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Èòåðàòîðû

�Âñïîìíèòü âñå�

I Èòåðàòîðû ïðåäíàçíà÷åíû äëÿ ïåðåáîðà ýëåìåíòîâ êîíòåéíåðîâ

std::vector<int>::iterator

std::list<double>::iterator

I Èõ óíèâåðñàëüíîñòü ïîçâîëÿåò ïèñàòü êîä, íå çàâèñÿùèé îò òèïà
êîíòåéíåðà (íàïðèìåð, àëãîðèòìû â STL)

I Èòåðàòîðû èìåþò ñåìàíòèêó è ñèíòàêñèñ óêàçàòåëåé:

Ïîääåðæèâàþò îïåðàöèè ++, *, ->

Ïîñëåäîâàòåëüíîñòü çàäàåòñÿ äâóìÿ èòåðàòîðàìè
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Ôóíêòîðû

Ôóíêòîðû � ýòî êëàññû, îáúåêòû êîòîðûõ ïîõîæè íà ôóíêöèþ, â
íèõ ïåðåãðóæåí îïåðàòîð ().

struct sum_sq {

int operator ()(int a, int b) const {

return a * a + b * b;

}

};

sum_sq f;

int res = f(3, 4);
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Ôóíêòîðû

Ïîõîæå ïî ñèíòàêñèñó íà ôóíêöèþ, íî ýòî âñå-òàêè êëàññ (�âíóòðè�
ìîæíî õðàíèòü äàííûå).

struct cmp {

int value;

cmp(int v) : value(v) {}

bool operator ()( int a) const {

return a < value;

}

};

cmp f(2);

bool b = f(13);

I Åñëè ôóíêòîð âîçâðàùàåò bool, òî åãî íàçûâàþò ïðåäèêàòîì

I template <class It, class UnaryPredicate>, òèï UnaryPredicate �
ïðåäèêàò ñ îäíèì ïàðàìåòðîì.
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Ôóíêòîðû

Åùå ïðèìåð.

struct accum {

int acc;

accum() : acc(0) {}

void operator ()( int a) {

acc += a;

}

};

accum f;

f(13);

f(16);

cout << f.acc; // 29
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Àëãîðèòìû

I Â STL áîëåå 100 àëãîðèòìîâ.

I Ìû ðàññìîòðèì òîëüêî íåêîòîðûå ïðèìåðû.

Ìèêðî-àëãîðèòìû

Àëãîðèòìû, íå ìîäèôèöèðóþùèå ïîñëåäîâàòåëüíîñòè

Àëãîðèòìû òèïà �nd

Ìîäèôèöèðóþùèå àëãîðèòìû
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Ìèêðî-àëãîðèòìû

I swap(T &a, T &b)

I iter_swap(It p, It q)
Ìåíÿåò ìåñòàìè çíà÷åíèÿ ýëåìåíòîâ, íà êîòîðûå óêàçûâàþò
èòåðàòîðû.

I max(const T &a,const T &b )

I min(const T &a,const T &b )
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Ïðèìåð èñïîëüçîâàíèÿ ïðåäèêàòà

I Ó max è min àëãîðèòìîâ åñòü âåðñèè ñ òðåìÿ ïàðàìåòðàìè.
I Òðåòèé ïàðàìåòð ïðèíèìàåò áèíàðíûé (äâà ïàðàìåòðà)

ïðåäèêàò, çàäàþùèé óïîðÿäî÷åííîñòü îáúåêòîâ.

struct Person {

int age;

string name;

string city;

Person (...) {...}

};

struct by_city {

bool operator ()( const Person& p1 ,

const Person& p2) const {

return p1.city < p2.city;

}

};

Person p1(30, "V", "Msc"); Person p1(15, "K", "Spb");

by_city f;

std::max <Person , by_city > (p1, p2, f);

std::max(p1, p2, by_city ());
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Íåìîäèôèöèðóþùèå àëãîðèòìû

I size_t count(It p, It q, const T &x)
Âîçâðàùàåò, ñêîëüêî ðàç ýëåìåíò ñî çíà÷åíèåì x âõîäèò â
ïîñëåäîâàòåëüíîñòü, çàäàííóþ èòåðàòîðàìè p è q.

I size_t count_if(It p, It q, Pr pred)
Âîçâðàùàåò, ñêîëüêî ðàç ïðåäèêàò pred âîçâðàùàåò çíà÷åíèå
true.

vector <int > v;

v.push_back (...);

vector <int >:: iterator p = v.begin ();

vector <int >:: iterator q = v.end();

count_if(p, q, divides_by (8)); //how many elements
divisible by 8
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Àëãîðèòìû òèïà find

I �nd(It p, It q, const T &x)
Âîçâðàùàåò èòåðàòîð íà ïåðâîå âõîæäåíèå ýëåìåíòà x â
ïîñëåäîâàòåëüíîñòü, çàäàííóþ èòåðàòîðàìè p è q.

I �nd_if(It p, It q, Pr pred)
Âîçâðàùàåò èòåðàòîð íà ïåðâûé ýëåìåíò, äëÿ êîòîðîãî ïðåäèêàò
pred âåðíóë çíà÷åíèå true.

I min_element(It p, It q)

I max_element(It p, It q)
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Àëãîðèòìû òèïà find

I equal(It p, It q, Itr i)
Ñðàâíèâàåò äâå ïîñëåäîâàòåëüíîñòè íà ýêâèâàëåíòíîñòü. Âòîðàÿ
ïîñëåäîâàòåëüíîñòü çàäàåòñÿ îäíèì èòåðàòîðîì, òàê êàê
ïîñëåäîâàòåëüíîñòè äîëæíû áûòü îäèíàêîâîé äëèíû. Åñëè
âòîðàÿ êîðî÷å, òî unde�ned behaviour.

