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Program Design and Software Tools

Template, Standard Template Library
Lecture 9

March 22, 2005

Introduction

» Overloaded functions
— Similar operations but Different types of data

* Function templates
— Specify entire range of related (overloaded) functions
— Function-template specializations
Identical operations
« Different types of data

Single function template
» Compiler generates separate object-code functions

— Unlike Macros they alow Type checking
» Classtemplates

— Specify entire range of related classes
 Class-template specializations
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Function Templates

* Function-template definitions

— Keywordt enpl at e
— List formal type parametersin angle brackets (< and >)
» Each parameter preceded by keywordcl ass ort ypenane
— cl ass andt ypenane interchangeable
tenpl ate< class T >
tenpl at e< typenane El enent Type >

tenpl at e< cl ass Border Type,

* Specify types of
— Argumentsto function
— Return type of function
— Variableswithin function

O 2003 Prentice Hall, Inc. All rights reserved.
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Il Fig.

11.1: figll_01.cpp

/1l Using tenplate functions.

#i ncl ude <iostrean»

using std::cout ;

m Outline

figll Ol.cpp

using std::endl ;

Function template definition;
declaresingleformal type

/1 function tenplate primatCArray defi parameterT.

tenpl ate< class T >

(Lof2)

void printArray( comnst T *array, const int count )
{ Ti .
IS ameter; use an
for (int i =0; i < cd ddtygefﬁ' y
cout << array[ i ] valla identifier.
cout << endl ; . -
If T is user-defined type,
} /1 end function prin stream+-insertion operator
must be overloaded for class
int main() T.
{
const int aCount = 5;
const int bCount = 7;
const int cCount = 6;
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25 int a[ aCount ] ={ 1, 2, 3, 4, 5 }; m Outline 5
26 double b[ bCount ] = { 1.1, 2.2, 3.3, 4.4, 5.5, 6.6, 7.7 }; m

27 char c[ cCount ] = "HELLO'; // 6th position for null

28 _ figll_Ol.cpp
29 cout << "Array a contains:" << endl; (20f E)
30

31 /Il call integer function-tenplate specialization

32 printArray( a, aCount );

33 . . A

2 - Compiler infers T is

5 doubl e; ingtantiates

% functiontemplate jpeciaization for printing
37 printArray( b, bcou{ arral specializationwhere T is

38 . . B

39 cout << "Array c cow _Compl_lerlnfersT_lschar, , const int count )

40 { instantiates functiontemplate

41 /I call chgeefier f fl specialization where T is )

42 printArray( c, cCou 4 char.

43 } /1 end function printArray

44 return O;

45

46 } // end nmin

O 2003 PrenticeHall, Inc.
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Overloading Function Templates

» Related function-template specializations
— Same name
» Compiler uses overloading resolution

* Function template overloading

— Other function templates with same name
« Different parameters
— Non-template functions with same name
« Different function arguments
— Compiler performs matching process
» Triesto find precise match of function name and argument
types
« If fails, function template

— Generate function-template specialization with precise
match
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Class Templates

o Stack
— LIFO (last-in-first-out) structure
» Classtemplates
— Generic programming
— Describe notion of stack generically
* |nstantiate type-specific version
— Parameterized types
. Requi re one or more type parameters

— Customize “generic class’ template to form class-template
specialization

O 2003 Prentice Hall, Inc. All rights reserved.
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/'l Fig. 11.2: tstackl.h H
/'l Stack class tenplate. - m OL“HG
#i fndef TSTACKL_H Specify classtemplate
#defi ne TSTACK1_H definition; type parameter T tstack1.h (1 of 4)
indicatestypeof St ack class '
tenplate< class T > to be created.

class Stack {

public:
Stack( int = 10 ); // default constructor (stack size 10)

/'l destructor
~St ack()

delete [] stackPtr;
} /1 end ~Stack destructor
bool push( const T& ); // push an el enent onto the stack

bool pop( T% el enent off the stack
Function parameters of type

T.

O 2003 Prentice Hall, Inc.
All rights reserved.




22 /1 determ ne whether Stack is enpty m : 9

23 bool isEnpty() const OL'IHE

24 {

o FGHEIT BEID =S =2 tstackL.h (2 of 4)

27 } // end function isEnpty

28

29 /1 determine whether Stack is full

30 bool isFull() const

31 {

32 return top == size - 1;

33

34 } /1 end function isFull

35

36 private: Array of elements of typeT.

37 int size; enents In the stack

38 int top; cation of the top el enent

39 T *stackPtr; <7/ pointer to the stack

40

41 }; // end class Stack

42
O 2003 Prentice Hall, Inc.
All rights reserved.

43 // constructor m : 10

44 tenplate< class T >. Outline

356 {St ack< T >::Stack( int COmE G creet&s_arrayof typeT. oL (3 of 4

m . giam e s She For example, compiler generates ackLh (3 of 4)

48 top = -1; [// Tnitially e .

