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C++ B—AH P BHAMH Y KAES . M C++98 B ELE] C++11 IEXERMAT TR HEL 2
AMIFRGR . C+414/17 MZVERXF C++11 IEZANFTEAMILAL, C++20 MPREX 155 40k T BRI R
], AR B AR R R, A O+ XTTESHEA THNE 1. ARRen e IR0l i 6% C++
(AP C+498 KL ZFI C++ FREBfRz ES C++4) TmREfd C++11/14/17/20 ) C++ &
¥ AAE MBI Lambda Rk GX A PRFERT, RSB [2HARE—TTET ) 2.

B C++ (BRI C++11/14/17/20) st C++ FEARREFFIEMERFEEA C++ Z/HBEm
BT 1ARMIET « IR CH+ NOUUHESR T C++ 155 H SR, auto ST LB 15T
TN (5 DR AR S AR AL o[RS BAH F A T AT T RS A5 AL, Lambda kUi
ik C++ BA T TR R i TP R, T — Rt LR L A & (3530 Python/Swift /. ..
) hEgE A B, AES A HIREE T CH4 K RARBE A VR I X 52 0% A 4 4

CAH+17 N IE =AFE C++ A X — St T, s TR C++ e — ATy
6], SREERH I C++11 2 8, (e & TRE/ N ERNIE S SR (BlIngsiegse),
RCLCERE I B — B T T HRATHE C++ PRy gifEisX.

B C++ i B BRI ERERE I AR 2 00 THRATAE, OHER S B SArER)Z2 1 EHE T std
s:thread, MIMSCRE T H K4k, EAFF-G EATRMBT RERZR APL, S0 7l 2 W5
SCFR std:iregex 2L T SEREAYIE WIS A SRR 4. C++98 B AP T e — MR iy 17
A, B C++ BB, MBS MIER, 1k C++ BN RGBT AT A AT =
Concept $2fit T XM S B IR AL, DE P58 155 BRI

BTF 2, BAWER C++ B SR A RIFEAU F Y RITIO LA, A BE R HELE 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



A8 % KA % 1 FaGRRK C++

[, 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

FARHY
AR E AP B TR E RS, AR VRAEIR BEAS B A AR B A S 1 O AU I8 2] Py, A

Wy R ERURRD R PATE L AR B A A A A T IR, A Ui A, S
RAFREN o

B15 215
AP EEF R T A EXE RN T8, (U TR AR 15 BRI £z A 24 ARy A AR AL AR
ATDAE TR B T B 2, U RAFA TP 5 .
4 1 sl C++

ZVEIRBE: ARAIFEE clange+ fENME—GE At , [FIRPEURAEACH PRI -std=c++2a HiiFAR

—+=
Lo

> clang++ -v

Apple LLVM version 10.0.1 (clang-1001.0.46.4)
Target: x86_64-apple-darwinl8.6.0

Thread model: posix

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

1.1 s mdsetE

FEEE ) U C++ Z AT, FAVE T C++11 IHR, BT 20k

R FHIFAMIIRAGEN . FE M TRRE R USSR MAOSR AR 2%, iR
R B2, SRR R ERER—& 0, I HI TIRA 5, K
FrtkHses kA fRER .

o AFFCVFFAFHY A 5 R — A char »o WURTEEN R il U SRR 1L — A

char *, W i%{#i[H const char * B{# auto. cpp char *str = "hello world!"; // ¥ H I F HE4

o C++98 B3] . unexpected_handler. set_unexpected() 25U MW FEI , % {4/l noexcept.
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1.25 Coykakt % 1 FaGRRK C++

e auto_ptr H¢FHl, WifEH] unique_ ptr.

o register XML BTN, LA IUA LA ER b5 X .
o bool Je) ++ PRIEREFI.

o WA SATHTHIBREC, S SCAIRAY VUSRS R BRI VR LG SERPR R S T

o C i ARISOREEBB SN (WL AN (convers_type)) , WM static_cast.

reinterpret_cast. const_cast JEHEfTRIIEEHR .,

o FEHIML, fEIR W C++17 btk ¥ 2T DLAEI C brdEE, BilA <ccomplex>. <cstdalign>.

<cstdbool> 4 <ctgmath> %%

W —SHAFE NS HHE E (C++11 #2477 std::bind fl] std::function) . export ZE4piEHLIyuk
FE . AP E] AX Se R A R R AE s BT e, WA AL VIR, BiZm kst Side
BEEEEHR . B, BORZMET A B

1.2 5 C stk

HF SRy JPRER, FATREATE C++ i —28 CIEFAE (H2dEn CiEsR
i), Bl Linux ZGEPA . LI C++ HBLZ AT, K AMRE [C 5 C++ MXHIRMFA] 1,
ek e 7 ] I X G L I BRI BAREE AN, R BCA AR T, BB RN [EA
Zl, WRKANE. B 1.2 FRFHEERE ERET CH C++ MRMFAR L.

WETETFIE, IRAOINT HLRZME S [CH+ A2 C R Al A (I HLA—TF AR
ST IR 2% PR T C++98 I C99 2 [AIEYIKHI) . ZE4E C+ I, L%/ T i
FO38 S0 0 JE VD voiaw 2 SKHOFRIT IR . MIAEATRARME C B, FAZTEREM extern nov SRR, 45
CHEZIONTGS Crt (URITA B gi%, TIG—HEESRMICH:, fIAN:

// foo.h
#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;
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125 Cwikstt F 1 Fiae R C++

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

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

#include <functional>

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

return O;

IAEMEH gee Hiik C B F A

gcc -c foo.c

Gt foo.o SUMF, PN clang++ Kf C++ fUIEHI .o UPFHERGER (HEHHIFH o FIg—4E
)

clang++ 1.1.cpp foo.o -std=c++2a -o 1.1

28R, ARAT LA Makefile e4wice LAY AAD

C = gcc
CXX = clang++

10




ot — ik a4 A Lk

¥ 2 FiE 2T R ey RIL

4 | SOURCE_C foo.c

5 | 0BJECTS_C

foo.o

SOURCE_CXX 1.1.cpp

o | TARGET 1.1

10 | LDFLAGS_COMMON -std=c++2a

all:
(C) — c(SOURCE_C)

12

13

14

(CXX)(SOURCE_CXX) (OBJECTSc)(LDFLAGS_COMMON) -o (TARGET)clean :rm —rf * .0(
TARGET)

TR Makefile HHHTIEZ HIZRAT MR ZARAT, WRAREIE HlXBUCHEEIIRI T
HIFAT AT RES B F SR e, 35 A ATHIPRTE Maketile WHIGHUERE ih I AT 52 U o

WFRARIEATIE Makefile B EEA KR, ABREPASWELTEARMN, RRTE
AT clang++ -std=c++2a AT PAREEAAS.

IR UM C++, IBAMKAR AT REE A A B AR —/NEACHS, B

std::ref (std::cout <<
n .\Il";

1 | [out "Result from C code: " << add(1, 2))10O{

out.get () <<

3 X0

UL, A A A LX)

2B BRI 55 SOk

C++ 155 52, Bjarne Stroustrup

C++ It

Ct++ FitEAE GCC/Clang 2545 %ds o Y SCRHE I
C++98 5 C99 a1 IX 51|

945 2 Bl S DR AL
MFAVE . 5 R R, X ARSEATHRRE . XIS TRE. AR 4k ey

FEIBATIZ T, TRE R AEAE S S A B A AU I AT o . D, BRATEHIR KR S eE, 2
FEARLE A EAEIEA TR Z MR F AT .

11


https://www.amazon.cn/dp/B00WUBYBYS/ref=sr_1_1?ie=UTF8&qid=1522400738&sr=8-1&keywords=C%2B%2B+%E8%AF%AD%E8%A8%80%E5%AF%BC%E5%AD%A6
http://en.cppreference.com/w/cpp/language/history
http://en.cppreference.com/w/cpp/compiler_support
http://david.tribble.com/text/cdiffs.htm#C99-vs-CPP98
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2.1 Wi
nullptr

nullptr HYELAY H B2 T NULL, FERERPEE SO EORUE, 1248 C++ &4 NuLL, o Mk [F]—FhAR
PO, IR T i i) X NULL, A 8841 26 NULL & SCH ((void+)0), 4788 & B HE
SCH 0.

C+ ARV IR void * [RAUFA 2 MR . (ARG edn 2148 NULL 3¢ SCH ((void#)0), B
LAE R A

char *ch = NULL;

WA T void * R C++ HIAFRFNULL 5 SN 0. MIXAKIA S = AR A, KF NULL & X
0 K- FE oo+ PEBEFELZARIL. HETHEX P foo PREL:

void foo(charx*) ;

void foo(int);

AR 2, foo WULL) 5 X MHARF LA foo(int) , AT PRSI S H 4«

N TR, C++11 5IA T nullptr XEET, LTIHPRKSZHE4. 00 1l nullper fY2RA
A nullptr_t, BERSREBIFEHON AL MR SR RIS AR, RN A THE TR S 2 A S LA

VRATPASARME A clang+-+ Sk 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::emndl;

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

std::cout << "NULL == nullptr" << std::emndl;
foo (0); // B A fool(int)
// foo (NULL); /7 FAT R R A R F
foo(nullptr); // W@ foo(char*)

return O;

void foo(char *) {

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

12
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21 %% % 2 FiE S RN

}
void foo(int i) {

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

foo(int) is called

foo(char*) is called

MEH P FATTPAE H, NULL R[REF 0 5 nullptr., FrPA, 157 A nullptrff) > 15 .

