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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
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¥ 2 FiE 2T R ey RIL

945 2 Rl S TR AE

BIATAEN] AR, MU TR AR T RXR AR AR g PR X LR
FEIBATINZ AT, ATRE R AT S A ol A A AU I AT . D, BATEFIR KRS eONE, 2
FEARLE A LA TR Z R E AT .

2.1 HFH
nullptr

nullptr I HEE R THEN NULL, C 5 CH++ iEF ARG, AR R0 ni AT
BEF RIS I8EHE, 80 C+ PRUETB AR EH B 25 s P R E . NULL i bnifE RS sig it I+
SO U 285 1E C Y, AR NULL 5E SO ((void*)0) MM LB E S
0,

Ct+ ARV EHEN void * FREUHAREIHMAER, Ml ((void+)0) A NULL PATAEH. W2k
PRUEE AT NULL 2 SO ((void*)0), ARAN X AJAURS i 2 Hh B g 13 48 5% -

char *ch = NULL;

BT void * Ay C++ HARRF NULL JE SCh 0. MHXUIR S A8 i I, NULL 5 X
J O 5T 2L C++ APEBFE R AETREL. HIE T HIX M foo A

void foo(charx);

void foo(int);

4 £foo(NULL) ; X MMEMPRF KV foo(int) , MIM-SFEUCISE S E A
BT RS AN L, C+4+11 5T nullptr RS, L1 THPRK 2345840, 0. 1M nullptr gy2%Y
A nullptr_t, BEUSKRSCHYEEHO AT FEEr SO AR EM AL, BRI T TAE S B AN S LR

PRATAZEIA B clang++ 25 I fUA5 -

#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;

12
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=3

BBk RSl

if (std::is_same<decltype(NULL), std::nullptr_t>::value)
std::cout << "NULL == nullptr" << std::endl;

foo(0); // WH foo(int)
// foo(NULL) ; /7 GATA e I G iF
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;

ST

foo(int) is called

foo(char*) is called

e P FRATAT AR, NULL AT 0 5 nullptr. FrbA, 3R MEEMN nullptr 1)J1H5.

WA, FE LIPS T, AR T decltype il std::is_same XPHANE T IMA C++ AUiEE,
FUkUL, decltype  FRAUES:, 1M std: :is_same T HEHANRBLETHIFE, FATSTEG M decltype
— AT RS .

constexpr

C++ AHE2R& THEFRBEAME, i 1+2, 3x4 XFpFEAK

CEES

FEAEARIR S5 R Bk

AAEATEIE o QR A& REAS TE iR S X LRI X IR BIRE Pz AT, RERESS AR
AvERE. — AR LR BTt R e R Y s LB

#include <iostream>

#define LEN 10

int len_foo() {

}

int i1 = 2;

return i;

constexpr int len_foo_constexpr() {

return 5;

13



21 %% % 2 FiE S RN

constexpr int fibonacci(const int n) {

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

int main() {
char arr_1[10]; Y-S~
char arr_2[LEN]; /) Ak

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

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

char arr_4[len_2_constexpr]; /) B

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

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 0;

FHERFITH, char arr_4[len_2] FREHE S AR, BIh len_2 C&WE N TH . HTA
char arr_4[len_2] 1SR AEEMINE? X2H K C++ ARk gl i K E QAR — g gk, mixt
T len 2 M5, X2 const HEL, MAR - MEERIAL, K (RMEXFFT RHTERI T diikds
FRRE, H2) BRAIENATE, RAFEEEHE TR N C++11 5] A constexpr F¢ik
RMRYLIXAN TG TR arr_5 K, C++98 ZHIMIHHIFAS LG len_foo O TEBfTIASLRR Fi2ik
Bl—ANEE, XS ECT AR A

B, BUERER I dieas LS B Samid il MR ARET ARG F A U ImEs T &
AR, A B IR AR I LR T A S AN A0 -

C++11 $2fit 7 constexpr Lh 7 52 2UA 75 W ok Rl SR A4 1 R A0 G0 R0 22 O LR AR, X
AN S I B SRR N % A IAIE len_foo FEAMIFMIRLN %2 — M &k

AN, constexpr &MY pEE AT DAGE FH 315 :

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 JTfy, constexpr pREAT DATE ATREE T R BlAL & ORPRAI SR ) B A, 0T T Y
HETE C++11 BARIE N @A e il 4 136 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, FATATVA R T X A AL AR AR AR AR EN C++11 TFARRIAT I -

constexpr int fibonacci(const int n) {

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

2.2 B R wiait
if/switch A48 WL

1EfeSE C++ i, AR RS EARRES AL THEAT OB, H2T for AN AENS A B — il g &
int, (HIRABCAIMALE 1f Al switch PHA) R I]— MGG AE . BN :

#include <iostream>
#include <vector>

#include <algorithm>

int main() {

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

/) T cH++17 Z R
const std::vector<int>::iterator itr = std::find(vec.begin(), vec.end(), 2);
if (itr != vec.end()) {

*itr = 3;

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

*itr2 = 4;

15



2.2 Bz R L1k % 2 FiEZT T AMAERL

/B 1, 4, 3, 4
for (std::vector<int>::iterator element = vec.begin(); element != vec.end();
++element)

std::cout << *xelement << std::endl;

{2 BRI, AT S dtr AR LA mainQ HIEFIBRN, X SEC4TA
FAFYGE IR std: ivector I, HTHMHS AR, CH+17 W TR WH, Haqim
DIFE if (3 switch) Hrsghliisc—HRfE:

/7 KR ERE of EAA

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

itr !'= vec.end()) {

*itr = 4;
¥

BAFE, BAZEM Go IBEFRB?
LR lES

WA — N AR E R E TR, R LB TEX R TR IR A AT B . FEFRSE C++
RS EHRFE YT, ling@E%k4l. POD (Plain Old Data, BRI HRE . Ml FlE i
B aita k) FBEAT A {3 BAT00A6M, Wl 2 3RA TR SRR es R, XTI R W R
b, BAHEELPE I HARFEMN O #t7. ZEERFEIEEE 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};

16



2.2 BB Ltk ¥ 2 FiE 2T R ey RIL

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;

NI, C++11 et SRS S8 E B2 AL | FRHCA std: rinitializer_ list,

FEVFH 3 PR RCCHA R AR SRR RN 813, IO I R IR 46 165 5l £ 4LR POD 194
WETTIRBRAE TSR, il

#include <initializer_list>

#include <vector>

#include <iostream>

class MagicFoo {

public:

int

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);

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

b
XA IS R RS S I A B M i R, LA I T bR ) S B REAE A I A R R 5 TR
IR AESIRER T AE RS B, R RERF HAE R E R B IE S, 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);

17



2.3 XA % 2 FiEE T A MHag5RIL

magicFoo.fo0({6,7,8,9});
HR, CH++11 3L T8 —RiE R In AT B &, il :

Foo foo2 {3, 4};

Sikegie

AL I E RO T RRIHATE T R 2R MIER T E . AR —ET, HANS¥E C++11 58
W4T std::tuple A4 T — o4, SEMAEEZ MR EIE, HEEE, C++11/14 FFEARA—F
] B 5 A BB M T B E SOTA IR, AERATAT LA std: :tie Xcdlitfsditd, (B
FNMRIRDAAEFE XD TCHAL T Z D INER, B IRGERAARE, EHIR.

CH+17 5838 TiX—B0E, RS ALEEE al DALEFAT TS AR U -

#include <iostream>

#include <tuple>

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

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

return O;

KT auto FAUEF DA Eauto JAHE T AT

2.3 RMHE

TEfESGE C Al C++ w, SRR BLER AL 5 S, X SR FATHOE A T b B AL ATk, T
2 AT RIS Z AR Y I, A 25T AR ) i 28 R r 28U A REUEAT S SR A, XA (3
MBRATHITF AR, WAL SR LK.

