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2.6 Arrays and pointers
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// Program: eratosthenes.Cr

// Calculate prime numbers in {2,...,999} usings

// Eratosthenes’ sieve.tvu

#include <iostream >wyx

int main()z

{{

// definition and initialization: provides us withq|

// Booleans crossed_out[0],..., crossed_out[999]q q

bool crossed_out[1000];q r

for ( unsigned int i = 0; i < 1000; ++i)q s

crossed_out[i] = false;q tq u

// computation and outputq w

std::cout << "Prime numbers in {2 ,...,999}:\n";q x

for ( unsigned int i = 2; i < 1000; ++i)q z

if (! crossed_out[i]) {q {

// i is primer|

std::cout << i << " ";r q

// cross out all proper multiples of ir r

for ( unsigned int m = 2*i; m < 1000; m += i)r s

crossed_out[m] = true;r t

}r u

std::cout << "\n";r wr x
return 0;r z

}
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Watch out!
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2.6.4 Arrays are not self-describingaI I K [ B [ A @ C K I @ @ W =@A B F>? K J F? _` ` G ^ P@ U> J J> O F? Z => R@ UI K Z L@? B F J JT C BI K B @ C B P FC h

int a[5] = {4 ,3 ,5 ,2 ,1}; // array of type int[5]

int b[5];

b = a; // error: we cannot assign to an array
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bM O F B P>T B Y ? > O F? Z P> O LK ? [ @ J@ L@? BC B P@ C @ K I @G �T B O@( �� > U =>T I C @ R> B P FC LK ? T K J J [ Q FK K C F LA J@ J> > A M C F? =@ O@ Y ? > O B P@ K I I K [ J@? Z B PC UI > LB P@ R@ = JK I K B F>? C � @ K I J [ _A I > ZI K L L@ I C O@ I @ ? > B [ @ B CA > F J@ R @? >T Z P B > => LA JK F? K S >T B

CT = P L F? > I F? =>? Q @? F @? = @ CG \� ? B P@ > B P@ I PK ? RM B P FC J@ KQ @ C K LA J@ I > > L U> I ST ZCG ]

� P@? _` ` OK C R@Q @ J> A @ R LT = P JK B @ I M >? @ R@ C F Z? Z> K J OK C B > PKQ @ _ K C K CT SC @ BG aCK =>? C @ X T @? =@ M K I I K [ C K I @ C B F J J K I >T ? R F? _` ` G

2.6.5 Iteration over a container

g @ B eC BK Y @ K C B @A SK =Y M U> I Z@ B K S >T B B P@ B @ = P? F =K J F B F@ C > U K I I K [ C U> I K L> L@? BM K ? R Z> U> IK S F Z Z@ I A F = BT I @G

�@ PKQ @ K JI @ K R [ F? R F =K B @ R F? B P@ F? BI > RT = B F>? B > B P FC C @ = B F >? B PK B B P@ A I > = @ C C > UF B @ I K B F? Z >Q @ I K C @ X T @? =@ > U RK B K FC T S FX T F B >T CG ^ [A F =K J J [M B P@ RK BK K I @ C B > I @ R F? C > L@( � � � � �� � �M K ? R O@ ? @ @ R B > A @ I U> I L K =@ I BK F? > A @ I K B F>? U> I K J J @ J@ L@? BC F? B P@ =>? B K F? @ IGD? Z@? @ I K JM K =>? B K F? @ I FC K ? > S b @ = B B PK B =K ? C B > I @ > B P@ I > S b @ = BC \ F BC @ J@ L@? B C ]M K ? R B PK B> �@ I C C > L@ OK [ C > U K = =@ C C F? Z B P@ C @ @ J@ L@? B CG ^ P@ >? J [ � PK I R � I @X T FI @ L@? B P@ I @ FC B PK BK =>? BK F? @ I LT C B > �@ I B P@ A > C C F S F J F B [ > U F B @ I K B F? Z >Q @ I K J J F BC @ J@ L@? BCG D? B P FC F? U> I LK JC @? C @ M K ? K I I K [ FC F? R@ @ R K =>? BK F? @ I M C F? = @ B P@ I K ? R> L K = =@ C C UT ? = B F>? K J F B [ =K ? S @ T C @ RB > F B @ I K B @ >Q @ I B P@ @ J@ L@? BCG

�� � lm � 
 
� � �� n �o � 	 � 
� �� �
Iteration by random access.

g @ B e C Z@ B SK =Y B > K I I K [ CG D B @ I K B F? Z >Q @ I K ? K I I K [ > U J@? Z B P
n=K ? S @ R>? @ S [ I K ? R> L K = =@ C C J F Y @ F? J F? @ C �� � � � > U 	I > ZI K L � �G �@ PKQ @ C @ @? B PK B B P@I K ? R> L K = =@ C C UT ? = B F>? K J F B [ > U K I I K [ C FC F? B @ I? K J J [ SK C @ R >? K R RI @ C C K I F B P L@ B F =G �T I F? ZB P@ F B @ I K B F >? M B P@ U> J J> O F? Z C @X T @? =@ > U K R RI @ C C @ C FC => LA T B @ R h

p, p + s, p + 2s, . . . , p +

(n − 1)sM O P@ I @ p

K ? R

s

PKQ @ B P@ T CT K J L@ K ? F? ZCG^ P FC I @X T FI @ C >? @ LT J B FA J F =K B F >? K ? R >? @ K R R F B F>? U> I K ? [ K R RI @ C C @W =@ A B B P@ �I C BG�T B F U [ >T B P F? Y K S >T B F BM B P@ LT J B FA J F =K B F >? >? J [ => L@ C F? S @ =K T C @ O@ => LA T B @ @ K = PK R RI @ C C UI > L C =I K B = PM F? R@A @? R@? B J [ UI > L B P@ A I @Q F >T C >? @ CG D? UK = BM B P@ C K L@ C @ B > UK R RI @ C C @ C =>T J R L> I @ @ � = F @? B J [ K ? R L> I @ ? K BT I K J J [ S @ => LA T B @ R S [ C B K I B F? Z O F B P

p

K ? R

I @A @ K B @ R J [ K R R F? Z

s

\ � Z> F? Z B > B P@ ? @W B @ J@ L@? B � ]G
C F? Z I K ? R> L K = =@ C CNM O@ =K ? # �  �$ � �� K I I K [ F B @ I K B F>? M ST B O@ K I @ L FC C F? Z B P@ > A @ I K cB F >? > U � Z> F? Z B > B P@ ? @W B @ J@ L@? B � � >? J [ B P FC > A @ I K B F >? LK Y @ C F B @ I K B F >? >Q @ I K =>? BK F? @ I? K BT I K J K ? R @ � = F@? BG ^ P@ U> J J> O F? Z K ? K J> Z [ F J JT C BI K B @ C B P@ A > F? B h [ >T ( �� > U =>T I C @ I @ K R

K S > > Y S [ C BK I B F? Z O F B PA K Z@

1M B P@? = J> C F? Z B P@ S > > Y M > A @? F? Z F B K ZK F? >? A K Z@ C

2 − 3M= J> C F? Z F BM > A @? F? Z F B >? A K Z@ C

4 − 5M @ B =G �T BT ? J@ C C [ >T eI @ C > L@ O PK B @ = =@? BI F =M [ >TA I > SK S J [ A I @ U@ I B > bT C B BT I? B P@ A K Z@ C F? S @ B O@ @? G
Iteration by pointers.

aI I K [ C > �@ I ? K BT I K J K ? R @ � = F@? B F B @ I K B F >? B PI >T Z P ) � �� �� � #G 	> F? B @ IQ K JT @ C =K ? S @ B P>T Z P B > U K C K = BT K J K R RI @ C C @ CNM K ? R B P@ [ K J J> O > A @ I K B F>? C J FY @ �K R R F? Z

s

�F? > I R@ I B > Z> B > B P@ ? @ W B @ J@ L@? B F? B P@ K I I K [G � @ I @ FC P> O O@ =>T J R @X T FQ K J@? B J [ OI F B @B P@ F B @ I K B F >? F? J F? @ C �� � � � > U 	I > ZI K L � � O F B PA > F? B @ I CG

bool* begin = crossed_out; // pointer to first element

bool* end = crossed_out + 1000; // past -the-end pointer

// in the loop , pointer p successively points to all elements

for (bool* p = begin; p != end; ++p)

*p = false; // *p is the element pointed to by pa R L F B B @ R J [M B P FC J> > Y C L> I @ => LA J F =K B @ R K B �I C B C F Z P B B PK ? B P@ I K ? R> L K = =@ C C Q @ I C F >? MST B O@ e J J @W A JK F? O PK B eC Z> F? Z >? F? R@ BK F J F? B P@ ? @W B C @ = B F >? CG D? B @ I LC > U V F ZT I @ �M O@PKQ @ I @A JK =@ R F B @ I K B F >? S [ F? R@ W O F B P F B @ I K B F>? S [ K R RI @ C CG

2.6.6 Pointer types and functionalityV> I K ? [ B [A @ 
 B P@ => I I @ CA >? R F? Z ) � �� �� � �� ) � FC


�
�@ =K J J 
 B P@ T ? R@ I J [ F? Z B [A @ > U 
 �G a? @W A I @ C C F >? > U B [A @ 
 � FC =K J J@ R K ) � �� �� � \ B >
 ]G ^ P@ Q K JT @ > U K A > F? B @ I B > 
 FC B P@ K R RI @ C C > U K ? > S b @ = B > U B [A @ 
G �@ =K J J B P FC B P@> S b @ = B ) � �� �� � �� S [ B P@ A > F? B @ IG�@ =K ? Q FCT K J F� @ K A > F? B @ I � K C K ? K I I > OA > F? B F? Z B > K =@ J J F? B P@ => LA T B @ I e C LK F?L@ L> I [ � B P@ =@ J J O P@ I @ B P@ > S b @ = BA > F? B @ R B > S [ � C BK I BCNM C @ @ V F ZT I @ �G
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Figure 8:

7 ) � �� �� � �� 
 � � ) � � # � � �# � �� � � �� � # # � ' �� � % 0� ( � � ' �� ) � 
 �� � �� ( �  &) � �� � j#  � ��  �  � � �-

D? F B FK J F� K B F>? M B P@ K C C F Z? L@? B > A @ I K B > I

=M K ? R B P@ => LA K I FC >? > A @ I K B > I C

==

K ? R

!=K I @ R@ �? @ R U> I K ? [ A > F? B @ I B [A @ 
 �G ^ P@ JK B B @ I C F LA J [ B @ C B O P@ B P@ I B P@ K R RI @ C C @ C F?X T @ C B F >? K I @ B P@ C K L@ > I ? > BGD? F B FK J F� K B F>? K ? R K C C F Z? L@? B => A [ B P@ Q K JT @ \K C T CT K J ]M O P F = P F? B P FC =K C @ L@ K ? C B >=> A [ K ? K R RI @ C C � B PT CNM F U

j

A > F? B C B > C > L@ > S b @ = BM B P@ K C C F Z? L@? B

i = j

PK C B P@ @ �@ = BB PK B

i

? > O K JC > A > F? BC B > B P FC > S b @ = BG ^ P@ > S b @ = B F BC @ J U FC ? > B => A F @ RG �@ I @ LK I Y B PK BA > F? B @ I F? F B FK J F� K B F >? K ? R K C C F Z? L@? B I @X T FI @ B P@ B [A @ C > U S > B P > A @ I K ? RC B > S @ @W K = B J [B P@ C K L@ � F LA J F = F B =>? Q @ I C F>? C R>? e B O> I YG D U [ >T B P F? Y K S >T B F BM B P FC FC = J@ K IG D LK Z F? @B PK B B P@ Q K I FK S J@

i

FC > U B [A @

int*M K ? R B PK B [ >T =>T J R OI F B @

double* j = iE F? =@

double

> S b @ = BC T CT K J J [ I @X T FI @ L> I @ L@ L> I [ =@ J JC B PK ?

int

> S b @ = B CNM j

O>T J R? > OS @ K A > F? B @ I B > K

double

> S b @ = B B PK B F? = JT R@ C L@ L> I [ = @ J JC > I F Z F? K J J [ ? > B S @ J>? Z F? Z B >

iG^ P FC =K ? PK I R J [ S @ =K J J@ R K � =>? Q @ I C F>? �G D? UK = BM C F? =@ O@ >? J [ => A [ K ? K R RI @ C CNM B P@ I @=K ? ? > B S @ K ? [ A P [ C F =K J =>? Q @ I C F >? > U B P@ C B > I @ RQ K JT @ M @Q @? F U B P@ L@ L> I [ I @X T FI @ L@? BC> U B P@ B O> B [A @ C PK A A @? B > S @ B P@ C K L@G

The address operator.

�@ =K ? > S BK F? K A > F? B @ I B > K ? [ Z FQ @? > S b @ = B S [ K A A J [ F? Z B P@ T ? K I [� � �� � # # � ) � � � �� � B > K ? [ JQ K JT @ B PK B I @ U@ I C B > B P@ > S b @ = BG D U B P@ JQ K JT @ FC > U B [A @

TM B P@?B P@ I @ CT J B FC K ? IQ K JT @ > U B [A @

T*G ^ P@ C [? B K W > U K ? K R RI @ C C > A @ I K B > I =K J J FC

�� �~ � ��
D? B P@ U> J J> O F? Z = > R@ UI K Z L@? B O@ T C @ B P@ K R RI @ C C > A @ I K B > I B > F? F B FK J F� @ K Q K I FK S J@

iptr> U B [A @

int*

O F B P B P@ K R RI @ C C > U K ? > S b @ = B > U B [ A @

int

? K L@ R

iG

int i = 5;

int* iptr = &i; // iptr initialized with the address of i

The dereference operator.

VI > L K A > F? B @ I M O@ =K ? Z@ B SK =Y B > B P@ > S b @ = B A > F? B @ R B >B PI >T Z P �� � � '� � � � ( �� � > I �� � �� � ( � �� �G ^ P@ T ? K I [ �� � � '� � � � ( � � ) � � � �� �

*

K A A J F@ R B > K ?IQ K JT @ > UA > F? B @ I B [A @ [ F @ J RC K ? JQ K JT @ I @ U@ I I F? Z B > B P@ > S b @ = BA > F? B @ R B >G D U B P@ IQ K JT @ FC> U B [A @ 
 �M B P@? B P@ I @ CT J B FC > U B [A @ 
G ^ P@ C [? B K W > U K R@ I @ U@ I @? =@ > A @ I K B > I =K J J FC

� �� lm � 
 
� � �� n �o � 	 � 
� �� �

� � �~ � ��
V> J J> O F? ZT A >? >T I A I @Q F >T C => R@ UI K Z L@? BM O@ =K ? B P@ I @ U> I @ OI F B @

int i = 5;

int* iptr = &i; // iptr initialized with the address of i

int j = * iptr; // j == 5^ P@ ? K L F? Z C = P@ L@ > UA > F? B @ I B [A @ C FC L> B FQ K B @ R S [ B P@ R@ I @ U@ I @? =@ > A @ I K B > IG ^ P@R@ = JK I K B F >?