49 stgcthr = new T[ S{ze ]; //yalloc st @l = maw vl size

50

51 } // end Stack constructor for classtemplate specidization

52 Use St ack< doubl e >.

53 // push el ement onto stack; 7 T T >

54 // if successful, retur ue; of operator (: Z)WIthCl&S—

55 tenplate< class T template name (St ack< T >)

56 bool Stack< T >:-push( const T & totiedefinitionto class

57 { templatée s scope.

58 if ( lisFull() ) {

59 stackPtr[ ++top ] = pushValue; // place itemon Stack

60 return true; // push successful

61

62 } [/ end if

63

64 return false; // push unsuccessful

65

66 } // end function push

67

O 2003 Prentice Hall, Inc.
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68 // pop el ement off stack; m Outline u

69 // if successful, return true; otherwise, return fal se -

70 tenplate< class T >

71 bool Stack< T >:: popM

2 Member function preceded tstackLh (4 of 4)

73 if ( tisEnpty() ) { with header

74 popVal ue = stackPtr[ t -] /1

75 return true; // pop succes Usebina'y sooper&eolution

" . operator (: : ) with class-

Z b 00 emd 0g template name (St ack< T >)

. totie definition to class

79 return false; // pop unsuccessful

80 templatée s scope.

81 } // end function pop

82

83 f#endif
O 2003 Prentice Hall, Inc.
All rights reserved.

1 // Fig. 11.3: figll _03.cpp m Outline 12

2 /] Stack-class-tenplate test program -

3 #include <iostrean»

& figll_03.cpp

5 using std::cout; - (1 of 3)

6 using std::cin Link to class template

7 using std::endl ; definition.

8

9 #include "tstackl.h" =// Stack class tenplate definitian

10 Instantiate object of class

11 int main() St ack< doubl e >.

12 {

13 St ack< doubl e > doubl eStack( 5 );

1451 doubl e doubl eValue = 1.1; Invoke function pu_sh_ Of'

16 cout << "Pushing el enents ont oubl eSt CI&tmplmeq‘)wahzatlon

17 St ack< doubl e >.

18 whi | e ( doubl eSt ack. push( doubl eValue ) ) {

19 cout << doubleValue << ' ';

20 doubl eval ue += 1. 1;

21

22 } /1 end while

23

24 cout << "\nStack is full. Cannot push " << doubl eVal ue

25 << "\'n\nPoppi ng el enents fromdoubl eStack\n";

O 2003 Prentice Hall, Inc.
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o m i 13
In
27 whi |l e ( doubl eSt ack. pop( doubl evValue ) ) M
28 cout << doubl eVal ue << -
i?) cout << "\nStack is enpt Cannot pop\ r| Invokefunctionpop of d figll_OS.Cpp
" T PP template specialization (20f 3)
32 St ack< int > intStack; Stack< doubl e >.
33 int intValue = 1;
34 cout << "\ nPushing el ements onto intStack\n";
35
36 while ( intStack.push( intValue ) ) {
37 cout << intValue <<' ';
. 7] e Ve e Note similarity of code for
= , St ack< int > tocodefor
40 } /1 end while
m St ack< doubl e >.
42 cout << "\nStack is full. Cannot push " << intVal ue
43 << "\'n\ nPoppi ng el ements fromintStack\n";
44
45 while ( intStack.pop( intValue ) )
46 cout << intValue <<' ';
47
48 cout << "\nStack is enpty. Cannot pop\n";
49
50 return 0;
O 2003 Prentice Hall, Inc.
All rights reserved.
14
st A o
Outline

52 } // end nmin

Pushi ng el enents onto doubl eSt ack
1.1 2.2 3.3 4.45.5
Stack is full. Cannot push 6.6

Poppi ng el enents from doubl eSt ack
5.54.43.3221.1
Stack is enpty. Cannot pop
Pushing el enents onto intStack
12345678910

Stack is full. Cannot push 11

Poppi ng el enents from int Stack
10987654321
Stack is enpty. Cannot pop

figll 03.cpp
(30f 3)

figll 03.cpp
output (1 of 1)

