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Ct+ B M RERA Y RAES . A C++98 B C++11 WIEUERE T RIAHELZ
AR o C++14/17 WIZAEXE C++11 B EANERIPLAL, C++20 WRRFIX T THE = Gtk T BRI
1, FrA XL E P SR, 4 Cr+ X HEFEA TS 1. IRER e R i85t C++
(ARHIE C++98 NHZHIH) C++ FRHIPRZ S C++) ARSI C++ 8 C++ 27 RAE
WENFEN Lambda FIXAX R ATFRFER, HBEQMmEEE [EARE—TTES ] iz,

B C++ (BRI C++11/14/17/20) st C++ FEARRERFIEMERFREA C++ Z/HBEmM
BT 1ARMEIET « A CH+ AUUESR T C++ 155 H S M, auto ST LB U1
TN (5 DR R S AR AL o[RS BAH F s A T AT T RS A5 AL, Lambda kUi
Pk C++ BA T TR s i TP R, T — Rt LA L A & (3530 Python/Swift /. ..
) hEEEE W, AET IR T CH+ IRV ARG B X G % 1) i 45 4

C++17 MPZIL = AR C++ X ety ), B 7 BUR C++ HiEm— M E AR
. BRI CH+11 a2 &, (HEaS TR/ NI ENTE S SR (Blingitatedie),
RCLCRRE I B — B T T HRATHE C++ PRy gifEis.

A C++ a0 A B AARHE RSN T AR 20 TRMIE, WAEE T A BisEn 2 B E 7
std::thread, MIMISCHRE T I Agifs, EARF-G LTI T RGERZR AP, SCL T R iy
FG3CFF; std:iregex R TSR IE MRS FEE. C++98 CAPEREAEM 12— FhIEH izl
i TFEZ), AR C++ By, Wt PSR, ik C++ MO8 RGP BT T A 41
15 o Concept #2At 7 XBAMS LG TR A, D5 PH5R 755 BARAT AT E.

BTF 2, BAWER C++ BT SR A RIFEAU F Y RITIO LA, A BEEBRAGHELE C++
MR, 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

AIDAE L AR B I A S, S RG RN EN S .

45 1 MR C++

VEIABE: AR clang++ VEAME—RE R4k, RN EURTERIY PO -std=c++2a G

ik

> clangt++ -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 HAsitE

eI O+ 280, TOVETHEFA C++11 FEE, 0 I 4 2t

ER: IR GER . FUR TR AR SUX SERHE R MR R ROBRE P 2k, B
R . B2, SHFMRRERREMERER —, FFHITAHRAEERNEIE, K
R Hsies kA TR .

o A RVEFERF IR R RIS 4 char . WORTEE 45 H 2l i R ARG e — A4
char *, W iZ{#i[] const char * H{# auto.

char *str = "hello world!"; // 4 ¥ ¥l 3¢ Jf 24
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1.2 5 CoykEM % 1 FEEIR C+t

o C++98 S UiW]. unexpected_handler. set_unexpected() ZFFHICHFPEREFEM, MiZ{EH

noexcept.

« auto_ptr BEFM, WM unique_ptr.

o register RHEFPLFN, WA 1 HATARAT 9285 & 3L

 bool XM ++ fEpiFNI.

o WER—ASRATIRE, IR VU IS R BORES DUR S AT Rt s ] 1 .

o C iSRRI Hpt 7 (RIFEZS i pifi ] (convert_type)) , WiZflill static_cast,
reinterpret_cast. const_cast JEHEfT MG,

o FEMML, fEROR CH++17 brMih s 7 2 al DR C bedE, Bl <ccomplex>.
<cstdalign>, <cstdbool> 4 <ctgmath> %

B —HAFE NS5 2 (C++11 #2447 std::bind il std: :function). export Zfihtity
BT . BT PR X SRR E AR R AR T s AW i, Wil AN SR TIRABATT, % B S
Yo, HIEATH R, B, BREMEIAREN.

1.2 55 C stk

TSR ) PR, ATAEALE C++ i —28 CEF A (Haden CEsR
), B Linux R EHA C++ HILZET, KM AMiRE [C 5 C++ BIXGIEMt2] W,
Pl o T ) T X SRS L 2 B AR BRI ST, B AR ARIR T, BEEE R [EA
Z, RKANE. B 1.2 FHEEERECERE T C Il C++ MRIARAHIL

MITETFIG , IR BV IZR L [CH+ ARk C m—A8e) M (i EAA—IF R 2,
JETHE 25 F 0 2% it A T C++98 Hi1 C99 Z X A) « EHES C++ B, MR %/ g
(3 G B F T8 void* 2 AT KAE . TAEARAER C o, WiZTEMH extern "C" X FpEM:,
¥ CIEFTMRILS Cr+ I T B, P —HEEax A e, fim:

// foo.h
#ifdef __cplusplus
extern "C" {

#endif

int add(int x, int y);
#ifdef __cplusplus

}

#endif



125 Cwikstt F 1 Fiae R C++

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

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

return xt+y;

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

#include <functional>

int main() {
[out = std::ref(std::cout << "Result from C code: " << add(1l, 2))]10{
out.get() << ".\n";
}0O;

return O;

PESEREN gee i C BT D
gcc —-c¢ foo.c

Gt foo.o UM, PR clang++ $f C++ HUIHHI .o UMFGEHRER (BEEHSIFA o S —
) -

10
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PR RS

% 1 FA@INK C++

clang++ 1.1.cpp foo.o -std=c++2a -0 1.1

C =
CXX

WK, PRATRAREF Makefile %% -ifgA R :

gcc

= clang++

SOURCE_C = foo.c
OBJECTS_C = foo.o0

SOURCE_CXX = 1.1.cpp

TARGET = 1.1
LDFLAGS_COMMON = -std=c++2a

all:

$(C) -c $(SOURCE_C)

$(CXX) $(SOURCE_CXX) $(OBJECTS_C) $(LDFLAGS_COMMON) -o $(TARGET)

clean:

[out

YO

rm -rf *.o0 $(TARGET)

HE Makefile HYGHIEE Ml BT AN 2 AR, WIHRAR B4 Hil X B AT B /R B S o
TR A BE S0 5 ah B ks, H BATHRORAE Makefile HRY4EIESE H il 4752 U
WRARIEANHIE Makefile WIEHWEA KR, REREPASHED TE IR, fFiHar
TEMAITH I clang++ -std=c++2a L A] PAFEEATS .

WARARR B UM EUN C++, AR T BEILE A E_ BT AR —/NEe RS, R

= std::ref(std::cout << "Result from C code:

out.get() << ".\n";

UL, AR ERAAE IR L.

e AN BN

C++ 155 5. Bjarne Stroustrup

C++ sk

C++ FitkAE GCC/Clang 454 1A I SCRFIF O
CH++98 5 C99 [l X 51|

11

" << add(1, 2))]10A4


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
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% 2 &3 T A begiRiL

o5 2 il Sl HITERY s fE

MIATE . & LR, RS EA TR AR ] L T R AT RE . AT 2 A S LR
ST Z AT, ATRE A AR T AU e A AR S AU I AT . S, FRATE F R s SO, 2
RARLE R BB AT Z BB S AT M

2.1 '.J%’ H
nullptr
nullptr HELEHFE N TEA NULL, FERFRE S EoRUE, 48 C++ & NULL, 0 MM [R-—FPAR

P, X T G E QAT E L NULL, A7 S84 g &0 NULL i€ S3Ch ((void)0), A7 L& B HERHE X
N 0,

CH+ AR HENRF void * FRalffis) HABRAL, (EAR GG 221{E NULL & Ll ((voidx)0),
IR 2AETR W AYA TR

char *ch = NULL;

BEA T void * [RaAn) C++ HUFFs NULL JE SO 0o MK ARAR &7 AR B A8, A NULL 5
Ji 0 5 FEL CH+ AP EERHE R AEIRTL. B IE T HIX M foo AL

void foo(charx);

void foo(int);

4, £oo(NULL) ; X/ MNEAIESEMH foo(int) , MM FEACIL S H o

N RPEXA R, C++11 5IAT nullptr K7, LT IHRKDZE4. 0o 1 nullptr ARAY
A nullptr_t, BERSRRGKAYFHONAT ARG ET B0 S HE4T AR, AR AT TH SF BE A S AR

PRAT A clang++ Zi 1 A ACHS

#include <iostream>

#include <type_traits>

void foo(char *);

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)

12



21 %% % 2 FiE S RN

std::cout << "NULL == nullptr" << std::endl;

foo(0); // WH foo(int)
// foo(NULL); /7 AT gl o e %
foo(nullptr); // WA foo(charx)
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

foo(char*) is called

e P FRATAT AR, NULL AT 0 5 nullptr. BrPA, EFRMEEMM nullptr )15,

AN, FE B F, AV T decltype Fl std: :is_same iXHNE T I C++ 1Bk, &
FUORL, decltype Fl TRAUES:, 1M std: :is_same T HUKPHANRELETHIFE, FATSTEG H decltype
— I TS .

constexpr

CH+ AYOZ AL THERARIOMS, A 1+2, 3x4 XFhFKR M2 L7 A MR 155 R H ik
AALATEIEN o AR a8 RERSAE A i E XL RA NE RO A RIRE Pz AT, R RERS AR e
MPERE . — AR IS Bl TR A E R S S B

#include <iostream>

#define LEN 10

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

return 5;

13



21 %% % 2 FiE S RN

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]; /) A

int len = 10;
// char arr_3[len]; // B

const int len_2 = len + 1;
constexpr int len_2_constexpr = 1 + 2 + 3;
// char arr_4[len_2]; // A

char arr_4[len_2_constexpr]; /) Bk

// char arr_5[len_foo()+5]; // ek

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

std::cout << fibonacci(10) << std::endl;
// 1, 1, 2, 3, 5, 8, 13, 21, 34, 55
std::cout << fibonacci(10) << std::endl;

return O;

FTRBIFH, char arr_4[len_2] WIREHELS ANHZ, HH len 2 B&EYIE AT HE. N4
char arr_4[len_2] {3RZIETERIE? XEHKH C++ FrifEPEAN K EUINE—AEEFIEX, mXt
T den_2 i, BB const AL, AL AERESA, B (BELRGHAE A B
Bk, (BR) B AR, Rl IERE ST BRI C+111 31 AR constexpr 4FF:
R TE TAFT are 5 i, CHh98 2 RIS IS len_foo ) 1EEFTMISEN 1R
[ R o/ QB L =5 T | VN U P o

o DR i LSl A7 B S iife, R AREAT MR IR T &
Bk, AR R R AR HiiE S

NETE=
HE
4H

T

Az

N

C++11 $2fit 7 constexpr Lk 7 52 2A 75 W bk Bl G4 i R AL G U] 22 O 9 PR AL, X
A BT RARRA )5 VR IR IR RS Y% A HGIE Len_foo FESRPEIMIN %2 — A i R FE k.

