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deque class

 Header:
= <deque>

* Definition: {:

= template<

o

= > class deque;

* The name degue stands for double-ended N
gqueue.

o class T,
o class Allocator = std::allocator<T>




deque class

Deque<T> <<interface>>
.

* removeFirst() Boeer LISt<T>
« addFirst(itemT) e + get(index: int): T
* remove(index: int)

o

* removelast(item: T)
* addLast(item: T) * add(index: int, item: T)

* getFirst(): T
* getlast(): T

* enqueue( item: T) * push(item:T)
* dequeqe() * pop()
= first() :T * top() T




deque constructors — size
constructors

« deque has four constructors, virtually identical to
those of the vector:
= explicit deque ( const Allocator& = Allocator() ); ';’::
= explicit deque O
( size_type n, const T& value= T(), const Allocator& =
Allocator() ); (‘Z:}

= template <class Inputlterator>
deque ( Inputlterator first, Inputlterator Iast,oconso
Allocator& = Allocator() );

= deque ( const deque<T,Allocator>& x );




deque constructors — size
constructors

#include <deque>
#include <iostream’

using namespace std;

int main()
{
deque<int> d1(10, 0);
cout<<"Size: "<<dl.=size () <<endl;
for(unsigned i = 0; 1 < dl.size(); ++1)
i
cout<< dl[i]<<"™ ™;

}
cout<<endl;
return 0;

Cutput:
Size: 10
oo0co0oooOO0OOQOOOQ




deque - Iterator constructors

#include <degue>
#include <iostream>

using namespace std;

int main/(}
{
int al[]l={1,2,3,4,5,6,7,8,9,10};
//first one
deque <int>dl(al, al+10);
cout<<"Size (dl): "<<dl.size()<<endl;
for (unsigned i = 0; i < dl.size(); ++i)
{
cout<< dl[i]<<™ ™;
}
cout<<endl;
//second one;
deque <int>dZ2 (al+5,a1+10);
cout<<"Size (d2): "<<d2.size()<<endl:
for (unsigned 1 = 0; i1 < d2.size(); ++1)
{
cout<< d2[i]<<™ ";
H
cout<<endl;
return 0;

Cutput:

Size (dl): 10
12345¢7¢889 10
Size (d2): &

€ 78910




deque - Iterator constructors

#include <vector>
#include <deque>
#include <iostream>

using namespace std;

int main()

{

/ /wvector
vector <int>w (10, 0);
for(unsigned i = 0; 1 < w.size(); ++i)

{

v[i]=1+1;
}
cout<<"Size (v): "<<v.slze()<<endl;
for (unsigned 1 = 0; 1 < v.size(); ++1)
{

cout<< wlil<<"™ ";
}

cout<<endl;

/ fdeque

deque <int>d(v.begin(), v.begin()+5);
cout<<"Size (d): "<<d.size()<<endl;
for (unsigned 1 = 0; 1 < d.size(); ++i)

{
cout<< dfi]<<™ ";
H
cout<<endl;
return 0;

Cutput:

Size (w):
1 2 3 45
Size (d):
1 2 3 45

10
e 7 8 5% 10
5




deque — copy constructors

#include <deque>
#include <iostream>

using namespace std;

int main()
{
int al[]={1,2,3,4,5,6,7,8,9,10};
//first one
deque <int> dil({al, al+10);
cout<<"Size (dl): "<<dl.size()<<endl;
for(unsigned i1 = 0; 1 < dl.size(); ++1i)
{
cout<< dl[i]<<"™ ";
H
cout<<endl;
//second one;
deque <int> 42 (dl):;
cout<<"Size (dZ): "<<dZ.size()<<endl;
for(unsigned i = 0; i < d2.size(); ++i)
{
cout<< d2[1]<<" ";
}
cout<<endl;
return 0;

Output:

Size (d1l): 10
12345678 9 10
Size (d2): 10
12345¢7885% 10




Y s S
) <IiSt> begin end storage ; _
 Definition: i:

= template<

= classT,

= class Allocator = std::allocator<T> >
= class list;




ISt

* The list container is an implementation of the
double-linked list principle.

« Each element has pointers leading to the next
and the previous ones in a list sequence.

 The list container allows for fast insertion and
deletion anywhere inside the range of its
elements.
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Iterators

* The iterator is in many ways similar to the
concept of the pointer, and in some cases, they
can be used interchangeably.




Containers and iterators

« Every container is made up of four members
(types) related to iterators:

= terator — read/write iterator type; {:

= const_iterator — read-only iterator type,

= reverse_iterator — reverse iterator type (iterates fro
the end to the beginning) F{}

= const_reverse_iterator — as above, but read only.




Containers and iterators

#include <list>
#include <vector>
#include <deque>
#include <iostream>

using namespace std;

int main()

{
//containers
vector<int> wv;
deque<int> d;
list<int> 1;

//iterators

vector<int> :r:iterator itl;

vector<int> ::const_iterator 1tZ;
vector<int> ::reverse iterator it3;
vector<int> ::const reverse iterator it4;

degque<int> ::iterator it5;

deque<int> ::const iterator ité:
deque<int> ::reverse iterator it7;
deque<int> ::const reverse iterator it8;

list<int>» ::1lterator 1t9;

list<int>» ::const iterator itl0;
list<int> ::reverse iterator itll;
list<int> ::const reverse iterator itlZ;

return 0;



I | Initialization of iterators

 There are four methods that can do that:

= begin()
= end()

= rbegin()
= rend()

~/




Initialization of iterators

« Each method comes in two variations — normal
and const:

= jterator begin (); '{:

const_iterator begin () const;

= jterator end ();
const_iterator end () const; {:}

o

= reverse _iterator rbegin();
const_reverse_iterator rbegin() const; o

= reverse_iterator rend();
const_reverse _iterator rend() const;




Initialization of iterators

* For vector and deque, these methods return
random access iterators, but the list only
supports a bidirectional iterator. {:

= the begin() method returns the iterator that points to ©
the first element of the collection;

* the end() method returns the iterator that refers to t){e::}
past-the-end-element. If a container has n elements,

this value will be marked n+1 (non-existent).

the iterator that points to the last element of the
collection;




Initialization of iterators

* For vector and deque, these methods return
random access iterators, but the list only
supports a bidirectional iterator. {:
= the rend() method means reverse end — it returns the®

iterator that refers to the element before the first

element of the container — this value indicates the e._ﬁ:d:a
of the collection in reverse order.