� �

=K ? K JC > S @ I @ K R \K ? R F? UK = B J@ ZK J J [ S @ OI F B B @? � O@ R>? e B R> B P FCNM B P>T Z P ] K C


 � �
^ P@ C @ = >? RQ @ I C F >? F? R FI @ = B J [ R@ �? @ C B P@ B [ A @ > U

p

S [ C K [ F? Z B PK B � � FC > U B [A @ 
G ^ P FCFC B P@ C K L@ Y F? R > U F? R FI @ = B R@ �? F B F >? B PK B O@ K JI @ K R [ Y ? > O UI > L K I I K [ R@ = JK I K B F>? CGV F ZT I @ � F J JT C BI K B @ C K R RI @ C C K ? R R@ I @ U@ I @? =@ > A @ I K B > IG

A > F? B @ I \ Z FQ @? K C IQ K JT @ ]

> S b @ = B \ Z FQ @? K C JQ K JT @ ]

� �

Figure 9:
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The null pointer.

V> I K ? [ A > F? B @ I B [A @ B P@ I @ FC K Q K JT @ R FC B F? ZT FC PK S J@ UI > L K ? [ > B P@ IA > F? B @ I Q K JT @G ^ P FC Q K JT @ FC =K J J@ R B P@ � �$ $ ) � �� �� � * �$ �� G ^ P@ F? B @ Z@ I Q K JT @

0

=K ? S @=>? Q @ I B @ R B > K ? [ A > F? B @ I B [A @G ^ P@ Q K JT @ K U B @ I = >? Q @ I C F >? FC B P@ ? T J JA > F? B @ I Q K JT @G D?B P@ R@ = JK I K B F >?

int* iptr = 0M U> I @ W K LA J@ M B P@ Q K I FK S J@

iptr

Z@ B C F? F B FK J F� @ R O F B P B P@? T J JA > F? B @ I Q K JT @G �@ K JC > C K [ B PK B

iptr

FC K � � $ $ ) � �� �� �G ^ P@ ? T J JA > F? B @ I Q K JT @ LT C B? > B S @ R@ I @ U@ I @? =@ RM C F? =@ F B R> @ C ? > B => I I @ CA >? R B > K ? [ @W FC B F? Z K R RI @ C CG
C F? Z B P@ ? T J JA > F? B @ I Q K JT @ FC B P@ C K U@ OK [ > U F? R F =K B F? Z B PK B B P@ I @ FC ? > > S b @ = B \ [ @ B ]B > A > F? B B >G ^ P@ K J B @ I? K B FQ @ > U J@ KQ F? Z B P@ A > F? B @ I T ? F? F B FK J F� @ R FC SK R h B P@ I @ FC ? > OK [> U B @ C B F? Z O P@ B P@ I K A > F? B @ I B PK B FC ? > B K ? T J JA > F? B @ I P> J RC B P@ K R RI @ C C > U K J@ Z F B F LK B @
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> S b @ = BM > I O P@ B P@ I F B P> J RC C > L@ �I K ? R> L � K R RI @ C C I @ CT J B F? Z UI > L J@ KQ F? Z B P@ A > F? B @ IT ? F? F B FK J F� @ RGD? B P@ JK B B @ I =K C @ M R@ I @ U@ I @? = F? Z B P@ A > F? B @ I T CT K J J [ =I K C P@ C B P@ A I > ZI K LG _ >? C F R@ IB P FC = > R@ h

int* iptr; // uninitialized pointer

int j = * iptr; // trouble!a U B @ I F BC R@ = JK I K B F >? M B P@ A > F? B @ I

iptr

PK C T ? R@ �? @ RQ K JT @ M O P F = P F? A I K = B F = @ L@ K ? C B PK BF B LK [ => I I @ CA >? R B > K ? K I S F BI K I [ K R RI @ C C F? L@ L> I [ � R@ I @ U@ I @? = F? Z F B L@ K ? C B > K = =@ C CB P@ L@ L> I [ = >? B @? B K B B P FC K R RI @ C CG D? Z@? @ I K JM B P FC K R RI @ C C O F J J? > B S @ J>? Z B > B P@ A K I B> U L@ L> I [ B > O P F = P B P@ A I > ZI K L PK C K = =@ C C � B P@ > A @ I K B F? Z C [ C B @ L O F J J B P@? R@? [ K = =@ C CB > F B K ? R B @ I L F? K B @ B P@ A I > ZI K L O F B P K # � �  � � � � � �� � ' � �$ �G

2.6.7 Array-to-pointer conversion

a? [ K I I K [ > U B [A @ 


[n]

=K ? F LA J F = F B J [ S @ =>? Q @ I B @ R B > B [A @ 
 �G ^ P@ I @ CT J B F? ZQ K JT @ FCB P@ K R RI @ C C > U B P@ �I C B @ J@ L@? B > U B P@ K I I K [G V> I @W K LA J@ M O@ =K ? OI F B @

int a[5];

int* begin = a; // begin points to a[0]^ P@ R@ = JK I K B F >?

int* begin = &a[0]; // address of the first elementFC @X T FQ K J@? B K C UK I K C B P@ I @ CT J B F? ZQ K JT @ > U

begin

FC =>? =@ I? @ RM ST B B P@ I @ FC K CT S B J@R F �@ I @? =@ h B P@ JK B B @ I R@ = JK I K B F >? @Q K JT K B @ C

a[0]M O P F J@ B P@ U> I L@ I R> @ C ? > BG^ P@ A > F? B @ I c C B [ J@ I @A JK =@ L@? B => R@ U> I B P@ J> > A F? J F? @ C �� � �� > U 	I > ZI K L � � B PK B O@PKQ @ A I @ C @? B @ R K B B P@ @? R > U E @ = B F >? ��G fG � LK Y @ C T C @ > U K I I K [ c B > cA > F? B @ I =>? Q @ I C F>? F?B P@ �I C B J F? @ h

bool* begin = crossed_out; // pointer to first element^ P@ K I I K [ c B > cA > F? B @ I =>? Q @ I C F >? FC A T I @ J [ = >? =@A BT K J � >? B P@ LK = P F? @ C F R@ M ? > B P F? ZPK A A @? CG V> I B P FCNM O@ I @ =K J J UI > L >T I @ K I J F@ I R FC =T C C F>? F? E @ = B F >? �G fG H B PK B F? _ K ? RB P@ I @ U> I @ K JC > F? _` ` M K ? K I I K [ � FC � C F LA J [ B P@ K R RI @ C C > U F BC �I C B @ J@ L@? BGaI I K [ c B > cA > F? B @ I =>? Q @ I C F>? K T B > LK B F =K J J [ B K Y @ C A JK = @ O P@? K ? K I I K [ K A A @ K I C F? K ?@W A I @ C C F>? G � � � b K I? @ E BI >T C BIT A M B P@ R@ C F Z? @ I > U _` ` M F J JT C BI K B @ C B P FC S [ C K [ F? Z B PK B� �� � �  � � ' �� �� � �� ( � � * � � �# �� � ) � �� �� � �� � �# �� # � � $�  � � � � � � �� # $ � � � �� # �) � �* � ( � � �� �G D? C B F J J > B P@ I O> I RCNM B P@ I @ K I @ ? > > A @ I K B F>? C >? K I I K [ C h @Q @ I [ B P F? Z B PK B O@=>? = @A BT K J J [ R> O F B P K ? K I I K [ FC F? I @ K J F B [ R>? @ O F B P K A > F? B @ I � B P FC F? A K I B F =T JK I K A A J F@ CB > B P@ I K ? R> L K = =@ C C > A @ I K B F >? M C @ @ B P@ A K I K ZI K A P =K J J@ R � 	> F? B @ I CT SC =I FA B F? ZM > I B P@BIT B P K S >T B I K ? R> L K = =@ C C � F? B P@ ? @W B C @ = B F >? G
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2.6.8 Pointer arithmeticD? > I R@ I B > T ? R@ I C BK ? R O P [ B P@ => R@ UI K Z L@? B

bool* begin = crossed_out; // pointer to first element

bool* end = crossed_out + 1000; // past -the-end pointer

// in the loop , pointer p successively points to all elements

for (bool* p = begin; p != end; ++p)

*p = false; // *p is the element pointed to by pF? R@ @ R C @ BC K J J @ J@ L@? BC > U B P@ K I I K [

crossed_out

B > �~ � � M O@ PKQ @ B > T ? R@ I C BK ? R ) � �� �� ��� � � �  � � �( M B P@ K I B > U => LA T B F? Z O F B P K R RI @ C C @ CG �@ R@ J F S @ I K B @ J [ =K J J B P FC K ? �K I B �MC F? =@ A > F? B @ I K I F B P L@ B F = => L@ C O F B P K J> B > UA F B UK J JCNM ST B O F B P>T B K C K U@ B [ ? @ BG � ? B P@> B P@ I PK ? RM B P@ K T B P> I C U@ @ J B PK B B P@ I @ FC K JC > K =@ I BK F? S @ K T B [ F? B P@ L F? F LK J FC L > UA > F? B @ I K I F B P L@ B F =G D B eC J F Y @ RI FQ F? Z K ? > J R B F L@ I h F B e C J>T RM F B e C R F � =T J B B > C B @ @ I M C @ K B CK I @ T ? => L U> I B K S J@ M K ? R B P@ I @ eC ? > P@ K B F? ZG �T B B P@ P@ =Y O F B P F B ! ^ P@ > J R B F L@ I J> > Y C C >LT = P S @ B B @ I B PK ? K L> R@ I? =K IG � @Q @ I B P@ J@ C CNM K U B @ I RI FQ F? Z B P@ > J R B F L@ I U> I K O P F J@ M F B

O F J JA I > SK S J [ BT I? >T B B PK B S @ K T B [ FC ? > B @? >T Z PM K ? R B PK B C K U@ B [ K ? RT C K S F J F B [ K I @ L> I @F LA > I B K ? B UK = B > I C F? B P@ J>? Z IT ? G

Adding integers to pointers.

^ P@ S F? K I [ K R R F B F>? > A @ I K B > I C

+M -

K I @ R@ �? @ R U> I J@ U B > A @ I K ? RC> U K ? [ A > F? B @ I B [ A @ 
 � K ? R I F Z P B > A @ I K ? RC > U K ? [ F? B @ ZI K J B [A @G "@ =K J J B PK B F U K ? K I cI K [ FC A I >Q F R@ R K C B P@ J@ U B > A @ I K ? RM F B O F J J F LA J F = F B J [ S @ =>? Q @ I B @ R B > K A > F? B @ I T C F? ZK I I K [ c B > cA > F? B @ I =>? Q @ I C F >? GV> I B P@ S @ PKQ F> I > U
+

B > S @ R@ �? @ RM B P@ I @ LT C B S @ K ? K I I K [ > U C > L@ J@? Z B P

nM CT = PB PK B B P@ J@ U B > A @ I K ? R � #� FC K A > F? B @ I B > B P@ @ J@ L@? B > U C > L@ F? R@W k, 0

�

k

�

nM F? B P@K I I K [G ^ P@ =K C @

k = n
FC K J J> O@ R K ? R = > I I @ CA >? RC B > B P@ C F BT K B F>? O P@ I @ � # � FC K A > F? B @ I>? @ A K C B B P@ JK C B @ J@ L@? B > U B P@ K I I K [ \ O@ =K J J B P FC K ) �# � & � �� &� � � ) � �� �� � �? > B @ B PK BCT = P K A > F? B @ I LT C B? > B S @ R@ I @ U@ I @? =@ R ]GD U B P@ C @ =>? R > A @ I K ? R �� �� PK C C > L@ Q K JT @

i

CT = P B PK B

0

�

k + i

�

nM B P@?

� # � ` �� � �

FC K A > F? B @ I B > B P@

(k + i)c B P @ J@ L@? B > U B P@ C K L@ K I I K [G D? U> I LK J J [M O@ Z@ B K A > F? B @ IB PK B PK C S @ @? L>Q @ R �

i

@ J@ L@? BC B > B P@ I F Z P B � \ O P F = P K = BT K J J [ L@ K ? C B > B P@ J@ U B F U

i

FC? @ ZK B FQ @ ]Ga ZK F? M F U

k + i = nM O@ Z@ B K A K C B c B P@ c @? RA > F? B @ IG $K JT @ C > U

i

CT = P B PK B

k + i

FC ? > BS @ B O@ @? 0

K ? R

n

J@ K R B > T ? R@ �? @ R S @ PKQ F> IGg @ BT C I @A @ K B B P@ A > F? B B PK B O@ PKQ @ LK R@ S @ U> I @ F? =>? ? @ = B F >? O F B P I K ? R> L K = =@ C CF? E @ = B F >? �G fG � h S [ R@ UK T J BM B P@ I @ K I @ K SC > JT B @ J [ ? > = P@ =Y C B PK B B P@ K S >Q @ I @X T FI @ L@? BCF? R@ @ R P> J RM K ? R F B FC @? B FI @ J [ [ >T I I @ CA >? C F S F J F B [ B > LK Y @ CT I @ B PK B B P FC FC B P@ =K C @GVK F JT I @ B > R> C > O F J J I @ CT J B F? A I > ZI K L =I K C P@ CNM C BI K ? Z@ S @ PKQ F > I > U B P@ A I > ZI K LM > I\A I > SK S J [ B P@ O> I C B C =@? K I F > ] C @ @ L F? Z J [ ? > I LK J S @ PKQ F> I M ST B O F B P B P@ A > B @? B FK J > UBT I? F? Z F? B > C BI K ? Z@ S @ PKQ F > I K B K ? [ B F L@ M > I >? K ? [ > B P@ I LK = P F? @G^ P@ I @ U> I @ M J@ BT C CT L LK I F� @ B P@ I @X T FI @ L@? BC >? =@ L> I @ h
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� � #� LT C BA > F? B B > B P@ @ J@ L@? B > U F? R@W k

F? C > L@ K I I K [ > U J@? Z B P

nM O P@ I @ 0

�

k

�

nMK ? R
� � � �� LT C B PKQ @ C > L@ Q K JT @

i

CT = P B PK B

0

�

k + i

�

nG

� F? K I [ CT S BI K = B F >? FC C F L F JK IG D U �� �� PK C Q K JT @

i

CT = P B PK B

0

�

k − i

�

nM B P@?

