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I TEFEATHRE S SRR R %5 C++ (AHIE C++98 LI Z Y C++ Fpdfx
ZhLs C+4) Mk C++11/14/17 1) C++ )7 RAE W ENE A Lambda Fik=ik 8 48Rtk
i, BEXFEL AR —TTEF ] RN .

Ct++1x (B C++, APhigts C++11/14/17) ELE C++ AR R BFMEMFEA C++
ARFHIR —TTIAUEIIES . C++1x AUSOEIER T C++ 55 A FIn L, auto JHEFIE AL
A FRAT SN {5 Lo AR B L IR B R 2R AL . W] AN F s AT #EA T T R E 384k, Lambda
FIEA WL C++ AAT TEARE] m TG Fk, mx—f LR miEs GF
Python/Swift/... ) e EEZ W, AEF R B BER T C++ KIPVASRB VRN 11 R 5k

HLEE

C++17 MR =4 C++ A —EdfEdtr T, gl TR C++ Zifey— AR ARy
1. BRI C++11 a2 5, (HEas 7RE/NIEMNE S SR (BlangitatesiE),
DEERHERY B B IE THATE C++ H i gAE .

B C++ 3820 F B AR IE ARSI T 8 2 B0 TR, EATEE S A SARMER) 2180 L HE T std
s:thread, MIMSCRE TR 4FE, ARG EATRMBT RAEIRZH APL, S FilEH 2 W55
SR std:iregex $R{IE SRR AN IE NIRRT ;5. C++98 EAWEREIEN] 12— F R iy [
B, W CH+1x BB, WBE—BESXFEAL, ik C++ B RGBT A B

BTE 2, BAWER C++ BTSSR A RIFEAG F Y RITIO LA, A BEERAgHELE C++
R, AR T ot 2 T SRR 1 S ST )

H b it

L ABERERECENE TEE C++ , BEOFEREAS C++ U EAR AT YE. #iibi,
LRI LSE C++ BEATHRIHIA . 5B ) A TR C++ FRER N IERE &
FAEEA S 5

2. AP—ERRE LN T I Cr+ WML, XA A R, AE A Bt > AR
C+ W, ABRYEMRBIC C++ Myt LT 458, A BERr ) 19 B nl AR A 430k
B H CA R C++ HREE .

A HE

RS TmE BT, MR PN A — 2 R B A C++ BUAH SRR T AR AR 4
YA, B AT DA LA TR TR Y H SR BUBGBRIG N A I T2 ) POl AR TR 2 T AR N A X
R AT Bl sg, HEsxt A SN TR E M 5, 2] BRRE G H OB



8K KA % 1 Fiae C++11/14/17

[, AAAEN X LR AR rp, RUnT REMR BRI 1 R A2 T I SR 7 A 4 D S SR AR TR
R, ENFEE LR 12 X SRR AR AL TR .

BAh, EHEAEEEALEARE, S IEHIH P EEMEN C++17, HEIHRFIRTHZ S T
BoF| C++17, WRREFH NHESLN C++ B9 Lotk T — 2Lz 1

FOARES
A AR I T ARG PO , AR A 5 AR RS ) L0 PR I b e,
I T O, T DAE S e e A0 2 MO R, BT RIS, SO
AR A AT
M5 1 3l C++11/14/17

SAVEIABE: ARAIFE clange+ MR ME—(E A i, [FIRPEURAEACH PRI -std=cr+17 SiAR

=
I o

clang++ -v
Apple LLVM version 9.1.0 (clang-902.0.39.1)
Target: x86_64-apple-darwinl7.5.0
Thread model: posix

InstalledDir: /Library/Developer/CommandLineTools/usr/bin

1.1 s AT

Fezf] C+1x 280, AVE TP C++11 FFih, BEFe R 245

R IR GER . FUR TR AR SUX SERHERE MR R ROBRE P 2k, B
HERMEA . B2, EHFMRRERREE RN —, I HITAaRAEEREIE, K
Rtk ses kAT fRE.

o AHSCVFFAFH M5 R4 char *, ﬁn%%%ﬂi?ﬁ%?m{ﬁﬁﬁmfﬁﬁﬂ%ﬂ&“ﬂ:#’l‘
char *, W i%{#iJ] const char * B{F auto. cpp char *str = "hello world!"; // ¥ H I 7 H %

o C+-+98 R4 {5iW] . unexpected_handler. set_unexpected ) HIEHRYEREFII, W% 1% 1] noexcept.

o auto_ptr #FE, WM unique_ptr,

o register RPETHIFN, W LAMENIHA TR A AL 925 5 3

* bool BRIy ++ FEAEBTENI

o WER—AFATHTHIREL, b A RS VU 1 e BORIES VU8 EAF AR PE B ST T

8




1.2 5 C kst % 1%Fiae C++11/14/17

g9

B 1: & 1.2: C fl C++ HAHFEZA M

o C B KIS FEBBE S (MIFEBRFIEN (convert_type) )

) ﬂlﬁfifﬁ static_cast,
reinterpret_cast. const_cast JeUEfTARTUEEHA

4 %%ﬂiﬁ!, ﬁﬁ%ﬁﬁ{] C++17 ﬁlﬁtlﬂﬁﬁﬂT#%ﬂwwﬂm C ﬁ?ﬁ)?‘:p, fﬁﬂlll] <ccomplex>,<cstdalign>,

<cstdbool> 5 <ctgmath> %

W —SHAMFE NS A E (C++11 $24LT std::bind fl] std::function) . export ZE4piEHIHE

Fro TP B A X LR RUR RN AR M W B, WS ARZHA L CRARAT, R nEba e S,
ELHEECTRRE . H5E, ORI TR .

1.2 5 C stk

TSRy, JPREE, ATREATE C++ i —28 CIEF A (HEdEn CEsR
f), BN Linux RGP £ C++1x HBLZ AT, KESANLRE [C 5 C++ WXGRMA) i,
R T I TR BRI L I B AR ST , B HALRRTR T, RR RN (242,
WRRANE. B 1.2 FRF R RS ERIET CH C++ MRMARAT L.

WIAETFA, REOIG T BB M, [CH+ A C Mg -4kl AE (MM T AR,
AT E 2 I 255 kP 4 T C+4-98 Al C99 Z BRI IXA]) o FERE C++ B, V%R AR
ARG T T IE AN voiax ZRIARSF MUK . TIZEARSAGEN C I, WAREEM extern "o XA,
CitEmMNEE Cr+ U7 B dmis, Mo AL, Bian:

1 |// foo.h
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#ifdef __cplusplus

extern "C" {

#endif
int add(int x, int y);

#ifdef __cplusplus
}
#endif

// foo.c
int add(int x, int y) {

return x+y;

// 1.1.cpp
#include "foo.h"
#include <iostream>

#include <functional>

int main() {
[out = std::ref(std::cout << "Result from C code: " << add(1, 2))10OA{
out.get () << ".\n";
O

return O;

NAEE ] gee 4tk C HES R

gcc -c foo.c

it foo.o XMF, A clang++ #f C++ UIEHN o SUPFEERGEA (BEEMMIXN o PG4
)

clang++ 1.1.cpp foo.o -std=c++17 -0 1.1

0%, RAT DA Makefile S 4t b po LAY :

C = gcc
CXX = clang++

SOURCE_C = foo.c
OBJECTS_C = foo.o0

SOURCE_CXX = 1.1.cpp

TARGET = 1.1

10
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LDFLAGS_COMMON = -std=c++17

all:
(C) — c(SOURCE_C)
(CXX)(SOURCE_CXX) (OBJECTSc)(LDFLAGS_COMMON) -o (TARGET)clean :rm —rf x .0(
TARGET)

TER: Makefile FPARIERZ HIFRATIAZZAR4T, ARVRE B B BLUD RR A g & T
HIFAT AT RE S E B, S BATERORAE Makefile w45 0E2 ph 245 58 Y o

WERARIEAFITE Makefile [ IEA KR, ABEPASHED TE MR, @RrT7E
AT clang++ -std=c++17 M AT DABIEA S,

R YR C++, IBARMR AT REIE B A BT AHR—/NBAHS, B

[out = std::ref(std::cout <<

2))104

"Result from C code: " << add(1,
out.get () << ".\n";

YO

RALL , ARG A L],

2B B 5% S0k

. C++ 1BF %~ Bjarne Stroustrup

- CH+ i

. O+ L HibkfE GCC/Clang 445 i S 1L
. C+498 5 C99 7 [a]fy X 5

= W N =

945 2 il PR AL
AT, 5 AR R, AR IR G AE. SRRk s

fiE
SEIBATINZ AT, TR A AEAE A S5 AU s A UL I BT i, RATEF R LEE I, 2
FARLE K LEAEIB AT Z BB S AT R .

2.1 W
nullptr
nullptr HYELAY H BEN T NULL, FERFPEE S EORUE, 40 C++ &t NuLL, o MR [F—FhAR

Vo, X TgRiFas i X NULL, f8441%88 28 NULL & SUN ((void*)0), A LBl & H e HiE
XH o,

11
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21 %% % 2 FiE S RN

CH+ AR EIEWR void * RRFEHE| HANEAL, HAUR 4852233830 NULL & 8 ((void*)0) , Hf
SHE R ARG H

char *ch = NULL;

WA T void * R C++ HIAUFRENULL 5 SN 0. MK ARIA S P= AL R8T, K NULL & S
0 KFFEL oo+ PEBEFELZARL. HETFHEX P foo PREL:

void foo(charx) ;

void foo(int);

A2, oo WULL) 5 X MHARF EYHH foo(int) , AT PEAUASHE S H 4«

N TR, C++11 5IA T nullptr KT, LTIHPRKFZHE4. 00 1l nullper (2R
A nullptr_t, BERSRE AN AL MR BOR RIS AIRAL, WA THE TR S s A S LA

PRATPAZARME A clang++ % F A AR -

#include <iostream>

#include <type_traits>

void foo(char x);

void foo(int);

int main() {
if (std::is_same<decltype (NULL), decltype(0)>::value)
std::cout << "NULL == 0" << std::endl;
if (std::is_same<decltype(NULL), decltype ((void*)0)>::value)
std::cout << "NULL == (void *)0" << std::endl;

if (std::is_same<decltype (NULL), std::nullptr_t>::value)

std::cout << "NULL == nullptr" << std::emndl;
foo (0) ; // B A fool(int)
// foo(NULL); /B AT R
foo(nullptr); // W@ foo(char*)

return O;

void foo(char *) {

std::cout << "foo(char*) is called" << std::endl;
}
void foo(int i) {

std::cout << "foo(int) is called" << std::endl;

foo(int) is called

12
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21 %% % 2 FiE S RN

foo(char*) is called

A HIRATITPAE H , NULL RJET 0 5 nullptr. FFRA, iHFRMCEIEEME A nullptr(f) > 15 .