O 2003 Prentice Hall, Inc.
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1 // Fig. 11.4: figll_04.cpp m Outline 15
2 |/ Stack class tenplate test program Function main uses a -
3 // function tenplate to nanipul ate objects of type Stack< T >.
4  #include <iostreanr figll_04.cpp
> (1of2)
6 using std::cout;
7 using std::cin
8 using std::endl ;
9
10 #include "tstackl.h" // Stack class tenplate definition Function templateto manipulate
L _ ) St ack< T > diminates similar
g (;n;):’r;f;'<°2|;zgp'Tat>e 50 GEMEHIECE ESEEsS v & code from previousfile for
14 void testStack( Stacks qOUDI e >and
15 Stack< T > &theStack, // reference to Stack< T > Stack< int >.
16 T val ue, /1 initial value to push
17 T increnent, /1 increment for subsequent val ues
18 const char *stackNanme ) // name of the Stack < T > object
19 {
20 cout << "\nPushing elements onto " << stackName << '\n';
21
22 while ( theStack.push( value ) ) {
23 cout << val ue <<
24 val ue += increnent;
25
26 } /1 end while
O 2003 Prentice Hall, Inc.
All rights reserved.
16
2 . [A] Outline
28 cout << "\nStack is full. Cannot push " << value
29 << "\'n\nPopping el enents from" << stackName << '\n';
€Y : figll 04.cpp
31 whil e ( theStack.pop( value ) ) (2 of 2)
32 cout << value << ' ';
33
34 cout << "\nStack is enpty. Cannot pop\n";
35
36 } // end function testStack
37
38 int main()
39 {
40 St ack< doubl e > doubl eStack( 5 );
41 Stack< int > intStack;
42
43 test Stack( doubl eStack, 1.1, 1.1, "doubl eStack" );
44 test Stack( intStack, 1, 1, "intStack" );
45
46 return O;
47
48 } // end nmmin

O 2003 Prentice Hall, Inc.
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Pushi ng el enents onto doubl eStack m : 17
1.1 2.2 3.3 4.45.5 OL“ne
Stack is full. Cannot push 6.6

: figll O4.cpp
Poppi ng el enents from doubl eSt ack output (1 of 1)
5.54.43.3221.1
Stack is enpty. Cannot pop

Pushi ng el ements onto intStack
12345678910
Stack is full. Cannot push 11

Poppi ng el enents from int Stack Noteoutput identical to that

10987654321 X
Stack is enpty. Cannot pop of fi 911—03' cpp.

O 2003 PrenticeHall, Inc.
All rights reserved.

Class Templates and Nontype Parameters

» Classtemplates
— Nontype parameters
 Default arguments
* Treated asconst s
template< class T, int elements >
St ack< doubl e, 100 > nost Recent Sal esFi gur es;
— Declares object of type St ack< doubl e, 100>
— Type parameter
» Default typeexample:t enpl ate< class T = string >
» Overriding class templates
— Classfor specific type
» Does not match common class template

— Example: t enpl at e<>
Class Array< Martian > {

/1 body of class definition

}s

O 2003 Prentice Hall, Inc. All rights reserved.




Templates and Inheritance

» Several ways of relating templates and inheritance
— Class template derived from class-template specialization
— Class template derived from non-template class
— Class-template specialization derived from class-template
specidlization
— Non-template class derived from class-template
specialization
* Friendships between class template and
— Global function
— Member function of another class
— Entire class

O 2003 Prentice Hall, Inc. All rights reserved.

20

Templates and Friends

* friend functions
— Inside definitionof t enpl ate< class T > class X
e friend void f1();
—f1() fri end of al class-template specializations
e friend void f2( X< T > &);
—f2( X< float > & ) friendof X< fl oat >only,
f2( X< double > & ) friendof X< doubl e >only,
f2( X< int > & ) friendof X< int >only,

« friend void A :f4();
— Member functionf 4 of classAf ri end of al class-template
specializations

O 2003 Prentice Hall, Inc. All rights reserved.
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Templates and Friends

e fri end functions

— Insde definitionof t enpl ate< class T > class X
efriend void C< T > :f5( X< T > &);
— Member functionC<f |l oat >: : f5( X< float> & )
friendofclass X<fl oat>only

e friend classes

— Inside definition of t enpl at e< class T > class X
« friend class Y;
— Every member function of Y friend of every class-template
specialization
« friend class Z<T>;

—cl ass Z<fl oat >fri end of class-template
specialization X<f | oat >, etc.

O 2003 Prentice Hall, Inc. All rights reserved.

21

Templates and static Members

* Nontemplate class

— st at i ¢ datamembers shared between al objects
 Class-template specialization

— Each has own copy of st at i ¢ data members

— st ati c variablesinitiaized at file scope
— Each hasown copy of st at i ¢ member functions

O 2003 Prentice Hall, Inc. All rights reserved.
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Introduction to the Standard Template Library
(STL)

« STL

— Powerful, template-based components

» Containers: template data structures

* lterators: like pointers, access elements of containers

« Algorithms: data manipulation, searching, sorting, etc.
— Object- oriented programming: reuse, reuse, reuse
— Only an introduction to STL, a huge class library

O 2003 Prentice Hall, Inc. All rights reserved.