� # �

−

� � ��

[ F @ J RC K A > F? B @ I B > B P@ K I I K [ @ J@ L@? B > U F? R@ W

k − iG^ P@ K C C F Z? L@? BQ @ I C F >? C

+=

K ? R

-=

> U B P@ B O> > A @ I K B > I C M K ? R B P@ T ? K I [ F? =I @ L@? B K ? RR@ =I @ L@? B > A @ I K B > I C

++

K ? R

--

=K ? S @ T C @ R O F B P J@ U B > A @ I K ? RC > UA > F? B @ I B [A @ K C O@ J JMO F B P B P@ T CT K J L@ K ? F? ZG E F? =@ A I @ =@ R@? =@ C K ? R K C C > = FK B FQ F B F@ C K I @ B F @ R B > B P@ > A @ I K B > IC [ L S > JC M B P@ [ K I @ K C F? ^K S J@ � >? A K Z@ H��G� > O O@ =K ? T ? R@ I C B K ? R B P@ C @ =>? R J F? @ > U B P@ K S >Q @ => R@ UI K Z L@? B h

bool* end = crossed_out + 1000; // pointer after last elementV FI C BM B P@ K I I K [

crossed_out

FC =>? Q @ I B @ R B > K A > F? B @ I B > F BC �I C B @ J@ L@? B \ B P@ >? @> U F? R@W

0

]G E F? =@ B P@ K I I K [ PK C

1, 000

@ J@ L@? B CNM K R R F? Z B P@ F? B @ Z@ I

1, 000

[ F @ J RC K A K C B cB P@ c @? RA > F? B @ I

end

U> I B P@ K I I K [G ^ P@ CT SC @ X T @? B J> > A

for (bool* p = begin; p != end; ++p)

*p = false; // *p is the element pointed to by pFC = J@ K I ? > O K C O@ J J h C BK I B F? Z O F B P K A > F? B @ I

p

B > B P@ �I C B @ J@ L@? B \

p = begin

]M B P@@ J@ L@? BA > F? B @ R B > FC C @ B B > �~ �  � \

*p = false

]G ^ P@? O@ F? =I @ L@? B

p

C > B PK B F BA > F? BCB > B P@ ? @W B @ J@ L@? B \

++p

]G �@ I @A @ K B B P FC K C J>? Z K C

p

FC R F �@ I @? B UI > L B P@ A K C B c B P@ c @? R

A > F? B @ I ? K L@ R

endG

Pointer comparison.

�@ PKQ @ K JI @ K R [ R FC =T C C @ R B P@ I @ JK B F >? K J > A @ I K B > I C

==

K ? R

!=

B PK BC F LA J [ B @ C B O P@ B P@ I B P@ B O> A > F? B @ I C F? X T @ C B F >? A > F? B B > B P@ C K L@ > S b @ = BG �T B O@ =K ?K JC > => LA K I @ B O> A > F? B @ I C T C F? Z B P@ > A @ I K B > I C

<M <=M >M K ? R

>=G a ZK F? M A I @ =@ R@? =@ C K ? R

K C C > = FK B FQ F B F @ C > U K J J I @ JK B F >? K J > A @ I K B > I C K I @ K C F? ^K S J@ � >? A K Z@ f �GV> I B P@ I @ CT J B B > S @ CA @ = F �@ RM B P@ I @ LT C B S @ K ? K I I K [ > U C > L@ J@? Z B P

nM CT = P B PK B B P@J@ U B > A @ I K ? R � #� � FC K A > F? B @ I B > B P@ @ J@ L@? B > U C > L@ F? R@W

k1, 0

�

k1

�

n

F? B P@ K I I K [MK ? R B P@ C @ =>? R > A @ I K ? R � # � � FC K A > F? B @ I B > B P@ @ J@ L@? B > U C > L@ F? R@W k2, 0

�

k2

�

n

F?B P@ C K L@ K I I K [G a ZK F? M k1 = n

K ? R

k2 = n

K I @ K J J> O@ R K ? R => I I @ CA >? R B > B P@ A K C B c B P@ c @? R

=K C @G
� FQ @? B P FC M B P@ I @ CT J B > U B P@ A > F? B @ I => LA K I FC >? FC R@ B @ I L F? @ R S [ B P@ F? B @ Z@ I => LcA K I FC >? > U

k1

K ? R

k2G D? > B P@ I O> I RC \ K ? RX T F B @ F? BT F B FQ @ J [ ]M B P@ A > F? B @ I B > B P@ @ J@ L@? BB PK B => L@ C �I C B F? B P@ K I I K [ FC B P@ C LK J J@ I >? @GD? >T I = > R@ UI K Z L@? BM B P@ = > LA K I FC >?

p < end

B P@ I @ U> I @ [ F @ J RC #� �� K C J>? Z K C

p

FC? > B K A K C B c B P@ c @? RA > F? B @ I � @X T FQ K J@? B J [M K C J>? Z K C

p

A > F? B C B > K ? K = BT K J K I I K [ @ J@ L@? BG^ P@ J> > A B P@ I @ U> I @ R> @ C O PK B O@ OK ? B h F B C @ B C K J J K I I K [ @ J@ L@? BC B > �~ �  �G_ > LA K I F? Z B O> A > F? B @ I C B PK B R> ? > B L@ @ B B P@ K S >Q @ I @X T FI @ L@? B C J@ K RC B > T ? CA @ = F �@ R

I @ CT J BC F? B P@ U>T I > A @ I K B > I C

<M <=M >M K ? R

>=G

� � H lm � 
 
� � �� n �o � 	 � 
� �� �
Pointer subtraction.

^ P@ I @ FC >? @ L> I @ K I F B P L@ B F = > A @ I K B F>? >? A > F? B @ I CG aC CT L@ B PK B� # � � FC K A > F? B @ I B > B P@ @ J@ L@? B > U C > L@ F? R@W k1, 0

�

k1

�

n

F? C > L@ K I I K [ > U J@? Z B P
nM K ? R B P@ C @ = >? R > A @ I K ? R � #� � FC K A > F? B @ I B > B P@ @ J@ L@? B > U C > L@ F? R@W k2, 0

�
k2

�

n

F? B P@ C K L@ K I I K [ \A K C B c B P@ c @? RA > F? B @ I C K J J> O@ R ]G ^ P@? B P@ I @ CT J B > U B P@ ) � �� �� �# � % �� �( � �� �

� # � �

−

� #� �

FC B P@ F? B @ Z@ I

k1 − k2G ^ PT CNM A > F? B @ I CT S BI K = B F>? B @ J JC T C � P> O UK I K A K I B � B P@ B O> K I I K [@ J@ L@? BC K I @G ^ P@ S @ PKQ F> I > UA > F? B @ I CT S BI K = B F>? FC T ? R@ �? @ R F U � #� � K ? R � # � � K I @ ? > BA > F? B @ I C B > @ J@ L@? BC F? \ > I A K C B c B P@ c @? RA > F? B @ I C > U ] B P@ C K L@ K I I K [G	> F? B @ I CT S BI K = B F>? \ O P F = P @ LA J> [ C B P@ S F? K I [ CT S BI K = B F>? > A @ I K B > I M C @ @ ^K S J@ � >?A K Z@ H� U> I F B C CA @ = F � =C ] R> @ C ? > B > = =T I F? B P@ => R@ UI K Z L@? B UI > L B P@ S @ Z F? ? F? Z > U B P FCC @ = B F>? G a B [A F =K JT C @ FC B > R@ B @ I L F? @ B P@ ? T L S @ I > U @ J@ L@? BC F? K ? K I I K [ B PK B FC Z FQ @?S [ K A > F? B @ I B > F BC �I C B @ J@ L@? B K ? R K A K C B c B P@ c @? RA > F? B @ IG

Pointer subscripting, or the truth about random access.

D? I @ K J F B [M B P@ CT SC =I FA B > A @ I K B > I

[]K C F? BI > RT =@ R F? E @ = B F >? ��G fG � R> @ C ? > B > A @ I K B @ >? K I I K [ CNM ST B >? A > F? B @ I CG D? Q > Y F? Z B P FC> A @ I K B > I >? K ? K I I K [ =>? C BIT = BC K ? @W A I @ C C F >? K ? R B P@ I @ U> I @ BI F Z Z@ I C K ? K I I K [ c B > cA > F? B @ I=>? Q @ I C F>? G
� FQ @? K A > F? B @ I � #� K ? R K ? @W A I @ C C F>? �� � � > U F? B @ ZI K J B [A @ M B P@ @W A I @ C C F >?

� # � ��� � � �

FC @ X T FQ K J@? B \ K JC > F? F BC I @X T FI @ L@? BC >? � #� K ? R �� � � ] B >

� \ � #� ` �� �� ]

D U �� �� PK C Q K JT @
iM B P@ JK B B @ I @W A I @ C C F >? [ F@ J RC B P@ K I I K [ @ J@ L@? B

i

A JK =@ C B > B P@ I F Z P B > UB P@ >? @ A > F? B @ R B > S [ � # �G D? A K I B F =T JK I M F U � # � I @ CT J BC UI > L K ? K I I K [ c B > cA > F? B @ I =>? Q @ I C F >? MB P FC K ZI @ @ C O F B P B P@ C @ LK ? B F =C > U I K ? R> L K = = @ C C U> I K I I K [ C K C F? BI > RT = @ R F? E @ = B F >? ��G fG �G^K S J@ H CT L LK I F� @ C B P@ ? @ OA > F? B @ I c CA @ = F � = S F? K I [ > A @ I K B > I CG

Description Operator Arity Prec. Assoc.CT SC =I FA B

[]

� � � J@ U BR@ I @ U@ I @? =@

*

� � f I F Z P BK R RI @ C C

&

� � f I F Z P B

Table 4:

�� � ( � �� � ( � # �� � �# # � ( � � � �* � � �� # � ' ) � �� �� � � ) � � � �� � #- 4 �� # � %# ( � �) � � ) � � � �� �� ;) � ( �# �* �$ �� # �# � ) � � �� �# �� � � � � �� � # �� $* �$ ��.- 4 �� �� � � '� � � � ( � � ) � � � � � �� ;) � ( �# �� �* �$ �� �� � � � � �� � # �� $* �$ �� + � � �$� � �� � � �� � # # � ) � � � �� � � ;) � ( �#�� $* �$ �� �� � � � � �� � # �� �* �$ ��.-
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What have we gained with pointers?

E > UK I F B C @ @ LC B PK B B P@ >? J [ T C @ > UA > F? B @ I C FC B >LK Y @ F B @ I K B F>? B PI >T Z P K ? K I I K [ K J F B B J@ L> I @ @ � = F @? B B PK ? F B @ I K B F>? S [ F? R@W G �T B

T ? J@ C C O@ K I @ F? B P@ I @ K J L > U @ W BI @ L@ J [ B F L@ c =I F B F =K J J> > A CNM B P@ C KQ F? ZC K I @ LK I Z F? K JG V> IB P@ C K Y @ > U I @ K RK S F J F B [M O@ B P@ I @ U> I @ > U B @? C B F J JT C @ F B @ I K B F >? S [ F? R@ W G E > O PK B FC B P@ I @ K JbT C B F � =K B F>? U> I B P@ A > F? B @ I =>? = @A B k^ P@ I @ K I @ K = BT K J J [ B O> bT C B F � =K B F >? CNM K ? R >? @ > U B P@ L O F J J S @ R FC =T C C @ R I F Z P B K OK [F? B P@ ? @W B C @ = B F>? h A > F? B @ I C K I @ F? R FCA @? C K S J@ U> I Z@ B B F? Z �A I K = B F =K J � K I I K [ C O F B P J@? Z B P? > B Y ? > O? K B => LA F J@ B F L@G^ P@ C @ =>? R bT C B F � =K B F >? FC ? > B [ @ B K I >T ? R B P@ => I? @ I M C > O@ O F J J >? J [ SI F @ � [ B >T = PF B P@ I @G aI I K [ C K I @ S [ UK I ? > B B P@ >? J [ =>? BK F? @ I C U> I C @ BC > U RK B KG � P@? O@ F LA J@ L@? BRK BK A I > =@ C C F? Z K J Z> I F B P LCNM O@ C P>T J R B P@ I @ U> I @ LK Y @ CT I @ B PK B B P@ [ O> I Y � � � >? J [ U> IK I I K [ CGV> I @W K LA J@ M �? R F? Z K =>? BK F? @ I @ J@ L@? B O F B P K Z FQ @? A I > A @ I B [ \ L>Q F @ B P@ K B @ I B PK BA JK [ C [ >T I UKQ > I F B @ L>Q F @ ] C P>T J R S @ A > C C F S J@ U> I �� � =>? BK F? @ I C B PK B > �@ I C B P@ UT ? = cB F >? K J F B [ > U F B @ I K B F? Z >Q @ I F BC @ J@ L@? BCG ^ P@ >? J [ T ? F U> I L F B [ O@ ? @ @ R FC F? B P@ F B @ I K B F>?A I > =@ C C F BC @ J UGa? [ RK B K cA I > =@ C C F? Z K J Z> I F B P L > U B P@ _` ` C B K ? RK I R J F SI K I [ \ O@ O F J J C @ @ C > L@ > UB P@ L JK B @ I ] O> I Y C F? B P FC OK [ h F B @W A @ = BC B P@ T ? R@ I J [ F? Z =>? BK F? @ I B > > �@ I � �� � � �� � #=>? U> I L F? Z B > C > L@ O@ J Jc R@ �? @ R F B @ I K B > I =>? =@A BG ^ P@ CA @ = F � =C > U B P@ =>? BK F? @ I F B C @ J UK I @ FI I @ J@Q K ? B U> I B P@ K J Z> I F B P LG� @ I @ FC O P@ I @ A > F? B @ I C => L@ F? h B P@ [ K I @ B P@ F B @ I K B > I C > �@ I @ R S [ K I I K [ CG ^ P@ I @ U> I @ M@Q @? F U O@ R>? e BT C @ A > F? B @ I C F? >T I > O? => R@ M O@ PKQ @ B > Y ? > O K S >T B B P@ L F? > I R@ I B >S @ K S J@ B > K A A J [ C BK ? RK I R J F SI K I [ K J Z> I F B P LC B > K I I K [ CG