A, constexpr MR RECRT AGE A 13814 :

constexpr int fibonacci(const int n) {

returnn ==1 || n==2 7 1 : fibonacci(n-1)+fibonacci(n-2);

14



2.2 Bz R L1k % 2 FiEZT T AMAERL

M C++14 JHfy, constexpr pREUATDALE ATREE T RflAL i ORPRAI SR BRI T AT
HETE C++11 BARIE T @A e il 2 136 1Y -

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 SR AL AR AT BN C++11 FHERRIAT A -

constexpr int fibonacci(const int n) {

returnn ==1 || n==2 7 1 : fibonacci(n-1) + fibonacci(n-2);

2.2 8 R WG
if /switch 2 i IIRAL

TERGE C++ i, ARRIFEMEIRGES AL TLAT O E, EET for AN AENS R — Nl A2 &
int, (HIAABAIMNATE if M switch IHA]PRI— NN 2SR Bl

#include <iostream>
#include <vector>

#include <algorithm>

int main() {

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

/) cH+1T ZH]
const std::vector<int>::iterator itr = std::find(vec.begin(), vec.end(), 2);
if (itr != vec.end()) {

*xitr = 3;

/S REEHFRX LR
const std::vector<int>::iterator itr2 = std::find(vec.begin(), vec.end(), 3);
if (itr2 !'= vec.end()) {

*xitr2 = 4;

/KR 1, 4, 3, 4

15



2.2 Bz R L1k % 2 FiEZT T AMAERL

for (std::vector<int>::iterator element = vec.begin(); element != vec.end(); ++element)

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

12 LT, FfTTOVEF ter 35 AR YA mainO WAL, 3% FECYHA]
FEFYGEPTAE std: ivectors B, FEEBMAT MR, CHH17 IR T8 B, Sk
DAE if (3 switch) Hrsgpik—HbiE:

/KT ERE if EBHA
if (const std::vector<int>::iterator itr = std::find(vec.begin(), vec.end(), 3);

itr !'= vec.end()) {

*xitr = 4;
¥

B, BARH Go iEER%?
LS ES

it e — AR ERAE FRE, R IRRLRAE R TR AT B . AEMR S C++
REX SR ERFE IR, GIaEEE . POD (Plain Old Data, BIVA A4S it ke R
Bk ai k) BRI AGE (O BEATRIaG M, 2 FRNTAT SRR AR IEEIR . TR T IR LG
b, BoHE@LPE I HAMEFEMN O #f7. REERFEITIEEE XIS BXI5, A . i

#include <iostream>

#include <vector>

class Foo {
public:

int value_a;

int value_b;

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

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

16



2.2 Bz R L1k % 2 FiEZT T AMAERL

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

return O;

N TR I, C++11 B S B IR A R ARSI E B 7B IR HFRZ O std: s initializer list,
FUVFAL T bR R AR B BB SRR IS, XA I R IA L5 5 B £ 4L POD ¥4
TR TR, fln:

#include <initializer_list>
#include <vector>
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(*it);

int main() {
// 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::
}

XA 3 R SR MU AR B A S A B S, LA IR R RSO R AR E W AR AR IR B R O TR

IR SRR T AE R b, B RERF HAE -l s B TE 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});

HK, CH+11 2t T o — ik MR e &, Bl

Foo foo2 {3, 4};

17



2.3 XA % 2 FiEE T A MHag5RIL
A AL i

SR AR TR RIARTE F R 2R MIE R T RE . e —E T, HASE] C++11 58
T std::tuple A4 THE— o, HEMBELZARIEME. HEEE, C++11/14 HEARA—Fh
i B R M OCA P E I E SOTH P RIICER,, RUERATAT LA std: :tie XOUHMATIRE, (H
FAVKA DA AEFHEX N IO T2 DR G, KA GRAAER, AR

CH-+17 5835 TRX—BE, 4 rai AL E nl ALEFA S X AR AU -

#include <iostream>

#include <tuple>

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

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

return O;

KT auto FMMEF KA auto JET AP IAT A

2.3 Rk

TEfESGE C Al C++ w, SRR BUER AL 5 S, X SR FATHOE B T B B A AR ATk, T
2 AT — KA IR Y I, A 25T AR P 4 2 R 2B A REUEAT S SR A, XA (3
PBEATRIT AR, MU SR K,

C++11 5IAT auto I decltype KP4 KRG TSI T RAMET:, iEIFGRER L RRIHRA, X
(iRt C++ WEA THHABUCHRETE T —HE, MRS ERRAE T o OAS IR B > 152

auto

auto FERPABME LA T C++, HEMIGA NN —IMFHEENHRTFAAAE, 5 register I
1fo FEFGE C++ v, MR —AARBA TN register 205, £fHEIPHA—A> auto AR, MFEH
register F ] (F£ C++17 PN KT, URHH, HBIAR&EEREN), X auto IiE LA
B ARE HAT

(] auto WEATIEZUIE R — A a5 oA Wi FLS 28 ) )1l i A o AR I BT Py /N1y LR 2
TG C++ IR IIEREE:

// A C+11 ZH]

18



2.3 RAEF % 2 FiEZT T AMAERL

// BT cbegin() KR [E wvector<int>::const_iterator
// Bk itr W N E vector<int>::const_iterator A

|

for(vector<int>::const_iterator it = vec.cbegin(); itr != vec.cend(); ++it)

MA T auto ZJ5H[PA:

#include <initializer_list>
#include <vector>

#include <iostream>

class MagicFoo {
public:
std::vector<int> vec;
MagicFoo(std::initializer_list<int> list) {
HATRA RS

for (auto it = list.begin(); it != list.end(); ++it) {

/7 W C++11 B, R auto XRE

vec.push_back(*it) ;

};

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 << ", ";

}
std::cout << std::endl;
return O;
}
— S Al ) L -
auto i = 5; /71 BARET N int

auto arr = new auto(10); // arr YWIES 4 int *

M C++ 20 2, auto EEERMTREES, HIETHAIH T

int add(auto x, auto y) {

return x+y;
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5; // WIS H int
auto j = 6; // WiESFH ant

auto i

std::cout << add(i, j) << std::endl;

R auto INANHEM T-HES K47

auto auto_arr2[10] = {arr}; // 4%, HLEE G442 kA

2.6.auto.cpp:30:19: error: ’auto_arr2’ declared as array of ’auto’

auto auto_arr2[10] = {arr};

decltype

decltype XEETF &N T Y auto AT HARXSAS BT A S EIE I BB . B R
typeof fRAHML:

decltype (k& R)

A, FATHTRER ZO TR FRA 2, Bl

auto x 1;
auto y = 2;

decltype(x+y) z;

YREZAERTHRI BT & E] decltype HITHEWTZERAY A, F X AT H02 AT L2 & x,

V. z sl SR

if (std::is_same<decltype(x), int>::value)
std::cout << "type x == int" << std::endl;

if (std::is_same<decltype(x), float>::value)
std::cout << "type x == float" << std::endl;

if (std::is_same<decltype(x), decltype(z)>::value)

std::cout << "type z == type x" << std::endl;

Horp, std::is_same<T, U> I THIT T #1 U X RELZMARSE . iy 452858 -

type x == int
type z == type X

FER IS 7

IRATRE I, (a4 auto I, WATELHRIL auto NREM T REUL S AT AUES, HBA auto
REANBE I T4 e B R 0] R ZUWE? 382 2% [E— IR B 0 1, FER4 C++ hRANUHX 45
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template<typename R, typename T, typename U>
R add(T x, U y) {

return x+y;

TER: typename FI class TERURSHIN FH A K5, 7E typename XA 57 I L2 7, #B
e class SR E SRS HU) o (BAERH E SCAHE OB B AL by, 752 typename

AR L SE AR PR TR, R0 AR e B3 7 (o K IS R By b, e 2 f i R ] 2628 . fH
FEL EFAPDEARGE add O XA RS AFER A, PABGRTG— AT AFER IR B 23

1 C++11 XA FS R k. BEARIRATRE D) SO R decltype T x+y WRAL, 5
KRR AU -

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

RS EIRER SIE A REE g . X2 UM TES I AniLE] decltype(x+y) I, x Ml y MARPGE
o AT RPGEATE, CH+11 5 AT —IMURR A (trailing return type), FIf] auto K4
FARFIR ] A

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

return x + y;

QN ZM C++14 FFUH@ T A BLAE 0 s R Ak (S, P T T SR A AR

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

return x + y;

A DA AR — T JE T R 1 T -

// after c++11

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 << "q: " << q << std::endl;
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2.4 F=HIAR % 2 FiEZT T AMAERL

decltype(auto)

decltype(auto) /& C++14 FFEAFEHER—AIE U A2/ % .

RHREIRFTENE C++ HSRE RS, RO F s —E hiEgNnay, 1)
] PAZI NP R X — N N R

i EoR L, decltype (auto) %M TF bk A bR ACCES R (R [ AU HEA T HE S, B TR AT TE G X
fR7E decltype WZHERIAA. B EAE TNHMHI T, ST TTHFZ T PIA s TH 2 -

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

fE CH++11 , BBl g

std::string look_up_a_string 1() {
return lookupl();

}

std::string& look_up_a_string 2() {

return lookup2();

M4 T decltype(auto), FRATHILALLAR AN ¢ MG — 10 NI SEEE K -

decltype(auto) look_up_a_string 1() {
return lookupl();

}

decltype(auto) look_up_a_string 2() {

return lookup2();

2.4 PEililing
if constexpr

EANATEIF Sy, FATHIE T C++11 5IAT constexpr KT, ERFFRIA S ok B 150 7 B4,
o —MREANEER, WERBNMHERX 4SRRI L, AR LESR Mt 58 7y ST,
SANERELLARFRCRE & ? C++17 ff constexpr X RETHIAZL if iFAH, AVEUHE P REFE R
TR, I8 A

#include <iostream>
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2.4 ¥R

% 2FE

BBk RSl

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;

TEGIFENS, LU RPN 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 AR

T, C++11 5IATETHREENREE, ROIIA THEB S 1R Python —HEfIHAIIHENER,

FAMTAT LASE— 2B AL BRI 311

#include <iostream>
#include <vector>

#include <algorithm>

int main() {

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
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}

for (auto element : vec)

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

2.5 Bibl

Ct+ BB — BRI 1T I — PR IRA AR, B 2 T DA SEAR Sy — 1 DR 5 R AT G
B BT A AR TR — DD EAS A S iU AL BR A PR R 25 B W AT AR B, (A B AT I A BEIR L B Y )
SRS, dEmRIEAIZ TR PEEE . RIER g iR AE C++ IRRBEEZ —.

BB

58 C++ W, B HATER I A Wi S pie . Hemilid, REes i (30F) +
SR AR B 2 TR B SRR, ER LBl Xl AR T A S AT S ) G R T B A
HH, ST I A RS N Bl AR L AL

B, CH+11 FIA T AN, 37 5C 7 IR A ) g AR FE AR L B SE B EAR P T, BEIRATTRE
1 S 2308 120 e i s B AR AR Py S (A -

4 1t

template class std::vector<bool>; // BEATS

extern template class std::vector<double>; // A 7517 Y il 4 L0 o 5L G VAR AR

R >

TEFEGE CH+ MRS, >> —RPCAMUA B AT R I T . (BSEhs ERATRA 2 S Tk
BRI

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

A Crt SRS TR B ARN, T CHr1l IFiA, ML ATE SRl a, JEH
RS IR % 3075 T8 N RS VA A 5

template<bool T>
class MagicType {
bool magic = T;

};

// in main function:

std: :vector<MagicType<(1>2)>> magic; // &5, [EAZE G oAy L
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RAH R

TE T ARRAUN A B 1, TR TR A (268 Z IR . AP Ao in: RO R
PRI TEFESE C++ W, typedef WIDANIEAUE L—ANBHIARR, (ERANA IMNE N B E L —
ASEr TR, o, BIBCREIRAL. filn:

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

T dark;

U magic;

};

/) ek
template<typename T>

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

C++11 ] using SIAT NHXFEXI G L, HHIFSHERMESE typedet A ZHAL:

EHA typedef & U MR typedef JE AR #4745, [HIEX R AHEH 22
A4 SCHEER AR W], T30 75 4y L D St 1 — S P ) TR M

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

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

int main() {

TrueDarkMagic<bool> you;

RSB

Bt —E C++ P i) g (S Dark Magic) 22—, 7E C++11 Z i, Joitid itk
R EOE R, ERH BRI AR E R T, B E BRI SEG T CH+11 A TR RR 7
iR, AVHERENEL ALESERIRIBAR SR, R AT R E SRR SR I B E
template<typename... Ts> class Magic;

RERZE Magic BUAR, REASIESZ A Z BRI UK typename VEBAR LS HL, BIANT R E X

class Magic<int,

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

std: :vector<int>>> darkMagic;

BEARRAERIEX, BreA 80 o MBS EL @ DAY : class Magic<> nothing;.
WRAT B R B SEA TN 0, AIATFEhHE LD — MR SEL:

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

AR SR AR R L IR B BB bR AL L. 55 C P printf sREL, EIAHAER AN E ML
PIESHAR, BHHAFIERZ S T C++11 BT REE LR LMK SEREN, @] A
printf [RRELRE A AAHALIRAE BRI G . IR THERIRSECTREEN - .. FoRAE KBRS ESL,
PR SEAR A A R RN AR E KRS, X A3 g 5 48 K S HR BRI T M5 T
il -

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

HABATE L TARBARSEL, W S T ee?
B, WATATAGEN] sizeof. .. HKITHSHN AL, :

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

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

FATAT ML IRAL AN S H S magic KA

magic(); // i 0
magic(1); // i 1
magic(l, ""); // Wil 2

FR, XESEGHFTAREL, B H AT L A — e R AT SRR, {E PR 28 A A3
Tk

1. BUIBOHR AR

BLI AN A AR R T, UL AT . B0y R I M A A A 2
A, TS E] R AT SRS 5 F 0

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

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

template<typename T, typename... Ts>

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

3

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

return O;

2. BBERNEI

PRBZRESZE] TR, A8 C++17 Fan TS BMRIT R S8, TR AR A DAE— R AP 58
J& printf B4

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

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

Y, AWREATRAMEN TSN, AN —E TG EX SEMOE AT, AT AR
std: :bind J¢5¢ R KRR SCBIRT R BRI S B S8 , AN IR B Eh R H i o

3. PSSR T
VAR R R — R IE RO, (B T 5 DL HE T e LA 1R I I Y R AR
XA — PRI RS T (4 PR VA -

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;
}O, value)...};

