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Case #1

template<typename R, typename T>
bool exist(const R& range, const T& value) {
for (const auto& x : range)
if (x == value)
return true;
return false;

}

vector<string> vec {};
exist(vec, 47); // BUG!



Case #1

« GCC 5.2

main.cpp: In instantiation of 'bool exist(const R&, const T&) [with R =
std::vector<std::. cxx11::basic_string<char> >; T = int]"
main.cpp:16:18: required from here

main.cpp:8:13: error: no match for 'operator==' (operand types are
'‘const std::_cxx11::basic_string<char>' and 'const int')

if (x == value)
A
In file included from /usr/local/include/c++/5.2.0/bits/stl_algobase.h:64:0,
from /usr/local/include/c++/5.2.0/bits/char _traits.h:39,
from /usr/local/include/c++/5.2.0/string:40,
from main.cpp:1:

REE S R T



lusr/local/include/c++/5.2.0/bits/stl_pair.h:214:5: note: candidate: template<class _T1, class _T2> constexpr bool std::operator==(const std::pair<_T1, _T2>&, const std::pair<_T1, _T2>&)
operator==(const pair<_T1, _T2>& __x, const pair<_T1, _T2>& __y)
A
lusr/local/include/c++/5.2.0/bits/stl_pair.h:214:5: note: template argument deduction/substitution failed:
main.cpp:8:13: note: 'const std::__cxx11::basic_string<char>' is not derived from 'const std::pair<_T1, _T2>'
if (x == value)
A
In file included from /usr/local/include/c++/5.2.0/bits/stl_algobase.h:67:0,
from /usr/local/include/c++/5.2.0/bits/char_traits.h:39,
from /usr/locallinclude/c++/5.2.0/string:40,
from main.cpp:1:
lusr/local/include/c++/5.2.0/bits/stl_iterator.h:292:5: note: candidate: template<class _lterator> bool std::operator==(const std::reverse_iterator<_lterator>&, const std::reverse_iterator<_lterator>&)
operator==(const reverse_iterator<_|terator>& __x,
A
lusr/local/include/c++/5.2.0/bits/stl_iterator.h:292:5: note: template argument deduction/substitution failed:
3: note: ‘const std::__cxx11::basic_string<char>' is not derived from 'const std::reverse_iterator<_lterator>"

In file included from /usr/local/include/c++/5.2.0/bits/stl_algobase.h:67:0,
from /usr/locallinclude/c++/5.2.0/bits/char_traits.h:39,
from /usr/locallinclude/c++/5.2.0/string:40,
from main.cpp:1:
lusr/local/include/c++/5.2.0/bits/stl_iterator.h:342:5: note: candidate: template<class _lteratorL, class _lteratorR> bool std::operator==(const std::reverse_iterator<_lterator>&, const std::reverse_iterator<_IteratorR>&)
operator==(const reverse_iterator<_|teratorL>& __ x,
A
lusr/local/include/c++/5.2.0/bits/stl_iterator.h:342:5: note: template argument deduction/substitution failed:
main.cpp:8:13: note: 'const std::__cxx11::basic_string<char>'is not derived from 'const std::reverse_iterator<_lterator>"
if (x == value)
A
In file included from /usr/local/include/c++/5.2.0/bits/stl_algobase.h:67:0,
from /usr/locallinclude/c++/5.2.0/bits/char_traits.h:39,
from /usr/locallinclude/c++/5.2.0/string:40,
from main.cpp:1:
lusr/local/include/c++/5.2.0/bits/stl_iterator.h:1065:5: note: candidate: template<class _lteratorL, class _lteratorR> bool std::operator==(const std::move_iterator<_lterator>&, const std::move_iterator<_lteratorR>&)
operator==(const move_iterator<_lteratorL>& __x,
A
lusr/locallinclude/c++/5.2.0/bits/stl_iterator.h:1065:5: note: template argument deduction/substitution failed:
main.cpp:8:13: note: 'const std::__cxx11::basic_string<char>' is not derived from 'const std::move_iterator<_lterator>"
if (x == value)
A
In file included from /usr/local/include/c++/5.2.0/bits/stl_algobase.h:67:0,
from /usr/local/include/c++/5.2.0/bits/char_traits.h:39,
from /usr/locallinclude/c++/5.2.0/string:40,
from main.cpp:1:
lusr/local/include/c++/5.2.0/bits/stl_iterator.h:1071:5: note: candidate: template<class _Iterator> bool std::operator==(const std::move_iterator<_lterator>&, const std::move_iterator<_lterator>&)
operator==(const move_iterator<_lterator>& __x,
A
lusr/locallinclude/c++/5.2.0/bits/stl_iterator.h:1071:5: note: template argument deduction/substitution failed:
main.cpp:8:13: note: 'const std::__cxx11::basic_string<char>' is not derived from 'const std::move_iterator<_lterator>"
if (x == value)
A