BeAh, e Emp AR, FAIE T decltype Fll std::is_same XWNE T BN C++ HITEIE, 5
HKi, decltype JITRAUMES, 1M std::is_same T HEPIDNRAVEHMSE, FAISA S decltype —
TP HEAE .

constexpr

C++ AR HAA THEFRBAME, i 142, 3%4 XFhRBREZ L7 R RS Hik
AAEATEIE o 2R it BEOS TE i L X LRI X IR R BIRE Pz AT, RERESS AR
APERE. — ARSI T e e E L B

#include <iostream>

#define LEN 10

int len_foo () {
int 1 = 2;
return i;
}
constexpr int len_foo_constexpr () {

return 5;

constexpr int fibonacci(const int n) {

return n == || n == 2 ? 1 : fibonmacci(n-1)+fibonacci(n-2);

int main() {
char arr_1[10]; /7 A
char arr_2[LEN]; /) Ak

int len = 10;

// char arr_3[len]; // 3 &
const int len_2 = len + 1;

constexpr int len_2_constexpr = 1 + 2 + 3;
// char arr_4[len_2]; // 3 &
char arr_4[len_2_constexprl]; /) ek
// char arr_5[len_foo ()+5]; // 3%

char arr_6[len_foo_constexpr() + 11; // & %

std::cout << fibonacci (10) << std::endl;

// 1, 1, 2, 3, 5, 8, 13, 21, 34, 55

13




2.2 Bz R L1k % 2 FiEZT T AMAERL

return O;

EWERBITH, char arr_4llen_2] WREHEEAS AW, PN len 2 BAYUE LN THE. N4
char arr_4[len_2] {8 2AEEMIE? XM K C++ ARt B KIELAUR — N RER, mxT
len 2 M5, Xd—> const #WHL, MAR—MERFAN, Wit (BIEEXFFTATERER > s 1 s
i, B2) ER—MARERAT A, FATTFEMNZETRILFNALN C++11 5] AK) constexpr MM
XA X T are_5 i, C++98 Z A IERF TLIATRA Len_foo O FEIATHISE PR 2R [l — A
B B EC T ARAR A

R, BHERI iR LA A BRI, REART RS IFRIAR T &
Bk, A E AR LR R AR it ds

- =
HE

ZE
AR5

N

C+-+11 $2fit T constexpr 1k 2 3PS B R RO G bR RCHE A 330 22 R B ok, XA
SR I SRR RN % A IRAIE Len_foo ZEMIFMIMIN %2 — R ELA,

IS, constexpr HYRRECAT AGE )T :

constexpr int fibonacci(const int n) {

return n == 1 || n == 2 ? 1 : fibonacci(n-1)+fibonacci(n-2);

M C++14 JFifr, constexptr BRECRT ATE N ERGE A RIFRAL & JEFAAI ) S SR ERTE ), BN R I AL
ASAE C++11 BIPRUE T 2 AN REUS I 1 4 1211 -

constexpr int fibonacci(const int n) {
if(n == 1) return 1;
if(n == 2) return 1;

return fibonacci(n-1) + fibonacci(n-2);

R, FATATPAS H R DX R AL AR AT BN C++11 FHERBRIAT ] -

constexpr int fibonacci(const int n) {

return n == 1 || n == 2 ? 1 : fibonacci(n-1) + fibonacci(n-2);

2.2 25t R L wpia 1t
if/switch A8 W] Ib

MRS C++ W, ZARAFEERRRE A TS, E2T for IBMNREME Il 22 &
int, {HIRZHAIMELE if Hl switch AR A I]— Mg A AL . Bl

14
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#include <iostream>
#include <vector>

#include <algorithm>

int main() {

std::vector<int> vec = {1, 2, 3, 4};

// T c++17 Z H|

const std::vector<int>::iterator itr = std::find(vec.begin(), vec.end(), 2)
if (itr != vec.end()) {

*itr = 3;
}

/OFREEHRREX-AFHELE

const std::vector<int>::iterator itr2 = std::find(vec.begin(), vec.end(),
3);
if (itr2 !'= vec.end()) {
*itr2 = 4;
}

/7 Kk o1, 4, 3, 4
for (std::vector<int>::iterator element = vec.begin(); element != vec.end()
; ++element)

std::cout << *element << std::endl;

e PR, AT A F] dtr X AF 2 XAEEA nain Q) PVEFAR, XS04 15E
SRV RS std: vectors B, TREEBIMAZ T —AER. C++17 B TX—BRH, EEFRATTA
e if (B8 switch) 5B —#iE:

/7 KGR EERE of BAA

if (const std::vector<int>::iterator itr = std::find(vec.begin(), vec.end(), 3)
itr != vec.end()) {
*itr = 4;

}
BLFE, BAZM Go IEFRB?

wsALEIR

PR — AR E R RE SR, W WA AEX R T IR I AT O . ERSE C++
KBRS EHEARFE RISl E%4l. POD (Plain Old Data, HI¥A 1. il FikE g

15
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B R ) RBAAT LA O BEATR0aa L, WRtRIATBTIRIRIGAs IR . TR T HX R h
b, BHAFTE@EPE I, AT EMEN O 37, XL T A& AR, NG . Bl

#include <iostream>

#include <vector>

class Foo {
public:

int value_a;

int value_b;

Foo(int a, int b) : value_a(a), value_b(b) {}
3

int main() {
// before C++11
int arr[3] = {1, 2, 3};
Foo foo(1l, 2);

std::vector<int> vec = {1, 2, 3, 4, 5};

std::cout << "arr[0]: " << arr[0] << std::endl;
std::cout << "foo:" << foo.value_a << ", " << foo.value_b << std::endl;
for (std::vector<int>::iterator it = vec.begin(); it != vec.end(); ++it) {

std::cout << *it << std::endl;
}

return O;

N T RREA TR, C++11 E LR RS M E R TR b, HFRHHFRZA std::
initializer_list, FUVFIIE BR B H M bR BB SRR BN RIAG LD 2, XA XTSRRI iR 53
HEA POD Iy R it 7w —nbise, -

#include <initializer_list>
class MagicFoo {
public:
std::vector<int> vec;
MagicFoo(std::initializer_list<int> list) {
for (std::initializer_list<int>::iterator it = list.begin();
it != list.end(); ++it)

vec.push_back (xit);

};
int main() {
// after C++11
MagicFoo magicFoo = {1, 2, 3, 4, 5};

std::cout << "magicFoo: ";

16
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R Z AL s % 2 FiEZT T AMAERL

for (std::vector<int>::iterator it = magicFoo.vec.begin(); it != magicFoo.

vec.end(); ++it) std::cout << *it << std::endl;

}
XA 3 BR BRSO B A ) A T BR S, LA IR R R B R U A IR IR O
PR AR IR T AEXT G E, R RERF A E R B e 2, fin:
public:

void foo(std::initializer_list<int> 1list) {

for (std::initializer_list<int>::iterator it = list.begin(); it !=
list.end(); ++it) vec.push_back(*it);
}

magicFoo.foo ({6,7,8,9});

HK, CH+11 21t 75— iR MR e i &, Bl

Foo foo2 {3, 4};

kgt

AL IR AL T RRIHARTE F IR 2R M(E R ThRE . AEARHE Y 7T »’@%ﬁ =, s
B C++11 Bt T std: :tuple 2l THE—ocdl, HEMEFHL MREE. EEFEZ, C++11/14 If
BOA TR RN BRI IR B M OTA P E R E Ot TR, Eﬁ&ﬂ]ﬂ%ﬁﬂ% std::tie Xf LA
v, HEMRADTAEFEFEX N TTHEEL DRSS XRB AR, AEF R

CH+17 5838 TiX—B0E, RS ALEEE nl PALEFA TS AR AU -

#include <iostream>

std::tuple<int, double, std::string> f() {
return std::make_tuple(l, 2.3, "456");

int main() {
auto [x, y, z] = £0);
std::cout << x << ", " K<y << ", " <K< z << std::endl;

return O;

KT auto FUMEF L AEauto JAMEF—HIEAT N

17
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2.3 RIS

FEtede C Al C++ v, SRURSEBLER AN E S, X SR FA TR A TR % BeA ALk, T
FOR M FATTHDN — RS AR T, A 0 6 A B R B A R EA T IR S A, AL
TBRATHITFARER, WAL SR K.

C++11 5] AT auto Al decltype XM~ KHE LB RS, ihGiFARBL LA RAYERL, X0
3 C++ EA TP T —HF, R RUCEAR ML T o O AR I 6 T 1

auto

auto TEARFPARIE RHEA T CH+, (HRMIRAAN N —DHHRBR SR ATFEAE, 5 register I
1o MG C++ h, WER— AR BATFEN register ZhE, K HIPMAN 1> auto &, MEEH
register WFFH (7E C++17 FAEARE KT, VUGHN, HRlAE&%ERESL), X auto HTE LA
HEARE AR T

] auto PEATRAUMESAY— A i WL HL S22 i ) 1l iR AR o ARDA%AE A /N7 LA F T
&4t C++ PITKRIENEEA:

// FE C++11 Z Hf

// BT cbegin() ¥ iR [ wvector<int>::const_iterator
// BT ditr M N % E vector<int>::const_iterator £ Al
for(vector<int>::const_iterator it = vec.cbegin(); itr != vec.cend(); ++it)
AT auto Z 5 PA:
#include <initializer_list>
#include <vector>
#include <iostream>
class MagicFoo {
public:
std::vector<int> vec;
MagicFoo(std::initializer_list<int> list) {
/7K C++11 R, fER euto X BT HAT KA R R
for (auto it = list.begin(); it != list.end(); ++it) {
vec.push_back (xit);
}
}
3
int main() {
MagicFoo magicFoo = {1, 2, 3, 4, 5};
std::cout << "magicFoo: ";
for (auto it = magicFoo.vec.begin(); it != magicFoo.vec.end(); ++it) {

std::cout << *it << ", ";
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2.3 KR IEF

Fi5 5T AR

std::cout << std::endl;

return O;

— U A L

auto i = b;

auto arr = new auto (10);

/71 AR A
// arr WAE S H

int

int *

R auto MBI T HREUE S,
7% B AR ) -

PRI TR B0 R e ) (B SR E R 8, FoA)

1 |int add(auto x, auto y);

3 |2.6.auto.cpp:16:9:

4 |int add(auto x,

5 Tmm~

error:

auto y) {

’auto’ not allowed in function prototype

/R, TEHSHRATEXE

’auto_arr2’ declared as array of

A, auto IEANRE TS AL LAY :
1 |auto auto_arr2[10] = arr;
2
3 |2.6.auto.cpp:30:19: error:
4 auto auto_arr2[10] =

arr;

’auto’

decltype

decltype JKHETFRN TR auto SCHET R AER AL B UEAT I AU HE S R BRI I L BLAY . BRI AR

sizeof fRAH{LL:

decltype (% & R)

A, FATARER 2T RA TR A, il

auto x = 1;

auto y 2;

decltype (x+y) z;

RELALERTH BT HFE ] decltype T HEWIZREMMIL, FIHEXAB 1wl W L 22 & «,

v, z e lE— A

if (std::is_same<decltype(x),
std::cout << "type x == int"

if (std::is_same<decltype(x),
std::cout << "type x ==

if (std::is_same<decltype(x),
std::cout << "type z

float"

== type x"

int>::value)

<< std::endl;
float>::value)

<< std::endl;
decltype (z)>::value)

<< std::endl;
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2.3 KR IEF P 2 FEZ TR AR
Hrfr, std::is_same<T, U> HITHIWT T M v XPIAALZ AN fth 410

type x == int

type z == type x
JEIBR N R i 5

o
[Ny

RATRES IS, TEN G autolhf, FATC AR auto AEEM T RBUESHATRAUES:, W4 a
ANBETH T R AR [ SR 3% e — A R R 19 T T%%C++*&MM5LZ

template<typename R, typename T, typename U>
R add(T x, U y) {
return x+y

}

7 typename Fll class TER S Y] T A X5, 1E typename X KB HIZ 7, #B
S class R E B S BUR) o (BAERAR g SO BRI AL A As B, F5 22 typename
TH MR X

DR AURD S ATARAR AL, PR AR B3 B Al R R i, a R A i3 R [ 2R 28, {HL
FLERNPFEAMIE addO XA KBS AREM IR, fF— T AR I 2R

18 C++11 PR FEGEIf . BIRVRATRE L) 2 SO R decltype HET x+y MM, Hily
AR AR :

decltype(x+y) add(T x, U y)

S F ORI SRR A . R AR 5] decltype(xty) I, x il y Mok poE
o KT MRBEKANTTA, CHt11 583 A T — MR AT (trailing return type) , FIF auto X4
TR S

template<typename T, typename U>
auto add2(T x, U y) -> decltype(x+y){

return x + y;

NIRRT C++14 TFURRE AT DA B0 pR B AR BME I, DR A SR Ak

template<typename T, typename U>
auto add3(T x, U y){

return x + y;

CIIVN, %< el NSt S N R

// after c++11

20
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2.3 XA % 2 FiEE T A MHag5RIL

auto w = add2<int, double>(1, 2.0);

if (std::is_same<decltype(w), double>::value) {
std::cout << "w is double: ";

}

std::cout << w << std::endl;

// after c++14
auto q = add3<double, int>(1.0, 2);

std::cout << "g: " << gq << std::endl;

decltype(auto)

decltype(auto) & C++14 TR — ISR S0 FH i

WHFREIRTENE C++ HSRE RIS, BAOTSAEE T2 TR —= R iRgNn g, IR
] PAFI ISP R X — DT

i oKL, decltype(auto) BT XHHe K s BB B R AR M 2R AT HE S, B fRATICH B
THE decltype MIZHERIAN . HIER NHMIBI T, UFA T XN P4~ o8 Bl TR -

std::string lookupl();
std::string& lookup2();

e CH+11 i, B SilRan g

std::string look_up_a_string_1() {
return lookupl ();

}

std::string& look_up_a_string_2() {

return lookup2();

M4 T decltype(auto) , FAMTAIPALLS ¥ 58 X — BN S0 % -

decltype (auto) look_up_a_string_1() {
return lookupl ();

}

decltype (auto) look_up_a_string_2() {

return lookup2();
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./03-runtime.md

10

11

12

13

14

10

2.4 F=HIAR % 2 FiEZT T AMAERL

2.4 PEllE

if constexpr

IEIATIH, FATAE T C++11 5IAT constexpr KT, ERFRIAA B ok B 1 0 R4S
Ko —MRAREERE, WRILAHEX S ARG L, ARSI 58 7> SCHIWT
SN RBEERFACRE R ? C++17 4F constexpr XM RETHIAF if iBA, LA I &
IR FIRT A, I8 T A

#include <iostream>

template<typename T>
auto print_type_info(const T& t) {
if constexpr (std::is_integral<T>::value) {
return t + 1;
} else {

return t + 0.001;

}
int main() {
std::cout << print_type_info(5) << std::endl;

std::cout << print_type_info(3.14) << std::endl;

TEGIERS, SRR A RAN AT

int print_type_info(const int& t) {
return t + 1;
}
double print_type_info(const double& t) {
return t + 0.001;
}
int main() {
std::cout << print_type_info(5) << std::endl;

std::cout << print_type_info(3.14) << std::endl;

X[ for %A

KT, C++11 5IATEHTHEENGE, ROIA THEBSE R Python —FERIEIIEENEH,
FAMTAT LA — 25 f AL BT 11

#include <iostream>
#include <vector>

#include <algorithm>
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11

12
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14

15

2.5 R % 2 FiEE T A MHag5RIL

int main() A{
std::vector<int> vec = {1, 2, 3, 4};
if (auto itr = std::find(vec.begin(), vec.end(), 3); itr != vec.end()) *itr
= 4;
for (auto element : vec)

std::cout << element << std::endl; // read only

for (auto &element : vec) {

element += 1; // writeable
}
for (auto element : vec)

std::cout << element << std::endl; // read only

2.5 b

Cot+ MR — BT AT I —FRRIR I R, BEHGEE 22T DU ST AR — DR i 5 R b AT B
AR R <A E TR — U RS A 2 3 U A TR 170 A 25 3 i T AT AR B, (A AT IS AL BRI 48 B Lo Y Bl
SMRS5, HEmRIEIAZ TR TERE . PIEAR B IRE AE C++ RRIBEEZ —.

