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BBepeHue

OpraHu3saLMoHHas CTPYKTypa Kypca

OnutenbHOCTb

3 MOAynsA: CEHTAOPb -> MapT

YacTtoTa

1 napa nekunn B HeJento
1 napa NpakTuKn B Heaesnto

OTYeTHOCTDb

YCTHbI 9K3aMeH B KOHLIe Kypca (nocnenHsas Heaens 3-ro Moayns)
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TemaTuueckasi CTPYKTypa Kypca

Knaccbi
ba30Bbl CUHTAKCUC U MOHATUS

Standard Template Library (STL)

KntoueBble kKnaccbl, N03BONSAOLIME pellaTh 3aga4m 6e3 N306peTeHnsa Benocunena

O6beKTHO-OpMeHTUpPOBaHHOE NporpammupoBaHue (O0MN)

O6LenpuaHaHHas napagurMa ah@ekTnsHoM pa3paboTku MO Ha YpOBHE NCXOOHOMO KoAa

MaTtTepHbl 00N

Haunbonee yacTto BcTpedarolmecs npuémbl B OOIT

OCc06eHHOCTU HOBbIX CTaHAapToB C++ U NPOABUHYTbIE TEMbI
Mmove-CeMaHTUKa, MNMpaBble CCbIJTIKN, Coroutines, ranges, modules, COﬂCGptS,



BBepeHue
PekomeHgoBaHHaA nuTepartypa

The C++ Programming Language (4th Edition)

Bjarne Stroustrup

BJARNE STROUSTRUP

THE CREATOR OF Cs+
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BBepeHue
PekomeHgoBaHHaA nuTepartypa

C++ Concurrency In Action (2" edition, 2019)

Anthony Williams
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BBepeHue

PekomMeHpoBaHHasa nuTepaTypa

https://en.cppreference.com

cppreference.com

Page Discussion

Create account

| ‘ Search |

View View source History

CppCon 2021
It's the annual, week-long gathering for the entire C++ community. Register now!

C++ reference

C++98, C++03, C++11, C++14, C++17, C++20, C++23 | Compiler support C++11, C++14, C++17, C++20, C++23

Freestanding implementations
Language

Basic concepts

Keywords

Preprocessor

Expressions

Declaration

Initialization

Functions

Statements

Classes

Overloading

Templates

Exceptions
Headers
Named requirements
Feature test macros (C++20)

Language support library
Type support — traits (C++11)
Program utilities
Coroutine support (c++20)
Three-way comparison (C++20)
numeric_limits — type_info
initializer_list (c++11)

Concepts library (Cc++20)
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Diagnostics library
General utilities library
Smart pointers and allocators
unique_ptr (c++11)
shared_ptr (c++11)
Date and time
Function objects — hash (c++11)
String conversions (C++17)
Utility functions

pair — tuple (c++11)
optional (c++17) — any (C++17)
variant (c++17) — format (c++20)

Strings library
basic_string
basic_string_view (c++17)
Null-terminated strings:
byte — multibyte — wide
Containers library
array (c++11) — vector — deque
map — unordered_map (C++11)
set — unordered_set (C++11)
priority_queue — span (C++20)
Other containers:
sequence — associative

unordered associative — adaptors

Iterators library
Ranges library (C++20)
Algorithms library
Numerics library
Common math functions
Mathematical special functions (c++17)
Numeric algorithms
Pseudo-random number generation
Floating-point environment (c++11)
complex — valarray
Localizations library
Input/output library
Stream-based /O
Synchronized output (C++20)
/0 manipulators
Filesystem library (C++17)
Regular expressions library (C++11)
basic_regex — algorithms
Atomic operations library (C++11)
atomic — atomic_flag
atomic_ref (c++20)
Thread support library C++11)
thread — mutex
condition_variable



UcTopusa C++

* 1979 - noaBneHne HOBOro A3blka noa HassaHueM “C ¢ knaccamMu”

* 1983 - 4a3blky AatoT HasBaHue “C++’, 60blas YacTb (PyHKLMOHanNa
COBpeMEeHHOro C++ yxke peannmsoBaHa

* 1987 -Bnepsble BbinyLeH GNU C++ komMnmnngatop kak 4actb GCC
* 1990-1993 - nogaep>kka WabsioOHOB, UCKIFOYEHWI, MPOCTPAHCTB UMEH
* 1998 - onybnunkoaH nepBblt cTaHaapT C++ (C++98)