In file included from /usr/local/include/c++/5.2.0/bits/char_traits.h:40:0,
from /usr/locallinclude/c++/5.2.0/string:40,
from main.cpp:1:
lusr/local/include/c++/5.2.0/bits/postypes.h:216:5: note: candidate: template<class _StateT> bool std::operator==(const std::fpos<_StateT>&, const std::fpos<_StateT>&)
operator==(const fpos<_StateT>& __lhs, const fpos<_StateT>& __rhs)
A
lusr/local/include/c++/5.2.0/bits/postypes.h:216:5: note: template argument deduction/substitution failed:
:13: note: 'const std::__cxx11::basic_string<char>'is not derived from ‘const std::fpos<_StateT>"

In file included from /usr/local/include/c++/5.2.0/string:41:0,
from main.cpp:1:

lusr/local/include/c++/5.2.0/bits/allocator.h:128:5: note: candidate: template<class _T1, class _T2> bool std::operator==(const std::allocator<_CharT>&, const std::allocator<_T2>&)

operator==(const allocator<_T1>&, const allocator<_T2>&)

A
lusr/local/include/c++/5.2.0/bits/allocator.h:128:5: note: template argument deduction/substitution failed:
main.cpp:8:13: note: 'const std::__cxx11::basic_string<char>' is not derived from 'const std::allocator<_CharT>'

if (x == value)
A

In file included from /usr/local/include/c++/5.2.0/string:41:0,
from main cop-1:



Case #2

template <typename T>
void f(T t) {
// do some things...
t.foo();
// do some things...

}

—VIARIR G ..



Case #2

— B A, PO KR, fRZER— 1 I0Ee, TeTinE T
F¥ U1 BRI £ bar
template <typename T>
void f(T t) {
// do some things...
t.foo();
// do some things...
t.bar();

}
A2, AR BSOS IR Ve 7



Case #3

template <typename Container>
void f(const Container & C) {
C. Il It 4 FRIVIDEA RS2 A5 Container) 7774 ? Wisize



Case #4

vector<int>v { ... };

multiset<int>s { ... };

auto vi = find(v, 7); // calls sequence overload

auto si = find(s, 7); // calls associative container overload

U] X 7 = v A5 es i 2 RS ey, MmiAHA AR KIS
find 777:? SFINAE?
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Generics in C#, Java, and C++

« C#t
— tnfFlclass, {HE&HRMSE
— R
- AFTER TR
- 52ZHiCLRA A
— 2R BAL 4 CLR
— Runtime=Z4il4t

interface IHasName{ string Name(); };

string addNames<T>( T first, T second ) where T : IHasName
{ return first. Name() + second.Name();}



Generics in C#, Java, and C++

« Java
— Project Pizza
— RRIERR
— Javadm ¥ 2% 5 VR N B p AR AL
— 51.5Z AiIIVMAe 2%
— RME BALHIVM

interface IHasName{ string Name(); };

String addNames<T extends IHasName>( T first, T
second ) { return first. Name() + second.Name();}



Generics in C#, Java, and C++

e C++
— WE%, WEERGE —1class
— A JE A x86, PowerPCZEHL 231
— ZmiFE A1k
— RUSH A2 G, AAK

RAA LA [EIC# [ Java —FEHAT 2R ARG 2 2 2



C++17 Answer:
Concepts!
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Eric Niebler o4l Following
pericniebler

The Concepts TS was voted out today!
Concepts are (almost) an ISO standard.

Congrats, A. Sutton. This will change
everything. @isocpp #cpp

o7 4  GENPEDEREYE

4:58 AM - 21 Jul 2015




Concepts

o WTiEERSHE ERBEFIER? BHREFZIE: hR

« ConceptsIAJTtHAET T HIR =5, NBMREA “ "

R R —A “BE” & XAFN, AR R
RHEAIER.

