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Standard Library
container class

Description

Sequence Containers
vect or

deque

list

Associative Containers
set

mul ti set

map

mul ti map

Container Adapters

st ack

queue
priority_queue

rapid insertions and deletions at back
direct access to any element

rapid insertions and deletions at front or back
direct access to any element

doubly-linked list, rapid insertion and deletion anywhere

rapid lookup, no duplicates allowed

rapid lookup, duplicates allowed

one-to-one mapping, no duplicates allowed, rapid key-based lookup
one-to-many mapping, duplicates allowed, rapid key-based lookup

last-in-first-out (LIFO)
first-in-first-out (FIFO)
highest priority element is always the first element out

Fig.20.1  Standard Library container classes.

Common member
functions for all STL
containers

Description

default constructor

copy constructor

destructor
enpty
mex_size
si ze

oper at or =
oper at or <

oper at or <=

oper at or >

A constructor to provide adefault initialization of the container. Nor-
mally, each container has several constructors that provide a variety
of initialization methods for the container.

A constructor that initializes the container to be a copy of an existing
container of the same type.

Destructor function for cleanup after a container is no longer needed.

Returnst r ue if there are no elements in the container; otherwise,
returnsf al se.

Returns the maximum number of elements for a container.
Returns the number of elements currently in the container.
Assigns one container to another.

Returnst r ue if thefirst container is less than the second container;
otherwise, returnsf al se.

Returnst r ue if the first container is less than or equal to the second
container; otherwise, returnsf al se.

Returnst r ue thefirst container is greater than the second container;
otherwise, returnsf al se.

Fig.20.2 Common functions for all STL containers.

For use only by instructors in courses for which C++ How to Program, Second Editon is the required textbook.
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Common member
functions for all STL

containers Description

oper at or >= Returnst r ue if the first container is greater than or equal to the sec-
ond container; otherwise, returnsf al se.

oper at or == Returnst r ue if the first container is equal to the second container;
otherwise, returnsf al se.

operator! = Returnst r ue if the first container is not equal to the second con-
tainer; otherwise, returnsf al se.

swap Swaps the elements of two containers.

Functions that are only found in first-class containers

begin

end

rbegin

rend

erase
cl ear

The two versions of this function return either ani t er at or or a
const _iterator that refersto thefirst element of the container.

The two versions of this function return either ani t er at or or a
const _i t erat or that refersto the next position after the end of
the container.

The two versions of this function return either a
reverse_iterator oraconst_reverse_iterator tha
refersto the last element of the container.

The two versions of this function return either a
reverse_iterator oraconst_reverse_iterator tha
refers to the position before the first element of the container.

Erases one or more elements from the container.
Erases all elements from the container.

Fig.20.2 Common functions for all STL containers.

Standard Library container header files

<vect or >
<list>

<deque>

<queue> contains both queue and pri ori ty_queue

<st ack>

<map> contains both map and mul t i map
<set > containsboth set andmul ti set

<bi t set >

Fig. 20.3  Standard Library container header files.

For use only by instructors in courses for which C++ How to Program, Second Editon is the required textbook.
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typedef Description

val ue_t ype The type of element stored in the container.

reference A reference to the type of element stored in the container.

const _reference A constant reference to the type of element stored in the con-
tainer. Such areference can only be used for reading ele-
mentsin the container and for performing const
operations.

poi nt er A pointer to the type of element stored in the container.

iterator An iterator that points to the type of element stored in the
container.

const _iterator A constant iterator that pointsto the type of element stored in
the container and can only be used to read elements.

reverse_iterator A reverseiterator that points to the type of element stored in

the container. Thistype of iterator isfor iterating through a
container in reverse.

const _reverse_iterator A constant reverseiterator to thetype of element stored inthe

container and can only be used to read elements. This type of
iterator isfor iterating through a container in reverse.

di fference_type The type of theresult of subtracting two iteratorsthat refer to

the same container (oper at or - isnot defined for itera-
torsof | i st sand associative containers).

size_type The type used to count itemsin acontainer and index through

a sequence container (cannot index through al i st).

Fig. 20.4 Commont ypedef sfound in first-class containers.
1 /] Fig. 20.5: fig20_05.cpp
2 |/ Denonstrating input and output with iterators.
3 #include <iostreanr
4  #include <iterator>
5
6 using namespace std;
7
8 int main()
9
10 cout << "Enter two integers: ";
11
Fig. 20.5 Demonstrating input and output stream iterators (part 1 of 2).
12 istreamiterator< int > inputlnt( cin);
13 i nt nunberl, nunber?2;
14
15 nunberl = *inputlnt; // read first int fromstandard i nput
16 ++i nput I nt ; /1 move iterator to next input val ue
17 nunber2 = *inputlnt; // read next int from standard input
18
19 cout << "The sumis: ";
20
21 ostreamiterator< int > outputlnt( cout );
22
23 *outputlnt = nunberl + nunber2; // output result to cout

© Copyright 1998 by Prentice Hall. All Rights Reserved.
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CHAPTER 20 STANDARD TEMPATE LIBRARY (STL)
24 cout << endl;

25 return O;

26}

Enter two integers: 12 25
The sumis: 37

Fig. 20.5 Demonstrating input and output stream iterators (part 2 of 2).
Category Description
input Used to read an element from a container. An input iterator can move only
in the forward direction (i.e., from the beginning of the container to the end
of the container) one element at atime. Input iterators support only one-
pass a gorithms—the same input iterator cannot be used to pass through a
sequence twice.
output Used to write an element to a container. An output iterator can move only
in the forward direction one element at atime. Output iterators support
only one-pass a gorithms—the same input iterator cannot be used to pass
through a sequence twice.
forward Combines the capabilities of input and output iterators and retain their posi-
tion in the container (as state information).
bidirectional Combines the capabilities of aforward iterator with the ability to movein
the backward direction (i.e., from the end of the container toward the
beginning of the container). Forward iterators support multi-pass algo-
rithms.
random access Combines the capabilities of a bidirectional iterator with the ability to
directly access any element of the container, i.e., to jump forward or back-
ward by an arbitrary number of elements.
Fig. 20.6 Iterator categories.
i nput out put
forward
bi di recti onal
random access
Fig. 20.7 Iterator category hierarchy.
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CHAPTER 20 STANDARD TEMPATE LIBRARY (STL) 6

Container Type of iterator supported
Sequence containers

vect or random access

deque random access

list bidirectional

Associative containers

set bidirectional
mul tiset bidirectional
map bidirectional
mul ti map bidirectional

Container adapters
stack no iterators supported
queue no iterators supported
priority_queue no iterators supported

Fig. 20.8 Iterator types supported by each Standard Library container.

Predefined t ypedef s for iterator

types Direction of ++ Capability
iterator forward read/write
const _iterator forward read
reverse_iterator backward read/write
const _reverse_iterator backward read

Fig. 20.9  Predefined iteratort ypedef s.

Iterator operation Description

All iterators

++p preincrement an iterator
p++ postincrement an iterator

Input iterators

*p dereference an iterator for use as an rvalue
p =pl assign one iterator to another

p == pl compare iterators for equality

p!=pl compare iterators for inequality

Output iterators
*p dereference an iterator (for use as an lvalue)

Fig. 20.10 Iterator operations for each type of iterator.

© Copyright 1998 by Prentice Hall. All Rights Reserved.
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Iterator operation

Description

p =pl

Forward iterators

Bidirectional iterators
--p

assign one iterator to another

Forward iterators provide all the functionality of both input iterators
and output iterators.

predecrement an iterator

p-- postdecrement an iterator

Random-accessiterators

p +=i Increment the iterator p by i positions.

p-=i Decrement theiterator p by i positions.

p + i Resultsin an iterator positioned at p incremented by i positions.

p-i Resultsin an iterator positioned at p decremented by i positions.

p[ i ] Return areference to the element offset from p by i positions

p < pl Returnt r ue if iterator p islessthan iterator p1 (i.e., iterator p is
before iterator p1 in the container); otherwise, return f al se.

p <= pl Returnt r ue if iterator p islessthan or equal to iterator p1 (i.e., iter-
ator p isbeforeiterator p1 or at the samelocation asiterator p1 inthe
container); otherwise, return f al se.

p > pl Returnt r ue if iterator p is greater than iterator p1 (i.e., iterator p is
after iterator p1 in the container); otherwise, return f al se.

p >= pl Returnt r ue if iterator p is greater than or equal to iterator p1 (i.e.,
iterator p is after iterator p1 or at the same location asiterator p1 in
the container); otherwise, return f al se.

Fig. 20.10 Iterator operations for each type of iterator.

Mutating-sequence algorithms

copy()
copy_backwar d()
fill()

fill_n()
generate()
generate_n()
iter_swap()
partition()
random shuffl e()

renmove() reverse_copy()

renove_copy() rotate()
renove_copy_if () rotate_copy()
renove_i f () stabl e_partition()
repl ace() swap()
swap_ranges()
transform))

uni que()

uni que_copy()

repl ace_copy()
repl ace_copy_if()
replace_if ()
reverse()

Fig. 20.11 Mutating-sequence algorithmes.

For use only by instructors in courses for which C++ How to Program, Second Editon is the required textbook.
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Non-mutating sequence algorithms

adj acent - find() equal ()
find()

for_each()

count ()
count _i f()

m smat ch()
search()
search_n()

Fig. 20.12 Non-mutating sequence algorithms.

Numerical algorithms from header file <numneri ¢>

accumul at e()

i nner _product ()
partial _sum()

adj acent _di fference()

Fig. 20.13 Numerical algorithms from header file <numer i ¢>.