FERXAACRSH, BOMEM T C++11 PR RI ARSI A K Lambda FakXXpRE (F—F7 4
$EF)

WIS, (lambda KA K, value)... FRPRIT. HTEFREXWIMB, Hlhahir
HITH Y lambda kX, SEMSENHH . N TR IEAE S, FATT LA std::initializer list
2N void.
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PrRRLEX

C+ 17 HRFE R SBOX AR IERE— a4y 720k, H I8N M 1

#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::endl;

TERRIB R S Bl

AT A 2R R AR SR — R AR S

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

return t+u;

P BURIGSEL T R U SRR R . (HA i RS BT o il DAL AR R 5 A A
B, BNEAERABE SR

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

T data[BufSize];

buffer t<int, 100> buf; // 100 {4+ 5%

TEXFEMRSHOLAT, BATATLAKF 100 VMBS RO T . 78 C++11 5IA TRAUHES X
—FtEE, BATSRARKN, BAMARMBRSHOARKRR i B T8, R i m B3]
AT, I S AAT auto NIRRT ZEHIBRFRWISRAL? Sz, C++17 5IAT 45k,
FAMTBIBI AT LA auto KHET, LhAmikaeiiih e MR AR HES:, Hlan:

template <auto value> void foo() {

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

int main() {

f00<10>(); // value #HIESH ant £ A

2.6 Yl k%
FECHE

C++11 5IA T ZATM IS, X (AR B ASnT DAYE [l — 28 h— A 1 e B0 T 55— 366 bR
B, i 2] AU R H Y -

#include <iostream>
class Base {
public:
int valuel;
int value?2;
Base() {
valuel = 1;
}
Base(int value) : Base() { // %4 Base() 1

value2 = value;

};

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

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

R 15

FERGGE C++ WIS R AR 5 B AR R TR B B Ly, X FECCRIET . C++11 Fl
K7 using GIA T RARA I PR AR

#include <iostream>
class Base {
public:

int valuel;
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int value2;
Base() {
valuel = 1;
}
Base(int value) : Base() { // Z4f Base() 1% %4

value2 = value;

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

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

S o B T R

TEfGS C++ W, QWA S RN ER R R FE . pln:

struct Base {

virtual void foo();

3

struct SubClass: Base {
void foo();

1

SubClass: :foo M[AEH ANRAR/T A MERAL, FURR A T — N RAMFE A TR RE. 7
— AR R, MBI R RN R J5 . 5 IR0 [H A ek A0S i F 0% R UL R O 8 B — 2
ﬁT—Ai%%%ﬁﬁvLﬁﬁﬂkﬁﬁ%E%o

C++11 5] AT override Al final XA FE4RF B (1 FiRTE K &L

override MEZL RN, FIA override JCA#FIF AW GRS A TR, Jniskai ik A AL ol
BB AT FER ME PR, 75 WIRF JO a8 o 4o -

struct Base {

virtual void foo(int);
};
struct SubClass: Base {
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virtual void foo(int) override; // £

,,,

e

virtual void foo(float) override; // E7F, X 20 I E i 41

};

final final W2 T B IR SEPEARSEGE AR DA 2 11 1 R B AR S BT ALY o

struct Base {

virtual void foo() final;
};
struct SubClassl final: Base {
Y /A

struct SubClass2 : SubClassl {
}; // 3%, SubClass?l B final

struct SubClass3: Base {
void foo(); // dFih, foo T final

};
St S BRI R 5

RS C++ w, WERARF RBCATRME, HiFdr BN R A BRI E R B ST . T
FAFALMTH R B 35h, C+ WA IE LT new delete SXALANZIAT. MBS A THEMT,
] DA X F ) R AL

G kT — 25K TR A BB AL AT . BIANEE 138005 DI, b 0RF A2 il A T
PREC S IRE AT W] private. Sl K SR E SO pRBICRS- S B I B e A3, U8 —FhARHA
DL 75K

FEH., gnikder AL B ERA N B RO e SRR R EOICTR R AEAE o 8 P SCT AR A4S 1 bR
B MRS A A BRI E R AR, (A IR 207 B2 [ IR S AP AR 1 e 8, Xt 1 M -

CH-+11 241t T BRFRRMfMR I %, Feivr Xy IR M sE 4 gt B AR R . piln:

class Magic {
public:
Magic() = default; // [ 3= U] i 45 78 28 48 Jk iy A2

Magick operator=(const Magic&) = delete; // [ 30 7 U] 40 28 25 7 20 A Ji ) 8

Magic(int magic_number);

31



2.6 @t % % 2 FiEZT T AMAERL
s S H e

TERRGE C++ , MEEFADFIRIM 24, MR SRR, W kR 5E A Rl I A28 28
BT PAEAT B HUE (R gikdean th TR, (HOFARRTA ), SR N—Aar S B i A R 3
MBI AP ASRER Sl H A @ HA 1A B R 24

CH+411 G| A THAEZ (enumeration class), F{#i ] enum class FiEEIFTEER:

enum class new_enum : unsigned int {
valuel,
value?2,
value3d = 100,
valued4 = 100

(-

DOREE SO SC L 17224, | et BERS W R A e o B4, TR BN RS 105 R kK
FHATHAEL, R TATRENS AN ] A M2 B A2 (R AT PR o (B[R] AR 28 (R TE) A SR i BB AR ], R
AT DARERT HUE -

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

= ¥

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

TERXAEE, MR RB ST T 85 MR R TR E M P MR Y, X EASIRATRE
AR CRAGERPRFBOA B int).

T A1 EPAFMAHERIERS , P B XA AT I e, A FATT T DAl 2 << X ANRAT R
PEATH 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 R R B %

std::cout << new_enum: :value3 << std::endl
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% 3 FiE T AT R

(%

EX

A
ISEs

AL TIAC C++ HPXHET TR, B F A oy R LR LT Broa A
T T R AR :

auto FEHUIHET:
il for £
Ly RES
SRR

- W o=

>
L BEEEHRSE , OUR— TR R SE BT B

template <typename Key, typename Value, typename F>
void update(std::map<Key, Value>& m, F foo) {
// TODO:

int main() {

std: :map<std::string, long long int> m {

{llall, l},
{"b", 2}’
{llcll, 3}

s
update(m, [](std::string key) {
return std::hash<std::string>{}(key);
b;
for (auto&& [key, value] : m)
std::cout << key << ":" << value << std::endl;
}

2. ST AR U T E R AL, ARVHEES .

SHERILIL.

% 3 Tk G sirvir it
3.1 Lambda #ikR,

Lambda FiAAZIUC C++ HiEERRHEZ —, 1l Lambda k30, SEbr Bt 7 —43
(A 44 BRI RF I S T B4 R BN R AE R 2 e B, (H SO Rt — e B oL 2
. EAERAFHESARESME . FrkEs R BU LT B AR 16 7 bR
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Henlh

H

FiE T IEAT N TR

e
w

Lambda FiRz 1 FANEE AR :

(FH 7RI (EHF K) mutable( k) FHEEM —> REEA {
/] B K
}

R TEEMOER T DR 2R RARVESL, TR AR AR G BEAR e ek KU bR KA
%, BREMEFR T —A -> BB (FRA7E LA Rk MR A C 4R 2E X M S5IE T ) .

Brifizks 2, ,\%TMEEE?F?W%&E’J P, Lambda FIKA AR BATEBGANE L T 2 A fE
5 {5 11 B R R SNR A FE ), K B 3R 2 T DGR B AL s MBI A« RIS AL 104 T8, i3k
Ft Iy N AT LA

1. iR SSEALAERML, ERRA AR A BT LAY UL, R Z AL MAET , Fefifing 2 Bi7E Lambda
PR PR DL, T AR A DL

void lambda_value_capture() {
int value = 1;
auto copy_value = [value] {
return value;
};
value = 100;
auto stored_value = copy_value();
std::cout << "stored_value = " << stored_value << std::endl;
// X B, stored_value == 1, T walue == 100.

// B copy_value HERIEH AT T — M value B3 I

2. sDHAR  S5UESEM, SURMRRANZTIN, EH AR,

void lambda_reference_capture() {
int value = 1;
auto copy_value = [&value] {
return value;
};
value = 100;
auto stored_value = copy_value();
std::cout << "stored_value = " << stored_value << std::endl;
// X B, stored_value == 100, wvalue == 100.
// B A copy_value $RiFH 25| A
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3.1 Lambda %1k X, % 3 FiE T AT R
3. BN T BEMPSIRA MR AR, EMHUMIER) TAE R ASCA G AL HE, X
AT AR S —A~ & = [ 4 138 IR 5 | 2R s (e Al AR

BE—TF, R At Lambda kU0 MR EMEAT B RO EIEE, S RA B DU AR AT
LA

IS EIRIIES

[namel, name2, ...]| fif—FRY| L&

(& 51 gk, ihgmidds BT S5 Y%
(=] (B, Lhgids BT R Em RS &

4. FaxAligk

X AR TR BT RIS T B B R A (T | T A e B

EmERBIERR. TR T AAENE AR I A i, X SOy SR e
{H, MARERMRAHE.

C++14 435 THAIT M, SV B LR 2R I TR0 R L, X Fe e T A (E AR, B
FEUIOAPRAL I ARG F R QAT W, PR S ] auto A @ AHIAN ) -

#include <iostream>
#include <memory> // std::make_unique

#include <utility> // std::move

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

e LR AU, important J&-— Ml G REE, EARERE “=" (MRS, XEMRIATR AR HAL
MoAtE, XA TR,

{z% Lambda

EA AR T auto RETAREYHAESHERE, X2 NN SIES SR g ae 4
5. {Hi2 Lambda FikAHF AR E K%L, BriA Lambda Rk ARSI . XU IATE M T
—ERE ERRRIT: SRR RERZ AL, DTSRI,

SEIBIAE , XA RAAE T CH+11 1, A C++-14 HHiR, Lambda REIEX ST A auto
KA AT S Rz
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auto add = [](auto x, auto y) {
return x+y;

};

add(1, 2);
add(i.1, 2.2);

3.2 BB RALESS

XIS WA ESR R TARERE R — ), (R WA ERE, BANEE T C++ i), X
Ry A AN M, B AT X BRI T/ 4

std::function

Lambda Kk HIABUE— AR EOS ST PIRIERTL (BRI EIER) x5 (FR P AL
%), 4 Lambda Rk IR R A, FEARIE RIS Feds ol sl BCR sHE R T 1208, flan:

#include <iostream>

using foo = void(int); ;
void functional(foo £) { // & X 78 247 7l 52 v ) o 41 25 AL
£Q1); // B EHIEH A B H

L B R B A4 R AL foox

int main() {
auto f = [J(int value) {
std::cout << value << std::endl;
3
functional (f); // (4 A& % %
£(1); // lambda ik 8H

kA foox KA Ey KA HE

return O;

R A T AR F R IE R, — M2 Lambda {4 R B RAL EVEA TR, i —
W EHH A Lambda ks, 76 C++11 , Gi— 7k deiley, SFRERS DR BOXT RA0262, S8 —Fx
ZOATAIZEAL, WX AP, Halid std: s function GIARY.

C++11 std: : function g —Mid ] . LM RECE, ERYSLBITT DAHE AT AE Y B bR se At
Frfetil . EHIFE A, Bt Cr+ IR AT SRR —Fh R e i B2 (RIXRUE, pR%L
RPN R R ), Hmpihul, a2 R B A g UIRATA T sREA Ao 5 (R RERS 51 5 (3
RSB KBV R T AL B, il

#include <functional>
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#include <iostream>

int foo(int para) {

return para;

int main() {

// std::function WX T —/NREEA int,

std: :function<int(int)> func = foo;

int important = 10;

std::function<int(int)> func2 = [&] (int value) -> int {
return l+valuet+important;

3

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

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

std::bind fll std::placeholder

i std: :bind NI HI K48 5E B ’ﬁ(ﬂ)ﬁﬂ’]ﬁfﬂlm BRI R A TA MR AT REH A E RERE—IK
PEPATIA AR 2 H, X ek B, FATTAT DARERR 20 I S B0 i g8 o 21 s 40 S B —
MR, RIESECT e, sEsiEA . piln:

int foo(int a, int b, int c¢) {

}

int main() {
/) BHE 1,2 EB|BE foo b, HRMEH std::placeholders::_1 R4 H —NEEHAATH L
auto bindFoo = std::bind(foo, std::placeholders::_1, 1,2);
// KB A bindFoo B, RFEREE NS
bindFoo (1) ;

}
s PR auto XTI . ARHERITTIAKSE A EEOEEIED, AR
HIFT DA auto (1 LR HLBER — I 010 hy B

3.3 fiffis il

HE5IHZ C++11 5| A5 Lambda RiIXXFHAMWELERMZ —. EWGIAMRRT C++ K
DT LB R R, (R T std: svector, std::string ZRMEIINTEY, WA MRRE RS
std::functlon.Eij§j7ﬁTHbo
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3.3 H1E3 A % 3 FiE T EATH IR
Fefli. AEsiAifa . Rerfi. Al

T AAET B S A— B, I 2 (E A TP A ) AR

Fifii (lvalue, left value), i B SGIURIMERT5 Z0MME. HEFRY, ZRRA (F—Eki
IEFRA) FHRBRAFTERI R AN R o

fifli (rvalue, right value), FfIffE, JEHEFRB G H T FHAFAER I X 52

M CH+11 e THIABRRI ARSI, A ERES T TR R5, ok diGfE. K
{H-

4lififi (prvalue, pure rvalue), ZFEA(E, B2 @AM FHE S, Bl 10, true; H2EK(E
SESLH Y TR s A GBS, Bl 1+2, JE5 1R B EIERAS L sk AR R IE AR L R
IR . Lambda FiEXEE T 4iG1{H.