« C++17 New Keywords: concept & requires



concept and requires

« concepti@ —MXTACHIA B FEVR, B Mg i B2 5 =0

o BALETMEZHELL N —A R (fEkCase #117] &) 5

—3)

o WA E SRR e A2 15 P LLEAT AH S PE R EE A 7 Cint,

string, YourClass?)



concept and requires

o FEURMTTE A LTS LR, T AR T —

DM == 5 = #/EfF AT LR, SR 5 1R [7l—~bool%h
X, GNTEIRE— " bool4 H, X Hl & 21 W N 5 464
(Constraints)

« WA, WIREHAZSEI vaS5b, WA PSRN A

{a == b} -> bool;
{a != b} -> bool;



o« MZIR N (Constraint) ik & conceptI iR %L, concept”

concept and requires

WU 1E 52 N RE S R A I IR SR AT AR BR 2L

template <typename T>
concept bool Equality comparable() { // 415 444}

3



concept and requires

o YNREUIN Fconceptcdt)n, NIEMRE .
— FA % constexpr
— BREIR DME AT Ebool
— REATHIETISEL
— FREH LI — RA 2 a2 A

o TMAIRELHNZIRATZHTH) {a == b} -> bool =, #
7R LI N



concept and requires

template <typename T>
concept bool Equality comparable() {
return requires (T a, T b) {
{a == b} -> bool;
{a != Db} -> bool;



concept and requires

 requires KX &
— BEEZAIRPAHE
— YRR 5E A
— EMNLIRFMER)A— N EVEMFRIE EE HH B2 1Y
— ZPRFARER T LA B —AN R EIZEA,  n3AT1IX HT->bool

o YR FAHES){a == b} -> bool; B
— a == bX AT KT TE Lk
— IR [E{H 25 A bool
— B ToE R, B IR I Jefalse, T4 SR [Flfalse



concept and requires

o FBABRAVE R Case #1151, RIES S ok )
(string5int, double 5int) , e 5t —20 @ XIRATHY
concepthg ?

template<typename R, typename T>
bool exist(const R& range, const T& value) {
for (const auto& x : range)
if (x == value)
return true;
return false;

}

vector<string> vec {};
exist(vec, 47); // BUG!



concept and requires

o HMNARIRIZEABIE LR, W2 £ LA = A

— AT EILERPNAN R G 2 UHE == 5 1= LR

— XSRS A 7 2o [ 2E Y
« double5inti3t [F]25 % 2 double
e string 5inti A 3 [F 2
e 0] LU FHC++11ff)std::common_typefi# ik

— BRI FE R == 5 1= #Ef7, HHAEH =5 I=

PRVERTES, mT LT #RE RO A #



concept and requires

template<typename T, typename U>
concept bool Equality _comparable() {
return Equality _comparable<T>() // previous single arg version
&& Equality _comparable<U>()
&& Common<T, U>() // what is this?
&& requires (Tt, Tu){

{t==u}->Dbool
{u==1t}->bool
{t!=u}->Dbool;
{ul=t}->Dbool;

&



concept and requires

// The 'Common_type' fAE— R 51 a] AR f ik Z £ T 1) 3 [R] 25 7Y
template<typename Ts>

/| #commpn_typef71E, 'Common' concepthll| 4% /&
template<typename... Ts>
concept bool Common() {

return requires { typename Common_type<Ts...>; };

}



fi F concept

» i Hconceptfi Wi 7 2
— VRN ISR 2 2
« template<typename R, Equality comparable<Value Type<R>>T>
bool exist(const R& range, const T& value)
 Value_Type® SUCAEUHI XN REFMEZEAL, Uvector<int>, NJj&int (5L
UBAE | backupHt, 5 EOGERA] AIEE)
— JBAEARSAR B Ak
 template<typename R, typename T>
requires Equality _comparable<T, Value type<R>>()
bool exist(const R& range, const T& value)

« PR R A



f#i FH concept {35 5

blue@blue-ubuntu:~/Documents/third-party$S gcc-cpp/bin/c++ -std=c++1z a.cpp

a.cpp: In function ‘int main()’:

a.cpp:48:17: cannot call function ‘bool exist(const R&, const T&) [with R
exist(vec, 47);

a.cpp:39:8: note: constraints not satisfied
bool exist(const R& range, const T& value) {