- Past-the-end element O

end of the collection.




lterators usage examples — norma

<list>
<vector>
<deque>
<iostream>

#include
#include
#include
#include

using namespace std;

int main()

{
//containers
vector <int> w(10);
deque <int> d(10);
list <int> 1(10);

int 1 = 1;

/ /vector
vector<int>::iterator itVv;

for (itVv = v.begin() ; itV != wv.end(); ++itV,++1)
i
*1tV = 1;
}
for (itVv = v.begin(}; itV != v.end(); ++itV)
i
cout << *¥itv << " ";
}
cout<<endl;
/ /deque
degue<int>::iterator itD = d.begin();
for (itD = d.begin() ; itD != d.end(); ++itD,++1i)
i
*itD = 1i;
}
for( itD = d.begin() ; itD != d.end(); ++itD)
i
cout << ¥*itD << " ";
}
cout<<endl;

iterators

list<int>»::iterator itL

for( ; itL != l.end();
{

*1tL = i;
}
for({ itL = l.begin() ;
{

cout << *itL << "
}
cout<<endl;

return 0;

Console output:
1234567288510

11 12 13 14 15 16 17 18 18
21 22 23 24 25 26 27 28 29

1.begin();
++1itL, ++i)

itL != l.end(); ++1itL)

20
30




I lterators usage examples — reverse
iterators

//1list
#include <list> i=1;
#include <vector> list<int>::iterator itL = l.begin();
#include <deque for( ; itL != l.end(); ++itL,++1)
#include <iostream> i
*itL = i;
using namespace std; } . ) . . . .
for(list<int>»::reverse iterator it = l.rbegin() ; it I= l.rend(); ++it)
int main() { .
{ cout << *it << " ";
//containers !
cout<<endl;

vector <int> wv(10);
deque <int> 4(10);
list <int> 1(10);

return 0;

int i = 1;

//vector

vector<int>::iterator itV;

for (itv = w.begin() ; itV != v.end(); ++itV,++i)

65
{ . . 10987 65
¥tV = 1;

Console ocutput:
10 98 765

for (vector<int>::reverse iterator it = v.rbegin(); it != wv.rend(); ++it)
{
cout << *it << " ";
}
cout<<endl;
//deque
i=1;
deque<int>::iterator itD = d.begin();
for(itD = d.begin() ; itD != d.end(); ++itD,++1i)
{
*1tD = 1i;
}
for( deque<int>::reverse iterator it = d.rbegin() ; it != d.rend(); ++it)
{
cout << *it << " ";

}
cout<<endl;



I | lterators usage examples — const
iterators

#include <list> Console output:

#include <vector> 1 2 3 4567 8 9 10

#include <deque>

#include <iostream> 1234586782910
1 234567859 10

using namespace std;

int main()

{
int al]l = {1,2,3,4,5,6,7,8,9,10};
//containers
vector <int> wi(a,a+10);
deque <int>» d(a,a+10);
list <int> 1l(a,a+l0);
//vector
for (vector<int>::const_iterator it = w.bkegin() ; it != v.end(); ++it)
{
cout << *it << " ";
}
cout<<endl;
/ /deque
for (deque<int>»::const_iterator it = d.begin(); it != d.end(); ++it)
{
cout << *it << " ";
}
cout<<endl;
//1list
for (list<int>::const_iterator it = l.begin(); it != l.end(); ++it)
{
cout << *it << " ";
}
cout<<endl;
return 0;
I3



I | lterators usage examples

* The compiler doesn'’t allow anything to be
assigned to an element referred to by a constant
iterator. sinciuce <uises

#include <vector>
#include <deque>
#include <iostream>

using namespace std;

int main)

{
int a[] = {1,2,3,4,5,6,7,8,5,10};
//containers
vector<int> wvia,a+l0);
deque<int> d(a,a+l10);
list<int> 1l(a,a+l1l0);

vector<int> ::const iterator itl = v.begin()}:
*itl = *itl+l;

deque<int> ::const iterator it2 = d.begin();
*1t2 = *it2+1;

list<int> ::const iterator it3 = l.begin();
*it3 = *it3+1;

return 0;
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| size() and max_size()

 Name:
= gjze

« Signature: ,{‘:

= size type size() const;
 Parameters:

= None. {:}
« Return value:

o

= The number of elements which are currently stored inside a
collection. O

« Description:

= This method returns the number of elements which are culg
stored inside a container. The size will change each time a
element is added to or removed from the container. O




| size() and max_size()

* Name:
" max_size

« Signature: {:
= size type max_size () const;

* Parameters:

= None. {:}
e Return value:

= The maximum number of elements which can be held inside a
container.