23

Introduction to Containers

» Three types of containers

— Seguencecontainers: vect or; deque; i st
* Linear data structures (vectors, linked lists)
* First-class container

— Associativecontainers: set ; mnul ti set; map;

mul ti map

* Non-linear, can find elements quickly
» Keyl/value pairs
* First-class container

— Container adaptersist ack; queue; priorityqueue
» Near containers
 Similar to containers, with reduced functionality

» Containers have some common functions

O 2003 Prentice Hall, Inc. All rights reserved.
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25

Common STL Member Functions (Fig. 21.2)

* Member functions for al containers
— Default constructor, copy constructor, destructor
— enpty
— nmax_si ze,si ze
—= < <= > >= == | =
— swap
* Functions for first-class containers
— begi n,end
— rbegin,rend
— erase,cl ear

O 2003 Prentice Hall, Inc. All rights reserved.

26

Common STL typedefs (Fig. 21.4)

» typedef sfor first-class containers
— val ue_type
—reference
— const _reference
— poi nter
—iterator
— const _iterator
reverse_iterator
— const _reverse_iterator
di fference_type
si ze_type

O 2003 Prentice Hall, Inc. All rights reserved.
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Introduction to Iterators

* lterators Smilar to pointers

— Point to first element in a container

— lterator operators same for al containers
» * dereferences
e ++ pointsto next element
* begi n() returnsiterator to first element
» end() returnsiterator to last element

— Useiterators with sequences (ranges)
» Containers
* Input sequences: i st ream i t er at or
 Output sequences: ost r eam i t er at or

O 2003 Prentice Hall, Inc. All rights reserved.

27

Iterators

e Usage
— std::istreamiterator< int > inputlnt( cin)
» Canreadinput fromci n
* *inputlnt: Dereferenceto read firsti nt fromcin
e ++inputlnt: Gotonextint instream
— std::ostreamiterator< int > outputlnt(cout)
e Canoutputi nt sto cout
e *outputlnt = 7: Outputs?tocout
e ++out put I nt: Advancesiterator so we can output nexti nt
— Example
int nunberl = *inputlnt;
++i nput | nt
int nunberl = *inputlnt;
cout << "The sumis: ";
*out putlnt = nunberl + nunber?2;

O 2003 Prentice Hall, Inc. All rights reserved.
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Iterator Categories (Fig. 21.6)

Input
— Read elements from container, can only move forward

Output

— Write elements to container, only forward
Forward

— Combines input and output, retains position
Bidirectional

— Like forward, but can move backwards as well

— Multi-pass (can pass through sequence twice)
Random access

— Like bidirectional, but can also jump to any eement

O 2003 Prentice Hall, Inc. All rights reserved.
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Iterator Types Supported (Fig. 21.8)

» Seguence containers
— vect or : random access
— deque: random access
— |'i st : bidirectiona
» Associative containers (all bidirectional)
- set
—mul tiset
— |\/ap
—mul timap
» Container adapters (no iterators supported)
— stack
— queue
— priority_queue

O 2003 Prentice Hall, Inc. All rights reserved.
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Iterator Operations (Fig. 21.10)

* All « Forward iterators
— TP, pFE — Have functionality of
 Input iterators :Pe% ;r;d output
—*p (to use as ]
rsafue) * Bidirectional
- - --p, p--
—Pp=n » Randomaccess
~Pp==rplpi=pl —p i, op =
» Output iterators - E[i_]l' p-= i
—*p ol p <= pl
_p:pl —p >pl, p >=pl

O 2003 Prentice Hall, Inc. All rights reserved.
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Introduction to Algorithms

» STL has agorithms used generically across
containers
— Operate on dements indirectly viaiterators
— Often operate on sequences of elements
» Defined by pairs of iterators
* First and last element

— Algorithms often return iterators
. find()
» Returnsiterator to element, or end() if not found
— Premade agorithms save programmers time and effort

O 2003 Prentice Hall, Inc. All rights reserved.
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vector Sequence Container

e vector
— Has random access iterators

— Data structure with contiguous memory locations
» Access elements with| ]

— Use when data must be sorted and easily accessible

* When memory exhausted
— Allocates larger, contiguous area of memory
— Copiesitsalf there
— Deallocates old memory
» Declarations
— std::vector <type> v,
e type:int,float,etc.

O 2003 Prentice Hall, Inc. All rights reserved.

33

vector Sequence Container

e lterators
— std::vector<type>::const_iterator iterVar;
e const _iterator cannot modify elements (read)
— std::vector<type> :reverse_iterator iterVar;
« Visitselementsin reverse order (end to beginning)
* User begi nto get starting point
» User end to get ending point

* vect or functions
— V. push_back(val ue)
« Add element to end (found in all sequence containers).
— v.size()
» Current size of vector
— v.capacity()
» How much vector can hold before reallocating memory
* Resllocation doubles size
— vector<type> v(a, a + Sl ZE)

« Createsvect or v witheementsfromarray a upto (notincluding) a +
S| ZE

O 2003 Prentice Hall, Inc. All rights reserved.
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vector Sequence Container