1 /] Fig. 20.14: fig20_14.cpp

2 |l Testing Standard Library vector class tenplate

3 #include <iostreanr

4 #include <vector>

5

6 using namespace std;

7

8 tenplate < class T >

9 wvoid printVector( const vector< T > &vec );

10

11 int main()

12

13 const int SlIZE = 6;

14 int af SIZE] ={ 1, 2, 3, 4, 5, 6 };

15 vector< int > v;

16

17 cout << "The initial size of v is: << v.size()

18 << "\ nThe initial capacity of v is: " << v.capacity();
19 v. push_back( 2 ); // nethod push_back() is in

20 v. push_back( 3 ); // every sequence contai ner

21 v. push_back( 4 );

22 cout << "\nThe size of v is: " << v.size()

23 << "\ nThe capacity of v is: << v.capacity();
24 cout << "\n\nContents of array a using pointer notation: ";
25

26 for (int *ptr = a; ptr != a + SIZE, ++ptr )

27 cout << *ptr << ' '

28

29 cout << "\nContents of vector v using iterator notation: ";
30 printVector( v );

31

32 cout << "\ nReversed contents of vector v: ";

33

34 vector< int >::reverse_iterator p2;

35

36 for ( p2 = v.rbegin(); p2 !=v.rend(); ++p2)

37 cout << *p2 << ' '

© Copyright 1998 by Prentice Hall. All Rights Reserved.
For use only by instructors in courses for which C++ How to Program, Second Editon is the required textbook.

8



CHAPTER 20 STANDARD TEMPATE LIBRARY (STL) 9
38 cout << endl;
39 return O;
40
Fig. 20.14 Demonstrating Standard Library vect or class template (part 1 of 2).
41
42 tenplate < class T >
43 void printVector( const vector< T > &vec )
44
45 vector< T >::const_iterator pl;
46
47 for ( pl = vec.begin(); pl != vec.end(); ++pl )
48 cout << *pl << ' ',
49
The initial size of vis: O
The initial capacity of v is: O
The size of v is: 3
The capacity of v is: 4
Contents of array a using pointer notation: 1 2 3 4 5 6
Contents of vector v using iterator notation: 2 3 4
Reversed contents of vector v: 4 3 2
Fig. 20.14 Demonstrating Standard Library vect or class template (part 2 of 2).
1 // Fig. 20.15: fig20_15.cpp
2 /] Testing Standard Library vector class tenplate
3 // element-mani pul ation functions
4 #include <iostreanr
5 #include <vector>
6 #include <al gorithne
7
8 using namespace std;
9
10 int main()
11
12 const int SIZE = 6;
13 int afl SIZE] ={ 1, 2, 3, 4, 5 6 };
14 vector< int >v( a, a + SIZE );
15 ostream.iterator< int > output( cout, " " );
16 cout << "Vector v contains: ";
17 copy( v.begin(), v.end(), output );
18
19 cout << "\nFirst elenent of v: " << v.front()
20 << "\ nLast element of v: " << v.back();
21
22 vi 0] =7, /] set first elenent to 7
23 v.at( 2 ) = 10; /] set elenent at position 2 to 10
24 v.insert( v.begin() + 1, 22 ); // insert 22 as 2nd el enent

Fig. 20.15 Demonstrating Standard Library VecCt or class template element-manipulation functions (part 1

25
26

of 2).

cout << "\nContents of vector v after changes:
copy( v.begin(), v.end(), output );

© Copyright 1998 by Prentice Hall. All Rights Reserved.
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27

28 try {

29 v.at( 100 ) = 777, /'] access el ement out of range
30

31 catch ( out_of _range e ) {

32 cout << "\nException: " << e.what();

33 }

34

35 v.erase( v.begin() );

36 cout << "\ nContents of vector v after erase: ";

37 copy( v.begin(), v.end(), output );

38 v.erase( v.begin(), v.end() );

39 cout << "\nAfter erase, vector v "

40 << ( v.enpty() ? "is" : "is not" ) << " enpty";
41

42 v.insert( v.begin(), a, a + SIZE );

43 cout << "\ nContents of vector v before clear: ";

44 copy( v.begin(), v.end(), output );

45 v.clear(); [// clear calls erase to enpty a collection
46 cout << "\nAfter clear, vector v "

47 << ( v.enpty() ? "is" : "is npot" ) << " enpty";
48

49 cout << endl;

50 return O;

51}

Vector v contains: 1 2 3 45 6

First element of v: 1

Last el ement of v: 6

Contents of vector v after changes: 7 22 2 10 4 5 6
Exception: invalid vector<T> subscript

Contents of vector v after erase: 22 2 10 4 5 6
After erase, vector v is enpty

Contents of vector v before clear: 1 2 3 45 6
After clear, vector v is enpty

Fig. 20.15 Demonstrating Standard Library VecCt or class template element-manipulation functions (part 2

of 2).

STL exception types Description

out _of _range Indicates when subscript is out of range—e.g., when an invalid
subscript is specified to vect or member function at .

i nval i d_ar gunent Indicates an invalid argument was passed to a function.

I ength_error Indicates an attempt to create too long a container, st ri ng,
€etc.

bad_al | oc Indicates that an attempt to allocate memory with new (or with

an dlocator) failed because not enough memory was available.

Fig. 20.16 STL exception types.

© Copyright 1998 by Prentice Hall. All Rights Reserved.
For use only by instructors in courses for which C++ How to Program, Second Editon is the required textbook.



CHAPTER 20 STANDARD TEMPATE LIBRARY (STL)

/1 Fig. 20.17: fig20_17.cpp

/1 Testing Standard Library class I|ist
#i ncl ude <i ostreanr

#i nclude <list>

#i ncl ude <al gorithne

usi ng nanmespace std;

OCO~NOOUTAWNPF

tenplate < class T >
10 wvoid printList( const list< T > & istRef );

11

12 int main()

13 {

14 const int SIZE = 4;

15 int af SIZE] ={ 2, 6, 4, 8 };

16 list< int > val ues, otherVal ues

17

18 val ues. push_front( 1 );

19 val ues. push_front( 2 );

20 val ues. push_back( 4 );

21 val ues. push_back( 3 );

22

23 cout << "values contains: ";

24 printList( values );

25 val ues. sort();

26 cout << "\nvalues after sorting contains: ";
27 printList( values );

28

29 ot her Val ues. i nsert ( ot herVal ues. begin(), a, a + SIZE );

Fig. 20.17 Demonstrating Standard Library | 1 St class template (part 1 of 3).

30 cout << "\ notherVal ues contains: ";

31 printList( otherValues );

32 val ues. splice( values.end(), otherValues );

33 cout << "\nAfter splice values contains: ";

34 printList( values );

35

36 val ues. sort();

37 cout << "\nval ues contains: ";

38 printList( values );

39 ot her Val ues. i nsert ( ot herVal ues. begin(), a, a + SIZE );
40 ot her Val ues. sort ();

41 cout << "\ notherVal ues contains: ";

42 printList( otherValues );

43 val ues. merge( ot herVal ues );

44 cout << "\nAfter nerge:\n val ues contains: ";
45 printList( values );

46 cout << "\n ot her Val ues contains: ";

47 printList( otherValues );

48

49 val ues. pop_front ();

50 val ues. pop_back(); /'l all sequence containers
51 cout << "\nAfter pop_front and pop_back val ues contains:\n"
52 printList( values );

53

54 val ues. uni que();

55 cout << "\ nAfter unique values contains: ";

56 printList( values );

57

© Copyright 1998 by Prentice Hall. All Rights Reserved.
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58 /1 method swap is available in all containers
59 val ues. swap( ot herVal ues );

60 cout << "\nAfter swap:\n val ues contains: ";
61 printList( values );

62 cout << "\n ot her Val ues contains: ";

63 printList( otherValues );

64

65 val ues. assi gn( ot herVal ues. begin(), otherValues.end() );
66 cout << "\ nAfter assign values contains: ";

67 printList( values );

68

69 val ues. mer ge( ot herVal ues );

70 cout << "\nvalues contains: ";

71 printList( values );

72 val ues.renove( 4 );

73 cout << "\nAfter renove( 4 ) values contains: ";
74 printList( values );

75 cout << endl;

76 return O;

77}

78

Fig. 20.17 Demonstrating Standard Library | i St class template (part 2 of 3).

79 tenplate < class T >
80 wvoid printList( const list< T > & istRef )

81 {

82 if ( listRef.enpty() )

83 cout << "List is enpty";

84 el se {

85 ostream.iterator< T > output( cout, " " );

86 copy( listRef.begin(), listRef.end(), output );
87 }

88 }

val ues contains: 2 1 4 3
val ues after sorting contains: 1 2 3 4
ot her Val ues contains: 2 6 4 8
After splice values contains: 1 2 3426 438
val ues contains: 1 2 2 3 4 4 6 8
ot her Val ues contains: 2 4 6 8
After nmerge:
values contains: 1 2 2 2 3 44466 88
ot her Val ues contains: List is enpty
After pop_front and pop_back val ues contai ns:
22234446638
After unique values contains: 2 3 4 6 8
After swap:
val ues contains: List is enpty
ot her Val ues contains: 2 3 4 6 8
After assign values contains: 2 3 4 6 8
val ues contains: 2 2 334466 838
After renove( 4 ) values contains: 2 2 3 3 6 6 8 8

Fig. 20.17 Demonstrating Standard Library | i St class template (part 3 of 3).