« Description:

= The method returns the maximum physical capacity of a
container. This value might depend on the STL library
Implementation or an operating system, and will alway

___constantin the same environment.




size() and max size()

#include <list>
#include <vector>
#include <degue>

#include <iostream:>

using namespace std;

int main{()

{

}

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

vector <int> via,atll);

deque <int> dla,a+10);

list <int> 1l(a,a+l10);

cout<<"Size of wvector, deque, list: "<<v.size() << " " << d.size() <<"
<< l.size()<<endl;

cout<<"Max size of wvector, deque, list: "«<<v.max size() << " "
<< d.max_size() <<" " << l.max size()<<endl<<endl;

v.push back(11l);
d.push back(1ll);
1.push back(11);

cout<<"Size of wvector, deque, list: "<<v.size() << " " << d.size() <<"
<< l.size()<<endl;

cout<<"Max size of wvector, deque, list: "<<v.max size() << " "
<< d.max size() <<" " << l.max size()<<endl<<endl;

v.pop back():

d.pop back():

l.pop back():

cout<<"Size of wvector, deque, list: "<«<v.size() << " " << d.size() <<"
<< l.size()<<endl;

cout<<"Max size of wvector, deque, list: "<<v.max size() << " "
<< d.max size() <<" " << l.max size()<<endl<<endl;

return 0;

L]




size() and

Console output:
Size of wector, deque,
Max size of vector, deque,

list: 10

Size of wector, deque, list: 11

Max size of vector, deque,
10

Size of wector, deque, list:

Max size of vector, deque,

list:

list:

list:

max_size()

10 10
1073741823 1073741823 357913541

11 11
1073741823 1073741823 357913541

10 10

1073741823 1073741823 357913541




empty() and resize()

Name:
= empty

Signature:
= bool empty () const; i:

Parameters: O
= None.

Return value: {:}
= The method returns true if a container is empty and false otherwise.

Description:
= This method is used to indicate whether a container is empty or @ot. Yop
should use this method instead of calling size() to check if the list
container is empty. Using calling size() for a list might result in lingg#
time performance for some STL implementations, instead of con{gg
ones.




| empty() and resize()

« Name:

" resize
« Signature:

= void resize ( size type sz, Tc=T()); 5::
 Parameters: (o

= sz —the new size of a container;
= ¢ —the value to copy in order to add new elements into a container when the
size (sz) is greater than the old size.
* Return value:
= None.
« Description: O

= This method changes the current size of a container, either by causing it t
or shrink. The new size is provided by the parameter sz.

= |f the new size is greater than the old size, new elements are added to thig
container. Those new elements are created by copying parameter c, or, ifNg
provided, by copying the default value for a particular type of elemelo

o {3




I | empty() and resize()

#include <list>
#include <vector>
#include <deque>
#include <iostream>

using namespace std;

int main()
{
/fcontainers
vector <int> v;
degue <int> d;
list <int> 1;
cout<<"8ize of wvector, deque, list: "<<v.slze() << " " << d.size() <<" "
<< l.zize () <<endl;

if (v.empty())

{ v.resize (10);

if (d.empty())
d.resize (10);

if (l.empty()})
l.resize (10);

}

cout<<"Size of vector, degue, list: "<<v.size() << " " << d.size() <<" "
<< l.size()<<endl;




| empty() and resize()

if (lv.empty(})
i
v.resize (9);
}
if (!d.empty(})
{
d.resize (5);
H
if (!l.empty(})
i
l.resize(0);
}
cout<<"Size of wvector, degue, list: "<<v.size() << " " << d.size() <<" "
<< l.silze ()<<endl;
return 0;

Consocle output:

Size of wector, deque, list: 0 0 0
S8ize of wector, deque, list: 10 10 10
Size of wvector, deque, list: % 5 0




vector:.capacity() — vector only

Name:
= vector<T>:.capacity

Signature:
= size_type capacity () const; {::

Parameters: None.

o

particular vector.

Description:

= This method is present in the vector class only. capacity is the tGtal
number of slots inside a vector which are currently allocated. capa 5'
always greater than or equal to size.

Return value:
= The total amount of space for elements currently allocated to a {::]




I vector:.capacity() — vector only

Console output:
Dutput depends on implementation:
Size and capacity: 0 0

Size and capacity: 1 1
Size and capacity: 2 2
Size and capacity: 3 3
Size and capacity: 4 4
Size and capacity: 5 6
Size and capacity: € 6
Size and capacity: 7 9
Size and capacity: 8 9
Size and capacity: 9 9
Size and capacity: 10 13
Size and capacity: 11 13
Size and capacity: 12 13
Size and capacity: 13 13
Size and capacity: 14 19
Size and capacity: 15 19
Size and capacity: 16 19
Size and capacity: 17 19
Size and capacity: 18 19
Size and capacity: 19 19
Size and capacity: 20 28




vector:.capacity() — vector only

#include <vector>
#include <iostream’>

using namespace std;

int main ()
{

vector <int> w;
cout<<"Size and capacity: "<<v.size() << " " << wv.capacity() <<endl;

for{int i = 0; i < 20; ++i)
i
v.push back(i);

cout<<"S8ize and capacity: "<<v.size() << " " << wv.capacity()} <<endl;
}

return 0;




vector::.reserve() — vector only

Name:
= vector<T>::reserve

Signature: ,{‘:

= void reserve ( size_type n); o)
Parameters:

= n - the minimum value of capacity to be requested.

Return value: {:}
= None.

Description: “ o

= This method allocates additional space for elements insid
vector. If the newly requested capacity n is greater than theg
current capacity, reallocation is enforced.