2.6.9 Dynamic memory allocationg @ BT C Z> SK =Y B > 	I > ZI K L � �? > OG D B C LK F? RI K O SK =Y FC B PK B B P@ ? T L S @ I

n

FC PK I R O FI @ R

K C

1, 000

F? B P FC A I > ZI K LM bT C B S @ =K T C @ B P@ J@? Z B P > U K ? K I I K [ PK C B > S @ Y ? > O? K B = > LA F J@B F L@G a B J@ K C B F? B P FC I @ CA @ = BM K I I K [ C K I @ ? > B P F? Z CA @ = FK JM B P>T Z PG a J J B [A @ C B PK B O@ PKQ @L@ B @ K I J F@ I \

intM unsigned intM K ? R

bool

] PKQ @ B P@ A I > A @ I B [ B PK B K C F? Z J@ > S b @ = B > U B P@B [A @ > = =T A F @ C K �W @ R K L>T ? B > U L@ L> I [ Y ? > O? B > B P@ => LA F J@ I \ U> I @W K LA J@ M �� S F BC U> IK ?

int

> S b @ = B >? LK ? [ A JK B U> I LC ]G � F B P K I I K [ CNM K ? > SQ F>T C ? @ @ R K I FC @ C B > = FI =T LQ @? BB P FC I @ C BI F = B F>? GD? _` ` M K I I K [ C O P> C @ J@? Z B P FC R@ B @ I L F? @ R K B IT ? B F L@ =K ? S @ > S B K F? @ R B PI >T Z P�� � �  �(  �  � � � �$ $ � ( � � �� �G ^ PI >T Z P CT = P K ? K J J> =K B F>? M O@ =I @ K B @ K ? > S b @ = B O F B P�� � �  �( C B > I K Z@ RT I K B F>? G� S b @ = BC B PK B O@ PKQ @ C @ @? C > UK I O@ I @ K J J B F@ R B > Q K I FK S J@ C M F? O P F = P =K C @ L@ L> I [Z@ BC K C C F Z? @ R B > B P@ L \K ? R FC UI @ @ R K ZK F? ] K B A I @ R@ B @ I L F? @ R A > F? BC RT I F? Z A I > ZI K L@W @ =T B F >? \K T B > LK B F = K ? R C BK B F = C B > I K Z@ RT I K B F >? M E @ = B F>? ��G HG � ]G � S b @ = BC > U R [? K L F =C B > I K Z@ RT I K B F>? K I @ ? > B B F@ R B > Q K I FK S J@ CNM K ? R B P@ [ LK [ �C BK I B B > J FQ @ � \ Z@ B L@ L> I [K C C F Z? @ R B > B P@ L ] K ? R � R F @ � \ Z@ B B P@ FI L@ L> I [ UI @ @ R ] K B �� � A > F? B RT I F? ZA I > ZI K L@W @ =T B F >? G ^ P@ A I > ZI K L L@ I =K ? R@ B @ I L F? @ B P@ C @ A > F? B C Q FK

new

K ? R

delete

@W A I @ C C F>? CG

� � f lm � 
 
� � �� n �o � 	 � 
� �� �

^ P@ A I > ZI K L PK C C > L@ \ B [A F =K J J [ X T F B @ JK I Z@ ] I @ Z F>? > U B P@ => LA T B @ I eC LK F? L@ L> I [KQ K F JK S J@ B > C B > I @ R [? K L F =K J J [ K J J> =K B @ R > S b @ = BCG ^ P FC I @ Z F>? FC =K J J@ R B P@ �� �)G D B FCF? F B FK J J [ T ? T C @ RM ST B O P@? K ? > S b @ = B FC R [? K L F =K J J [ K J J> =K B @ RM F B FC S @ F? Z C B > I @ R >? B P@P@ K A M C > B PK B B P@ L@ L> I [ K = BT K J J [ T C @ R S [ B P@ A I > ZI K L ZI > OCG� @ I @ FC P> O B P FC O> I Y C U> I pI K B > C B P@? @ C e E F @Q @G "@ L@ L S @ I B PK B O@ OK ? B B P@ J FC B > UA I F L@ ? T L S @ I C S @ B O@ @?

2

K ? R

n − 1G ^ P@ U> J J> O F? ZQ K I FK ? B I @ K RC B P@ ? T L S @ I
n

UI > LC B K ? RK I R F? A T B K ? R R [? K L F =K J J [ K J J> =K B @ C K ? K I I K [ > U J@? Z B P

nG ^ P@ I @ LK F? R@ I > U B P@A I > ZI K L FC K C S @ U> I @ M @W =@ A B B PK B O@ @W A J F = F B J [ PKQ @ B > UI @ @ B P@ R [? K L F =K J J [ K J J> =K B @ R

C B > I K Z@ F? B P@ @? RG

q

// Program: eratosthenes2.Cr

// Calculate prime numbers in {2,...,n-1} usings

// Eratosthenes’ sieve.tvu

#include <iostream >wyx

int main()z

{{

// inputq|

std::cout << "Compute prime numbers in {2,...,n-1} for n =? ";q q

unsigned int n;q r

std::cin >> n;q sq t

// definition and initialization: provides us withq u

// Booleans crossed_out[0],..., crossed_out[n-1]q w

bool* crossed_out = new bool[n]; // dynamic allocationq x

for ( unsigned int i = 0; i < n; ++i)q z

crossed_out[i] = false;q {r|

// computation and outputr q

std::cout << "Prime numbers in {2,...," << n-1 << "}:\n";r r
for ( unsigned int i = 2; i < n; ++i)r s

if (! crossed_out[i]) {r t
// i is primer u
std::cout << i << " ";r w
// cross out all proper multiples of ir x
for ( unsigned int m = 2*i; m < n; m += i)r z

crossed_out[m] = true;r {

}s|

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

delete [] crossed_out; // free dynamic memorys ss t

return 0;s u

}



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

Program 14:

) � � �# }� � � �� # � �� � � # �- 2

� > B @ B PK B B P@ Q K I FK S J@

crossed_out

FC ? > O K A > F? B @ I I K B P@ I B PK ? K ? K I I K [ � K U B @ I B P@

new

R@ = JK I K B F>? M F BA > F? BC B > B P@ �I C B @ J@ L@? B > U K R [? K L F =K J J [ K J J> =K B @ R K I I K [ > U J@? Z B P

nG

The new expression.

V> I K ? [ B [A @ 
M K

new

@W A I @ C C F >? =K ? => L@ F? K ? [ > U B P@ U> J J> O F? ZB PI @ @ Q K I FK ? BCG

new




new


 \G G G ]

new


 � �� �� �

D? K J J =K C @ CNM B P@ @W A I @ C C F>? I @ BT I? C K ? IQ K JT @ > U B [A @ 
 �G D B C Q K JT @ FC B P@ K R RI @ C C> U K ? > S b @ = B > U B [A @ 
 B PK B PK C S @ @? R [? K L F =K J J [ K J J> =K B @ R >? B P@ P@ K A G ^ P@ > S b @ = BF BC @ J U FC K ? >? [ L>T CNM ST B O@ T CT K J J [ C B > I @ B P@ I @ CT J B F? Z K R RI @ C C T ? R@ I K Q K I FK S J@ ? K L@GD? 	I > ZI K L � HM O@ =K J J F B

crossed_outGD? B P@ �I C B K ? R C @ =>? RQ K I FK ? BM B P@ @ �@ = B > U B P@

new

@W A I @ C C F >? FC B > R [? K L F =K J J [K J J> =K B @ K # �� � $� > S b @ = B > U B [A @

T

>? B P@ P@ K A G $K I FK ? B � J@ KQ @ C B P@ > S b @ = BT ? F? F B FK J F� @ R F U
 FC K UT ? RK L@? BK J B [A @ M O P F J@ Q K I FK ? B � F? F B FK J F� @ C B P@ ? @ O > S b @ = B O F B P O PK B @Q @ I K A A @ K I CF? A K I @? B P@ C @ CG V> I @W K LA J@ M B P@ U> J J> O F? Z R@ = JK I K B F>? C F? F B FK J F� @ B P@ Q K I FK S J@ C

i

K ? R

jMS > B P > U B [A @

int*M O F B P B P@ K R RI @ C C @ C > U B O> ? @ O > S b @ = BC > U B [ A @

intG

int* i = new int; // *i is undefined

int* j = new int(6); // *j is 6

" F Z P B? > OM F U O@ OK ? B @ R B O> CT = P > S b @ = BC > U B [A @

intM O@ e R I K B P@ I T C @ Q K I FK S J@ C O F B PK T B > LK B F = C B > I K Z@ RT I K B F>? K ? R OI F B @

int i; // i is undefined

int j = 6; // j is 6

� > I @ F? B @ I @ C B F? Z U> I T C FC B P@ B P FI RQ K I FK ? BG D U �� � � PK C F? B @ Z@ I Q K JT @

n

�

0M B P@ @ �@ = B> U B P@

new

@W A I @ C C F>? FC B > R [? K L F =K J J [ K J J> =K B @ K ? K I I K [ > U J@? Z B P

n O F B PT ? R@ I J [ F? ZB [A @ 
 >? B P@ P@ K A G ^ P@ I @ BT I? Q K JT @ FC B P@ K R RI @ C C > U B P@ �I C B @ J@ L@? BG ^ P FC FC O PK BO@ C @ @ F? J F? @ � f > U 	I > ZI K L � HGaC T CT K JM B P@

n

K I I K [ @ J@ L@? BC I @ LK F? T ? F? F B FK J F� @ R F U 
 FC K UT ? RK L@? BK J B [A @G

The delete expression.

� [? K L F =K J J [ K J J> =K B @ R L@ L> I [ B PK B FC ? > J>? Z@ I ? @ @ R@ R C P>T J RS @ UI @ @ RG D? _` ` M B P@ A I > ZI K L L@ I R@ = F R@ C K B O P F = PA > F? B B P FC FC B P@ =K C @G �� � [? K L F =
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 � � � � � � 	 � � � � � � � �

� � � lm � 
 
� � �� n �o � 	 � 
� �� �

C B > I K Z@ RT I K B F >? F LA J F @ C B PK B R [? K L F =K J J [ K J J> =K B @ R > S b @ = BC J FQ @ T ? B F J B P@ A I > ZI K L B @ I cL F? K B @ C M T ? J@ C C B P@ [ K I @ @W A J F = F B J [ UI @ @ RG � [? K L F =K J J [ K J J> =K B @ R L@ L> I [ FC L> I @ �@W F S J@B PK ? C B K B F = L@ L> I [M ST B F? I @ BT I? F B K JC > F? Q > JQ @ C C > L@ K R L F? FC BI K B FQ @ @ �> I BG^ P@

delete

@W A I @ C C F>? C BK Y @ =K I @ > U UI @ @ F? Z L@ L> I [G ^ P@ [ => L@ F? B O> Q K I FK ? B CG
delete

� � ��

delete

� � �� � �

D? S > B PQ K I FK ? BC M �� � � LK [ S @ K ? T J JA > F? B @ I M F? O P F = P =K C @ B P@
delete

@W A I @ C C F >? PK C? > @ �@ = BG� B P@ I O FC @ M F? B P@ �I C BQ K I FK ? BM �� � � LT C B S @ K A > F? B @ I B > K C F? Z J@ > S b @ = B B PK B PK C A I @ cQ F >T C J [ S @ @? R [? K L F =K J J [ K J J> =K B @ R O F B P B P@ �I C B > I C @ =>? RQ K I FK ? B > U B P@

new

@ W A I @ C C F >? G^ P@ @ �@ = B FC B > LK Y @ B P@ => I I @ CA >? R F? Z L@ L> I [ KQ K F JK S J@ K ZK F? U> I CT SC @X T @? B R [? K L F =K J J> =K B F>? C >? B P@ P@ K A GV> I @ W K LA J@ M K B K A > F? B F? B P@ A I > ZI K L O P@ I @ B P@ B O>
int

> S b @ = BC R [? K L F =K J J [ K J J> c=K B @ R B PI >T Z P

int* i = new int; // *i is undefined

int* j = new int(6); // *j is 6

K I @ ? > J>? Z@ I ? @ @ R@ RM O@ O>T J R OI F B @
delete j;

delete i;^ P@ > I R@ I > U R@ J@ B F>? R> @ C ? > B LK B B @ I P@ I @ M ST B LK ? [ A I > ZI K L L@ I C =>? C F R@ I F B J> Z F =K JB >

delete

A > F? B @ I C F? B P@ F? Q @ I C @ > I R@ I > U R [? K L F = K J J> =K B F >? h D U [ >T ? @ @ R B > T ? R> B O>C B @A CNM [ >T �I C BT ? R> B P@ C @ = >? R C B @ A GD? B P@ C @ = >? RQ K I FK ? B > U B P@

delete

@ W A I @ C C F >? M �� � � LT C B S @ K A > F? B @ I B > B P@ �I C B@ J@ L@? B > U K ? K I I K [ B PK B PK C A I @Q F >T C J [ S @ @? R [? K L F =K J J [ K J J> =K B @ R O F B P B P@ B P FI RQ K I FK ? B

> U B P@

new
@W A I @ C C F>? G ^ P@ O P> J@ L@ L> I [ > = =T A F @ R S [ B P@ K I I K [ FC A T B SK =Y >? B P@ P@ K AU> I I @T C @G �� ^ P FC PK A A @? C F? J F? @ �� > U 	I > ZI K L � HGD U B P@ A JK F?

delete

FC K A A J F@ R B > K ? >? c? T J JA > F? B @ I B PK B R> @ C ? > BA > F? B B > K R [? K LcF =K J J [ K J J> =K B @ R C F? Z J@ > S b @ = BM B P@ S @ PKQ F > I FC T ? R@ �? @ RG ^ P@ C K L@ FC BIT @ F U >? @ BI F @ CB >
delete[]

K ? K I I K [ O P@ I @ B P@ I @ FC >? J [ K C F? Z J@ > S b @ = BG aC K J OK [ C O F B PA > F? B @ I CNM B P@_` ` JK ? ZT K Z@ R> @ C ? > B > �@ I K ? [ L@ K ? C > U R@ B @ = B F? Z CT = P @ I I > I CG

Memory leaks.

a J B P>T Z P K J J L@ L> I [ K J J> =K B @ R S [ K A I > ZI K L FC K T B > LK B F =K J J [ UI @ @ R O P@?B P@ A I > ZI K L B @ I L F? K B @ C ? > I LK J J [M F B FC Q @ I [ SK RA I K = B F =@ B > I @ J [ >? B P FC UK = B U> I UI @ @ F? ZR [? K L F =K J J [ K J J> =K B @ R L@ L> I [G D U K A I > ZI K L R> @ C ? > B @W A J F = F B J [ UI @ @ K J J R [? K L F =K J J [K J J> =K B @ R L@ L> I [ F B FC C K F R B > PKQ @ K  �  � � � $� � !G ET = P J@ K Y C K I @ > U B @? K C F Z? > USK R => R F? ZG ^ P@ [ T CT K J J [ PKQ @ ? > F L L@ R FK B @ =>? C @X T @? = @ CNM ST B O F B P>T B UI @ @ F? ZT ? T C @ R
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C B > I K Z@ M K A I > ZI K L IT ? ? F? Z U> I K J>? Z B F L@ \ B P F? Y > U > A @ I K B F? Z C [ C B @ L I >T B F? @ C ] LK [ K BC > L@ A > F? B C F LA J [ @W PK T C B B P@ KQ K F JK S J@ P@ K A C B > I K Z@G^ P@ I @ U> I @ M O@ PKQ @ B P@ U> J J> O F? Z ZT F R@ J F? @G

Dynamic Storage Guideline:? @ O K ? R R@ J@ B @ @W A I @ C C F>? C C P>T J R K J OK [ C => L@ F? LK B = P F? ZA K FI CG

2.6.10 Arrays of charactersE @X T @? =@ C > U = PK I K = B @ I C @? = J> C @ R F? R>T S J@ X T > B @ C J F Y @ F?

std::cout << "Prime numbers in {2 ,...,999}:\n";

K I @ =K J J@ R # �� �� � $ � �� � �$ #G ��

E > UK I O@ PKQ @ T C @ R C BI F? Z J F B @ I K JC >? J [ O F B P F? >T BA T B @W A I @ C C F >? CNM ST B O@ =K ? O> I YO F B P B P@ L F? > B P@ I =>? B @W B C K C O@ J JG � > C B? > B K S J [M K C BI F? Z J F B @ I K J =K ? S @ T C @ R B > F? F B FK J F� @K ? K I I K [ > U ( � �� �( �� � #G _ PK I K = B @ I C K I @ B P@ ST F J R F? Z S J> =Y C > U B @W B K C O@ Y ? > O F BG D?_` ` M B P@ [ K I @ L> R@ J@ R S [ B P@ UT ? RK L@? BK J B [A @

char

B PK B O@ SI F@ � [ R FC =T C C ? @ W BG

The type char.