* vect or functions
— v.insert (iterator, value)
* Inserts value before location of iterator
v.insert (iterator, array, array+ SZE)
¢ Insertsarray elements (up to, but not including array + SZE) into vector
v.erase( iterator)
* Remove element from container
v.erase( iterl, iter2)
¢ Removeelementsstartingfrom i t er 1 and up to (not including) i t er 2
v. clear ()
« Erasesentire container
» vect or functionsoperations
— v.front(), v.back()
¢ Return first and last element
— v.[el ement Nunber] =val ue;
* Assignval ue to an element
— v.at[el enent Nunber] =val ue;

« Asabove, with range checking
« out _of _bounds exception

O 2003 Prentice Hall, Inc. All rights reserved.
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vector Sequence Container

e ostream.terator
— std::ostream.iterator< type > Nane(
out put Stream separator );
» t ype: outputs values of acertain type
e out put St r eam iterator output location
e separ at or : character separating outputs
* Example
— std::ostreamiterator< int > output( cout,
— std::copy( iteratorl, iterator2, output );

» Copieselementsfromi t er at or 1 up to (not including)
i terator?2tooutput,anostream.iterator

O 2003 Prentice Hall, Inc. All rights reserved.
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list Sequence Container

* |ist container: Header <l i st >
— Efficient insertion/del etion anywhere in container

-t

-t

-t

Doubly-linked list (two pointers per node)
Bidirectional iterators

std::list< type > nane;

i st functionsfor objectt

.sort()

« Sortsin ascending order

.splice(iterator, otherObject );

¢ Inserts values fromot her Cbj ect beforei t er at or
.nerge( otherChject )

* Removesot her Obj ect and insertsit intot , sorted
. uni que()

* Removes duplicate elements

. swap( ot her Obj ect) ;

¢ Exchange contents

.assign(iteratorl, iterator2)

* Replaces contents with elementsin range of iterators
.renmove(val ue)

» FErasesall instancesof val ue

O 2003 Prentice Hall, Inc. All rights reserved.
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deque Sequence Container

» deque ("deek™): double-ended queue

— Header <deque>

— Indexed accessusing [ ]

— Efficient insertion/deletion in front and back

— Non-contiguous memory: has "smarter" iterators
e Same basic operations asvect or

— Also has

* push_front (insertat front of deque)
e pop_front (deletefrom front)

O 2003 Prentice Hall, Inc. All rights reserved.
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Associative Containers

e Associative containers
— Direct access to store/retrieve elements
— Uses keys (search keys)
— 4types nul ti set,set,mul ti map and map
» Keysin sorted order
e mul tiset andrul ti map allow duplicate keys

e mul ti map and map have keys and associated values
* mul ti set andset only havevalues

O 2003 Prentice Hall, Inc. All rights reserved.

39

multiset Associative Container

e mul tiset
— Header <set >
Fast storage, retrieval of keys (no values)
Allows duplicates
Bidirectional iterators

* Ordering of elements
— Done by comparator function object
» Used when creating multiset
— For integer multiset
* | ess<i nt > comparator function object
emultiset< int, std::less<int> > nyQbject;
» Elementswill be sorted in ascending order

O 2003 Prentice Hall, Inc. All rights reserved.
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41
21.3.1 multiset Associative Container
* Multiset functions
— ns.insert(val ue)
¢ |nserts value into multiset
— nms. count (val ue)
¢ Returns number of occurrencesof val ue
— ns. find(val ue)
¢ Returnsiterator to first instance of val ue
— nms. | ower _bound(val ue)
* Returnsiterator tofirst location of val ue
— ns. upper _bound(val ue)
* Returnsiterator to location after last occurrence of val ue
e Classpair
— Manipulate pairs of values
— Pai r objectscontainfirst andsecond
e const_iterators
— Forapair objectq
g = ms. equal _range(val ue)
e Setsfirst andsecondtol ower _bound andupper _bound for agiven
val ue
O 2003 Prentice Hall, Inc. All rights reserved.
1 // Fig. 21.19: fig21_19.cpp m Outline 42
2 |/ Testing Standard Library class nultiset -
3 #include <iostreanr
& fig21_19.cpp
5 using std::cout; (1 of §)
6 using std::endl;
7 -
8 #include <set> // nultiset class-tenplate defini n| typedef Shdpda”fy
9 program. This declares an
10 // define short nanme for nultiset type ed in this p |nteger_mult|sett_hatstor$
11 typedef std::nultiset< int, std::less< int > > ins; values in ascending order.
12
13 #include <algorithn> // copy algorithm
14
15 int main()
16 {
17 const int SIZE = 10;
18 int a[ SIZE] ={ 7, 22, 9, 1, 18, 30, 100, 22, 85, 13 };
19
20 ims intMiltiset; // ins is typedef for "integer nultiset"
21 std::ostream.iterator<int > output( cout, " " );
22
23 cout << "There are currently " << intMiltiset.count( 15 )
24 << " values of 15 in the nultiset\n";
25

