @ < T E >I = S A > > F = I C [= \C = [_ EC [C B @

5WcC B @ Q=D < A @I E @ ABC < A @ J EV Q EK K =C _ @ QB I R Q_ @ Q E @ @ Q= EK K = ED EC ? = B U EC E J= AC @ Q=

[= ? > ED E @ A BC B U @ Q= < E J= C E J= D = U=D < @ B E � � � 1 #� & $ [=? > ED E @ ABC B U @ Q A <C E J=XW vB D C B S _S = ? EC = E < A >V ET B A [ <I ? Q <I F @ >= @ A= < FV @ Q= UB > >B S AC R D I >=t EC V [=? > ED E @ A BC < QB I > [? BC @ E AC

@ Q= C E J= @ B F = [=? > ED = [ BC >V BC ? =XW

The Collatz problem and the ?-operator.

P Q= d B > > E @ � < =Y I =C ? = R B = < F E? G @ B @ Q= � =D J EC

J E @ Q= J E @ A? A EC � B @ Q ED d B > > E @ � f � � �` � � � �` m S QB < @I [ A= [ A @ AC @ Q= � � �` � <W ] = T =D E > K D A� = <

Q ET = F = =C B ¡ =D = [ @ B EC V BC = S QB K D B T = < B D [ A < K D B T = < @ Q= ? BC H =? @I D = @ Q E @ @ Q= C I J F =D

1EK K = ED < AC @ Q= d B > > E @ � <=Y I =C ? = B U = T =D V C I J F =D

n

�

1W P Q= U E JB I < �I C R ED A EC J E @ Q= b

J E @ A? A EC ¤ EI > �D [ �B < f � � � � � � � � ¥ m B ¡ =D = [ �

500_ S Q A? Q A < JI ? Q FV Q A < < @ EC [ ED [ < f Q= I <= [

@ B B ¡ =D JI ? Q >B S =D E JB I C @ < UB D T =D V [ A 	? I > @ K D B F >= J < mW �D [ �B < < E A [ @ Q E @ � � E @ Q= J E @ A? <

A <C B @ V = @D = E [V UB D <I ? Q K D B F >= J < �W cC [= = [_ @ Q= ? BC H = ? @I D = A < < @ A > > I C <B > T = [W�= Q ET = K D = <=C @ = [ @ Q= ? B JK I @ E @ A BC B U @ Q= d B > > E @ � <=Y I =C ? = E < EC EK K > A? E @ A BC B U @ Q=

while

< @ E @ = J=C @_ K B AC @ AC R B I @ @ Q E @ @ Q= ? BC [ A @ A BC E >? Q EC R = B U

n

A < @ B B ? B JK > A? E @ = [ @ B

K I @ A @ AC @ B E

for

< @ E @ = J=C @ � < p  � �p n n k h i W �= > >_ @ Q E @ � <C B @ = Z E? @ >V @D I =t @ Q= [= < AR C =D <

B U d_ @ Q= K D =? I D < B D @ B de e _ Q E [ ES = E GC = < < UB D T =D V ? B JK E? @? B [= EC [? E J= I K S A @ Q

@ Q=  � ! � # � #� ! �� � � � � � �� � @ Q E @ E > >B S < I < @ B < A JI > E @ =

if

< @ E @ = J=C @ < FV =Z K D = < < ABC <W P Q=

<V C @ EZ B U @ Q A < � � � ! �� � B K =D E @ B D f ED A @V � m A <

g h i j kl k h i �p  � �p n n k h i � t p  ��p n n k hi �

� =D =X_ g h i j kl k h i A < EC =Z K D = < < ABC B U E @V K = S QB < = T E >I = <? EC F = ? BC T =D @ = [ @ B

bool_ EC [p �

��p n n k h i � EC [p  � �p n n k h i � ED = =Z K D = < < A BC <W P Q= < = J EC @ A? < A < E < UB > >B S <W v AD < @_ g h i j kl k h i

A < = T E >I E @ = [W c U A @D = @I D C < � � & �_ p  ��p n n k hi � A < = T E >I E @ = [_ EC [ A @ < T E >I = A <D = @I D C = [ E < @ Q=

T E >I = B U @ Q= ? B JK B < A @ = = Z K D = < < A BC W a @ Q=D S A < = f A Ug h i j kl k h i D = @I D C < ) �� $ � m_ p  ��p n n k hi � A <

= T E >I E @ = [_ EC [ A @ < T E >I = A <D = @I D C = [W P Q= @ B G=C

?

