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Standard Template Library

Container Classes

Sequence Containers

Contiguous blocks of objects; you can insert elements at any point in the
sequence, but the performance will depend on the type of sequence and where
you are inserting.

 vector Fast insertion at end, and allow random access.

* list Fast insertion anywhere, but provide only sequential access.

» deque Fast insertion at either end, and allow random access.

Associative containers

A generalisation of sequences. Sequences are indexed by integers;

Associative containers can be indexed by any type.

» set Setsallow you to add and delete elements, query for membership, and
iterate through the set.

* multiset Multisets are just like sets, except that you can have several copies
of the same element (these are often called bags).

* map Maps represent a mapping from one type (the key type) to another
type (the value type). Y ou can associate a value with a key, or find the
value associated with akey, very efficiently; you can also iterate through
al the keys.

* multimap Multimaps are just like maps except that a key can be associated
with several values.
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Standard Template Library

Container Classes
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STL, vector-container (1)
#include <iostream>

#include <vector> Access elements using [] operator
using namespace std;

int main()

{ vector<int> v(10); // create a vector of length 10
cout << "Size =" << v.size() << endl; // display original size of v

for(int i=0; i<10; i++) V[i] = i; // assign the elements of the vector some values

cout << "Current Contents:\n"; // display contents of vector
for(int i=0; i<v.size(); i++) cout << v[i] << " ";
cout << "inin’; S put more values onto
cout << "Expanding vector\n"; the end of the vector,
for(int |:0, |<5, i++) V.pUSh_baCk(i + 10), it will grow as needed

cout << "Size now =" << v.size() << endl;

cout << "Current contents:\n";
for(i=0; i<v.size(); i++) cout << V[i] << " ";
cout << "\n\n";

/ change contents of
for(i=0; i<v.size(); i++) V[i] = -V[i]; vector

cout << "Modified Contents:\n";
for(i=0; i<v.size(); i++) cout << v[i] <<"*;
cout << end!;

return O; Size=10
} Current Contents:
0123456789

Expanding vector

Sizenow = 15

Current contents:
01234567891011121314

Modified Contents:
0-1-2-3-4-5-6-7-8-9-10-11-12-13-14
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STL, vector-container (2
#include <iostream>

Access the elements of avector

#include <vector> through an iterator.
using namespace std,;

int main()

{ vector<int> v(10); Il create a vector of length 10

vector<int>:.iterator p; // create an iterator
inti;

for(p= v.begin(), i=0; p!= v.end(); p++, i++)

assign elements
in vector

Cp=1;
/I display contents of vector
cout << "Original contents:\n";

for(p= v.begin(); p!= v.end(); p++)

display contents of vector

cout<<[p<<""

cout << "\n\n";

for(p=v.begin(); p!= v.end(); p++)

change contents of vector

[p =[p 02;
for(p=v.begin(); p!= v.end(); p++)
cout<<[p<<""

cout << endl;

return O;

} Original contents:
0123456789

0246810121416 18
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STL, vector-container (3)

Declaration of vector template

templ ate<class T, class A = allocator<T> >
cl ass vector

{
public:
t ypedef al | ocat or type;
t ypedef si ze_type size_type
t ypedef di fference_type difference type;

t ypedef const _reference const reference;

t ypedef val ue_type val ue_type;

class iterator;

class const _iterator;

typedef typenane std::reverse_iterator<iterator>
reverse_iterator;

typedef typenane std::reverse_iterator<const
const _reverse_iterator;

A
A
A
typedef A::reference reference;
A
A

i terator>

// Constructors:

STL, vector-container (4

explicit
vector (const A& al

The default constructor. Creates a vector of
length zero. The vector will use the allocator
aloc for al storaoe management.