TEEERE, TR IR AR AR A, AT R AR A

class Foo {

const char*&& right = "this is a rvalue"; // WA FHEFH & 4h A H
public:
void bar() {
right = "still rvalue"; // WA FHEFHEHhAH
}
};

int main() {

const char* const &left = "this is an lvalue"; // WA FHEFH & H L HE

oM (xvalue, expiring value), /2 C++11 75 AGHES TR RS (HIL7ELESE C++
AT A ER RS, e B . ARERBBIR Zh (L

FROAEPT REF A SexE AR, FRAOTR B XA AL :
std::vector<int> foo() {

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

return temp;

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

TEXFER AR b, AL GER) BEAR T 5, B foo IR AME temp TENFBQIHIR FHIRIELS v, AT v
PAFXAIGES, 2AFHEA temp $5DI—f), SRS temp HY5%, WIRIXA temp EFHA, XKFE MUK E
WOMYITEY (X2 LS C++ —HBImRI ) . TEfRG—17H, v BZfH. fooO) R EME 2
fAfE (RR2aA ). (B2, v LA A AR, 1 foo O FAERIHRANR IMMELAE N — IR IHE, —
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3.3 H1E3 A % 3 FiE T EATH IR
Bk v &5, RIS, orERE. WAREIB M. TR TR T X7 R e (B RE
R, R XREIS B R 5

T C++11 Z )5, ke AT T2 TAE, ALRYZE(E temp &80T IR (HALH, ST

static_cast<std::vector<int> &&>(temp), HFIMILALK) v £XF foo RERR MIMEHITH . Wil
JET AT A2 R 3 L.

AsUHRER S I

HESAHTE, MFEAEAES I T &e, M T 2288, AESH IR AR RHER
At IR LARE R . HBE R TNE , IBAR TR -

CH++11 21t T std: :move XN GBS BICA RV HACN HE, A T ERNTHAES I (£ 3k
A EIRR R, Bl

#include <iostream>

#include <string>

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

}

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

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

int main()
{
std::string 1vl = "string,"; // vl &/ /A4
// std::stringé r1 = lvl; // €=, HES AL HAE
std: :string&& rvl = std::move(lvl); // &%, std::move ¥ PG A A 4HE

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

const std::string& 1v2 = 1vl + 1vl; // &5, & S A (5] 7 Kl o2 oy A4 ar Bl

// w2 += "Test"; // 43k, ¥ E5 AL EHGEK

=V

std::cout << 1lv2 << std::endl; // string,string,

std::string&& rv2 = 1vl + 1v2; // G5, 4 (H5| 7Kl if s 5 4 &

9

rv2 += "Test"; // &, FFEFAEBBHIEHETE

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

reference(xrv2); // i A1

return 0;
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}

rv2 BARSIHTAAE, HlFeER 500, Bred rv2 fae A efE.
R, XA MGy st B A, JATEHE T AR :

#include <iostream>

int main() {

// int &a = std::move(l); /) ek,

std::cout << a << b << std::endl;

B, N AARRFEE RS I ERIARAAE? 2 R X AT AR 2 AR 1

void increase(int & v) {

vH+;

}

void foo() {
double s = 1;
increase(s);

}

T int& ARES|H double KAIKSHL, HWUILUA =4 —MIRBHERGRATF s BE, M4
increase () BUGXMIGHHERS, AN s ARG IHEA BB

AW, AR AV S JRRRENL, 4% Fortran 5.

Bahifi X

48 Cot+ AL 75 DU 3 R BRI B A S NS v T 98 DL/ S Rl R (ER T S B B
FoshBidle, VANE LA SEs ] TR T, R 2 A SR s gk O . AR, BRI
IR U AR VY BB B K 2, AR AR i —0y (K PRI R . FHEEORIAR
P (5%) , X AR A — R

G C++ BoA X2 [Rzh] 1 [958 01) sk, sl T ERBdiads DL, IR A2 . A1E
ST Hh BUAE i e X PR TR L, i

#include <iostream>
class A {
public:

int *pointer;
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};

AQ) :pointer(new int(1)) {

std::cout << " #i" << pointer << std::endl;
}
A(A% a):pointer(new int(*a.pointer)) {
std::cout << " % JI" << pointer << std::endl;
Y /7 REXEHERFEN
A(A%& a):pointer(a.pointer) {
a.pointer = nullptr;
std::cout << " I " << pointer << std::endl;
}
~A0{
std::cout << " H#J" << pointer << std::endl;
delete pointer;
}

/7 B k4 # AR

A return_rvalue(bool test) {

}

A a,b;

if (test) return a; // %) T static_ cast<At¥s>(a);

else return b; YT static_cast<Ae#>(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 LT
L. EYEAAE return_rvalue WHIEHA A XF5R, TGP 41 s R f il ;
2. RECORMIS, AR, A RS (AAeR)) S, AT AR, XA
EFR IR ER], RAFET obj , MRFTEMIR S BN nullptr, Bk 1 X B 77 X I B
%o
MRS T To i S ¥5 DR, i T HERE . FRRE R/ e R )5
#include <iostream> // std::cout
#include <utility> // std::move
#include <vector> // std::vector
#include <string> // std::string

41



3.3 B85 A

3 FiEFIEAT

5

ey iR 1L

int main() {
std::string str = "Hello world.";

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

// K1EH push_back(const TE&),

v.push_back(str);

& Hr i

"str: Hello world."

std::cout << "str: " << str << std:
// Y& Jf push_back(const TE£Y),
/) TIENFHFELHEFHEHE| vector F,
/S XL BRER, str FHELSET AR
v.push_back(std: :move(str));
V& T 7
std::cout << "str: " << str << std:
return O;

}

SR K

BT FATSEE] T, — DR ET | HE

1) -

void reference(int& v) {

std::cout << " Z A" << std::endl;
}
void reference(int&& v) {

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

}

template <typename T>

void pass(T&& v) {
std: LS

:cout << "

reference(v);

B 7 A T AT

:endl;

Ao IHE AT H
PRNA R std:

Jmove

:endl;

—AAH XBCABATIA TSR L K (1L

// AR reference(inté)

}

int main() {
std::cout << " {£i A H:" << std::endl;
pass(1); // 1 =AM, EHHELAHE
std::cout << " (£ A {f:" << std::endl;
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3.3 H1E3 A % 3 FiE T EATH IR

int 1 = 1;

pass(L); // L =10, #rAl

return O;

X pass(1) ORUL, BALENEAE, HBT v 2—DTH, AR REEZEE. ik
reference(v) 2x/f] reference(int&), i [ZAfE]. WXfT pass(L) MiF, 1 2—ANAEME, M4
S I IR pass (T&&) g7

ROREET S UMY : AEL5E C++ , BATARES X — 5| 2EAkEE 4TS, H C++ i
TAAET N B BUR L 7 IX Mk, A 75 AN, s s N2 TSI, BEREZAES ]
A, XREATI - A& ENEEAE A AL

FSk A7 SO S % C At (R RSk i 2 2 i

T& iG5| T&

T& H5IH T&
T&& Ze5 T&
T&& 51 H T&&

P, BEHek B O Teg A—E BT A SN, e AR, BEeR S5 R S A qi
HHERRUE, TRERSEBOE 23050, M HACY SRR AT s D, B9RS B ek 5o
A SDNEL, XA AT v AR E ) i

SERE AR BT BRI . BTSSR, WU TIETRNTTER B SR i, AR50k
WMSHER (ZE5 GR35I, S UHERREATID . O TR A I, JATV % std: : forward
KSR K (i)

#include <iostream>
#include <utility>
void reference(int& v) {
std::cout << " AL {HF| " << std::endl;
}
void reference(int&& v) {
std::cout << " AHF| " << std::endl;
}
template <typename T>
void pass(T&& v) {

std::cout << " EFEH: 0,
reference(v);
std::cout << " std::move f£%: ";

reference(std: :move(v));

std::cout << " std::forward f£4: ";
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reference(std: :forward<T>(v));
std::cout << "static cast<T&&> {£5: ";
reference(static_cast<T&&>(v));

}

int main() {
std::cout << " (£ (A" << std::endl;

pass(1);

std::cout << " LA {H:" << std::endl;
int v = 1;

pass(v);

return O;

U SR

iR Rk
LHEES: LESA
std::move 55 : 4HHE3 A
std: :forward f£%: H{EE| A
static_cast<T&&> 6% : AH1HE| A
i A fE:
LEES: 2E5A
std::move £ %: A5 A
std::forward 1% : Z1{i 5| A
static_cast<T&&> f£%: #x 145 A

TG ES RN LR AE, FBESTME KSR N A TR, PP std: imove HR#%52
Bl—A2EfH, IS KA T reference(inté&) i {HTI M.

MEM std: :forward RIBCAHTEMUTATZ RN DL, FIN5EREK (ffih) T RAES 4 TN
AR HA PR

std::forward fll std::move —kfE, WHMATI 1, std::move HALWKELA(EHELNEE,
std: :forward M H 2 BRAIHFSEM T — N RBMFEE, MR FRE, std: :forward<T>(v) Hl

static_cast<T&&> (v) EEE—FEH.
BEH BB UTAT , M — 2B ) RS BT R R R L )R ] % 1 AL, AT P PR — & std: :forward
ARSI, std: : forward AN E#L:

template<typename _Tp>
constexpr _Tp&& forward(typename std::remove_reference<_Tp>::type& __t) noexcept

{ return static_cast<_Tp&&>(__t); }
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template<typename _Tp>
constexpr _Tp&& forward(typename std::remove_reference<_Tp>::type&& __t) noexcept

{
static_assert(!std::is_lvalue_reference<_Tp>::value, "template argument"
" substituting _Tp is an lvalue reference type");

return static_cast<_Tp&&>(__t);

TEXySE P A, std: :remove_reference T REETHRZEAIP S| ], 1M std: :is_1lvalue_reference
TR ARG LM, 7F std: :forward (Y55 /N SLI ARG A T HIE MR S5 & — N Acfl, i
AR T FH4i R0 o

¥ std::forward HZ (AN, _Tp YllETHNAAH, BroAREIEONZZ(H i 4 B ZAHI, _Tp #
S AAET N, WEEETHHEN, SRIEMEESCN T && + && BIATEH. AU std: :forward HYJFHIAET
TSR TR B 5 rp e AR Y 22 5

X FATRE I E XN A 2FE MR AR AR T, autokd iR AR T? Y
auto YHETF N AR AT, 5 && WA G TE L K.

s

T

AN TN C++ RN EER L MEF BT, b B2 A AT S B9 B A e 1
AR AR -

1. Lambda k=

2. BREOT L2 AE std::function
3. H{E5H

RE—2B B B 5 5 30K

e Bjarne Stroustrup, C++ &5 WX 5k

4.1 LMo
std::array
B AR I 5 S B 4 1 A

1. HHAEF| A std::array A EEHBEM T std: :vector?
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https://www.amazon.cn/dp/B007JFSCPY

4.1 AMEE #4FRE

2. B&A[ TEEHA, T 2AEH std::array?

Fem B8, 5 std::vector A[H, std::array XJZAK/NEEZER, WHRERK/NEH
FER, AL MBS IEM A std: :array s, 73AMAT std::vector 2 HIIY AN, MIEAKRER
éﬁl?}%}: H HXTEEZREAT TIMBRERAE, B8 A 2 AR R =M Y I NAE, X B 35 2 T30

1847 shrink_to_fit () FBEHEXEPDNF.

std::vector<int> v;
std::cout << "size:" << v.size() << std::endl; YA e

std::cout << "capacity:" << v.capacity() << std::endl; // # 1 0

VZ Rk
)/ ERmREE TR, f@ir”*7
v.push_back(1);
v.push_back(2) ;
v.push_back(3);

