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3agada: NMHEeNHbIN NOUCK B MaccuBe

template <typename T>
??? find(T* array, std::size_t size, const T& value)

[MpennoxuTte TN BO3BpaLLaeMoro 3Ha4eHus.



3agada: NMHEeNHbIN NOUCK B MaccuBe

template <typename T>
??? find(T* array, std::size_t size, const T& value)

[MpennoxuTte TN BO3BpaLLaeMoro 3Ha4eHus.

T* Ykasatenb Ha HaWOEeHHbIN 3NeMeHT

std::size_t/int VIHoekc HangeHHoro anemMeHTa
T& Ccbinka Ha anemMeHT
bool

> % N\ N\



NHOekc ecnu anemMeHT He HanaeH

int: -1
std: :size t:

- static_cast<std::size_t>(-1)
- std::numeric_limits<std::size_t>::max()



YKkasaTternb

template <typename T>
T* find(T* array, std::size_t size, const T& value) {
for (std::size_t i = 0; 1 < size; ++1) {
if (array[i] == value) {
return &array[i];
b
b

return nullptr;



3agada: NMHEeNHbIN NOUCK B CNUCKEe

template <typename T>
??? find(Node<T> head, const T& value)

[MpennoxuTte TN BO3BpaLLaeMoro 3Ha4eHus.



3agada: NMHEeNHbIN NOUCK B CNUCKEe

template <typename T>
??? find(Node<T> head, const T& value)

[MpennoxuTte TN BO3BpaLLaeMoro 3Ha4eHus.

v

*x X X

Node<T>* Ykasatenb Ha HangeHHbIN ANEeMeEHT

std::size_t/int WHAeKC HaWgeHHOro 3/1emMeHTa
T& CcblInka Ha aneMeHT
bool



Peanun3auus find ana cnucka

template <typename T>
Node<T>* find(Node<T>* head, const T& value) {

for (Node<T>* cur = head; cur != nullptr;
cur = cur->next_) {
if (cur->value_ == value) {

return cur,

}

return nullptr;

9 https://godbolt.orq/z/E7efa9e4de



https://godbolt.org/z/E7efa9e4e

HabnogeHus

- 0O6e dyHKumn find — 3TO OOAMH U TOT XKe anropuTMm.
- Peanusaunu otnnyaroTca BHYTPEHHEW CTPYKTYPOWN KOHTENHEpa U
cnocobom ero obxoaa.

=> Ham Hy>xeH cnocob peannsoBaTb 0000LLEHHbIW anropuUTM, HE
3aBUCALLMN OT KOHTENHepa

=> Bce npobrieMbl NPOEKTUPOBAHUSA peLuarTcs gobaBneHnemM HOBOro
YPOBHSA KOCBEHHOCTU. Kpome npobnemsb! cnnwkomM 60nb6LWoro Konnyectaa

YPOBHEN KOCBEHHOCTW.
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O606LeHHbIN find

template <typename Iterator, typename T>
Iterator find(Iterator first, Iterator last,
const T& value) {
for (; first != last; ++first) {
if (*first == value) {
return first;
3
3

return last;

1 algorithm/find



https://en.cppreference.com/w/cpp/algorithm/find

O606LeHHbIN find

template <typename Iterator, typename T>
Iterator find(Iterator first, Iterator last,
const T& value) {
for (; first != last; ++first) {
if (*first == value) {
return first;

}

} Kakue onepayuu donxet
return last;

noddepxubams I terator?
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O606LeHHbIN find

template <typename Iterator, typename T>
Iterator find(Iterator first, Iterator last,
const T& value) {
for (; first != last; ++first) {
if (*first == value) {
return first; - Cpafuenue
) - Wnkpemenm

} - Pagoimenofanue
return last;
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Peannsyem HanBHbIW UTepaTtop ANA cnucka

template <typename T>
class List {

public:

class Iterator { ... };

I
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ITepaTop: cpaBHeHUe

class Iterator {
public:
explicit Iterator(Node* current)
current_(current) {}

bool operator==(const Iterator& other) const {

return current_ == other.current_;

private:
Node* current_;

Iy
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TepaTop: pa3biMeHOBaHWe

class Iterator {
public:
T& operator*() { return current_->value_; }

T* operator->() { return &current_->value_; }

+s
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VITepaTop: MHKPEMEHT

class Iterator {

public:

Iterator& operator++() {
current_ = current_->next_;
return *this;

}

Iterator operator++(int) {
auto old = *this;
++(*this);
return old;