BEAh, FE EH A, BATH T decltype Fll std: :is_same XWME TN C++ AYIHIL, fif
HKi, decleype JITHRAUMES, 1M std::is_same T HLPIPMRAVEHMEE, HAISAE G decltype —
FHREATE .

constexpr

C++ AR HA THEFRBAME, i 142, 3%4 XFhRBREZ L7 R RS Hik
AAEATEIE o 2R i BEOS TE i if L X LRI X IR A BIRE PPz AT, RERERS AR
AvERE. — D AR IR BT R A E R Y E LB

#include <iostream>

#define LEN 10

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

return 5;

constexpr int fibonacci(const int n) {

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

int main() {

char arr_1[10]; /) A
char arr_2[LEN]; VAR~
int len = 10;

// char arr_3[len]; /7 &
const int len_2 = len + 1;

constexpr int len_2_constexpr = 1 + 2 + 3;

13
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21 %% % 2 FiE S RN

// char arr_4[len_2]; // 3 &
char arr_4[len_2_constexprl; /) A
// char arr_5[len_foo ()+5]; /7 &

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

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

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

return O;

FHER BT, char arr_4[len_2] WREILAZ S AR, A len 2 C&HE N THE. M4
char arr_4[len_2] {JSRRIAREMINR? X2H K C++ FrifEhEdH K E M\fﬁaﬁ/l\%ﬁii%iit T
len_ 2 MM, X4 const HAL, MAR—AEHRERFIRX, H (BIEEXFTT RLERT 0 didds PR X
R, H2) BN EEENAT R, BATHFLE T RIENAZHE C++11 5] AN constexpr MK AR
XASFE WX are 5 K, C++98 ZHIH AT ITIEISH] len_foo O TEIBATIISEFR @ik ol —A ¥
B, XM SECT HARER A

L, BUERER T Gt Sl A B Sttt M2 ARET e FR LRI FF T &
é‘&, il S A AR B A B G T A AR SR 2%

KR
n em

C++11 $241E T constexpr 1] {2 2 AY 75 I bR Rl Xk SRA% 1 bR RS0 A 16 30) 2 oA BERA S, XA
KT ) S5 VR R 4R NI R I UE 1en_foo TR %2 —A %g%% JC

ISP, constexpr FYRRECHT AGE I :

constexpr int fibonacci(const int n) {

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

M C++14 JFfi, constexptr BRI ATE NFSAE ] JRTRAL . JEFAAN 23 S AE AT BRIEA) , BN R A4
WAE C++11 BIBRIE T 2 A RENS I 1d 4w iy -

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

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

ok, FATATVAS R T X A LA AR AR AR BN C++11 THAR RIAT ] -

constexpr int fibonacci(const int n) {

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

14
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2.2 B R Hwiait
if/switch B WL

TELS CH+ W, AP e BARRES TR 8, H 2T for 15A) NREWS A MG A AR 5
int, {HIRZRHMAEINELE if I switch i&A)HREIH— MG E. Blan:

#include <iostream>
#include <vector>

#include <algorithm>

int main() {

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

// FE e++1T ZH]

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

*itr = 3;
}

/) EEEFEX—ABHHEE

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

/0 a1, 4, 3, 4
for (std::vector<int>::iterator element = vec.begin(); element != vec.end()
; ++element)

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

TE LT, FATH AR E ior X— AR E IERA nain O WFEIRA N, X FECYEAF
YO A std: :vectors I, FFEEFaNH 7 — 8 CH4+17 JHER TX— R, (AR ATAILA
1 if (3 switch) Hr5E X —#Af:

/K lE R ERE if EBEAR

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

}

B, RARH Go iHHMREB?

15




10

11

12

13

14

15

16

17

18

19

20

21

22

23

10

11

2.2 Bz R L1k % 2 FiEZT T AMAERL

I RlES

WIE R — N AEE BRGSO WAL TEXN AT R L AT . FEE S C++
RIRI RS BRI, Bln@E%zH . POD  (Plain Old Data, BIVEA IS . Bk FiE R
B gh AR ) BB AT A O SEFTRI AL, R IR AT UL IR RS K . T2 S R IR
b, BATFEE ISP DM, TAMTREMA O #H7. XERRE B R & B XS, RNagE . il :

#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 A, C++11 F BRI RS M E R 7R b, HRHHFRZA std::
initializer_list, FUVFIIE BR B H M b AR S AR RN RIAG D2, XA XTSRRI IR 53
WAL POD WM T AR B T — AR, fildn:

#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() {

16
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2.2 Bz R L1k % 2 FiEZT T AMAERL

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

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

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

}
XA 3 PR BT A A 5 B A R, FLAT IRl 1 R R B R E ) 0 P IR R G B
FIEABNERER T AR R AT b, AR Al R A e 2, Bl

public:

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

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

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

HR, CH+11 e fit 74— Bk p IR AR R X 52, Bildn:

Foo foo2 {3, 4};

gk egie

SR AR TR RUHARTE T IR 2R MHE R hBE . EARHERY TS Adr =, s
B C++11 Bt T std: :tuple Zds Ml THE— oo, BEMEFLZRBIE. HikkEE, C++11/14 3f
BOA PR AR R E MO R OTdl P R Ie R, RERATT A std: :tie XLt
e, HEMRADTARFFREX N CHUE L ARG, S XGR2F8, AERRRE

CH+17 58385 TRX—BE, 4 gL e nl ALEFA S X 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] = £Q0);
std::cout << x << ", " KKy << ", " K< z << std::endl;

return O;

KT auto KA SFEauto AT AP IAT A

17
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2.3 XA % 2 FiEE T A MHag5RIL

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;

19




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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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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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;
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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... Ts>
void magic(Ts... args) {

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

AT IRAL AN B A magic pRAL:
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2.5 1R

V3 =

21

N

=3

BBk RSl

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

Tk
1. EUIBCHIR S

>
i
W

SRAATIREL, BV H AN IRIE B — PR LR TR RERS AL PEBA, (HA MR 22 S AL

IR A S BB —FhF B, R AU k. X7 IEAN Wi U1 b ) e R i A AR 2

B, PR E 3 P B A RS H

#include <iostream>
template<typename TO>
void printf1(TO value) {

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

}

template<typename T, typename... Ts>

void printf1(T value, Ts... args) {
std::cout << value << std::endl;
printfi(args...);

}

int main() {
printf1 (1, 2, "123", 1.1);

return O;

2. BB

PRBZRE S 3] TR, AE C++17 i 7S BMURIT I SCH; . TR ARn] DIAE— e &b 5g

I printf 45 :

template<typename TO, typename... T>
void printf2(TO tO, T... t) {
std::cout << t0 << std::endl;

if constexpr (sizeof...(t) > 0) printf2(t...);

HYE, ARREATRAMEN TESEMN, AR —ETHTEXSEMOE AT, AT AR
std: :bind J¢ 58 R R SRRSO e BN SR IR, AT 2 il T H i

3. PGSR T

RATETFR LGN ARAR, BEE A AR BRI, R MU B R AE, RIS N A

TR T 2 JE PRl SR B S AL Ty iR S KA WK -
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2.5 1R % 2 FiEZT T AMAERL
BB R AR — R ER IO, (L R R 5 DR TE T AIE SL— A2 1 EI8 I f eR
X HL YRR S R T i0 FR A -

template<typename T, typename... Ts>
auto printf3(T value, Ts... args) {
std::cout << value << std::endl;
(void) std::initializer_list<T>{([&args] {
std::cout << args << std::endl;
YO, value)...};

TEXAAI R, BAMER T C++11 AR5 FE PA K Lambda Fik X pg4erE (F—37 4%
%)), T std:initializer list #12 C++11 FE| AMELR (UESNEF]).

WAL S ., (lambda kA K, value)... HEWEIF. HTESFEEWHI, ESIITHI
) lambda Rk, THSEW T N TR IFRE S, RATTLURF std: rinitializer_list {3
HI%%h void.

PrERALEX

C+ 17 HRF R SBOX AR IERE— a4y 72k, H I8N A 1

#include <iostream>

template<typename ... T>

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

}

int main() A{

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

ERRIBR S B

T AT 32 2R SRR SR — R RBAR S AL

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

return t+u;

FCR BRI S T AU LR, (BB — R TR 240 5 T DR R S R A B S
RS e

template <typename T, int BufSize>
class buffer_t {

public:
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2.6 @t % % 2 FiEZT T AMAERL

T& alloc();
void free(T& item);
private:

T data[BufSizel;

buffer_t<int, 100> buf; // 100 {E # # #H % %

FEXMBARSEOL AT, FATATUARE 100 BRI S B T8 £ C++11 5L 7RSI
—FtEia, AR ARKN, BAMARBRSHOARRR i B T8, REm 1L i Bl 3A]
PEATRZME T, Gl B (5 AT auto MIMTANFRHR ZHIRATEIIRAL? Sz, C++17 5IA T X4,
FATHBH AT LA auto SCHET, IRAMIEAHIBYSE AR HES:, Hian:

template <auto value> void foo() {
std::cout << value << std::endl;

return;

int main() {

f00<10>(); // walue # 35 4 dnt £ A

2.6 Y k%
FHCHE

C++11 5IA T ZHCMIEAIHES: , I A BR O] DATE [l — 28 vp— A e 508 1 o — M3 B
B, ik A R HAY -

class Base {
public:
int valuel;
int value2;
Base () {
valuel = 1;
}
Base (int value) : Base() { // % 4 Base() # %

&
[a%
=
pic

value2 = value;

};

int main() {

Base b(2);

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

std::cout << b.value2 << std::endl;
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2.6 mE P 2 FiET TR
}
Aok i

FERGGE C++ v, MsE R AR 75 B4R R 5 2O 2R 1Ry
FREE T using FIA 1 AR I R B

X SFERCEMLT . C++11 F)

class Base {
public:
int valuel;
int value2;
Base () {
valuel = 1;
}
Base (int value)

: Base() { //

value2 = value;