ﬁ%@ﬁ#%

H std::vector WG

L b A R I

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

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

/S XBW AT KEEE Golang Y slice 1%

v.push_back(4);

v.push_back(5);

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

std::cout << "capacity:" << v.capacity() << std::emdl; // %l 8

/7 N R A

v.clear();

H bk 3E Py Vo = AH EL 7o 3= =
INTH A J/ LR, T,UF '/}\/’ z EN ‘J m e 776 />£ /] “7

std::cout << "size:" << v.size() << std::endl; YA e

std::cout << "capacity:" << v.capacity() << std::endl; // # 1 8

// BN FETHET shrink_to_fit() WHRE% R %
v.shrink_to_fit();
std::cout << "size:" << v.size() << std::endl; YA e

std::cout << "capacity:" << v.capacity() << std::emndl; // W 0O

565 AN AR B ey 52, G std: carray RERSLEACHS AT “BUAAL”, 1T HARE T — Lo Bk
B, AR I A KA AR 5 AR5 [R] I RS AU ) P AR P v O A5 S0, LA std: ssorts

i/ std: :array fR{EH, HFFHE @ BRI/ -

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

arr.empty(); // W& 25 & A
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arr.size(); // R E 298 T 24
/7 ERBXH
for (auto &i : arr)
{
/S

// J§ lambda F£ik AT
std::sort(arr.begin(), arr.end(), [l(int a, int b) {

return b < a;

B

/) BAKRNSHRREERAER
constexpr int len = 4;

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

/7 ik, AET ¢ RAEHA, std::array A2 BB RK T*

// int *arr_p = arr;

MIAVTFIRM LT std: :array W, XMEGRSIERZRHARE C KIEHHE D, XA =B

void foo(int #*p, int len) {

return;

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

// C R a5
// foolarr, arr.size()); // i, LEEAEH
foo(&arr[0], arr.size());

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

// FH ‘std::sort®

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

std: :forward_list

std::forward_list 2 —PFIEER, HHFEM std: :1ist FARLL, FILHRNTEATE T IEVE
TNET .

TEEHLGER A, Fl std: :list RUREELII LA, std: : forward_list {ff H B ) 5 R TS BL,
AT 0(1) EIEFERICERBA, AZHEPSERILTN (X R2EERMERS), PR R
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AR size) TRMIAERS. MAATTEU AR, HAL std: :1ist BRI &,

4.2 JoIF 4 as

HATC LA TG C++ YA P4 AR std: imap/std: :set, XLICH N IELS LA I TSEHL,
AR IR EYT N 0(Log(size)) . TEMATLRIIME, SMRHE < BAERFLEICR KRN HIT
TR, HEFEAE R A EAEA R AR T YR AR TR TR P, i A5R Sk IR
< BRARAF BT R BT o

M Jo 28 LR A A THE P, ARl Hash R5CH, A NHRZRICR TR IR N
O(constant) , YEAFOLAARNEICRTIN, SRR ERITERESRTT .

C++11 BIATHIWH LT A4 5/ std: :unordered_map/std: :unordered_multimap Al

std::unordered_set/std::unordered_multiseto

AT AYEMEA W std: :map/std: :multimap/std: :set/set: multiset FAIM, HTXLE
BERANNCAEMWAE T, EA——20], RAEERLE—T std::map Fl std::unordered_map:

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

#include <map>

int main() {
/7 T8 45 M LA 89 R PR AT 1

std: :unordered_map<int, std::string> u = {

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

/7 GBI T AL A AT
std::cout << "std::unordered_map" << std::endl;
for( const auto & n : u)

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

std::cout << std::endl;

std::cout << "std::map" << std::endl;
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for( const auto & n : V)

std::cout << "Key:[" << n.first << "] Value:[" << 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 juEl
Tt Python MRE/F ANZAGETCA MRS, HMELE C++ PRIAS, BT std::pair 4), f

A DU S5 BERS I RAF R R BB Bt ClE A2 H O E X&E5H1) .« {H std: :pair BB 2
RS W), HAERRAF PN ICER

JCHLIE AR A
KT ICHRIE A = MO R gL
1. std::make_tuple: il
2. std::get: FAFTCH I B HIE

3. std::tie: JLAIFE

#include <tuple>

#include <iostream>

auto get_student(int id)

{
// R KA IEW A std::tuple<double, char, std::string>
if (id == 0)
return std::make_tuple(3.8, ’A’, " FK=");
if (id == 1)

return std::make_tuple(2.9, ’C’, " Z=[{");
if (id == 2)
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return std::make_tuple(1.7, °D’, " EFH");
return std::make_tuple(0.0, ’D’, "null");
// R AE 0 2 I 2, WFELK

int main()

{
auto student = get_student(0);
std::cout << "ID: 0O, "
<< "GPA: " << std::get<0>(student) << ", "
<< " R4 " << std::get<1>(student) << ", "
<< " 4 " << std::get<2>(student) << ’\n’;
double gpa;
char grade;
std::string name;
// L HATIRA
std::tie(gpa, grade, name) = get_student(1l);
std::cout << "ID: 1, "
<< "GPA: " << gpa << ", "
<< "R HE: " << grade << ", "
<< " P4 " << name << ’\n’;
}

std: :get [ A BERBOCAIT RIS, C++14 B 7 f RBORKBOCA H R 5

std::tuple<std::string, double, double, int> t("123", 4.5, 6.7, 8);

std::cout << std::get<std::string>(t) << std::endl;

1 ==

std::cout << std::get<double>(t) << std::endl; // iFi5, 5|4 4iF U457

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

BT 5|

SR FALIE S — T A 9 LTI, seds sgeve> (K MRFMIOATRE, FTOA T
SRR AN

int index = 1;

std: :get<index>(t);

WLBEELMTE? &2 ffiff] std::variant<> (C++ 17 5| A), P4 variant<> fZRHIRIH
SO PALE—A variant<> MMM LB AR & (FEHAIE T, Fl40 Python/JavaScript 45,
RINNSHRB):
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#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) I};
return _tuple_index<(n < sizeof...(T)-1 ? n+l : 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([&] (auto && x){ s << x;}, Vv);

return s;
}

XAEFATHAE -
int i = 1;

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

JCHLIE

A —NE TR RGP, XATPAEL std: s tuple_cat LI

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

I R RERS AL, R AR T — AN e ? R FRATHN A A4 T AR IS T i AR AR |
—> tuple R AN PIBRAEFHAT L T, SRR EE — A ICH R, ATRA:

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

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

XFEF AR X T H A TIA AT

for(int i = 0; i !'= tuple_len(new_tuple); ++i)
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1/ EATHES)

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

A

I

AREFPNG T C++ HHEMAS, ENMHENES C++ PEAMAEMREM, X,
A DAMRIESE B A A A A A AR, ATARAS S P

std: :tuple BANARL, (HETRERERMANEEA IR, BIMARRIBTIIRT MR R, ek
b A AR I IR AT A B AT 55 B

945 5 RiRHESREHY AT I

5.1 RAIT 5514

Tf# Objective-C/Swift AT BINVAZHIET | FVHEARE . 51 HVHEGX P40 0 T B 1 N FAt
FrI =AY . EABLEX T SIS B R , ST UL, B — IO R — N RIE U, R
25 RGeS —u, SEMER—RE U0, SUITEO S —, 24— DXRI5 08
RS, E SRR 1 A HE A

FEfed C++ v, [EfR) FEREIE, SRR PO RA T RERLEIC 7 2R IR
M-S B R o T AT R MA@ T X GRIMTF , BAIAE A I e B iAo B 25 ), e e A (FE
BRI ) A eRECsm], Rt A1 Uir RATL BEIIR RIMI IR AL HoR .

LA GO, BATE A T ERFXRAE H A L TRHK, 24 C++ BIRATRLF A new
il delete 2 i) MVEIHEATRONC. T C-+-+11 51 A SR IO M3 VRO LR UK
B R OTIRE NG . X EEFEEI L5 std: :shared_ptr/std::unique_ptr/std: :weak_ptr,
A EATFREA S L3 <nemory>.

R SUNTECR R SR, 5T EEG R A R B AT 5, [l IAE [ i it
R AN 2 K I TR S5 S REAE 5 I B A A 2 T W 4 A i T 30

5.2 std::shared_ptr
std::shared_ptr @R EEfF, ERWILRL DA shared_ptr LFTER—DXIR, Mk
R delete, 5| TTHE TR SF X5 H SR .

HIEA, ] std: :shared_ptr JHSATTEAE] new RV, XEARACH B T HEAMTERL LR
ARIFR

std: :make_shared HLEEMNS H IR B new, FfPA std::make_shared &/ B E{E A S
BRI %, HREEXADXFREBN) std: :shared_ptr 85, fili:

#include <iostream>
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5.3 std: :unique_ptr %5

A N A2

#include <memory>

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

}

int

N

(*1)++;

main() {

// auto pointer = new int(10); // illegal, no direct assignment
// Constructed a std::shared_ptr

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

foo(pointer);

std::cout << *pointer << std::endl; // 11

// The shared_ptr will be destructed before leaving the scope

return 0;

std: :shared_ptr A DAIHIT get O A RIRBURLATRET, it reset O WD —A5I HITEL, I
WL use_count O RAEFH XL WTIHITE Hilun:

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

auto pointer2 = pointer; // 5|Jfit%r +1

)

auto pointer3 = pointer; // 5|Jfit%r +1

int
std
std
std

*p = pointer.get(); // it [ M hng| i

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

::cout << "pointer2.use_count()

" << pointer2.use_count() << std::emndl; // 3

::cout << "pointer3.use_count() = " << pointer3.use_count() << std::endl; // 3

pointer2.reset();

std:
std:
std:
std:

pointer3.reset();

std:
std:
std:
std:

:cout << '"reset pointer3d:" << std::endl;

:cout << "pointer2.use_count()

:cout << "pointer3.use_count()

5.3 std::unique_ptr

:cout << '"reset pointer2:" << std::endl;

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

:cout << "pointer2.use_count() = " << pointer2.use_count() << std::endl; // 0, pointer2 [, reset
icout << "pointer3.use_count() = " << pointer3.use_count() << std::emndl; // 2

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

" << pointer3.use_count() << std::endl; // 0, pointer3 U, reset

std: :unique_ptr ;& Fl IR RESREE, EAS LA RERS S H I R g, ARG
(libRreey

0
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5.3 std: :unique_ptr

55 5 AR A 52

std::unique_ptr<int> pointer = std::make_unique<int>(10); // make_unique M C++14 H| A\

std::unique_ptr<int> pointer2 = pointer; // -

make_unique HAK L%, C++11 A HEMAL std: :make_unique, BJPAEFTSLHL:

template<typename T, typename ...Args>

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

return std::unique_ptr<T>( new T( std::forward<Args>(args)... ) );

ET R 2ABARM, C++ frifEZ I W Herb Sutter fEM R A H2 21 RPN TH

ffTEE T Lo

BEAR R, A ah it 2 A AT W (o, EATH AR

unique_ptr, flin0:

#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; }

};

void f(const Foo &) {

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

int main() {
std: :unique_ptr<Foo> pl(std::make_unique<Foo>());
// pl A%, R d
if (p1) pl->foo();
{
std: :unique_ptr<Foo> p2(std::move(pl));
// p2 RE, Ml
f (*p2);
// p2 A=,
if (p2) p2->fo0();
// pl A%, KA H
if (p1) p1->foo();
pl = std::move(p2);
// p2 A%, T
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https://herbsutter.com/gotw/_102/

5.4 std: :weak_ptr % 5 FhARIEH SN 5T

if (p2) p2->foo();
std::cout << "p2 WH " << std::endl;

}

/7 pl A=, i

if (p1) pl->foo();

// Foo W SEf| oA 8 16 B i 4 24 %

5.4 std::weak_ptr
WERARIFEH % std: :shared_ptr & A IRIRAAAEE SEFTCIE RO 8. & T T 1

struct A;

struct B;

struct A {
std: :shared_ptr<B> pointer;
~AQ |
std::cout << "A #H4HE" << std::endl;

}
}
struct B {
std: :shared_ptr<A> pointer;
~BO {
std::cout << "B 4" << std::endl;
}
3

int main() {

auto a = std::make_shared<A>();

auto b = std::make_shared<B>();

a->pointer = b;

b->pointer = a;

SEATEESIE A, B AR BRI, BRI ab ARY pointer RN XEIFI T a,b, AL a,b 93]
FIVBITER T 2, TRTFIERIRNY, a,b BAEAGEHHTHY, 405 AERE R B bCB 5 A TR -, b
ST b QIR EE I ECR B, TSNS A DB T, kit T
Ciiais NEUCERE

fRPEXA 1B Il 2 I 595 T 484 std: :weak_ptr, std::weak_ptr Z—F555 M (FHLLE
M5 std::shared_ptr #t/2—MiR5I ). #5IHASEHETIHTTESEM, LHH55] HEHE, &EH
BEHURARIE 5.2 Fis:
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5.4 std: :weak_ptr F 5 EEAIGA S N AE R
b "
? ab WHBIE
A B 7R ES | B TTERK
Y A\
B B
pointer | | pointer [ |
"1 pointer “ 1 pointer
A A
K 2: &/ 5.1
a b b
A\ i A\ i  J
B — B
pointer || | pointer | {
1 pointer | pointer
A A
B B
pointer -
[*---|- .
pointer pointer
A
& 3: & 5.2
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Boo% % 6 FEN AL X
T EEY, RE—SHFET B, B HFRAEMEGERE I HE, R AR SRl
std::weak_ptr A * BREAM -> ZEMF, FANGEBEXSIRIETERME, BT AN TRA

std: :shared_ptr 2H/F1E, H expired) HiEREYERIEAMRENET, iR M| false, & NR[A] true;

PRz A, e AR T 3RS [ AR R R 1) std: :shared_ptr 4541, H lock () JrvALERUIARZA

PR, , SR Wl — R IR X SR std: :shared_ptr F8EF, PEWIU7 AR IAXS RAGBEIR, 5 00)5% W]

nullptr,

Pk

B RESR T XA, AEMREIEF AR IR, B C++ KPR IART |2, e
—EREZ EIHER T new/delete MYMIA], J&—FhHINAGEA I diE L
BB S5 TR

1. stackoverflow [T [C++11 Hf-4%A make uniquel e

o5 6 FIENIRE X

6.1 [ENHEE AW
ENFERXARE C++ B35, X BEAURRE BT 4 .