^ P@ UT ? RK L@? BK J B [A @

char

I @A I @ C @? BC = PK I K = B @ I CG _ PK I K = B @ I C F? = JT R@B P@ $� � �� � #

a

B PI >T Z P

z

\ K J>? Z O F B P B P@ FI =K A F BK JQ @ I C F>? C

A

B PI >T Z P

Z

]M B P@ � � � � �#

0B PI >T Z P

9M K C O@ J J K C ? T L@ I >T C > B P@ I # ) � ( � �$ ( � �� �( �� � # J F Y @ � > I �G ^ P@ J F? @

char c = ’a’;R@ �? @ C K Q K I FK S J@

c

> U B [ A @

char

K ? RQ K JT @

’a’M I @A I @ C @? B F? Z B P@ J@ B B @ I

aG ^ P@ @W A I @ C C F>?

’a’

FC K J F B @ I K J > U B [A @

charG ^ P@ X T > B @ C K I >T ? R B P@ K = BT K J = PK I K = B @ I C [ L S > J K I @ ? @ = @ C C K I [F? > I R@ I B > R FC B F? ZT FC P B P@ J F B @ I K J

’a’

UI > L B P@ F R@? B F �@ I

aGV> I LK J J [M B P@ B [A @

char

FC K ? F? B @ ZI K J B [A @ h F B PK C B P@ C K L@ > A @ I K B > I C K C B P@ B [A @ C

int

> I

unsigned intM K ? R B P@ _` ` C BK ? RK I R @Q @? A > C BT JK B @ C K A I > L> B F>? UI > L

char

B >

int

> I

unsigned intG D B FC � � � CA @ = F �@ RM B P>T Z PM B > O P F = P F? B @ Z@ I B P@ = PK I K = B @ I

’a’MC K [M O F J J S @ A I > L> B @ RG 
? R@ I B P@ O F R@ J [ T C @ R

ASCII

=> R@ \

A

L@ I F =K ?

S

B K ? RK I R

C

> R@ U> I

I

? U> I LK B F>?

I

? B @ I = PK ? Z@ ]M F B FC B P@ F? B @ Z@ I

97G^ P FC C @ B B F? Z LK [ ? > B C @ @ LQ @ I [ T C @ UT JM K ? R F? R@ @ R F B LK Y @ C J F B B J@ C @? C @ B > R FQ F R@ >? @= PK I K = B @ I S [ K ? > B P@ IG � ? B P@ > B P@ I PK ? RM O@ =K ? U> I @ W K LA J@ A I F? B B P@ K JA PK S @ B B PI >T Z P>? @ C F LA J@ J> > A \K C CT L F? Z

ASCII

@? => R F? Z ]G pW @ =T B F >? > U B P@

forc J> > A

for (char c = ’a’; c <= ’z’; ++c)

std::cout << c;

OI F B @ C B P@ = PK I K = B @ I C @X T @? =@

abcdefghijklmnopqrstuvwxyz
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� H� lm � 
 
� � �� n �o � 	 � 
� �� �

B > C BK ? RK I R >T BA T BG � FQ @? B P FC M [ >T LK [ B P F? Y B PK B B P@ J F? @

std::cout << ’a’ + 1;A I F? B C

’b’M ST B F B R> @ C? e BG E F? =@ B P@ > A @ I K ? RC > U B P@ => LA > C F B @ @W A I @ C C F>?

’a’+1
K I @> U R F �@ I @? B B [A @ CNM B P@ J@ U B > A @ I K ? R > U B [A @

char O F J J K T B > LK B F =K J J [ S @ A I > L> B @ R B > B P@L> I @ Z@? @ I K J B [A @

int

> U B P@ I F Z P B > A @ I K ? RG ^ P@ I @ U> I @ M B P@ B [A @ > U B P@ @W A I @ C C F >?
’a’+1FC

intM K ? R F B C Q K JT @ FC

98

\K C CT L F? Z

ASCII

@? => R F? Z ] � K ? R B PK B e C O PK B Z@ BC A I F? B @ RG D U

[ >T OK ? B

’b’

B > S @ A I F? B @ RM [ >T LT C BT C @ B P@ @W A J F = F B =>? Q @ I C F >?

char(’a’+1)G^ P@ =K B @ Z> I [ > U CA @ = FK J = PK I K = B @ I C K JC > F? = JT R@ C ( � � �� � $ ( � �� �( �� � # B PK B �� C > L@ B P F? ZO P@? A I F? B @ RG ^ P@ C @ K I @ OI F B B @? O F B P K J@ K R F? Z SK =Y C JK C PM K ? R B P@ L> C B F LA > I BK ? B

=>? BI > J = PK I K = B @ I U> I T C FC

’\n’M O P F = P =K T C @ C K J F? @ SI @ K YG� ? L> C BA JK B U> I LCNM K char

Q K JT @ > = =T A F @ C

8

S F BC > U L@ L> I [ � O P@ B P@ I B P@ Q K JT @ I K ? Z@=> I I @ CA >? R B > B P@ C @ B > U F? B @ Z@ I C

{−128, . . . , 127}

\ B P@ C F Z? @ R =K C @ ] > I B P@ C @ B

{0, . . . , 255}\ B P@ T ? C F Z? @ R =K C @ ] FC F LA J@ L@? B K B F >? R@ �? @ RG E F? =@ K J J a E _ D D = PK I K = B @ I C PKQ @ F? B @ Z@ IQ K JT @ C F?

{0, . . . , 127}M B P@ [ =K ? S @ I @A I @ C @? B @ R F? S > B P =K C @ CG

From characters to text.

a B @W B FC C F LA J [ K C @X T @? = @ > U = PK I K = B @ I C K ? R =K ? S @ L> R@ J@ R F?_` ` B PI >T Z P K ? K I I K [ O F B PT ? R@ I J [ F? Z B [A @
charG V> I @ W K LA J@ M B P@ R@ = JK I K B F >?

char text[] = {’b’, ’o’, ’o’, ’l’}R@ �? @ C K ? K I I K [ > U J@? Z B P

4

B PK B I @A I @ C @? B C B P@ B @W B 
� � �Ga J B @ I? K B FQ @ J [ \K ? R L> I @ = >? Q @? F @? B J [ ]M O@ =K ? OI F B @

char text[] = "bool"^ P FCNM P> O@Q @ I M FC � � � @X T FQ K J@? B B > B P@ U> I L@ I R@ = JK I K B F >? G � P@? K ? K I I K [ > U = PK I K = B @ I CFC F? F B FK J F� @ R O F B P K C BI F? Z J F B @ I K JM B P@ B @ I L F? K B F? Z 
 � � � ( � �� �( �� �

’\0’

\ > U F? B @ Z@ I Q K JT @

0

] FC K T B > LK B F =K J J [ K A A @? R@ R B > B P@ K I I K [G ^ P FC = PK I K = B @ I R> @ C ? > B => I I @ CA >? R B > K ? [A I F? B K S J@ = PK I K = B @ IG a U B @ I B P@ JK B B @ I R@ = JK I K B F>? M B P@ K I I K [

text

B P@ I @ U> I @ PK C J@? Z B P

5G^ P@ �I C B U>T I @ J@ L@? BC K I @

’b’M ’o’M ’o’M K ? R

’l’M K ? R B P@ � U B P @ J@ L@? B FC B P@ � @ I >= PK I K = B @ I
’\0’G�@ =K J J CT = P K ? K I I K [ 
 � � � & �� �  �� � �� �G 
? J F Y @ ? > I LK J K I I K [ C M � @ I > c B @ I L F? K B @ R K I I K [ C

�Y ? > O � B P@ FI J@? Z B PG ^> Z@ B B P FC J@? Z B PM O@ C F LA J [ PKQ @ B > F B @ I K B @ >Q @ I B P@ K I I K [ K ? R

=>T ? B B P@ ? T L S @ I > U @ J@ L@? BC S @ U> I @ B P@ B @ I L F? K B F? Z

’\0’G� @ I @ FC K ? K A A J F =K B F >? > U \K I I K [ C > U ] = PK I K = B @ I CG 1 �� �� �  � �( � �� � FC B P@ A I > S J@ L > U�? R F? Z B P@ �I C B > I K J J > = =T I I @? = @ C > U K Z FQ @? C @ K I = P C BI F? Z \T CT K J J [ C P> I B ] F? K Z FQ @? B @ W B\T CT K J J [ J>? Z ]G^ P@ > SQ F>T C C > JT B F >? FC B P@ U> J J> O F? Z h K C CT L F? Z B PK B B P@ C @ K I = P C BI F? Z PK C J@? Z B P

mMO@ => LA K I @ F B = PK I K = B @ I O FC @ O F B P B P@ @ J@ L@? BC

1, 2, ..., m

> U B P@ B @ W BG D U K L FC LK B = P FCU>T ? R U> I C > L@ @ J@ L@? BM O@ C B > A K ? R? @W B => LA K I @ B P@ C @ K I = P C BI F? Z O F B P B P@ @ J@ L@? BC

2, 3, . . . , m+1

> U B P@ B @W BM K ? R C > >? G E @ BC > U

m

=>? C @ =T B FQ @ @ J@ L@? BC

i, i+1, . . . , i+m−1F? B P@ B @W B K I @ =K J J@ R K � �� �� �G^ P FC K J Z> I F B P L FC UK C B K C J>? Z K C B P@ C @ K I = P C BI F? Z FC C P> I BM ST B F B LK [ S @ => L@ F? @ �c= F @? B U> I J>? Z C @ K I = P C BI F? ZC \ C @ @ pW @ I = FC @ f� ]G ^ P@ I @ FC K L> I @ C > A P FC B F =K B @ R K J Z> I F B P L\ B P@ �� � � � & 
� � � �# & �� � � � �$ � � � � � �  ] B PK B FC K J OK [ C UK C BG



��� ��� �� � �� � �� 	 
 �� � 
� � � � H �

^ P@ U> J J> O F? Z 	I > ZI K L �� F LA J@ L@? BC B P@ > SQ F >T C K J Z> I F B P LG D B LK F? BK F? C B O> K I I K [ C> U = PK I K = B @ I CNM >? @ U> I B P@ C @ K I = P C BI F? ZM K ? R >? @ U> I B P@ =T I I @? B O F? R> OG �@ F LA > C @ K= [ = J F = > I R@ I >? B P@ O F? R> O \ B P@ �I C B @ J@ L@? B R FI @ = B J [ U> J J> OC B P@ JK C B >? @ ] � B P FC LK Y @ CF B @ K C [ B > C P F U B B P@ O F? R> O >? @ A JK =@ M S [ C F LA J [ I @ A JK = F? Z @ J@ L@? B

i

> U B P@ B @ W B O F B P@ J@ L@? B

i + m

\K ? R K B B P@ C K L@ B F L@ K RQ K ? = F? Z B P@ J> Z F =K J �I C BA > C F B F>? > U B P@ O F? R> OS [ >? @ ]G
q

// Program: string_matching.Cr

// find the first occurrence of a fixed string within thes

// input text , and output the text so fartu

#include <iostream >wyx

int main ()z

{{

// search stringq|

char s[] = "bool";q qq r

// determine search string length mq s

unsigned int m = 0;q t

for (char* p = s; *p != ’\0’; ++p) ++m;q uq w

// cyclic text window of size mq x

char* t = new char[m];q zq {

unsigned int w = 0; // number of characters read so farr|

unsigned int i = 0; // index where t logically startsr qr r

// find pattern in the text being read from std::cinr s

std::cin >> std:: noskipws ; // don’t skip whitespaces!r tr u

for ( unsigned int j = 0; j < m;)r w

// compare search string with window at j-th elementr x

if (w < m || s[j] != t[(i+j)%m])r z

// input text still too short , or mismatch:r {

// advance window by replacing first characters|

if (std::cin >> t[i]) {s q

std::cout << t[i];s r

++w; // one more character reads s

j = 0; // restart with first characterss t

i = (i+1)%m; // of string and windows u

} else break; // no more characters in the inputs w

else ++j; // match: go to next characters xs z

std::cout << "\n";

� H� lm � 
 
� � �� n �o � 	 � 
� �� �

s {

delete [] t;t|

return 0;t q

}

Program 15:

) � � �# }# �� �� �  � �( � �� �- 2

� P@? O@ K A A J [ B P@ A I > ZI K L B > B P@ B @W B > U B P@ � J@

eratosthenes.CM B P@ A I > ZI K L>T BA T BC 	I > ZI K L � �T A B > B P@ �I C B > = =T I I @? = @ > U B P@ C BI F? Z

"bool"

h
// Program : eratosthenes.C

// Calculate prime numbers in {2 ,...,999} using

// Eratosthenes’ sieve.