O 2003 Prentice Hall, Inc.
All rights reserved.
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26 intMiltiset.insert( 15); // insert 15 in intMiltiset m Outline 43
27 intMultiset.insert( 15); // insert 15 in intMiltiset -
28
29 cout << i'After i.nserts, there are " fing 19.Cpp
30 << intMiltiset.count( 15) (20f§)
31 << " values of 15 in the nultiset\n\n";
32
33 /'l iterator that cannot be used to change . :
34 ims::const_iterator result; ’ Use member function f i nd. |
85
36 /1 find 15 in intMiltiset; fi returns iterator
37 result = intMiltiset.find( 15 );
38
39 if (result !'=intMiltiset.end() ) // if iterator not at end
40 cout << "Found val ue 15\n"; /1 found search val ue 15
41
42 /1 find 20 in intMiltiset; find returns iterator
43 result = intMiltiset.find( 20 );
44
45 if (result == intMiltiset.end() ) /1 will be true hence
46 cout << "Did not find value 20\n"; // did not find 20
47
48 // insert elements of array a into intMiltiset
49 intMiltiset.insert( a, a + SIZE);
50
51 cout << "\nAfter insert, intMiltiset contains:\n";
52 std::copy( intMiultiset.begin(), intMiltiset.end(), output );
53
O 2003 Prentice Hall, Inc.
All rights reserved.
54 /1 determine | ower and upper bound of 22 in intMiltiset m Outline 44
55 cout << "\n\nLower bound of 22: " -
56 << *( intMiltiset.|ower_bound( 22 ) );
57 cout << "\ nUpper bound of 22: " fing 19.cpp
58 << *( intMiltiset.upper_bound( 22 ) ); (30f §)
59
60 /] p represents pair of const_iterators
2; std::pair< ims::const_iterator, ins::const_it Useapai r objecttogetthe
63 /'l use equal _range to determine |0 and upp lower and upper bound for
64 /1 of 22 in intMiltiset 22.
65 p = intMiltiset.equal _range( 22 );
66
67 cout << "\n\nequal _range of 22:"
68 << "\n Lower bound: " << *( p.first )
69 << "\n Upper bound: " << *( p.second );
70
71 cout << endl ;
72
73 return O;
74

75 } I/ end main

O 2003 Prentice Hall, Inc.
All rights reserved.
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There are currently 0 values of 15 in the nultiset m Outline 45
After inserts, there are 2 values of 15 in the nultiset m
Found val ue 15 fig21_19.cpp
Did not find value 20 "
output (1 of 1)
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
equal _range of 22:
Lower bound: 22
Upper bound: 30
O 2003 Prentice Hall, Inc.
All rights reserved.
<
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21.3.2 set Associative Container

e Set: Header <set >

— Implementation identical to mul t i set

Unique keys. Duplicates ignored and not inserted
Supports bidirectional iterators (but not random access)
std::set< type, std::less<type> > nane;
« Mul ti map: Header <map>

Fast storage and retrieva of keys and associated values

» Haskey/value pairs

* One-to-many relationship

* |.e,, one student can take many courses
Insert pai r objects (with akey and value)

Bidirectiona iterators

O 2003 Prentice Hall, Inc. All rights reserved.

Duplicate keys allowed (multiple values for asingle key)
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21.3.3 multimap Associative Container

» Example

47

std::multimap< int, double, std::less< int > > mapj ect;

— Keytypei nt
— Vauetypedoubl e

— Sorted in ascending order
» Uset ypedef tosimplify code

typedef std::multinmap<int, double, std::less<int>> mmid;

mm d mmapoj ect ;

mmapObj ect.insert ( mmd::value_type( 1, 3.4 ) );
— Insertskey 1 withvalue 3. 4

— nmmi d: : val ue_t ype createsapai r object

O 2003 Prentice Hall, Inc. All rights reserved.
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/Il Fig. 21.21: fig21_21.cpp
/'l Standard library class nultimap test program
#i ncl ude <iostrean»

B ouine
Outline

fig21 21.cpp

using std::cout ;
using std::endl ;

double values.