3
class Subclass : public Base {
public:

using Base::Base; // #k & &
s

int main() {

Subclass s(3);

Z 4 Base() M ¥ E %

std::cout << s.valuel << std::endl;
std::cout << s.value2 << std::endl;
}
S A R A R R

TERGSGE C++ W, QWA D) TS HNE R B 15

- Bl

struct Base {

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

};

SubClass: :foo M AEFHARAEIT Sios i E R A, HR B mA T A ML FrIRE. 55—

AIRER I IERZ
T*Ai%ﬁ*ﬁ%

C++11 5| AT override fll final j

29

MBI R R BB 5, T 2SI TH 4 R S A 7 2802 R 0L e KO8 5 — A2 A
TR B I ETE I J 2R

XA SR 1k bk
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2.6 @t % % 2 FiEZT T AMAERL

override M4 FE# BRI, 5] A override 4 H BRI EMNIIRE AT EL, HMiFIS KA KL K5
R AERRE IR, S Tl i

struct Base {
virtual void foo(int);
3
struct SubClass: Base {
virtual void foo(int) override; // 4 &

virtual void foo(float) override; // 3, X E % A W JF & #

final final W2 7B IE U ARSE AR DA S 2 1 i R AR S F 5 | A

struct Base {

virtual void foo() finmnal;

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

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

struct SubClass3: Base {
void foo(); // F &, foo T final
};

S SRR A R %

TEMGSE C++ w, WRARF RBCA IR, Hifas 2B R A BEIA G R . SIS . TE
FAFALMTHR R B 73 5h, C++ WNFTAIGE LT TEAN new delete SKARRZIANF. MFETF bA THEMT,
A DA 20K )RR

RO % 7 —2ei5moR . ToIRRE R BN SR AL AT o BIANEE (SR8 DU, AR 52 4 i
PRECS IR FE IR private, S5l X 2 SCRY BRECRH B I el s R A o, 2 —FhlEREA IR
HEry J5 e

FEHEL, gidn A M BRI 1 R RS P SR 3 eR BTG R RN . 35 1 7 S T AT H) 3 bR
B, SRS A TR MGEOAME R, (B IR T A0 A B2 [ IS A X P A RS B S, I A 1 T

C+-+11 24t T BRI %, e By IR s E 4 gt B AR i g, piln:

class Magic {
public:
Magic () = default; // B A & ¥ & A % & 4 & & 09 # &
Magic& operator=(const Magic&) = delete; // & & & 46 % % & &4 £ & ) &

Magic (int magic_number);
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2.6 @t % % 2 FiEZT T AMAERL

B ARLL 8

TERRGE C++ , MEERRIFIRIM 24, MR SRR, W kAR 5g A Rl I A28 28
BT AEAT AR HURE (R gmitdean th TR, (BFARRTA ), RN ar B B i AR R 2
MBI A ASRERII] Sl H A @ FA 1A B R 24

CH+411 G| A THZAEZ (enumaration class), F#iH enum class [iEEPEF TR -

enum class new_enum : unsigned int {
valuel,
value?2,
value3d = 100,
value4 = 100
3

KRR M LB T R4, et AN RERS BRI RO B A, TRl A BB HL 5 R RO
FHATHA, ST REXS AN [R]  M2S SR RS (B A T HER o (EAH RIS 28 (B TB) A SR i e I {ELAH A, R
A PAREAT AR

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

= W

std::cout << "new_enum::value3 == new_enum::valued" << std::endl;
}

FERXANTEIE, MRS T B MR TR e M P MO R 282, XA IRATRE
AR CRAGEIIFEROABE int) .

TFA A BARAF M ELAG(EIT, R R A I T2 e e, AN BATAT DA T3 << SXAGATR
PEFTHa AT AR T X MU 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);

RO, T AR R B %

std::cout << new_enum::value3 << std::endl
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% 3 FiEFEATMY L

(%
A

vh 4
POS<E]

i3

¢

AT Co11/14/17/20 HOMF PRI, Ho 8 A A BB L LT T
KT T Ot B

1. auto AT
2. Jul for AR
3. Fiates R
4. BB
)8
L fRESgEE , SUN—1TeR A se BN sk
1 |template <typename Key, typename Value, typename F>
2 |void update(std::map<Key, Value>& m, F foo) {
3 // TODO:
1|}
5 |int main() {
6 std::map<std::string, long long int> m {
7 {ra", 1%},
8 {"b", 2},
9 {"ec", 3}
10 3
1 update(m, [](std::string key) {
12 return std::hash<std::string>{}(key);
13 IO
14 for (auto&& [key, valuel] : m)
15 std::cout << key << ":" << value << std::endl;
16 |}

2. SRR U TS E R AL, ARV RES .

W

FERILI.

2L B 5L 525 SOk
L WRAFRAE C++11: C+11 FASPERRNT 518, Michael Wong, TBM XL i [ F 4 1B
2 WARIR C++11 RIS HRIL S TR, 1%
4 3wl E s vt
AT

32
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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

3.1 Lambda ik
Lambda £ik:J2 C++11 BB HFREZ —, M Lambda ik, SChr Eaiedeft m—12%

ULl 44 RN RRIE TR 4% R RON R AERR B el R, (R SURESR  Fefin s — R B s O 6
. XM FHILAREME, PreAEA R BU L2 A4 RRE SRR

Lambda #ik LAk

Lambda Rz A TEIR T :

[# %7 %1 (5 %5 %) nutable(T#) A Bl > HE XM {
VA &N
}

TR TEIRAUWER T CE R A R] NRIARPSL, HABER ARG BRAR U — IR B R A WO
RIEMER T4 -> BB EEAT (FAT7E BT R i R o B E 4R B XA EIR T ) -

g gk 2, HSn] AR N SR —Fh2R2, lambda FkA TR BUATERRIATE 0L T 2 A REDS
(o R RS AR SMRA AE B, XA AR 2 T DA B A2 B MR i VR - ARABAR BB A T8, 3RS
s IR

1. fifhigR

SSRAEZEM, (MR A= AL, ARZANFET, ik mAE lambda ik
QAN PE DL, i AR A5 0L

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

return value_1;

3

value_1 = 100;

auto stored_value_1 = copy_value_1(Q);

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

// B K ocopy_value 1 E A EBBAKFT — M value 1 B # I

2. DA%k
SEHESIEL, SURMRRIFRRTIN, [Ha KB,

void learn_lambda_func_2() {
int value_2 = 1;
auto copy_value_2 = [&value_2] {
return value_2;
3
value_2 = 100;

auto stored_value_2 = copy_value_2();
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3.1 Lambda %1k X, % 3 FiEFEATMY L

8 // XM, stored_walue_2 == 100, wvalue_1 == 100.
0 // B A copy_value_2 R 77 # & 3l Al
10 }

3. FaXHlisk

FRBERRIN AR AR IR, XMPURER TAEAT AR S5 g as R AL BE X IRl DAFE
WPFNIRFT G A & B = F iSRG 2R (AR

BE—T, RO T lambda FRA AN BET BT AYDIRE . ARSI R B H B DU AR AT
PARZ:

o [| HPIIE
e [namel, name2, ...| fi—RV|EE

[&] 51 gk, 1hgmidds BATHE SRS %
(=] {EAAR, 1hgmidde A THE T 5%

4. FKXHK (C++14)

XS AR TR BT R T R B AT | AR e B

FHERRIERR SURMPHA R T ESNZAE A AR, R X ST s AR 3 /e
{H, TAREMRAHE.

C++14 g5 THAITHE, FeVFHRIRE B IR R THI aRE , X fevr T A (R ER, BE
PR R 2R T I S ARG R KA T T, FIBTT NS ] auto AR50 ERAF :

1 |#include <iostream>

2 |#include <utility>

4 |int main() {

5 auto important = std::make_unique<int>(1);

6 auto add = [vl = 1, v2 = std::move(important)](int x, int y) -> int {
7 return x+y+vil+(*xv2);

8 };

9 std::cout << add(3,4) << std::endl;

10 return O;

1|}

FE LA, important SN S 1EEF, RAREMSHAHIRENN, XRHMERIRANTFH EF AT N A
{H, fEREXP iR,

{z% Lambda

ET R RATRE] T auto KT HIFESHRIL, RN SIA & 5B DI e 4 b
%o {H2 Lambda FAAFAREEREL, FrPA Lambda Rk A GEBHARAL . XA FA TS T —
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3.2 R RO E % 3 FiE T AT R

SEREE LRIRRET: SRRz L, WA SEER AL

SEIEMR, EHBRSUEAET C+11 h, I C++14 FFAA, Lambda s S BT A auto
L el S AL

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

return x+y;

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

3.2 PREON R AP

XER A AR IE TARE R — 0, (@M ERE, AR T C++ iEF T EE T, X
W A AN M, B AT B X BRI T/ 47

std::function

Lambda FR AR T — AR EOS KRB PRI (B HIEREL) fxtge (BRI
%), 4 Lambda FiksNpHHiRI RN 2N, FX GG RES AN BB EHE A T (238, filn:

#include <iostream>

using foo = void(int); // & X @ H X A, using W AN L —F & & 4 & & &%
void functional(foo £f) { // E X E S H A KX P i & B KR foo #HAARAMNEH & K1
# X A foox

(V) // B REEHAA B K

int main() {
auto f = [](int value) {
std::cout << value << std::endl;
3
functional(f); // fh# WA X &, RA#LHEA foor XA M B K 4w 4
£(1); // lambda % #* = ¥ A

return O;

RIS T AR R BRE, — R Lambda 7R R RALEIEA TR, 105 —Ff
W} EHR A Lambda Rk, 16 C++11 , Gi— ks, SFRERS BRI BoXT 9262, S8 —Fx
ZOANTAIZEAL, WX AR, H2ilid std: :function A,