= A());

explicit

vector(size_type n, const T& v = T(), const A& al

= A());

vector(const vectoré& Xx);

tenpl ate<class I nputlt>
vector(lnputlt first, Inputlt
const A& al = A());

Member-function TEMPLATE
Constructor)!!!
Creates a vector of length
last - first, filled with all values
obtained by dereferencing the
Inputlterators on the range
[first, last).

| ast,

Declaration of vector template

voi d reserve(size_type n);
size_type capacity() const;

iterator begin();
const _iterator begin() const;

iterator end();

iterator end() const,

reverse_iterator rbegin();

const _reverse_iterator rbegin() const;
reverse_iterator rend();

const _reverse_iterator rend() const;

void resize(size type n, T x =T());
size_type size() const;

size type nax size() const;

bool enpty() const;
A get allocator() const;

reference at(size_type pos);
const _reference at(size_type pos) const;
reference operator[](size_type pos);

const _reference operator[](size_type pos),
reference front();

const _reference front() const;
ref erence back();
const _reference back() const;
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STL, vector-container (5)

Declaration of vector template

voi d push_back(const T& x);
voi d pop_back();

tenpl ate<cl ass Inputlt>
void assign(lnputlt first, Inputlt last);

tenpl at e<cl ass Si ze, class T2>
voi d assign(Size n, const T2& x = T2());

iterator insert(iterator it, const T& x = T());
void insert(iterator it, size type n, const T& Xx);

tenpl ate<cl ass Inputlt>
void insert(iterator it, Inputlt first, Inputlt |ast);

iterator erase(iterator it);

iterator erase(iterator first, iterator last);
voi d clear();

voi d swap(vector Xx);

pr ot ect ed:
A al |l ocator;

s

Hewlett-Packard Notice

This material is derived in part from software and documentation bearing the following restrictions:

Copyright © 1994

Hewlett-Packard Company

Permission to use, copy, modify, distribute and sell this software and its documentation for any purpose is hereby granted without fee,
provided that the above copyright notice appear in all copies and that both that copyright notice and this permission notice appear in
supporting documentation. Hewlett-Packard Company makes no representations about the suitability of this software for any purpose. It is
provided " "as is" without express or implied warranty.

Copyright © 1994 by Hewlett-Packard Company

HB/C7/STL/8
STL, vector-container ()

#include <iostream>
#include <vector>
using namespace std,;

template <class T>
void printVector(vector<T>& v)
{ cout << "Vector size=" << v.size() << endl;
for(vector<T>::iterator p= v.begin(); p!= v.end(); p++)
cout<<[p<<""
cout << "\n\n";

}

Insert and Erase Elements

int main()

{ vector<int> v1(10);

vector<int> v2(5);
vector<int>:iterator p; // create an iterator

for(p=v1.begin(), i=0; p!= vl.end(); p++, i++) [p=1i;
for(p= v2.begin(), i=0; p!= v2.end(); p++, i++) [p= 10L];

vl.insert(vl.begin()+4, v2.begin(), v2.end());

printVector(vl);

vl.erase(vl.begin()+7, v1.begin()+10);

printVector(vl);

cout << endl; Vector size= 15
0123010203040456789

return O;

} Vector size= 12

01230102056789
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STL, vector-container (7) STL, map-container (1)
int main() An asociative mntainer:
{ int A[10]={12,23,34,45,56,78,89,90,91,92}, * unique keys are mapped with values
vector<int>v1(A, A + 10 ); « amap ~alist of key/value pairs
_ S Use of constructor template: * look-up avaue given its key
printector(vL) t ?/Z%It %tre(Tzlpﬁsl tI ??l:tsltt, >I nputlt |ast, * key-type must have an order, a Comp-function
const A& al = A()); #include <iostream>

#include <map>
using namespace std;

Cycle through a map
using an iterator .

vector<int> v2;

vector<int>::iterator p; int main()
{ map<char, int>m;