C++11 5T auto I decltype SXPIA XTSI T HRAMET, 1EAIFSARP ORI, X
(iRt C++ WEA T HHAIUCHREE T —HE, MRS ERR A T IoRE i DA IR B > 152

18



2.3 XIS % 2 FiEE T A MHag5RIL

auto

auto FERPABIRE LI T C++, HEMIRAN N —MFEEBIRTFATAE, 5 register Jf
1fo FEFEGE CH+ 1, MR- AAEREATFEWN register A28, £fHEIPHA—1> auto AR, MFEE
register $F M (FE CH+17 HAEMERE RET, VIR, HERRSEIFREL), X auto HYHE LA
A ARE HA T

)1 auto MEATIEZUME TR — o WL L35 ) 1)1l ik A o VRV ATE BT ) /N1y HUR 3
TG C++ PITKMENEE:

J/ e C++11 ZF
// BHT cbegin() ik [E wector<int>::const_iterator
/7 Bk it W iZ R vector<int>::const_iterator FKA

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

IMiA T auto ZJ5n[PA:

#include <initializer_list>
#include <vector>

#include <iostream>

class MagicFoo {
public:
std::vector<int> vec;
MagicFoo(std::initializer_list<int> list) {
/N C++11 R, R auto XBFHATEARR
for (auto it = list.begin(); it !'= list.end(); ++it) {

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;

— AR DA
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auto i = 5; // i IR A dnt

auto arr = new auto(10); // arr WIEZH int *

M C++ 14 #2, auto AEAT lambda FiENHEEE S, T C++ 20 FZIHAEHE 5] T
PREL. RN HAHT

auto add14 = [](auto x, auto y) -> int {

return x+y;

int add20(auto x, auto y) {

return x+y;

auto i = 5; // type int
6; // type int
std::cout << add14(i, j) << std::endl;

auto j

std::cout << add20(i, j) << std::endl;

TR auto IEANREM T A A :

auto auto_arr2[10] = {arr}; // &%, L3 S04 0z LA

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

auto auto_arr2[10] = {arr};

decltype

decltype XHETIE N Tk auto XfET HAERAS B AT ME S A BE M IR AY . B YR
typeof fRAHL:

decltype (R RA)

AT, FATATREFR ZT R FAA AR, Bilan:

auto x 1;

auto y = 2;

decltype(x+y) z;

RELLERTH BT HF ] decltype M THEWIZERAY ML, NHEIX M TR KW L2 & <,

V. z el A:

20



2.3 XA % 2 FiEE T A MHag5RIL

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;

Hrr, std::is_same<T, U> FI-THWr T U XML GHHSE . Mithgimon:

type x == int
type z == type X

FEiBR e R i 5

PRATRES %, auto REANBEFH THESBRAAYIR M 2R AUNE? 62 % [E— AL R B 6l 1, LS5
CH+ HIRATTAIX 45

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

return x+y;

TR typename Fl class fERARSHII R P EA XA, 1 typename XA~ K7 I L2 /Y, #
e class S e B SEL o (BAERR b e SCA B HOBSR LAY AR B, #5281 typename
THFRIE

DR LSS AR AR TR, PR ARy B3 7 (o K IS R Ry e, e 0 A i o [l 2628 . fHL
FEEHAHFARNIE add O XA RS MAT AT, PG — Ak e 22,

12 CH++11 XA FES R k. BEARIRATRES BSOS R decltype T x+y MIRAL, 5
H AR AR -

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

{HR5E LR BT AR 4 . R R N FESR PR 3] decltype(x-ty) i, = Al y MARYOE
Ko AT MRPEATNE, C++11 BFIAT I HRREI A (trailing return type), FIf auto Je4
PR B B

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

return x + y;
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2.3 RAEF % 2 FiEZT T AMAERL

L NREH R C++14 FFU2 T DA AR 0 s R AR (A, PR T TR SRR AA

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

return x + y;

] DA A — N JE T R T I

// 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 << "qg: " << q << std::endl;

decltype(auto)
decltype(auto) & C+-+14 FFURFEHLR—ANIERIT A2/ .

WHFREIRTENE C++ HSRE RS, BOTSAEE T2 —Ehieging, IR
] PAZI ISP R X/ DT R

ffl KL, decltype (auto) BT HFHE A bR A SRR MRk [ A HEATHE S, B BEFRA 1 IERR 22X
fHE decltype B HEFIAI. FBEHE THAIGI T, FATTZ T BT8R0} :

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

1E CH++11 H, BB R nHE:

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

}
std::string& look_up_a_string 2() {

return lookup2();

IMiA J decltype(auto) , FATAIPALES AR SE oKX —FAN ISR K
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2.4 EHIR % 2 FiEE T A MHag5RIL

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

}

decltype(auto) look_up_a_string 2() {

return lookup2();

2.4 Pifilin
if constexpr

EAARETFLH, FATALE T C++11 5IAT constexpr XY, RPN R 1A H R4S
Ro —MRAKWIEEZ, ARIFATEX—FRET AR &AW 2, AEACHETE S I RE s 7 SO0,
SARBEEARF AR R ? C++17 ff constexpr XN KMTFIAZ if iHAH, VAR H AR &
FIRABFIRT 2, 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;

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

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

TERIER, SRR RSB 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;
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std::cout << print_type_info(3.14) << std::endl;

X for AR

T, C++11 5IATETHRHENREE, RITIVA THEBS 1R Python —kEfIH I HENEH,
FAMTH] LASE— 25 R AL AR 31 1 -

#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
}
for (auto element : vec)

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

2.5 Bt

Ct+ BB — B2 T 1T I — IR A, B 2 T DA SEAR — 1 DR 5 R AT G
B B A AR T — DD RS A 2 iU AL BR A 17 25 B B HEA T AL B, (S AT I BEAR 28 fe % Do 3
SRS, dEmRIE A T PEEE . RIEAR g iR AE C++ IRRBEEAZ —.

BB AR

FE98 Cort o, A UATAE BB A S B BRSO . bR, FUBEAG MR RIT (SCf) o
R P PO TSR SR, ARSI, A T ST S B T
I, el VA I T A R S AR S04k

MG, CH+11 5T AMBEAR, 3758 T JFOR 1 58 i e 1 A o B S BRI 1B, (EFRATRE
1 S 2308 1 G0 i I R AR ) SE (A -

template class std::vector<bool>; /) BATS
A

extern template class std::vector<double>; // ~75i%Z Y il 45 Lk v S 0 LA A
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Rffg “>»

TEFGE CH+ MRS, >> —RPCAMUA Bz AT R I T . (HSEPs ERATRA 23S Tk
BRI

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

XTELSG C++ Fidkah FRARREMSHARIEN, 1M C++11 JF4h, HELMA RS /RS AE, JHE
RERS UM E L ik . B2 TR T 1 XA B IAERRE NS M 4 i -

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

};

// in main function:

std::vector<MagicType<(1>2)>> magic; // &k, {EAZ D5 4 A iy 1 2

PG B

TE T IRREBN AN W, FREEBifd THb] A1 [2RAL] Z R AAR A . AFanik i )il Baoe R
FHERBIN . FERG C++ W, typedef MIDANZERTE AN ARK, (E2AIRA IME N B E L —
B AFR R, Bt @R, Biin:

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

T dark;

U magic;

};
/) Ak

template<typename T>

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

C++11 ] using SIAT NHXFEAI L, FHHIFSFERESE typedet MIA IR

WHEFATVB typedef & I MNIRIARE: typedef K AR H 4K, (H2X s East2¢ 5l
8 SCHER AN AR ] 030 % 4y L4 P Bt T — S R P G TR M

typedef int (*process) (void *);

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

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

int main() {

TrueDarkMagic<bool> you;

BRBEBHR

Wit— B2 C++ P n gl (—d&: Dark Magic) 22—, 1£ C++11 ZHj, JCit2dmitk
W RPN, #R R RIS ERRE T, BB ESE B SEG W C++11 A THERT
R, ARVHERAEL. EEENMEARSE, R TE A SRS B0 B E

template<typename... Ts> class Magic;