#include <vector>
#include <iostream’

using namespace std;

int main ()
{
vector <int> v;
cout<<"Size and capacity: "<<v.size() << " "
v.reserve (15);
cout<<"Size and capacity: "<<v.size() << " "
cout<<"2dding elements"<<endl;
for(int i = 0; i < 10; ++i)
{
v.push back(i):;

cout<<"Size and capacity: "<<v.size() <<
}
cout<<"Trying to shrink..."<<endl;
v.reserve (10) ;
cout<<"Size and capaclity: "<<v.size() << " "

return 0;

I vector::reserve() — vector only

<< v.capacity() <<endl;

<< v.capacity() <<endl;

" n

<< w.capaclty() <<endl;

<< v.capacity() <<endl;




I vector::reserve() — vector only

Console output:
Size and capacity: 0 0
Size and capacity: 0 15
Adding elements

Size and capacity: 1 1%
Size and capacity: 2 15
Size and capacity: 3 1%
Size and capacity: 4 15
Size and capacity: 5 1%
Size and capacity: €& 15
Size and capacity: 7 1%
Size and capacity: 8 15
Size and capacity: % 1%
Size and capacity: 10 15

Trying to shrink...
Size and capacity: 10 15




back() and front()

 Name:
= front

- Signature: ,{:
= reference front ();

const_reference front () const;

e Parameters:
= None.

o

« Return value:
= A reference to the first element in a container. O

« Description:

= This method returns a reference to the first element in a
container. The reference might be normal or constant — it a
depends on the calling context. O




back() and front()

#include <list>
#include <vector>
#include <degue>
#include <iostream>

using namespace std;

template<class I»
void print (const I & start, const I & end)

{

I it;
for(it = start; it != end; ++it)
{
cout<< *it << " ";
}
cout<<endl;

int main()
{
int al] = {1,2,3,4,5,6,7,8,9,10};
//containers
vector <int> w{a,a+10);
deque <int> d{a,a+10);
list <int> 1{a,a+10);

cout<<"Size of vector, degue, list: "<<v.size() << " " << d.size()
<<" " << 1l.gize()<<endl;

cout<<"Values at front (vector, deque, list): "<< v.front() << "™ " <<d.front({()
<€ " " L1 front() <<endl;

cout<«<"Size of vector, degque, list: "<«<v.size() << " " << d.size()

<< " << l.size () <<endl;

v.front () = 100;

d.front () = 101;

1.front() = 102;

print (v.begin(), wv.end());
print(d.begin(), d.end());
print (l.begin(), l.end(});
return 0;




back() and front()

Console output:

Size of wvector, deque, list: 10 10 10
Values at front (wvector, deque, list): 1 1
Size of wvector, deque, list: 10 10 10

100 2 3 4 5 ¢ 7 8 9 10

101 2 3 45 ¢ 7 8 9 10

102 2 3 45 ¢ 7 8 9 10




back() and front()

e Name:
= back

- Signature: '{:
= reference back ();

const_reference back () const;

e Parameters:
= None.

o

« Return value:
= A reference to the last element in a container. O

« Description:

= This method returns a reference to the last elementin a
container. The reference might be normal or constant — it a
depends on the calling context. O




back() and front()

#include <list>
#include <vector>
#include <dsque>
#include <iostream>

using namespace std;

template<class I>
void print (const I & start, const I & end)
{

T it;
for (it = start; it != end; ++it)
{
cout<< *it << " ";
}
cout<<endl;

int main()
{
int al[]l] = {1,2,3,4,5,6,7,8,%,10};
//containers
vector <int> w{a,a+l10);
deque <int> d(a,a+10);
list <int> 1(a,a+10);

cout<<"Size of vector, degque, list: "<<v.size() << " " << d.size()
<<" " << l.size()<<endl;

cout<<"Values at back (vector, degues, list): "<< wv.back() << " " <<d.back()
<< " " <<]l.back() <<endl;

cout<<"Size of vector, degue, list: "<<v.size() << " " << d.size()
<< " << l.size()<<endl;

v.back() 100;

d.back() = 101:

l.back() = 102;

print (v.begin(), v.end());
print(d.begin(), d.end());
print (1.begin(), l.end());
return 0;




back() and front()

Console output:

Size of wvector, deque, list: 10 10 10

Values at back (vector, degue, list): 10 10 10
Size of wvector, deque, list: 10 10 10
123456789 100

e 78 9% 101

12 345
12345878 5 102




operator|] and at() — vector and
deque only

Name:
= operator[] (vector and deque only)

Signature: {:
= reference operator[] ( size_type n);
const_reference operator(] ( size_type n) const

Parameters:
= N —the index of the element to access.

o

Return value:
= A reference to the element of index n. O

Description:

= Operator [] allows containers (vector and deque in this cagig
be treated in a similar way to arrays.




operator|] and at() — vector and
deque only

#include <vector>
#include <degue>
#include <iocstream>

Console output (g++)

using namespace std; 1 2 345678 910
template <class C» 123 4 5 678910
void print (const C & container) Zccessing out of range element:
{ 00
for(unsigned i = 0; 1 < container.size(); ++1)

{

cout<< container[i] << " ";
}
cout<<endl;

int main ()}
{
int al[l]l = {1,2,3,4,5,6,7,8,%,10};
//containers
vector <int> w(1l0);
degue <int> 4 (10);

for(unsigned i = 0; 1 < 10; ++1)
{
d[i] = alil;
v[i] = alil;
H
print (v) ;
print (d) ;
cout<<"Accessing out of range element:\n";
cout<<v[1l0]<<" "™ <L<d[10]<<endl;

return 0;



operator|] and at() — vector and
deque only

Name:
= at (vector and deque only)

Signature:
= reference at ( size_type n); {::

const_reference at ( size_type n) const
Parameters:

= n —the index of the element to be accessed.
Return value:

o

= A reference to the element of index n.
Description: o)