)
Y
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NtepaTtop: begin & end
template <typename T>
class List {

public:

Iterator begin() { return Iterator(head_); }

Iterator end() { return Iterator(nullptr); }
Iy
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Pestome

- [loka Hu4ero HoBOro
- W ato paboTtaert. TouHee, aenaet Bua, 4To paboTaer.
- https://godbolt.orq/z/Enzor7xco
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https://godbolt.org/z/Enzor7xco

STL-coBMecTUMbIN UTepaTop

- WNHTepdenc
- [loBegeHue
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NHTepdenc

template <typename T>
class Iterator {

public:

using difference_type = ...;
using value_type = ...;

using pointer = ...;

using reference = ...;

using iterator_category = ...;

// + OnepaTtopbl B 3aBUCuMMOCTW OT 1lterator_category

+s

21 iterator/iterator traits



https://en.cppreference.com/w/cpp/iterator/iterator_traits

NHTepdenc: ymonyaHua anga npocToro crnyyas

template <typename T>
class Iterator {
public:
using difference_type = std::ptrdiff_t;
using value_type = T;
using pointer = T¥;
using reference = T&;
using iterator_category = ...;
// + OnepaTtopbl B 3aBUCMMOCTU OT 1lterator_category

+s
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KaTeropun ntepartoposn

- Legacylnputlterator

- LegacyOutputlterator

- LegacyForwardIiterator

- LegacyBidirectionallterator

- LegacyRandomAccesslterator
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KaTeropun ntepartoposn

Operations and storage requirement

increment
Iterator catego : S .

2 ih write read without with decrement | (2000t lcontigtous
multiple multiple access storage
passes passes

LegacyOutputlterator Required Required

LegacylInputlterator

(mutable if supports write operation)

Required @ Required

LegacyForwardIterator
(also satisfies LegacyInputlterator)

Required @ Required Required

LegacyBidirectionallterator
(also satisfies LegacyForwardlIterator)

Required @ Required Required Required

LegacyRandomAccesslterator
(also satisfies LegacyBidirectionallterator)

Required @ Required Required Required Required

LegacyContiguousItemtor[1]
(also satisfies LegacyRandomAccesslterator)

Required @ Required Required Required Required Required

24 iterator


https://en.cppreference.com/w/cpp/iterator

Terun kateropum

struct input_iterator_tag { };

struct output_iterator_tag { };

struct forward_iterator_tag : input_iterator tag { };

struct bidirectional_iterator_tag : forward _iterator _tag { };

struct random_access _iterator_tag : bidirectional_iterator _tag { };

25 iterator/iterator tags



https://en.cppreference.com/w/cpp/iterator/iterator_tags

Hanpumep, Tak

template <typename T>
class Iterator {
public:
using difference_type = std::ptrdiff_t;
using value_type = T;
using pointer = T*;
using reference = T&;
using iterator_category = std::forward_iterator_tag;
// + OnepaTopbl

+s
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OKCNEPUMEHT

template <typename T, typename IteratorTag>
class Array {
public:
class Iterator {
public:
using iterator_category = IteratorTag;
// Nanee Bce onepauun ansa RandomAccess

+s
+s
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OKCNEPUMEHT

template <typename T, typename IteratorTag>
class Array { ... };

template <typename T>
using ArrayInput = Array<T, std::input_iterator_tag>;

template <typename T>
using ArrayRandomAccess
= Array<T, std::random_access_iterator_tag>;

28



OKCNEPUMEHT

auto arr = create_array<ArrayInput<int>>();
std: :vector<int> v(arr.begin(), arr.end());
VS

auto arr = create_array<ArrayRandomAccess<int>>();
std::vector<int> v(arr.begin(), arr.end());
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14000000

Input
Allb[elslol | |cpu_time: 13482998.493047994

17 times slower than Forward
16 times slower than Bidirectional
17 times slower than RandomAccess
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6000000
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2000000

Input Forward Bidirectional RandomAccess

ratio (CPU time / Noop time)
Lower is faster

https://quick-bench.com/q/Q6vi67Sh1o0Ztg nozgdBJgXEH5M



https://quick-bench.com/q/Q6vi67Sh1oZtq_nozgdBJgXEH5M

Kak aTto paboTtaer

https://godbolt.org/z/bozETK6xb

31


https://godbolt.org/z/bozETK6xb

Bitlterator

https://godbolt.org/z/aM7KbGfoG
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https://godbolt.org/z/qM7KbGfoG

Bonpock!?
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