I pair <It, Itr> mismach(It p, It q, Itr i)
Âîçâðàùàåò ïàðó èòåðàòîðîâ, óêàçûâàþùóþ íà ïåðâîå
íåñîâïàäåíèå ïîñëåäîâàòåëüíîñòåé.

I F for_each(It p, It q, F func)
Äëÿ êàæäîãî ýëåìåíòà ïîñëåäîâàòåëüíîñòè ïðèìåíÿåò ôóíêòîð
func. Âîçâðàùàåò ôóíêòîð func ïîñëå åãî ïðèìåíåíèÿ êî âñåì
ýëåìåíòàì.

accum a; // from slide 5

a = for_each(v.begin(), v.end(), a); // Sum all elements
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Ìîäèôèöèðóþùåå àëãîðèòìû

I �ll(It p, It q, const T &x)
Çàïîëíÿþò ïîñëåäîâàòåëüíîñòü çíà÷åíèÿìè, ðàâíûìè çíà÷åíèþ
x.

I generate(It p, It q, F gen)
Çàïîëíÿþò ïîñëåäîâàòåëüíîñòü çíà÷åíèÿìè, ñãåíåðèðîâàííûìè
ôóíêòîðîì gen (íàïðèìåð, ãåíåðàòîðîì ñëó÷àéíûõ ÷èñåë).

I copy(It p, It q, Itr out)
Êîïèðóåò â out

I reverse(It p, It q)

I sort(It p, It q)

I transform(It p, It q, Itr out, F func)
Ê êàæäîìó ýëåìåíòó âõîäÿùåé ïîñëåäîâàòåëüíîñòè ïðèìåíÿåò
ôóíêòîð func è çàïèñûâàåò ðåçóëüòàò â ïîñëåäîâàòåëüíîñòü,
íà÷èíàþùóþñÿ ñ èòåðàòîðà out.
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Ðåàëèçàöèÿ àëãîðèòìîâ

template <class InputIt , class OutputIt >

OutputIt copy(InputIt first , InputIt last ,

OutputIt d_first) {

while (first != last) {

*d_first ++ = *first ++;

}

return d_first;

}

vector <int > v;

list <int > l;

copy(v.begin(), v.end(), l.begin ());

C++ 13 / 20



Ðåàëèçàöèÿ àëãîðèòìîâ

template <class InputIt , class OutputIt ,

class UnaryPredicate >

OutputIt copy_if(InputIt first , InputIt last ,

OutputIt d_first ,

UnaryPredicate pred) {

while (first != last) {

if (pred(* first))

*d_first ++ = *first;

first ++;

}

return d_first;

}

copy_if(v.begin(), v.end(), l.begin(), divide_by (8));
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value_type

Êàê çàïèñàòü òèï pivot?

template <class It >

void q_sort(It p, It q) {

??? pivot = *p;

}

�Ïðîòàùèì� T èç vector â vector::iterator.

template <class T>

class vector {

T *array;

class iterator {

typedef T value_type;

};

};

template <class It >

void q_sort(It p, It q) {

It:: value_type pivot = *p;

}

Åñòü åùå iterator::pointer, iterator::reference, iterator::iterator_category
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iterator_category

I Random access iterator (RA)
Ñàìûé ñèëüíûé èòåðàòîð: ïîääåðæèâàåò ++, - -,
àðèôìåòè÷åñêèå îïåðàöèè òèïà +=.

I Bidirectional iterator (BiDi) Ïîääåðæèâàåò òîëüêî ++, - -. Ýòî
áîëåå ñëàáûé èòåðàòîð.

I Forward iterator (Fwd) (îáñóäèì â äðóãîé ðàç) Ïîääåðæèâàåò
òîëüêî ++.

Ó std::vector è std::deque RA èòåðàòîðû, ó îñòàëüíûõ êîíòåéíåðîâ �
BiDi.
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iterator_category

template <class T>

class vector {

T *array;

class iterator {

typedef ra_tag iterator_category;

};

};

template <class T>

class list {

Node *head;

class iterator {

typedef bidi_tag iterator_category;

};

};
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distance è advance

I std::advance(it, n) Ïðîäâèãàåò èòåðàòîð íà n ïîçèöèé âïåðåä
(àíàëîãè÷íî p += n äëÿ óêàçàòåëåé).
Äëÿ RA èòåðàòîðîâ èñïîëüçóåò +=, äëÿ BiDi - ++.

I std::distance(it1, it2) Âîçâðàùàåò ðàññòîÿíèå ìåæäó
èòåðàòîðàìè.
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Ðåàëèçàöèÿ advance

template <class Iterator >

Iterator advance(Iterator it , int amount)

{

typedef Iterator :: iterator_category tag;

advance(it, amount , tag ());

}

Íî ìîæíî áûëî, êîíå÷íî, è òàê:

advance(it, amount , Iterator :: iterator_category ());
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Ðåàëèçàöèÿ advance. RA è BiDi.

template <class RAIterator >

RAIterator advance(RAIterator it, int amount , ra_tag t) {

return it + amount;

}

template <class BiDiIterator >

BiDiIterator advance(BiDi it, int amount , bidi_tag t)

{

for (; amount; --amount) ++it;

return it;

}

C++ 20 / 20