AR

58 C++ W, BHUUATER I A S SL it Hemidid, REfem M aiFsoe (of) +
Sk AU IR R TRl B SRR, RSB . Sy AR T AR S B A T S 2 2 P [ A 484
FEH., FRATBA I R G s N S AR S B

N, CH+11 5T AMNREAR, 3758 T J50R 05 i g 1 L o B S BT B TR, (EFRATRE
1 S ) 0 R0 2 3 AT R A AR 14 S 81 -

template class std::vector<bool>; // W AT L
extern template class std::vector<double>; // I 7 % ¥ 7l 4 ¥ U {F W £ 6 4 &

g%j:ﬁ% [13 > b2

TR C++ MgiiFar, > HBPEU A iz HAPR I T . Bk ERAMRAZ S H T ik
TR AL

std::vector<std::vector<int>> matrix;

ARG ot SR TR RSN, T C-r+11 TP, IELERIATAHE SR v, IF A
BEO ORI % B0 T T N RS VA A

template<bool T>
class MagicType {

bool magic = T;

23
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2.5 R % 2 FiEE T A MHag5RIL

};

// in main function:

std::vector<MagicType<(1>2)>> magic; // & %, EALAEWE B X HFH K&

PR FBBR

TE T RRBN AN W, R THi) A [2RAL] Z RIAIE . AFAiiR sk m)ilh: BEO R
PRI . AEFESE C++4 W, typedef MJLANIRHUE L—HIIAFK, (HIg ABCA IME B E L —1
WA B, Bt 228, fidn:

template<typename T, typename U>
class MagicType {
public:

T dark;

U magic;

};

/A Rk
template<typename T>

typedef MagicType<std::vector<T>, std::string> FakeDarkMagic;

C++11 ] using 5IAT FHRXFIEXMGIL, HEHIFEN SR ESE typedet A H TR

EHIATE typedet & A KRS : typedet JRAR # A, (HEXTeREUHRH 54
45 SCHERR AN AR, X3 5 4 L1 B e i T — AR P A TR X

typedef int (*process) (void *);
using NewProcess = int (%) (void *);
template<typename T>

using TrueDarkMagic = MagicType<std::vector<T>, std::string>;

int main() {

TrueDarkMagic<bool> you;

BRINBR S

FAMTnTfEE ST — kR AL

template<typename T, typename U>
auto add(T x, U y) -> decltype(x+y) {

return x+y;

24




2.5 1R % 2 FiEZT T AMAERL
EAEG A, B add, WL R 2 HARAR S R 2.
1 C++11 T —Fp A, WA E RN S H

template<typename T = int, typename U = int>
auto add(T x, U y) -> decltype(x+y) {

return x+y;

BRBEER

Bt —E C++ P it g (i3 Dark Magic) 22—, 7E C++11 Z#i, Joitid itk
2R, KRB AR E R T, 2 — B EREBERSEG T C++11 AT H#RmRIr
iR, AAVHERAEL AEERBBARSE, (RIS 2 U S0 AN E -

template<typename... Ts> class Magic;

BHIE Magic BURR , REASIESZ A Z BRI typename VENBAR LA SHL, BIANT g E X

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

std::vector<int>>> darkMagic;

WEARRALEIEX, FrANECN 0 MBS EBZ VA class Magic<> nothing;.
WERAF B ER B SAEC) 0, nTAF SR E LD MRS

template<typename Require, typename... Args> class Magic;

AR SHRN b RER L H R R B BB R B b 258 C A% printf %L, FIRMLREIA A E L
WIEZSHTE , HHIFAERSZ 4. 1 C++11 Fr 1 REE SO L SR KSR, Bl AL
printf [1eREAE F ARHALBRAE G AFR BN G2 B TS HCR RGN ... IR E KBRS EO,
RS H M AR FOR IR AR E KSE, X BT B g 57 K SRR e it T Ry T,
o

template<typename... Args> void printf (const std::string &str, Args... args);

IRAFATE LT ARKIMBRSEL, W SEa T g e e?
B, BATATAREN sizeot. .. RITHSHINEL, -

template<typename... Args>
void magic(Args... args) {

std::cout << sizeof...(args) << std::endl;
}

AT IRAL AN B A magic pRAL:

25
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2.5 R % 2 FiEE T A MHag5RIL

magic; // # H o0
magic(1); // % H 1
magic(1, ""); // %2

FK, REBEGIFTAREL, B H AT LR A — R 7 R A TSR, (L IR 25 i
Tk

1. EUTEHR e

BRI A S BB —FFBL, R RE A BT . XA Wi I 3 ) pR AL 2 AR 2
B, PRI P A R SR

#include <iostream>
template<typename TO>
void printf (TO value) {

std::cout << value << std::endl;

}

template<typename T, typename... Args>

void printf (T value, Args... args) {
std::cout << value << std::endl;
printf (args...);

}

int main() {
printf (1, 2, "123", 1.1);
return O;

}

PRMARIEAZ B TR AR EB, 75 CH+17 i TSI SR, T 24K 0 ATE—A~ ot 58
Y printf (45

template<typename TO, typename... T>
void printf(TO tO, T... t) {
std::cout << t0 << std::endl;

if constexpr (sizeof...(t) > 0) printf(t...);

2. IRILBIR T

RATETFR LGN AR, BEE AR PI T, R MU B RAE, RIS TN
T T2 JE Pl SR B AL T iR S KA R -

BBV R RO — AR IEROMOE (LB ST 5 DL HE T A AN 1R I I Y R B
X HLA YRR S R T i0 FR A -

/O EEXANREFEITRE -std=c++14

template<typename T, typename... Args>

26




2

2.6 Eiat 2 % 2 FiEE T AR

auto print (T value, Args... args) {
std::cout << value << std::endl;
return std::initializer_1list<T>{([&] {

std::cout << args << std::endl;

}(O), value)...};

}

int main() {
print (1, 2.1, "123");

return O;

XA, BAMER T C++11 PRI RIS LA S Lambda Fik=0ketk: (R —T5 o
$23)), T std:initializer list #1J& CH++11 Fo|AMZELE (LUSENEH).

WEARIRSIF, (lanbda KA K, value)... FFRPRIT. HTESRAXWHE, BT
T lambda ik, FEMSHAHL . ME—ARSSRAHBITTE T URA M return Fifas 24 R
WA A N i

H b, AMRERATRAMN TS, A —E B SEMOE A, AT AR
std: :bind 5 SR A SRR SCEUN RIS B 90 . AT ik 21 A i H i o

KT, 5%, TODO

PrRALEX

C+ 17 HRFE R SHOX AR IEIE— Al 4y T2k, B8 N A

#include <iostream>

template<typename ... T>

auto sum(T ... t) {
return (t + ...);

}

int main() {

std::cout << sum(1, 2, 3, 4, 5, 6, 7, 8, 9, 10) << std::emndl;

2.6 YRS
FEChik

C++11 5IA T ZHTHIEAIHES: , X (A R ASOAT DATE [l — 28— A i bR 38 5 — )i e
B, IIEEN AR H

class Base {

public:

27




10

11

12

13

14

15

16

17

10

11

12

13

14

15

16

17

18

19

20

2.6 @t %

% 2 FiE 39T R A9 5RIL

int valuel;
int value2;
Base () {

valuel = 1;
}
Base (int value)

Base() { // Z 4 Base() # ¥ @& #

value2 = value;

};

int main() {
Base b(2);
std::cout << b.valuel << std::endl;

std::cout << b.value2 << std::endl;

oA 1

FEAGGE C++ ', W3S R AR 5 E R R TR B B — Ly, X FECCRIRT . C++11 Fl

)

K7 using 5T QAR i R A HE S -

class Base {
public:
int valuel;
int value?2;
Base () {
valuel = 1;
}
Base (int value) Base() { // Z 4 Base() & & XK

value2 = value;

3
class Subclass public Base {
public:
using Base::Base; // 4k & &
3
int main() {
Subclass s(3);
std::cout << s.valuel << std::endl;

std::cout << s.value2 << std::endl;
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2.6 @t % % 2 FiEZT T AMAERL
2 MR PR R

ARG C++ W, BEA G KA EE R RS . piln:

struct Base {
virtual void foo();
};
struct SubClass: Base {
void foo();
3

SubClass: :foo A AEFFARARIT P EE AL, FUZIR A T — A MRS PRy Rs. 75—
MATRERI IS A, BRI R R BN BR 5 . 1 ISI0A TR ) el 000 AN P E 250 R PO R O 8 5 — A2 h
T AEEHITTIE, RFIE IR 5 2R

C++11 5| AT override Al final XA Fe8d 15 1 FiRTEEM K4 .

override MTEHEHEHRE], 5| A override XA TF R B EMAGIFBRMITEE, FiFI A L E
B EREL, AR i

struct Base {
virtual void foo(int);
3
struct SubClass: Base {
virtual void foo(int) override; // & &

virtual void foo(float) override; // 3, X EXE & H W JE B &

final final JWJE 7B 1R IEHARSEMIR DA K 25 11 1 R R ARSE F 20T A

struct Base {

virtual void foo() final;

};
struct SubClassl final: Base {
Y; /7 A%

struct SubClass2 : SubClassl {
Y; // 3%, SubClassl B final

struct SubClass3: Base {
void foo(); // F ¥, foo E final
};
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2.6 @t % P 2 FEZ TR AR
S SRR A R %

TERRGE C++ w, WERARSY RBCATRAL, ik SBOART QL BRI T s B S M . T
FAFLABHTH R E . 38k, C++ WA REE LTI new delete IXFERIIZTAT. URRF G FHEM,
AT DA K T ) BR AR

G| kT 2GR TR EOA B B AL AT . BIANAE 1R800 P8 DU, b Z0RF A2 il A T
PRECS IR FE IR private, St X SEAE SCHY BRECRH B i el s R A o, 2 — Rl A IR
TRy J5 e

FEH., gnikder A B BA M B RS e R R BOICTA [RIIAE o 5 P SO T AT A A8 1 bR
B, B AN P OA M G eR S, B IR AT A0 B2 (R I A X P A R G B S, s 1 M

CH+-+11 24 T BRI %, e oy IR sE 4 it B AR . il

class Magic {
public:
Magic () = default; // B X 7= W A 4 % & & K &
Magic& operator=(const Magic&) = delete; // & = & W 46 4 4 & & 4 & &

Magic (int magic_number);

s RIHE

TERSE C++ w, MZRROFIERA G 4, MR B S PAIUEREAL, W AL PR g A [ A2 26
BT AT B LR (B ARgmikdean th TR, (BIFARRTR ), R4 ar A M b A s
MIBEE A P ASREMIA], Sl N 230 A BAE B a2 .