A < E <=Y I =C ? = K B AC @ f < = = ] =? @ ABC � W � W �` m_J= EC AC R @ Q E @ E > > = ¡ =? @ < B Ug h i j kl k h i ED = K D B ? = < <= [ F = UB D = = A @ Q=D p  � �p n n k h i � B D p  � �p n�

n k h i � ED = = T E >I E @ = [W

� < AC R @ Q= ? BC [ A @ A BC E > B K =D E @ B D _ @ Q= >B B K B U ¤D BR D E J � ? B I > [ Y I A @ = ? B JK E? @ >V F =

S D A @ @ =C E < UB > >B S <W

for ( ; n > 1; std::cout << (n % 2 == 0 ? n=n/2 : n=3*n+1) << " ");�= >= ET = A @ I K @ B V B I @ B [=? A [= S Q= @ Q=D V B I > A G= @ Q A < T ED A EC @ F = @ @ =D W
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Static variables.

P Q= [ A <? I < < ABC E F B I @ < @ B D ER = [I D E @ ABC E F B T = [B = <C B @ @ = > > @ Q= S QB >=

< @ B D Vt A @ A < E > <B K B < < A F >= @ B [= \C = T ED A E F >= < S A @ Q >B ? E > <? B K = @ Q E @ Q ET = < @ E @ A? < @ B D ER =

[I D E @ ABC WP Q A < A < [BC = FV K D = K =C [ AC R @ Q= G= V S B D [

static

@ B @ Q= T ED A E F >= [=? > ED E @ A BC W vB D

=Z E JK >= _ AC

for (int i = 0; i < 5; ++i) {

static int k = i;

k += i;

std::cout << k << "\n";

}

@ Q= E [ [D = < < B U

k

D = J E AC < @ Q= < E J= [I D AC R E > > A @ =D E @ A BC <_ EC [

k

A < AC A @ A E > A� = [ @ B

i

� !  �

� ! �� _ AC @ Q= \D < @ A @ =D E @ A BC W P Q= E F B T = K A =? = B U? B [= S A > > @ Q=D = UB D = B I @ K I @ @ Q= <=Y I =C ? =

B U T E >I = <

0, 1, 3, 6, 10

fD = J= J F =D � EI < < mW � A @ QB I @ @ Q=

static

G= V S B D [_ @ Q= D = <I > @S B I > [

< A JK >V F = @ Q= <=Y I =C ? = B U = T =C C I J F =D <

0, 2, 4, 6, 8W] @ E @ A? T ED A E F >= < Q ET = F = =C Y I A @ = I <= UI > AC d_ UB D =Z E JK >= @ B ? B I C @ QB S B U @ =C E < K = ? A \?

K A =? = B U? B [= A < =Z =? I @ = [u AC de e _ @ Q= V ED = >= < < A JK B D @ EC @WvB D T ED A E F >= < B U UI C [ E J=C @ E > @V K = @ Q= AC A @ A E > T E >I = J EV F = I C [= \C = [_ E < AC @ Q= [= \ b

C A @ A BC

int x;W � B S = T =D _ @ Q= T E >I = A < I C [= \C = [ BC >V A U

x

Q E < EI @ B J E @ A? < @ B D ER = [I D E @ ABC WcC ? BC @D E < @_ T ED A E F >= < S A @ Q < @ E @ A? < @ B D ER = [I D E @ A BC ED = E >S EV < � � � �: #! # � # �� #� � �_ @ Q E @ A <_\ > >= [S A @ Q E �� =D B � B U @ Q= EK K D B K D A E @ = @V K = W

Jump statements.

P Q=D = ED = @S B JB D = HI JK < @ E @ = J=C @ < AC de e @ Q E @ S = Q ET =C � @ [ A < b

? I < <= [ AC @ Q A < < =? @ A BC W aC = B U @ Q= J A < @ Q=

return

< @ E @ = J=C @ @ Q E @ V B I E >D = E [V GC B Sf ] =? @ ABC � W � W � � mt A < @ J EV B ? ? I D BC >V AC E UI C ? @ A BC _ EC [ A @ < =Z =? I @ A BC >= @ < @ Q= K D BR D E J

^B S HI JK @ B @ Q= =C [ B U @ Q= ? B D D = <K BC [ AC R UI C ? @ A BC F B [V W P Q= B @ Q=D HI JK < @ E @ = J=C @ A <

@ Q=

goto

< @ E @ = J=C @_ FI @ < AC ? = @ Q A < BC = A <D ED = >V C = = [= [ f EC [ < B J= S Q E @ [ A 	? I > @ @ B I < = m_S = B J A @ A @W

2.4.10 Goals

Dispositional.

