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[n3anH n asontoumna C++

-  WcTopus paspaboTku si3blka

-  MoTtuBauunsa TEXHUYECKUX peLLEeHNN ST e Wl

- [lpogBuxkeHue s3blka Design and Evolut

- CraHpapTtmsauyud C + +

- [nanbl (B C++20 — yXe peanbHOCTb) =

CTOuT YntaTb, HO 3HAYUTESNBHO MNO3XeE.




[TOKPUTUKYNTE ISTOT KoL

struct Point { double x_, y_; };

void point_move(struct Point* point,
const struct Vec2d* vec) {
point->x_ += vec->X_;
point->y_ += vec->y_;

}

volid point_print(const struct Point* point) {
printf("POINT(%.61f %.61f)", point->x_, polint->y_ ),

}



[TOKPUTUKYNTE ISTOT KoL

struct Point { double x_, y_; };

volid point_move(struct Point* point,
const struct Vec2d* vec) {
point->x_ += vec->x_;
point->y_ += vec->y_;

}

vold point_print(const struct Point* point) {
printf("POINT(%.61f %.61f)", point->x_, polint->y_ ),

}



CyObeKkTUBHbIE NPOONEMBI

1. Py4HOe aHHOTMpoBaHMe PYHKUUM TUNOM OaHHbIX: point_~*.
2. Bce ykasatenun moryT ObiTb NULL.

3. 4BHOe ykasaHue struct.
PaHee Mbl yxogunu oT Hero typedef-ngnomonn:

typedef struct { ... } Point;



Ob6beanHeHne gaHHbIX 1 METOAO0B

struct Point { Odsexm, ons komopore Goigpifaemca memod
double x_, y_;
void move(/*Point* this, */ const Vec2d* vec) {
/*this->*/ X_ += vec->X_;
/*this->*/ y_ += vec->y_;
}
iy

Hbuoe yKagaHUE this cuumaemes dypHbim moHom



Ob6beanHeHne gaHHbIX 1 METOAO0B

struct Point {
double x_, y_;

void move(const Vec2d* vec) {
X_ += vec->X_;
y_ t= vec->y_,;

}

i¥ Hem neodxodumocmu € ykagamene:
- Hem adpecroi apugpmemuku

- Hem o,bt:'oua/—ce/waﬁmaka



Ob6beanHeHne gaHHbIX 1 METOAO0B

struct Point {
double x_, y_;

void move(const Vec2d& vec) {
X_ += vec.X_;
y_ += vec.y_;

}

1 Ho 70ece moxHo dbino Jbi ododmuct

nepedaxed no pHAUEHUIO



KoHcTaHTHOCTb this

void point_move( struct Point* point, ...);
void point_print(const struct Point* point);

Ecnu thic ne ykasvibaemes § curnamype,

Kok yn,ba.&zzrnb ero KOHCMAHMHOCMbH P
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KoHcTaHTHOCTb this

void point_move( struct Point* point, ...);
void point_print(const struct Point* point);

struct Point {

void move(const Vec2d& vec);
volid print() const;

I

1 Constants and immutability




ObobLeHune Knaccos

template <typename T>
struct Point {
T X_, Yy,

void move(const Vec2d<T>& vec) {

}
+s

Tun T u, cnedobamensho, ero pasmep weuzbecmu bl
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ObobueHne pyHKLUNN

C-style: makpocsl

#define MAX(a, b) (((b) < (a)) ? (a) : (b))

[Toxpumukyidme smom nodxod

13



ObobueHne pyHKLUNN

C-style: makpocsl

#define MAX(a, b) (((b) < (a)) ? (a) : (b))

[Toxpumukyidme smom nodxod

int a =1, b = 2;
int m = MAX(a++, b++); // m =72

14



ObobueHne pyHKLUNN

C-style: makpocsl

#define MAX(a, b) (((b) < (a)) ? (a) : (b))

[Toxpumukyidme smom nodxod

int a =1, b = 2;
int m = MAX(a++, b++); // m = 3

15



ObobuweHne pyHkumnm B C++

template <typename T>
T max(T a, T b) { return b<a? a : b; }

int a =1, b = 2;
int m r:max(a++, b++); // m =72
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ObobuweHne pyHkumnm B C++

template <typename T>
T max(T a, T b) { return b<a? a : b; }

int a =1, b = 2;
int m »:max(at++, b++); // m = 2

17



ObobueHne pyHKLUNN

C:
volid qsort(void *base, size_t nmemb, size_t size,
int (*compar)(const void *, const void *))

C++:

template<typename RandomIt, typename Compare>
void sort(RandomIt first, RandomIt last,
Compare comp);

18 Benchmark: gsort vs std::sort




STL
1993-1994 CosgaHune STL

Standard Template Library
(STepanov Library :))

Alexander Stepanov

19



MuHMManbHbI HAbOP

IonHaMmuyeckum maccus

CTpoka

AccounatnBHbIN KOHTEUHEP (KoY — 3HaYeHune)
MHOXeCTBO

Anroputmsil

BBoa-BbIBOA,

OOk

20



[InHammn4yecknmn maccms

std::vector<T>

1. ObpauwieHune K anemeHTy no nHaekcy 3a O(1)
2. BcrtaBka B KOHeL 3a amopTusnposaHHoe O(1)

“‘When choosing a container, remember vector is best;
leave a comment to explain if you choose from the rest!”