C++11 5] A THZZ (enumaration class), H{#Jf enun class HIEIEIEFTRERA:

enum class new_enum : unsigned int {
valuel ,
value?2,
value3 = 100,
value4 = 100
3

XRERE SCRMEES SEBL T R4, 1 EMOS RES B R R A A oA B K, TR IS BB HL 5 B0
FHATHORE, HOR AT RS [ (M S 2 A 28 (00 AT U A o (EUAH ] M2 (2 TR S SR i s (AR 1], T8
2 PAEFT ELERS

if (new_enum::value3 == new_enum::valued) {

ZaE-=

std::cout << "new_enum::value3 == new_enum::valued4d" << std::endl;
}
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Bk % 2 &3 T A begiRiL
FERMEE, M EBSTH AR T B9 MBS OR I8 e A2 M E R 2R, X 3RATTRE
5 M AE (CRAE & IR BN A int) .

T F A7 BESAFMEEAERS , KA RN HEA T I e, A FATR] AR B << SIEXANEAFR
Frém, ATRARCR T X A AR B -

#include <iostream>
template<typename T>
std::ostream& operator<<(typename std::enable_if<std::is_enum<T>::value, std::

ostream>::type& stream, const T& e)

return stream << static_cast<typename std::underlying_type<T>::type>(e);

X, TR AR BE S W i :

std::cout << new_enum::value3 << std::endl

SAH
ARG C++11/14/17 i R as, N By R R LM LTl
NERTG T IR -

auto ZFERIET:
uH for ZEAL
Ly RES
SR

- W e

2

L fEREMAgsE, SUH—A7 R B ARG S BT s

1 |template <typename Key, typename Value, typename F>

2 |void update(std::map<Key, Value>& m, F foo) {

3 // TODO:

a |2

5 |int main() {

6 std::map<std::string, long long int> m {
7 "a", 1},

8 {"pb", 2%},

9 ”C", 3}

10 };

11 update(m, []J(std::string key) {

12 return std::hash<std::string>{}(key);
13 1)
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ot — ik a4 A Lk 52 EAT N R

i

14 for (auto&& [key, valuel] : m)
15 std::cout << key << ":" << value << std::endl;
16 }

2. T RSB TR ER R, ARV ESAL

SHERILIL.

HE—2L B 2 2% S0k
VAR C++11: Ch+11 FEEERRHT 5% 1. Michael Wong, IBM XL %38 b [ FF % FIA &
. w\r“ﬁﬁ C+11: (RIS TR, Fh
o€ 3 Hilk 5 s vt

AT

3.1 Lambda ik
Lambda £ik:g C++11 @B —, 1 Lambda ik, P Bttt 7—12k

UL 44 BRI, TR 4% R RON R AETR B el (R SURE S Fefin s — R B s o0 56
M. XEERFHICARZME, AR R BU L2 A RRTE 5 RIS .

Lambda 250

Lambda ik A HIR T :

[ 3% 7l RI(HH 7 %) mutable( T #) FHEM > RE XA {
/1 B AR
}

TR TEIR AR T CE R A R] NRIARPSL, HABER ARG BEAR U — ek B R A WS
WREHE G T —A> -> BB T (AT E—T i ) R [ B B 2R B XA L T ) -

g gk 2, HSn] AR N SR —Fh2R, lambda FkA R BUATERRIATE 0L T 2 A EDS
(o P BRSSO A B, XA AR 2 T DA B A2 B MBS i VR« IR B R A T, 3RS
s IR

1. fifhigR

SERAREEM, (MR RR e = AL, ARZANFET, Pk mAE lambda ik
QAN PE DL, i AR A5 L
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https://www.amazon.cn/dp/B00YGVLVA2/ref=sr_1_1?ie=UTF8&qid=1522429525&sr=8-1&keywords=%E6%B7%B1%E5%85%A5%E5%BA%94%E7%94%A8+C%2B%2B11%3A+%E4%BB%A3%E7%A0%81%E4%BC%98%E5%8C%96%E4%B8%8E%E5%B7%A5%E7%A8%8B%E7%BA%A7%E5%BA%94%E7%94%A8

3.1 Lambda %1k X, % 3 FiEFEATMY L

void learn_lambda_func_1() {
int value_1 = 1;
auto copy_value_1 = [value_1] {

return value_1;

};

value_1 = 100;

auto stored_value_1 = copy_value_1();

// X W, stored_value_1 == 1, T walue_1 == 100.

// B A copy walue 1 EAZBHEKFT — R value 1 B # I

2. 5Dk
SIHESHEEL, SUNHRRIES I, &AL,

void learn_lambda_func_2() {
int value_2 = 1;
auto copy_value_2 = [&value_2] {

return value_2;

};

value_2 = 100;

auto stored_value_2 = copy_value_2();

// X B, stored value 2 == 100, wvalue_ 1 == 100.

// B A copy_walue_2 fRF &5 A

3. Bk
FRh B EMRIN A R AR, X HURE R TAE N DA R i f R AL B, X n] DATE
PSR G A & B = F AR R 5 A 2R B (E AR

BEE—TN, PR T lambda FIAAXAMRERAT RN RO LIRE, AR R0 BRI A DU AR AT
LA

o [| ZHIRYIE

[namel, name2, ...] figh—RI|A =
[

[

&) SRR, ikgiFas A THESAips 1%
=] {EAR, LSRR IIATHE R I 51 3%

4. FEAHIR (C++14)

N

XS AT BT RS T R B A (T | A e B

R EIAMERR. 5 RS O A SN2 VR I B A i, DR X el 305 AR 15 o 4
{H, MARERRAHE.
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11

1

3.2 R RO E % 3 FiE T AT R

C++14 755 TRAVFE, SeVFEERRY M IE R RB TR e , Ot s TR B R, B
PR AR 3RS R I S ARG R (AT T, PR NS ] auto AR50 ERAIFY :

#include <iostream>

#include <utility>

int main() {
auto important = std::make_unique<int>(1);
auto add = [vl = 1, v2 = std::move(important)](int x, int y) -> int {
return x+y+vil+(*xv2);
3
std::cout << add(3,4) << std::endl;

return O;

FE LA, important J2— AN S 8EF, RAREMSHAHIRENN, XRHMEIRANTFH 25 T N A
{H, FEFRBEA IR,

{z% Lambda

EAY R ERAHRE] T auto KB F AR IHES R, X2 PN G ik & SR P Rer A nh
%o B2 Lambda FXAHH ARG ERE, FrPA Lambda FkAFAREBHMRAL . XN EATE R T —
SEREE LRIRRET: SRRz L, WA SEEREAL

SEIEMR, EHBESUEAET C+11 ht, I C++14 FF4A, Lambda s S BT A auto
L el S AN Y

auto add = []J(auto x, auto y) {

return x+y;

add (1, 2);
add (1.1, 2.2);

3.2 PREON R AR

XER A AR E TARE R — 00, (@M ERE, AN T C++ iEF T IIEE T, X
W A AN M, B AR B BRI T/ 47

std::function

Lambda Fk AT — AR HOS R BAABIR S IAL (FRHIEREL) Mg (BRI
%), 4 Lambda FikNpHiRIIF N 20, FX GO RES AN BB EHE A T 1238, il

#include <iostream>
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32 HFA ROEE % 3 FiEFEATMY L

using foo = void(int); // & XL H K X A, wusing B A L E— ¥ F 8 5 & iE %

void functional (foo f) { // EXE%‘&V FHH BB LA foo MMABMAEMN B KR
KB foox
£(1); // B BKEHAAE K

int main() {
auto f = []1(int value) {
std::cout << value << std::endl;
3
functional(f); // fH# M A X £, B R EHEA foor XA W & % 45 4 E
£(1); // lambda 3k 3k =X A A

return O;

FHERARIE LG TR R A ER, —F@fs Lambda {E R RECEBUL ST, W5 —F
N2 EHWMA Lambda £k, 78 C++11 oy, Gi—TXUMEE, R REE, 54—
ZoNRTRAZERL, X A2, 20T std: s function ] AR,

C++11 std: : function E—Fl . LM REEE, BRSO DAL RT LAY T 59 H AR s At
Freeti. SR HEAE, SRR C++ PR AT SRR —FhE R 2 p e (RIXRUE, B
BRI BT A R KB4y ), AR UL, e BB AR . UFAT A T R A g 2 5 T RERS SE Iy
AR PR AL PRAEAT VR R R T AL HE . il :

#include <functional>

#include <iostream>
int foo(int para) {

return para;

int main() {

// std::function % T —NEEMEH int, ZHA int B EHK

std::function<int (int)> func = foo;
int important = 10;
std::function<int (int)> func2 = [&] (int value) -> int {

return 1l+value+important;

std::cout << func(10) << std::endl;

std::cout << func2(10) << std::endl;
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3.3 H1E3 A % 3 FiE T EATH IR

std::bind /std::placeholder

MM std::bind 2 R IPE R BRI SEY , BRI TR R EA A MR AT REFH A —E BEB—IK
PEPATIA I HA A TS L AR B, FATTAT ARS8 20 Y S 4000 i 8 0 B ek Ky B —
RS, RIFESECT e, seiEA . Bl

int foo(int a, int b, int c) {

}
int main() {
/) K S B 1,290 F B E B foo L, ERFJH std::placeholders::_1 kX & —M%
B AT &
auto bindFoo = std::bind(foo, std::placeholders::_1, 1,2);
// X B A bindFoo B, RFEZRME — NHZHH T
bindFoo (1) ;

}
PR A auto RETHIWH . A RHRIA T BEA KGR R mERA, (H23RA]
ANRT LA IS auto FYH R AN BEX — (PO REAY HH B

3.3 fifisIi

AfEGIRZ C++11 5] AR Lambda FEAFAWEERHEZ —. BWGIARRT C++ hkE
() 7 5235 BA )AL, JH R T8 AN std: svector. std::string ZRMFIMTHY, WA IGHREREL std::
function ﬁj\jTEfﬁEo

Feft. ATERAAT. R A

LI BAET IR EA— g, A 2 A A — B 2R

JEfi (lvalue, left value), JHi4 S SGIRIRIERT = A0 E. HERRSE, AEZFRRA (A—ER
IR RIER) FHIRAAAERFF AN A

fifii (rvalue, right value), FrIffE, JEHEFRB G HGMAFHAFAER I X 52

M C++11 Hh THIASRKRHAES N, R AR ST TE— 2Rk, ok aifafE. R
{H.

alififfi (prvalue, pure rvalue), ZEESWAE, BARAMMNFHE, FIA 10, true; E2 KA
G T E A RS, G0 1+2. 550 LR BIRIGR S 5 @R AR A m a2 & 7
Rl Lambda FkUH0E T 404 (A

P (xvalue, expiring value), 52 C++11 4 75 AAES AT 0 e (BRIAERLSE C++
B AR EAA R R M), Wt IR . ZDRERS B SR

RETAE AT RER AT LEXE AR, FRATRE AR AU :
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3.3 H1E3 A % 3 FiE T EATH IR

std::vector<int> foo() {
std::vector<int> temp = {1, 2, 3, 4};

return temp;

std::vector<int> v = foo();

FERXFEM R, SRS RBARTT S , ML foo MR temp 7EPIFBANERGHIRIAL v, SR v
PAFIXARIGE, 2RHEA temp $5DI—{5, SR5HE temp H15%, WIRIXAS temp JEH A, XIFiE MK E
WOMYITE (RS C++ —HRIRRI ) o TEfG—ATH, v 272 H. fooO RIFIERZE
AfE (WRRaAE) . (B2, v ATABONRAL BA#ARE], T foo O AL MAR IR MME A —ANIINHE, —
By v &g, ForEeni, Toipi ARREIE Y. R TR E TR —F AT I O {ERE
1259071 N &= 40 25 ¢ 2T

15 CH++11 ZJ5, HiFas AFAME T —28TAR, ALY A temp SBOEAT LI E RS, 50T
static_cast<std::vector<int> &&>(temp), HFIMILALAT v &4 foo FFPIR BIAEIE TS . /G
AT 25 B R 3hE 3L

At s RSN
FEGH| AT, RFEMAEET NI T ee, Hob T BRE. HETNRERLLXA
IR R AR DATE K . RS R %, IR AR T RS

C++11 2 1 std: :move XTI IARFAMAS BT KON A, A T ERNTHAES 7 (ERY RS
— A HAEIRI RS, Filn:

#include <iostream>

#include <string>

void reference(std::string& str) {
std::cout << "7 {H" << std::endl;

}

void reference(std::string&& str) {

std::cout << " A {4 " << std::endl;

int main ()
{
std::string 1vl = "string,"; // vl & — )£
// std::stringé€ r1 = lvi; // ¥&, HMEE AL E A LHE
std::string&& rvli = std::move(lvl); // &, std::move V¥ A% % A4 4HE

std::cout << rvl << std::endl; // string,

const std::string& 1lv2 = 1lvl + 1vl; // &%, % 2L E5 AW iEKIEHTEH
£ B H
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3.3 H1E3 A % 3 FiE T EATH IR