© Copyright 1998 by Prentice Hall. All Rights Reserved.
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CHAPTER 20
1 // Fig. 20.18: fig20_18.cpp
2 |/ Testing Standard Library class deque
3 #include <iostreanr
4 #include <deque>
5 #include <al gorithnme
6
7 using namespace std;
8
9 int main()
10 {
11 deque< doubl e > val ues;
12 ostream.iterator< double > output( cout, " " );
13
14 val ues. push_front( 2.2 );
15 val ues. push_front( 3.5 );
16 val ues. push_back( 1.1 );
17
18 cout << "values contains: ";
19
20 for (int i =0; i < values.size(); ++i )
21 cout << values[ i ] << " ';
22
23 val ues. pop_front ();
24 cout << "\nAfter pop_front values contains: ";
25 copy ( values.begin(), values.end(), output );
26
27 values[ 1] = 5.4;
28 cout << "\nAfter values[ 1] = 5.4 values contains: ";
29 copy ( values.begin(), values.end(), output );
30 cout << endl;
31 return O;
32}

STANDARD TEMPATE LIBRARY (STL)

val ues contains: 3.5 2.2 1.1
After pop_front values contains: 2.2 1.1
After values[ 1 ] = 5.4 values contains: 2.2 5.4

Fig. 20.18 Demonstrating Standard Library deque class template.

CoOo~NOUITAWNPEF

/1 Fig. 20.19: fig20_19.cpp

/1 Testing Standard Library class nultiset
#i ncl ude <i ostreanr

#i ncl ude <set >

#i ncl ude <al gorithne

usi ng nanmespace std;
int main()

const int SIZE = 10;

int af SIZE] ={ 7, 22, 9, 1, 18, 30, 100, 22, 85, 13 };
typedef nultiset< int, less< int > > ins;

inmse intMultiset; /1 ims for "integer nultiset"
ostreamiterator< int > output( cout, " " );

cout << "There are currently " << intMiltiset.count( 15 )
<< " values of 15 in the nultiset\n";

intMultiset.insert( 15 );

intMultiset.insert( 15 );

cout << "After inserts, there are

© Copyright 1998 by Prentice Hall. All Rights Reserved.
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CHAPTER 20 STANDARD TEMPATE LIBRARY (STL) 14

22 << intMiltiset.count( 15 )

23 << " values of 15 in the nultiset\n";

24

25 inms::const _iterator result;

26

27 result = intMiltiset.find( 15 ); // find returns iterator
28

29 if (result !'=intMiltiset.end() ) // if iterator not at end
30 cout << "Found val ue 15\ n"; /!l found search value 15
31

32 result = intMiltiset.find( 20 );

33

34 if (result == intMiultiset.end() ) /1 will be true hence
35 cout << "Did not find value 20\n"; // did not find 20

36

37 intMultiset.insert( a, a + SIZE); // add array a to multiset
38 cout << "After insert intMiultiset contains:\n";

39 copy( intMiltiset.begin(), intMiltiset.end(), output );

40

41 cout << "\nLower bound of 22: "

42 << *( intMiltiset.lower_bound( 22 ) );

43 cout << "\ nUpper bound of 22: "

44 << *( intMiltiset.upper_bound( 22 ) );

45

46 pair< inms::const_iterator, ims::const_iterator > p;

47

48 p = intMiltiset.equal _range( 22 );

49 cout << "\ nUsing equal _range of 22"

50 << "\n Lower bound: " << *( p.first )

51 << "\n Upper bound: " << *( p.second );

Fig. 20.19 Demonstrating Standard Library mul t i set class template (part 1 of 2).

52 cout << endl;
53 return O;
54 '}

There are currently 0 values of 15 in the nultiset
After inserts, there are 2 values of 15 in the nultiset
Found val ue 15
Did not find val ue 20
After insert intMiltiset contains:
17 9 13 15 15 18 22 22 30 85 100
Lower bound of 22: 22
Upper bound of 22: 30
Usi ng equal _range of 22
Lower bound: 22
Upper bound: 30

Fig. 20.19 Demonstrating Standard Library mul t i set class template (part 2 of 2).
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1 /] Fig. 20.20: fig20_20.cpp
2 |l Testing Standard Library class set
3 #include <iostreanr
4 #include <set>
5 #include <al gorithnme
6
7 using namespace std;
8
9 int main()
10
11 typedef set< double, |ess< double > > doubl e_set;
12 const int SIZE = 5;
13 double a[ SIZE] ={ 2.1, 4.2, 9.5, 2.1, 3.7 };
14 doubl e_set doubleSet( a, a + SIZE );;
15 ostream.iterator< double > output( cout, " " );
16
17 cout << "doubl eSet contains: ";
18 copy( doubl eSet. begin(), doubl eSet.end(), output );
19
20 pai r< doubl e_set::const_iterator, bool > p;
21
22 p = doubl eSet.insert( 13.8 ); // value not in set
23 cout << '\n' << *( p.first )
24 << ( p.second ? " was" " was not" ) << " inserted";
25 cout << "\ ndoubl eSet contains: ";
26 copy( doubl eSet. begin(), doubl eSet.end(), output );
27
28 p = doubleSet.insert( 9.5 ); // value already in set
29 cout << '\n' << *( p.first )
30 << ( p.second ? " was" : " was not" ) << " inserted";
31 cout << "\ ndoubl eSet contains: ";
32 copy( doubl eSet. begin(), doubl eSet.end(), output );
33
34 cout << endl;
35 return O;
36

doubl eSet contains: 2.1 3.7 4.2 9.5

13.8 was inserted

doubl eSet contains: 2.1 3.7 4.2 9.5 13.8
9.5 was not inserted

doubl eSet contains: 2.1 3.7 4.2 9.5 13.8

Fig. 20.20 Demonstrating Standard Library Set class template.

OCO~NOOUTAWNPF

PR
N O

/1 Fig. 20.21: fig20_21.cpp

/1 Testing Standard Library class multimp
#i ncl ude <i ostreanr

#i ncl ude <map>

usi ng nanmespace std;

int main()

typedef nultimap< int, double, less< int > > nmd;
mm d pairs;

© Copyright 1998 by Prentice Hall. All Rights Reserved.
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13 cout << "There are currently " << pairs.count( 15)
14 << " pairs with key 15 in the multimp\n";
15 pairs.insert( nmd::value_type( 15, 2.7 ) );

16 pairs.insert( nmd::value_type( 15, 99.3 ) );

17 cout << "After inserts, there are "

18 << pairs.count( 15)

19 << " pairs with key 15\ n";

20 pairs.insert( mmd::value_type( 30, 111.11 ) );
21 pairs.insert( nmd::value_type( 10, 22.22 ) );
22 pairs.insert( mmd::value_type( 25, 33.333 ) );
23 pairs.insert( nmd::value_type( 20, 9.345 ) );
24 pairs.insert( nmd::value_type( 5 77.54 ) );

25 cout << "Multimap pairs contains:\nKey\tVal ue\n";
26

27 for ( mmid::const_iterator iter = pairs.begin();
28 iter != pairs.end(); ++iter )

29 cout << iter->first << "\t'

30 << jter->second << '\n';

31

32 cout << endl;

33 return O;

34}

Fig. 20.21 Demonstrating Standard Library mul t i map class template (part 1 of 2).

There are currently O pairs with key 15 in the multimap
After inserts, there are 2 pairs with key 15
Mul ti map pairs contains:

Key Val ue
5 77.54
10 22.22
15 2.7

15 99.3
20 9. 345
25 33. 828
30 111. 11

Fig. 20.21 Demonstrating Standard Library mul t i map class template (part 2 of 2).

1 /] Fig. 20.22: fig20_22.cpp

2 |l Testing Standard Library class map

3 #include <iostreanr

4 #include <map>

5

6 using namespace std;

7

8 int main()

9
10 typedef map< int, double, less< int > > nid;
11 md pairs;
12
13 pairs.insert( md::value_type( 15, 2.7 ) );
14 pairs.insert( md::value_type( 30, 111.11 ) );
15 pairs.insert( md::value_type( 5, 1010.1 ) );
16 pairs.insert( md::value_type( 10, 22.22 ) );
17 pairs.insert( md::value_type( 25, 33.333) );
18 pairs.insert( md::value_type( 5, 77.54 ) ); // dupe ignored
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19 pairs.insert( md::value_type( 20, 9.345) );

20 pairs.insert( md::value_type( 15, 99.3 ) ); // dupe ignored
21 cout << "pairs contains:\nKey\tVal ue\n";

22

23 md::const _ iterator iter;

24

25 for ( iter = pairs.begin(); iter != pairs.end(); ++iter )
26 cout << iter->first << '\t

27 << jter->second << '\n';

28

29 pairs[ 25 ] = 9999.99; // change existing value for 25
30 pairs[ 40 ] = 8765.43; // insert new value for 40

31 cout << "\ nAfter subscript operations, pairs contains:"
32 << "\ nKey\t Val ue\ n";

33

34 for ( iter = pairs.begin(); iter != pairs.end(); ++iter )
35 cout << iter->first << '\t

36 << jter->second << '\n';

37

38 cout << endl

39 return O;

40 }

Fig. 20.22 Demonstrating Standard Library map class template (part 1 of 2).

pairs contains

Key Val ue

5 1010.1
10 22.22
15 2.7

20 9. 345
25 33. 828
30 111. 11
After subscript operations, pairs contains:
Key Val ue

5 1010.1
10 22.22
15 2.7

20 9. 345
25 9999. 99
30 111. 11
40 8765. 43

Fig. 20.22 Demonstrating Standard Library map class template (part 2 of 2).