BIE Magic HUMR , REASIESZ A SZ BRI typename VENBAR LA SHL, BIANT g€

class Magic<int,
std: :vector<int>,
std: :map<std::string,
std: :vector<int>>> darkMagic;
BESRRATIRIES, FrAMNECH 0 MBARSHLZ AR class Magic<> nothing;.
WRAF BB Sy 0, FIAFEIE X a0 — MRS

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

RSB AL RED L HI R R BB B b 258 C iy printf %L, EIRBRER AN E L
WIESHRN , HHIFAERSIZ 4. 1 C++11 B 1 REE SO LSRR SR BN, bl AESEM
printf [YpRELAE H AAMALBEAR BT ISR R . B TAERRS ARG ... R A E KBRS SN,
BRESH M RPN R AR E KSE, X BT R 5 A K SRR B it T 5y T,
i

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

RAFATE LT ARKBARSEL, A SR T te?
B, BATATVAGEA sizeof. .. RITHSHINAEL, -
template<typename... Ts>

void magic(Ts... args) {

std::cout << sizeof...(args) << std::endl;
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FATAT AL RIS B magic WAL

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

K, w2
Fik:
1. BRI

BRI A SRR —FFBL, R R A AP A . AT VAN T8 U b i) R AL B AR
W, DA i Ik P A AR S R H Y

BTl B H B0 B B — R B R BE S A BE S A, (B PIRR 22 it Ak P

\\

#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;
printfil(args...);
}
int main() {
printf1(1, 2, "123", 1.1);

return 0;

2. BHEREIT
RN AZEAZ B TIXAREB, 7 C++17 Hdfghn T AR SBNRR I SR, THRRARAT AE— A il 52
A% printf W4R5E :

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

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

Y, AREATRAMEN TSN, AR —E TG ERX SEMOE AT, AT AR

std: :bind N5 FEFE K SFRAESL IR BB S B 4856 , A B 2N s iE 0 H v

3. IRILBIR T
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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;
3O, value)...};

TERXARD H, BOMER T C++11 PR R ARSI A K Lambda FkXHRHE (F—T
$2F).

WIS, (lambda KA K, value)... FRPRIT. HTESHKEXWIMB, Hhahir

AT lambda Fk, SEMSEIH . T B IRGE S, AT LA std: rinitializer list
BN void.

AL

C+ 17 HRF A R SROX R IERE— Pl 4 T2k, B8 N A

#include <iostream>

template<typename ... T>

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

}

int main() {

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

ERRIBR S Bl

HTTHRAT 32 2R SRR SR — A RBAR SR

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

return t+u;

OB S T R U AR . (ELE AT B IR S 50 R T DAL AR R P T o R 2
B, DA S
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template <typename T, int BufSize>
class buffer_t {
public:
T& alloc();
void free(T& item);
private:

T data[BufSize];

buffer_t<int, 100> buf; // 100 141 5%

TEX B SHOL AT, HATATARE 100 MENBAMS Bt T . 78 C++11 5IA T RAHERX
—FEE, BTSSR ARKIN, BARMARBRS AR T AT 2%, e a3
PEATZRZMES:, W G 5 OEAT auto MM ZIIRHE IR S2iafie, C++17 5IA T X4,
FATWHIATLA auto T, ibgn A BIsE MU AT, flin:

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

return;

int main() {

f00<10>(); // wvalue HHES A nt LA

2.6 YR %
FECh G

C++11 5IA T ZHTHIEAHES: , X G BRASOAT DATE [Rl— 28— AN i e 58 o — )3 B
B, AR A S a H Y-

#include <iostream>
class Base {
public:
int valuel;
int value?2;
Base() {
valuel = 1;
}
Base(int value) : Base() { // Z 3t Base() #&H%

value2 = value;
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};

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

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

ORI E

FEFLGE C++ , WIS BUR & B AR R B 2 —— 1, X SECCRIET . C++11 Fl
I RHET using FIA T AR R R AR -

#include <iostream>
class Base {
public:
int valuel;
int value2;
Base() {
valuel = 1;
}
Base(int value) : Base() { // Z4f Base() i %

value2 = value;

+
class Subclass : public Base {

public:

using Base::Base; // 47
};
int main() {
Subclass s(3);
std::cout << s.valuel << std::endl;

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

S M PR B TR R
TERGE C++ W, GFAES KEENERR RS plm:

struct Base {

virtual void foo();

30
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};
struct SubClass: Base {
void foo();

};

SubClass: :foo WJHEHANEFETF R EHERE, NN TMAT " EGHEAFIEE. 7
—AHRERITETE A, MRBH R BINER G, 29078 IR pR B08 A 0 380% R SR B0 38 B — A8 1
AT — AT, X R MEVER) G .

C++11 5IAT override I final XK G T KBy 1k Fid R &AL

override MEHFERENS, FIA override KHEFRF WA HHgIFARHITELL, T A AR
BORAEAE XL H RS — B R R B, 75 W e 3 1 1% -

struct Base {

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

virtual void foo(int) override; // 4

virtual void foo(float) override; // E7F, X KA M E i 4

};

final final W T Bj IEAEWEAREL IR DA B 2 11 HE R AR SR B 5 | ALK

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(); // ik, foo U final

};
St S BRI R 5

TERRGE C++ w, WERARY RBCATRAL, Hikas 2BOART QA B e . SR M . T
FAFARMTH R B 35h, C+ WA IE LT new delete SKALANZIAT. MFETF A THEMT,
] DA X F ) R AL
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2.6 @t % % 2 FiEZT T AMAERL

T AT —2eTEGRK TeVRR A B R B AL AT . BIANAE IR JEA0 P8 DU, W AURE A il A i
PRECSIRIESAAT AN private. Sl X 2R E SO B BCR 2 U R B R A 12, 2 —FelEme i
DAy 2

FEH, Giias A A BRI I RS T P SRR 8 R BTG R R AR o 8 P ST AT ) 3 bR
B, G A TR BGEOA M R, EAT IR T A0 A B [ IR AT X I A R i R S, i T8 T M

C+-+11 241 1 EakRivfg T 5, v BaXny A R M s E 4 a8 B P00 e 8. il

class Magic {
public:
Magic() = default; // ‘T = = W {F J 43 25 A Ak i

Magic& operator=(const Magic&) = delete; // I 7. /7 W40 48 45 4 A 445

Magic(int magic_number) ;

s S RIHE

TERSE C++ w, MERROFIRRA G 4, MR SRR, WAL PR g A R A2 28
BT AEAT AR LR (B RSk an th TR, (BOFARRT ), SR A MR A Rl R
MIBCEE A PSRRI, Xl A 230 B A 2 AR .

CH++11 5] A TH 22 (enumeration class), F{#i/f] enum class fEVEIEFTREAA:

enum class new_enum : unsigned int {

valuel,
value?2,
value3 = 100,
value4 = 100

[

R M LB 7RI 4, et AN RERS BRI RO B, TRl A BRI HL 5 R RO
FHATHCA, SR TTREXS AN ] A M2 2R B A2 (ELUEA T FO R o (B [ A28 (B TE) A SR i R {ELARL ], R
AR PAEAT A :

if (new_enum::value3 == new_enum::valued) {
/) Sl true

std::cout << "new_enum::value3 == new_enum: :valued4" << std::endl;

TERXATEE, M2 RB ST T 85 MR R TR e M2 P M (R 22, XA IRATRE
BRBEIRE CRIGERRFIAEA] int).

FA A B RAF MR E I, o0 AR B TSR , A AT A B2 << ;XAMAFK
AT, AT AMSORCR DX AU B
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%

i

#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);

XIS, N T AU R REAS Bl 15 -

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

X

[\AY

<,

AN TIUC C++ HOUEF ARG, B YOy LR LT A A
e L TR AR Y :

auto AT
JEH for A
RIS

e 2T

- W o

&
[

L RS E, SUH—A7 R BN AU S BT s

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 {
{"a", 1},
{"pb", 2},
{"c", 3}
+;
update(m, [](std::string key) {
return std::hash<std::string>{}(key);
b
for (auto&& [key, value] : m)
std::cout << key << ":" << value << std::endl;
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¥
o

ST R LSRR TR EN R, ARV RS

SHEERILIL.