// w2 += "Test"; // &k, HEIHAAL ARG K
std::cout << 1lv2 << std::endl; // string,string

std::string&& rv2 = 1vl + 1v2; // &%, #H@E 5 M ZE K ln & X 2 4 & JF &
rv2 += "Test"; // &%, ¥FEFNHAEH LA EH L E

std::cout << rv2 << std::endl; // string,string,string, Test

reference(rv2); // #r i £ &

return O;

}
W w2 BTN T —HE, BEhTER—5IH, A w2 KR —N7EE.
Bahi X

g8 C++ L 75 DRSS s HOMIBR(E AR EAT W I R BT T 95 DL/ SRR, (B 1SS B0 B Y
el At , WHE LA S Fran I, BN A 2 aixt g b . WA, R
IR AL F AR IR R L, ALK AREE G —0 (EX) FmEHE. HLERIAR
PRI (F5%), R A — R

RGN C++ BEA X2 [Rzh] 0 [9501) pk, sl 7R Bdads DL, IR e A2 . A1E
ST UG i o 1 X PR TR A A, i

#include <iostream>
class A {
public:
int *pointer;
A() :pointer (new int (1)) {
std::cout << "## " << pointer << std::endl;
}
A(A% a):pointer (new int (*a.pointer)) {
std::cout << "# Jl" << pointer << std::endl;
Y/ REXMRRAEN
A(A&& a):pointer (a.pointer) {
a.pointer = nullptr;

std::cout << " " << pointer << std::endl;

}

~A0A
std::cout << "7 4" << pointer << std::endl;
delete pointer;

}

};
/7 Wk EERA
A return_rvalue(bool test) {

A a,b;
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3.3 H1E3 A % 3 FiE T EATH IR

if (test) return a; // % T static_cast<A&68>(a);

else return b; // ZEAN T static_cast <A&E>(b);
}
int main() {

A obj = return_rvalue(false);

std::cout << "obj:" << std::endl;

std::cout << obj.pointer << std::endl;
std::cout << *obj.pointer << std::endl;

return O;

1E TR

L. H5EAAE return_rvalue NERIEFIA A XFR, THR2ARAHIHA R K00 i 5
2. RBORMG, FPAE—AKTE, B MBEE (acee)) 5N, ARG, IR
ERRE ], RIFENT obj H, TRFTAEAARET B E N nullper, By ik 1 X B A 7F X I B

%

MM 1 JCTE SR8 DU T, st 1 IERE . FRRBE R W SASHERER BT

#include <iostream> // std::cout
#include <utility> // std::mowve
#include <vector> // std::wector

#include <string> // std::string

int main() {

std::string str = "Hello world.";

std::vector<std::string> v;

// ¥ 1E H push_back(const T&), B =4 # I AT A
v.push_back(str);
// B Y "str: Hello world."

std::cout << "str: " << str << std::endl;

// K 1E JH push_back(const T&&), 1 & W # AT A

/T ENTFHES W B E vector W, FTUH MR std::imove & A KW D H N H
I oy IT

/)X TR, str BHMEAT N E

v.push_back(std::move(str));

/7 Ko mstr:

std::cout << "str: " << str << std::endl;

return O;
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3.3 H1E3 A % 3 FiE T EATH IR

HIEATER) T, — A A ES RS2 — e

1] :

KACABATHA TSR e (i) BT

void reference(int& v) {
std::cout << " /A 4" << std::endl;
}
void reference (int&& v) {
std::cout << " /A " << std::endl;
}
template <typename T>
void pass(T&& v) {
std::cout << " E (L 5y
reference(v); // % ¥ Jfl reference(inté& )
}
int main() A{
std::cout << "f{f @ 4 {f:" << std::endl;
pass(1); // 12 &M, EH HAHE

std::cout << "{£ i A A :" << std::endl;
int v = 1;

pass(v); // r £ A5 A, @l A

return O;

X pass(1) KUl, BRGNS EGME, HET v 2 M5 H, FrPAFRW2ZE . FI reference
(v) &V reference(int&), #ith [A{HI . WX} FpassMisE, vid—ANAMHE, MTASHINEELE

pass(T&&) lg?

RET S DIIE MM YRS C++ o, ATAREWSRT— A5 R0t A T3, {2 C++
TAAET N BUR L 7 — Mk, A4 TS U, eI s UNEF TSI, BEREZAES

A, XREHTIH . AH 2 ANBEAE a0~ AL

HMEOES KA SSSHSM TR mEor S

T& VoGibit|
T& a5
T&& 51 H
T&& H5IH

T&

T&

T&
T&&

P, Btk e ot B Tee A REIEATHES N, A AZCEIS, BB B0 5 R S Ao qi
HHERRTE, TRERS B 2350, 2 HACY SRR AT s DI, BSRs B ek 5o

A SRR, XA AT v A ERR ) ik -
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3.3 H1E3 A % 3 FiE T EATH IR

SERF AR BT B A AR . BT SERE A, WU TR TR SR, SRR IR
MSHERE (SRS, A5URREAEIUE) . TR AN FE, ATV % std: : forvard

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

KIFTBREE K (teid):

#include <iostream>
#include <utility>

void reference(int& v) {

std::cout << " A& 1§ 5] Ji" << std::endl;
}
void reference(int&& v) {
std::cout << " A 1 5| A" << std::endl;
}
template <typename T>
void pass(T&& v) {
std::cout << " E L 5y
reference (v);
std::cout << "std::move f&% ZF:";
reference(std::move(v));
std::cout << "std::forward & & :";
reference(std::forward<T>(v));
}
int main() A{
std::cout << "{£# A {E:" << std::endl;
pass (1) ;
std::cout << "{Z 3 A {H:" << std::endl;
int v = 1;
pass (v);

return O;

LR AR

& 4
tREL - EHEIA
std::move {5 % :4 1 5 A
std::forward £ % :4 18 5 &
-

T RS EEE A
std::move %?‘Z’Eﬁ?]}ﬂ
std:: forward %%Eﬁg])ﬂ

TSRO MR R A, HEESTME SRR TH K, FrLA std: nove B

Bl—AZefd, IS AR T reference (inted) ith A {EHT I -
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Bt 4 ik BB

MER std::forvard RIVA I MALMZ RAGFE DL, FIME3eRe Rk (f4i) T eREII LS4 T NI
F8 H A R K

std: :forward ﬂ] std: :move #7[‘3&:, {ﬁﬁﬁiﬁ:ﬁ[%l‘i, std: :move $§@E@4%Eﬁ§§1£jﬂﬁﬁ7 std
:forward 2 ARESEU T — R, WIIR FORTE, std::forward<T>(v) Fll

static_cast<T&&>(v) J&58E—FEH.

gk

s

ATNET CH+11/14 XTI, b EE YA R 80 A A 2 (1 5 48

&

1. Lambda FEiE=;
RO % 254% std::function

3. HE5H
95 4 ShRMEME: 6%
WA T

4.1 std::array fll std::forward__list
std::array
BRI ZA IR E 2 LR 5

1. %j’ﬁ“éxgé']/\ std::array ﬁﬁm%ﬁfﬁ{ﬁﬂﬂ std: :vector?
2. BB/ THESGEA, IHAZER std: :array?

el EH— N, 5 std::vector A[F], std::array XfRER/INERBIER), AR/ E
(), AL LMESEH B std: :array 2585, JIOMHT std::vector J& HENY AN, MAFAEAKEME
G, HHXEERIEAT T MRERAE, AR AR TR N, X R T st T
shrink_to_fit() FEHEXFB NIT-

std::vector<int> v;
std::cout << "size:" << v.size() << std::endl; // W H o0

std::cout << "capacity:" << v.capacity() << std::emndl; // @ #H 0

// N F W std::vector W HEE B I E E M, fi%ﬁiﬁff%
/ERWREREAR, FEEHFARELARF, TEARAFEF EER LA H N RS
v.push_back (1) ;

v.push_back(2);
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4.1 std::array #e std::forward_ list FoAdFAREE RR

v.push_back(3);
std::cout << "size:" << v.size() << std::endl; // W 3

std::cout << "capacity:" << v.capacity() << std::emndl; // Wi 4

/X EH AN KEBEE Golang # slice R1#&

v.push_back (4);

v.push_back(5);

std::cout << "size:" << v.size() << std::endl; // oW

std::cout << "capacity:" << v.capacity() << std::endl; // # 1

/T HAERARERFZT LE, BERUBZLENAGHERRL
v.clear () ;
std::cout << "size:" << v.size() << std::endl; // W H o0

std::cout << "capacity:" << v.capacity() << std::emndl; // # i 8

// BANH FE Tt shrink_to_fit () VA KE L R 4%
v.shrink_to_fit();

S

std::cout << "size:" << v.size() << std::endl; // o

S

std::cout << "capacity:" << v.capacity() << std::endl; // % i

56 AN P S N T B, ] std: arvay REAZLEACADASASROM “BUAAL™, T LB T — LAt bR
B, AR RN A B A 2 AR S, [N BB AU i S AR E R Y A 2 50, LT std: s sort

A std: :array fRIGTEL, HFEHTEHZEBANA/NRIA :

std::array<int, 4> arr = {1, 2, 3, 4};

arr.empty\); // & X B R EH =
arr.size(); // R [E A4 T F K

/7 RB X

for (auto &i : arr)
{

/7
}

// Fl lambda %k K X H T
std::sort(arr.begin(), arr.end(), [J(int a, int b) {
return b < a;

1)

/BB RNSRLEAREE ERER
4

constexpr int len =

3

std::array<int, len> arr = {1, 2, 3, 4};

/0 FELCART ¢ REBYA, std:rarray K2 B3 B MR T
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// int *arr_p = arr;

BIANTIRH LT std: rarray B, MERBENZRFHARAE C MAHHE T, XHEA =L

void foo(int *p, int len) {

return;

std::array<int, 4> arr = {1,2,3,4};

/7 C Rk A
// foo(arr, arr.size()); // F &k, LHEERXH %
foo(&arr [0], arr.size());

foo(arr.data(), arr.size());

// EJH ‘std::sort

std::sort(arr.begin(), arr.end());

std::forward__list

std: :forward_list J2—PFIEAE, MMHTVAM std: 1ist AWML, HUILRATHAE S FlEEFT
T .

TEHNER)Z, Il std: :list BRI EERIY LA, std: :forward_list {ff ] B ) BE R HEA TS0, $2
T 0 ZIRERITEIAA, A PRERNLTTIT (X2 EERAR A, R AR A A
AL size ) JFIARIA AR UATFERAEAN, BALE std::1ist &R A .

4.2 JIPHF &

HMNCLBA 7RG C++ PHHFA S std: inap/std: :set, XLEICF A FE L LB IEATSLHL,
AN R P IRELI N 0(Log(size)) . (EAHMATCRINME, SMRIE < BAERFHLBITR /N HIWTT
FRMME, HFRBFEGEN M EBARI ST MDA TRITR TR, AR <
BRARRF RGP A A T -

MTCy 2eas H IR A THRT I, WifiEid Hash 250, WA RICRIFIYEIEN o
constant) , TEAKLAANTIICRMUFIS, FEWIIG BRI TERESR T

C++11 5| A TP A SS: std: :unordered_map/std: :unordered_multimap fIl std: :unordered_set

/std::unordered_multiseto

BT HEMEA ) std: :nap/std: :multimap/std: :set/set: :multiset FAZ(, BT XA
ﬂ]Eigéﬂﬁ%&%§jP; ﬁﬁﬂ<4***§$ﬁm, %Eﬁ]fi%&5ﬁtt$§441:std::map%ﬂstd::unordered_map:

#include <iostream>
#include <string>

#include <unordered_map>
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4.3 7u#A std::tuple

% 4R B

A4
aF

#include <map>

int

main () {

/7 WM G RO B F AT S

std::unordered_map<int, std::string> u = {
{1, "1"},
{3, "3"},
{2, "2"}
3
std::map<int, std::string> v = {
{1, "1"},
{3, "3"},
{2, "2"}
3

S/ R A S AT R
std::cout << "std::unordered_map" << std::endl;

for( const auto & n : u)

std::cout << "Key:[" << n.first << "] Value:[" << mn.second << "]\n";

std::cout << std::endl;
std::cout << "std::map" << std::endl;

for( const auto & n : v)

std::cout << "Key:[" << n.first << "] Value:[" << mn.second << "]\n";

IR AR

std:
Key:
Key:
Key:

std:

Key:
Key:

:unordered_map
[2] Value:[2]
[3] Value:[3]
[1] Value:[1]