/1 Fig. 20.23: fig20_23.cpp
/1 Testing Standard Library class stack

#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude

<i ostreanp
<stack>
<vect or >
<list>

usi ng nanmespace std;

Coo~NOUIThWNBEF

=
o

tenplate< class T >
voi d popEl enents( T &s );

e
N P
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13 int main()

14 {

15 stack< int > intDequeStack; // default is deque-based stack
16 stack< int, vector< int > > intVectorStack;
17 stack< int, list< int > > intListStack;
18

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

20 i nt DequeSt ack. push( i );

21 i nt Vect or St ack. push( i );

22 i ntListStack. push( i );

23 }

24

25 cout << "Popping fromintDequeStack: ";

26 popEl ement s( i nt DequeSt ack );

27 cout << "\ nPopping fromintVectorStack: ";
28 popEl enent s( i ntVectorStack );

29 cout << "\ nPopping fromintlListStack: ";
30 popEl enents( intListStack );

31

32 cout << endl;

33 return O;

34}

35

Fig. 20.23 Demonstrating Standard Library St ack adapter class (part 1 of 2).

36 tenplate< class T >
37 wvoid popElements( T &s )

38

39 while ( I's.empty() ) {

40 cout << s.top() << ' ';
41 s. pop();

42 }

43 '}

Poppi ng fromintDequeStack: 9 8 76 543210
Poppi ng fromintVectorStack: 9 8 6 4 3 2
Poppi ng fromintListStack: 9 8 7 5 321

7 5 10
6 4 0

Fig. 20.23 Demonstrating Standard Library St ack adapter class (part 2 of 2).
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1 /] Fig. 20.24: fig20_24.cpp
2 |/ Testing Standard Library adapter class tenplate queue
3 #include <iostreanr
4 #include <queue>
5
6 using namespace std;
-
8 int main()
9 |
10 queue< doubl e > val ues;
11
12 val ues. push( 3.2 );
13 val ues. push( 9.8 );
14 val ues. push( 5.4 );
15
16 cout << "Popping fromvalues: ";
17
18 while ( !values.empty() ) {
19 cout << values.front() << ' '; /1 does not renove
20 val ues. pop(); /1 renpves el ement
21 }
22
23 cout << endl;
24 return O;
25 '}

Poppi ng fromvalues: 3.2 9.8 5.4

Fig. 20.24 Demonstrating Standard Library queue adapter class templates.

1 /] Fig. 20.25: fig20_25.cpp

2 |l Testing Standard Library class priority_queue
3 #include <iostreanr

4 #include <queue>

5 #include <functional>

6

7 using namespace std;

8

9 int main()

10

11 priority_queue< double > priorities;
12

13 priorities.push( 3.2 );

14 priorities.push( 9.8 );

15 priorities.push( 5.4 );

16

17 cout << "Popping frompriorities: ";
18

19 while ( !priorities.empty() ) {

20 cout << priorities.top() <<' ';
21 priorities.pop();

22 }

23

24 cout << endl;

25 return O;

26}

© Copyright 1998 by Prentice Hall. All Rights Reserved.
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Popping frompriorities: 9.8 5.4 3.2

Fig. 20.25 Demonstrating Standard Library pri ori t y_queue adapter class.

1 /] Fig. 20.26: fig20_26.cpp

2 |/ Dernonstrating fill, fill_n, generate, and generate_n

3 // Standard Library nethods.

4 #include <iostreanp

5 #include <al gorithnme

6 #include <vector>

7

8 using namespace std;

9

10 char nextlLetter();

11

12 int main()

13 {

14 vector< char > chars( 10 );

15 ostream.iterator< char > output( cout, " " );

16

17 fill( chars.begin(), chars.end(), '5" );

18 cout << "Vector chars after filling with 5s:\n";

19 copy( chars.begin(), chars.end(), output );

20

21 fill_n( chars.begin(), 5 'A );

22 cout << "\ nVector chars after filling five el enents"

23 << " with As:\n";

24 copy( chars.begin(), chars.end(), output );

25

26 generate( chars.begin(), chars.end(), nextlLetter );

27 cout << "\ nVector chars after generating letters A-J:\n";

28 copy( chars.begin(), chars.end(), output );

Fig. 20.26 Demonstrating Standard Library functionsfi I | ,fi 1| _n,gener at eandgener at e_n (part
1 of 2).

29

30 generate_n( chars.begin(), 5, nextlLetter );

31 cout << "\ nVector chars after generating K-O for the"

32 << " first five elenents:\n";

33 copy( chars.begin(), chars.end(), output );

34

35 cout << endl;

36 return O;

37 1}

38

39 char nextlLetter()

40 {

41 static char letter = "A";

42 return letter++;

43 '}
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Vector chars after filling with 5s:
B bbbl b
Vector chars after filling five elenents with As:
AAAAAS55555
Vector chars after generating letters A-J:
ABCDEFGHI J
Vector chars after generating K-O for the first five el-
enment s:
KLMNOFGHI J

Fig. 20.26 Demonstrating Standard Library functionsfi I | ,fi 1| _n,gener at eandgener at e_n (part
2 of 2).

1 /] Fig. 20.27: fig20_27.cpp

2 |/ Denonstrates Standard Library functions equal,

3 // mismatch, |exicographical _conpare.

4  #include <iostreanp

5 #include <al gorithnme

6 #include <vector>

7

8 using namespace std;

9

10 int main()

11 {

12 const int SIZE = 10;

13 int al[] SIZE] ={ 1, 2, 3, 4, 5 6, 7, 8, 9, 10 };

14 int a2[ SIZE] ={ 1, 2, 3, 4, 1000, 6, 7, 8, 9, 10 };

15 vector< int > vl( al, al + SIZE ),

16 v2( al, al + SIZE ),

17 v3( a2, a2 + SIZE);

18 ostreamiterator< int > output( cout, " " );

19

Fig. 20.27 Demonstrating Standard Library functions equal , m smat ch and

| exi cographi cal _conpar e (part 1 of 2).

20 cout << "Vector v1 contains: ";

21 copy( vi1.begin(), vl.end(), output );

22 cout << "\ nVector v2 contains: ";

23 copy( v2.begin(), v2.end(), output );

24 cout << "\ nVector v3 contains: ";

25 copy( v3.begin(), v3.end(), output );

26

27 bool result = equal ( vl.begin(), vl.end(), v2.begin() );
28 cout << "\n\nVector vl " << ( result ? "is" "i's not" )
29 << " equal to vector v2.\n";

30

31 result = equal ( vl.begin(), vl.end(), v3.begin() );

32 cout << "Vector vl " << ( result ? "is" "is not" )

33 << " equal to vector v3.\n";

34

35 pair< vector< int > :iterator,

36 vector< int > :iterator > | ocation;

37 Il ocation = msmatch( vl1.begin(), vil.end(), v3.begin() );
38 cout << "\nThere is a m smatch between vl and v3 at "
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<< "location " << ( location.first - vi.begin() )
<< "\nwhere vl contains " << *|ocation.first

<< " and v3 contains " << *|ocation.second

<< "\'n\n";

char cl[ SIZE] = "HELLO', c2[ SIZE ] = "BYE BYE";

result =
| exi cographi cal _conpare( c1, ¢l + SIZE, ¢2, c2 + SIZE);
cout << cl
<< (result ? " is less than
<< c2;

is greater than " )

cout << endl:

return O;
}
Vector v1 contains: 1 23 456 7 8 9 10
Vector v2 contains: 1 23 456 7 8 9 10
Vector v3 contains: 1 2 3 4 1000 6 7 8 9 10

Vector vl is equal to vector v2.
Vector vl is not equal to vector v3.

There is a m smatch between vl and v3 at |ocation 4
where vl contains 5 and v2 contai ns 1000

HELLO i s greater than BYE BYE

Fig. 20.27 Demonstrating Standard Library functions equal , m smat ch and

| exi cographi cal _conpar e (part 2 of 2).

Coo~NOUIThWNPF

/1 Fig. 20.28: fig20_28.cpp

/1 Denpbnstrates Standard Library functions renove, renove_if
/'l remove_copy and renove_copy_if

#i ncl ude <i ostrean»

#i ncl ude <al gorithne

#i ncl ude <vector>

usi ng namespace std;
bool greater9( int );
int main()

const int SIZE = 10;
int af SIZE] = { 10, 2, 10, 4, 16, 6, 14, 8, 12, 10 };
ostreamiterator< int > output( cout, " " );

/! Renobve 10 fromv

vector< int > v( a, a + SIZE );

vector< int >::iterator newLastEl enent;

cout << "Vector v before renmoving all 10s:\n";
copy( v.begin(), v.end(), output );

newLast El enent = renmove( v.begin(), v.end(), 10 );
cout << "\nVector v after renoving all 10s:\n";
copy( v.begin(), newLastEl enent, output );

/'l Copy fromv2 to c, renpving 10s
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28 vector< int > v2( a, a + SIZE );

29 vector< int > c( SIZE, 0);

30 cout << "\n\nVector v2 before renobving all 10s "

31 << "and copying:\n";

32 copy( v2.begin(), v2.end(), output );

33 remove_copy( v2.begin(), v2.end(), c.begin(), 10 );

34 cout << "\nVector c after renpving all 10s fromv2:\n";
35 copy( c.begin(), c.end(), output );

36

Fig. 20.28 Demonstrating Standard Library functions r enove, r enove_i f ,r enove_copy and
renove_copy_if (partlof3).