#include <iostream >

int main()

{

// definition and initialization: provides us with

// Booleans crossed_out[0],..., crossed_out[999]

boola U@ O => L L@? B C ? @ @ R B > S @ LK R@ O F B P I @ CA @ = B B > B P@ PK ? R J F? Z > U C BK ? RK I R F? A T BP@ I @G ^ P@ A I > ZI K L I @ K RC B P@ B @W B = PK I K = B @ I S [ = PK I K = B @ I UI > L

std::cinM T ? B F J B P FCC BI @ K L S @ => L@ C �@ LA B [ �G ^> B @ C B B P FCNM O@ T C @ B P@ UK = B B PK B C BI @ K LQ K JT @ C =K ? F LA J F = F B J [S @ = >? Q @ I B @ R B >

boolM O F B P B P@ I @ CT J B S @ F? Z #� �� K C J>? Z K C B P@ I @ OK C ? > K B B @ LA B K BI @ K R F? ZA K C B B P@ @? R > U B P@ C BI @ K LG E F? =@ B P@ Q K JT @ > U

std::cin >> t[i]

FC B P@ C BI @ K L� ' �� � I @ L>Q K J > U >? @ = PK I K = B @ I M B P@ =>? Q @ I C F >? B >

bool

@W K = B J [ B @ J JC T C O P@ B P@ I B P@ I @ C B F J JOK C K = PK I K = B @ I F? B P@ C BI @ K LM > I ? > BG

� > C B =>? Q @? F@? B J [M B P@ A I > ZI K L FC IT ? S [ I @ R FI @ = B F? Z C BK ? RK I R F? A T B B > K � J@ =>? BK F? cF? Z B P@ B @W BG D? B P FC =K C @ M B P@ C BI @ K L

std::cin

O F J J S @ => L@ @ LA B [ @W K = B J [ K B B P@ @? R > UB P@ � J@G ^ P@ J F? @
std::cin >> std:: noskipws ; // don’t skip whitespaces!FC ? @ =@ C C K I [ B > B @ J J B P@ C BI @ K L B PK B � � � �� # ) �( � # \ S JK ? Y CNM ? @ O J F? @ C M @ B =G ] C P>T J R? > BS @ F Z? > I @ R \ S [ R@ UK T J BM B P@ [ K I @ ]G ^ P FC K J J> OC T C B > C @ K I = P U> I C BI F? ZC B PK B =>? B K F?O P F B @ CA K =@ C M K ? R F B K J J> OC T C B > >T BA T B B P@ B @W B \T A B > B P@ �I C B > = =T I I @? =@ > U B P@ C @ K I = PC BI F? Z ] F? F BC > I F Z F? K J JK [ >T BG

2.6.11 Multidimensional arraysD? _` ` M O@ =K ? PKQ @ K I I K [ C > U K I I K [ CG V> I @W K LA J@ M B P@ R@ = JK I K B F>?

int a[2][3]R@ = JK I @ C

a

B > S @ K ? K I I K [ > U J@? Z B P

2

O P> C @ @ J@ L@? BC K I @ K I I K [ C > U J@? Z B P

3

O F B PT ? R@ I J [ F? ZB [A @

intG �@ K JC > C K [ B PK B

a

FC K  �$ � � � �  � � # �� � �$ �� � �� \ F? B P FC =K C @ > U R F L@? C F>? C

2

K ? R

3

]G ^ P@ B [A @ > U

a

FC �

int[2][3]

�M K ? R B P@ T ? R@ I J [ F? Z B [ A @ FC

int[3]G D? Z@? @ I K JMB P@ R@ = JK I K B F>?
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 �� � 
� � � � H �


~ ��� �� � �G G G �� � �� � �

R@ �? @ C K ? K I I K [ a

> U J@? Z B P

n1

\Q K JT @ > U �� �� � ] O P> C @ @ J@ L@? BC K I @ K I I K [ C > U J@? Z B P

n2

\Q K JT @ > U �� �� � ] O P> C @ @ J@ L@? B C K I @G G G [ >T Z@ B B P@ A F = BT I @G ^ P@ Q K JT @ C

n1, . . . , nkK I @ =K J J@ R B P@ � �  � � # �� � # > U B P@ K I I K [M K ? R B P@ @W A I @ C C F>? C �� � � �M G G G M �� �� � LT C B S @=>? C BK ? B @W A I @ C C F>? C > U F? B @ ZI K J B [A @ K ? RA > C F B FQ @ Q K JT @G"K ? R> L K = =@ C C F? LT J B F R F L@? C F >? K J K I I K [ C O> I Y C K C @W A @ = B @ R h

a[i]

FC B P@ @ J@ L@? B

> U F? R@W

iM K ? R B P FC @ J@ L@? B FC K ? K I I K [ F BC @ J UG _ >? C @X T @? B J [M a[i][j]

FC B P@ @ J@ L@? B > UF? R@ W

j

F? B P@ K I I K [

a[i]M K ? R C > >? Ga J B P>T Z P O@ T CT K J J [ B P F? Y > U LT J B F R F L@? C F >? K J K I I K [ C K C BK S J@ C > I LK BI F =@ CNM B P@ L@ Lc> I [ JK [ >T B FC � �K B � J FY @ U> I >? @ c R F L@? C F>? K J K I I K [ CG V> I @W K LA J@ M B P@ B O> R F L@? C F >? K JK I I K [ R@ = JK I @ R B PI >T Z P

int a[2][3]

> = =T A F @ C K =>? B F ZT >T C A K I B > U B P@ L@ L> I [M O F B PCA K =@ U> I

6 = 2

�

3

> S b @ = B C > U B [A @

intM C @ @ V F ZT I @ � �G

a[0][0] a[0][1] a[0][2] a[1][0] a[1][1] a[1][2]

a[0] a[1]

Figure 10:


�  � � � $ �� � � � � ' � � �� � �  � � # �� � �$ �� � ��

�T J B F R F L@? C F>? K J K I I K [ C =K ? S @ F? F B FK J F� @ R F? K OK [ C F L F JK I B > >? @ R F L@? C F>? K J K I I K [ C �B P@ Q K JT @ U> I B P@ �� # � \ K ? R � � $ � B P@ �I C B ] R F L@? C F >? LK [ S @ > L F B B @ R h

int a[][3] = { {2 ,4 ,6} , {1 ,3 ,5} };^ P FC R@ �? @ C K ? K I I K [ > U B [A @

int[2][3]

O P@ I @

{2,4,6}

FC T C @ R B > F? F B FK J F� @ B P@ @ J@ L@? B

a[0]M K ? R

{1,3,5}

FC T C @ R U> I

a[1]G

Dynamic allocation of multidimensional arrays.

^ P@ I @X T FI @ R R F L@? C F >? C > U K LT J B F R F L@? cC F >? K J K I I K [ LK [ ? > B S @ Y ? > O? K B = > LA F J@ B F L@ F? O P F = P =K C @ R [? K L F = K J J> =K B F>? FC =K J J@ RU> IG g @ BT C C BK I B O F B P B P@ =K C @ O P@ I @ K J J R F L@? C F >? C ST B B P@ �I C B K I @ Y ? > O? K B => LA F J@B F L@G D U �� � � PK C Q K JT @

n

�

0M K A > F? B @ I B > K R [? K L F =K J J [ K J J> =K B @ R K I I K [ > U J@? Z B P

nO F B PT ? R@ I J [ F? Z B [A @ 
 �

n2

�G G G �

nk

� FC > S BK F? @ R UI > L K

new

@W A I @ C C F>?

new


 � �� �� � �� � �� � �G G G ��� �� � �

O P@ I @ �� � � � PK C Q K JT @

niM i = 1, . . . , kG a J J R F L@? C F>? C ST B B P@ �I C B LT C B S @ =>? C BK ? B

@W A I @ C C F>? CG D U [ >T B P F? Y K S >T B F B U> I K L F? T B @ M B P FC FC ? > B CT IA I FC F? ZG V> I @W K LA J@ M F?> I R@ I B > Z@? @ I K B @ LK = P F? @ JK ? ZT K Z@ => R@ U> I I K ? R> L K = =@ C C > A @ I K B F >? C >? B P@ R [? K L F =K J J [K J J> =K B @ R K I I K [M B P@ => LA F J@ I LT C B Y ? > O P> O LK ? [ L@ L> I [ =@ J JC K C F? Z J@ @ J@ L@? B > U B P@T ? R@ I J [ F? Z B [ A @ 
 �

n2

�G G G �

nk

� > = =T A F@ C \C @ @ E @ = B F>? ��G fG � ]G �T B B P FC FC >? J [ A > C C F S J@ F U B P@Q K JT @ C

n2M G G G M nk

K I @ Y ? > O? K B => LA F J@ B F L@G

� H H lm � 
 
� � �� n �o � 	 � 
� �� �
Pointers to arrays.

D U O@ OK ? B B > T C @ B P@ K S >Q @

new

@W A I @ C C F >? B > F? F B FK J F� @ K A > F? B @ IQ K I FK S J@ \ O F B P B P@ K R RI @ C C > U B P@ �I C B @ J@ L@? B > U B P@ LT J B F R F L@? C F>? K J K I I K [ ]M O@ ? @ @ RB P@ B [A @ �A > F? B @ I B > 
 �

n2

�G G G �

nk

� �G aC [ >T LK [ CT CA @ = BM O@ F? U> I LK J J [ =K J J B P FC B [A @

� 
 �

n2

�G G G �

nk

� � �M ST B O@ =K ? e B OI F B @ F B J F Y @ B PK B F? _` ` M C F? =@ 
 �

n2

�G G G �

nk

� FC ? > B K B [A @? K L@G a ZK F? M O@ PKQ @ B > I @ C > I B B > K ? F? R FI @ = B R@ �? F B F>? > U B P@ R@ C FI @ RA > F? B @ I Q K I FK S J@

pM K C F? B P@ U> J J> O F? Z = > R@ UI K Z L@? BG

int n = 2;

int (*p)[3] = new int[n][3]; // type of *p: int[3] <=> p: int [3]*^ P@ A K I @? B P@ C @ C K I @ ? @ =@ C C K I [ P@ I @ M C F? =@

int *p[3]

\ O P F = P FC B P@ C K L@ K C

int* p[3]

]

R@ = JK I @ C

p

B > S @ K ? K I I K [ > UA > F? B @ I C B >

int

\C @ @ K JC > ? @W BA K I K ZI K A P ]G _` ` C [? BK W FCS F B B @ I C O@ @ BG

Arrays of pointers.

D U [ >T eI @ K C Y F? Z U> I K LT J B F R F L@? C F >? K J K I I K [ O F B P? >? c =>? C B K ? B R FcL@? C F>? C K L>? Z

n2, . . . , nkM B P@ > � = FK J K ? C O@ I FC h B P@ I @ FC ? >? @G �T BT ? R@ I B P@ =>T ? B @ I M[ >T =K ? ST [ K Q @ I [ Z> > R F L F BK B F >? G� ? @ �I C B C > JT B F>? B PK B CT Z Z@ C BC F BC @ J U O P@? [ >T I @ =>? C F R@ I B P@ �K B L@ L> I [ JK [ >T B

> U LT J B F R F L@? C F >? K J K I I K [ C FC B P FC h [ >T R [? K L F =K J J [ K J J> =K B @ K >? @ R F L@? C F >? K J K I I K [ > UJ@? Z B P

n = n1

�

n2

�� � � �

nk

K ? R K I B F � = FK J J [ A K I B F B F >? F B F? B > CT SK I I K [ C S [ R> F? Z C > L@bT Z Z J F? Z O F B P F? R F =@ CGg @ BT C R FC =T C C B P@ B O> R F L@? C F >? K J =K C @ >? J [ B > KQ > F R J@? Z B P [ U> I LT JK @G a B O> R F L@? cC F >? K J K I I K [ O F B P R F L@? C F >? C
n

K ? R
m

=K ? S @ C F LT JK B @ R S [ K >? @ R F L@? C F>? K J K I I K [ > UJ@? Z B P

nmG ^ P@ @ J@ L@? B O F B P J> Z F =K J F? R F =@ C

i

�

{0, 1, . . . , n− 1}

K ? R

j

�

{0, 1, . . . , m− 1}K A A @ K I C K B F? R@W mi + j
F? B P@ >? @ R F L@? C F>? K J K I I K [G $ F =@ Q @ I C K M B P@ @ J@ L@? B > U F? R@ W `F? B P@ >? @ R F L@? C F >? K J K I I K [ PK C J> Z F =K J F? R F =@ C

i = `

R FQ

m

K ? R

j = `

L> R

mG ^ P FC O> I Y CS @ =K T C @ B P@ UT ? = B F>?
(i, j) �→ mi + j

S F b @ = B FQ @ J [ LK A C B P@ C @ B > U J> Z F =K J F? R F =@ C

(i, j)

B > B P@ C @ B > U? T L S @ I C

{0, 1, . . . , nm − 1}GD? BT F B FQ @ J [M B P FC LK A A F? Z �K B B @? C B P@ F LK Z F? K I [ B K S J@ > U

n

I > OC K ? R

m

=> JT L? C S [ C F LA J [A T B B F? Z >? @ I > O K U B @ I K ? > B P@ IG aC [ >T =K ? C @ @ UI > L V F ZT I @ � � M B P FC FC @W K = B J [ O PK BB P@ = > LA F J@ I FC F LA J F = F B J [ R> F? Z U> I LT J B F R F L@? C F >? K J K I I K [ C O F B P ( � � # � �� � R F L@? C F >? C

n1, . . . , nkG� > F? Z F B @W A J F = F B J [ U> I ? >? c =>? C BK ? B R F L@? C F >? C FC >? J [ K O> I Y K I >T ? RM B P>T Z PM C F? =@O@ J> C @ B P@ F? BT F B FQ @ ? > BK B F>?

a[i][j]

� L> I @ >Q @ I M B P FC O> I Y K I >T ? R S @ => L@ C @Q @? L> I @=T L S @ I C > L@ O F B P P F Z P@ I R F L@? C F >? K J K I I K [ CGa S @ B B @ I C > JT B F>? B PK B Y @ @A C B P@ ? > BK B F>?
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// a points to the first element of an array of n pointers to int

int** a = new int*[n];

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

// a[i] points to the first element of an array of m int’s
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Computing shortest paths.
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The shortest path program.