3.1 Lambda kR

Lambda £z C++ PEEERFHEZ —, 1l Lambda A3, Sbr EgtfRit 743
(A 44 BRI RFIE T B4 R BN R AE R 2 e B, (R SO ESR h tn s — e B 0L T 2
. XM FHLAREME, PrABEs kB2 AU 5 AR

HEAil

Lambda Fihxp) FANEE T :

(WP K] (HHF] k) mutable( %) FHEM > KEEA {
/] &HAK
}

LEE’J%&&W%T [ 3k 703k EARPUSN, AR #RAR G B, U2 i ey i 44 A
REHEAE T —A4 -> T (FATE bR i MR C 2R R XA EE T ) .

PRS2, ST ABRAR N S0 —Fh 22, Lambda SRk BB BUARTE RN DL T /e A fE
5T eR B R SR A B, K B 2R 2 T DU S A i SR i A« RIE AL 1A T, 3Rk
Iy N PAT LR

L. ik SRR, ERRA AT AR T AYE DL, AR Z AL WIAET , Beflikig 28 fi7E Lambda
FRAGQVEIRE DL, AR A5 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, 1] walue == 100.

// HA copy_value HERIEWRBERTY —H

34



3.1 Lambda %1k X, % 3 FiEFEATMY L

2. sDHAER  S5UHESEM, SURMRRGANZTIH, EHe A,

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 R Z5|

3. BaXfligk Pl BERPIFA MR AR IR, XA TAEA AR i R AL BE, X I
15 R ATER RS R 5 A & 1 = [ gk i W R 5 | AR e (e 3

BE—T, ket T Lambda ks AMBEREA T T AITIRE, AR R e T B A B CRT
LA

[ 234k

[namel, name?2, ...| ffk—RH|ZH

(& FITHHZR, AR B8 e 5 | T3R5 &
(=] (B, A BRI P 1 A0 0 R (A 3R 0]

N SUEKEIR

X N AT T RIS T Sy BB A (T | T A e £

R BIERR. TR C AR NE M A I A X ST SR S e
{H, MAREMPRAHE.

C++14 G35 THAITME, ARV B LRI TR0 L, X fe e T A (E AR, B
FEUIIOAPRAL I ARG F R AT W, PR XS R 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);
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3.2 R RO E % 3 FiE T AT R

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

FE LA, important &Ml G REE, SRAREERE “=" (MRS, XEMRIRATR AR H AL
o htifl, FERBhInte.

{2 Lambda

LRSI T auto XEEFR ARG MAES MR, BOR NI RER Tk & SRR T
ahgE. (R Lambda FksHFRREERE, FIALEA WIHE SHCRITIGNI T, Lambda 2235
IR, B, SRR RAEET CH11 1, A C++14 FF4f, Lambda ECOIER S
HATARE auto MK 4 X LIz AL

auto add = [](auto x, auto y) {
return xt+y;

};

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

3.2 BN RALBEDS

AR WA BN R TARHE R — 8, (R MA ERE, BAES T C++ i iTiEE T, X
AR A AN, B AR X BRI T/ 47

std::function

Lambda Kk HIAFUE— AR EOS G AT PR ISR (BRI EIER) x5 (FR P AL
%), 24 Lambda Rk HIRI RN, FEARIE RS Fed ol ik BCR sHERE 1208, flan:

#include <iostream>

XA, using 4L E— b 85 4B

using foo = void(int); // & X iH %
void functional(foo f) { //
£ /7 Bt BEHIEER A B 5

| foo M AEBME W BHIGEH KA foox

int main() {
auto f = [](int value) {
std::cout << value << std::endl;

};
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3.2 R RO E % 3 FiE T AT R

d i o A AT

0

functional(f); // F# AN, RAHEHEA foox X7
£(1); // lambda 3Kk i A

return O;

BRI T AR RBEER, —FRs Lambda 1R s B RAL EIEF IR, 105 —Ff
W2 BN Lambda 3k, 18 C++11 1, G TS, FFRESHIRM X RN, H—FK
ZORIRIZER, X AR, i std: s function 5LAMY.

C++11 std: :function 2—Fudi ] . ZERYRECERR , B RSB RT AXHEAT AT DAYE I H AR s At
Frfetil . S HIFR A, Elext Cr+ B AT TR SC AR —Fh R B2 2 2 (RIXR UL, BR%L
REFIR N @ KB LA ), HA)ifil, AURmREI A s, MIRNTA T R 28 2 J5 TERERS Sy fif
MR R, PRBREHE N S T AR B . N :

#include <functional>

#include <iostream>

int foo(int para) {

return para;

int main() {
// std::function @& Y —/REEA int, 544 int R

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 fll std::placeholder

1M std: :bind e IR IPE MBS EN, BRI RZIATA RHE T REH A —E e —K
PEPATIR AR TSR, W XK B, FATTAT DARER 2 I SR8 n g8 e 21 ei 8 5 B —
ASFXT S, NEESEGT R, SEMIEM. Bl

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

int main() {
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3.3 H1E3 A % 3 FiE T EATH IR

//BHH 1,2 HEFEE foo E,

// 1B{FJF std::placeholders::_1 FXH— NS HATEHM

auto bindFoo = std::bind(foo, std::placeholders::_1, 1,2);
// XBEH bindFoo Bf, REERME —NSHET
bindFoo(1);

P R auto KEETFRYAN . A IRIRATATREA KB — AR B R m{EAAY, (HR2FA]
ANRT LA auto FRYfH ] SR HLIREX — 1) B

3.3 fifisIH

FHEGIHZE C++11 5] A5 Lambda F£XXFHAWEESSEZ —. EHGIAMBIT C++ K
DT R A, JH R T std: ivector, std::string ZRMABIMNTEY, WA S RE R AR
std: :function N T W HE.

Feff. AEmaiA. R, A

FEEAET B S a— B, IO e (E A TR — WA O AR

Jifii (Ivalue, left value), 44 BUSCHL MEAT S 22O . MERRUL, ZEfRFEA (RA—E 2K
EHFEEX) JFRBAFERFF AR .

£ifii (rvalue, right value), HIIMME, RAERIEXGHUTHA FHAFAERIIRIRFSR o

i C++11 W TSRS T, R ERBESIET T2, o8 difbfE. H1
{H.

alififii (prvalue, pure rvalue), ZEMRA{E, B2 LM FH =, FA0 10, true; TAEKR(ELS
SRAHY T R A I, Gl 1+2. JE5 R B RG2S & 2 BRI A I AR L R G
Fi. Lambda k08 T4 {H.

TEEENR, FHRER T PR PR, YA E. My mER— N AE, KA
const char #{4H. -

#include <type_traits>

int main() {
// W, "01234" k7Y% const char [6], FHMZA(H
const char (&left)[6] = "01234";

2 B -
fE expr EAMH

// WsIEH, WER const char [6] (A, FE decltype(expr)
// BERESARMN

static_assert(std::is_same<decltype("01234"), const char(&) [6]>::value, "");

id RARG KM ARKRS, SBEAET A
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3.3 H1E3 A % 3 FiE T EATH IR

/) B, "01234" EAME, A AET
// const char (&&right)[6] = "01234";

R R, BT AR A SR X B A T R, e e X 4528 (MPRANRZES 1)
—ERANHE CAEBIARTE, SUhEAE) . fln:

101234" ; // JE {‘H . 1101234 " 7 Ve = &£
"01234"; // 1B, "01234" W
// const char¥€ pl = "01234"; // ik, WA ARGEAE const char* KA £ 1H

const char* P ¥4 const charx

const char*&& pr

LA (xvalue, expiring value), /& C++11 K THIAAETI M E IS (FIHAEESE C++ b,
A EAA R R M), st 2 RIRF RS ZDRER RIRE B

RETAE AT RER AT LEXE AR, FRATRE AR AU :

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

return temp;

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

TEXFEAAUIE SR BEARIT S, PRAL foo MR temp 1N TFEIEIR R WUR(ESY v, SAIM v
AT RGNS, KA temp #5011, SAJEIE temp FH5%, WX temp JEHK, HRFE MR
WONRITAS (XM ESE C++ — BRI . fEffG—17H, v @ZH. foo) IR MIH{ERE
flE (REAE). (B2, v TRASBIR AR SRR, 1 foo O FAERYIRAIR HEAE R —MIEIE, —
B v =G, FELRIRE, JoiRRI. AR, MR T (A S T X kE—RhA T I A (E AE
U253 C NN C = 0 252 2

TE CH++11 25, aifas AFAMN 7 —2T4E, AR ZE(E temp S0 T IL R G (S, M T
static_cast<std::vector<int> &&>(temp), HIMIALH) v &% foo JaiBik [l MIEIITHS) . il
JaETEFRA T 2B R 3hiE L.