  @ @ Q A < K B AC @_ V B I < QB I > [W W W

� m GC B S @ Q= < V C @ EZ EC [ <= J EC @ A? < B U

ifW W W else� _ for� _ while� _ EC [

do

< @ E @ = J=C @ <u

� m I C [=D < @ EC [ @ Q= ? BC ? = K @ < F >B ? G_ <= >=? @ A BC _ A @ =D E @ ABC _ [=? > ED E @ A T = D =R ABC _ <? B K =X_ EC [

< @ B D ER = [I D E @ A BC u

� m I C [=D < @ EC [ @ Q= ? BC ? = K @ B U EC AC \C A @ = >B B K EC [ F = ES ED = B U @ Q= [ A 	? I > @V B U [= @ =? @ AC R

<I ? Q >B B K <u

� m I C [=D < @ EC [ @ Q= ? BC ? = K @I E > =Y I A T E >=C ? = B U UB D � _ S Q A >= � _ EC [ [B < @ E @ = J=C @ <u

� m GC B S @ Q= < V C @ EZ EC [ <= J EC @ A? < B U

continue� EC [

break

< @ E @ = J=C @ <u

¥ m GC B S E @ >= E < @ UB I D ? D A @ =D A E @ B HI [R = @ Q= ? B [= Y I E > A @V B U A @ =D E @ A BC < @ E @ = J=C @ <W

� � �� �� � � � �� �� � �� ��� � � 

Operational.

cC K ED @ A? I > ED _ V B I < QB I > [ F = E F >= @ B W W W

f � � m ? Q=? G ER A T =C < A JK >= K D B R D E J f E < [= \C = [ F = >B S m UB D <V C @ E? @ A? E >? B D D =? @C = < < EC [

K B AC @ B I @ K B < < A F >= =D D B D <u

f � � m D = E [ EC [ I C [=D < @ EC [ ER A T =C < A JK >= K D B R D E J EC [ = Z K > E AC S Q E @ Q EK K =C < [I D AC R

A @ < =Z = ? I @ ABC u

f � � m \C [ f K B @ =C @ A E > m AC \C A @ = >B B K < AC ER A T =C < A JK >= K D BR D E Ju

f � � m \C [ @ Q= J E @? Q AC R [=? > ED E @ ABC UB D ER A T =C A [=C @ A \=D u

f � � m [= @ =D J AC = [= ? > ED E @ A T = D =R A BC EC [ <? B K = B U ER A T =C [=? > ED E @ A BC u

f � ¥ m D = UB D JI > E @ = ER A T =C

for� _ while� _ B D

do

< @ E @ = J=C @ =Y I A T E >=C @ >V I < AC R EC V B U @ Q=

B @ Q=D @S B < @ E @ = J=C @ < u

f � � m ? B JK ED = @ Q= ? B [= Y I E > A @V B U @S B R A T =C A @ =D E @ ABC < @ E @ = J=C @ < EC [ K A? G @ Q= BC = @ Q E @

A < K D = U=D E F >= f A U EC V m u

f � � m [= < AR C < A JK >= K D BR D E J < UB D R A T =C @ E < G <W

P Q= @ =D J $ # (� � � � � � ; � � (D = U=D < @ B E K D B R D E J @ Q E @? BC < A < @ < B U E J E AC UI C ? @ A BC AC S Q A? Q

I K @ B @ QD = = K B < < A F >V C = < @ = [? BC @D B > < @ E @ = J=C @ < EK K = ED W � E @I D E > >V _ BC >V @ Q= UI C [ E J=C @ E >

@V K = < EC [ B K =D E @ A BC < [ A <? I < <= [ AC @ Q= K D =? = [ AC R <= ? @ A BC < ED = I < = [W

2.4.11 Exercises

Exercise 28

N� � � � � �� � $ � ! � � � � � � � � $ #! � � � � � � ; � � ( % � � � �� � � � � �� � $ � � � � � $ & � � #! ;

� � � ; � � ( � & �� & � )� � � � � )� � � � � #! ; #! � & � $ �

4 � 9 b � 4 % 9 ` 4 9 � 4 � 9 � f � � m f � � m

�

#include <iostraem >

�

int main()