21 [sequence.regmts]




YcTtpoucteo std::vector

begin() begin() + capacity()

22



Obxopn BekTOpa
std::vector<int> v{3, 1, 4, 1, 5};
for (std::size_t i = 0; 1 < v.size(); ++i) {

std::cout << v[i] << ' ';

}

— Ulndeke ucnonssyemea monsko ona odpauseHus k 3nemeHmy

— B (++17 moxno onycmums ykagarue muna snemermof
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Obxopn BekTOpa
std::vector v{3, 1, 4, 1, 5};

for (int item : v) {
std::cout << item << ' ';

24

Range-based for loop




Obxopn BekTOpa
std::vector v{3, 1, 4, 1, 5};

for (auto item : v) {
std::cout << item << ' ';

}

25



[laTTepH: reserve

std::size_t n = ...;

std: :vector<int> v;
Beero 0dna annokayus

v.reserve(n);
for (std::size_t i = 0; 1 < n; ++i) {

v.push_back(f (1)),
¥

26 [Meyers01, Item 14]



MuHMManbHbI HAbOP

[IMHamun4yecknim maccuB

CTtpoka

AccounatnBHbIN KOHTEUHEP (KoY — 3HaYeHune)
MHOXeCTBO

Anroputmsil

BBoa-BbIBOA,

o0k owbd~
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CTpoka

Q: Kak npeacraBneHbl CTPokM B sA3blke C?
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Yctponctso C-string

h e 1 1 o [\O

strlen(const char*) — 0(?)
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Yctpouncteo C-string

h e 1 1 o [\O

strlen(const char*) — O(N)

char *strncpy(char *dest, const char *src, size_t n);

Pagpadomuuk konmponupyem Ebixod 30. rparuybl

30



YcTtpoucteo std::string

begin() begin() + capacity()

31



Obxopn, cTpoku

std::string s = “hello”;
for (auto c : s) {
std::cout << ¢c << ' ';

}
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[laTTepH: reserve

std::size_t n = ...;

std::string s;
Beero 0dna annokayus

s.reserve(n);
for (std::size_t i = 0; 1 < n; ++i) {

s.push_back(f(1));
¥

33




BosHuKaloT BONpOCHI

Q1: 3adem HyxeH Tun std::string, ecnun ectb std::vector<char>?

Q2: 3ayem xpaHuTb \Q’, ecnin pasmep yxxe XpaHUTCS OTAESTbHO?

34



std::string vs std::vector<char>

template<
class CharT,
class Traits = std::char_traits<CharT>,
class Allocator = std::allocator<CharT>
> class basic_string;

using string = basic_string<char>;

35

std::char traits




std::string vs std::vector<char>

SSO: Small String Optimization

void* operator new(std::size_t n) {
std::cout << "Allocate " << n << '\n';
return malloc(n);

}

int main() {

std::string s = "hello";

//std::vector v{'h', 'e', '1', '1', '0'};
}

36 https://godbolt.org/z/KKdrEeMeK




3a4yeM HyXeH .c_str() n \0’?

const char* c_str() const;

Returns a pointer to a null-terminated character array [...]
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3a4yeM HyXeH .c_str() n \0’?

const char* c_str() const;

Returns a pointer to a null-terminated character array [...]

Momubauus: ucnonspobanue C-API

38



[Tpobnembl std::string

void f(const std::string& s);

std::string s = "long enough to allocate",;

f(s);

[Tpurumaem napamemp no ccoinke, Hem konupoarus w arnokayud

39



[Tpobnembl std::string

void f(const std::string& s);

std::string s = "long enough to allocate",;

f(s);
f("long enough to allocate");

Kok ugdexams

annokayud !

40



BapuaHT 1: neperpyska

void f(const char* s),
void f(const std::string& s) { f(s.c_str()); }

std::string s = "long enough to allocate",;

f(s);
f("long enough to allocate");

41



BapuaHT 2: std::string_view

volid f(std::string_view s),;
std::string s = "long enough to allocate",;

f(s);
f("long enough to allocate");

42 https://godbolt.ora/z/n6hx3jWzv




std::string_view
string_view — HeBnagewLWnn ykasaTtenb Ha CTPOKY
class string_view {

const char* data;
size_t length;

+s

43 https://godbolt.ora/z/759sfdb58




MuHMManbHbI HAbOP

[IMHamun4yecknim maccuB

CTpoka

AccounaTtnBHbIN KOHTENHep (KN4 — 3HaYeHue)
MHOXeCTBO

Anroputmsil

BBoa-BbIBOA,

2 o
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AccounaTuBHbIE KOHTENHEPBI

- std::map — RB-tree
- std::unordered_map — Hash table

- std::flat_ map — Sorted array (C++23)