* 2011 -onybnukosaH ctaHaapt C++11 published (cepbesHble ynyyllenns B
Ka4eCTBe XM3HW paspaboTyunkoB C++)

* 2074 -onybnukoBaH cTaHgapt C++14

o.croyR@N/ =onmydnrkoBar ctarmapt C++17



BBepeHue

CtaHpapTtbl C++

C++ - cTaHAApTU30BaHHbIN SI3bIK

CyLLl,eCTByI-OT KOHKpPETHbIE JOKYMEHTbI, OMNCbIBatoLLNE KJTKOHEBYHO beHKLll/IOHaJ'IbHOCTb A3bIKa,
KOTOPYHO JOJ/DKHbI nogaep>XXmBaTb MMEKLLNECA KOMMUIATOPbI W CTaHAaPTHbIE enénmnotekn C++

https://isocpp.org/std/the-standard

Q: Why is the standard hard to read? I'm having trouble learning C++ from
reading it.

The standard is not intended to teach how to use C++. Rather, it is an international treaty — a formal, legal,
and sometimes mind-numbingly detailed technical document intended primarily for people writing C++

compilers and standard library implementations.
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BBepeHue

CtaHpapTbl C++

HoBble peBM3nmM CTaHAapTOB A406ABNIOAT HOBbIM MYHKLMOHAN 1 KNtoYeBble cnoBa (M nHoraa
MEHSAIOT MMetoLLieecst NoBeaeHme)

C++98 C++03 C++11 C++14 C++17 C++20

How should we call C++20 and the beyond area?
C++98 - C++03: Legacy C++

C++11 - C++17: Modern C++

C++20 - Cr+.. ¢

Honestly, | don't know.

— Rainer Grimm (@rainer_grimm) April 28, 2019
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BBepeHue
ba3oBbiN npouecc nporpammMmmupoBaHua Ha C++

.exe/...
.C .
PP obj/.0 lib/.a
Hanucanne
NCXOQHOro Komnunsums JInHKoBKa WNcnonHernue
Koga
. I > I
TekcTOBble (aisbl , BMHapﬁH” , BUHAPHbI
MaLLUWHHbIW KOf CO v
YenoBeKo-YnTaemble ' cn:me6Ho;1 ' MallUVHHBIN
| y | KO
I I

Yenoseko-mMoanduULMpyeMble MHdOopMaLMel
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C++ucC

C++ - kcHaagMHOXXeCcTBO» fi3blka C

PaboTatowmin kog Ha C noyTy Bcerga byaet paboTatowmm, 6yayym CKOMANNMPOBaHHbIM C++-
KOMMUASTOPOM, M BblAaBaTb TOT XKe CaMblii pe3ynbTat

#include <stdio.h>

int main(int argc, char* argv[]) {
printf("Hello, World!\n");
int foo;
scanf("%d", &foo);
printf("%d", foo + 2);
return 0;



C++ucC

[3CTTN)GP"1bde'TV"1bI}lakﬂiblx

Twn

Cumson (ogHO6anTHbIN)

Llenoe uucno

Uncno ¢ nnaeatoLen TodKon (ogmMHapHasi TOMHOCTb)
Yuncno ¢ nnaearoLen ToMKon (ABOMHAA TOYHOCTD)
ByneBcKkoe 3HayeHue

CumBon («WMPOKNNY)

KnoyeBoe
CIioBO

char
int
float
double
bool

wchar_t

TunnyHbIM Anana3soH
3Ha4YeHun

=128 ...127
-2147483648 ... 2147483647
+- 3.4E-38 ... +- 3.4E+38
+-1.7E-308 .. +-1.7E+308
true, false
-32768...32767



BBepeHue

C++ucC

C - ~32 Kno4yeBbiX cnoBa

struct

unsigned

break case
continue default
else enum
for goto
long register
signed sizeof
switch typedef
void volatile
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BBepeHue