A UHRER SN

HESAHTE, MFEAEAES I T e, M T 2288, AES AL A RHER
A R LAE R . HB RN , IBAR TR .

CH++11 21t 7 std: :move KNI A ESBICA MRV HACN AT, A T ERNTHAES I (E113k
A EIRR R, Bl

#include <iostream>

#include <string>
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3.3 B85 A % 3 FiEFEATMY L

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

}

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

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

int main()

{
std::string lvl = "string,"; // lvl = — 72 {d
// std::stringéd r1 = lvi; // ik, éfﬁé”ﬂ%%céﬁﬂﬁfﬁ
std::string&& rvl = std::move(1vl); // &5, std::move F R A A E
std::cout << rvl << std::endl; // string,
const std::string& 1v2 = 1lvl + 1vl; // &k, W EAEG A BB IEK G 20 &6 FH
// w2 += "Test"; // ik, HEH AL EHBK
std::cout << 1v2 << std::endl; // string,string,
std::string&& rv2 = 1vl + 1v2; // &b, A 05| 20 £ G 24 4 2
rv2 += "Test"; // &k, FHET ﬂ‘nm%f Al s
std::cout << rv2 << std::endl; // string,string,string, Test
reference(rv2); // ‘i AE
return O;
}

rv2 BARGIH T —MAME, BEhTEl 4500, BreA rv2 KRR A2,
R, XHA MR P s R, AR N

#include <iostream>

int main() {

// int &a = std::move(l); /) ReeE, FEELS ALES AR

AL, =

const int &b = std::move(l); // &, HEAG A g A A

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

B, AR RVFIER B RE B AR X2 R i O A e 2 AR 1
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void increase(int & v) {
v+

}

void foo() {
double s = 1;

increase(s);

HT int& AAESIH double RS HL, HILLF = —AIGHHERESE s ME, M4
increase () BUGXMIGHHERS, WHSENIG s ARG BA BB

HANFYEL Bt ARRS AR B/ E? RIRES, (Y Fortran 3%

Bahi 3

48 Ct+ AL P8 DA 3 R BRI A AT SN v T 98 DL/ S R R (ER T S B B
Fosh#idte, JANE LA SE A ] TR T, R 2 A SR SR gk O o AR, R
IR U AR VY AR B K 2, AR A AR 0y (LK) PR R . FHEEORIAR
PUAERIE (FH5%), XRAER A — .

RGER C++ BeA X [Rzh] A1 [958 D1) Rk, T KRR BE s DL, IR SR A2 e . A {E
ST DG A e X PR R L, B

#include <iostream>
class A {
public:
int *pointer;
AQ :pointer(new int (1)) {
std::cout << " 4" << pointer << std::endl;
}
A(A% a):pointer(new int(*a.pointer)) {
std::cout << " " << pointer << std::endl;
Y /S REXEAZEN
A(A%& a):pointer(a.pointer) {
a.pointer = nullptr;

std::cout << " 3" << pointer << std::endl;

}

~A0A
std::cout << " )" << pointer << std::endl;
delete pointer;

}

};
/7 B ok g AR AL
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&
w
-~
nu\

P\

A return_rvalue(bool test) {
A a,b;
if(test) return a; // &) T static cast<At¥$>(a);
else return b; /) ENT static_cast<Ae€d>(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;

AE B A

L. BYERTE return_rvalue WGP A XFR, T2 PAF P3G eR B i i

2. BRBCGRITG, PHE—TAE, B A Ml (AAee)) ST, MIMTEER Ay i, HRE At
EPRIEHER], RIFENT obj H, MRRFT-(ERIFEE B EN nullptr, B ik 7 XH A IS HEA
8

M8 1 TE T SR8 DU s, stk T IERE . FERBE R W MASEER BT

#include <iostream> // std::cout
#include <utility> // std::move
#include <vector> // std::vector

#include <string> // std::string
int main() {

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

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

// ¥1E F push_back(const T&), B =4+ JATH
v.push_back(str);
// Bwrd "str: Hello world."

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

// ¥1E ] push_back(const TE#9), A2 H I NATH

/) T ENFRHREL U E] vector F, FTUNABE std::move & Ry A+ I I H 44
/) XFBREE, str FHEST AR

v.push back(std: :move(str));

A‘/ A " .on
tEr i "str:
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3.3 H1E3 A % 3 FiE T EATH IR

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

return O;

FERHRK

HITREATSLR) T, — AR ES U RSSE DA AN T S8 % (k) &

1] -

void reference(int& v) {
std::cout << " A" << std::endl;
}
void reference(int&& v) {
std::cout << " A" << std::endl;
}
template <typename T>
void pass(T&& v) {
std::cout << " EEAfL S,
reference(v); // th# i i reference(intéd)
}
int main() {
std::cout << " fLihA{H:" << std::endl;
pass(1); // 1 BHE, BERMdREALE

std::cout << " {£u A {f:" << std::endl;
int 1 = 1;

pass(1); // L =410, #rAl

return O;

XFT opass(1) Kul, BALEMEAME, HiT v 2510, FroARBE2 AR, Hit
reference(v) &l reference(int&), ¥yl [AfE]. MxtT pass) MiE, 1 &—NAHEH, M4
SN IE IR pass (T&&) WE?

RET SN ARG C++ o, FATAREGERT— A5 I RAAR S T3 1, (2 C++ i
TAAET R B BURECOE 7k, A=A T 5 A, e Ix s RTS8, BEREZES]
IS ¥ Exs1 Vit ISP Ibt: 2y (IS W E

FSk 07 S SICR S % C It (S IRk o 2 2 i

T& Z51H T&
T& H51H T&
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3.3 H1E3 A % 3 FiE T EATH IR

HREOES KA LSS HEM R RRior S

T&& Z51H T&
T&& HE|H T&&

P, BRReR B O Tee A—@ BT AT I, MU AZ(ER), BEeR B 5 RS A
HHERTE, TTRBRS BRI 2885 D, S HACS SRR 5 I, BRSBOL e ok
A SRR XA AT v A2 E R & i

SERFE SO BT AR R . P sE SR A, RN TiE RN TR S R, PREFIEOR
WMSHERE (5N 25, A5 DHEREEATI) . O TR A I, JATV % std: : forward
KHFTSEE K (feidk):

#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 << " TEES: ",
reference(v) ;
std::cout << " std::move f£5: ";

reference(std: :move(v));

std::cout << " std::forward f£4: ";
reference(std: :forward<T>(v));
std::cout << "static cast<T&&> {45 : ";

reference(static_cast<T&&>(v));

int main() {
std::cout << " {LihA{H:" << std::endl;
pass(1);

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

pass(v);

return 0;
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RN

kA E:
LHEES: LETHA
std::move 5 : L5 A
std::forward 15 : #&1{H 5| A
static_cast<T&&> f£%: A1H 5| A
i A fE
LEEL: £ A
std::move £%: AHEE A
std::forward 5% : Z{E 5 A
static_cast<T&&> f£4%: L5 A

TCRAGESHON AL A E , Wl L S S EAE N A EH AT s PRI JER , std: imove
RSN, MR T reference (int&&) #yHi A {ESH .