IENFRA R IA T —Fh AP LR — R IR ik 2R S R Tl =AMk

IR v R e P S e oL i W D R o
2. FFUCECH T H
30 MFEAHR A HUR AT S 2R FI THR

IEM ke f @ AT (Bl a 3] 2) PARRIR AT AR SO BN TE 1 R SR
PEEER— A FATH . WA — A, R PR P R 77 R AT IL A .

Bl A

el PR BOA B R E N

A T VAR W4T BI04 SR I KSRV NS 8 i
BT A bR S S R R A

o

FEok T AF

R TAT R IE MG BAREIR S L FAF, 2 IEMZER XL OITRCHRTR . ST
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https://stackoverflow.com/questions/12580432/why-does-c11-have-make-shared-but-not-make-unique

6.1 £ Ak X A % 6 F EN &k X

Rl

(i fiiik
UM NS i SV S DA

() PRic— AT RIB WIS R A E . TRk DARERHE AJS (5

* UNLGE TS U 2/ E 27

+ U TR S R YL E 2

: PERCBRARATAT \n Z AMWAE [ FRF A

[ PRt — A g S RIA A I A -

? DERCHT Y T 2R F RS, BRI — T RERT

\ PR —DFAARC I BEFIR AT BURSCAAT . SRS SO\ AT B0, o
PERCFAF no \n PERCHAATAF. P80 \\ RS '\ 54, 1 \CIPCEE ' ' 5.

- VCRCH A FATHR T IR AL, IR ARTE T 15 S h U i, UM EFOR A2 % T AR

o

PRCKREAFRIB S IT A6 -
\ I FRIHPIIZ 18] 14—~

Ly

B SE A5 R A8 A TE M SR s ) — g g Y AL AT B 2 D BRI L RS . LR %

FAHF EipuN
* VCECHTTH A T2k N BRE Z R . B, foox REVLAL fo PAK foooo. * Z54 T {0,}.
+ VERCHITAI ¥k X — R e K. Bilhn, foo+ HEVLHL foo PAMK foooo, {HRREVLAL
fo. + ST {1,}.
7 VCECHNA I T35 NER B —IR . i, Your(s)? ®]PAVLHL Your BY Yours [

Your . ? FMF {0,1}.

{n} n 2 — PR VLECAfERT n IR B, o{2} /RAEVLED for W o, {HZHEVTHL
foo P o,

{n,} n g AEAEA. BAULH 0 k. BN, of2,} ABEVLHL for Wiy o, {HREILAL
foooooo PHJFTA o, ofl,} ZEMT o+, 0{0,} NMEEMT ox.

{n,m} n il n BPRAEREE, H o NTFET ne H/PULHE 0 R HBEZ VLR m K. B,
o{1,3} UL foooooo HFIEI=A 0. 00,1} M T o7, W, EIESHMANEZ
[FANREA 254 .

A TP, AT F A RES B LT A A IR 2k T
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6.2 std::regex B I A8% % 6 FEMN KA X
6.2 std::regex S AH:

XA ER N A AT L IC ) d s I T B (o I IE M k. aTRSESSE C+ hiE IRk — 1%
ARENE TR SRy, BANASRERE, M C++ A —T TR IERETE SRR 6 ks mIr &, Xt URL
GEIRAEE AT PTG, (8 IR D008 AR Tl B e oA s 5 i R

— BT R S boost FYIEMIZGAFAE . 1M C++11 IR IE MR A AL BT A
PRUERERIATAN, TR F L3RS ThRIER SRS, AR =

CH+11 HAHLH IE W FRIAF FEBAE std: i string X[, #x std: :regex (A ffif2 std: :basic_regex)
HATHI G, #3d std: :regex_match FEfTUCHD, MMy 4 std: :smatch (ZJfiJ2 std: :match_results
XA

FATIE AL — AN B (1)1 R FT B G R AR B o 255 T T ) TR U X

o [a-z]+\.txt: XA IENFRIEAH, la-z] FORVLAE—A/INGFRE, + a] DA TR ) Fs T RE 2
W, L [a-z]+ GEGS VLR —A/ NG FREA B FAFER . AEIENSEA P —A . FORILAEE T
B, N WFTRICRCFAT -, BGH txt R RILED txt W =ASF Rk, PG A~ IE )2k Y
JIT LV E R AR Hhy 2/ NG 7 B B SO SO

std::regex_match H T VLR FEAFERANIE N FIL, HREAFMEL LA HiE RN — B0
&\ std::string DA —> std: :regex #HATVLHL, MUCEIKIINT, 2iRM] true, HNLRM false, fi
PR

#include <iostream>
#include <string>

#include <regex>

int main() {
std::string fnames[] = {"foo.txt", "bar.txt", "test", "al.txt", "AAA.txt"};
/O CH R\ S BEATHEREEE, A\ EAENREAGEHZAER, FEXF |\ #TZREX,
std: :regex txt_regex("[a-z]+\\.txt");
for (const auto &fname: fnames)

std::cout << fname << ": " << std::regex_match(fname, txt_regex) << std::endl;

BH—FE AN E R R KIRE A std::string/std: :smatch/std::regex =&, H¥
std: :smatch AR HSC 2 std: :match_results fEAREE S, std: :smatch #5E XN T std::match_results<std::st
Wt — M FHFERI LD natch_results. i std::smatch W] RAJy {0 H X} PEEC RO 45 SR #EA TR HR
Bl -

std: :regex base_regex("([a-z]+)\\.txt");
std: :smatch base_match;

for(const auto &fname: fnames) {
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T RZ —.

S TR

struct Request {
// request method, POST, GET; path; HTTP wversion

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;

60

o % 6 F EN &k X
if (std::regex_match(fname, base_match, base_regex)) {
// std::smatch B % — 7% ICEENFE 4 E
// std::smatch WE _NTLERET & — M5 RKAR
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 PRI AS B i g R S5 R R -
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
PR
AATREAA T IENFIAAXA S, SRERIEEH RN FA X R EFK, B — LR e N4
TIEMZRB A .
218
1. 78 Web lRg58s It &, AT A IR SS FEL09 E EASF B Hh o E Nk X2 5E X —H



34 % 6 FE N R X

// use regular expression 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;

PAB R 55 SR -

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

IHSEBUN A KR start O 5 parse_request. (HfTARIF AR & AT AU 15 B ol -

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

// process GET request for /match/[digit+numbers], e.g. GET request ts /match/abcl23, will retur
server.resource["fill_your_reg_ex"]["GET"] = [](ostream& response, Request& request) {

string number=request.path_match[1];

response << "HTTP/1.1 200 OK\r\nContent-Length: " << number.length() << "\r\n\r\n" << number
};

// peocess default GET request; anonymous function will be called if no other matches
// response files in folder web/
// default: index.html

server.default_resource["fill_your_reg_ex"]["GET"] = [](ostream& response, Request& request) {
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it Mk 5 M # 7 EH A

string filename = "www/";
string path = request.path_match[1];

// forbidden use ‘..° access content outside folder web/

size_t last_pos = path.rfind(".");

size_t current_pos = 0;

size_t pos;

while((pos=path.find(’.’, current_pos)) != string::npos && pos != last_pos) {
current_pos = pos;
path.erase(pos, 1);

last_pos——;

/7 (..)
};

server.start();

SHERILIL.

W BB S 5 TR

L AHPE [ty GCC 1y C++11 IEMFE?] )5 MR Tim Shen 1) 7]
2. IE MR P SRy

@7 RISk
7.1 AT

std:rthread T QI M IATHABESLH, FIOAE R VI RAF ST, (0 G
<thread> M, EHE T REHAMLIEEN, FIA1 get 140 KFPNPTRIRLRARE ID, (]
joinQ) KMA—LFES, G-

#include <iostream>

#include <thread>

int main() {
std::thread t([]1(O{

std::cout << "hello world." << std::endl;
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https://zhihu.com/question/23070203/answer/84248248
https://en.cppreference.com/w/cpp/regex

T2AFE5BRE % 7T FHATHIHA
b
t.join();
return O;

7.2 i ¥ HiER X

FMHERAE RS BB A R AR C R T TA I L BRI EATIE, nutex 2
HAWoZ—. C++11 5IA T mutex MHRAYZE, HFTAM KM RACETAAE <mutex> KL

std: :mutex J& C++11 AN nutex 2, AL AL std: :mutex W ARG E &, i@ H
JRBLBREL Lock O AIPAUEAT B8, unlock O RIDAEATRE. (HELELmM S MM T, Rl A ALHE
P B pR R, PR AR B R OB T AR I S XA DAL unlock O, 448, b4 R .
KA C+-+11 30 HF B T — 4 RAILIERRIBARE std: :lock_guard, RAIL FEARACH
IR, AR ORIE TR PR S 2 A

TE RAIL HIER, XTSI B w E a8 R EAE IS 16585, filan:
#include <iostream>

#include <mutex>

#include <thread>
int v = 1;
void critical_section(int change_v) {

static std::mutex mtx;

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

1/ BT RAF

v = change_v;
/7 BIFREREE mte 2B BK
int main() {
std::thread ti(critical_section, 2), t2(critical_section, 3);
t1.join();

t2.j0in();

std::cout << v << std::endl;

return O;
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T2AFE5BRE % 7T FHATHIHA

T C++ %iETJ@f?ﬁ*ﬁﬁ%fééﬁﬁﬂ;ﬁéfﬁ@#\%ﬁ%ﬁ%, Fr A AR A e i L ). it
critical_section() IEHIR[H]. B2 AEHEILH 5, AT LHEMRIIER, Wt A3HH T unlock O,

M std::unique_lock MIAHXTTF std::lock_guard H I, std::unique_lock FH IR IF,
std::unique_lock MJXFG < AM & r AL (%A HALE unique_lock XTZ[RIHTHIA KA mutex
MEMTAR) BN mutex X4 B LBIRRBIA e, B AZEI R gmfe b, #2601

std: :unique_lock,

std: :lock_guard ANEER AT Lock il unlock, Ifii std::unique_lock A DAYERSHHGRIEE
HWA, ToAZE /NS ERITE R, ROLE S AR .

MBI B T 5475 & std: :condition_variable::wait WA std::unique_lock {F HZ
s

@it :

#include <iostream>
#include <mutex>

#include <thread>

int v = 1;

void critical_section(int change_v) {
static std::mutex mtx;
std::unique_lock<std::mutex> lock(mtx);
// j’i‘L f] = 4 Ak

v = change_v;

std::cout << v << std::endl;
/7 BB
lock.unlock();

/7 I, A ART IS v B

/S T — AR EAE, B
lock.lock();
v += 1;

std::cout << v << std::endl;

int main() {
std::thread ti(critical_section, 2), t2(critical_section, 3);
t1.join();
£2.join();

return 0;
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ey

b

}

7.3 WY

WY (Future) KIH std::future, EAREET—AU5H SR EGERAGIRAS, X ATHARA b 2R AR
N T BEEAEENE, AT IR THE C++11 Z A Z LT

WA, WERIRATA FLAE A FEUIHRE— AR B RPUTHAIRNTHU AT, kR 3R — A4
Ho MM, 2 A FREIEAEAT HAt R S0, Tomiii & B RIEER, FrRARRI SR B ARM A B RES 7R
ARFE RIS RS EAE B 4s

FE C++11 [ std: :future YPHIAZHI, WHIOMIER : QPR A, E4E A BRIy
B, HHEFERR A, IR E 2R A . R A BLIEAE MO A S, 24
3 ARG, PR — AR RO IR AT IO 45

i C++11 2461 std: - future fAjfb XA, ATRAHDRIBCG AL LR . ARH, AR
HO R INEEAE R B A RE A T By, BRRE (barrier).