C++11 std: : function E—Fl . LM REEE, BRSO DAL AT LAY T 59 H AR s At
Frfett . SEHIFPRIE, EWRX Cr+ I IE LA — R B 2 HXPRYE, &

35




10

11

12

13

14

15

16

17

18

3.2 HFT AR B % 3 FiE T EATH IR

BARFHOTA A R I L AR) , BArihvl, w2 B Ads. LIRATA T KB A48 2 J5 ERENS Sy
TR R PRAEAT VR R R T AL B, il :

#include <functional>

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

return para;

int main() {

// std::function @E T —PMREEA int, BHA int B F K

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

return l+value+important;

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

std::cout << func2(10) << std::endl;

std::bind/std::placeholder

il std::bind 2 R IPE AR IS EN, EMRIFRERATA BT GBI A —E R —
PEARAFIR A s iR SR, lad X~ AL, ?kﬂ]ﬂ%ﬁ%ﬁﬁj‘ﬁ])ﬂ%?&ﬁﬁu?&ﬁmiﬂ@éﬁ%kﬁijﬂ—
AR, RIFESECT e, SEiEA . piln:

int foo(int a, int b, int c¢) {
}
int main() {
B E5EH1,29 2B ®HK foo L, 2 RFF std::placeholders::_1 k& — %
?ﬁf{ﬁiﬁﬁfﬁ
auto bindFoo = std::bind(foo, std::placeholders::_1, 1,2);
/ X B bindFoo B, REEHRM|LE - NS HKH T
bindFoo (1) ;

PR YR auto KEETHIW . A RHMEIANTATREAKPE BB EI(EZEA, (H23A]
AT DA auto 4 JH SR FLdEIX — [ 8Tt
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3.3 H1E3 A % 3 FiE T EATH IR
3.3 fiffisIH

HE5I 2 C++11 5] AE Lambda FikAFHR A E LML —. BEMFIAMRT C++ K&
(D7 S35t B TR0, R T AN std: svector . std::string Z RIWHIMTEY, A HRET LR std: -
function BN T A fE.

Feff. ARaiA . Rroi. A

WHRAAES B Ea— g, W (A fE— A B A B

Jiff (Ivalue, left value), B4 B SCHURIRIEART 5 /i (E . HERIORDL, AfERFk (h—ER
MEFE) ERRAFTER R AR R o

£ifii (rvalue, right value), HNMME, ZHEFBNEGTHTHA FHAFLERIG R XTER

i C++11 HN THIASKIAES N, A EMIRESIET T2y, 228 f0hME. H1
{H.

4lififli (prvalue, pure rvalue), ZFEHA(E, BARLAEATFIHE, Bl 10, true; TAER(E
SEILA Y T R s A IR S, Bl 1+2. dE5] R B R s B FRAA A e AR R R
AP . Lambda FiAXEE T4i41{H.

P (xvalue, expiring value), J& C++11 J T 5| ALEE AT ERS (FILEESE C++
W AT EAAER RS ), R E s . ZIRESwRs shry(E.

RETAE P REA AT LUXE AR, FRA IR AR AT :

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

return temp;

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

TEXFERAUIE T, SR BRI, PRAL foo AYIRIMIH temp 7ENFRGIEREHIRIAL v, SR v
PAFIXARIGMNS, SFHEEAS temp $5IL—10, RSIE temp HIER, WIRIXAS temp IEH K, IXIFIE KB
WONKTFRS (RBHRES C++ —HBOURRHIE) o TERJG—1TH, v BZE(H. fooO R [IHI{EMLE
Al (WRAAE) . H2, v ATLABIR AL RHARE], 1 foo O P ARYIR AR MMENE A —MIGIRHE, —
B v WG, FrRIReE, Joik R, ARRIB I, MR T {ER0E ST R0t I A {E AE
RN TRl SREAE DAL Bl .

T CH+11 Z )5, i IR T —2 TAE, BAMIZiE temp 2P HEFTINBR G (R, ST
static_cast<std::vector<int> &&> (temp), HFIM ALK v 26 foo iR BIMEATHSN . Wil )SHE
FATRFARBIN B L.
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3.3 H1E3 A % 3 FiE T EATH IR
s DRSS DH

BB AT, R BB AES AR T e, Hob T 2B AESHFE LA
I R ELAG AL i IR ARE R . R RHETEE , AR TR AR -

CH++11 21T std: :move XA IARFAMESBIC R MFFANAE, A T ERNTHAEE 7 (AT
—AMHAEIGI XS, Bl

#include <iostream>

#include <string>

void reference(std::string& str) {
std::cout << "4 fH" << std::endl;

}

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

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

int main ()

{
std::string 1vl = "string,"; // vl & — £
// std::string®& r1 = lvi; // =, HMEG AN A LEME
std::string&& rvl = std::move(lvl); // &, std::move ¥ A B %% A4 4HE
std::cout << rvl << std::endl; // string,
const std::string& 1v2 = 1vl + 1vl; // 45, FEA @G A @Y Z K po & &8
£ B H
// vz += "Test"; // %, ¥ EIHNALEHRB K
std::cout << 1lv2 << std::endl; // string,string
std::string&& rv2 = 1vl + 1v2; // &3, HEI AL K Ig i £ 4 & B B
rv2 += "Test"; // 6%, FHENARGBAER T E
std::cout << rv2 << std::endl; // string,string,string, Test
reference(rv2); // M i £ &
return O;
}
R w2 BRGIN TN, BiTER—A5H, FreA rv2 iK% 2— N Aefl.
Bahii

48 Co++ AL P8 DA 3 R BRI B AT SN R T 98 DL/ S AR (ER T S B B Y
BEh e, TR FE LS H . Fran T, SN2 A QB Ext gz o . WA, R
IR U AR VY BB R 2, AR AR P 0y (FR) PR R FHEEORIAR
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3.3 H1E3 A % 3 FiE T EATH IR

PRy (F5%), R R —

RGN C++ BoA X2 [Rzh] 0 [95 01) pk, sl 7R Bt DL, IR e A2 e . A1E
SR H UG i R X P TR I A, i

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

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

}

~AOA
std::cout << "M " << pointer << std::endl;
delete pointer;

}

3
AR - X
A return_rvalue(bool test) {
A a,b;
if (test) return a; // %} T static_cast <A&H>(a);

else return b; // %N 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::emndl;

return O;

e LT AR H

L. YERTE return_rvalue WIHIGEPIAS A XF5E, TR HAT I IH4 it ok B i o

2. BREORMIE, FPAE—RTE, A SIS (aee)) SN, AIMTERA G, IR
EFREHER], RAFEIT obj H, TRFT(EAYFRSTPERE N nullper, By Ik T X B A7 XIS
8

MR 1 JCTE SR8 DU TS, st 1 IERE . FERBE R W SASHERERI BT
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3.3 B85 A

5

3 FiE T EAT IR

#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;

// K 1E H push_back(const T&), Bl 7= 4 # J 4T 4

v.push_back (str);
// B4 "str: Hello world."

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

// ¥ push_back(const T&), T & W H# AT A
/O TEANTFHE B G B vector F, FT LA M &

AW Tt

/X FRER, str PHES T AR
v.push_back(std::move(str));

/7 K H st

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

%

return O;

std::move & F & W D # I H

}
Se SRR

MR T, A (5 RS E(. SN SR & (1538) w7
rE

void reference (int& v) {
std::cout << "ZA " << std::endl;
}
void reference(int&& v) {
std::cout << " A {4 " << std::endl;
}
template <typename T>
void pass(T&& v) {
std::cout << "I L A5
reference(v); // % ¥ JFl reference(inté )
}
int main() {

std::cout << "f @ A {f:" << std::endl;
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3.3 H1E3 A % 3 FiE T EATH IR

pass(1); // 1Z2&HHE, EHH A E
std::cout << "{£ ¥ A {A:" << std::endl;
int v = 1;

pass(v); // r 2 L5 A, Wz @

return O0;

X1 pass(1) KUk, BAMEEEGLE, HET v 2151, FreAFEH 2 7. FIH reference
(v) &V reference(int&), #ith [AfH] . WX} FpassMisE, vie&—ANAME, MTASMINEELE
pass(T&&) lg?

DORET SIS - FEESE C++ , ATABERSRT— A5 R0t 4T3 I, {2 C++
TAES TR B S T Mk, A2 75 P, e AT s A5 0, BEREAS]
A, XREHTGIN . AE2ANBEE a0~ AL

REIES KA LSS HEE SRR EUES A
T& 51 H T&
T& H51H T&
T&& 51 H T&
T&& =B H T&&

P, AR B T Tee A—E REHEATAEG I, M AZMERS, BURRE S R 22 .
HHERRTE, KREBRSEOE 23050, 2 HOCY SRR A s DI, BSRs B ek 5o
A S DM XA R v AN 2 S i

SERF R BT ERA AR . BT SERE K, WU bR RS S R, SRR R

MSEERA (LRGN, A5URREEAEIUN) . TR AN FEL, ATV %G std: : forvard
RIFTSRIEE K (feid):

#include <iostream>
#include <utility>
void reference(int& v) {
std::cout << " A& 1 5] Ji" << std::endl;
}
void reference (int&& v) {
std::cout << "4 {4 5 " << std::endl;
}
template <typename T>
void pass(T&& v) {

std::cout << "

(FH
—~
A

reference (v);
std::cout << "std::move f&% Z& :";

reference (std::move(v));
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Ko

il

AT HIBY TRAL

3FiEZ1

int

std::cout << "std::forward & & :";

reference (std:: forward<T>(v));

main() {

std::cout << "f£ % A H:" << std:

pass (1) ;

std::cout << " # A " << std:

int v = 1;

pass (v);

return O;

rendl;