MEM std: : forward RIBCAE AT Z RN DL, RN 58K (ffi) T RS 4 TN
Fi8) JF A B

std::forward Fll std::move —#E, WHMALTIEN;, std: move EAAEMIWFAH AL A,
std::forward L H 2R SHM T — MR, ML FRE, std: :forward<T>(v) Al

static_cast<T&&> (v) 588 —FE1 .

BT A ST, T — A A RS AT AT IR 0, F TR 5075 — 77 st - forward
ARSI, std: :forvard WA PIHHAL:

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

{ return static_cast<_Tp&&>(__t); 2}

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);

TEXy L, std: :remove_reference INHEZIHEL AT ], std: :is_1lvalue_reference
W T AR SR B IR, 7E std: :forward {955 /N SCEl PG AE TR BN M S @ — AN 2eqE, #F
TARBL T HH4E L0 .

24 std::forward $EZAMER, _Tp T NAME, FrPAREME N Z(E; 124 HE2 A ER, _Tp #
WS NAESIH, WETgR0, REMEMERCAN T && + && BA{E. 70 std: :forward )R PRAET
5L R T S S T e AR i 22 5
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h=4
=

A

XIS FATRE M B X AE— AR A2 A IR A AR RE T, autods R LA Jral? B
auto YHETF N AR /AT, 5 && MG TR K.

gk

s

RENG T HUC C++ Py BB LNE T s T s, i B A AT s 2 g ek
R AR AR -

1. Lambda FEiA=

2. BN S 24% std::function
3. H1EGIH

2B B B 5% S0k

e Bjarne Stroustrup, C++ & F WX 5L

bt
=]

i
2

o9 4

4.1 ZelEseds

std::array
B B A B 1 7 2%t BRI A

1. HHAEF| A std: :array A EEHBEM std: :vector?
2. DA THRGHEEH, NP 2% std: rarray?

Fem B8, 5 std::vector A[H], std::array XM K/NEEER, WHRERK/NEH
FEN), WAV MESEH AR std: rarray 2845, J34MRT std::vector @ HZNY AN, UFEAKEN
Bila, HHXPESSIEAT TIMERERE, A8 B E AP ER TRV N AE, X MR R T80
iE4T shrink_to_fit () BEHCX IR HITE.

std::vector<int> v;
std::cout << "size:" << v.size() << std::endl; // w0

std::cout << "capacity:" << v.capacity() << std::endl; // Wi 0O

// T E W std::vector WHMERAFNERY, HFHFHT K
/S BEWMREELR, FREEHFIRES AT, MELRAFE
v.push_back(1);
v.push_back(2);

v.push_back(3);
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LIARSS % 4E5R

W

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

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

/) XEHRESY KEEE Golang # slice R1&

v.push_back(4);

v.push_back(5);

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

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

) WA BBEREET R, BRMEETENHA LA S
v.clear();
std::cout << "size:" << v.size() << std::endl; YA e

std::cout << "capacity:" << v.capacity() << std::endl; // “I1i 8

/ AN HE T shrink_to_fit() VR E %R %
v.shrink_to_fit();
std::cout << "size:" << v.size() << std::endl; /7 o

std::cout << "capacity:" << v.capacity() << std::emdl; // % 0

565 AN W SN 3T B, (1 std: rarray REAZLEACADASAT UM “BLACAL” , T HLABFHE 17— L8 ff bR
B, HCAPIBCEE RN A KA AR A AR S, [R] I  REAS AU ) (P AR v P v ) A5 300, LA std: tsorts

i std::array REHE, HFHEEHEBFIR/NRIT]

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

arr.empty(); // #

arr.size(); // [EZAH 0

/7 HERE I
for (auto &i : arr)
{

/)

// F lambda Fik RXHF
std::sort(arr.begin(), arr.end(), [](int a, int b) {
return b < a;

3

& CEXS S TV R 4 £
constexpr int len = 4;

std::array<int, len> arr = {1, 2, 3, 4};
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/7 ik, AFET ¢ RABHKAL, std::array A2 HFRMMK T*

// tnt *arr_p = arr;

MIATIR M LT std: rarray W, MERXBRERFHAAE C WESHRE N, X BA =Rtk

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

return;

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

// C R aES
// foo(arr, arr.size()); // JiE, LHERAH KR
foo(&arr[0], arr.size());

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

// EH ‘std::sort®

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

std: :forward_list

std::forward_list ;& PAIEREL, HHTERM std: :1ist FEARRLL, FILRNTAIE S HIE U
TINHET .

TAEATER R, Al std::list AONAIEER N SCBURTE , std: s forward_list {ff I B [a) a4 R HEF T SLBE,

RALT 000 RALRITTEIBA, ASCRRRERILTI (XU EERARRR) B bR A s ifE——
AR sizeO TRMART. AATEO AN, HAL std: :1ist BRI E A .

4.2 JERES

RATE LB TG C++ A FAAR std: imap/std: :set, SXHMITR AR LR IEATLIL,
AR RIS AL 0(Qog(size)) . TEMATCRIIE, MG < BAERFHLE TR A/ NI
TEEE T, FFERFEGERN I EBAZI ST XA TR TR, AR SR
< BRAEAF P e B3 T -

1M TC 72 dn T TCE @A THE T 1, WHGE Hash R, WARBRITRTFELREN
O(constant) , TEAKLAMNEITCRINIFRS, BEBIAT BERITERER T

C++11 BIATHWHITL F R4 #] 2 std: :unordered_map/std: :unordered_multimap FiI

std: :unordered_set/std: :unordered_multiset,

AT HEAMIEA ) std: :map/std: :multimap/std: :set/set: multiset AL, HTIXLEE
MERMNEAEBRART, BA——20], RN EE KK —F std::map fll std::unordered_map:
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#include <iostream>
#include <string>
#include <unordered_map>

#include <map>

int main() {
/7 T 5 A 1 AR IR AT 46 AL

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

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

/7 4RI XV UL 5 AT R
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;
for( const auto & n : V)

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

IR 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]
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4.3 il
Tt Python MRE/F ANZAGECAIMES, AL C++ PG, BT std::pair 4b, {2

A BRI S BES I RAF A R 2R Bl GAF RN H O E X&45H) o {H std: :pair BYRFEZ
RS, HAERFHAITER.

JCHHEA A4
KT ICH I E A =20 R L
1. std::make_tuple: #1ic4
2. std::get: FBEITCHIEANEIE

3. std::tie: JUAIFH

#include <tuple>

#include <iostream>

auto get_student(int id)

{
/7 RE KA AER A std::tuple<double, char, std::string>
if (id == 0)
return std::make_tuple(3.8, ’A’, " K=");
if (id == 1)
return std::make_tuple(2.9, °C’, " Z=[q");
if (id == 2)
return std::make_tuple(1.7, °D’, " £ H");
return std::make_tuple(0.0, ’D’, "null");
/S WERE 0 2 HAENER, FELK
}

int main()

auto student = get_student(0);

std::cout << "ID: O, "

<< "GPA: " << std::get<0>(student) << ", "
<< "% " << std::get<i>(student) << ", "

<< " A " << std::iget<2>(student) << ’\n’;

double gpa;
char grade;

std::string name;
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/7 TCAH#ATHA
std::tie(gpa, grade, name) = get_student(l);

std::cout << "ID: 1, "

<< "GPA: " << gpa << o

<< " ﬁzéﬁ nog< grade << ||, "
A . .