NTEBE—MFIF, Fllix B M H std: :packaged_task, BT DA R S F 25 AR fn] mT DATE B i E R,
T T2 B A R . 2 ke it -

#include <iostream>
#include <future>

#include <thread>

int main() {
/7 —PREER 7 8 lambda K3
// std::packaged_task H]E

AH K E task iF

') =l

BT 2% B KA

std: :packaged_task<int ()> task([] OQO{return 7;});

// K& task wEIAY

std: :future<int> result = task.get_future(); // 7 — & P H 4T task
std: :thread(std: :move(task)).detach();

std::cout << "waiting...";

result.wait(); // 7Elbi B[, [ 21
/7 R PATER

std::cout << "done!" << std:: endl << "future result is " << result.get() << std::endl;

return O;

FEBPE A ZA M A RS . WTDABER] get_future O SRARFGF—A> std: :future MR, PAEZ R
LA
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7.4 FfFEH

S FAL B std: rcondition_variable Jg iy [ ARURAEBAIN AL 24 B R EAEAME TSI ALY B, 2642

I REFF B R A N A RRAREE AT, T — MU RHIE R h ] BE & S BUITA HAB LR AR B To vk I Al

ﬁgﬁfg}%fﬁﬁﬂﬁﬁi M KAEFEH. FTPA, condition_variable SEfFlw Bl i B 42 B 2 1 T i 45

PRI B ILH . std: :condition_variable [t notify_one() JTMifiE— 1 2#E; notify_all()
M B AP ZA . R — DA R P R )

#include <queue>
#include <chrono>
#include <mutex>
#include <thread>
#include <iostream>

#include <condition_variable>

int main() {
std::queue<int> produced_nums;
std: :mutex mtx;
std::condition_variable cv;

bool notified = false; // {41z 5

10 {

for (int i = 0; ; i++) {

auto producer

std::this_thread: :sleep_for(std::chrono::milliseconds(900));
std::unique_lock<std::mutex> lock(mtx);

std::cout << "producing " << i << std::endl;
produced_nums.push(i);

notified = true;

cv.notify_all(); // W44 7 UL A notify_one

auto consumer = [&]() {
while (true) {
std: :unique_lock<std::mutex> lock(mtx);

while (!notified) { // #

cv.wait(lock);

lock.unlock();
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7.5 RT AL N AR F T FHATHHR

std::this_thread::sleep_for(std::chrono::milliseconds(1000)); // M # &[5 T4~ %F
lock.lock();
while (!produced_nums.empty()) {
std::cout << "consuming " << produced_nums.front() << std::endl;
produced_nums.pop();
}

notified = false;

};

/7 A RIET R &R R iEAT

std: :thread p(producer);

std::thread cs[2];

for (int i = 0; i < 2; ++i) {
cs[i] = std::thread(consumer);

}

p.joinQ);

for (int i = 0; i < 2; ++i) {
cs[i].joinQ);

}

return O;

(LM, TR IR R AR AT DAME A notify_one (), {HALPF_FIEAEHNAEHANMEF , K
TEZHEEI T, FATAIH 225 S0 b 8] BUBGR T BRHE A, X (75 PTRELE A 35 5 e B, AL
11T S4B A 22 N B 8 2 [ E o TR B, (ESERR LR std: mutex FOHEME, FATIRA T
MR B REEE B L LRI T SR AN B P AR PR N2, TR 7 Zh B SR 40 i L

7.5 BTHRIEG N AR

Lo B T RE 200 AT —/NT Fp A 77 3 B B R ) 1) T REAFAE S i DAL S B0 1 L A A 1
FeAEBERR . BN, Aii/RH notified LAWY volatile BN, ZiFas ] REXHLAS BAFAEILAL, BIANREIAR
R DA, AT B0 28 KA IOE oM B B E AL . X8 — PR, T R
XA, FATTEHE—B BN C++ 11 EFI AR WA — S FATE kB — e, Tl
B AR 2 2 AT

#include <thread>

#include <iostream>

int main() {
int a = 0;

int flag = 0;
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ey

7.5 RTRNEE A AR % 7FH

b

std::thread t1([&] () {
while (flag != 1);

int b = a;
std::cout << "b = " << b << std::endl;

B;

std::thread t2([&] ) {
a = b;
flag = 1;

H;

tl.join();
£2.join();

return 0;

MEM EF, t2 1 a = 6; X—FKHAITBTE flag = 1; ZHISFHAT, M t1 H while (flag
= 1) IPPRIET std::cout << "b = " << b << std::endl; ALFAMCHERIAT. N4 E
H, F b BENZEFT 5. HEFFREIE G, SEE X B A S 8 TR e XfTh, B
FXFT a il flag ME, MWATTEADFHFATIARR DS, B TS Rz, RIERAN 285
BE, AATRERZ CPU MIELT T, ka0 EHRN s, S8 a = 5 KATE flag = 1 ZJ5.
MIfi b A BESH 0.

J 1A

std: :mutex W] DA by iH B AR E I, HERBUREERGANIEE, 2R — 15
J B 5 BT 35 T A S AR L

L P2 fEm B sh RS s, B T9HE] XIS
2. PREEAE E R BHRAEIIE], B A i A7 Sl 5 X S EA T I

o — AR IR R 50, AR A g CPU 8o MR NERZES (12
JETERFA A S — AR R o XN T—MUFETIRNE (A THRES) WA, BIF R
T

KT TR FABEICA E R AP s, FATEX EAIATTOR . B Mz A, e CPU (£
R T HHET CPU S8R IE T4, BILTE C++11 h 2 4fE PR RN G X — R L, i85
AT std::atomic Fiff, MASFRATEHIML— TR, FF— DR TRUBEGEEN—HIES, HvMe
FIRAS CPU 4. filn:

std::atomic<int> counter;
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7.5 RT AL N AR F T FHATHHR

F RGO ST IR AL T A BB A 7 R R, 25K UG, 4 fetch_add, fetch_sub
%, [FE S EEOTFERSR I TR+, - A AT BT

#include <atomic>
#include <thread>

#include <iostream>

std::atomic<int> count = {0};

int main() {

std::thread t1([JO{
count.fetch_add(1);

s
std: :thread t2([JO{
count++; // EWNT fetch_add
count += 1; /) EWMT fetch_add
s
t1.join();
£2.j0in();

std::cout << count << std::endl;

return O;

BN, HARITA B AUERRE SR LI TR, 2 PRUOA IR T3 AT PR T CPU i 2R DA S B 5
BRI ST EE A SR T3 SR AR AN A T 26 PR EEK , TR AT TS 2 nT DA I std: satomic<T>::is_lock_free
KARGER T RBR T SR T HAE, flhn:

#include <atomic>

#include <iostream>

struct A {
float x;
int y;
long long z;
+;

int main() {
std::atomic<A> a;
std::cout << std::boolalpha << a.is_lock_free() << std::endl;

return O;
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7.5 RT AL N AR F T FHATHHR
— B

FHATPATIZ AR, AR ZEDZTE E3heE, nTPORIS Iy —Fh RS E R+,
(B ERTREPRE RS e (215 S1ET S ramy i D 1B 8 S VBT E A PR R

WERFATIRATHRE— AR v FEZ DAL BRI EBON T8, BMEfT— DR E v )T,
HALAELIREN B RN E] v (2efe, WIXFFAER v S, RICAFRITIREY , A mTIIAZ
AREMAFENEATRR ERR . XA A A IR BB T 2 B s e ? 25 58 (2 ) 55 )5t 1 VR O 7R LA 1)
TR 2 26

MIEBE B, BEASLAE AT DA R — IR R, 10 SR B A £ ) LS5 0 AR 1Y LR R 15
H 5 IR B P ) 22 A5 1, AT S5 SR DU AR AR A — BEAR 2 -

Lo 22t OFRoE— S sl 2k . B EORATA— R R A R B N B 1 Bl — IS
%, B SRR BRIy 5 4 R ph T BB 2 — 2.

x.store(1) x.load ()

T1 ————————- tmm e o >

T2 ———————mmmmmmmm bmmmmm e >

x.store(2)

X AP DL T AR T1, T2 X x (PTIREEAE R 11, H x.store (1) &)™ M1 K& ETE x . store(2)
ZHl, x.store(2) JIFHIAATE x.1oad ) ZHl. EHF—4RAE, ZME— MR 4 m iy 2K
SEMEASEIRY, X R AR WIIESE XA — Bt 55 25 0 T b —EC R R A S

2. i —Eok R REBRAT A — R SR R AR RE 2 2 B e T — IR B A B, (HR R 5 4 /i ah iy
2

x.store(1) x.store(3) x.load()

TL ————————- Fomm e +-———- >

T2 ————————————-—— e >

x.store(2)

REH

x.store(1) x.store(3) x.load()
T] ————————- T o fm———— >
T2 —————- S >

x.store(2)
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TEM 7 — R ER R, x . Load O R B Fc i — IR B ARIEE , I x. store(2) 5 x.store(1)
HTATATT S GRS, B E T2 ¥ x.store(2) KAEAE x.store(3) ZHiEIT],

3. PUR—Eoh:: ERYEORIE—PIRAR, HEEEA HR KRB BRI AR DR, TR 2R X R A A

G AN 5K
a=1 b=2
T ————t=mmmmmmm e >
T2 —————- e pomm fommmm >
x.store(3) c=a+b y.load ()
EE
a=1 b=2
Tl ——— oo —— e >
T2 —————- e o Fo—— - >
x.store(3) y.load() c=a+b
b=2 a=1
T] ——m—tmmmmmmmm e TR >
T2 —————- e o o >
y.load () c=a+b x.store(3)

EmE R AR R TR E, RO, U o X a Ao AR, i x A
y TEMH TR BB K AR (HSEPR O PR T AN (5 B A RERfE x 5 y BT oK)

4. A RRFEI—EIEEOKR, B RREREA BAETEARR A A A T B SR, B
REERPOEE RN RIS ] o PRI ATTE 2207 DARS LA PR RS A IS, (AR S 5 B A DO 2 5 1 1 1]
ERARN . HRXEEAERNTHETEEZ N T .

x.store(3) x.store(4)

x.read() x.read() x.read() x.read()
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fE R L, ARIATERE x BRIIREDS 0, ) T2 IR x.readO G RATREEARTLAT
oL

3444/ x WEFEMERMENEE

0334// x WEREHNEE oo AFAE - ELR

0004 // HE—REBERET x HRAM, BT M T HxWEEF

0000 // EYMHFEEN x WEREHRBNEE, ERRFENFEAE L —FHNEE x 4 4 HER

AT

R T IESRAREUERE , SRR R A — 8, C++11 IR R T SFOR R B N AT
std: :memory_order MW, ik T VURhZ LEAE A [F] AR AL :

L GERMERL: FEMBIAT, BAASRAE AR I T B AR IUPAATRY, A ARVFE S EHE, (BT ZAR ]
JEFBAER 2T . 2R84 std: :memory_order_relaxed 7. KITKE 4Bl

std::atomic<int> counter = {0};
std::vector<std::thread> vt;
for (int i = 0; i < 100; ++i) {
vt.emplace_back([&] ()1
counter.fetch_add(l, std::memory_order_relaxed);

s

for (auto& t : vt) {
t.join();
}

std::cout << "current counter:" << counter << std::endl;

2. PRI/ SR AR FRATIF LA FR I FEAR A A BRI, QRN AR TR EB MO AME, H
73— M ERFELAZAE N T AR AR, RS MR . BRI, fE A SERLT =000 x 11
G, A2 B AUHOHUH P o =K x I BHME, 5 x FRTIIIR BT 8TC 56, W24 A F:3)) x. release ()
i (RP{#iJf] std: :memory_order_release), %M std: :memory_order_consume FEMSHHIR B 1E
W x.1oad O WHEULEH] A HPEE =Y x EHHAE. FATRE 017

/7 HEH A nullptr [F 1k consumer £742 M BF 454t # AT B
std::atomic<int*> ptr(nullptr);
int v;
std: :thread producer([&] () {
int* p = new int(42);
v = 1024;
ptr.store(p, std::memory_order_release);

IO
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std: :thread consumer([&] () {
int* p;

while(!(p = ptr.load(std::memory_order_consume))) ;

std::cout << "p: " << *p << std::endl;
std::cout << "v: " << v << std::endl;
b;
producer. join(Q) ;

consumer. join();

3. REH/ARBUBIAL . FEMBIAT , FRATT AT AT — 25 I X AN [ e 1] S 45 AR g e ey R, Rk
std: :memory_order_release FlIFKH std: :memory_order_acquire Z [AFLEN T, B &K A1EREK
(release) #fEZ BRI SHAE, X HABLARPEMIRI (acquire) #AEERZ AT UL, JRE[AZE I
/¥ (happens-before).