�

{

�

unsinged int x = +1;

�

{ std::cin >> x; }

�

for (int y = 0u; y < x) {

�
std:cout << ++y;

	
return 0;




}

Exercise 29

� � � � # $ � � � � � � %� � ( � # � � � � �  � � � % � � � � � � # � # � �! � � � � � � #! � � � � � � �

� � $ & � � #! ; � � �  � (� & � � $� f � � m f � � m

�

unsigned int s = 0;

�

do {

�

int i = 1;

�

if (i % 2 == 1) s *= i;

�

} while (++i < 10);
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Exercise 30

�� � � � � 1 �� # � %� � � � � �� � � #� ! #! � � � )� � � � � #! ;� � � ; � � ( ; #1 � # � $ � � � �� � � #1 �

� � ; #� ! �! � # � $ $ � � � #! � � � )� � ( �� #! � � �� �� � � � � # $ � � � � & �� & � � ) � � � � � � ; � � ( �

f � � m f � � m

�

#include <iostream >

�

int main()

�

{

�

int s = 0;

�

{

�

int i = 0;

�

while (i < 4)

	

{




++i;

��

int f = i + 1;

� �

s += f;

� �

int s = 3;

� �

i += s;

� �

}

� �

unsigned int t = 2;

� �

std::cout << s + t << "\n";

� �

}

� 	

int k = 1;

� 


return 0;

��

}

Exercise 31

N� ! $ # � � � � � � � � � ; � � ( ; #1 �! % � � � � )� � � � � � ) � � � � #$ � � � #! � & � ! & ( % � � $�' � � � � ( #! � � � � 1 �� & � $ � )

x" s" �! �

i

� � % � ; #! � ) � � � �� $ � �1 � # � � � � � #� ! $ � ) � � � )� �:� � � � " % � )� � � � � �  � ! � # � #� ! # $ � 1 �� & � � � �� � � � � �� � $ � � � � � � ; � � ( � & �� & � )� � � � � $ �

#! � & � $ � 4 � 9 b � 4 % 9 � 4 9 � 4 � 9 � f � � m f � � m

�

#include <iostream >

�

int main()

�

{

�

int x;

�

std::cin >> x;

�

int s = 0;

�

for (int i = 0; i < x; ++i) {

	

s += i;




x += s / 2;

��

}

� �

std::cout << s << "\n";

� �

return 0;

� �

}

Exercise 32

� #! � � � � � �$ � )� & � � � � %� � ( $ #! � � �  � � � ; #1 �! % � � � �� f � � m f � � m f � � m

� ¥ �� �� � � � �� �� � �� ��� � � 


�

#include <iostream >

�

int main()

�

{

�

{ unsigned int x; }

�

std::cin << x;

�

unsigned int y = x;

�

for (unsigned int s = 0; y >= 0; --y)

	

s += y;




std::cout << "s=" << s << "\n";

��

return 0;

� �

}

Exercise 33

�� � � � # � #! � & �! & ( % � � $ # $ � � � � & �� & � � ) � � � � � � ; � � ( ; #1 �! % � � � � � � � � � �:

�! � � � 0 #$ � � �� $ � #! � & � �� & �� & �� � #� $ �! � �� ;& � � �� � � & � � # $ � #$  � (� � � � �� f � � m f � � m f � � m

�

#include <iostream >

�

int main()

�

{

�

unsigned int x;

�

std::cin >> x;

�

int s = 0;

�

for (unsigned int y = 1 + x; y > 0; y -= x)

	

s += y;




std::cout << "s=" << s << "\n";

��

return 0;

� �

}

Exercise 34

� � )� � (& � � � � � � �  � � � % � � � � �� & #1 �� �! ��� #! � � � � � �� # (� � � 1 � # � $ � � � � � % #�:# �� � ' � $ � # % � � � � � � � ; � � ( +$ � & �� & � �$ � )& !  � #� ! � ) # � $ #! � & �

n� f � � m f � ¥ m f � � m

�

unsigned int n;

�

std::cin >> n;

�

int x = 1;

�

if (n > 0) {

�
int k = 0;

�
bool e = true;

�

do {

	

if (++k == n) e = false;




x *= 2;

��

} while (e);

� �

}

� �

std::cout << x;