<< " #EZ " << name << ’\n’;

std: :get [ T BERBOCAINT RN, C++14 B 7 f B KBOCA 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;

oA

1.’:{" )

std::cout << std::get<double>(t) << std::endl; // i, 5| 4%

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

BT 5

RPN — T TR & A B B AR I A, std: :get<> KNI L, BTDA R IR
7 R EIRY:

int index = 1;

std: :get<index>(t);

AL BB AMI? 2552, il std: :variant<> (C++ 17 5] A), $#2HL4; variant<> {2 HIAAR
SR PALE—A variant<> M AR AR UM BAY A & (FEHAE S, #1 Python/JavaScript 4%,
RIS RA):

#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) };
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>
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ERES S

o

B4t
N e

T

std::ostream & operator<< (std::ostream & s, std::variant<TO, Ts...> const & v) {

std::visit([&] (auto && x){ s << x;}, V);

return s;
}

XAEFATHAE -
int 1 = 1;

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

T IRESIRED 1]

EA—DE IR AP ICA, XA DA std: :tuple_cat RSCH:

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

AR A I, WAz An AR T — Aol ? (EUR AT A N4 T A i A T AR R R |
—~ tuple HRAMPIAAT B 1, AT EE I K, mRA:

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

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

}
XA AR TCH I TIEA T
V-3
for(int i = 0; i != tuple_len(new_tuple); ++i)
/) BRET
std::cout << tuple_index(new_tuple, i) << std::endl;
ISE

AERPNH TN C++ PHEMAS, ENRHENES C++ PEARAEREM, X,
A DA SE B3 57 T B PR R B AR AT SRAF S A A L RE -

std: :tuple HARARL, (ERTRHERERMAINEEA IR, BIMEAIRIBTTNRT AR, ek
b A HoAb Y J7 35T A B AT S5 3
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945 5 niBHESREH AR

5.1 RAIL S5 17H%

TH Objective-C/Switt IREIT 5RZ AT HIH AU M. BIHHHECKRIAUR N By Ik et
BRI SRR T DA/ RLAON G, EFS A TRHE, 00U R RT3 i,
ABAT SRS TR SR, SR WS, SRR A, 2R3 O
L, WA MR

TERGE C++ , NEfR] FalEstii, S mdstEk. FOVRIMRA rIRERUEIC 1 AR otk
- B e o LA R RO RS T— RIS , B ITE R I R B 5 B 25 ), e A ek (e
BRI ) A eReicsm], Ralte A1 iR RATL SRR AP IR fLEoR .

NFHA G, FAVESA FTERXRAE B A LK, FEE% C++ BT HIF T new
il delete 2 [CAF I BEIEBEA TREIL . T CH++11 5| A TR BEFRH BOMES , M1 751 Um0, iER T
PARFFRE L DT B NAE X LR 541 45 std: :shared_ptr/std: :unique_ptr/std::weak_ptr,
R ENFEAE LS <nemory>,

R SUHECRN SR, 51T RS R A PR B AT 5, [ IAE [l i it
R A S I TR R R0, S BB T T A 0 1 R I B ) A L 0

5.2 std::shared_ptr

std::shared_ptr & FEAEH, ERWILREZ > shared _ptr JLFfGE—AXI5R, AiiiiH R
R delete, 5| TR TR RS FF X5 H SR .

HIEANGE , (] std: :shared_ptr SR new SR, XA B 1 HEAPARE B
AFIFR -

std: :make_shared FLAENZ R TH IS B MH ] new, FrPA std::make_shared &/ HElAIEfE NS
Bt , HaRERXAXTZ A std: :shared_ptr $5%l. fi40:

#include <iostream>

#include <memory>

void foo(std::shared_ptr<int> i) {
(*1)++;

}

int 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::emdl; // 11

// The shared_ptr will be destructed before leaving the scope
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5.3 std: :unique_ptr % 5 FhARIEH SN 5T

return 0;

std: :shared_ptr A PAEIL get O HERIRBURIRTREN, il reset O RIFD—A51HITEL, I
L use_count O RAEFH XL WMTIHITE Hiln:

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

auto pointer2 = pointer; // 5|Jf it

auto pointer3 = pointer; // 5|JHif4r +1

int *p = pointer.get(); // “tiF {23l

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::emndl; // 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; // pointer2 T reset; 0
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; // 1

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

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

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

5.3 std: :unique_ptr

std: runique_ptr J&—Fl YR BEFREE, BRI HALE RESREH T HIL S M — ARG, AT ARUEAC
(ElibE7SEck

std::unique_ptr<int> pointer = std::make_unique<int>(10); // make unique M C++14 5| A

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

make_unique HAE LR, C++11 EAIHRM std: :make_unique, WDAEHFTEH:

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

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

ff1Ee Tl

WEAR @y, e m)ah Yl e A AT A e (H, FATT AT AR A

unique_ptr, fliN:

#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>());
/7 pl AR, i
if (p1) pl->foo();
{
std: :unique_ptr<Foo> p2(std::move(pl));
// p2 A=, i
f (%p2) ;
/) p2 AR, Rl
if (p2) p2->foo();
//pl A=, T d
if (p1) pl->foo();
pl = std::move(p2);
/7 p2 AR, T
if (p2) p2->foo();
std::cout << "p2 WH " << std::endl;
}
/7 pl AE,
if (p1) pl->foo();
// Foo W LW| 4 W I 1E F 8 4 4 %

55
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BT R 2BARME, C++ fRifEZ 512 Herb Sutter fEMR A PR B R PZ RN T9

std: :move B H IR 4A H b


https://herbsutter.com/gotw/_102/

5.4 std: :weak_ptr % 5 FhARIEH SN 5T

2 ° ab WHBE
A,B k&R RS | B TTERBR K
Y \
B
. - .
pointer || | pointer |
“ 1| pointer “" pointer
A A
& 2: & 5.1

5.4 std::weak_ptr
WERARAFAI S % std: - shared_ptr gy A BURIAAFAEE SR TC RN . &R T M7

struct A;

struct B;

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

}
+;
struct B {
std: :shared_ptr<A> pointer;
~BO {
std::cout << "B #4HH%" << std::endl;
¥
3

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

b;

a->pointer

b->pointer = a;

FEATLERE A, B AR SIS, RN ab I9HY pointer [N X3 T a,b, B a,b 193]
TR ERT 2, TORIFAERSIT, a,b WAEIREHOCITR, A0 REA IO YR 3 08—, ke
BSET a,b MGIHHNAEREE R %, TANBE U AN BT, Bt T
PIfFEE, W 5.1

FR DRI A VR A2 G 555 | 455 std: iweak_ptr, std::weak_ptr j2—Fg5[ ] (FIHE
M7 std::shared_ptr @ —Fuk5I ). S5 HASTHET TR, M55 e, RAWN
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% 6 F EN &k X

a b

v v
B

pointer |-{ |
I .
pointer
A
B
pointer

RO AR A 5.2 s

b
Y
B
pointer | {
- - -] .
pointer
A
B
pointer 4,
-] | .
pointer
A

& 3: & 5.2

fEEES, a2 HET B, i B HFBRAEMEREIEHTIUNE, RIS SRt S PR

std::weak_ptr B * @HAFM > B8RAF, BrAANRES X SR T BAE, e UN TR
std::shared_ptr 2 {HfrfE,  expired) JriARETESTIRPIREIUE, Skl false, IR true;
Rtz sh, e DU T RBUE AR 5L std: :shared_ptr 551, H lockO JrikfElfUARI Gk
BRI, R [m]— AR ] AR R std: :shared_ptr fg4l, HEi U7 I UG LAY IR, 5 WK (Al

nullptr,

sk

s

BRESRH XM EAF AT, FEMSIEFT IS MEIMRA, B C++ FEXIEATI2E, 1

H
—ERE EWHIRT new/delete MMM, 2P MM S FEE A

BB S E TR

1. stackoverflow | xF [CH+411 A% A make uniquel HiFiE

6.1 IEMIZek w4

o5 6 FLIENIRR X

IEMFAAR C++ IHFI w0, X BSR4

IE MR A T —Fh P AR PR — el IR W Sk s 28 S8 N i =K -


https://stackoverflow.com/questions/12580432/why-does-c11-have-make-shared-but-not-make-unique