:endl;

LT E AR

& A
tRES - EEHA

std::move & % : 4 43 A
std:: forward %é%?é‘fﬁ 3] H
th# & -

tRES EEIA

std:

:move {5 % : 4 {5 A

std::forward £ % : 4 18 3 A

TR LBSHC bR A, HBESHGS NN R K, FTPA std: inove Hi%52
Bl—AZefd, MM AR T reference (inted) i th A {EHTI -

Mgl st :forward EREATHIRLIERTS ARG, IMSEIR% (618) T RENIS T 1T
LA

std::forward il std: :move —Hf, VWA MALMTNE, std: :move EALIHRF AHEL NG E, std
s :forward 0 HUE HAEPRESEM T — NRBUWF, NI FORE, std: i forward<T>(v) I

static_cast<T&&> (v) 25—,

A

s

ARINET CH+11/14 Rl IPERHEGE , oA EE A A 3 2 A R A (A 4
i

1. Lambda #ik=

2. BB S48 std::function
3. HfE5IH
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$AFAFER: BB

95 4 ShRMENE: 6%
WA T

4.1 std::array fll std::forward_list

std::array
F F XA AR IR 1 2 H DL

1. N2 FG| A std: :array A2 BEIZEH ] std: :vector?
2. O&A TG, HTAE std: rarray?

FEEH— N, 5 std::vector A[A], std::array XREYK/IVERIER), ARSI/ E
(1), AL LMESEH B std: :array 2585 JIOPHT std::vector J& HENY AN, MAFEAKEMEHE
J&, HHXEZRIAT T MRERAE, AL AR R TR N, X 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

// W TN H E Y std::ivector WERMEHENEEN, HEFHHT K

/ERWREEAR, FEEHARELART, TEARAFEY EER LA T H RS
v.push_back (1) ;

v.push_back(2);

v.push_back(3);

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

std::cout << "capacity:" << v.capacity() << std::endl; // ¥ 4

/X BEH B Y KEHEE Golang ¥ slice RAZ

v.push_back (4);

v.push_back (5);

std::cout << "size:" << v.size() << std::endl; // W 5

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

g

/T AEHEBRERFRT LR, ERBMAFAZLEAAFHARAAL

v.clear () ;

H

std::cout << "size:" << v.size() << std::endl; // Wm0

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

// BN FE T AR shrink_to_fit() TR RKRES R %
v.shrink_to_fit () ;
std::cout << "size:" << v.size() << std::endl; // W H oo

std::cout << "capacity:" << v.capacity() << std::endl; // i 0
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4.1 std: :array 4= std::forward_list PoAdETAREE RR

T 26— ) R BN T B, ] std: carray BERSIEACHIASTS O “BACAL ", T HAt S 7 — S e
B, EUEEBEE SN A S A RS AR SS , [R] B BES AT R AR ME FE TR i R e yh, LAl std: tsort.

(/] std: :array fRIGTE, HFEHEEHSZANA/NRIW :

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

B

arr.empty(); // & X B E F A4 4
arr.size(); // RE B Y T %%

e HY

/E R B

for (auto &i : arr)
{

/.
}

// A lambda % % & H JF
std::sort(arr.begin(), arr.end(), [I(int a, int b) {

return b < a;

P

/BARNSGHLEAREERER
constexpr int len = 4;

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

// FEL,ART ¢ R KA, std:zarray R4 8 3 £ K T+

// int *arr_p = arr;

BINITIR M LT std:rarray B, MERSBEZRFHARA C MARMHE D, XA =L

void foo(int *p, int len) {

return;

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

/7 C Rk P E
// foo(arr, arr.size()); // ¥k, LEERXH %
foo (&arr[0], arr.size());

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

// FJH ‘std::sort

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

std::forward_list s&—PFIEERE, ML std: :1ist FARIML, FILRATEEAIE 2 mlE I T
NHT -

TRENIEN A2, Tl std: : list XA HERI LA, std: :forward 1ist 1] B EERIEA LI, 12
T 0 BIAREMITRIEA, ASCFFREBELUIT (X R FERMNR ), WRbREREA S T ——A
RERAE size ) FYERIA AR UATFERAEMANS, BAL std::1ist TR Fl 2.

4.2 JCIPAEa

FAME LA THEG C++ FIATFA LS std: :map/std: :set, XL NFE IS BT,
TAMB R IELN 0(log(size)) . TEIMATTRINE, KM < BAEFF LB ITRE /N HIKT
FoemE, FEFEAEMAEBRAZI ARG T BN TR TR TR, fhaiRam i <
AT R Ak T

M ICF 2 ae H TR @ A THRTRY, NRiE L Hash SRSCH, BARHRRTRM TR N oC
constant) , TEAROAAFNTICRINTFI, RERIRTG BE W IERESRTT

C++11 5| AN THHHILFA LS std: :unordered_map/std: :unordered_multimap fi| std: :unordered_set

/std::unordered_multiseto

@fﬂ]é@fﬁ%ﬁ%ﬂﬁﬁ%ﬁﬂ@ std::map/std::multimap/std::set/set::multiset £§Zigéﬂj, Hﬂﬂ:£§252§%§%ﬁ
ﬂ]Eﬂéﬁﬂ%%ﬁ%§j7, G§Z<****§$Bﬂ, %Eﬂ]fi%ggﬁttﬁﬁ’QW:std::map%ﬂstd::unordered_map:

#include <iostream>
#include <string>
#include <unordered_map>

#include <map>

int main() {

RS R SRR W

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"}
};

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

for( const auto & n : u)
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4.3 7L#L std: :tuple

%43 REE: &

vz
&

std::cout << "Key:[" << mn.first << "] Value:

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

for( const auto & n : v)

std::cout << "Key:[" << mn.first << "] Value:

l:u

I:u

<<

<<

n.second << "J\n";

n.second << "J\n";

A AR

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

std::map

Key:[1] Value:[1]
Key:[2] Value:[2]
Key:[3] Value:[3]

4.3 ji4l std: :tuple

Tt Python RIFER G W FETCAE S, LS C++ PRIAS:, BT std: :pair Sb, LT
VA BUSHI S5 RERS T RAF O R 2SR i CEF AT 2 H T E X&) o H std: :pair HJBRIEIE T

S0, HERERAFEMATTE .
JeAUE AR
KT e B A =A% 0B R
1. std::make_tuple: F43&IGZH

2. std::get: B ITCH A B
3. std::tie: JCAHIFH

#include <tuple>

#include <iostream>

auto get_student (int id)
{

// O KR W AW A std::tuple<double, char, std::string>

if (id == 0)
return std::make_tuple (3.8, ’A’, "k =");
if (id == 1)
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34

35

36

o

4.3 7U#A std::tuple %4 FAREE KT

T

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 a AR ER, HF LK

int main ()

{
auto student = get_student (0);
std::cout << "ID: 0O, "
<< "GPA: " << std::get<0>(student) << ", "
<< "4 " << std::get<1>(student) << ", "
<< "4 " << std::get<2>(student) << ’\n’;
double gpa;
char grade;
std::string name;
// To 4 #AT IR A
std::tie(gpa, grade, name) = get_student (1);
std::cout << "ID: 1, "
<< "GPA: " << gpa << ", "
<< "k 4 " << grade << ", "
<< " 4 . " << name << ’\n’;
}

std: :get B T MU FRRPOCHXIGON, CH+14 BT (U KRB BBOCA H IR -

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; // 3, 5| & % & ## 7

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

BT 5|

IR FFAIIE S — R AT AR % B LA, sea: sgev<> I HIEMIMINERE, BRIV T
TSR A

int index = 1;

std::get<index>(t);

AABE 2L NFR? %%%, {H ] std::variant<> (CJrJr 17 %'I/\), PSS variant<> REIEIR S
BT PALE—A variant<> MITTZAGIFRHL LA RBI A e (FEHAWIE S, 140 Python/JavaScript 45, 3
PRS2
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4.3 7U#A std::tuple %4 FAREE AR

#include <variant>
template <size_t n, typename... T>
constexpr std::variant<T...> _tuple_index(const std::tuple<T...>& tpl, size_t i
) {
if constexpr (n >= sizeof...(T))
throw std::out_of_range (" 7 .");
if (i == n)

return std::variant<T...>{ std::in_place_index<n>, std::get<n>(tpl) 1I};

return _tuple_index<(n < sizeof...(T)-1 ? n+1 : 0)>(tpl, 1i);
}
template <typename... T>
constexpr std::variant<T...> tuple_index(const std::tuple<T...>& tpl, size_t i)
{
return _tuple_index<0>(tpl, 1i);
}
template <typename TO, typename ... Ts>
std::ostream & operator<< (std::ostream & s, std::variant<TO, Ts...> const & v)
{
std::visit ([&] (Cauto && x){ s << x;}, v);
return s;
}
XA RE
int i = 1;

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

T IRES IR} ]

B TR B AFFDTTEAL, DAL sta: tuple_cat 3L

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

I FIRAERE A B, AT bR i — ST ? BRI A N T AT IS A T i AR T
—~ tuple AP A AR L T, e BATTG EE UK, WIRA:

template <typename T>
auto tuple_len(T &tpl) {

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

}
XL AR R T HA TR T
/7 HE R
for(int i = 0; i != tuple_len(new_tuple); ++i)

// AT H R 5
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Btk 5 FAEE: 384

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

gk

s

ARBNG T C++11/14 PPIAAEL, ENRNENES C++ HEARIEASEML, X,
T DA S B3 57 R PR B AR . AT ARAF S A A TR RE -

std: :tuple SANHRL, (HRPRHERR I NREA IR, BIMAR R TIIRG I RENFER, HEk
b HAAY TR A B AT SE

o5 5 mibsdEd: fEt

WA

5.1 RAIL 55178

T Objective-C/swift WIREFF SANZMIET | VMRS . 5UHTHEOX AT H02 0 T B 1k A A
BRIy ARy BAIRRX T A RN R, AT VL, 50— R — RIS, A8
25X G T SR —, MRS, SUHTEo SR, 4 DXRm5 R
RIS, At E SRR A HE AT

TEfESE C++ i, e FaRcR i, SRR, PTG AT RERLEIC T 2R IR
T B EE  FT PAGE B HOMOE 2R T — AR, AR 8 R EO b i i 23 8], e MR R (T
BRI ) A eReiicsml, Wt AT uin RATL SRR IR LEoAR .