v2= vl put pairs into map
=vl; < inti; //

. ) Assgnment
printVector(v2); Dee assgnment for(i=0; i<26; i++)
v1[2]=-10; m.insert(pair<char, int>(A'+i, 65+i)); A has ASCII value of 65
’ . ' ' ' B has ASCII value of 66
printVector(vl); printVector(v2); map<char, int>::iterator p; C has ASCII value of 67
) ) D has ASCII value of 68
cout << endl; for(p = m.begin(); p '= m.end(); p++) E has ASCII value of 69
return O { cout << p->first << " has ASCII value of "; | Ehas ASCII value of 70
Vedor size= 10 cout << p->second << endl; G has ASCII valueof 71
} 1284455678890 R /vl } H has ASCII value of 72
return O- | has ASCII value of 73
vedor size= 10 } | template<class T, class U> \lihr?:sisgclllllv\?lalujeoctJ?‘lS
1223344556 B89 0 A 2 vz struct pair { L has ASCII value of 76
) typedef T first_type; M has ASCII value of 77
Vedor size= 10 typedef U second_type N has ASCII value of 78
12 23-1045 5% 78 NV91 P // vl T fil’St; O has ASCII value of 79
U second,; P has ASCII value of 80
Vedor size= 10 pair();
122334 45 5% 7889 0 91 // v2 pair(const T& X, const U& y);
// not changed !! template<class V, class W>
pair(const pair<V, W>& pr);
2
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STL, map-container (2

The[] operator

#include <iostream>
#include <string>
#include <map>

using namespace std;

int main()

{

}

map<char, int> m;

inti,

for(i=0; i<26; i++)
m.insert(pair<char, int>('A'+i, 65+i));

string s("JAVAKYNDIGE");

cout << "char" << "\t" << "value" << endl;

for(string::iterator p= s.begin(); p '= s.end(); p++)
{ cout << [p << "\t" << m[[p] << "\n";

}
N

cout << endl;

look-up characters
Ascii-value

return O:

char value
74
65
86
65
75
89
78
68
73
71
69

MmO - O0OZ2Z<KXxX>I><

HB/C7/STL/12

STL, map-container (3)

#include <iostream>
#include <string>
#include <map>

using namespace std,;

int main()

{

}

Asking for a non-existing key
adds a new entry mapping the
map<string,int> myPBook; key to adefault value
myPBook["Ole"]= 45678901,
myPBook["Peter"]= 36782345;
myPBook["Camilla"]= 67890123;
myPBook["Lone"]= 56789012;
myPBook["Carsten"]= 23456789;

cout << "phone book size=" << myPBook.size()<< endl;;

string namesJ]=
{"Lone", "Ole", "Carsten", "Mikkel", "Peter", "Susanne"},

for(int i=0; i<6; i++)
{cout << (namesJi])<< " has number "
<< myPBook[namesJi]]<< "\n"; }

cout << "\nphone book size=" << myPBook.size()<< endl;
cout << endl;

phone book size= 5

L one has number 56789012
Ole has number 45678901
Carsten has number 23456789
Mikkel has number O

Peter has number 36782345
Susanne has number 0

phone book size= 7
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STL, map-container (4) STL, map-container (s)
int main) Storing Class Objectsin a Map
{ map<string,int> myPBook;
/I The key class. /I The value class.
myPBook['Ole"]= 45678901,
myPBook["'Peter"]= 36782345; class name class phoneNum
myPBook["Camilla”]= 67890123; { public: { public:
myPBook[::Lone"]:"56789012; name() { str="";} phoneNum() { str=""; }
myPBook["Carsten”]= 23456789; name(string s) { str=s; } phoneNum(string s) { str =s; }
cout << "phone book size=" << myPBook.size()<< endl;; string getName() { return str;} string getPnum() { return str; }
string names|[]= private: private:
{"Lone", "Ole", "Carsten”, "Mikkel", "Peter", "Susanne"}, string str; string str;
for(int i=0; i<6; i++) 2 b
{cout << (names][i])<< " has number " << myPBook[names][i]]l<< "\n"; } // Define less than relative to
cout << "\nphone book size=" << myPBook.size()<< endl; /I name objects.
bool operator<(name a, name b)
map<string,int>::iterator p; § return a.getName() < b.getName();
for( p= myPBook.begin(); p!= myPBook.end(); p++)
{cout << p-> first << " has number " << p->second << "\n";} int main()
} { map<name, phoneNum> directory;
phone book size= 5 /I put names and numbers into map
: directory.insert(
Camill a has number 67890123 Loneh ber 56789012
CarS:en has nllJmeer 23456789 O?Qﬁasaiﬂr‘f{gf‘,wggm pair<name, phoneNum> (name("Camilla”),phoneNum("67890123")));
L one has number 56789012 ﬁ?rkjg”h*:ssgjrg‘gg 2307 directory.insert(
Mikkel has number O Peter has number 36782345 pair<name, phoneNum> (name("Ole"),phoneNum("45678901")));
Ole has number 45678901 Susanne has number 0 directory.insert(
Peter has number 36782345 hone book Sizes 7 pair<name, phoneNum> (name("Peter"),phoneNum("36782345")));
Susanne has number O P . o~ _
cout << directory[name("Ole")].getPnum() << endl,

