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Yactb 1. Hebonblimne npuaTHbie
BO3MOHOCTM



Alias templates (C++11)

* [losBunacb BO3MOXHOCTb AenaTtb typedef Ha WwWabnoHHbIN
™

1. typedef

2. std: :map<std::string, size t>
3. words_counter_t;

4,

5. template<class type>

6. using obj counter = std::map<type, size t>;
7.

8. using ivec = std::vector<int>;

S

10. |[//..

11. |obj counter<int> digit counter;
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Range-based for (C++11)

* HamHOro KomnakTtHee nTepmpoBaHume Nno KOHTeIZHepy,
eC/in He HYXKeH MHAOEKC

list<string> strings;

1. for (list<string>::iterator it = strings.begin(); it !=
strings.end(); ++it)
{/*.*/}

2. for (auto it = strings.begin(); it != strings.end(); ++it)
{/*. %/}

3. for (string& str: strings) {/*...*/}

4. for (auto& str: strings) {/*...*/}
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initializer list (C++11)

KOMUPYETCA TOJIbKO MO CCbIJZIKE

* CO3/73€eTCA TO/IbKO CUHTAaKCMCOM Yyepes {}

coNOYUTL D~ WDN R

NRRRRPRRRRRERRUO
©OVWoHONOUDNWNRO -

struct compl

{

double real;
double img;

I

compl ¢ = {3, 4};
int a [10] = {1, 2, 3, 5, 7, 11};

vector<int> vi = {1, 2, 4, 8, 16, 32};
map<int, string> mis {{1, "one"}, {2, "two"}, {3, "three"}};"

struct seq

{
seq(std::initializer_list<int> args)
{ assign(args.begin(), args.end()); }

5

// Uniform initialization
// one int equal to 4, or 4 ints with zero value?
vector vi{4};
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new string literals (C++11)

[Mo3BonAoT 3a4aBaThb CTPOKY B Unicode KoaupoBskKe.
MOXHO 3a4aTb CTPOKY 6€3 sKpaHMPOBaHMS CUMBOJIOB.

NoOoupbh wNBR

u8"This is how to write in utf-8 & char \u2018"
u"This is how to write in utf-16 & char \u2018"
U"This is how to write in utf-32 & char \U00002018"

R"(raw string "without" special \ symbols)"
u8R"delimiter(raw string "without" special \
symbols)delimiter";

He 3abbiBaniTe npo bubnmnotekn gna l10n, Hanpumep
gettext
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Delegating Constructors(C++11)

e NledonTHbIE 3HAYEHMA YXOOAT B peanunsaLuio.

* OOBEKT cYMTaeTCA CO34aHHbIM YXKe Nocae Nepsoro

coNNOUT DS WN B

N S Vo)
N RO -

KOHCTPYKTOPaA.
struct string
{
explicit string(const char* str) {/*..
string(string const& other)
: string(other.c _str()){/*...*/}
}s
struct def
{
def(size_t number) {/*...*/}
def() : def(238) {/*...*/}
}s

X/}
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Non-static data member
initializers(C++11)

Monto 6yaeT NpUCBOEHO YKa3aHHOE 3HaYeHUe, ecsin ero He
NnepeKpbliBaeT KOHCTPYKTOP.

R OO ~NOOUVI D WDNER

class some

{
public:

some() {}

explicit some(int new value) : value(new _value) {}

private:
int value
string name

15;
"Stefan";

}s
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YacTtb 2. bonblwimne BO3IMOMKHOCTU



auto / decltype



auto (C++11)

3HaYMTE/IbHO YyNPOLW,aoT YKa3aHue TUMoB.

BbIBOAUT TN MO TEM Ke NpaBuUaaMm, YTO M BbIBOA
WabnoOHHOro aprymeHTa PyHKUMKM: oTOpacbiBaeT top
level ccbinky u cheaytowmm 3a Hen top level const m

volatile cneundunkaTopbl (ecnum ectnb).

MO»XHO HanucaTb KOA, KOTOPbIN pPaHbLue bbla bbl
HEBO3MOKEH



auto (C++11)

OWoOoONOUVTD WN PR

auto x = 5;
auto it = vec.begin();
auto& value = my map[key];

// trailing return type
template<class T, class A>
auto vector<T, A>::begin() -> iterator {/*...*/}

// much easier iterator stuff
for (std::map<string, double>::const_iterator it

for (auto it = ...)

// impossible before
template<typename T, typename S>
void foo(T lhs, S rhs) {

auto prod = lhs * rhs;

Ji o
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auto (C++14)

* Auto BblBOA BO3BpalllaemMoro napameTpa
— Bce return-Bbipa*keHUA fO/IKHbI COBNAAaTb MO TMNY (C OroBOopKamu auto)
— TpebyeTcAa onpeneneHne g0 NCNONb30BaAHMA
— BO3MOXHa peKypcuA

e Generic lambdas

1. template<class range t>

2. auto inversed (range_t range)
3. {

g' if (range.empty())

6. return range;

7. ) )

3 // inverse it somehow...
9. return range,

10. |}

11. //...