:map

:[1] Value:[1]

[2] Value:[2]
[3] Value:[3]

4.3 ji4l std::tuple

Tt Python RIFER G IR FIETCAR S, LS C++ PRIAS:, BT std::pair Sb, LT
B BUSZE M RERS T ARAF R R AL Bt (BT 2 B O X&) . (3 std: :pair BB T

S, HRERIFPI LR
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4.3 7u#A std::tuple

% 4 FAREE:

22y

o
B aw

TR AR A

KT ICAM A =ML s L

1. std::make_tuple: F43&LZH
2. std::get: B ITCHEA N B
3. std::tie: JLAHIFH

#include <tuple>

#include <iostream>

auto get_student (int id)
{

// RE KA W A std::tuple<double, char, std

if (id == 0)
return std::make_tuple (3.8, ’A’, "k = ");
if (id == 1)
return std::make_tuple (2.9, ’C’, "Z "),
if (id == 2)
return std::make_tuple(1.7, ’D’, "F #");
return std::make_tuple (0.0, ’D’, "null");
/R RE 0 2 HABBEIR, RFELK
}
int main ()
{
auto student = get_student (0);
std::cout << "ID: O, "
<< "GPA: " << std::get<0>(student) << ", "
<< "R 4 " << std::get<l1>(student) << ", "
<< "4 <K< std::get<2>(student) << ’\n’;
double gpa;
char grade;
std::string name;
// 64 AT I A
std::tie(gpa, grade, name) = get_student (1);
std::cout << "ID: 1, "
<< "GPA: " << gpa << ", "
<< " G " << grade << ", "
<< "4 4 . " << name << ’\n’;
}

p:string >
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4.3 7L2A std::tuple B4 FAREE R

T

std: :get [ T H EARBOCARXI G4, C++14 Sh1 T 6 2R BBOTH P RIXTR -

std::tuple<std::string, double, double, int> t("123", 4.5, 6.7, 8);
std::cout << std::get<std::string>(t) << std::endl;
std::cout << std::get<double>(t) << std::endl; // i, 37| % 4 iF # 4 %

std::cout << std::get<3>(t) << std::emndl;

BT

WERARAFANE S — P IRt A MRS A 0, std::get<> MO —NAMIFNIAY R R, BreAhim
P WY NEp/N iR

int index = 1;

std::get<index>(t);

ML G 2MEB? B, bRERMAS]. X AL — ] boost: rvariant FLAA KBRS E
PRI

#include <boost/variant.hpp>
template <size_t n, typename... T>
boost::variant<T...> _tuple_index(size_t i, const std::tuple<T...>& tpl) {
if (i == n)
return std::get<n>(tpl);
else if (n == sizeof...(T) - 1)

throw std::out_of_range (" F .");

else

return _tuple_index<(n < sizeof...(T)-1 ? n+1 : 0)>(i, tpl);
}
template <typename... T>

boost::variant<T...> tuple_index(size_t i, const std::tuple<T...>& tpl) {

return _tuple_index<0>(i, tpl);

XA RE -

int i = 1;

std::cout << tuple_index (i, t) << std::endl;

JCHLAIE S

A= LT GFHF P ICH, XA DAL std: :tuple_cat SRSIHY:

auto new_tuple = std::tuple_cat(get_student (1), std::move(t));

L AR AL, AR A AR T — Aol ? (ER AT A NG T A i A T AR R ARG
—~ tuple MR A IR AR L T, W SERATTR ERE UK, RIRA:
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template <typename T>
auto tuple_len(T &tpl) {

return std::tuple_size<T>::value;

}
EFERLBEAE X ST AT T
/7 HE R
for(int i = 0; i != tuple_len(new_tuple); ++i)
// B AT H & F
std::cout << tuple_index (i, new_tuple) << std::endl;
et

AIRENG T CH+11/14 PPIRNEL, ENRIENESE C++ HEAREASRML, HXHRE,
N DARRESE B3 3 A B e B B I AR . AR S A P

std::tuple HANARL, (ERARMEFERLBLIINREA IR, BOMEIR s TR T I ALK, 47EHk
b A AR I IR T A B AT 55 1

o4 5 mibsdfif: 4R

WA H

5.1 RAIL 5178

Tf# Objective-C/swift MR AN IZINES | T EIMES . 51 ITEGX AT ECR N 1B 1k A7t
By AR BEAR X T A RN R, BT UV, BB — U R — S RI5 I, 8
25X G Tt S —, FME—REI, SUHTEoSE—, 24— DXRm5 oK
RS, E SRR A HE AT

TERGE C++ , NEf] FalEstii, Sk, FOVRIMRA rIREsIC 1 AR stk
- B e o T LA H RO RS T— R, FA TR I R B 0 H i 25 ), e e (2
BRI ) A eReiesnl, Ralte A1 Uin RATL SRR AT LEoR .

JUSHABISN, FNLESA TR RAE A ik A TCRIRRR, TESE C++ BIAT RG] new
il delete 32 NI XHPEURIFTRENC. 117 C+-+11 3 A T RPRERSEFAOMES:, (60 75 RS itk AR
PN B TR N AT . X LR RE R 4T il L HE Std::shared_ptr/std::unique_ptr/std::weak_ptr,
A EMNFREAE LI <nenory>.

R BUHPECR SR, 51T ERE S R A g B AT 5, [ AE [l it
FE P AN 2SR IR TR A S5 5 S REAE 5 I R A A 2 D 9 % A i T 200
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5.2 std::shared_ ptr
std: :shared_ptr ;& PR BESEET, BREWSICKZE DA shared_ptr IL[EFR I — XI5, AIMTIHER &
RHY delete, 45| HITHEUE TSR X 2 H SR -

HIEAT, AN std: :shared_ptr {JSATTEAN] new IR, X EAGFACH I B T HAML L LY
ARIFR

std: :make_shared HLREMS FH RV XA (] new, frPAstd: :make_shared 243 BLflEAE ASEL Y
X4, HaR EEXA KT R A A std:  shared_ptrigsl. FlU0:

#include <iostream>
#include <memory>

void foo(std::shared_ptr<int> i)

{
(+1) ++;

}

int main ()

{
// auto pointer = mew 3nt(10); // F &, T AHF A EWRHE
// ¥ Y — A std::shared_ptr
auto pointer = std::make_shared<int>(10);
foo(pointer);
std::cout << *pointer << std::endl; // 11
// BIFAER B R, shared_ptr 2 WA M, N BKNF
return O;

}

std: :shared_ptr ] DAHIT get O FERIRHURIGTEE, #iT reset O KW —A5I 4L, Hi#
ifuse_count O KA FH —MRTGMG | T8 Hilan:

auto pointer = std::make_shared<int>(10);

auto pointer2 = pointer; // 5| il it % +1

auto pointer3 = pointer; // 5| il if 4t +1

int *p = pointer.get(); // I £ & ¥ Ju 5| A it #

std::cout << "pointer.use_count() = " << pointer.use_count() << std::endl; // 3
std::cout << "pointer2.use_count () = " << pointer2.use_count () << std::endl; //
3

std::cout << "pointer3.use_count ()

3

" << pointer3.use_count() << std::endl; //

pointer2.reset () ;
std::cout << "reset pointer2:" << std::endl;

std::cout << "pointer.use_count() = << pointer.use_count() << std::endl; // 2

std::cout << "pointer2.use_count () " << pointer2.use_count () << std::endl; //
0, pointer2 t reset

std::cout << "pointer3.use_count () = " << pointer3.use_count () << std::endl; //

49




14

15

16

17

18

10

11

12

13

14

5.3 std::unique_ ptr % 5 FATERE T I54T

2

pointer3.reset ();

std::cout << "reset pointer3:" << std::endl;

std::cout << "pointer.use_count() = " << pointer.use_count() << std::endl; // 1

std::cout << "pointer2.use_count () = " << pointer2.use_count () << std::endl; //
0

std::cout << "pointer3.use_count () " << pointer3.use_count() << std::endl; //

0, pointer3 E. reset

5.3 std::unique_ ptr

std: :unique_ptr &M AR REFRET, AR I AR REFR A9 HAL R — x5, M RAEACRSD
HUE7SeoE

std::unique_ptr<int> pointer = std::make_unique<int>(10); // make_unique M C
++14 3 A
std::unique_ptr<int> pointer2 = pointer; // I %

make_unique FHARE Ly, C++11 AL stdimake unique, AJPAEATEH:

1 |template<typename T, typename ...Args>

2 |std::unique_ptr<T> make_unique( Args&& ...args ) {

3 return std::unique_ptr<T>( new T( std::forward<Args>(args)... ) );
4|}

BTN 2BA RN, C++ R G123 Herb Sutter TEMRAY IR PR 2 PR [
(AR ER

BESR A Y, BRIl Bt A T . (EU2, FATAT AR std: :move F HALFL L5 HAAY) unique_ptr,
B

#include <iostream>

#include <memory>

struct Foo {
Foo() { std::cout << "Foo::Foo" << std::endl; }
~Foo() { std::cout << "Foo::~Foo" << std::endl; }
void foo() { std::cout << "Foo::foo" << std::endl; }
}s

void f(const Foo &) {

std::cout << "f(const Foo&)" << std::endl;

int main() {
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5.4 std::weak ptr

§ 5 e dntt

std::unique_ptr<Foo> pl(std::make_unique<Foo>());

/7 pl RE, Hr o
if (pl) pl->foo();
{

std::unique_ptr<Foo> p2(std::move(pl));

// p2 K=,
f(xp2);

/7 p2 RE, B
if (p2) p2->foo();
/7 pl A E, KRHH
if (p1) pl->foo();

o

-

pl = std::move(p2);
//p2 A B, KA

if (p2) p2->foo();

std::cout << "p2 WA EH" << std
}
// pl AE, ol

if (pl) pl->foo();
// Foo By 5Ll o £ % T 1F R B M # %

:endl;

5.4 std::weak_ptr

SRR 2 S

std: :shared_ptr W& K BRI FAERS SHRTCIAREL I . 1 X A 1

struct A;

struct B;

struct A {

};

std::shared_ptr<B> pointer;
~A0) {

std::cout << "A P4 H " << std:

struct B {

};

int

std::shared_ptr<A> pointer;
~B(O) A

std::cout << "B 7 44 %" << std:

main () {
auto a = std::make_shared<A>();
auto b = std::make_shared<B>();
a.pointer = b;

b.pointer = a;

:end;

:end;
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BTSSR A, B B S B, 2P ab WY pointer R G T a,b, Xt a,b (5]
RS2 T 2, MBI, a0 B RESREHPITH, A1 REE XS IR 5 | T R0R —, XA
MFELT a,b SPGB ARG RN N E, MANTE B0 MR X R I T, il 1
WAt R, QAR

b -

2 ab WHRIE
A,B fRIAME RS | BT iERE X

v v

B B

pointer | | pointer [ |
1 pointer ~ pointer

A A

PRI A T R A2 2 T 395 T 4T std: sweak_ptr, std::weak_prr@—Fhis5 Ml (LRI
std: :shared_ptr @2 —FER5| M) o S5UHNARSTHET BN, M55 R, HARREoR
FEATR B R -

a b b
Y Y Y
B - B
pointer N pointer .
™ 1 pointer "I pointer
A A

pointer [ |

|1 pointer

pointer

1 LB, a—2 S B, i B I BCAET R RERRE G U, PR AT SRR S R

std: :weak_ptr YA * IBELFA > BELF, FTUURNRBREXTSEIETEAE, ErME—EH S T4
2 std: :shared_ptr BN, H expired() TEREIE IR AR YR, 2R E] true, FHNIR[E] false,

a
=8 ]

BRETRH XA AIE A, ARG T LA LA, C++1x FEIE AT, 1E—7E
PRI _EJHER T new/delete (YU, 2 FRE MRS AE T
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BB S E TR

1. stackoverflow [ xF [C++11 M4 A make uniquel HIiE

945 6 nibadEf: IENIRGE X

WA

6.1 IENIA iR 47

IEMFAANR C++ HFH—H B, X BLUSE A4
NGRS IA T — PP A7 LR — BBl IR ikl 2 R S R Tl =K
L R R S AR 7

2. FFUCRCH 15384 ;
3. MEA R HURAT G 2RI T HR

TEM ek il AT (Bl a 2] z) DARARIRFAT AL SO AT e 1 RS 22
PEEEH— A FATH . IR, AP ARG P R A A5 R b AT PU A .

Tl AT A B W R AT AT B AT EVRIA RT T ED P A o X A B KIS AN 74 Bir
AT PrARR RS LA

TR FAF

FEIR AT R IR MZA A RIS AT, 2 EFRA A O IC RS . BT

(i} g

$ VERCH A AT R 45 R ALE .