37 /! Renove el enents greater than 9 fromv3

38 vector< int > v3( a, a + SIZE );

39 cout << "\n\nVector v3 before removing all el enents"
40 << "\ ngreater than 9:\n";

41 copy( v3.begin(), v3.end(), output );

42 newLast El enent = remove_if( v3.begin(), v3.end(),
43 greater9 );

44 cout << "\nVector v3 after renoving all el enents"
45 << "\ngreater than 9:\n";

46 copy( v3.begin(), newLastEl enent, output );

47

48 /1 Copy elenents fromv4 to c,

49 /1 renpving el ements greater than 9

50 vector< int > v4( a, a + SIZE );

51 vector< int > c2( SIZE, 0 );

52 cout << "\n\nVector v4 before removing all el enents"
53 << "\ngreater than 9 and copying:\n";

54 copy( v4.begin(), v4.end(), output );

55 renove_copy_if( v4.begin(), v4.end(),

56 c2.begin(), greater9 );

57 cout << "\nVector c2 after renmoving all el enents"
58 << "\ngreater than 9 fromv4:\n";

59 copy( c2.begin(), c2.end(), output );

60

61 cout << endl;

62 return O;

63 }

64

65 bool greater9( int x )

66 {

67 return x > 9;

68 }

Fig. 20.28 Demonstrating Standard Library functions r enove, r enove_i f ,r enove_copy and
renove_copy_if (part2of3).
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Vector v before renoving all 10s:
10 2 10 4 16 6 14 8 12 10

Vector v after renoving all 10s:
2 416 6 14 8 12

Vector v2 before removing all 10s and copyi ng:
10 2 10 4 16 6 14 8 12 10

Vector ¢ after renpving all 10s from v2
2416 6 14812000

Vector v3 before renoving all elenents
greater than 9

10 2 10 4 16 6 14 8 12 10

Vector v3 after renmoving all elements
greater than 9

2468

Vector v4 before renoving all elenents
greater than 9 and copyi ng:

10 2 10 4 16 6 14 8 12 10

Vector c2 after renmoving all el ements
greater than 9 fromv4
2468000000

Fig

.20.28 Demonstrating Standard Library functions r enove, r enove_i f,renove_copy and

renove_copy_if (part3of3).

1 /] Fig. 20.29: fig20_29.cpp
2 |/ Denpnstrates Standard Library functions replace, replace_if
3 I/l replace_copy and replace_copy_if
4 #include <iostreanr
5 #include <al gorithne
6 #include <vector>
7
8 using namespace std;
9
10 bool greater9( int );
11
12 int main()
13
14 const int SIZE = 10
15 int af SIZE] = { 10, 2, 10, 4, 16, 6, 14, 8, 12, 10 };
16 ostream.iterator< int > output( cout, " " );
17
18 /'l Replace 10s in vl with 100
19 vector< int > vl( a, a + SIZE);
20 cout << "Vector vl before replacing all 10s:\n";
21 copy( vl1.begin(), vl.end(), output );
22 repl ace( v1.begin(), vl.end(), 10, 100 );
23 cout << "\nVector vl after replacing all 10s with 100s:\n";
24 copy( vl1.begin(), vl.end(), output );
25
Fig. 20.29 Demonstrating Standard Library functions r epl ace, repl ace_i f,repl ace_copy and
replace_copy_if (partiof3).
26 /1 copy fromv2 to cl1, replacing 10s with 100s
27 vector< int > v2( a, a + SIZE );
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28 vector< int > c1( SIZE);

29 cout << "\n\nVector v2 before replacing all 10s "

30 << "and copying:\n";

31 copy( v2.begin(), v2.end(), output );

32 repl ace_copy( v2.begin(), v2.end(),

33 cl. begin(), 10, 100 );

34 cout << "\nVector cl after replacing all 10s in v2:\n";
35 copy( cl.begin(), cl.end(), output );

36

37 /'l Replace values greater than 9 in v3 with 100

38 vector< int > v3( a, a + SIZE );

39 cout << "\n\nVector v3 before replacing values greater"
40 << " than 9:\n";

41 copy( v3.begin(), v3.end(), output );

42 replace_if( v3.begin(), v3.end(), greater9, 100 );

43 cout << "\nVector v3 after replacing all values greater"
44 << "\nthan 9 with 100s:\n";

45 copy( v3.begin(), v3.end(), output );

46

47 /1 Copy v4 to c2, replacing elements greater than 9 with 100
48 vector< int > v4( a, a + SIZE );

49 vector< int > c2( SIZE);

50 cout << "\n\nVector v4 before replacing all values greater"
51 << "\'nthan 9 and copyi ng:\n";

52 copy( v4.begin(), v4.end(), output );

53 repl ace_copy_if( v4.begin(), v4.end(), c2.begin(),

54 greater9, 100 );

55 cout << "\nVector c2 after replacing all values greater"
56 << "\nthan 9 in v4:\n";

57 copy( c2.begin(), c2.end(), output );

58

59 cout << endl

60 return O;

61 }

62

63 bool greater9( int x )

64 {

65 return x > 9

66 }

Fig. 20.29 Demonstrating Standard Library functions r epl ace, r epl ace_i f,r epl ace_copy and
repl ace_copy_if (part2of3).
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Vector vl before replacing all 10s:

10 2 10 4 16 6 14 8 12 10

Vector vl after replacing all 10s with 100s:
100 2 100 4 16 6 14 8 12 100

Vector v2 before replacing all 10s and copyi ng:
10 2 10 4 16 6 14 8 12 10

Vector cl after replacing all 10s in v2:

100 2 100 4 16 6 14 8 12 100

Vector v3 before replacing values greater than 9:
10 2 10 4 16 6 14 8 12 10

Vector v3 after replacing all val ues greater
than 9 with 100s:

100 2 100 4 100 6 100 8 100 100

Vector v4 before replacing all values greater
than 9 and copyi ng

10 2 10 4 16 6 14 8 12 10

Vector c2 after replacing all val ues greater
than 9 in v4

100 2 100 4 100 6 100 8 100 100

STANDARD TEMPATE LIBRARY (STL)

Fig. 20.29 Demonstrating Standard Library functions r epl ace, repl ace_i f,repl ace_copy and
replace_copy_if (part3of3).
1 // Fig. 20.30: fig20_30.cpp
2 |/ Exanples of mathematical algorithns in the Standard Library.
3 #include <iostreanr
4 #include <algorithne
5 #include <nuneric> /'l accunul ate is defined here
6 #include <vector>
7
8 using namespace std;
9
10 bool greater9( int );
11 void outputSquare( int );
12 int cal cul ateCube( int );
13
14 int main()
15 {
16 const int SIZE = 10
17 int al[] ={ 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 };
18 vector< int > v( al, al + SIZE );
19 ostream.iterator< int > output( cout, " " );
20
21 cout << "Vector v before randomshuffle: ";
22 copy( v.begin(), v.end(), output );
23 random shuffle( v.begin(), v.end() );
24 cout << "\nVector v after random shuffle: ";
25 copy( v.begin(), v.end(), output );
26
27 int a2[] = { 100, 2, 8, 1, 50, 3, 8, 8, 9, 10 };
28 vector< int > v2( a2, a2 + SIZE );

Fig. 20.30 Demonstrating some mathematical algorithms of the Standard Library (part 1 of 3).

29

cout << "\n\nVector v2 contains: ";
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30 copy( v2.begin(), v2.end(), output );

31 int result = count( v2.begin(), v2.end(), 8 );

32 cout << "\ nNunber of elenents matching 8: " << result;

33

34 result = count_if( v2.begin(), v2.end(), greater9 );

35 cout << "\ nNunber of elenents greater than 9: " << result;
36

37 cout << "\n\nM ni num el enent in Vector v2 is: "

38 << *( mn_element( v2.begin(), v2.end() ) );

39

40 cout << "\nMaxi mum el ement in Vector v2 is: "

41 << *( max_el ement ( v2.begin(), v2.end() ) );

42

43 cout << "\n\nThe total of the elements in Vector v is: "
44 << accunul ate( v.begin(), v.end(), 0 );

45

46 cout << "\n\nThe square of every integer in Vector v is:\n";
47 for_each( v.begin(), v.end(), outputSquare );

48

49 vector< int > cubes( SIZE);

50 transform( v.begin(), v.end(), cubes.begin(),

51 cal cul at eCube );

52 cout << "\n\nThe cube of every integer in Vector v is:\n";
53 copy( cubes. begin(), cubes.end(), output );

54

55 cout << endl

56 return O;

57 '}

58

59 bool greater9( int value ) { return value > 9; }

60

61 void outputSquare( int value ) { cout << value * value << ' "'; }
62

63 int calcul ateCube( int value ) { return value * value * val ue; }

Fig. 20.30 Demonstrating some mathematical algorithms of the Standard Library (part 2 of 3).

Vector v before randomshuffle: 1 2 3456 7 8 9 10
Vector v after randomshuffle: 54 1 3 7 8 9 10 6 2

Vector v2 contains: 100 2 8 1 50 3 8 8 9 10
Nurmber of el ements matching 8: 3
Nurmber of el enments greater than 9: 3

M ni mum el enent in Vector v2 is: 1
Maxi mum el enent in Vector v2 is: 100

The total of the elenents in Vector v is: 55

The square of every integer in Vector v is:
25 16 1 9 49 64 81 100 36 4

The cube of every integer in Vector v is:
125 64 1 27 343 512 729 1000 216 8

Fig. 20.30 Demonstrating some mathematical algorithms of the Standard Library (part 3 of 3).
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1 /] Fig. 20.31: fig20_31.cpp

2 |/ Denonstrates search and sort capabilities.