A

a.cpp:39:8: note: concept ‘Equality_comparable<int, origin::Value_type<std::ve
d::allocator<char> >, std::allocator<std::__cxx11l::basic_string<char, std::char_
d

blue@blue-ubuntu:~/Documents/third-party$ [

o HH TR, WHIRIGMHITE B QSRR AN, I
HAFMEER3T, Ml 2&15817



fi FH conceptfif Y FH e o) il

e Case#2 (CUREAMEIE)
WAER | concept, ARHGRISCRY, IRIEBUEEMITHIR T, RENT
FARIAEconceptH LIS A, FFEZIRE A B ZIw, A& LLFT
KAEERENT

« Case #3 (IDEJBH 0] &)

PILZE ¥ conceptiy 5 & iE &, WK conceptie & a8, HAIDEXNIE
TRIX B4, Mamin] LR H A4 107 H ok

« Case#4 (E#HINE)
concept= FrE %L, WK ILEquality_comparable— i



When?
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20477

Myria @Myriachan - Jul 21
y @ericniebler Nice! That means that we'll be able to use them in @VisualStudio
20471



Now!

e gcc-svn
— svn://gcc.gnu.org/svn/gcc/trunk

* concepts library
— https://github.com/asutton/origin

* Try and Enjoy it! :-)
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Module System

LRt R R, EBRMNHAITRE, & NHE
LR

EAECH NG JZ I LR AL

WA PLBGE U B C++RE 7 2 19 [
— PR fERS AT U AF IR o0 A U i, =95

552 (Macros) [&EF

e ] AARES 20, IDESE T H S5 K UF



Module T RE ZE A1k [ 1] e

« C++H ¥4 N C with Classes (1979)

— DRIFXT CACHE Z) i st 7 1

o CH+[E|IN AR | CHIH 1R 5 BEZ Y



C/C++%w % 55 tn kAl

%}iﬁﬁinclude%ﬁ#@é\ﬁ@ R $E DL M, ANE:T
= B

 XCRS, ARTICHBIR SRR, IR E A

— R AE ¢ Fiostream#i H Hello World, %1% 2844 2> 9% 13 A0S &=
PP B — RS % 13 5.0 (Tranlation Units, TU) #7%
— A BEANYRPERIUH R ML R, ARIEEERmPER TG R
P IR PP MO, 25 Bl s, 75 EAE B AN 44 FR
(External Names)

— A R TR s R B AR

B as I AN 2 FR R B A R AT G 1 € X

— I 2 4 |

— A fE4:1H 1Y ODR(One Definition Rule)

~




Module System

Module & — &R iIFESHR T (TU) HES, 12

— RAVT TR £

Module Interface
— M FR I Y 7 RA

Module Unit
— — TR g PR R TR T R

Module Name
— M4, HT/=5H

%



Module System

MySome.module



Jnfaf 2= 7~Module

module M; // Module 7= BH

/] FE L% Fa 2545 FIModule 1 A
export {

int f() { return 47 ;}

/] VRAEE R Fe R %L, classSs

%

Il AJ&TModule M, HJ&E T AHhgwPE 570
int g() { return 48;}



gra[f#i FHModule

import std.vector ; // #include <vector>
import std.iostream ; // #include <iostream>
import M; // ‘S ANFRATHIBIERM

using namespace std;

int main() {

vector<int> vec;

f(); /1 OK, HHn] 2 & S (LY R 2K

g(); // Error, ZBRECRT] W, VE R classFAA 1% 5 & AN T] 15 a) 20 0] I
}



Module A GESEIL TSR (VC++)

o FwiEp L

c /modul \
/module:interface > Module
/ l Metadata

module.obj module.ifc




ModulelJ il fe S22 (VC++)

- fl AR B L

|

cl -c /module >
T




Module[JR] eI T %8 (VC++)

* /module
— e module> ¥, #imodulesE: i I 7 I S Ff
* /module: interface
— g%i¥module interface, 7=EifcCiE
* /module: reference filename
— & AH < Imodule interface ifc 3 4
« IFCCA
— FskF7mmodule interface ) S04 4% 24
— IR R E R FR SIS
— & IHH