\

: : Output:
Notice, the key’s are ordered alphabeticdly

(the default order < for string’s) 45678901
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lterators Random Access
Bi-Darectonal
Forward
VAN
Catput Tnput
Input Iterator retrieve, but not store values;

forward moving only

Output lterator

store, but not retrieve values;
forward moving only

Forward lterator

store and retrieve values,
forward moving only

Bidirectional lterator store and retrieve values,

forward and backward moving

Random Access Iterator | store and retrieve values,

elements can be accessed randomly
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Algorithms
replace

template <class Forwardlterator, class T>
void replace( Forwardlterator first, Forwardlterator last,
const T& old_value, const T& new_value)

Description
Replace replaces every element in the range [first, last) equal to old_value
with new_value. That is: for every iterator i, if *i == old_value then it

performs the assignment *i = new_value.

Example

#include <algorithm>
#include <vector>
#include <string>
#include <iostream>

int main()

{
int A[10]={12,23,34,45,56,78,34,90,91,92};
vector<int> v1(A, A + 10);

printVector(vl);
replace(v1.begin(), vl.end(), 34, 100 );
printVector(vl);

string s("C++ Programmers Reference");
replace(s.begin(),s.end(),'r', 'X’);
cout << s << endl;

Vector size= 10
12 2334 4556 78 34 90 91 92

Vector size= 10
12 23 100 45 56 78 100 90 91 92

C++ PXogXammeXs RefeXence
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Algorithms
Non-mutating algorithms | Mutating algorithms Sorting
for each copy Sort
find copy n sort
find if copy_backward stable sort
adjacent find swap partial _sort
find first of iter swi partial _sort_copy
count swap_ranges is sorted
count_if transform nth_element
mismatch replace Binary search
equal replace if lower _bound
search replace copy upper_bound
search n replace copy if equal_range
find end fill binary search
fill_ n merge
generate inplace_merge
Generalized numeric g——‘rgfr]g\ie . Set Op?;ﬁh%n;m sorted ranges
?(I)gt:]:nthms remove if set_union
- remove _copy set intersection
?‘C‘“‘M remove copy if set_difference
M unique set_symmetric_difference
partial_sum - -
- - unique copy Heap operations
adjacent_difference reveree ush h
power reverse copy pop_heap
rotate make_heap
rotate_copy sort_heap
random_shuffle is_heap
random_sample Minimum and maximum
random_sample n min
partition max
stable partition min_element
max_element

lexicographical compare
lexicographical compare 3way
next_permutation
prev_permutation
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Algorithms
transform

Transform is an overloaded name; there are actually two transform functions.

template <class Inputlterator, class Outputlterator, class UnaryFunction>
Outputlterator transform(Inputlterator first, Inputlterator last,
Outputlterator result, UnaryFunction op);

template <class Inputlteratorl, class Inputlterator2, class Outputlterator,
class BinaryFunction>
Outputlterator transform(Inputlteratorl firstl, Inputiteratorl lastl,
Inputlterator2 first2, Outputlterator result,
BinaryFunction binary_op);

#include <algorithm>
#include <vector>
#include <string>
#include <iostream>

int add(int n, int m){return n+m;}

int main()
{ int A[10]={12,23,34,45,56,78,34,90,91,92},

vector<int> V1(A,A+10);
vector<int> V2(10);
vector<int> V3(10);

fill(V2.begin(), V2.end(), 100);
printVector(V1);
printVector(V2);

Vector size= 10
12 2334 4556 78 34 90 91 92

Vector size= 10
100 100 100 100 100 100 100 100 100 100

Vector size= 10
112 123 134 145 156 178 134 190 191 192

transform(V1.begin(), V1.end(), V2.begin(), V3.begin(),add);
printVector(V3);

}