(vector and deque). It retrieves the value stored under the index
IS very similar in its behavior to operator[]. The only difference is |

performs a range check on parameter n, and if n is out of range, .‘"’*f% b
out_of range exception is thrown. O Shoimy



I | operator|] and at() — vector and
deque only

#include <vector>
#include <deque>

#include <iostream> int main()
{
using namespace std; int all = {1,2,3,4,5,6,7,8,9,10};
//containers

vector <imnt> w(10);

template <class C» X
deque <int> d(10);

void print (const C & container)

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

for (unsigned 1 = 0; i < contailner.size(); ++1) {

{ . . d.at (i) = alil:

cout<< container.at(i) << " "; v.at (i) = alil;:

} }

cout<<endl; print (v) ;
+ print (d) ;

cout<<"Rccessing out of range element:\n";

try
{
cout<<v.at (11)<<endl;

}

catch (out of range & ex)

{
cout<< ex.what ()<<endl;

try

cout<<d.at (11) <<endl:
Console output: )
12345678910 catch (out of range & ex)
123456788910 ¢
AZccessing out of range element:
invalid wvector subscript

cout<< ex.what ()<<endl;

invalid deque subscript
return 0;



assign()

Name:
= assign
« Signature:

= template <class Inputlterator> {::
void assign ( Inputlterator first, Inputlterator last );

void assign ( size_type n, const T& u ); O
« Parameters:

= first, last — the input iterators which provide a collection of input elements. Th
assign method will copy all the elements from this range, including first and
excluding last. Because first and last are of the Inputlterator type, virtually any
type of iterator can be used in the call;

= n - the number of times the value u will be copied to fill the container; © o

= u - the value to be copied.
* Return value:

= None.

« Description:

= This method assigns new values to an already existing container. T
content of the container is dropped and deleted.




I | assign()

int main()
#include <list> (

#include <vector>
#include <deque>
#include <iostream>

int al] = {1,2,3,4,5,6,7,8,%9,10};
//containers

vector <int> w({a,a+53);

degue <int> d{a,a+5);

using namespace std; i .
list <int> 1l{a,a+5);:

template<class I>

void print (const I & start, const I & end) print(v.begin(), v.end());
{ print(d.begin(), d.end());
I it; print(l.begin(), l.end());
for(it = start; it != end; ++it)
1 cout<<"Assigning a new content:\n";
cout<< *it << " "; v.assign(a, a+l1l0):
} d.assign(a, a+10);
cout<<endl; l.assign(a, a+l0);

print(v.begin(), w.end());
print{(d.begin(), d.end());
print(l.begin(), l.end()):

cout<<"Assigning a new content II:\n";
Console output: .
v.assign(3, 100);

123 4°¢5 3 . 3 1000) :
L2345 1-355?%(3! 10002'-
1234°%5 -assign(3, )i

print(v.begin(), wv.end());
print(d.begin(), d.end()):
print(l.begin(), l.end()):
return 0;

Assigning a new content:
12345678510
123456785 10
123456789 10
Assigning a new content IT:
100 100 100

1000 1000 1000

13000 10000 10000




Insert()

Name:
= |nsert

Signature:

= jterator insert ( iterator position, const T& x); {::
void insert ( iterator position, size type n, const T& x); o
template <class Inputlterator>
void insert ( iterator position, Inputlterator first, Inputlterator last );
Parameters:

= position — the position in the container at which the insertion of an element (o
elements) is to be performed. For deque and vector, this is
RandomAccesslterator, while in the case of a list, Bidirectionallterator is used,; o

= X —the value to be inserted; (0]
= n —the number of x values to be inserted;

= first, last — the iterators specifying the range of elements to be inserted ing#
container. As usual, the range includes first and excludes last.

Return value:

= The first version of this method returns an iterator to a newly inserte
insertion is successful. Other versions do not return anything.




I | Insert()

« Description:

= The method insert() performs an insertion into a container. There
are three variants of this method, as stated in the signature
section. Inserting an element into a container will cause the C
container to grow. This leads to different consequences,
depending on the type of collection:

= vector — when an increase in size causes it to reallocate (not
enough capacity left) all iterators, references and pointers will
iInvalidated;

= deque — all iterators will be invalidated, references also, ugless o
Insertion at the beginning or end takes place;

= |ist — the iterators and references remain.




I | Insert()

#include <vector> Conscle output:

#include <iostream> 1 2 3 4 5 100 & 7 8 9 10
) Inserted element: 100
using namespace std; .
Size: 11

template <class I 10 98 7 ¢ 100 5 4 3 2 1
wvoid print (const I & start, const I & end) 1 2 3 45 100 100 100
{

I it;

for (it = start; it != end; ++1it)

i

cout<< *it << " ";
}
cout<<endl;

int main()

{
int al[l] = {1,2,3,4,5,6,7,8,9,10};
vector <int> w(a,a+10);

vector<int>::iterator it = v.insert (v.begin()+5, 100);
print (v.begin(), v.end());

cout<<"Inserted element: "<<*it<<endl;

cout <<"Size: "<<v.size()<<endl;

vector <int> v2;
v2.insert (v2.begin(), v.rbegin(), v.rend());

print (v2.begin(), wv2.end());

vector <int> v3(v.begin(), v.bsgin()+5);
vi.insert(v3.end(),3,100);

print (v3i.begin(), ¥v3.end());

return 0;



using namespace std;

template<class I>
void print (const I & start, const I & end)

{

I it;
for (it = start; it != end; ++it)
{
cout<< *it << " ";
H
cout<<endl;

int main/{)