45



ObpalleHne K anemeHTam
std::map<std::string, int> text_to_number;

// BcTaBKa
text_to_number[“one”] = 1;
text_to_number.insert({“two”, 2});

// UTeHune

auto vl = text_to_number[“two”];

auto v2 = text_to_number.at(“one”);
auto it = text_to_number.find(“three”);

46 std::map, Unexpected Modification




Obxopg std::map (C++03)

std: :map<std::string, int> name_to_number
{{"one", 1}, {"two", 2}, {"three", 3}};

for (std::map<std::string, 1int>::const_iterator
i1t = name_to_number.begin();
it !'= name_to_number.end(); ++it) {
const std::string& name = it->first;
const int value = it->second;
std::cout << name << ": " << number << '\n';
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Obxopa std::map (C++11, v1)

std: :map<std::string, int> name_to_number
{{"one", 1}, {"two", 2}, {"three", 3}};

for (auto it = name_to_number.cbegin();
it !'= name_to_number.cend(); ++it) {
const auto& name = it->first;
const auto value = it->second;
std::cout << name << ": " << number << '\n';
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Obxopa std::map (C++11, v2)

std: :map<std::string, int> name_to_number
{{"one", 1}, {"two", 2}, {"three", 3}};

for (const auto& item : name_to_number) {
const auto& name = item.first;

const auto number = item.second;
std::cout << name << ": " << number << '\n';

auto — He npocmo cuUHmakcuueckuu caxa,b./

49



Obxopa std::map (C++11)

for (const std::pair<std::string, int>& item :

50



Obxopa std::map (C++11)

Cooeaaﬁue Konuu 603ekma

for (const std::pair<std::string, int>& item : ...)

BepHoid mun:

for (const std::pair<const std::string, int>& item : ...)

51 [Meyers14, Item 5]



Obxopa std::map (C++17)

std: :map<std::string, int> name_to_number
{{"one", 1}, {"two", 2}, {"three", 3}};

for (const auto& [name, number] : name_to_number) {
std::cout << name << ": " << number << '\n';

52 Structured binding declaration




Kakue gaHHble 30ecb XpaHATCA?

std: :map<

std::string,

std: :map<std::string, std::vector<int>>
>

53



Kakue AOaHHble 34eCb XpaHFITCFI?

using Group = std::string;

using Name = std::string;

using Grade = int;

using Grades = std::vector<Grade>;

using StudentToGrades = std::map<Name, Grades>;
using GroupToStudentToGrades

= std: :map<Group, StudentToGrades>;

54



MuHMManbHbI HAbOP

[IMHamun4yecknim maccuB

CTpoka

AccounatnBHbIN KOHTEUHEP (KoY — 3HaYeHune)
MHoxecTBO

Anroputmsil

BBoa-BbIBOA,

2 S
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MHOXeCTBO

- std::set — RB-tree
- std::unordered_set — Hash table
- std::flat_set — Sorted array (C++23)

56



MuHMManbHbI HAbOP

[IMHamun4yecknim maccuB

CTpoka

AccounatnBHbIN KOHTEUHEP (KoY — 3HaYeHune)
MHOXeCTBO

Anroputmbl

BBoa-BbIBOA,

2 S i
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NTepatop

MNoka 6ygem cunTaTth, YTO UTepaTop — 3TO HEYTO MOXOXKee Ha yKkasaTenb.

template <typename InputIt, typename T>
InputIt find(InputIt first, InputIt last,
const T& value );

30ect napamempor madnota — nwdvie munsi,

ydotnembopatouue cmamuueckomy urmepgpedicy

58

std::find



std::find

int xs[] = {8, 1, 4, 1, 5};
std::vector v{3, 1, 4, 1, 5};

auto itl = std::find(
XS, XS + sizeof(xs) / sizeof(*xs), 4),

auto 1t2 = std::find(v.begin(), v.end(), 4);

std::cout << *itl << ' " << *1t2 << '"\n';

59



MuHMManbHbI HAbOP

[IMHamun4yecknim maccuB

CTpoka

AccounatnBHbIN KOHTEUHEP (KoY — 3HaYeHune)
MHoXecTBO

Anroputmebl (find, sort, map, filter, reduce, ...)
YnpasneHne namaTbio

BBoa-BbIBOA

NN
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#include <iostream> / <fstream>

std::cin, std::cout, std::cerr — stdin, stdout, stderr
std::ifstream, std::ofstream

https://en.cppreference.com/w/cpp/io
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fmtlib / std::fmt (C++20)

std: :cout
<< std::setprecision(6) << std::fixed
<< "POINT(" << pt.x_ << ' ' << pt.y_ << )"
<< '\n';

// VS

std::cout << fmt::format(
"POINT({:6f} {:6f})\n", pt.x_, pt.y_);

62



PekomeHaauun no patote ¢ STL

1. Wcnonb3ayinte cuHOoHWMBI (using)’
2. Wcnonbaynte auto’

3. He ncnonb3ynte using namespace std;

" Ecniv aTo obnervyaeT 4YteHue Koaa
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