®) PRt — A T2EE RIS R A B . TRk AKBUE UG

* VERC I ) - 2b TR E K

+ Ve i 1T ) T 2eb 30— IR K

. PEEC R HATAT \n Z AMIAT A BA 4

[ Frid— S RSB

? VERCHT ) 2B TR R, SHEIH—ESEERR e A

\ P —DNFRARICN SRR TR . BURSCFERF . U5 SO BERIEE . B, o
VEELF4F no \n DEECHLATAT. P80 \\ PURC >\ F4F, I \C PLEL > O F4F,
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6.2 std::regex B I A8% F 6 FAFEE . BN RIA X

Rl
1 ik
- VERCH AR IR0, BRARTE SR OP M, BN EFRR A2 A
A
o

{ PRICBRERT RAR AR IR -
\ FRUA I 8] i — A%

e ¥

FIR 7 A5 R4 A TR Mk sy — A g AR S B /DO B L B RE . W%

F R
* VR 1) T2 B LK . A, foox REVLRL fo DA foooo. * ZEMF{0,}.
+ VT IE P T B T2k s — R 2R . BN, foo+ REVTHL foo DA foooo, fHANHENLHD fo, +
EMT 1.},
VERCHITTE ) F-Fh TR e —IK . Bil4n, Your(s)? WJPAVLAL Your B{ Yours Hif¥jYour . 7
LT 0,13,
{n} n Je— MRS, PLECHER) n K. B0, o{2} ANFEVLHLD for HY o, {HIZREVLHL foo
P oo
{0,} n 2 NEHEREE. 2ULH 0 K. BN, of2,} ABEVERL for HH o, {HEEVLML foooooo
A oo of1,} SE T o+ o{0,} MIEEMT ox.
{n,m}  m Al o BPHAEGEEEL, Ko NTET no HOUCE n K HEZULES m . B0, o{1,3}
FFUCHL foooooo HIWHI =4~ 0. 0{0,1} S¥MT o7, VEE, TEES MM NELZ BIAREA S
i

-~

AR =K, BATE RS B LT A IR AT .

6.2 std::regex JeH MR

XA ER N A BEAT LAY S I T B2 i IE ke AT e SE C++ BNk — 1%
ARG 2SR, B WARRHER, 1 C++ M — T TR ERETE S, 125 6 s iIT &, Xt URL
GHRBEREEAT RTINS, o L 2k 2t e Tl Jtdie kg FC B il Ak

— IR R boost IEMFRIRNAE . M CH+11 =0 IE MR AL B RN
PRUEFERIFTSN, MRS P 3R OE THRER SRS, A FEREE =07

CH+11 FRALA) IE N FER 2 EPAE std: :string X5, FZ std: :regex (Zli}ﬁz% std: :basic_regex) o
oG4, 1T std: :regex_match PEFTVULHEL, MM P74 std: :smatch (AS)fij2 std: :match_results X4 ),

FATIE AL — AT B )1 R T B Y G AN R AR G o 255 T T ) TR a5

o [a-z]+\.txt: TEIRXPNIEMZREA N, [a-2] FIRILE— /NG FRE, + AT AT Y FRIKA TR 2K,
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6.2 std::regex B I A8% F 6 FAFEE . BN RIA X

It la-zl+ REAZIERC— AN/ NE FHRADR PR . EEMFGRA P —A> . FORERATEFAF, M
\. MIFRICREFAT -, SRS ext FORARICHC txe U =Rk PRI A~ IR ) 2k i) T 2 DT
1 Al Al N R SCAR SO

std: :regex_match M TULALFAFHIIE A, AR ARBERIL. KR EH—HBe
A std::string PAJ—A> std::regex HEATILIC, YILECSENNS, 2RI true, {RIIR[M] false. 14N

#include <iostream>
#include <string>

#include <regex>

int main() {
std::string fnames[] = {"foo.txt", "bar.txt", "test", "aO.txt", "AAA.txt"};
//E Gk N M AT AR NMEUR, A N EAEN KRR E
B, BEXN \CEAAENL, ATAH N
std::regex txt_regex("[a-z]+\\.txt");
for (const auto &fname: fnames)
std::cout << fname << ": " << std::regex_match(fname, txt_regex) << std

::endl;

S —pig ARG MK IR % A std: :string/std: :smatch/std: :regex =S4, HH' std::smatch
WA i S0 2 std::match_results, FEFRUAEFET, std::smatch #75E XN 7T std::match_results<std::
string::const_iterator>, WiE T EMEFIAN natch_results, fiff std::smatch W] PAJTHHY
XFVE LA S R PEATERI, Bt

std::regex base_regex (" ([a-z]+)\\.txt");
std::smatch base_match;
for(const auto &fname: fnames) {
if (std::regex_match(fname, base_match, base_regex)) {
// sub_match W & — ML &L ENFEHFE
LR TE-NMNEFEEFRLERX
2) {
std::string base = base_match[1].str();

P

// sub_match W % — 7

if (base_match.size() =

std::cout << "sub-match[0]: " << base_match[0].str() << std::endl;

std::cout << fname << " sub-match[1]: " << base << std::emndl;

PA_E AR Bt i tH 4520 -

foo.txt: 1
bar.txt: 1
test: O

a0.txt: O
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AAA . txt: O

sub-match [0]: foo.txt
foo.txt sub-match[1]: foo
sub-match [0]: bar.txt

bar.txt sub-match[1]: bar

A

I

AT B T ISR A Ty, SRS AR () I W Sk s TR oK, il — DS il 1 4
T IR -

AT R N A R VAEIRATIT K S — A ) Web HEZ8H T URL IEECHIENEE, &%
)@ TODO

2L B 2% Bk
1. HPPE Tafa 34 GCC Y C+-+11 IEMIFEA?] PR EEVEE Tim Shen fy[H] 25
2. TR RR A SRy
3. C++ JF%& Web R45HESS
o9 7 whadERE: R SR

WA

7.1 std::thread

std: :thread i T A ATIILEESLH], Fr AR 2 —V)H & dnfR i JLnt , (i A 2404 <thread
>SS0, BRI TR L AR S ARIRE, Bliget_1d O RIRBUIT A LR AL ID, FIHAEH joinO)
FKIMA—NEREEE, filan:

#include <iostream>
#include <thread>
void foo() {
std::cout << "hello world" << std::endl;
}
int main() A{
std::thread t(foo);
t.join();

return O;
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7.2 std::mutex, std::unique_ lock % TEAER: 8254 %

7.2 std::mutex, std::unique_ lock

FAHESRIER G R R P E 4 T T I KB EARNIR, mutex gk Lz —.
CH++11 5IAT mutex FIRMZE, HPAA K REHAE <nutex> SKICHFH

std: :mutex s& C+-+11 IR nutex 28, WAL LHIL std: :mutex W AT FFa, iELH
ARREL Lock O AT PASEAT B4, wnlock OO W DABEATRES. (EURTELESLPrdn GRS R, SlF AL E
PR R, R AR T RO RO TR AR g I A XA 1 D AR T unlock O, 49K, AU . X
P C++11 i N B e AL T —A RAIL EARIBR S std: : lock_gurad. RAIT FEAR KA 7 R 7]
i, AREFRPRIE T ARSI S 2 Ak

e RAIT AR, il 5 X B B A 8 A R 2R - T 4a v, Bl

void some_operation(const std::string &message) {
static std::mutex mutex;

std::lock_guard<std::mutex> lock(mutex) ;

/) RAE

/S ETF RN, ERH SR M, FHunlockZ 4
/S B EAEENBHTUNRNAZEERK

M C++ fRIE T BrA R RAE R B RN 2 S e, BT AR AU L2 S i e iy . ik
some_operation() IR, e fE il il 57, AT LR ELE, WAt ASIRM T unlockO .

iii] std::unique_lock mu*ﬁx¢:F‘ std: :lock_guard Hjﬂﬂﬁ@, std: :unique_lock Eiﬂﬂﬁ%ﬁﬁ, std::
unique_lock FIXFRE LA G IR (A HALR) unique_lock XFRI[FIHIAHA mutex XFR A AL
W07 A B mutex XPR R BT B BrDATEF A, HERFRET std: :unique_lock,

std::lock_guard Ziﬁﬁﬁiitéﬁﬂﬁfﬂ lock %ﬂ unlock, 11} std: :unique_lock ﬁ]@k%Eﬁﬁﬁﬁﬁiﬂﬁf£E§{iE§ﬁ%
Y, ATRAgE/ NSRRI, $RBETE S I A .

WMERARAF| T 425 & std: :condition_variable::wait NWZ{#i ] std: :unique_lock {E NS,

B

#include <iostream>
#include <thread>

#include <mutex>

std::mutex mtx;

void block_area () {

std::unique_lock<std::mutex> lock(mtx);
/7 R

lock.unlock () ;

g 8//...some other code

lock.lock(); // can lock again
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7.3 std::future, std::packaged_task ¥ 7T ERERE: K254 %

}
int main() {
std::thread thdil(block_area);

thdl.join();

return O0;

7.3 std::future, std::packaged_ task

std: :future WAL T —ANP7 ) A BRELE RAVIRAT, IXATERAN I HLAR . T PR M, &
NIFREEPRR— 1 CH+11 Z I EZ LR T H .

AR, RN LR A FEPITRE LR B LHITEA RN TS, R 45
Jeo WX HHE, LFE A WIREIEAEA A A, TCIRB A B fI450, FrATRITSMR A AR A B s fr
AR E B R SRS 26 FE B 45

FE C++11 1Y std: :future B3| AZHT, EEAMBIARE: QI8 —1EAR A, 4 A B35 B,
MUER T RIS SR — P, TPRERIAMAE RS B, T REERE A BUETEMOLAA G, 2455
TEGRAINE, P — AR R R EOR A A TR0 45

i C++11 $2fiErY) std: : future fijfb TIXAFRE, W DANPRIREUR AT S AR . B A, FATRAE
Sy e G BT Ao — R R AR R 2 T B

BEAh, std::packaged_task W] AMIRESRAL M DAV B H AR, AT 2B AR . filhn:

#include <iostream>
#include <future>

#include <thread>

int main ()

{
/) B —ANREEATH lambda kK 3k R H ¥ 3| task F
// std::packaged_task MR Z B A4 EH %K & Hmy kA
std::packaged_task<int ()> task ([]J(){return 7;});
// K 1% task B future
std::future<int> result = task.get_future(); // & — MN& B ¥ # 17 task
std::thread(std::move(task)).detach(); std::cout << "Waiting...";
result.wait () ;
/7 ol AT HE R
std::cout << "Done!" << std:: endl << "Result is " << result.get() << ’\n’;
}

AT LV EARG . PTRAME get_future ) SRIRAF—4> std: :future Xf5, DAMEZJ5EIL
PRI

58




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

36

37

38

7.4 std::condition variable % T ERAEE: RE5HER

7.4 std::condition__ variable

std::condition_variable J& A [ fRIEBHIN ALY . Y EFIMERGHINGI AR i, LRETHEF
BEERFRAN SN EA BRI T, T — MU SRR A B2 S 80U A L AR ER IO VA A S i
LN B, e R AT . FTPA, condition_variable {94 A% H PR 3= 35k 22 A T-Wa i & fE 2 AR
T HEHFE4 . std::condition_variablefJ notify_one() | TMiflE—HE; notify_all() WIE@HIFTH
S PRI S E B 51

#include <condition_variable>
#include <mutex>

#include <thread>

#include <iostream>

#include <queue>

#include <chromno>

int main ()

{

[ ORFEHE

std::queue<int> produced_nums;

/7 EF

std::mutex m;

A S

std::condition_variable cond_var;

/OB RR R

bool done = false;

VAR B R S

bool notified = false;

/SO ETEE SR

std::thread producer ([&]() {

for (int i = 0; i < 5; ++i) {
std::this_thread::sleep_for(std::chrono::seconds(1));
/AR E- A
std::unique_lock<std::mutex> lock(m);
std::cout << "producing " << i << ’\n’;
produced_nums.push(i);
notified = true;
// B — &R
cond_var.notify_one () ;

}

done = true;

notified = true;

cond_var.notify_one ();

DN

/O R &R
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G % 8 kAR A%

std::thread consumer ([&] () {
std::unique_lock<std::mutex> lock(m);
while (!done) {
while (!mnotified) { // 1 ¥ # % & {8 % &
cond_var .wait (lock);
}
while (!produced_nums.empty()) {
std::cout << "consuming " << produced_nums.front() << ’\n’;
produced_nums.pop ();
}

notified = false;

P

producer. join () ;
consumer. join () ;

}

X

JCN

CH11 i R T IF % SRR M 3005, AV FI AN T std: sthread /std: mutex/std:
future BCUEFE KRR PR T [l TR T L

AR PRE N A R AEFATE AR 100 1700 5 — A A AR, S
TODO

2GR 5% B R
1. CH++ &4 (h3ChR)

2. LR SRR SR
3. 100 7 C++ USSPl 2R A2 b

o4 8 nibndEf: RS
TODO: X WA N CH+17 Hid

PRGSO RS AR, WRLCHE. H SREFSEHCAL A T BRI I RE . TR
BFERM, 2l boost Kike, HRAGGIH N C++ WfERIARZEL —.
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8.1 LAk L% % 9 FHML M

8.1 S Lyt

8.2 std::filesystem

WA

9.1 iRl

long long int

long long int Jf A CH++11 fJE5IAR, HERAE C99, long long int FIEZAHMA C frifEr,
FrARER o g B R E5Chf e CH+11 A TARNDR IEXIE B ARRHERE , HLE T long long int 3
B E/D R4 64 R HCAREL

9.2 noexcept WEHiFIHER:

C++ MIET C M—RIBBMAET C++ ARGwlE LT — BB R AABILE . SRirE C++11
ZA, JWPEA AR AR 5 B E R HEEFEAN, K C++11 IR, X EVLHBEFE, BreAk(]
AEHEWAENFARDX ELHL 2 A TAEATER], AREAR RT3 R TIRE.