{

int afl] = ¢1,2,3,4,5,6,7,8,5%,10};
degque <int>» dl({a,a+l0);

deque<int>::iterator it = dl.insert(dl.begin()+5,
print(dl.begin(), dl.end(});

cout<<"Inserted element: "<<*it<<endl;

cout <<"Size: "<<dl.size()<<endl;

deque <int> d2;
d2.insert(d2.begin(), dl.rbegin(), dl.rend());
print{(d2.begin(), d2.end(}):

deque <int>» d3(dl.bkegin(), dl.begin()+5);
d3.insert(d3.end(),3,100);

print (d3.begin(), d3.end(});

return 0;

Insert()

100} ;

Conscle output:

1 23 45 1006 78 9 10
Inserted element: 100
Size: 11

10 9 8 7 6 100 5 4 3 2 1
1 2 3 4 5 100 100 100




II iInsert()

#include <iostream>

using namespace std;

template<class I»
void print (const I & start, const I & end)

Conscle output:
100 1 2 3 4 5 ¢ 7 8 9 10

{
Iit; Inserted element: 100
for (it = start; it != end; ++it) giza- 11
{
cout<< *it << " "; 10 9 8 7T & 5 4 3 2 1 100
} 100 1 2 3 4 100 100 100
cout<<endl;
H

int main/()}

{
int al] = {1,2,3,4,5,6,7,8,%,10%};
list <int> 11(a,a+10);
list<int>::iterator it = 1ll.insert(ll.begin(),
print(ll.begin(}, 1ll.end()});
cout<<"Inserted element: "<<*it<<endl;
cout <<"Size: "<<ll.size()<<endl;
list <int> 12;
12.insert(12.begin(), ll.rbegin(), ll.rend());
print(12.begin(), 1Z.end());:
list<int>::iterator itl = 1ll.begin():
//shifting 5 places
for(int 1 = 0; i < 5; ++i)
{

++itl;

}
list «<int> 13(ll.begin(), itl);
13.insert (13.end(),3,100);
print (13.begin(), 13.end());:
return 0;

H




erase()

Name:
= erase

Signature:
= |terator erase ( iterator position ); {::

iterator erase ( iterator first, iterator last );
Parameters:

= position — the iterator pointing to the element to be erased,;
= first, last — the iterators which specify the range of elements to be

o

erased. As usual, the range includes first and excludes last.

Return value: o

= An iterator to the first element after the last removed element, or engz
the operation removes the last element in the collection.

Description:

= This function removes an element or a range of elements from a
collection.




I | erase()

Conscle output:

#include <list> int main()
#include <vector> { 12345 e 78 9 10
#include <deque> int al] = {1,2,3,4,5,6,7,8,9,10%; 1 2 3 45 & 7 8 9 10
#include <iostream> vector <int>» wv(a,a+10);
degque <int> d(a,a+10):; 12 3.4 > & 78910
using namespace std; list <int> 1l(a,at+l0); Ereasing elements:
123567885 10
template<class I> print(v.begin(), v.end(}):
vold print (const I & start, const I & end) print(d.begin(), d.end());: 12356728510
t ] print(1.begin(), l.end()): 12356789 10
e _ il i . Ereasing elements:
for(it = start; it != end; ++1it) cout<<"Ereasing elements:\n"; 1 2 3
¢ fcc #it < ™ oms v.erase (v.begin()+3);
} cot * " d.erase (d.begin()+3); 123
//no random access iterator 1 2 3

cout<<endl; . . . . .
list<int>::iterator it= l.begin();

++it; ++it; ++it;
it = l.erase(it):
print (v.begin(), v.end());
print(d.begin(), d.end(});
print(l.begin(), l.end(}):

cout<<"Ereasing elements:\n";
v.erase (v.begin()+3, v.end()):
d.erase(d.begin()+3, d.end());
l.erase(it, l.end());

print (v.begin(), v.end());
print(d.begin(), d.end(});
print(l.begin(), l.end()}):
return 0;




swap()

Name:
= swap
Signature:

= void vector::swap ( vector<T,Allocator>& vec);
void deque::swap ( deque<T,Allocator>& dge );
void list::swap ( list<T,Allocator>& Ist );

Parameters:
" Vvec, deq, Ist — another collection of the same type as this one.
Return value:

= None. O

Description:

= This method swaps the entire content between two collections of

same type (list <—> list, vector <—> vector, deque <—> deque).

o




s .
Console output:
Swa 2ae
10

1 4
e 78 9
1 2 3 45
int main() & 7 8 9 10
#include <vector> { _ 1 2 345
#include <deque> int all = {1,2,3,4,5,6,7,8,9,10}; & 7 8 9% 10
#include <iostream> vector <int> vlia,a+5);: .
deque <int> dl(a,a+5); Swapplng elements:
using namespace std; list <int> 1l(a,a+5); ¢ 78 9 10
1 2 3 45
template<class I> vector<int> v2 (a+5,a+10) ; & 7 8 9% 10
void print (const I & start, const I & end) deque<int®> d2(a+5,a+10); 12345
{ list<int®> 12(a+5,a+10);
I it; ¢ 78 9 10
for(it = start; it != end; ++it) print(vl.begin(), vl.end(}); 1 2345
{ B . print{v2.begin(), v2.end());
} cout<se it << T print (d1.begin(), dl.end());
int (d2.begi dz2. d ;
cout<<endl; print( egin (), end())

print{(ll.begin(), l1ll.end()}):
print{l12.begin(), 12.end()}):

cout<<"Swappling elements:\n";
vl.swap(vZ);

dl.swap(dZ);

ll.swap(l2);

print{vl.begin(), vl.end())-
print{v2.begin(), v2.end())-
print{dl.begin(), dl.end()):
print {d2.begin(), d2.end()):
print{ll.begin(), ll.end()):
print{l2.begin(), l2.end()):

return 0;




clear()

Name:
= clear

Signature: ,{‘:
= void clear ();
Parameters:

= None.