12. |auto lambda = [](auto x, auto y) { return x + y; };
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decltype(C++11)

[103BONISIET BbIBECTU TOYHbIU TUN BblPaXXEHUA

A WDNBR

template<typename T, typename S>
void foo(T lhs, S rhs) {
typedef decltype(lhs * rhs) product type;

[l o

}

Bonee rubkue npasuna, ecnm BbliparkeHue

— nepemeHHan 6e3 ckobokK, pe3ysbtat — TOT TUN, C
KOTOPbIM OHA onpeaeneHa; B NpOTMBHOM Cay4ae
coxpaHaeTcsa value category:

* |value (B T.4. nepemeHHan B CKObKax), pe3ynbTtaT — lvalue
CCbIIKA

» xvalue (aBHaA rvalue ccbinika), pe3ynbraTt — ABHaA rvalue
CCbINKA

e prvalue, pe3ynbtart prvalue




decltype, npumepbol

 HauunHaa c C++14: decltype(auto) — ato auto, HO C

npasmunamm decltype

OoOoONOUVTD WN PR

int& foo();
decltype(auto) i = foo(); // i is int&

//...
template<class F, class A>

auto apply(F func, A&& a)
// would give rvalue without ->decltype
-> decltype(func(forward<A>(a)))

{

return func(forward<A>(a));

}

// or could be simplier

decltype(auto) apply(auto&& func, auto&&... args) {
return func(forward<decltype(args)>(args)...);

¥
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Some constexpr abilities
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constexpr metaprogramming (C++14)

Template metaprogramming

1. | template <size t n>

2. |[struct log 2

3. |{ const size t value = 1 + log 2<n / 2>::value };

4,

5. | template <>

6. |struct log 2<1>

7. |{ const size t value = 1; };

constexpr metaprogramming

1. constexpr size t log2(size t n) {
2. return n < 2?21 : 1 + log2(n / 2);
3. }
4.
5. // variables, conditions, loops, other constexpr calls
6. constexpr size t factorial(size t n){
7. size t f = 1u;
8. for (size t i =1; i <=n; ++i) f *= 1i; // loops
9.
10. return f;
11 }
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if constexpr (C++17)

[MToABmMnacb BO3MOXKHOCTb AenaTtb compile-time if-
NpPOBEPKMU.

Ecav ycnoBume He BbIMOIHAETCA, COAEPKMNMOE He
komnunanpyetca (pa3sutme SFINAE).

coNOOuUT A WDN R

template <typename T>
auto get value(T t)
{
if constexpr (std::is_pointer_ v<T>)
return *t; // deduces return type to int for T = int*
else
return t; // deduces return type to int for T = int
}
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KoHuenTtbl (C++20)



RoHUuenThbl

template<class I>
concept Integral = is_integral v<I>;

3aaatoT ABHOe TpeboBaHMe Ha TUN (HEe MeHAs cam Tun)
TpeboBaHMA Ha TUN CTAHOBATCA YAaCTblo MHTepdenca
dyHKUMM/Knacca

MOXXHO neperpy*KaTb No 3TUm TpeboBaHMAM PYHKLUU
N CNeumMann3npoBaTb KAaCChbl

MHOFOKpPaTHO yNpoLLatoT OWMOKM KOMNUNALNN —
Cpa3y NOKa3bIBAOT HECOOTBETCTBME TUMOB KOHLLENTY
MoryT 3ameHUTb (constrained placeholder)

EcTb MHOrO cTaHAAPTHbIX KOHLUENTOB, U MOXHO AenaTb
CBOM




OnpeaeneHne n UCNOb30BaHUE

Concept definition

1. template<class T>

2. concept Comparable = requires(T x) { x < Xx; };

3.

4. template<class T>

5. concept Comparablelt = requires(T x) { (*x) < (*x); };
Concept usage

1. // usage

2. template<class FwdIt>

3. requires ComparableIt<FwdIt>

4. void mysort(FwdIt begin, FwdIt end) { /*...*/ }

5.

6.

7.

8.

9.

10.

11.
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OnpeaeneHne n UCNOb30BaHUE

Concept definition

1. template<class T>

2. concept Comparable = requires(T x) { x < Xx; };

3.

4. template<class T>

5. concept Comparablelt = requires(T x) { (*x) < (*x); };
Concept usage

1. // usage

2. template<class FwdIt>

3. requires ComparableIt<FwdIt>

4. void mysort(FwdIt begin, FwdIt end) { /*...*/ }

5.

6. // or like this

7. template<ComparableIt FwdIt>

8. void mysort(FwdIt begin, FwdIt end) { /*...*/ }

o)

10.