IModule 5 1 & At
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Module vs PCH

« PCH (%%, Pre-compiled Headers)

- B— BRI g PEdsHack
— #include pch, AEMHATMFALEE, iRsEnfs, e eg AR

PRSI S
- %1@Eaﬁzpchaﬁ~4\w¢, PR U B 2 B R HIPCH, X /2 PCHEY
gd!

e Modules2PCHR] “583£”
— ARYwiFdsHack, 1B SRR, FHEAH AR REN, WIFC
— IFCH.&Module B IH 4w o5 5, FrUARAHE 7 E#include, R FE
import, BIA[#% T S AR FIZ5 00
— FMESCE A module ) R T, R T E % F— T moduleBI ], ANFEE X
7w 2= H'eZmodule



When?

B a] PAEA:




Now!

* Visual Studio 2015 Update 1

o A 1T41¥FModules (FREEISFEERS)
http://zhuanlan.zhihu.com/frozengene/203
89770

* http://blogs.msdn.com/b/vcblog/archive/20
15/12/03/c-modules-in-vs-2015-update-
1.aspx
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C++17 HETHIIRES(1/4)# £ 10H)

Filesystems TS | Standard filesystem interface Published!

Library optional, any, string_view and Published!

Fundamentals  more

TS|

Library source code information capture  Voted out for balloting by
Fundamentals  and various utilities national standards bodies
TSI

Concepts Constrained templates Publication imminent
(“Lite”) TS

Parallelism TS|  Parallel versions of STL algorithms Published!

Parallelism TS Il TBD. Exploring task blocks, Under active development
progress guarantees, SIMD.



C++17 H i HIIR & (2/4)

Transactional | Transaction support Published!
Memory TS

Concurrency improvements to future, latches and Voted out for publication!
TS| barriers, atomic smart pointers

Concurrency TBD. Exploring executors, synchronic Under active development
TSI types, atomic views, concurrent
data structures

Networking TS  Sockets library based on Boost.ASIO Design review completed;
wording review of the spec in
progress



C++17 H HiHIIR 5 (3/4)

Ranges TS | Range-based algorithms and Design review completed; wording
views review of the spec in progress

Numerics  Various numerical facilities Beginning to take shape

TS

Array Stack arrays whose size is not Direction given at last meeting; waiting

Extensions known at compile time for proposals

TS

Reflection Code introspection and (later)  Still in the design stage, no ETA
reification mechanisms

Graphics 2D drawing API Waiting on proposal author to produce
updated standard wording



C++17

A component
system to
supersede the
textual header file
inclusion model

AR S (4/4)

Microsoft and Clang continuing to iterate on their
implementations and converge on a design. The

feature will target a TS, not C++17.

Coroutines Resumable
functions

Contracts Preconditions,
postconditions, etc.

At least two competing designs. One of them may
make C++17.

In early design stage
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| do this work because | love itand b use | love C++ anc be as excellent as | know it be. If you like my work

Or you could leave 1




Backup

Value_type Implementation: t4 1] 224 github origin concepts library.

namespace core_impl

{

I ANE 2R A

template<typename T>
struct get_value_type;

template<typename T>
struct get_value type<T*> { using type =T; };

template<typename T>
struct get_value type<const T*> { using type =T, };

template<typename T>
struct get_value_type<T[]> { using type =T, };



template<typename T>
requires requires () { typename T::value_type; }
struct get_value _type<T> { using type = typename T::value_type; };

/l Make iostreams have a value type.
template<typename T>
requires Derived<T, std::ios_base>()
struct get_value _type<T> { using type = typename T::char_type; };

template<typename T>
using value_type = typename get_value_type<Strip<T>>::type;
} /Il end namespace core_impl

Il Value type
template<typename T>
using Value_type = core_impl::value_ type<T>;



C++17 1%

#include <experimental/generator>
#include <iostream>
std::experimental::generator<int> fib(int n) {
inta=0;
intb = 1;
while (n-- > 0) {
yield a;
auto next = a + b;
a=D>b;
b = next;
}
}

int main() {
for (auto i : fib(10)) {
std::cout <<i<<"";
}
}



C++17TTFE

e Qutput:
0112358132134

JmiEay: VC++ 2015
JRiEEIN: /await