g @ B e C Z@ B B > B P@ _` ` F LA J@ L@? B K B F>? > U B P@ K S >Q @ L@ B P> RG�@ I @A I @ C @? B B P@ �> > I S [ K R [? K L F =K J J [ K J J> =K B @ R B O> R F L@? C F >? K J K I I K [ floor O F B PR F L@? C F>? C

n+ 2

K ? R

m+ 2

K ? R @? BI F@ C > U B [A @

intG \ V> I LK J J [M floor

FC K A > F? B @ I B > B P@�I C B @ J@ L@? B > U K ? K I I K [ > U n + 2
A > F? B @ I C B >
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// main loop: find and label cells reachable in i=1,2,... steps

for (int i=1;; ++i) {

bool progress = false;

for (int r=1; r<n+1; ++r)

for (int c=1; c<m+1; ++c) {

if (floor[r][c] != -1) continue ; // wall , or labeled before

// is any neighbor reachable in i-1 steps?

if (floor[r-1][c] == i-1 || floor[r+1][c] == i-1 ||



��� ��� �� � �� � �� 	 
 �� � 
� � � � H �

floor[r][c -1] == i-1 || floor[r][c+1] == i-1 ) {

floor[r][c] = i; // label cell with i

progress = true;

}

}

if (! progress ) break;

} ^ P@ > B P@ I A K I BC > U B P@

main
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// read floor dimensions

int n; std::cin >> n; // number of rows

int m; std::cin >> m; // number of columns

// dynamically allocate twodimensional array of dimensions

// (n+2) x (m+2) to hold the floor plus extra walls around

int** floor = new int*[n+2];

for (int r=0; r<n+2; ++r)

floor[r] = new int[m+2];
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// target coordinates , set upon reading ’T’

int tr = 0;

int tc = 0;
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// assign initial floor values from input:

// source: ’S’ -> 0 ( source reached in 0 steps)

// target: ’T’ -> -1 (number of steps still unknown)

// wall: ’X’ -> -2

// empty cell: ’-’ -> -1 (number of steps still unknown)

for (int r=1; r<n+1; ++r)

for (int c=1; c<m+1; ++c) {

char entry = ’-’;

std::cin >> entry;

if (entry == ’S’) floor[r][c] = 0;

else if ( entry == ’T’) floor[tr = r][tc = c] = -1;

else if ( entry == ’X’) floor[r][c] = -2;

else if ( entry == ’-’) floor[r][c] = -1;

}

� > O O@ K R R B P@ CT I I >T ? R F? Z OK J JC K C C @? B F? @ JCG
// add surrounding walls

for (int r=0; r<n+2; ++r)

floor[r][0] = floor[r][m+1] = -2;

for (int c=0; c<m+2; ++c)

floor[0][c] = floor[n+1][c] = -2;
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S

B >
TG aC @W A JK F? @ R K S >Q @ M B P FC =K ? S @ R>? @ S [ U> J J> O F? Z K = PK F?> U K R b K =@? B =@ J JC O F B P R@ =I @ K C F? Z JK S @ JCG V> I @Q @ I [ = @ J J >? B P FC A K B P \ @ W =@A B

S

]M O@ A T BB P@ F? B @ Z@ I

−3

F? B > B P@ => I I @ CA >? R F? Z

floor
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// mark shortest path from source to target (if there is one)

int r = tr; int c = tc; // start from target

while (floor[r][c] > 0) {

int d = floor[r][c] - 1; // distance one less

floor[r][c] = -3; // mark cell as being on shortest path

// go to some neighbor with distance d

if (floor[r-1][c] == d) --r;

else if (floor[r+1][c] == d) ++r;

else if (floor[r][c-1] == d) --c;

else ++c; // (floor[r][c+1] == d)

} V F? K J J [M B P@ >T BA T B h O@ LK A B P@ F? B @ Z@ I @? BI F @ C > U

floor
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// print floor with shortest path

for (int r=1; r<n+1; ++r) {

for (int c=1; c<m+1; ++c)

if (floor[r][c] == 0) std::cout << ’S’;

else if (r == tr && c == tc) std::cout << ’T’;

else if ( floor[r][c] == -3) std::cout << ’o’;

else if ( floor[r][c] == -2) std::cout << ’X’;

else std::cout << ’-’;

std::cout << "\n";

}

// delete dynamically allocated arrays

for (int r=0; r<n+2; ++r)

delete[] floor[r];

delete [] floor;

return 0;D? =K C @ > U >T I F? F B FK J @W K LA J@ M B P@ >T BA T B J> > Y C J F Y @ F? V F ZT I @ � fG 	I > ZI K L � f C P> OCB P@ => LA J@ B @ C >T I =@ => R@G
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#include <iostream >rvs

int main()t

{u

// read floor dimensionsw

int n; std::cin >> n; // number of rowsx

int m; std::cin >> m; // number of columnsz {

// dynamically allocate twodimensional array of dimensionsq|

// (n+2) x (m+2) to hold the floor plus extra walls aroundq q

int** floor = new int*[n+2];q r

for (int r=0; r<n+2; ++r)
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q s

floor[r] = new int[m+2];q tq u

// target coordinates , set upon reading ’T’q w

int tr = 0;q x

int tc = 0;q zq {

// assign initial floor values from input:r|

// source: ’S’ -> 0 ( source reached in 0 steps)r q

// target: ’T’ -> -1 (number of steps still unknown)r r

// wall: ’X’ -> -2r s

// empty cell: ’-’ -> -1 (number of steps still unknown)r t

for (int r=1; r<n+1; ++r)r u

for (int c=1; c<m+1; ++c) {r w

char entry = ’-’;r x

std::cin >> entry;r z

if (entry == ’S’) floor[r][c] = 0;r {

else if (entry == ’T’) floor[tr = r][tc = c] = -1;s|

else if (entry == ’X’) floor[r][c] = -2;s q

else if (entry == ’-’) floor[r][c] = -1;s r

}s ss t

// add surrounding wallss u

for (int r=0; r<n+2; ++r)s w

floor[r][0] = floor[r][m+1] = -2;s x

for (int c=0; c<m+2; ++c)s z

floor[0][c] = floor[n+1][c] = -2;s {t|

// main loop: find and label cells reachable in i=1,2,... stepst q

for (int i=1;; ++i) {t r

bool progress = false;t s

for (int r=1; r<n+1; ++r)t t

for (int c=1; c<m+1; ++c) {t u
if (floor[r][c] != -1) continue ; // wall , or labeled beforet w
// is any neighbor reachable in i-1 steps?t x
if (floor[r-1][c] == i -1 || floor[r+1][c] == i-1 ||t z

floor[r][c -1] == i -1 || floor[r][c+1] == i-1 ) {t {
floor[r][c] = i; // label cell with iu|
progress = true;u q

}u r

}u s

if (! progress ) break;u t

}u uu w

// mark shortest path from source to target (if there is one)u x

int r = tr; int c = tc; // start from target
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u z

while (floor[r][c] > 0) {u {

int d = floor[r][c] - 1; // distance one lessw|

floor[r][c] = -3; // mark cell as being on shortest pathw q

// go to some neighbor with distance dw r

if (floor[r-1][c] == d) --r;w s

else if (floor[r+1][c] == d) ++r;w t

else if (floor[r][c-1] == d) --c;w u

else ++c; // (floor[r][c+1] == d)w w

}w xw z

// print floor with shortest pathw {

for (int r=1; r<n+1; ++r) {x|

for (int c=1; c<m+1; ++c)x q

if (floor[r][c] == 0) std::cout << ’S’;x r

else if (r == tr && c == tc) std::cout << ’T’;x s

else if (floor[r][c] == -3) std::cout << ’o’;x t

else if (floor[r][c] == -2) std::cout << ’X’;x u

else std::cout << ’-’;x w

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

}x zx {

// delete dynamically allocated arraysz|

for (int r=0; r<n+2; ++r)z q

delete[] floor[r];z r

delete [] floor;z sz t

return 0;z u

}

Program 16:
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Arrays have fixed length.
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Arrays are insecure.

^ P@ T C K Z@ > U >T B c > Uc S >T ? R K I I K [ F? R F =@ C FC ? > B R@ B @ = B @ R F? _` ` M K ? RB P@ C K L@ P> J RC U> I A > F? B @ I C B > K R RI @ C C @ C O P@ I @ ? > A I > ZI K L > S b @ = B J FQ @ CG � F B P C > L@ =K I @ M[ >T =K ? OI F B @ C LK J JA I > ZI K LC B PK BT C @ K I I K [ C K ? RA > F? B @ I C F? K => I I @ = B LK ? ? @ I M ST B F?=> LA J@W A I > ZI K LCNM B P FC FC ? > B @ K C [ K B K J JG � @ ST Z Z F? Z UK = F J F B F @ C > U L> R@ I? => LA F J@ I C =K ?P@ JA M ST B @Q @? O@ J Jc B @ C B @ R K ? R UI @X T @? B J [ T C @ R JK I Z@ A I > ZI K LC R> ? > B? @ =@ C C K I F J [ Z@ B F BI F Z P BG D? UK = BM C > L@ A @ > A J@ \ J@ B eC =K J J B P@ L K B B K =Y @ I C ] K I @ LK Y F? Z K ST C F? @ C C > U @W A J> F B F? ZA I > ZI K L L F? Z @ I I > I C I @ JK B @ R B > K I I K [ C K ? RA > F? B @ I C F? > I R@ I B > =I @ K B @ LK J F = F>T C C > U B OK I @GET A A > C @ B PK B B P@ K B BK =Y @ I Y ? > OC B PK B C > L@ A I > ZI K L � B P F? Y > U K ? > A @ I K B F? Z C [ C B @ LI >T B F? @ > I K O@ SC @ IQ @ I � LK [ \T ? F? B @? B F >? K J J [ ] OI F B @ F? A T B RK B K S @ [ >? R B P@ S >T ? RC > UK ? K I I K [G �T @ B > B P@ Q >? c � @T LK ? ? K I = P F B @ = BT I @ M B P@ A K I B > U B P@ LK F? L@ L> I [ S @ F? ZK = = F R@? BK J J [ L> R F �@ R F? B P FC OK [ LK [ =>? B K F? B P@ K = BT K JA I > ZI K L F? C BIT = B F >? CG ^ P@K B B K =Y @ I LK [ B P@? S @ K S J@ B > A I @A K I @ K ? F? A T B B > B P@ A I > ZI K L F? CT = P K OK [ B PK B B P@A I > ZI K L L> R F �@ C F BC @ J U B > R> O PK B @Q @ I B P@ K B BK =Y @ I OK ? BC F B B > R>G ^ P FC L> R F � =K B F >?IT ? C O F B P B P@ C K L@ K = =@ C C I F Z P BC K C B P@ > I F Z F? K J >? @ M K ? R B P@ C @ L F Z P B S @ K R L F? FC BI K B > II F Z P BC F? B P@ O> I C B =K C @GD? B P FC OK [M K ? K B BK =Y @ I = >T J R � P F b K =Y � B P@ => LA T B @ I B PK B IT ? C B P@ A I > ZI K LM K ? R

CT SC @X T @? B J [ L FCT C @ F B U> I F J J@ ZK J K = B FQ F B F@ C J F Y @ C @? R F? Z CA K LM > I A K I K J [ � F? Z O@ S C @ IQ @ I CS [ �> > R F? Z B P@ L O F B P I @X T @ C BCGV> I T C B PK B O@ K I @ ? > B \ [ @ B ]A I > U@ C C F>? K JA I > ZI K L L@ I CNM B P@ C @ =T I F B [ K CA @ = B FC J@ C C > U K=>? = @ I? P@ I @G � > I @ F LA > I BK ? B FC B PK BA I > ZI K L L F? Z @ I I > I C RT @ B > F LA I > A @ I T C @ > U K I I K [ CK ? RA > F? B @ I C =K ? S @ Q @ I [ PK I R B > �? R K ? R > U B @? I @ LK F? T ? R@ B @ = B @ RT ? B F J B P@ [ CT R R@? J [I @ CT J B F? C BI K ? Z@ K ? R C @ @ L F? Z J [ F? @ W A J F =K S J@ S @ PKQ F > I > U B P@ A I > ZI K LG a JC > P@ I @ M T C F? ZQ @ = B > I C F? C B @ K R > U K I I K [ C P@ JA C M C F? = @ B P@ I @ K I @ LK ? [ A > B @? B FK J @ I I > I C I @ JK B @ R B > K I I K [ CK ? RA > F? B @ I C B PK B [ >T C F LA J [ =K ? ? > B LK Y @ O F B PQ @ = B > I CG

Why arrays, after all?

� > O [ >T LK [ K C Y O P [ O@ PKQ @ F? BI > RT =@ R K I I K [ C K ? RA > F? B @ I C K BK J J O P@? B P@ I @ K I @ L> I @ �@W F S J@ K ? R C K U@ I K J B @ I? K B FQ @ CG � @ I @ K I @ B P@ B PI @ @ I @ K C >? CG

�G aI I K [ C K ? RA > F? B @ I C K I @ B P@ C F LA J@ C B L> R@ JC > U F LA > I BK ? B C BK ? RK I R J F SI K I [ =>? =@A B C\ =>? BK F? @ I K ? R F B @ I K B > I ]G

�G 
? J FY @ Q @ = B > I C M K I I K [ C =K ? S @ F? BI > RT = @ R O F B P>T B B P@ ? @ @ R B > R FC =T C C C [? BK = B F =K JK ? R C @ LK ? B F =K J K CA @ = B C > U _` ` UT ? = B F >? C K ? R = JK C C @ C \ B PK B O@ C F LA J [ R>? e B PKQ @K B >T I R FCA > C K J K B B P FC A > F? B ] �



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

�G D? > I R@ I B > I @ K J J [ T ? R@ I C BK ? R JK B @ I P> O C BK ? RK I R J F SI K I [ =>? BK F? @ I C K ? R F B @ I K B > I CK I @ I @ K J F� @ RM F B FC ? @ =@ C C K I [ B > Y ? > O K S >T B K I I K [ C K ? RA > F? B @ I CG

^ P@ B K Y @ c P> L@ L@ C C K Z@ P@ I @ FC B P FC h F B FC F LA > I BK ? B B > Z@ B UK L F J FK I O F B P B P@ ( � � ( � ) �#S @ P F? R K I I K [ C K ? RA > F? B @ I CNM ST B F B FC J@ C C F LA > I BK ? B B > S @ K S J@ B > K = BT K J J [ A I > ZI K L O F B PK I I K [ C K ? RA > F? B @ I C >? K JK I Z@ C =K J@G

2.6.13 Details

Command line arguments.