Return value:
= None.

Description:

o




1 23458€ 78510
123 45%8€ 788510

s
Clear Console output:
123456728910

int main()

#include <list> . Clearing collections:
:123232 :‘;z;tl:? int al] = {1,2,3,4,5,6,7,8,9,10}; 100
#include <iostream> vector <int>» w(a,a+10); 100

deque <int>» d{a,a+10); 100

. list <int> 1l(a,a+10});
using namespace std;
print({v.begin(), v.end()

template<class I> . : Vi
print{(d.begin(), d.end());
)5

void print (const I & start, const I & end)

{ print{l.begin(), l.end()
for(I it = start; it != end; ++it)
i cout<<"Clearing collections:\n";
cout<< *it << " "; v.clear();
} d.clear():
cout<<endl; l.clear ()

v.push back (100} ;

d.push back (100} ;

l.push back(100);

print(v.begin(), v.end(});
(d.begin(), d.end());

(1.begin(), l.end());

print
print

return 0;




push back() and pop back()

* Name:

= push_back
« Signature:

= void push_back (const T& x); i:
 Parameters: o

= X —the value which will be used to create a new element (by copying

inside a container. )
« Return value: None.
- Description:
= The function push_back() adds a new value to a container. The Zalue io

= if a vector has enough capacity, the item is just added to it, no
reallocation is performed, and all obtained iterators remain valid;

= if there is not enough capacity left, a reallocation is performe@w'
invalidates all iterators;



push back() and pop back()

Name:
= pop_back

Signature:

= void pop_back (); i::

Parameters: (o]
= None.

Return value:
= None.

Description:

= This function removes an element from the tail of the container. Basicallbit IS tho
opposite method to push_back().




I | push back() and pop back()

int main()

<wector>
<deque>
<list>
<lostreams>

#include
#include
#include
#include

using namespace std;
template<class I>

void print (const I & start,

{

const I & end)

for(I it = start; it != end; ++it)
{
coukb<< *1it << " ";

}

cout<<endl;
3
Console output:
Vector: 01 2 3 4 5 & 7 8 9
Degque: 01 2 3 4 56 78 9
List: 012345467829
Vector: 0 1 2 3 4
Deque: 0 1 2 3 4
List: 012 3 4

{

vector <int> wv;
deque <int> d;
list <int> 1;
for (unsigned i1 = 0; 1 < 10; ++i)
{

v.push back(i);

d.push kack(i):

l.push back(i);
H

cout<<"Vector: "; print(v.begin(), wv.end());:
cout<<"Deque: "; print {(d.begin(), d.end());
cout<<"List: "y print({l.begin(), l.end()):
for(unsigned i = 0; 1 < 5; ++1)

{
v.pop_back();
d.pop_back();
l.pop back():

cout<<"Vector: "; print (v.begin(), v.end());
cout<<"Dedque: "; print {d.begin{(), d.end())};
cout<<"List: " print (l.begin(), l.end()):

return 0;




push_front() and pop_front()

Name:
= push_front(deque and list only)

Signature: ,{‘:
= void push_front (const T& x);

Parameters:

= X —the value which will be used to create a new element (by
copying) inside a container.

o

Return value:
= None. (o)

Description:

= The function push_front() adds a new value to a container[EEeF
value is added at the beginning (the front) of the container, g
Increases the size of the container by one. O




push_front() and pop_front()

Name:
= pop_front

Signature:

= void pop_front ();
Parameters:

= None.

Return value:
= None.

Description:

= This function removes an element from the beginning of th{
container. Basically, it's the opposite method to push_front

During element removal, its destructor is called, and the
container size is reduced by one. O

o




I | push_front() and pop front

#include <degue>
#include <list>
#include <iostream>

using namespace std;
9 o Console ocutput:

template<class I> Deque: S8 76543210
Yoid print (const I & start, const I & end) List: 9876543210
for(I it = start; it != end; ++it) Deque: 4 3 21 0
‘ List: 43210

cout<< *it << " ";
}
cout<<endl;
}

int main()

{
int afl] = {1,2,3,4,5,6,7,8,9,10};
deque <int> d;
list <int> 1;

for(unsigned i = 0; i < 10; ++i)
{
d.push front (i):
l.push front(i);
}
cout<<"Degque: "; print(d.begin(), d.end());:

cout<<"List: "; print (l.begin{), l.end()):

for(unsigned i = 0; i < 5; ++i)
{
d.pop_front()r
l.pop_front();
}
cout<<"Degque: "; print(d.begin(), d.end());
cout<<"List: "y print(l.begin(), l.end()):

return 0;



| splice() — list only

« Name:
= splice (list)

e Signature:
= void splice ( iterator position, list<T,Allocator>& x ); {::
void splice ( iterator position, list<T,Allocator>& x, iterator i ); (o
void splice (iterator position, list<T,Allocator>& x, iterator first, iterator
last );

« Parameters:
= position — the position in the calling list where the elements will be

inserted,; o
= X —the list from which the elements will be moved to the calling Qt;
= |—the iterator to a single element from the source list, which will
moved to the calling list;
= first, last — the iterators which define the range of elements to be \@&

from the source list to the destination. The range includes fir
excludes last.




I | splice() — list only

« Return value:
= None.