C+-+11 K57 B BRI AR PRI O -

HALEJ noexcept XX PR T RHHUEATIRA], Hl4n:

void may_throw(); // 7 &4 1 F ¥
void no_throw() noexcept; // K ¥ & H 7 &

ﬁﬁfﬁ noexcept ﬂ%?ﬁiiﬂggﬁiiﬂﬂﬁgﬂ@tﬂgiﬁi, ﬁﬁﬁ%gﬁééﬁﬁfﬁ std: :terminate() ﬂéizﬁﬂégiti%F?iéﬁﬁc

noexcept ILREMMUARIERT, T HME— b, BREXTCFHH, &\ true, FHNIR[A] false.

#include <iostream>

void may_throw () {

throw true;

}

auto non_block_throw = []{
may_throw () ;

3

void no_throw() noexcept {

return;
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9.3 FEE % 9 FHMI A

auto block_throw = []J]() noexcept {

no_throw () ;

s

int main ()

{

std::cout << std::boolalpha

<< "may_throw() noexcept? " << noexcept(may_throw()) << std::endl

<< "no_throw() noexcept? " << noexcept(no_throw()) << std::endl

<< "lmay_throw() noexcept? " << noexcept(mnon_block_throw()) << std::endl
<< "lno_throw() noexcept? " << noexcept(block_throw()) << std::endl;
return O;

}

noexcept E1Mi5E— N RELZ G RENS R B BB R WP HThRL, WERNE AR, MRSk .
ian:

try {

may_throw () ;

} catch (...) {

std::cout << "HH K FH, K H my_throw()" << std::endl;

}

try {

non_block_throw () ;

} catch (...) {

std::cout << "4k F %, £ H non_block_throw()" << std::endl;
}

try {

block_throw () ;

} catch (...) {

std::cout << "4 % F %, K H block_throw()" << std::endl;
}

KN

WHRFE, XHE my_throw()
#HHKR¥, XY non_block_throw()

9.3 “Frii

i

IR

g C++ Hiii 24 s — SR 7 A7 0 AT R L SR AR i i — PR, i —
HTML AR FAF R RO/ AT, Bilin—4> Windows ERSCIFBRIZAH 2 C:\\What\\The
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9.3 FdE

\\Fxxk,

C++11 fefit 7R P AT I P IR SE, ATRME— D FAAHR a1 R KA

R IR P AP R OS2, fian:

W

#include <iostream>

#include <string>

int main() {

std::string str = R"(C:\What\The\Fxxk)";
std::cout << str << std::endl;
return O;
}
FI o 3L i
CH++11 FIHET B E PRy, i EEG |5 FRIa AT 58
FHEFHEHEX LA EENTH R £
std::string operator"" _wowl(const char *wowl, size_t len) {
return std::string(wowl)+"woooooooooow, amazing';
}
std::string operator"" _wow2 (unsigned long long i) {

return std:

}

int main() {

auto str = "abc'"_wowl;

auto num = 1_wow2;

std::cout << str << std::endl;
std::cout << num << std::endl;

return O;

}

:to_string(i)+"wooooo00000W,

amazing";

S S T S D Ay i

WX A4, R,

1. BER o FE
RS B2 B

2. VR R EE ] long double. const char *. ARAFIHEIFAT;

3. FHFER TR WA (const char *, size_t) JERHIBHFH;

4. PRI XJLAZRAL

ﬁﬁfﬁ unsigned long long. const char *, ﬁ%ﬂiﬁiﬁﬂggﬁiﬁ?a»éﬁ, %EJ;EﬁE@

Ziéﬁﬁighzg char, wchar_t, char16_t, char32 _t ]
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Btk % 10 FREA: C++20 HH

vh 2k

M
ARG AR N ZR C++1x Fre i BT EE R RFIE T, noexcept Jefit iy
AR, B DIIRETE T REAS P (- e W HUR ARk g e i R PR EE R DAL T AT T A
o4 10 FEJER: C++4-20 Wjgr
WNEBEIT R, HETAZ NS — 0P C++17 i
AFEXF RN CH+17 AT, JLASH AT (2016 4F), HECIE, B8 ER A

ARG C++17 R U, AWy I, R C++ i Jy s bR S HAR R A R B R A 13
58352 o

10.1 i BEA Bk
TERRIBR S E auto

BRSH AP, — PR RS, R GRZ -

template <typename T, typename U>
auto add(T t, U u) {

return t+u;

HER T A U ERERAEAR S MR AERAER S, B R AR R T R AU BRI S
¥

template <typename T, int BufSize>
class buffer_t {
public:
T& alloc();
void free(T& item);
private:

T data[BufSizel];

buffer_t<int, 100> buf; // 100 1 A4 # M & %

PRI 2 FATHE S B A 4 A 0 B A AR S BB AAR S R LAY, G417 TR 13X — PRl
IERATRERSAEAR BB SHOT [ auto KB, MR IEEHE SRR :

template <auto value> void foo() {

return;
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10.2 ANEHF 1 10 FRE: CHe20 fih

f00<10>(); // walue # 3 S A4 ant £ A

std::variant<>

PR boost AW LM FNTiiid variant<> T, variant<> 1] DA FARAEAIEAE AN A 2RI X 42 .
FAVIERIE OARERERY 78 Bg ) X TiEMR std: :tuple B}, fEHRMIH T boost: :variant<>, fi
HEZY variant<> RUBERUBIRSHOT PALE— variant<> WAL ALA LSRRG AR & (XEHAE S (6
i Python/JavaScript 5) FICHFNESLEAL) .,

C++417 IEZCRF variant<> Y AMRHESE, B —AWH std: :variant<>, F [ BZ)G, AT AR HI
T AR B -

#include <variant>
template <size_t n, typename... Args>
std::variant<Args...> _tuple_index(size_t i, const std::tuple<Args...>& tpl) {
if (i == n)
return std::get<n>(tpl);
else if (n == sizeof...(Args) - 1)

throw std::out_of_range ("# A .");

else
return _tuple_index<(n < sizeof...(Args)-1 7 n+1 : 0)>(i, tpl);
}
template <typename... Args>

std::variant<Args...> tuple_index(size_t i, const std::tuple<Args...>& tpl) {

return _tuple_index<0>(i, tpl);

10.2 R A FEPE

Ct++ HELAETNEBEER A E C++17 AMREZIRE, 15U Concepts/Ranges/Module %54,
Hofesz AL a2 Concepts, X —fE R AYHE, EARAMIE (Technical Specifications, TS)
FEHZA

Concepts TS

Concepts 25X} C++ BARGAEAYUE—ZHGRY . R, Concepts j&—FhgiFIMIHIFHE, &
REAS LE A% AR TE A i U IO AR S Bt AT BT, TR R FERS SR FATITE C++ PER AR (R BT
BT AR TN 27 B E & P N g 5e, X2 0 E H A LTI A A REE Xt =
BT A S IR, 0 T B AT AR 2 T SRR L AN ] S i 190 A 5%

#include <list>
#include <algorithm>
int main() {

std::1list<int> 1 = {1, 2, 3};
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./4.containers.md

oK

% 10 FREZ: C++20 A

(%
A

std::sort(l.begin(), l.end());

return O;

T3 B AT H IR R AR A S RIZE T, std: :sort WHEFEA SR ALRENL LA 2L, 505 BE
I, TFATAGE std: :list A SHFFENLIT AT . 1] Concepts HYTERULIE : std: : List PRIEACEA
W e std: :sort TIFENLELEIX P Concepts (#2) 1Y requirements (Z3K). AT Concepts, ]
AT DAIA: -

template <typename T>
requires Sortable<T> // Sortable =& — /> concept

void sort(T& c);

EEC PR

template<Sortable T> // T & — /> Sortable Hy £ A 4

void sort(T& c)

BT E AR AR -

void sort(Sortable& c); // ¢ & — /- Sortable £ Al i xf %

BRI R, C++ HEXUARF Concetps HAFRIE, TH2KFHAMHN TS IEX KA (LA
C++11 JRZAERZHRE ZA Concepts (IFAE T, {H Concepts TS J& 2015 44 5e BIEA KA ),
HORFANTIAER 21 Concepts TS, C++ HZE2IEANF Concepts Y AFARMER IR H LR R, HA
SERARJZM_ BRI, SRR AT B IR S

Concepts TS & Ffa—RK C++17 Mg HARRE 74204 H fEfE], Concepts ) (M
—) SEIEAAET AR BTN gee AR, 17 gee H1 T Concepts #5282 H1#%S Concepts TS
FINTF AN, BEIRNE RS HEATAH ML, (HR A NETHE X TS &4 HFEA B 55, B HlixX
iy TS AWM. o, BH Concepts —NE B VE Bt 2 4B s2 9 Ranges TS 2842
%, HEERE L EMmEA A C++17, FrPAv A Concepts 4k4LIE )5 .

S

BRGE, LT Concepts/Ranges/Modules jX 864 N XA IRHETF A AR CH+17, X{EE
T C++17 FphiE S ERBANR T C++11/14 HARIUR/NMBEZ Y, HIRATA BAE C++2x PR FX L
ARV, ZXENEXT—IE&=1+2% [mit] MmREEs, KR T IIn.

i AP AT e

. Final features of C4++17

. C++17: will it be great or just ok?

. Why Concepts didn’t make C++4177
- CH+H11/14/17 Hiidas S Hs

=W N =
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https://meetingcpp.com/index.php/br/items/final-features-of-c17.html
https://codeplay.com/public/uploaded/filehost/0cbdaf_c++17post-oulu2016.pdf
http://honermann.net/blog/2016/03/06/why-concepts-didnt-make-cxx17/
http://en.cppreference.com/w/cpp/compiler_support

W3 20 AR C++ oY A: %

Ko 1 RE—2B B o TRk

B, WERAETEARS | EEAEARRARERIIA C++ 124k,

IEWMA B FEEENN, AH SRl G A C++ 11/14/17 Freptenyisedy, maEdkE
preg ] sk C+ [HRBER] MNAS . B3 URWEE TR, R NAIERRE, Ba2R.
e, BFD) SRR R R T AL 2 B dE—2P 2 S AR C++ 150k, AR RE AR 2 I

o Ct++ &%

e CppCon YouTube #fiiH

o TR{IFESY DI EERITE R N AT AR

o TFANFE

Fif s 2: BAR C++ Mydsethscek

K fe P SR FATOR AT BIR — IR IR CH-+4 I AfESe . SR, B KT CH+ M EAES A X

B3I H (Effective Modern C++» 1 «C++ XAGFEETY o 7FIX i b 5 AT A S . R X

BBl TR BRI, N — RN ARG T WY . AR PR R AESC B, TR AR UE AU
R A T

WA

TODO

RIS AR

TODO

N iR

TODO

Ry 4

TODO

nf Yk

TODO
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http://en.cppreference.com/w
https://www.youtube.com/user/CppCon/videos
https://people.freebsd.org/~lstewart/articles/cpumemory.pdf
https://www.amazon.cn/dp/B016OFO492/ref=sr_1_3?ie=UTF8&qid=1525613457&sr=8-3&keywords=Effective+C%2B%2B
http://zh-google-styleguide.readthedocs.io/en/latest/google-cpp-styleguide/contents/

T A A MR 20 R C++ oy FTAEER

AR RITE

TODO
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