D? 	I > ZI K L �� U> I C BI F? Z LK B = P F? ZM F B FC ? > BQ @ I [ =>? Q @? F@? BB PK B B P@ C @ K I = P C BI F? Z FC � ;� �G �@ B P@? PKQ @ B > I @ => LA F J@ B P@ A I > ZI K L @Q @ I [ B F L@ O@OK ? B B > C @ K I = P U> I K ? > B P@ I C BI F? ZGa L> I @ �@ W F S J@ K J B @ I? K B FQ @ FC B > A K C C B P@ C @ K I = P C BI F? Z K C K ( �   �� � $ �� � �� � �  � � �B PK B O@ A I >Q F R@ T A >? =K J J F? Z B P@ A I > ZI K LG^ P@ LK F? UT ? = B F>? =K ? K = =@ C C CT = P => L LK ? R J F? @ K I ZT L@? B C F U O@ A I >Q F R@ CT F BK S J@A K I K L@ B @ I CG � @ I @ FC P> O B P@ �I C B B @? J F? @ C > U 	I > ZI K L �� PKQ @ B > S @ = PK ? Z@ R F? > I R@ IB > LK Y @ B P FC O> I YGq

// Program: string_matching2.Cr

// find the first occurrence of a string (provided as commands

// line argument ) within the input text , and output text so fartu

#include <iostream >wyx

int main (int argc , char* argv[])z

{{

if (argc < 2) {q|

// no command line arguments (except program name)q q

std::cout << "Usage: string_matching2 <string >\n";q r

return 1;q s

}q tq u

// search string: second command line argumentq w

char* s = argv[1];^ P@ Q K JT @ C > U

argc

K ? R K ? R

argv[]

\ O P F = P FC K ? K I I K [ > UA > F? B @ I C @ K = P > U O P F = P F? BT I?A > F? B C B > B P@ �I C B @ J@ L@? BC > U K � @ I > c B @ I L F? K B @ R K I I K [ > U = PK I K = B @ I C ] K I @ F? F B FK J F� @ R S [ B P@> A @ I K B F? Z C [ C B @ L O P@? F B =K J JC B P@

main

UT ? = B F >? G �@ O F J J @W A JK F? UT ? = B F >? A K I K L@ B @ I C F?R@ BK F J JK B @ I M P@ I @ O@ O F J J S @ C K B FC �@ R O F B P K ? @W K LA J@G ET A A > C @ B PK B O@ =K J J B P@ A I > ZI K LJ FY @ B P FC \K C CT L F? Z K 
? FW c B [ A @ C [ C B @ L ] h

./ string_matching2 bool^ P@?

argc

\ O P F = P =>T ? BC B P@ ? T L S @ I > U => L LK ? R J F? @ K I ZT L@? BC ] Z@ BC F? F B FK J F� @ R

O F B PQ K JT @

2G ^ P FC =>T ? B F? = JT R@ C B P@ A I > ZI K L? K L@ F BC @ J U \

"string_matching2"

F? B P FC=K C @ ]M K ? R K ? [ K R R F B F >? K J C BI F? ZC A I >Q F R@ R >? B P@ = > L LK ? R J F? @ \ bT C B B P@ C F? Z J@ C BI F? Z
"bool"

F? B P FC =K C @ ]G ^ P@

2

K I I K [ C

argv[0]

K ? R

argv[1]

Z@ B F? F B FK J F� @ R O F B P B P@ C BI F? ZC

�� f lm � 
 
� � �� n �o � 	 � 
� �� �
"string_matching2"

K ? R

"bool"

K C R@ C =I F S @ R F? E @ = B F >? ��G fG � � K S >Q @G _ >? C @ X T @? B J [MK U B @ I F BC R@ �? F B F >? M B P@ A > F? B @ I Q K I FK S J@

s

F? B P@ K S >Q @ A F @ =@ > U => R@ A > F? BC B > B P@ �I C B@ J@ L@? B > U K � @ I > c B @ I L F? K B @ R K I I K [ > U = PK I K = B @ I C B PK B => I I @ CA >? RC B > B P@ C BI F? Z
"bool"G^ P FC Z@ B C T C SK =Y B > B P@ C F BT K B F>? F? 	I > ZI K L �� K U B @ I J F? @ � � M K ? R B P@ I @ LK F? R@ I C > US > B PA I > ZI K LC K I @ F R@? B F =K JG

2.6.14 Goals

Dispositional.

a B B P FC A > F? BM [ >T C P>T J RG G G

� ] Y ? > O O PK B K ? K I I K [ FC M K ? R O PK B I K ? R> L K = =@ C C K ? R F B @ I K B F>? L@ K ? F? B P@ =>? B @ W B

> U K I I K [ C �

� ] T ? R@ I C BK ? R B P@ A > F? B @ I =>? = @A BM K ? R P> O B > => LA T B @ O F B P K R RI @ C C @ C �

� ] S @ K OK I @ B PK B \K ? RT ? R@ I C B K ? R O P [ ] K I I K [ C K ? RA > F? B @ I C LT C B S @ T C @ R O F B P =K I @ �

H ] Y ? > O B PK B = PK I K = B @ I C K ? R K I I K [ C > U = PK I K = B @ I C =K ? S @ T C @ R B > A @ I U> I L SK C F = B @ W B

A I > =@ C C F? Z BK C Y C �

� ] Y ? > O B PK B \ LT J B F R F L@? C F>? K J ] K I I K [ C > UQ K I FK S J@ J@? Z B P =K ? S @ > S BK F? @ R S [ R [? K L F =L@ L> I [ K J J> =K B F>? �

Operational.

D? A K I B F =T JK I M [ >T C P>T J R S @ K S J@ B > G G G

\ � � ] I @ K RM T ? R@ I C B K ? RM K ? R K I ZT @ K S >T B C F LA J@ A I > ZI K LC F? Q > JQ F? Z K I I K [ C K ? RA > F? B @ I C �

\ �� ] OI F B @ A I > ZI K LC B PK B R@ �? @ K I I K [ Q K I FK S J@ C > I R [? K L F =K J J [ K J J> =K B @ \ LT J B F R F L@? cC F>? K J ] K I I K [ C �

\ � � ] OI F B @ A I > ZI K LC B PK B I @ K R K C @X T @? =@ > U RK BK F? B > K \ R [? K L F =K J J [ K J J> =K B @ R �

LT J B F R F L@? C F>? K J ] K I I K [ �

\ � H ] OI F B @ A I > ZI K LC B PK BA @ I U> I L C F LA J@ RK BK A I > =@ C C F? Z BK C Y C S [ T C F? Z I K ? R> L K = =@ C CF? \ LT J B F R F L@? C F>? K J ] K I I K [ C K C B P@ LK b > I B > > J �

\ �� ] O F B P F? A I > ZI K LCNM F B @ I K B @ >Q @ I K \ R [? K L F =K J J [ K J J> =K B @ R � LT J B F R F L@? C F>? K J ] K I I K [S [ T C F? ZA > F? B @ I K I F B P L@ B F = �

\ � f ] OI F B @ A I > ZI K LC B PK BA @ I U> I L C F LA J@ B @W BA I > =@ C C F? Z B K C Y C O F B P K I I K [ C > U = PK I K =cB @ I C �

2.6.15 Exercises

Exercise 55
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#include <iostream >

int main()

{

int a[] = {5, 6 , 2 , 3 , 1 , 4 , 0};

int* p = a;

do {

std::cout << *p << " ";

p = a + *p;

} while (p != a);

return 0;

}

% � 
� � � �� � � � �$ $ � + # �) ) � # � � � � � �� � �� ) � � * �� �# ) � � � � �  + a

�# �� � � � �$ �
 � � � � � �# �  � # � 5 �� � ( � � '

n

R F �@ I @? B � �  %� � # ��

{0, . . . , n− 1}

� �� # � � � � �# '� �

n = 7

��� �� ) � � * �� �# ) � � � � �  �- �� �* � � � � � � �� ) � � � � �  �� �  �� � �� # �� � � �# ( �# � -
\ � � ]

Exercise 56

7 # # �  � � � � � �� # �  � ) � � � � �  .+ a �# �� �� � �� � ' �� �� � $ � �� � �� ) �

int

�� �$� � � � �

n-
� � � �* � � �* �� � � % $�

i

� ' � � ) �

int

� � � �* �$ ��

0

�

i

�

n + �� � ( �� � � � � % � � �� �) � �� �� �

p

�� � �� � $�  � � � � ' �� �� ;

i

��

a

F �� � �� E � '

i = n + � � �# �# �# ! �� � '� � �) �# � & � �� &� � � ) � �� �� �- �

% � � �* � � � ) � �� �� �

p

� � # �  � � $�  � � � ��

a + �� � ( �� � � � � % � � �� � �� �� �� ;

i

� '� � �# � $�  � � � F � � � �� E � '

p

�# � ) �# � & � �� &� � � ) � �� �� � + � �� �� �� ; �# �� �� � � �#

n- �

<� � �� ( � �� '� � �  � � �# � � � � ( �  ) � ��

p

'� �  

i

�� � � �� �

i

'� �  

p

�� % �- \ � � ]

Exercise 57

D� � �# ( �$ $ � � � � �� �$ � �  %� �

kc => LA > C F B @ � ' �� � � � $ � � ' � � �# � �* �# � % $� % �� ; �( �$ �

k

� �� � � � � � ) � �  � � �  %� � #- 6� � � ; �  ) $� + ) � �  � ) � �� � # �� � � &( �  ) � # � �� +�� �

6 = 2� 3

�# �� $ $ �#

20 = 2� 2� 5

�� � � &( �  ) � # � ��.- <� � �� � ) � � � � �  

k_composite.C� � � � � � � �# � �  %� � #

n

�

0

�� �

k

�

0

'� �  � �� �� ) � � �� � � �� � � � �) � �# �$ $

k &( �  ) � # � �� � �  %� � # ��

{2, . . . , n − 1}- �� �  �� � � &( �  ) � # � �� � �  %� � # �� � � �� � �'� �

n = 1, 000, 000

F \ �� ] \ � H ]

Exercise 58

<� � �� � ) � � � � �  

invert.C

� � � � �� * � � �# �

3

�

3

 � �� � ;

A

� � � � � � �$ � � �� �� #-4 �� ) � � � � �  # �� �$ � � � � � � �� � �� �  � � � � ; � � �� �� # '� �  � �� �� ) � �,+ �� � � �� � � � �) � �� �� �� * � � # �  � � � � ;

A−1

�� � � �� �� '� �  � � �� � � � � � � ��  � �� � ;

A

�# � � � �� * � � � � % $� �- ��� � � � � �� � + � �� ) � � � � �  # �� �$ � � � �) � � � ��  � �� � ;

AA−1

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

� �� � �� � � �� ( �  ) � � � � �� � � ' � �� �� * � � # � � �# �( ( �� � �� � �� � �� ' �$ $ � �( ( �� � �� ( �# � +� �� $ � � �� � ) � � � �( � �# � �� � �� � � � ��  � �� � ; �-

�� � lm � 
 
� � �� n �o � 	 � 
� �� �
Hint:

6� � � �� ( �  ) � � � � �� � � ' � �� �� * � � # � + � � � ( �� �  ) $ � � _I K L@ I eC IT J@- 7 ) ) $ �� ��� � �� ( �  ) � � � � �� � � ' � �� �� * � � # � + � � � �� $ �# � � � �

A−1
ij

� � �� � � �� � � '

A−1

�� � � �
i

�� �

( � $ �  � #

j

� �# � �* � � % �

A−1
ij =

(−1)i+j

R@ B

(Aji)R@ B

(A)
,

� �� � � R@ B

(M)

�# � �� �� �� �  �� �� � � ' � # 5 � �� �  � �� � ;

M + �� �

Aij

�# � ��
2

�

2

 � �� � ;� % � � �� � � '� �  

A

% � �� $� � �� � � � �

j

�� � ( � $ �  �

i-4� ( �  ) � �� � �� �� �� �  �� �� � � ' �

3

�

3
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Exercise 59

<� � �� � ) � � � � �  

read_array

� � � � � � � �# � # � 5 �� � ( � � '

n

�� �� �� � # '� �  # � �� � �� � �� ) � � �� �� �� �� � ��- 4 �� � �  %� �

n

�# � �� �� # � �� ) � � + �� � � �� � � �� ) � � � � �  � ;) � ( �# � � � �� �� ) � � �� � � �� �
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Exercise 60

i� � �� ( � � �� ) � � � � �  
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Exercise 61
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read_array.C

'� �  i ;� � ( �# � � � # � � � � � � �� � � # �$ � �� �) � � � � �  

cycles.C
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�� � �# � $ '� � �� � � '� � � + � �� �� ) � � # � 5 �� � ( � ( �� %� �� �� � ) � � �� � �# � ��# � 5 �� � ( � � '* �$ �� #

π(0), . . . , π(n − 1)

� ' � ) � �  � � � � �� �

π
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Exercise 62

2� � # � �� � � �� # �� �� �  � �( � �� � �$ � � � � � �  � ' �� � � � �  ��- �� �* � � � � � '� ��$ $

m > 1, n

�
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Exercise 63

2� � # � �� � � �� '� $ $ � � �� � ) � � � � �  � � � � �� �� � # �� � �� � � � �$ �
 � # � � �� � � � �  � � &# �� � �$ �� � ��-

#include <iostream >

int main()

{

int a[4][2][3] =

{ // the 4 elements of a:

{ // the 2 elements of a[0]:

{2, 4, 5}, // the three elements of a[0][0]

{4 , 6 , 7} // the three elements of a[0][1]

},

{ // the 2 elements of a[1]:

{1, 5, 9}, // the three elements of a[1][0]

{4 , 6 , 1} // the three elements of a[1][1]

},

{ // the 2 elements of a[2]:

{5, 9, 0}, // the three elements of a[2][0]

{1 , 5 , 3} // the three elements of a[2][1]

},

{ // the 2 elements of a[3]:

{6, 7, 7}, // the three elements of a[3][0]

{7 , 8 , 5} // the three elements of a[3][1]

}

};

return 0;

} <� � �� � ) � � � � �  

threedim_array.C
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Exercise 64

<� � �� � ) � � � � �  

frequencies.C
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’a’

�) � �
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Frequencies:

a: 45 of 520

b: 5 of 520

c: 5 of 520

d: 28 of 520

e: 65 of 520

f: 4 of 520

g: 13 of 520

h: 27 of 520

i: 27 of 520

j: 0 of 520

k: 3 of 520

l: 20 of 520

m: 10 of 520

n: 30 of 520

o: 43 of 520

p: 4 of 520

q: 0 of 520

r: 19 of 520

s: 36 of 520

t: 31 of 520

u: 9 of 520

v: 6 of 520

w: 19 of 520

x: 0 of 520

y: 34 of 520

z: 0 of 520

Other: 37 of 520

2.6.16 Challenges

Exercise 65
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