C++ucC

C++ - >60 knouyeBbIX C/NIOB

alignas (C++11)
alignof (C++11)
and

and_eq

char8_t (C++20)
char16_t (C++11)
char32_t (since
C++11)

class (1)

compl

:

concept (C++20)
const

consteval (C++20)
constexpr (C++11)
constinit (C++20)
const_cast
continue
co_await (C++20)
co_return (C++20)
co_vyield (C++20)
decltype (C++11)
default (1)

delete (1)

do

double

dynamic_cast

explicit
export (1) (3)

mutable (1)

namespace
new

noexcept (C++11)
not

not_eq

nullptr (C++11)

operator
or

or_eq
private
protected
public

register (2)
reinterpret_cast
requires (C++20)
return

short

igned

sizeof (1)

static
static_assert (C++11)
static_cast
struct (1)

switch

:
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C++ucC

C++ otnnvaetca ot C go6asneHnem ¢pyHKLUMOHANA, yNpoLLaIOLLLEro HanucaHme
nporpamMm B pa3HbIX Napagurmax («CTUAsaX» NporpaMMMUpoOBaHus)

e OOBEKTHO-OPUEHTUPOBAHHOE NPOrPaMMMPOBaHME
e (0606LlEHHOE NpOrpaMMnpoBaHme
e OnepmnpoBaHMe abCTPaKTHbIMU KOHTENHEPAMW AAHHbIX



C++ucC

B C++ «NpUHAT» OTINMYHbBIV OT C CTWU/b B3aMMOLENCTBUA C BBOAOM/BbIBOAOM NPOrpamMmb|

C C++

#include <stdio.h> #include <iostream>

int main(int argc, char* argv[]) { int main(int argc, char* argv[]) {
printf("Hello, World!\n"); std::cout << "Hello, World!\n";
int foo; int foo;
scanf("%d", &foo); std::cin >> foo;
printf("%d", foo + 2); std::cout << (foo + 2);
return 0; return 9;



C++ucC

C++ NCIMOJIb3YET NHblE K/TKOYEBbIE CJ/IOBa AJ1A pa6OTbI C AMHaAMWNYeCcKoM NamMaTbo

C

#tinclude <cstdio>

int main(int argc, char* argv[]) {
char* my_dyn_arr = NULL;

my_dyn_arr = (char¥*)
my_dyn_arr[0] 'H';
my_dyn_arr[2] '1';
my_dyn_arr[4] 'o';
printf(my_dyn_arr);
free(my_dyn_arr);
return 0;

malloc(6 * sizeof(char));

my_dyn_arr[1]
my_dyn_arr[3]
my_dyn_arr[5]

IeI;
Il‘;
9;

#include <iostream>
int main(int argc, char* argv[]) {

char* my_dyn_arr = nullptr;
my_dyn_arr = new char[6];

my_dyn_arr[0] = 'H'; my_dyn_arr[1]
"1'; my_dyn_arr[3]
'o'; my_dyn_arr[5]

my_dyn_arr[2]
my_dyn_arr[4]
std::cout << my_dyn_arr;
delete[] my_dyn_arr;
return 9;




BBepeHue
ba3oBbiN npouecc nporpammMmmupoBaHua Ha C++

.exe/...
.C .
PP obj/.0 lib/.a
Hanucanne
NCXOQHOro Komnunsums JInHKoBKa WNcnonHernue
Koga
. I > I
TekcTOBble (aisbl , BMHapﬁH” , BUHAPHbI
MaLLUWHHbIW KOf CO v
YenoBeKo-YnTaemble ' cn:me6Ho;1 ' MallUVHHBIN
| y | KO
I I

Yenoseko-mMoanduULMpyeMble MHdOopMaLMel
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KOMI'IVIHFITOpr N JINMHKOBLUUWUKUA

Windows - cl.exe/link.exe
Microsoft Visual C++ Compiler (MSVC) - 06bl4HO BXxoauT B cocTaB Visual Studio

NSUIEEE Rl C:\ cl.exe /c hello world.cpp
C:\ dir
2021-09-01 15:43 332 hello world.
2021-09-01 15:45 52,471 hello world.

Te:TCcE=~ C:\ link.exe /c hello world.cpp

C:\ dir

2021-09-01 15:43 332 hello world.
2021-09-01 15:45 185,856 hello world.
2021-09-01 15:45 52,471 hello world.