JLEEABIAN, FALE A FELNRAE H hifefE L BirIoR, A58 C++ BINTF new
I delete 25 AR M BEPHBATRENC 1 C++11 SIA TR BEFREHAOMES, (1 T3 R E AL, iERE 7
AANHEFERLP RN XL REIEHT IS std: :shared_ptr/std: :unique_ptr/std: :weak_ptr,
M ENTEAE R <menory>.

R SUNTECR R SR, 5T EAEG R A R S AT 5, [l A [ i it
R AN 2 K I TR A S5 S REAE 5 I BT A e D W 4 A i T30

5.2 std::shared_ptr
std: :shared_ptr &I fEFRET, EREBICRZEZ DA shared_per SR —XFR, AIiiHER 2
AT delete, M5 HITIEE TR 2 FF X R A SR .

HIEAT, AN std: :shared_ptr {JSRTTEAN new RIAM , XA B T HAEEZ LR
ARSFR

std: :make_shared HLBEMS KN ER B new, FrPAstd: :nake_shared 2 MACAIEAEAS L)
MR, FHRBEX ARG std: :shared_ptrfiift. B4

49



10

11

12

13

14

16

I

10

11

12

13

14

15

16

17

18

5.2 std: :shared_ptr % 5 FAREE : d54T

#include <iostream>
#include <memory>

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

{
($1) ++;

}

int main ()

{
// auto pointer = mew int(10); // F¥E, A AHF HERME
// M % T — A std::shared_ptr
auto pointer = std::make_shared<int>(10);
foo(pointer);
std::cout << *pointer << std::endl; // 11
// B IFAER B R, shared_ptr WA, NWEKNF
return O;

}

std: :shared_ptr A DAL get O FERIKEURIGTRET, #id reset O REA—5I HITEL, H#
iJuse_count O REFR —MILAG]HITE. Bilan:

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

auto pointer2 = pointer; // 3| il if 4t +1

auto pointer3 = pointer; // 3| i if % +1

int *p = pointer.get(); // I £ & ¥ Jv 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 () = " << pointer3.use_count () << std::endl; //
3

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; //
2

pointer3.reset ();

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

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

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
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5.3 std: :unique_ptr

§ 5 e dntt

5.3 std::unique_

ptr

std: :unique_ptr ;2 Ml IR BESEE, B4R I RETEET S HIE SR — DXl AT ARIEAUAS

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

std::unique_ptr<int> pointer2 = pointer; // F %

make_unique AL, C++11 {HELEHE std: :make_unique, A DAEHLITIEI:

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 R, C++ R ST Herb Sutter TEMLAY A P2 PR R T4

(AR TER

WEAR A, B U R A A o (2, FATATDAFIH std: :move K HAAL 45 HAA ) unique_ptr,

B

#include <iostream>

#include <memory>

struct Foo {
Foo() { std::
~Foo () { std:
void foo() {
3

void f(const Foo

std::cout <<

int main() {

cout << "Foo::Foo" << std::endl; }
:cout << "Foo::~Foo" << std::endl; }

std::cout << "Foo::foo" << std::endl; }

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

std::unique_ptr<Foo> pil(std::make_unique<Foo>());
/7 pl A=, i

if (p1l) pl->f
{

0o ();

std::unique_ptr<Foo> p2(std::move(pl));
/7 p2 A=, Rrd

f (*p2);

// p2 A=, Wi

if (p2) p2

->foo();

/7 pl HE, Ko
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5.4 std::weak ptr

§ 5 e dntt

if (p1) pl->foo();
pl = std::move(p2);
/7 p2 A=, T
if (p2) p2->foo();

std::cout << "p2 WA E" << std

}
/7 pl A=,
if (pl) pl->foo();

// Foo W 5Ll & 7 B JF 1F A B HH B

::endl;

5.4 std::weak_ ptr

WA std: :shared_ptr 2 & IHIRAFAER S IRICIAREL I M. & 1 X 1

struct A;

struct B;

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

std::cout << "A P4 %" << std::end;

};

struct B {
std::shared_ptr<A> pointer;
~BO {

std::cout << "B % 44 %" << std::end;

};

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

b.pointer = a;

IBITEIRE A, B HIASPHEE, 2N a.b NE pointer [R5 T a,b, XlifF a,b 15

MRS T 2, WEIHERRE, a0 B HERE Py, 213
FUFECT a,b XGRAR A AT RRIG TN N

AR, WA R :
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Btk 5 FAEE: 384

2 b ab WHHIE
AB kARG | ATTERN
Y A
B B
pointer | | pointer [ |
1 pointer 1 pointer
A A

PP U Ao (T 555 | 956 std: sweak_ptr, std::weak_ptrid—FS55 1 (MBI
std: :shared_ptr i —FGRGIM) o ST ASGHET IR, M85 5 HmHE, RARMRIGH

AN s -
a b b
Y Y Y
B — B
pointer N pointer .
“ 11 pointer “ [ pointer
A A
B B
pointer | {
< i , .
pointer pointer
A

fE LY, a2 RT B, il B HBCAETE RERE ST, PX S AT SRR S BRI

std: :weak_ptr YA * IBHEATA -> BIEAF, FrANREREXI GHRHAT AT, ERME— 1R M T4
# std::shared_ptr ;ERAFTE, H expired) J{AREERPRBREAU , iR true, 7HMIR[E] false,

&

gl

I

B XA AT, RS PR —ME AR, B C++ FXTRARSG 0, 1E
FEREEL EIHER T new/delete UMM, 2PN S e

WL BB S 5 SR

1. stackoverflow % T [C++11 M4 A make uniquel [FiFi5
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6.1 E N &k X F A % 6 & E N AL X,

45 6 FLIENHERX

6.1 W AW
RIS O 19—, BRI .
TEMFES A T —F PR DR B, — R E Uit B R SCH T = Ak
1Lt R A A 7

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

TEM kA il AT (Bl a 2 z) PARRIRFAT AL SO AT E RS 22
PEEEH— A FATH . IR — A, AP ARG P R A A5 R b AT IU AL .

IR

Tl P AT e E N

TEF AT AT EVRUR AT B4 o Sk AT K 5 A ING 8 . B
BRCE . B R 2 A

o

FEIR AT R IR MIZA A RIS A, 2 EZRA A O IC RS . ST

(i} fifiidk

$ VERCH A AT R I 45 AL E -

®) FRie— AT 2E RIS R O B . TR AKBUE UG

* VERC I ) F2b TR LK

+ D i 1T ) T 2eb 38— IR B K .

. PCRC IR HATAT \n Z AMNAT A BA 45

[ Frid— S RSB G .

? VEREC R ) 2B TR R, SRRSO E A

\ P NP SRR TR . BURSCFERF . S5 SO BERIEE A, B, o
VEELF4F no \n DEECHLATAT. P8 \\ PUBC >\ F4F, I \C PCEL > O F4F,

- VL AN FAF R IO E, BRAEE 65 Rk i, e SRR A2 T4

s

{ PRICBRERT RA TR -
\ FRUA I 2 8] i — A%
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6.2 std::regex B I A8% % 6 FEMN KA X

(i

FIR 7 A5 P R4 R IR Mk sy — A g AL TS B2 DO B R RS . IR %

FHF P
* VERCHITE ) F- 2k U REZ IR BN, foox BEVLHL fo PAJ foooo. * &M T°{0,3}.
+ VERCETTE ) FRiB A — IR Z K. BN, foo+ REVLHEL foo PAK foooo, {HAHEVLAL fo.
+ EMT 11,).
7 VCTCHi T Y T35 N EBRE—R . B, Your(s)? AJPAVLHEC Your BY Yours H{fYour .

7 HMT {0,13.

{n} n P IERER VURCHRE R n K. BN, of{2} ANBEICHL for H11¥ o, {HiZREVLAL
foo IR o,

{n,} n PR 2/UCE n K. B0, of2,} AEEVLHL for W o, {HREEVLAL
foooooo FHIFTA 0. ofl,} FEMT o+, 0{0,} MEEMT ox,

{n,m} m Fl o BPRAEGUEEEL, HA o /NTET me F/PULES n IR HERZ I o K. Bi40,
o{1,3} FFULHL foooooo HYHI="> 0. 0{0,1} T o7, VEREL, TEAZS MM AL
NREA 2 HE

AT XK, FATE R RS S LT A IR NFRA AT .

6.2 std::regex JeH MR

AT H AT VCRC ) 5 LT B2 A IR W3R8, nIRSHFERR S C++ PIENRBA—EEK
ARG SR SR, WAMASMERE, T C++ VA —T T EREIE S , T 6 IR 1F &4, %F URL
PRIREERE A TR, TR )RR Rt 2 T S a oy FA 3 ke 0

— e fi R 2 boost MIENIZRIRE . 1 C++11 1E R IE Wk =N i b B A
PRERERIATA, MBS R AR AL TARER SRy, AT = .

CH++11 $24EAY I M) Fe Rk R BEAE std: sstring X4, FE std: :regex (AT SE std: :basic_regex) if
Fr01hAAk, @it std: :regex_match PEFTUCHL, MIMP=4 std: :smatch (A2 std: :match_results X5 ).