11.
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OnpeaeneHne n UCNOb30BaHUE

Concept definition

vi b WN PR

template<class T>
concept Comparable = requires(T x) { x < X;

template<class T>
concept Comparablelt = requires(T x) { (*x)

}s

< (*x)5 )

Concept usage

OWoOoONOULDES, WDN R

IR
R o -

// usage
template<class FwdIt>
requires ComparableIt<FwdIt>

void mysort(FwdIt begin, FwdIt end) { /*..

// or like this
template<ComparableIt FwdIt>

void mysort(FwdIt begin, FwdIt end) { /*..

// or even like this (instead of auto)

X/}

X/}

void mysort(Comparablelt begin, Comparablelt end){ /*...*/ }
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Bonee cnoxHble TpeboBaHUA

Concept definition

1. template<class T, class Comp>
2. concept ComparableItBy = requires(T x, Comp c) {
3. { c(*x, *x) } -> std::convertible to<bool>;
4. }s
Concept usage
1. template<class FwdIt, class Comp>
2. requires ComparableItBy<FwdIt, Comp>
ER void mysort(FwdIt begin, FwdIt end, Comp c) { /*...*/ }
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Coenaem neperpysky
No CBOUCTBY TUNA.



Coenaem neperpysky
No CBOUCTBY TUNA.

KakK 3To 6b1n0 paHbLue?



[TpoBepKa Ha KOHTENHep

* MOXHO NPOBEPUTL AarKe Ha Ha/inume GyHKLUUKU, NONTY4EHHOWM
oT 6a3o0Boro Knacca. [ins satoro Bocnosb3yemcsa decltype.

1. template <class T>

2. struct has_begin end

3. {

4. typedef char yes;

5. typedef struct { yes dummy[2]; }no;

6.

7. template <typename U>

8. static auto test(U* u)

9. -> decltype((*u).begin(), (*u).end(), yes());
10. static no test(...);

11.

12. enum { value = (sizeof(yes) == sizeof test((T*)0)) };
13. s
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Bbibop no cBoUCTBY TMNa enable if

1.

2. template<class T>

3. enable if t<has_begin end<T>::value> print(T const& cont)
4. {

5. for(auto const& item: cont)

6. cout << item << " ";

7. }

8.

9. template<class T>

10. void print(

11. T const& value, enable_if t<'!has _begin end<T>::value>* = 0)
12. { cout << value; }

13.

* Tot cambin SFINAE

He oyeHb npocTo NUcaTb

He oyeHb BbICTPO KOMNUANPOBATL (NPUXOANTCA CNOKHO NMPOBEPATL U
oTbpacbiBaTb NeperpysKku)
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Coenaem neperpysky
No CBOUCTBY TUNA.

A KaK 3To Tenepb!



[leperpy3Kka no cBOMCTBY TUNA

Concept definition

1. template<class C>
2. concept Iteratable = requires(remove_const t<C> c) {
3. { begin(c) }-> convertible to<typename C::iterator>;
4. { end (c) }-> convertible to<typename C::iterator>;
5. |}
Concept usage
1. void print(Iteratable const& collection) {
2. for (auto const& item : collection)
3. cout << item << " ";
4. }
5.
6. void print(auto value) {
7. cout << value << " ";
8. }
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Moaynu (C++20)



Pewaemasa 3agava

R OVooO~NOUVLTDS, WDN PR

// main.cpp

#include <iostream>

int main(int argc, char* argv[])

{
using namespace std;
cout << "Hello, " << argv[1l] << endl;
return 0;

0. |}

Xepaepa ovyeHb pasaysatoT TU — 40/r0 KOMNIMANPOBATL

B TU nonapaet BCe, 4TO HbIN10 B Xeaepax

— JInwHue makpocbl (npobrema min/max)

— JlInwHue obbaBneHUA (nosTomy B cTaHAaPTHOM BbanoTeke
Takue CTPaHHble MMeHa B peannsaLlumn)

MoHo cnydyanHo HapywnTtb ODR, ecnmn makpocom UCNOPTUTL

BK/1tOMaeMbl Nocne xeaep

B TU nonapgatot Bce BKAtOYeHHbIe B header apyrue header’a




Moaynwu

1. import std.io
2.
3. int main(int argc, char* argv[])
4. {
5. std::cout << "Hello, " << argv[l] << std::endl;
6. return 0;
7. }
[lo3zsonAtoT

— YcKoputb cbopKy

— Bblibopo4HO 0603HaUYUTL, YTO Nonagaet B TU

— PewwunTtb npobnemy cnyyamHoro HapyweHus ODR
— OTceyb NoNagaHMe NNLLHUX 3aBUCUMOCTEN