3 #include <iostreanr

4 #include <algorithnm

5 #include <vector>

6

7 using namespace std;

8

9 bool greater10( int value );

10

11 int main()

12 {

13 const int SIZE = 10;

14 int af SIZE] = { 10, 2, 17, 5, 16, 8, 13, 11, 20, 7 };
15 vector< int > v( a, a + SIZE );

16 ostreamiterator< int > output( cout, " " );
17

18 cout << "Vector v contains: ";

19 copy( v.begin(), v.end(), output );

20

21 vector< int > :iterator |ocation;

22 location = find( v.begin(), v.end(), 16 );
23

24 if ( location != v.end() )

25 cout << "\n\nFound 16 at |ocation "

26 << ( location - v.begin() );

27 el se

28 cout << "\n\nl6 not found";

29

30 location = find( v.begin(), v.end(), 100 );
31

32 if ( location != v.end() )

33 cout << "\nFound 100 at location "

34 << ( location - v.begin() );

35 el se

36 cout << "\nl00 not found";

37

38 location = find_if( v.begin(), v.end(), greaterl0 );
39

40 if ( location != v.end() )

41 cout << "\'n\nThe first value greater than 10 is "
42 << *|ocation << "\nfound at location "
43 << ( location - v.begin() );

44 el se

45 cout << "\n\nNo val ues greater than 10 were found";
46

47 sort( v.begin(), v.end() );

48 cout << "\ n\nVector v after sort: ";

49 copy( v.begin(), v.end(), output );

50

STANDARD TEMPATE LIBRARY (STL)

Fig. 20.31 Basic searching and sorting algorithms of the Standard Library

51
52

(part 1 of 2).

if ( binary_search( v.begin(), v.end(), 13 ) )
cout << "\n\nl3 was found in v";

el se
cout << "\n\nl3 was not found in v";

if ( binary_search( v.begin(), v.end(), 100 ) )
cout << "\ nl100 was found in v";

el se
cout << "\nl00 was not found in v";
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61 cout << endl;
62 return O;

63 }

64

65 bool greaterl10( int value ) { return value > 10; }

Vector v contains: 10 2 17 5 16 8 13 11 20 7

Found 16 at | ocation 4
100 not found

The first value greater than 10 is 17
found at |ocation 2

Vector v after sort: 2 5 7 8 10 11 13 16 17 20

13 was found in v
100 was not found in v

Fig. 20.31 Basic searching and sorting algorithms of the Standard Library
(part 2 of 2).

1 /] Fig. 20.32: fig20_32.cpp

2 |/ Denonstrates iter_swap, swap and swap_ranges.
3 #include <iostreanr

4 #include <algorithnm

5

6 using namespace std;

7

8 int main()

9

10 const int SIZE = 10;

11 int af SIZE] ={ 1, 2, 3, 4, 5 6, 7, 8, 9, 10 };
12 ostreamiterator< int > output( cout, " " );
13

14 cout << "Array a contains:\n";

15 copy( a, a + SIZE, output );

Fig. 20.32 Demonstrating swap, i t er _swap and swap_r anges (part 1 of 2).

16

17 swap( a[ 0], a[ 1] );

18 cout << "\nArray a after swapping a[0] and a[1] "
19 << "using swap:\n";

20 copy( a, a + SIZE, output );

21

22 iter_swap( & 0], &[ 11 );

23 cout << "\nArray a after swapping a[0] and a[1] "
24 << "using iter_swap:\n";

25 copy( a, a + SIZE, output );

26

27 swap_ranges( a, a + 5, a+5);

28 cout << "\nArray a after swapping the first five el ements\n"
29 << "wWith the last five elenents:\n";

30 copy( a, a + SIZE, output );

31

32 cout << endl;

33 return O;

34}
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CHAPTER 20
Array a contains:
12345678910
Array a after swapping a[0] and a[1l] using swap:
2134567891
Array a after swapping a[0] and a[1l] using iter_swap:
12345678910
Array a after swapping the first five el enents
with the last five el enments:
6 7891012345

Fig. 20.32 Demonstrating swap, i t er _swap and swap_r anges (part 2 of 2).

1 /] Fig. 20.33: fig20_33.cpp

2 |/ Denonstrates miscellaneous functions: copy_backward, merge,
3 /! unique and reverse.

4  #include <iostreanp

5 #include <al gorithnme

6 #include <vector>

-

8 using namespace std;

9

10 int main()

11

12 const int SIZE = 5;

13 int all SIZE] ={ 1, 3, 5, 7, 9},

14 int a2[ SIZE] ={ 2, 4, 5, 7, 9},

15 vector< int > vl( al, al + SIZE );

16 vector< int > v2( a2, a2 + SIZE );

17

18 ostreamiterator< int > output( cout, " " );

19

20 cout << "Vector v1 contains: ";

21 copy( v1.begin(), vl.end(), output );

22 cout << "\ nVector v2 contains: ";

23 copy( v2.begin(), v2.end(), output );

24

25 vector< int > results( vl.size() );

26 copy_backward( v1.begin(), vl.end(), results.end() );
27 cout << "\n\nAfter copy_backward, results contains: ";
28 copy( results.begin(), results.end(), output );

29

30 vector< int > results2( vil.size() * v2.size() );

31 nerge( vl1.begin(), vil.end(), v2.begin(), v2.end(),

32 resul ts2. begin() );

33 cout << "\n\nAfter nmerge of vl and v2 results2 contains:\n";
34 copy( results2.begin(), results2.end(), output );

35

36 vector< int > :iterator endLocation;

37 endLocation = unique( results2.begin(), results2.end() );

Fig. 20.33 Demonstrating copy__backwar d, mer ge,uni que and r ever se (part 2 of 2).

38 cout << "\n\nAfter unique results2 contains:\n";
39 copy( results2.begin(), endLocation, output );
40

41 cout << "\n\nVector vl after reverse: ";

42 reverse( vl.begin(), vl.end() );
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43 copy( v1.begin(), vil.end(), output );
44

45 cout << endl;

46 return O;

a7 '}

Vector v1 contains: 1 357 9
Vector v2 contains: 2 457 9
After copy_backward results contains: 1 35 7 9

After merge of vl and v2 results2 contains:
12345577929

After unique results2 contains:
12345709

Vector v1 after reverse: 9 75 3 1

Fig. 20.33 Demonstrating copy__backwar d, mer ge,uni que and r ever se (part 2 of 2).

1 /] Fig. 20.34: fig20_34.cpp

2 |/ Denonstrates miscellaneous functions: inplace_nerge,
3 /Il reverse_copy, and uni que_copy.

4 #include <iostreanp

5 #include <al gorithnme

6 #include <vector>

7 #include <iterator>

8
9

usi ng nanmespace std;

10

11 int main()

12

13 const int SIZE = 10;

14 int al[ SlIze] ={ 1, 3, 5, 7, 9, 1, 3, 5, 7, 9 };
15 vector< int > vl( al, al + SIZE );

16

17 ostreamiterator< int > output( cout, " " );

18

19 cout << "Vector v1 contains: ";

20 copy( vl.begin(), vil.end(), output );

21

22 i npl ace_nerge( vl1.begin(), vl.begin() + 5, vil.end() );
23 cout << "\nAfter inplace_nerge, vl contains: ";

24 copy( vl.begin(), vil.end(), output );

25

26 vector< int > resultsi;

27 uni que_copy( v1.begin(), vi.end(),

28 back_inserter( resultsl ) );

29 cout << "\nAfter unique_copy resultsl contains: ";
30 copy( resultsl.begin(), resultsl.end(), output );
31

32 vector< int > results2;

33 cout << "\nAfter reverse_copy, results2 contains: ";
34 reverse_copy( vl.begin(), vi.end(),

35 back_inserter( results2 ) );

36 copy( results2.begin(), results2. end(), output );
37

38 cout << endl;

39 return O;

40 }
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Vector vl contains: 1357 913579

After inplace_nerge, vl contains: 11335577929
After unique_copy resultsl contains: 1 357 9

After reverse_copy, results2 contains: 997 7553311

Fig. 20.34 Demonstrating i Npl ace_ner ge, uni que_copy andr ever se_copy.

OCoO~NOOOUTh WN P

/1 Fig. 20.35: fig20_35.cpp

/1 Denobnstrates includes, set _difference, set_intersection,
/1 set_symmretric_difference and set_union.

#i ncl ude <i ostrean»

#i ncl ude <al gorithne

usi ng nanmespace std;

{

int main()
const int SIZE1l = 10, SIZE2 = 5, SIZE3 = 20;
int al[ SIzer ] ={ 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 };
int a2[ SIZE2 ] ={ 4, 5, 6, 7, 8 };
int a3[ SIZE2 1] ={ 4, 5, 6, 11, 15 };
ostreamiterator< int > output( cout, " " );

cout << "al contains: ";
copy( al, al + SIZE1l, output );
cout << "\ na2 contains: ";

copy( a2, a2 + SIZE2, output );

cout << "\ na3 contains: ";
copy( a3, a3 + SIZE2, output );

if ( includes( al, al + SIZEl, a2, a2 + SIZE2 ) )
cout << "\nal includes a2";

el se
cout << "\ nal does not include a2";

if ( includes( al, al + SIZEl1, a3, a3 + SIZE2 ) )
cout << "\nal includes a3";

el se
cout << "\ nal does not include a3";

int difference[ SIZE1l ];

int *ptr = set_difference( al, al + SIZEl, a2, a2 + Sl|ZE2,
difference );

cout << "\nset _difference of al and a2 is: ";

copy( difference, ptr, output );

int intersection[ SIZEl ];
ptr = set_intersection( al, al + SIZEl, a2, a2 + SIZE2,
intersection );

Fig. 20.35 Demonstrating Set operations of the Standard Library (part 1 of 2).