FATIE AL — AT B (1)1 R T B KA R AR G o 255 T T ) T U

o [a-z]+\.txt: TERXPIEMFEAI A, (a-2z] FIRILE—A/NEG T EE, + R AT TR AR IA LR R,
Pt la-zl+ RRAS IR — AN/ NG FHRADN PR . FEEMFEGRK P —A> . FOREEALE AT, M
\. MIFTRICRETFAT -, RS ext FORARICAC txe =Rk PRI A IE ) 2k 2 T 2 DT
A7l Fh Al N 7R SCAR SO

std: :regex_match [ FULAL AT FIENZGAN, AR AFRERLN. K HH—HE2
A std::string PAJ—1> std: :regex HEATILHC, YILECSENNS, 2RI true, IR false. 14N

#include <iostream>

#include <string>
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6.2 std::regex B I A8% % 6 FEMN KA X

#include <regex>

int main() {
std::string fnames[] = {"foo.txt", "bar.txt", "test", "aO.txt", "AAA.txt"};
/O CHe o N 2B EATHEAGEXE, M V. EAEN KA L EH* X4
K, ®EX \ #HAZKREX, A@A \\.
std::regex txt_regex("[a-z]+\\.txt");
for (const auto &fname: fnames)
std::cout << fname << ": " << std::regex_match(fname, txt_regex) << std

::endl;

T—FE TR G2 K IR L A std: :string/std: :smatch/std: :regex =/ 5%, H std: :smatch
WA i H S22 std: :match_results. fEARUEZET, std::smatch #5E XN 7T std::match_results<std::
string::const_iterator>, LR — 1 FHREMNEFEILA natch_results., {#fH std::smatch W] PAF{HEMAY
X PEBCH A5 R DEAT AR,

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)) {
// std::smatch W % — ML &L ENTEHFE
// std::smatch W% _ANTERLET E— /M5 KER
if (base_match.size() == 2) {
std::string base = base_match[1].str();
std::cout << "sub-match[0]: " << base_match[0].str() << std::endl;

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

PA_E AU Bt th 4521 -

foo.txt: 1

bar.txt: 1

test: O

a0.txt: O

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
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%
A
oH-

vh 4
POS<E]

i3

G

AATR AN T IEMFRAAR LY, RIS AR O IR 2k Uiy ERERER, i

TIEMFRA R .

28

L. A Web g5 #5dF 2, FATT0 8 A SR 55 200 R R R PFA I o IR D2k 2 A

T AZ —.

LEAN R KA :

struct Request {
// request method, POST, GET; path; HTTP wverstion
std::string method, path, http_version;
// use smart pointer for reference counting of content
std::shared_ptr<std::istream> content;
// hash container, key-value dict
std::unordered_map<std::string, std::string> header;
// use regular ezpression for path match

std::smatch path_match;

TR AR

typedef std::map<

std::string, std::unordered_map<

std::string,std::function<void(std::ostream&, Request&)>>>

resource_type;

DA B 55 AR -

template <typename socket_type>
class ServerBase {
public:

resource_type resource;

resource_type default_resource;

void start() {
// TODO
}
protected:
Request parse_request(std::istream& stream) const {

// TODO
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S

% 6 F EN &k X

T LA B R start O 5 parse_request. {HSARS eAF Mo & v AU N H8 @ M i -

template<typename SERVER_TYPE>
void start_server (SERVER_TYPE &server) {

// process GET request for /match/[digit+numbers],
match/abc123, will return abcl23
server . .resource["fill_your_reg_ex"]J["GET"] =
request) {
string number=request.path_match[1];
response << "HTTP/1.1 200 OK\r\nContent-Length:
"\r\n\r\n"

};

<< number;

// peocess default GET request; anonymous function

other matches

// response files in folder web/

// default: index.html

server.default_resource["fill_your_reg_ex"]["GET"]

Request& request) {
string filename = "www/";

string path = request.path_match[1];

// forbidden use ‘.. access content
path.rfind (".");
0;

size_t last_pos =
size_t current_pos =
size_t pos;

| =

while ((pos=path.find(’.’, current_pos))

last_pos) {

current_pos = pos;
path.erase(pos, 1);
last_pos--—;

}

/7 (...)

};

server.start () ;

[l](ostream& response,

string::npos && pos

e.g. GET request %s /

Request&

" << number.length() <<

will be called <f no

[l (ostream& response,

outside folder web/

W
ak
¥
W
(_\"E[
=
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1

2

3

THHR

ey

#t— 1 ke A A % 7 F5F

b

bii sy AL ER NP R AT ]
1 HIF TA s GCC By C++11 IEMZEA?] PR FEEE Tim Shen [y a2
2. IE kR4 Sy
9 7 ST IR
WZAETT H

7.1 &REEHIFAT

std::thread

std: :thread il T — A ATIILEESLH], Fr AR 2 — V) & gnfe i JLnt , (i a5 2404 <thread
> SLSof, BRI TR L AR S ARIRE, Blilget_1d O RIRBUIT AN LR EFE ID, FIHAEH joinO
KIMA—DEREEE, filan:

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

return O;

7.2 std::mutex, std::unique__lock

FAHERIER G R AR P E 4 T T KK BRMEARIR, mutex gk A0z —.
C++11 5T mutex FIRMZE, HPTAA I REHAE <mutex> SKICHFH

std: mmutex J& CH+-+11 FEHAN nutex J¢, MWITLHIML std: :mutex W PARIEEFE, M H A
PUBREL 1ock O ATARFAT L8, unlock O ATDAMEATARSE. (FR2AEAESL PR S R, Bl A L i
VRSB eR A, AR B R TR B I A X B AR PR unlock O, 44K, iBEFESRH . X
W C++11 R HFEARHE T4 RAIL AR JEstd: :1ock_gurad. RAIL FEA 5 ACHS i P 1) ]
i, AR PIE T RIS S e A

1E RAIL IRATR, XTI 57 KA L B B A 5 e VR A T 4a ol 2y, Bl

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

std::lock_guard<std::mutex> lock(mutex) ;
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7.3 std::future, std::packaged task % 7TEHITEHL

/7 B E

/B BETFXANMERRBE R, TR MM, FHunlockD F 4
/B EANABENBHTUARARZE K

M C++ PRIE T BrA R RAE RS B R S5 S S, BT AR AU 2 e i ey . Toik
some_operation() 1EHHIR (], APt S, ST AHERELR, Wil A 3IA T wlockO.

T std::unique_lock mu*HXﬁ“}: std::lock_guard &jﬂﬂﬂ@, std::unique_lock Eiﬁﬂﬁiﬁﬁ, std::
unique_lock MXFRLPAMGFIARL (A HALM unique_lock XFZ IR WA KA mutex XL FTA L)
1977 U B mutex MR R EBURIMRIA BT . BrDATEdT Ao diAerh, (T std: iunique_lock.

std::lock_guard Z:ﬁﬁﬁiiﬁéﬁﬂﬁfﬂ lock %ﬂ unlock, i) std::unique_lock EIEA%Eﬁﬁaﬁﬁﬁﬂﬁffﬁiﬁiﬁiﬂﬁ
A, ATDAZR/IMBTROAE VS, SR AL g A

WMEARE| T 425 5 std: :condition_variable::wait NWZf{#i f] std::unique_lock {ENZ%.

Bilan:

#include <iostream>
#include <thread>

#include <mutex>

std::mutex mtx;

void block_area () {

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

lock.unlock () ;

a a8//...some other code

lock.lock(); // can lock again

}

int main() {
std::thread thdl(block_area);

thdl. join () ;

return O;

7.3 std::future, std::packaged_ task

std: : future WS 7 — 5 R R R EAR, XAPTERA R O 7 B R, 3
AT ES R —TTE CH+11 ZHIMZ &R T H .
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7.4 std::condition_variable F7TEFITEFL

WA, RN FLRE A HEPFRE 4R B ZPATEANRMBINAES, HREFR 55
o MR, %At A ATRBIEAEIT AR 31, JCMIBi B 45, FrPATRITSAR B SR A B RES AE K
AR B SRS 22 B 453

FE C++11 [ std: :future YE5|AZ T, RIS Q@2 A, fELFRE A BUR3ILS B,
MUER TR SR — D, PR E RS B . T AR A BUETEMOL bR, 2455
TERAINE, P — AR R R A AT 4

i C++11 $2 it std: : future fajfl 73XMGRE, W LAFIRIRBUR AT 4R . B A, FATRE
o e RS BT E A — R A R AR 2 T B

Ak, std::packaged_task A] DAHISREFRATAMI AT A G H AR, A T2 2209 M. Flin:

#include <iostream>
#include <future>

#include <thread>

int main ()

{
/7 K — MR EAEATH laembda K 3 A H ¥k F| task
// std::packaged_task MR AN A EHE B H M AR
std::packaged_task<int ()> task ([] () {return 7;});
// k1% task W future
std::future<int> result = task.get_future(); // & — M& B ¥ # 47 task
std::thread(std::move(task)).detach(); std::cout << "Waiting...";
result.wait () ;
/7 AT E R
std::cout << "Done!" << std:: endl << "Result is " << result.get() << ’\n’;
}

TEBPRE A B B ARG, ATDAGEI get_future ) SEFRG—> std::future Xi4:, DAMHZ J5SChtizk
FEFI2

7.4 std::condition_ variable

std::condition_variable J& A T MRHIEBIMI A . 2 BT NTGIAMR . W, SRS
TR EA BRI S AT, — MU SRR b ] BE & S EUTA HA L AR AT ToVA I Al 5 X il
AR, e K AESEE. FTPA, condition variable SKEfIw Gl & B 4= B/ J T M ME AR TR AR A
MBI . std::condition_variablefl) notify_one() J T-MalE— PR ; notify_all() NIEZWMHITA
St T EE RN e R R Bl 1