Exercise 35

� � )� � (& � � � � � � � � � � ; � � ( % � � � � � � & #1 �� �! ��� #! � � � � � �� # (� � � 1 � # � $ � � � �:

� % #� # �� �! � � � # �!  � � ' � $ � # % � � � � � � � ; � � ( +$ � & �� & � � $ � )& !  � #� ! � ) # � $ #! � & �

x�f � � m f � ¥ m f � � m
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�

#include <iostream >

�

int main()

�

{

�

int x;

�

std::cin >> x;

�

int s = 0;

�

int i = -10;

	

do




for (int j = 1;;)

��

if (j++ < i) s += j - 1; else break;

� �

while (++i <= x);

� �

std::cout << s << "\n";

� �

return 0;

� �

}

Exercise 36

�� # � � � � � � ; � � (

fak-1.C

��  � (� & � � � � � ) � �� � # ��

n!

� ) � ; #1 �! #! � & �

! & ( % � �

n� f � � m

Exercise 37

�� # � � �� � � ; � � (

dec2bin.C

� � � � #! � & � $ �! � �& � �� ! & ( % � �

n

�! � � & �� & � $

� � � % #! �� � � # ; # � $ � )

n

#! � � 1 � � $ � � � � � �� �� � � � � (� � ��" )� �

n==2

� � � � & �� & � #$

01

�! �

)� �

n==11

� � � � & �� & � # $

1101

4$ � � �� $ � �� � � # $ � � � 9� f � � m

Exercise 38

�� # � � �� � � ; � � (

cross_sum.C

� � � � #! � & � $ �! � �& � �� ! & ( % � �

n

�! � � & �� & � $

� � � $ & ( � ) � � � 4 � � # ( �� 9 � # ; # � $ � )

n� �� � � � � (� � � " )� �

n==10

� � � � & �� & � #$

1

�! �

)� �

n==112

� � � � & �� & � # $

4� f � � m

Exercise 39

�� # � � �� � � ; � � (

perfect.C

�� � � $ � � � � � � � � � ; #1 �! ! � �& � �� ! & ( % � �

n

# $

� � � )� �� * ! & ( % � �

n

¢ £ #$  �� � � � K =D U=? @ # ) �! � � ! �� # ) # � #$ �� & �� �� � � � $ & ( � ) # � $

� � � � � � � #1 #$ � � $ " � � � � #$ " n =
∑

k

� �

, s.t. k<n ∧ k|n k� �� � � � � (� � ��" 28 = 1 + 2 + 4 + 7 + 14# $ � � � )� �" � � #� �

12 < 1 + 2 + 3 + 4 + 6

# $ ! � ���� � � ! � � � � � � � ; � � ( �� �! � �� � � � � )� � ! & ( % � � $ % � � � � �!

1

�! �

n� �� � ( �! �

� � � )� �! & ( % � � $ � � # $ � #! � � � � �! ; �

[1, 50000]

� f � � m

Exercise 40

�� # � � �� � � ; � � (

dec2bin2.C

� � � � #! � & � $ �! � �& � �� ! & ( % � �

n

�! � � & �� & � $

� � � % #! �� � � # ; # � $ � )

n

#! � � �  � � � � � � � � � �� �� � � � � (� � ��" )� �

n==2

� � � � & �� & � #$

10�! � )� �

n==11

� � � � & �� & � # $

1011

4$ � � �� $ � �� � � #$ � �� 9�

2.4.12 Challenges

Exercise 41

, � �

n bY I = =C < K D B F >= J #$ �� � � � �

n

� & � �! $ � ! �!

n

�

n

 � � $ $ %� �� � $ &  �

� � � � ! � � �� � & � �! $ � �� � � � �! � � � � � � � �� �� � ( �� �� " � � #$ ( � �! $ � � � � � � � � � # $ ! �

�� � #� � ! � ��" 1 � � � # ��" � � � # � ; � ! �� � # � � (� � � � � �! � ! � � & � �! #! # �� �� # � � �� � � ; � � (

� � � � � & �� & � $ � � � ! & ( % � � � ) � #� � � �! � $ � � & � #� ! $ �� � � �

n: � & � �! $ � � � %� � ( )� � � ; #1 �!

#! � & �

n� * $ $ & ( #! ; � � 7 % # � $ � $ � � (" � � � � � � ; � � ( $ �� & � � �� � � & � ��

n = 9

� � � � � $ ��

� � �� �� � � � �� �� � �� ��� � � 
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