43
44
45
46
47

cout << "\nset _intersection of al and a2 is: ";
copy( intersection, ptr, output );

int symetric_difference[ SIZE1l ];
ptr = set_symetric_difference( al, al + Sl ZEl,
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48 a2, a2 + SIZE2, symmetric_difference );
49 cout << "\nset_symmetric_difference of al and a2 is: ";
50 copy( symetric_difference, ptr, output );
51
52 int unionSet[ SIZE3 ];
53 ptr = set_union( al, al + SlZEl, a3, a3 + SIZE2, unionSet );
54 cout << "\nset _union of al and a3 is: ";
55 copy( unionSet, ptr, output );
56 cout << endl
57 return O;
58 }
al contains: 1 23 456789 10
a2 contains: 456 7 8
a3 contains: 4 5 6 11 15

al includes a2

al does not include a3

set _difference of al and a2 is: 1 2
set _intersection of al and a2 is: 4
set_symretric_difference of al and a S 2 39 10
set _union of al and a3 is: 1234567 89 10 11 15

39 10
56 78
2is: 1

Fig. 20.35 Demonstrating Set operations of the Standard Library (part 2 of 2).
1 /] Fig. 20.36: fig20_36.cpp

2 |/ Denonstrates |ower_bound, upper_bound and equal _range for
3 // a sorted sequence of val ues.

4  #include <iostreanp

5 #include <al gorithnme

6 #include <vector>

7

8 using namespace std;

9

10 int main()

11 {

12 const int SIZE = 10

13 int al[] ={ 2, 2, 4, 4, 4, 6, 6, 6, 6, 8 };

14 vector< int > v( al, al + SIZE);

15 ostreamiterator< int > output( cout, " " );

16

17 cout << "Vector v contains:\n";

18 copy( v.begin(), v.end(), output );

19

20 vector< int > :iterator |ower;

21 | ower = | ower_bound( v.begin(), v.end(), 6 );

22 cout << "\n\nLower bound of 6 is elenment "

23 << ( lower - v.begin() ) << " of vector v";

24

25 vector< int >::iterator upper;

26 upper = upper_bound( v.begin(), v.end(), 6 );

27 cout << "\ nUpper bound of 6 is elenment "

28 << ( upper - v.begin() ) << " of vector v";

29

30 pair< vector< int > :iterator, vector< int > :iterator > eq
31 eq = equal _range( v.begin(), v.end(), 6 );

32 cout << "\ nUsing equal _range:\n"

33 << " Lower bound of 6 is elenent "

34 << ( eq.first - v.begin() ) << " of vector v";
35 cout << "\n Upper bound of 6 is elenent "

36 << ( eq.second - v.begin() ) << " of vector v";
37
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cout << "\n\nUse | ower_bound to |ocate the first point\n"
<< "at which 5 can be inserted in order";

| ower = | ower_bound( v.begin(), v.end(), 5);

cout << "\n Lower bound of 5 is elenent "
<< ( lower - v.begin() ) << " of vector v";

cout << "\n\nUse upper_bound to |ocate the | ast point\n"
<< "at which 7 can be inserted in order”;

upper = upper_bound( v.begin(), v.end(), 7 );

cout << "\n Upper bound of 7 is elenment "
<< ( upper - v.begin() ) << " of vector v";

Fig. 20.36 Demonstrating | ower _bound, upper _bound and equal _r ange (part 1 of 2).

50 cout << "\n\nUse equal _range to locate the first and\n"
51 << "last point at which 5 can be inserted in order";
52 eq = equal _range( v.begin(), v.end(), 5);
53 cout << "\n Lower bound of 5 is elenent "
54 << ( eq.first - v.begin() ) << " of vector v";
55 cout << "\n Upper bound of 5 is elenent "
56 << ( eq.second - v.begin() ) << " of vector v"
57 << endl;
58 return O;
59 1}
Vector v contains:
2244466¢6¢68
Lower bound of 6 is elenment 5 of vector v
Upper bound of 6 is elenment 9 of vector v
Usi ng equal _range:
Lower bound of 6 is elenent 5 of vector v
Upper bound of 6 is elenment 9 of vector v
Use | ower _bound to |ocate the first point
at which 5 can be inserted in order
Lower bound of 5 is elenent 5 of vector v
Use upper_bound to locate the | ast point
at which 7 can be inserted in order
Upper bound of 7 is elenment 9 of vector v
Use equal range to locate the first and
| ast point at which 5 can be inserted in order
Lower bound of 5 is elenent 5 of vector v
Upper bound of 5 is elenment 5 of vector v
Fig. 20.36 Demonstrating | ower _bound, upper _bound and equal _r ange (part 2 of 2).
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1 /] Fig. 20.37: fig20_37.cpp

2 |/ Denonstrating push_heap, pop_heap, make_heap and sort_heap.
3 #include <iostreanr

4 #include <algorithnm

5 #include <vector>

6

7 using namespace std;

8

9 int main()

10 {

11 const int SIZE = 10;

12 int af SIZE] = { 3, 100, 52, 77, 22, 31, 1, 98, 13, 40 };
13 int i;

Fig. 20.37 Using Standard Library functions to perform a heapsort (part 1 of 3).

14 vector< int > v( a, a + SIZE ), v2;

15 ostreamiterator< int > output( cout, " " );
16

17 cout << "Vector v before nake_heap:\n";

18 copy( v.begin(), v.end(), output );

19 make_heap( v.begin(), v.end() );

20 cout << "\nVector v after make_heap:\n";

21 copy( v.begin(), v.end(), output );

22 sort_heap( v.begin(), v.end() );

23 cout << "\nVector v after sort_heap:\n";

24 copy( v.begin(), v.end(), output );

25

26 /1 performthe heapsort w th push_heap and pop_heap
27 cout << "\n\nArray a contains: ";

28 copy( a, a + SIZE, output );

29

30 for (i =0; i <SIZE ++i ) {

31 v2. push_back( a[ i ] );

32 push_heap( v2.begin(), v2.end() );

33 cout << "\nv2 after push_heap(a[" << i << "]): ";
34 copy( v2.begin(), v2.end(), output );

35 }

36

37 for (i =0; i <v2.size(); ++i ) {

38 cout << "\nv2 after " << v2[ 0] << " popped from heap\n";
39 pop_heap( v2.begin(), v2.end() - i );

40 copy( v2.begin(), v2.end(), output );

41

42

43 cout << endl;

44 return O;

45 '}

Fig. 20.37 Using Standard Library functions to perform a heapsort (part 2 of 3).

© Copyright 1998 by Prentice Hall. All Rights Reserved.
For use only by instructors in courses for which C++ How to Program, Second Editon is the required textbook.



CHAPTER 20

STANDARD TEMPATE LIBRARY (STL)

Vector v before nake_heap:
3 100 52 77 22 31 1 98 13 40
Vector v after nmake_heap:
100 98 52 77 40 31 1 3 13 22
Vector v after sort_heap:
1 3 13 22 31 40 52 77 98 100

Array a contains: 3 100 52 77
v2 after push_heap(a[0]): 3

v2 after push_heap(a[1]): 100
v2 after push_heap(a[2]): 100
v2 after push_heap(a[3]): 100
v2 after push_heap(a[4]): 100
v2 after push_heap(a[5]): 100
v2 after push_heap(a[6]): 100
v2 after push_heap(a[7]): 100
v2 after push_heap(a[8]): 100
v2 after push_heap(a[9]): 100
v2 after 100 popped from heap
98 77 52 22 40 31 1 3 13 100
v2 after 98 popped from heap
77 40 52 22 13 31 1 3 98 100
v2 after 77 popped from heap
52 40 31 22 13 3 1 77 98 100
v2 after 52 popped from heap
40 22 31 1 13 3 52 77 98 100
v2 after 40 popped from heap
31 22 3 1 13 40 52 77 98 100
v2 after 31 popped from heap
22 13 3 1 31 40 52 77 98 100
v2 after 22 popped from heap
13 1 3 22 31 40 52 77 98 100
v2 after 13 popped from heap
3 1 13 22 31 40 52 77 98 100
v2 after 3 popped from heap

1 3 13 22 31 40 52 77 98 100
v2 after 1 popped from heap

1 3 13 22 31 40 52 77 98 100

1 98 13 40

3

3 22

3 22 31
322311

77 22 31 1 3

77 22 31 1 3 13
77 40 31 1 3 13 22

Fig. 20.37 Using Standard Library functions to perform a heapsort (part 3 of 3).
1 /] Fig. 20.38: fig20_38.cpp

2 // Denonstrating min and max

3 #include <iostreanr

4 #include <algorithne

5

6 using namespace std;

7

8 int nain()

9 |

10 cout << "The mnimumof 12 and 7 is: " << mn( 12, 7 );
11 cout << "\nThe maxi mum of 12 and 7 is: " << max( 12, 7 );
12 cout << "\nThe minimumof "G and 'Z' is: "

13 < mn('G, 'Z );

14 cout << "\nThe maximumof "G and 'Z' is: "

15 < mx( 'G, 'Z ) << endl

16 return O;

17 1}
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The minimumof 12 and 7 is: 7
The maxi mum of 12 and 7 is: 12
The minimumof "G and 'Z is: G
The maximumof "G and 'Z is: Z

Fig. 20.38 Demonstrating algorithms N N and NAX.