FPAFF|, std::memory_order_release Wiff T EXZ NI GHAA L KATERMIIEZ G, &—
MaGH R (backward) , i std::memory_order_acquire #fiff T B2 HIK G NS K AT
SR EZ JG, 22— mRi bR (forward ). XFFi%5 std: :memory_order_acq_rel |fi 7, M
SETIEWE IR A, ME—I0E T — D WAERRR, 15 Y AR N A B A 29 E B
BAERRIS -

HANPRBE—A T

std::vector<int> v;

std::atomic<int> flag = {0};

std: :thread release([&] () {
v.push_back(42);
flag.store(1l, std::memory_order_release);

B

std: :thread acqrel([&] () {
int expected = 1; // must before compare_exchange_strong
while(!flag.compare_exchange_strong(expected, 2, std::memory_order_acq_rel)) {

expected = 1; // must after compare_exzchange_strong

}
// flag has changed to 2

b

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

while(flag.load(std: :memory_order_acquire) < 2);

std::cout << v.at(0) << std::emndl; // must be 42
B
release.join();
acqrel.join();

acquire. join();
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oK

P T FRTEHAL
e A1 T compare_exchange_strong, B {f 2 A2 #f1E (Compare-and-swap prim-
itive) , ‘EH—MNHESBAMA, Hl compare_exchange_weak, ‘& fRVFHIEACHM T, WAhHRI&A]
false KM . HIFH @R NTERLT-& FREES R SE0, BAmE, 4 CPU BT B F SCHkm,
Ty — AR ] — bk AR AR — B BRILZ AL, compare_exchange_strong RYMERER REAHZET
compare_exchange_weak, {HKFH/MEIL T, compare_exchange_strong WiZ#iH FR%E.

(%
A

4. WP —FAL : FEMABRLT, B R R T — Bk, JEm AT REX AR AR R T i
std: :memory_order_seq_cst ﬂ{fﬁ?ﬁiﬁo ﬁ%ﬁ%§ﬁi§‘*4‘ﬁﬂﬂzi

std::atomic<int> counter = {0};
std::vector<std::thread> vt;
for (int 1 = 0; i < 100; ++i) {
vt.emplace_back([&] ()1
counter.fetch_add(l, std::memory_order_seq_cst);

B

for (auto& t : vt) {
t.joinQ);
}

std::cout << "current counter:" << counter << std::endl;

XA 55— AR B A BT L5 DO, AU R T 4R AR A N AR T B 5k T
memory_order_seq_cst, A MlRAYIEE R LA F T4 E AR I REX PR [A] N AE I 5 B0 T fE

=4
It o

A

I

C++11 iEFZRM 7H KM KR, AWHRBM AL T std::thread, std::mutex,
std: :future XLH L giRE P A AT MR E R TR FRIbZAh, JATENZ T C++11 fREZA LA
Pz —i TR, BTN C++ TERRMEL S PERE T S 01 T S S At St

>3
1. ERE— AR LA, $RAtn T ohRE:
ThreadPool p(4); // 457 /> T4 42

/) B ES AR P NN, FIRE— std::future
auto f = pool.enqueue([](int life) {
return meaning;

}, 42);
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#—F Wik A T % 9 & b le T

/7K Future B HATLE
std::cout << f.get() << std::endl;

2. 3 std::atomic<bool> SLI—AH R4,

BB S E TR

o G+ FFEGE (HH3UR)

o ARFRSCRRE SR

o Herlihy, M. P., & Wing, J. M. (1990). Linearizability: a correctness condition for concur-
rent objects. ACM Transactions on Programming Languages and Systems, 12(3), 463-492.
https://doi.org/10.1145/78969.78972

4 8 HICIF RS

SCPFRGERME TSRS AR, HALCHE. A SRAFSEHCAL I T BRI A IR . AR
BAFERM, 2RIl boost Kile, H AW G N C++ WHERIARZIEZL —.

8.1 3B HkE
TODO:

8.2 std::filesystem

TODO:

9.1 WM

long long int

long long int JfAug C++11 HIFETIARY, HLHAE C99, long long int FEAWMA C 45
e, FTPARER M diidas O sche. CH+11 I TAENE IEXIREMANRHERE , E T —1 long long
int KA /DA 64 109 AL
9.2 noexcept &AM

C++ MHT C B—RIBWAET C++ ABE XL T — B8 80w B HLH . SRITE C++11
ZHl, JUPEA NEERTER S G B E R R AEMZEAN, K C++11 J1 G, X EVLHIBFH, BreAA]
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https://www.gitbook.com/book/chenxiaowei/cpp_concurrency_in_action/details
https://en.cppreference.com/w/cpp/thread

9.2 noexcept 894545 Foidf 1 9 F Ak R

AEPHEWAENFHARDX ELHLZ A TAEAATEER , AREANZ TSR THE .

C++11 K5 P B TR AR PR O -

void may_throw(); // 1 i 5w

1] noexcept i IR BLUNRM i 5278, iEAR M std: :terminate O RAZHIZ IEFRfFiE
7o

noexcept W FESMUERVERT, HTHAE—1FEX, URAKXTLRER, &M true, FHIIRF false,

#include <iostream>

void may_throw() {
throw true;

}

auto non_block_throw = [1{
may_throw();

}

void no_throw() noexcept {

return;

auto block_throw = []() noexcept {

no_throw();

};
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(non_block_throw()) << std::endl
<< "Ino_throw() noexcept? " << noexcept(block_throw()) << std::endl;
return O;
}

noexcept EMHiTE— N PRELZ JE REWS I B BB B BTN, R NER= A4 58, SRR 2tk .
4n:
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try {
may_throw() ;
} catch (...) {
std::cout << " {HIkFH, K H may_throw()" << std::endl;
}
try {
non_block_throw();
} catch (...) {
std::cout << " HH FH, FH non block throw()" << std::endl;
}
try {
block_throw();
} catch (...) {
std::cout << " I FE, K H block throw()" << std::endl;

AN

WHRREH, kB may_throw()
WH 5%, % H non_block_throw()

9.3 “y Il i
JRCAE A A i

g C++ BHMERE MRS EE RS 0 — 35, wn—14
A HTML AR FAF TR INR &5 A, Blin—4 Windows FiY X IRAEH &
C:\\File\\To\\Path,

C++11 fefit 7 IR FAT A PRI, WTME DN FAAE R [ R RSP, [,
PSR AR RS-k, Bl

#include <iostream>

#include <string>

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

return 0;
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9.4 N A7 % 9 F Lk Ze R

FI o S i

C++11 53T B & T REIAE S, Ed EEOWE |5 5 40s AT

/) FHRETFHEEE XS BWT NS &

nn

std::string operator"" _wowl(const char *wowl, size_t len) {

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

nn

std: :string operator"" _wow2 (unsigned long long i) {

return std::to_string(i)+"woooooooooow, amazing";

int main() {
auto str = "abc" _wowl;
auto num = 1_wow?2;
std::cout << str << std::endl;
std::cout << num << std::endl;

return 0;

I S TR SR DU A T -

1. BAPE: BB {# ] unsigned long long. const char *, Mt FIHEESTSE, L
T £ AR Hh A T ) 2 Wi

2. VAR BN IHTH long double. const char *. FIHUFHEELT;
TAFRTHR: AN (const char x, size_t) BARMBHH:

4. FPRHFIHE: S8 char, wchar_t, char16_t, char32_t X JLFp2EAL,

il

9.4 NAFRIS¥

C++ 11 GIAT BB K alignof Fl alignas R SCFEXS INAEXTFF AT . alignof KT
REB AT — 5P G KA std: rsize_t RAMYME, MTEMZFERXIFFITR LRBATABZIFA
PRET I, ERAEEEE XEMIXTEr, e, C++ 1185 AT alignas REFHE AL
x5 e FATRB AT

#include <iostream>

struct Storage {

char a;
int b;
double C;
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long long d;
I

struct alignas(std::max_align_t) AlignasStorage {

char a;
int b;
double (o
long long d;

int main() {
std::cout << alignof(Storage) << std::endl;
std::cout << alignof(AlignasStorage) << std::endl;

return O;

Hr std: :max_align t BOREMRERBA T A H—H:, HILEJLT- 2 i RinEich 257,
BEMRR P65 LA ERE2RN long double, PNIMEFATXHAFHIH AlignasStorage fXIFFEKE 8
o} 16,

SAH

ATV AR GBI C++ Bt B I BIRSERIHRFE T, noexcept J2 iRk
NEERFE, B DIIREET R L W YRR, A RO AR R KR A AR ATTAY AR
i

945 10 B C++4-20 Fi4v

C++20 ffF] C+4-11 —#¢, RLFREE B — MRa ORI F. B0, FAE C+4-11 BHIERERER AR
TR N = A e Y5 ) Concept, WIS TLAFIEX b C++ HEXAEVIIRHRERLHE C++20 AR
Z{t2  i# Concepts/Module/Coroutine/Ranges/ %55, ARZEFHA T —1E C++20 HPFF] AR
TS L6 B R o

S TAL

& (Concepts) @Xf C++ Bt BE— P50 e, FFRYL, M2 —Mamiinre:, &
REASLE A28 AR TE A i I IO AR S Bt AT 1R, TR IR S SR FATIAE C++ PR AR A (R . B
BT IR TN 228 2B R 4 P N AR AR, X2 NS H B LA A A REE X AR 2
BT A SR 28BS, A BRI T AU 2 3 R B A T WP AN ] S i e
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#include <list>

#include <algorithm>

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

return O;

T % B A Tt A SR AR A IR I ZE T, std: tsort WHEF 2 gs b AR AERENLIE RS, 75 NI g
I, MFATRIIE std: :1ist RASFFEEVLDI0 . IHESIIET RIS : std: :1ist PRIR AT
A std::sort HEEHLIEASX MEER LR (Constraint ) . 7E5IAMEE /G, AT AZAER B S 4L
HATLR:

template <typename T>

requires Sortable<T> // Sortable = — /14

void sort(T& c);

A5 A

template<Sortable T> // T =—/ Sortable M7l %

void sort(T& c)

BT H AR AR -

void sort(Sortable& c); // ¢ =—/> Sortable ZZ7l it 4

FATBAERF L ERH BT

TODO: https://godbolt.org/z/9LiFPD

B

TODO:

TODO:

TODO:
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i M 20 AR C++ a9 iE Lk
P

TODO:

5 WNAF

TODO:

SR
BRYL, ATHE C++20 1 F] Concepts/Ranges/Modules X4 NXAIIFHE, XXT—1E
g="1z% [mit] HMEET, KRR,

BB SE TR

o Why Concepts didn’t make C+-+177
o CH411/14/17/20 GiiFps S HpIEm
o C++ itk

Bt 10 3B TR

B, INE RAESEAR! BEREARARERXT A C++ A%

IEABGIFEREIR, A4 R A R PGE ST C++ 11/14/17/20 FRprEryisedy, midk
PEBrE T S C++ [RBER] BN . EE LREEE) TR, LR N AR, 842
Ko FERE, EHDH—LLREWRT W VRIE ML ALl bt —2P2 ) B C+4 BIB0RE, B RESHLIR—E
2z

o C++ &%

o CppCon YouTube #HiiE

o Ulrich Drepper. f{i27 Bi#b T ZHEE 1 A FEHIE. 2007
o FERhFE

Fira 20 B C++ Atk

K fe PSR FRATTR AT BLIR — IR IR CH4 MRS . R, BE KT CH+ MRS A X
B TERILE (Effective Modern C++» 1 «C++ KAEFEEY) o FEIX R A B HE . (8 52
PRl 1R BB s, RSB EA NI ARG T WL AW BUPER SRe ESE B, W] SRAIE A RS
A A o o
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http://honermann.net/blog/2016/03/06/why-concepts-didnt-make-cxx17/
https://en.cppreference.com/w/cpp/compiler_support
https://en.cppreference.com/w/cpp/language/history
https://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/

R W& 20 IR CH++ tyJAEFE%

TR

TODO:

RIS LA

TODO:

N iR

TODO:

Ry 4

TODO:

LE =8¢

TODO:

AR RITE

TODO:
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