KOMI'IMHFITOpr N JINMHKOBLUUWUKUA

Linux - g++
GNU Compiler Collection - nocTynHO B Ka4ecTBe NnakeTa BO Bcex Bepcusx Linux, 3a4acTyto
npeaycTaHoBMeHa

NGIEE Rl ¢ c++ -c hello world.cpp
$ 1s
hello world.cpp hello world.o

NZEICETCIES il $ g++ hello world.o -o hello world

$ 1s
hello world.cpp hello world.o hello world




KOMI'IMHFITOpr N JINMHKOBLUUWUKUA

Kpocc-nnatdpopmeHHbIn - clang

DOpoHT-9HA (T.e. NPUNOXKEHNE, B3aUMOAENCTBYHOLLEE C NMOAb30BaTeNeM) AN KoMIunsaummn C/C++
C MOMOLLIbIO DpenMBOpPKa KOMNUIATOPOB LLVM; ycTaHaBnnBaeTcsa AONONMHUTENBHO

NUGIEE Rl ¢ clang -c hello world.cpp
$ 1s
hello world.cpp hello world.o

NZLINGCTEIES il $ clang hello world.o -o hello_world

$ 1s
hello world.cpp hello world.o hello world



BBepeHue

MHTerpupoBaHHble cpeabl pa3paboTku (IDE) pna C++ @

Windows: Linux:

e MS Visual Studio e CEclipse

e Visual Studio Code e ClLion

e Qt Creator o Qt Creator

e (Code:Blocks e (Code:Blocks
o Notepad++ e Vim



OTnapgka

MporpamMmMa ckoMnuaMpoBanacb, HO paboTaeT HenpaBWIbHO - UTO AenaTtb?

e C++ noaaep>xXmBaeT NOCTPOYHYHO OTNaAKY, TOYKN OCTaHOBa U T. 4.

e OTnapuuk (debugger) - gononHUTENbHASA NPOrPaMMa, C MOMOLLBH KOTOPOro
NpON3BOAMTCA OTNaAKa

e OTnagynK ecTecTBeHHbIM 06PA30M JOMNOAHAET KOMMAUNATOP U TIMHKOBLLMK; YaCcTO BCE
BMECTe HasbIBaoT “tool chain”

e GDB-otnagunk ns GCC, LLDB - otnagumnk clang/LLVM, Microsoft Visual Studio Debugger -
oTnagynk MSBuild/Visual Studio

KomnunaTtopbl gna C++ - onTuMusupyiowue

e KoMnunsaTopbl 06513aHbl MPeobpasoBaTh UCXOAHbBIN KOA B MALLUMHHbBIA KOPPEKTHbIM
06pa3oM, HO He 06513aHbl, HAaNpPUMEP, COXPaHSATb MNOPSAOK MaLUMHHbIX OnepaLuii
OTHOCUTENBHO NOPSAKA COOTBETCTBYHOLLMX CTPOK B KOAE, UM COXPaHSITb
Hencnob3yemble KYCKn Koaa



OTnapgka

e /114 TOro, Ytobbl OTNAAUTb NPOrpaMmy, HEOOXOAMMO CKOMMUANPOBATL €€ CreLnanbHbIM
06pa30M - 06bIYHO 3TO YKa3bIBAETCS C MOMOLLBIO drara Ans KoMnnsaTopa

$ g++ -g hello world.cpp -o hello world for_debug

e Takumm e pnaraMmm KOHTPONNPYHOTCA U MPUMEHSAEMbIE ONTUMUBALINN:

$ g++ hello world.cpp -03 -0 hello world for_release

$ g++ hello world.cpp -01 -o hello world with less opts



std::cin, std::cout

std::cout

e O6beKT Knacca ostream, NnpegHasHa4YeHHbI 415 B3aNMOAENCTBUSA CO CTaHAaPTHbIM
NOTOKOM BbIBOAA

e B Koae, B OCHOBHOM, MCMOMb3yeTcss BMECTE C onepaTopoMm << (aka ‘inserter”)

e PaboTaeT ¢ 60/bLUNHCTBOM BCTPOEHHbIX TUMOB U C HEKOTOPbIMI STL-TUNaMm; MOXHO
NPMCNOCO6UTb 1 AN BblBOAA NONb30BATENbCKMNX K1ACCOB

e (dopmaT BblBOAA HACTPaAMBAETCS C MOMOLLIbHO MCMONb30BaHUSA OOBEKTOB M3 3arofloBKa
<iomanip>

std::cin

e OObBeKT Knacca istream, NpegHasHa4YeHHbIN 4719 B3aUMOAENCTBUA CO CTaHAapPTHbIM
NOTOKOM BBOAA

e B Koae, B OCHOBHOM, UCMOMb3YeTCA BMECTE C ornepaTopoM >> (aka “extractor”)

o -//-