Algorithm

Description

adj acent _di fference

i nner _product

partial _sum

nt h_el enent

partition

Beginning with the second element in a sequence, calculate
the difference (using operator —) between the current element
and the previous element, and store the result. The first two
input iterator arguments indicate the range of elementsin the
container and the third output iterator argument indicates
where the results should be stored. A second version of this
function takes as a fourth argument a binary function to per-
form a calcul ation between the current element and the previ-
ous element.

This function calcul ates the sum of the products of two
sequences by taking corresponding elements in each
sequence, multiplying those elements and adding the result to
atotal.

Calculate arunning total (using operator +) of thevaluesina
sequence. Thefirst two input iterator arguments indicate the
range of elements in the container and the third argument (an
output iterator) indicates where the results should be stored.
A second version of this function takes as a fourth argument
abinary function that performs a cal cul ation between the cur-
rent value in the sequence and the running total.

Thisfunction uses three random-accessiteratorsto partition a
range of elements. The first and last arguments represent the
range of elements. The second argument is the partitioning
element’ s location. After this function executes, all elements
to the left of the partitioning element are less than that ele-
ment and all elementsto the right of the partitioning element
are greater than or equal to that element. A second version of
this function takes as a fourth argument a binary comparison
function.

Thisfunction issimilar tont h_el enent ; however, it
requires less powerful bidirectional iterators, so it is more
flexiblethan nt h_el ement . Functionpartiti on
reguires two bidirectiona iterators indicating the range of
elementsto partition. The third element is aunary predicate
function that helps partition the elements such that all ele-
mentsin the sequence for which the predicateist r ue areto
the left (toward the beginning of the sequence) of all ele-
ments for which the predicateisf al se. A bidirectional iter-
ator isreturned indicating the first element in the sequence
for which the predicate returnsf al se.

Fig. 20.39 Algorithms not covered in this chapter.
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Algorithm

Description

stabl e_partition

next _pernutation
prev_pernutation
rotate

rot at e_copy

adj acent _find

partial _sort

partial _sort_copy

stabl e_sort

Thisfunctionissimilartoparti ti on except that elements
for which the predicate function returnst r ue are maintained
in their original order and elements for which the pr edi -
cat e function returnsf al se are maintained in their origi-
nal order.

Next lexicographical permutation of a sequence.
Previous lexicographical permutation of a sequence.

This function takes three forward iterator arguments and
rotates the sequence indicated by the first and last argument
by the number of positionsindicated by subtracting the first
argument from the second argument. For example, the
sequence 1, 2, 3, 4, 5 rotated by two positions would be 4, 5,
1,23

Thisfunction isidentical tor ot at e except that the results
are stored in a separate sequence indicated by the fourth
argument—an output iterator. The two sequences must be the
same number of elements.

This function returns an input iterator indicating the first of
two identical adjacent elementsin a sequence. If there are no
identical adjacent elements, the iterator is positioned at the
end of the sequence.

Thisfunction usesthreerandom-accessiteratorsto sort part of
asequence. Thefirst and last arguments indicate the entire
sequence of elements. The second argument indicates the end-
ing location for the sorted part of the sequence. By defaullt, ele-
ments are ordered using operator < (abinary predicate
function can also be supplied). The elements from the second
argument iterator to the end of the sequence arein an unde-
fined order.

Thisfunction usestwo input iterators and two random-access
iterators to sort part of the sequence indicated by the two
input iterator arguments. The results are stored in the
sequence indicated by the two random-access iterator argu-
ments. By default, elements are ordered using operator < (a
binary predicate function can a so be supplied). The number
of elements sorted isthe smaller of the number of elementsin
the result and the number of elementsin the original
sequence.

The functionissimilar to sor t except that all equal ele-
ments are maintained in their original order.

Fig. 20.39 Algorithms not covered in this chapter.
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1 /] Fig. 20.40: fig20_40.cpp
2 /] Using a bitset to denonstrate the Sieve of Eratosthenes.
3 #include <iostreanr
4 #include <iomani p>
5 #include <bitset>
6 #include <cmat h>
7
8 using namespace std;
9
10 int main()
11 {
12 const int size = 1024;
13 int i, value, counter;
14 bitset< size > sieve;
15
16 sieve.flip();
17

Fig. 20.40 Demonstrating class bi t set and the Sieve of Eratosthenes (part 1 of 3).

18
19
20
21
22
23

/'l perform Sieve of Eratosthenes
int finalBit = sqrt( sieve.size() ) + 1;

for (i =2; i <finalBit; ++i )
if ( sieve.test( i ) )
for (int j =2 *i; j <size; j +=1i )
sieve.reset( j );

cout << "The prime nunbers in the range 2 to 1023 are:\n";

for (i =2, counter = 0; i
if ( sieve.test( i ) ) {
cout << setw( 5) << i;

< size; ++i )

if ( ++counter % 12 == 0 )
cout << '\n';

}

cout << endl:

/1 get a value fromthe user to determine if it is prime

cout << "\nEnter a value from1 to 1023 (-1 to end): ";
cin >> val ue;

while ( value !'=-1)
if ( sieve[ value ] )
cout << value << "

el se
cout << value <<

is a prime number\n";

is not a prime nunber\n";

cout << "\nEnter a value from2 to 1023 (-1 to end): ";
cin >> val ue;

}

return O;

Fig. 20.40 Demonstrating class bi t set and the Sieve of Eratosthenes (part 2 of 3).
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STANDARD TEMPATE LIBRARY (STL)

2
41
97

157
227
283
367
439
509
599
661
751
829
919

3
43
101
163
229
293
S8
443
521
601
673
757
839
929

5
47
103
167
233
307
379
449
523
607
677
761
853
937

7
53
107
173
239
311
383
457
541
613
683
769
857
941

1009 1013 1019 1021

The prinme nunbers in the

11

59
109
179
241
Sl
389
461
547
617
691
773
859
947

range 2 to 1023 are:

13

61
113
181
251
317
397
463
557
619
701
787
863
953

17

67
127
191
257
S8l
401
467
563
631
709
797
877
967

19

71
131
193
263
337
409
479
569
641
719
809
881
971

Enter a value from1l to 1023 (-1 to end):
389 is a prinme nunber

Enter a value from2 to 1023 (-1 to end):
88 is not a prinme number

Enter a value from2 to 1023 (-1 to end):

23

73
137
197
269
347
419
487
571
643
727
811
883
977

88

-1

29

79
139
199
271
349
421
491
577
647
733
821
887
983

389

31

83
149
211
277
858
431
499
587
653
739
823
907
991

37

151
223
281
859
433
503
593
659
743
827
911
997

Fig. 20.40

Demonstrating class bi t Set and the Sieve of Eratosthenes (part 3 of 3).

STL function objects

Type

divides< T >
equal _to< T >
greater< T >

greater_equal < T >

less< T >
less_equal< T

>

| ogi cal _and< T >

logical _not< T >

logical _or< T
mnus< T >
modul us< T >
negate< T >

not _equal _to< T >

plus< T >
multiplies< T

>

>

arithmetic
relational
relational
relational
relational
relational

logical
logical
logical

arithmetic

arithmetic

arithmetic
relational
arithmetic

arithmetic

Fig. 20.41 Function objects in the Standard Library .
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/1 Fig. 20.42: fig20_42.cpp

/1 Dempnstrating function objects.
#i ncl ude <i ostreane

#i ncl ude <vector>

#i ncl ude <al gorithne

#i ncl ude <nuneric>

#i ncl ude <functional >

OCO~NOOUTAWNPF

usi ng nanmespace std;

11 // binary function adds the square of its second argunent and
12 // the running total in its first argunent and

13 // returns the sum

14 int sunBSquares( int total, int value )

15 { return total + value * value; }

Fig. 20.42 Demonstrating a binary function object (part 1 of 2).

17 /I binary function class tenplate which defines an overl oaded
18 /I operator() that function adds the square of its second

19 // argument and the running total in its first argument and
20 // returns the sum

21 tenplate< class T >

22 class SunSquaresClass : public binary_function< T, T, T >

23 {

24 public:

25 const T &operator()( const T & otal, const T &val ue )

26 { return total + value * value; }

27}

28

29 int main()

30

31 const int SIZE = 10;

32 int al[] ={ 1, 2, 3, 4, 5, 6, 7, 8 9, 10 };

33 vector< int > v( al, al + SIZE );

34 ostreamiterator< int > output( cout, " " );

35 int result = 0;

36

37 cout << "vector v contains:\n";

38 copy( v.begin(), v.end(), output );

39 result = accumul ate( v.begin(), v.end(), 0, sunSquares );
40 cout << "\ n\nSum of squares of elements in vector v using "
41 << "binary\ nfunction sunBSquares: " << result;

42

43 result = accunul ate( v.begin(), v.end(), O,

44 SunSquar esd ass< int >() );

45 cout << "\ n\nSum of squares of elements in vector v using "
46 << "bi nary\ nfunction object of type "

47 << "SunBquaresCl ass< int > " << result << endl;

48 return O;

49 }
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vector v contains:
12345678910

Sum of squares of elenents in vector v using binary
function sunSquares: 385

Sum of squares of elenents in vector v using binary
function object of type SunSquaresCl ass< int >: 385

Fig. 20.42 Demonstrating a binary function object (part 2 of 2).
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