#i ncl ude <map> // nmap class-tenplate definiti

Definitionforamul t i map
that maps integer keysto

/1 define short name for multimap ty used in this program
typedef std::nultinmap< int, double, std::less< int > > mmid;

Create multimap and insert
key-valuepairs.

int main()

{

mm d pairs;

cout << "There are curfently " << pairs.count( 15 )
<< " pairs with/key 15 in the nmul ti map\n";

// insert two valug type objects in pairs
pairs.insert( nmd::value_type( 15, 2.7 ) );
pairs.insert( mmd::value_type( 15, 99.3) );

cout << "After inserts, there are "
<< pairs.count( 15 )
<< " pairs with key 15\ n\n";

O 2003 Prentice Hall, Inc.
All rights reserved.
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27

28 /1l insert five value_type objects in pairs

29 pairs.insert( mmd::value_type( 30, 111.11 ) );
30 pairs.insert( mmd::value_type( 10, 22.22) );

31 pairs.insert( nmd::value_type( 25, 33.333 ) );
32 pairs.insert( mmd::value_type( 20, 9.345) );

33 pairs.insert( mmd::value_type( 5 77.54) );

34

35 cout << "Miltimap pairs contains:\ Useiterator to print entire
36 mul timap.
37 /] use const_iterator to k through

38 for ( nmid::const_itefator iter = pairs.begin();
39 iter = pairs.end(); +titer )

40 cout << iter->first << '\t'

41 << iter->second << '\n';

42

43 cout << endl ;

44

45 return O;

46

47 } // end main

B oune
Outline

fig21_21.cpp
(20f2)

O 2003 PrenticeHall, Inc.
All rights reserved.

There are currently 0 pairs with key 15 in the nul ti map
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 33.333
30 111.11

B e °
Outline

fig21l 21.cpp
output (1 of 1)

O 2003 Prentice Hall, Inc.
All rights reserved.
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21.3.4 map Associative Container

[ n‘ap
— Header <map>
Likerrul t i map, but only unique key/vaue pairs
» One-to-one mapping (duplicates ignored)
Use[] toaccessvaues
Example: for map object m
n{ 30] = 4000. 21;
e Setsthevalue of key 30t04000. 21
— If subscript not in map, creates new key/value pair

» Typedeclaration

51

— std::map< int, double, std::less< int > >;
O 2003 Prentice Hall, Inc. All rights reserved.
) o m 52
1 /] Fig. 21.22: fig21_22.cpp Outline
2 /] Standard library class map test program -
3 #include <iostrean»
& fig21_22.cpp
5 using std::cout; (1 of 2)
6 using std::endl;
7 .
8 #include <map> // map class-tenplate i Agan’ uset ype.def sto
9 simplify declaration.
10 // define short nane for ma used in this program
11 typedef std::map< int, double] std::less< int > > mid;
12
13 int main()
14 {
15 md pairs;
17 /'l insert eight value_type objects in pairs Dupllcate key5|gn0red'
18 pairs.insert( md::value_type( 15, 2.7 ) );
19 pairs.insert( md::value_type( 30, 111.11) );
20 pairs.insert( md::value_type( 5 1010.1) );
21 pairs.insert( md::value_type( 10, 22.22 ) );
22 pairs.insert( md::value_type( 25, 33.333) ),
23 pairs.insert( md::value_type( 5 77.54 ) ); // dupe ignored
24 pairs.insert( md::value_type( 20, 9.345) );
25 pairs.insert( md::value_type( 15, 99.3 ) ); // dupe ignored
26

O 2003 Prentice Hall, Inc.
All rights reserved.

26



27 cout << "pairs contains:\nKey\tValue\n";

28

29 /'l use const_iterator to walk through el enents of pairs

30 for ( mid::const_iterator iter = pairs.begin();

31 iter = pairs.end(); +Hter )

32 cout << iter->first << '\t'

33 << iter->second << '\n'; Can use subscript operator to
34 add or change key -value
35 /| use subscript operator pairs.

36 pairs[ 25 ] = 9999.99;

37

38 /'l use subscript operator/nsert value for key 40

39 pairs[ 40 ] = 8765.43;
40
11 cout << "\nAfter subscript operations, pairs contains:"
42 << "\ nKey\t Val ue\ n";
44 for ( md::const_iterator iter2 = pairs.begin();
45 iter2 != pairs.end(); ++iter2 )
cout << iter2->first << "\t'
47 << iter2->second << '\n';
48
49 cout << endl ;
50
51 return O;
52

53 } // end main

B oue *
Outline

fig21_22.cpp
(20f2)

O 2003 PrenticeHall, Inc.
All rights reserved.

pairs contains:

Key Val ue
5 1010. 1
10 22.22
15 2.7

20 9. 345
25 33.333
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

B oune ~
Outline

fig21l _22.cpp
output (1 of 1)

O 2003 Prentice Hall, Inc.
All rights reserved.
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21.4 Container Adapters

e Container adapters
— stack,queue andpriority_queue
Not first class containers
« Do not support iterators
« Do not provide actud data structure
— Programmer can select implementation
— Member functions push and pop
* stack
— Header <st ack>
Insertions and deletions at one end
Last-in, first-out (LIFO) data structure
— Canusevector, |ist,ordeque (default)
Declarations
stack<type, vector<type> > nyStack;
stack<type, list<type> > nyQ her St ack;

st ack<type> anot her Stack; // default deque
e vector,list

— Implementation of st ack (default deque)

— Does not change behavior, just performance (deque andvect or
fastest)

O 2003 Prentice Hall, Inc. All rights reserved.