#include <condition_variable>
#include <mutex>

#include <thread>

#include <iostream>

#include <queue>

#include <chrono>
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7.4 std::condition variable

int main ()

{

/OETFERE

std::queue<int> produced_nums;

// BT

std::mutex m;

/KRR E

std::condition_variable cond_var;

/R E

bool done = false;

/7B E A&

bool notified = false;

AN & %

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

for (int i = 0; i < 5; ++i) {
std::this_thread::sleep_for(std::chrono::seconds(1));
/7 Gl #E B 74
std::unique_lock<std::mutex> lock(m);
std::cout << "producing " << i << ’\n’;
produced_nums.push(i);
notified = true;
/7 R — AR
cond_var.notify_one();

}

done = true;

notified = true;

cond_var.notify_one () ;

b

AR & &%
std::thread consumer ([&] () {
std::unique_lock<std::mutex> lock(m);
while (!done) {
while (!motified) { // 14 ¥ # % i (% % &
cond_var.wait (lock);
}
while (!produced_nums.empty()) {
std::cout << "consuming " << produced_nums.front () <<
produced_nums.pop ();
}

notified = false;

P
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53
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55

% 8 EXLMH AR

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

}

AL

JC

C++11 EFEEME T H LA RMBENE & ZFH, R BN T std::thread/std: :mutex/std: :

future X EEFH A e A AT [l L TR

28

L i E— 2, fReptnrrohhe:

ThreadPool p(4); // 4 = W 4 L1 4 %

J/BAE S ERE NN, FEE A std::future
auto f = pool.enqueue([](int life) {
return meaning;

}, 42);

/7 N future F R FHATE R
std::cout << f.get() << std::endl;

i AN AT S

1. C++ I &gt (HFUhi)
2. SRR CRR I SRy

4 8 HLMF RS

SCPFRGERME TSRS AR, HRLCHE. SRS SEHCAL I T BRI A IR . AR

BFERM, 2 H el boost Kile, HHRAGEIH N C++ WfERIARZIEL —.

8.1 JCHf k%

TODO:
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https://www.gitbook.com/book/chenxiaowei/cpp_concurrency_in_action/details
http://en.cppreference.com/w/cpp/thread

10

11

8.2 std::filesystem 9 F Ak R

8.2 std::filesystem

TODO:

9.1 WM

long long int

long long int HAE C+-+11 H4e5| ARy, HZHAE C99, long long int FLELHEHIA C InrEH,
Fr AR ) it B SR . C++11 ) TAENZ IEIB T AARERE, HLE T—1 long long int
M E /D HA 64 DAY RS

9.2 noexcept WEHiFIEE:

C++ MIET C W—RIMBBMAET C++ ARGwlE LT —E 58BN FHEBALH . AimrE C++11
ZAL, JWPEA AR R BE R HEENZEAN, K C++11 I1Hs, X EVLHIPFEH, BreAk(]
AEPHEWAENFARDX ELHL 2 A TAEAT A, IREAMZ TSR TRE.

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

BT REML R AT S

L. pRECATfE
2. BRI BEML A A S

FAE noexcept XX PR T HHEATIREI, Bl4n:

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

1] noexcept (B 1fiid Y R BRI th 5270, HiEdR X std: :terminate O HRALEIA (AR FFI27T
noexcept IBFEMSMUARIEAT, T HAE A, HFAXTLFHN, IR true, FHNIRME 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(mno_throw()) << std::endl
<< "lmay_throw () noexcept? " << noexcept(mnon_block_throw()) << std::
endl
<< "lno_throw() noexcept? " << noexcept(block_throw()) << std::endl;
return O;
}

noexcept E1Mi5E— MR S RENE R B BB H I B ThRL, WRNE=A R, MR AS A .
Bl

try {
may_throw () ;
} catch (...) {
std::cout << "Gk B H, K A my_throw()" << std::endl;
}
try {
non_block_throw () ;
} catch (...) {

3
H
g

std::cout << "# % B FH, non_block throw ()" << std::endl;
}
try {
block_throw () ;
} catch (...) {

std::cout << "{4F ik B EH , k& block _throw()" << std::endl;

Jiliyg

AN

WHRE, X8 my_throw(
HWIkBEY, kE non_block_throw()

9.3 “yifii
SRS A A i

R4 C++ W ZEHE — R R P AT P AT P LSO AR = 1 — R, e — s
HTML AR FAF R EA IR R AT, Bilin—4> Windows ERSCIFBIEZAH &0 C:\\File\\To

\\Path,
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Bt % 9 F bk

C++11 ffit 7R FAT R P IR SE, ATDME— D PR R M R KRB WX FAFR, [FR,
R IR P AP GG = g, fian:

#include <iostream>

#include <string>

int main() {
std::string str = R"(C:\File\To\Path)";
std::cout << str << std::endl;

return O;

CH++11 FIHET HE PRy, i BG5S G RIaFAT 5L

/PR EFHEHEXSAEE T S % %
std::string operator"" _wowl(const char *wowl, size_t len) {

return std::string(wowl)+"wooooooooo0ow, amazing';

1

std::string operator"" _wow2 (unsigned long long i) {
return std::to_string(i)+"woooocoooo0oow, amazing";

}

10

11

12

13

14

15

16

int main() {
auto str = "abc'"_wowl;
auto num = 1_wow2;
std::cout << str << std::endl;
std::cout << num << std::endl;

return O;

}
ERENER TS &S LTS ¢
1. BRI B (# ] unsigned long long. const char *. MM FHEELTSE, £ L
PR (5 FH 2 R
2. VAT R BB #EH long double. const char *. MR ERIELAT:
3. PR WA (const char *, size_t) JEFWSHEE;
4. %Z%?%Zﬁﬂﬁii é%%ﬁ;{ﬁ%%% char, wchar_t, char16_t, char32_t iiij?%@ﬁgo
e

AN FHER MR IAC C++ P BLAE BB SE R A4 T, noexcept iR
NEERFE, R DI T ARSI W A YRR, A RO g AR R KRB PR AT A AR
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% 10 FREZ: C++20 A

45 10 wJRB: C++20 Wjdr

C++20 ffm] C+4-11 —#F, RFREE SO — MRE DI R. BN, FAE C+4-11 BHIERERER AR
TR AR = A A AV Y Comcept, WIS TAFITEX b C++ HBEXTETHER ER AW E C+420 AR
Z{t2 %l Concepts/Module/Coroutine/Ranges/ %55, AREFHATF—15 C++20 HPRFE AR
P P S R o

RSP

#E& (Concepts) X} C++ B LAY BE— LG50 Y e FIFRUL, MEE2—FamiinR:, &
REAS LE A8 AR TE AP U IO AR S Bt AT I, TR R SR F AT ITE C++ PR AR Y (R .
AT IR T 220 B 2 5 Fh o N AR AR, X2 NS H A LRI A A RES XA 2
BT R A S R 280U, A FAPAT AR 2 3 R A TP AN S A i 5%

#include <list>

#include <algorithm>

int main() {
std::1list<int> 1 = {1, 2, 3};
std::sort(l.begin(), 1l.end());

return O;

i3 B P Hy BRSO AR A BT, st more XHHEFE AL B TR ULBINLIE AV SE, 75 MR Al
I, TR sea: sList JRASHARBLVING . B MIE SR BIER : sea: lise FRBAIAML
st ssort HIREHLIE LB MBI 2R (Constraint). 765 ABESUR , FATHAT LSRR B S 47
sk

template <typename T>
requires Sortable<T> // Sortable =& — /1 &

void sort(T& c);

PR

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

void sort(T& c)

BT E AR AR -

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

FAMTIAEARF AR BT

TODO: https://godbolt.org/z/9liFPD
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A M 10 3E— Baxey 3 3] AR

P
BRI, ATHE C++20 H1EF| Concepts/Ranges/Modules X £64- A\ AT RRE, XX T— 182
Z=1%% [EHRk] WREES, KRRETIHE I .

i AP AT e S

e Why Concepts didn’t make C++177
o C++11/14/17/20 Zias L HFIH
o C++ Jlist

1 P R S A VAP R R E 2 R B

Hoo, NE RFAEEAS! BEAEAAIBERGTENA C++ #%H.

IEAAT FAR RN, A4 R — AR PO SIS A C++ 11/14/17/20 SFreteiysedy, midk
BEFraE I S C++ [RBER] BINA . BF LREER) TEAFER, RN AR, 452
Ko AELL, EHFIH— LR IRTE L B AR EdE—22p ) B C++ WB0RE, M Reeoiir—%
ZJ:

C++ &%

CppCon YouTube #fiiE

Ulrich Drepper. 4427 G1#0 G LHABER A FFRIH. 2007
FrAh7E
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http://honermann.net/blog/2016/03/06/why-concepts-didnt-make-cxx17/
http://en.cppreference.com/w/cpp/compiler_support
https://en.cppreference.com/w/cpp/language/history
http://en.cppreference.com/w
https://www.youtube.com/user/CppCon/videos
https://people.freebsd.org/~lstewart/articles/cpumemory.pdf

W3 20 AR C++ oY A: %

Firae 20 B C++ Atk

T ft PR SR FRATT R AT BLIR — IR IR CH-4 MRS . R, B KT CH+ MEAES AN X
B TERIkE (Effective Modern C++» 1 «C++ KAEFEEEY o FEIX Rk A B HE . (8 52
bRl 5k BB 5, MRS EEA AR AEREAE T WL . ARRS DI  SRAS A AT PRAIEACRS
0k 2% NDiE - g8

XA XA

TODO:

N R

TODO:

(AR

TODO:

4y

TODO:

RS RITE

TODO:
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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/
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