OcobeHHOoCTH
— TouykKa B std.io HMYero He o3HaudaeT
— OpTOroHa/ibHbl NPOCTPAHCTBAaM MMEH
- CTpOFITCFI BCe CMMBOJ1bl U3 MOoAynA OANH pPa3, MMnaiemeHTauunA
KOMNUAnNpyeTca otTae/ibHO

YTo He aenatorT:

— HMKaK He U3MEHAOT MexaHU3M pacnpocTpaHeHns bubanoTek
— He yny4ywatoT, HO 1 He yxyawatoT paboTty package manager’os




my_sat solver B header'e

OWoNOTULTES, WDNBER

// my_sat solver.h
#pragma once
#include "sat _solver.h® // unwanted dependency header

namespace details

{
struct solver // unwanted declaration
{ /*...*/ sat_solver sol; }
template<class T>
void do_solve(){
A |
}
}

template<class T>
bool solve(/*...*/) {
details::do_solve<T>(/*...*/)

}
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my_sat_solver B moayne

Module interface unit (my sat solver.cppm)

1. |export module my sat solver;
2. struct solver;
3.
4. | template<class T>
5. |void do_solve(){
6. [*¥.0.0%/
7. |}
8.
9. |[template<class T>
10. | export bool solve(/*...*/) {
11. do_solve<sat solver>(/*...*/)
12. | }
Module implementation unit (my sat solver impl.cppm)
1. |module my sat solver;
2. | [export] import sat_solver; // it's possible to reexport
3.
4. | struct solver
5. | { /*...*/ sat_solver sol; }
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Moaenb Komnnaaunm

cop h h h

cop h h nh

.0 \\\*___5 

.0 /7

.0 .0 .0
| | |

cppm (cppm cppm cppm | cpp | \ cpp !

BMI /'BMI 'BMI BMI
| l I

A

>

BMI He ana pacnpocTpaHeHuA
[lpouecc komnuaauuma
CTAHOBUTCA C/I0XKHee

Ho Ha npaKTuKe bbicTpee. 1o
6eHumapKkam 0.5-10 pa3
Moagynun C++20 C++Russia.2019
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TepHUCTbIN NYTb MOAYNEN

[MepexoaHbIN Nepunoa,

- Mano waHcoB nepenncaTb BECb KOA, Ha MOAY/N
Header units

- PaccmaTtpuBaTb «4UCTbIEM XeAepa Kak MOAyNM
- Bce cumBonbl Ha export

- Bce makpocbl Toxke nonaayT (K coxkaneHuto)

—~ C++20: Bce xeaepa cTaHaapTHON BUbAnoTeKN —
header unit

import some.module
import <vector>




Ranges (C++20), Ho ecTb B Boost



Boost.range. Range concept

PyHKUMM std, onepupya utepaTtopamum,
npeaocTaBAAoT b0NbLUYIO TMOKOCTb, OAHAKO
BECbMa “MOHCTPYO3HbI” B UCMONb30BAHUMN.

N

using namespace boost::adaptors;”
std: :vector<int> vi = ...;
copy(vi | filtered(fn) | reversed, ostream_ iterator<int>(cout));

« KoHuenuua Range «ner4ye» KOHTEMHEPOB:

— He 0b6sa3aTenbHO BNageeT arieMeHTaMu, K
KOTOPbIM UMEET OOCTVYI,

— He obga3aTenbHO obrnagaeT ceMaHTUKON
KOMMpOBaHUS.




Boost.range AAropmuTtmbl 1 aganTopbl

. Anroputmbl oy6anpytoT (1 AarxKe pacunpatoT)

anroputmbl n3 STL.

—~ BO3BpallaloT cCHoBa Range anA
nocnenoBaTe/IbHOTO BbI30BA.

. ApanTtepsl:

— JIEHUBBbI, HET NNLLHUX KONUN N anNoKauUm;

- MbKKM, NnpeaocTaBAAOT Noc/ieaoBaTebHOE
obpalleHmne;

— HeT 60/1blle KOMBUHATOPHOrO B3PbiBa OT _ COPY,
if.



[Tonumepbl

OoONOUIT D WN PR

R R R R R R
AOUVTWN RO -

// 1
boost: :push back(vec,
rng | replaced_if(pred, new value) | reversed);

/] 2

std: :map<int,int> input;

boost: :copy(input | map_keys,
ostream_iterator<int>(cout, ","));

// 3

std::vector<int> input;

boost::copy(input | filtered(fn) | reversed,
ostream_iterator<int>(cout, ","));




BmecTo 3aKarydeHus...



He nyrantecb, ecnu He Bce
NOHMMaeTe. 9TO HOPMaNbHO!

dddexr Jaunnura-Kporepa

]\

>
Busconan

YBepeHHOCTL

)
(=)

HUvero He 3Haw Myapocre «ypy»

Hyoxam
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Cnacmbo 3a BHMMaHKe. Bonpocob!?