- Description:
= This method moves elements from a list specified as parameter x, and inserts {:
them into the list container which calls the method. The target list size increases()
by the number of elements moved, while the source list size decreases
accordingly. There are three versions of this method:
« a method which moves the whole content of the source container;

« amethod which moves one, and only one, element specified by the iterator;
« amethod which moves a range of elements specified by the iterators.




s
#include <list>
#include <iostream>

using namespace std;

template<class I>
void print (const I & start, const I & end)
{
for(I it = start; it != end; ++it)
{
cout<< *it << " ";

}
cout<<endl;

Console output:

&7 8 9 10 11 12 13 14 15

Size of source list 13: 0O

1 2 3 4 5 15

Size of source list 12: 5
123457 8% 10 11 12 13 14 15
Size of source list 12: 0O

splice() — list only

int main{()

{

int al]={1,2,3,4,5};

int b[]={6,7,8,9,10};

int c[]={11,12,13,14,15};
list <int> 1l (a,a+5);
list <int> 12 (b, b+5):
list <int> 13(c, c+5);

12.splice(l2.end(),13);
print(12.begin(), 1l2.end());
cout<<"S8ize of source list 13: "<< l1l3.size()<<endl;

//moving one element - '15'

list<int>»::iterator it = 12.begin();

advance (1t, 9) ;

11.splice(ll.end(),12,it);

print (11l.begin(), 1ll.end());

cout<<"8ize of source list 12: "<< 12.size()<<endl;

//moving range of elements

it = 1l.end{);

advance (it,-1);

11.splice(it,12,12.begin(), 12.end()):
print(ll.begin(}, l1l.end());

cout<<"8ize of source list 12: "<< 1lZ2.size()<<endl;

return 0;




I |remove() and remove_If() — list only

Name:
= remove (list)

Signature: '{:
= void remove ( const T& value ); O

Parameters:
= value — the value of the element to be removed from the list. It
the same type as that used during the list declaration.
Return value: o

= None. O

Description:

= This function removes from the list all the elements equal {§
values provided as the parameters. During the removal, th
destructors are called. O




|remove() and remove_If() — list only

Name:
= remove_if (list)
Signature:
* template <class Predicate> i:
void remove_if ( Predicate pred ); (o
Parameters:

= pred — a unary predicate (one argument function, or function object)
which takes an argument of the same type as the elements of the list
The predicate should return true for elements which are to be removed,
and false for all others. o

Return value:
= None.
Description:

= The function remove _if() performs a conditional object deletion.
method calls the provided predicate for every element store '
list. If the predicate returns true, the element is eligible for re .




I |remove() and remove_If() — list only

#include <list>
#include <iostream>

using namespace std;

template<class I»
void print (const I & start, const I & end)
{

for(I it = start; it != end; ++it)

i

cout<< *it << " ";

H

cout<<endl;
1

int main()

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

list <int> 11l (a,a+18);
print(ll.begin(), ll.end()):;
//remove all '1°'

11 .remove (1) ;

cout<<"A1ll '1l' deleted"<<endl;
print (ll.begin(), ll.end());
//remove all '2°'

11l.remove (2);

cout<<"All '2' deleted"<<endl;
print (ll.begin(), ll.end());
//remove all '3

11l.remove (3);

cout<<"All '3' deleted"<<endl;
print (11.begin(}, 1ll.end());

return 0;

Console output:

12132343478 %6658 %5%10

All '1' deleted

232343478 %9%%8€6 58910

All '2' deleted

3343478 %6658 85 10

All '3' deleted

4 47 838 96 6 58 9 10
1]



s
#include <list>
#include <iostream>

using namespace std;

template<class I>
void print (const I & start, const I & end)
{
for(I it = start; it != end; ++it)
{
cout<< *it << " ";
H
cout<<endl;
H
struct DeleteCdd
{
bool operator ()} {(int wvalue)
{
if (wvalus % 2 > 0 )
{
return true;

}

return false;

bi
bool deleteEven{(int walue)
{

if (value % 2 == 0 )

{

return true;

}

return false;

remove() and remove_If() — list only

int main ()}

{
int all={1,2,1,3,2,3,4,3,4,7,8,9,6,6,5,8,9,10};

list <int> 11(a,a+18):

list <int> 12 (a,a+18);

print(11.begin(), l1l.end()):

//remove odd numbers

11l.remove if (DeleteOdd());

cout<<"All odd numbers have besn deleted"<<endl;
print(1ll.begin(), ll.end()):

//remove even numbers

12.remove_if{deleteEvem];

cout<<"Al]l even numbers have besen deleted"<<endl;
print (12.begin(), l2.end())s

return 0;

Console output:

1 2132343478966 582%910
211 odd numbers have been deleted
22 448 6 6 8 10

2l]l even numbers have been deleted
1133379589




from lowest to highest. O

sort() — list only

Name:
= sort (list)
Signature:
= void sort (); i:
template <class Compare> (o

void sort ( Compare comp );

Parameters:

= comp — the binary predicate used to compare pairs of elements in or
to ensure a proper sort order. It takes arguments of the same type as
the elements of the list. o

Return value:
= None.

Description:
= This method performs the sorting of elements in a lexicographic O¥g&




I | sort() — list only

#include <list>
#include <iostream>

using namespace std;

template<class I>

void print (const I & start, const I & end)

{
for(I it = start; it != end; ++it)
i
cout<< *it << " ";

}
cout<<endl;

bool compare (int vl, int v2)
{
if (vl > wv2)
i
return true;

¥
return false;

int main/()

{

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

list <int> 11 (a,a+15);
print(ll.begin{}, 1ll.end()):
cout<<"Sorting - ascending"<<endl;
1l.so0rt();

print(ll.begin(}, ll.end()):
cout<<"Sorting - descending"<<endl;
11l.so0rt (compare) ;

print(ll.begin(}, ll.end()):

return 0;

Console output:
121323478%9¢€5%82%10

Sorting - ascending
1122334586788 85%85 10
Sorting - descending

10 9 96868 7654332211