55

21.5 Algorithms

» Before STL
— Class libraries incompatible among vendors
— Algorithms built into container classes
» STL separates containers and algorithms

— Easer to add new agorithms
— More €fficient, avoids vi r t ual function cdls
— <al gorithne

O 2003 Prentice Hall, Inc. All rights reserved.
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57
21.5.6 Basic Searching and Sorting Algorithms
« find(iterl, iter2, value)
— Returnsiterator to first instance of val ue (in range)
e find_ if(iterl, iter2, function)
— Likefi nd
— Returnsiterator whenf uncti on returnst r ue
e sort(iterl, iter2)
— Sorts elements in ascending order
* binary_search(iterl, iter2, value)
— Searches ascending sorted list for value
— Uses binary search
O 2003 Prentice Hall, Inc. All rights reserved.
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21.7 Function Objects

* Function objects (<f unct i onal >)
— Contain functions invoked using operator( )

STL function objects Type

divides< T > arithmetic
equal to< T > relational
greater< T > relational
greater_equal< T > relational
less< T > relational
less equal< T > relational
logical and< T > Jogical

| ogical _not< T > logical

logical or< T > logical

monus< T > arithmetic
nodul us< T > arithmetic
negate< T > arithmetic
not equal to< T > relational
plus< T > arithmetic
nul tiplies< T > arithmetic

O 2003 Prentice Hall, Inc. All rights reserved.
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Il Fig. 21.42: fig2l_42.cpp
/'l Denobnstrating function objects.
#i ncl ude <iostreanr

using std::cout;
using std::endl ;

#i ncl ude <vector> /1 vector class-tenplate definition
#i ncl ude <al gorithne /1 copy algorithm
#i ncl ude <nuneric> // accunul ate al gorithm

B oupe *
Outline

fig21 42.cpp
(1 of 4)

#i ncl ude <functional> // binary_function definition

/1 binary function adds square of its second ar

Create afunction to be used
withaccunul at e.

/1l running total in its first argunent,
int sunmSquares( int total, int value )

{

TTT

return total + value * val ue;

} // end function sunBSquares

O 2003 PrenticeHall, Inc.
All rights reserved.

48 HREY

/1 binary function class tenplate defines overl oaded operator()
/1 that adds suare of its second argument and running total in
/1l its first argunment, then returns sum

tenplate< class T >

cl ass SunBquaresC ass : public std::binary_function< T, T, T > {

B e
Outline

fia21 42 cnn

public:

// add square of value to total and ret resul t

Create afunction object (it
can aso encapsulate data).
Overload oper at or ().

const T operator()( const T &otal, const T &val ue )
{
return total + value * val ue;

} /1 end function operator()

}; /1 end class SunSquaresCl ass

O 2003 Prentice Hall, Inc.
All rights reserved.
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38 int main() m Outline 61
39 { —
40 const int SIZE = 10;
41 int array[] ={ 1, 2, 3 4, 5 6, 7, 8, 9 10 };
a2 . fig2l 42.cpp
43 std::vector< int > integers( array, array + SIZE );
- (30f 4)
45 std::ostreamiterator< int > output( cout, " " );
47 int result = 0;
- accumul at e initialy
49 cout << "vgctor v cont aj ns:\nj'; pass%O asthefirst argument,
50 std::copy( integers.begin(), integers.end(), output ); . .
. with thefirst element asthe
52 /'l calcul ate sum of squares of elements of vec i ntegers second. Itthen_w usesthereturn
53 /] using binary function sunSquares vaiu_eastheflrst argument,
54 result = std::accunul ate( integers.begin(), integers.end(),| anditeratesthrough the other
55 0, sunmBquares ); elements.
56
57 cout << "\n\nSumof squares of elenents in integers using "
58 << "bi nary\ nfunction sunBquares: " << result;
59

O 2003 Prentice Hall, Inc.

All rights reserved.

: m 62

60 /'l calcul ate sum of squares of elements of vector integers Outline
61 /] using binary-function object -
62 result = std::accunul ate( integers.begin(), integers.end(),
63 0, SunSquaresd ass<int >() ); fi921_42.cpp
o . o o (40f 4)
65 cout << "\n\nSumof squaxnes of elenments in integers using
66 << "bi nary\ nfunction Rpj ect of type " X
67 << "SunBquaresd ass< in " << result << endl; fIng_42.Cpp
68 output (1 of 1)
69 return 0; Useaccumul at e witha
70 function object.

71 } // end nmin

vector v contains:
12345678910

Sum of squares of elements in integers using binary
function sunSquares: 385

Sum of squares of elements in integers using binary
function object of type SunSquaresCl ass< int >: 385

O 2003 Prentice Hall, Inc.
All rights reserved.
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