6.1 E N &k X F A % 6 & E N AL X,

L A — AR R & AR 7 ef
2. FFUCRCHY T H B4
3o MEAH P EURFT AP TR

IEM kA hEdl A (Bl a 3 2) DARRRIR PR AL SO AT 1 R OSCR I 2
VEPCH)— B AR . IRWIRAE R — A, BRSPS B R i A5 R AT IR A

Pl AT B A E T AT I IR T VR AT B4 . AR I REHUNE 74 B
AR ARSI AT

S

FAIR AT IE MR A AR 74, 2 IEMZRA AL L IEECRTR . B 3&:

FERIF
G

S ISR ARG A

O ARE AT REAEIFRRAR . TR T RS T

o ICRRRITNG TR ERREK.

v ISR TSR KRB,

DR \n Z SO

[ bR AR R

T PSRRI TSR, SR IR A

\ o F RO . SR, SRR . SO . B,

PURLSAF n. \n DCREHFTRF. 790 \\ URE \' 594%, 1 \COIPTRE * ¢ 54
© AT, AR AR, SRR R B A

e

PR ERFFRIB S IT G -
\I I TR — 1%

B 2

KR AEAT I A IR Mk A — N A AL PR AU B 2 /DA BB AL DT RE . LT 3%

TAF it pus
* VEHCHTTAI) T 2b TR Z . B, foox BEILHL fo LA foooo, * ZEF {0,}.
+ PUPC I 2k IR . BN, foo+ AENLAL foo A foooo, {HARENLAL

fo., + ZHTF {1,}.
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6.2 std::regex B I A8% % 6 FEMN KA X

FAF i3
7 VERECHT TR F-FA TR e —IR . BN, Your(s)? WJPAPLHL Your B Yours H[Y
Your . ? S+ {0,1}.
{n} n M EEREE. VCECHER n k. B, o{2} ANHEVLAL for (¥ o, {HiZBEVCHL
foo I o,
{n,} n 2N EHEREE. EUCE n k. Fla0, o{2,} AEEILHE for HY o, {HAEVLAL
foooooo HIHTAE o. o{l,} HEMT o+. 0{0,} MEEMT ox*,
{n,m} m Al o BHAEGEE, Hp o /NTSET me DU n R HEZ VLR m Y. B,
o{1,3} FFVLH’ foooooo FHHI =1 0. 0{0,1} T o7. WiE, (FESHM I
(BN REA 254K .

A TP, AT F e B LT A B IR 2T .

6.2 std::regex JeH M

XA ER N A AT DL IC Y d s I T Bt o IE M ks aTEeSE C++ hiIE MRk — 1%
ARFRNE T 2SR, S WARRHER, 1 C++ M —T TR RS , 125 6 IS iIT &, Xt URL
BHREREEAT RTINS, o L 2k 2t e Tl Jt di g FRC i ik A

— MR SR T boost BYIEMIFRIAAE . M CH4-11 IEFCRFIE B A B =N
PRUERERIATA, AR F L3RG THRIMER) SCHRE, AR =7

CH++11 HEHLR IE N ZFRIA FE A std: i string X4, #2 std: :regex (A ffifZ std: :basic_regex)
HATHI AL, i#3d std: :regex_match FEfTUCHD, MIMy=4: std: :smatch (ZJfiJE std: :match_results
XA

FATIE AL — A B (1)1 R T B Y G AN R AR B o 255 T T ) T s X

o [a-z]+\.txt: EXNENFRIKAH, [a-z] FORICE—A/INGFRE, + W] AR Y R8T AL 2
K, Pt [a-z]+ GERG UL — A/ NG PR FAF R . AEIENFA P —A . ORI R
FF, 0N MFIRICIETAT - G0 txt FoR " RILHE txt W =Rk, PRIHGX AN IR ik
JIr LV RE R A A 40 /ING 7 R R SCAR S

std: :regex_match T VLHLFAFRAIENERRA, AREARVEZRIL . HEREH— e
f& N std::string PAN—> std: :regex #ATULHD, HUCEKIIES, 2] true, HNR[M] false. {3
n:
#include <iostream>
#include <string>
#include <regex>

int main() {
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oo % 6 FIEM Kk X,

std::string fnames[] = {"foo.txt", "bar.txt", "test", "al.txt", "AAA.txt"};

// T CH B\ SRR T B A

/7 AE N\ B EN RHA K \ HATZREX, AR \\.

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

for (const auto &fname: fnames)

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

}

B —FE TR KR L A std::string/std::smatch/std::regex =& ¥, HH
std::smatch PJZARJFH LR std::match_results. B AEARE E R SE PP, std: :smatch i 5E
XN std::match_results<std::string::const_iterator>, il /& — > T EMA L LA H

match_results. /] std::smatch R PAJT @YX VCHEC A 45 - T HEL, #ilan:

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 B % — 70 %K ICEENFE 4 &

J

// std::smatch WE _PNTLELR T £ — M5 KA
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 S B R 45 2R R -
foo.txt: 1
bar.txt: 1
test: O
a0.txt: 0
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

L 4k

n=H]

AT B YA T IE SR AA Ty, ARG AR I W Sk s R ETE oK, il — SRR i1 4

TIEMFRAA R .
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28

L. 7E Web JiRg5 88T A, A T8 A B 55 FE L R A S PR el o IR 2k s U2 5 X —H
PR THRZ —.

S I R A -

struct Request {
// request method, POST, GET; path; HTTP wersion
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 expression for path match

std::smatch path_match;

TR

typedef std::map<
std::string, std::unordered_map<

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

PAB R 55 s BB -

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

TSP A R start ) 5 parse_request. G S5 AR AT AL T i i i o -
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template<typename SERVER_TYPE>
void start_server (SERVER_TYPE &server) {

// process GET request for /match/[digit+numbers],
// e.qg. GET request is /match/abc123, will return abcl23
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"] =

[1 (ostream& response, Request& request)

{
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();

W

FEREILIL,
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#H—F WiRey 5 F T % 7T EAITEHE

BB S E TR

10 Taa 3P4 GCC iy C++11 IEMZEA? ] i EFEEE Tim Shen fy 0] 2
2. 1E R A SRy

55 7 WIS IR
7.1 FFAT AR

std::thread M TAI& —MNAATHLREIH], FroAE e — Ul A g i B, ) i 55 2 5
<thread> 33U, E#RM T REEAMATERNE, B get_1dO KRB BIELRER LR ID, (1
join() REAFFF—PAMETHR (SIRLMHLE) F55, il

#include <iostream>

#include <thread>

int main() {
std::thread t([JO{
std::cout << "hello world." << std::endl;
s
t.join();

return O;

7.2 HJRESERIX
FANEBRAE RS TRECE B R KRR P R & T T4 RIF R BORA AR, mutex g
HopnZz—. C++11 5] AT mutex MHRAYZE, HFTHM K RACEAAE <mutex> KL

std: :mutex j& CH++11 FREAME/FESE, AT HE std: ;mutex XfRAEH/F &, Tt
HBL A PRE Lock O AT PABEFT B4, unlock O WDASFATARS. (HRAELPndn S RIS, Bl AZE
EREEE AR, AT 5 RO TR 2 B I A X R ) LA unlock O, 248K, i3 R .
M C++11 N HJFERME T —4 RAII HLHI RS std: : lock_guard.

RAIT AEA KA i e [, AR PRAIE T AU Y S 22 e
1E RAIL AR, XTI 5 XA L B B A 5 SEAE VR A T da ol 2y, Bl

#include <iostream>
#include <mutex>

#include <thread>

int v = 1;
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https://zhihu.com/question/23070203/answer/84248248
https://en.cppreference.com/w/cpp/regex

b

void critical_section(int change_v) {
static std::mutex mtx;

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

/7 RIS

v = change_v;

/7 BFRUAERBE mte 2N

int main() {
std::thread ti1(critical_section, 2), t2(critical_section, 3);
tl.join();
£2.join();

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

return O;

M C++ PRIE T BrA S A A i SR S A, BT AR AU 2 S 2. Toie
critical_sectionO IE#R[E]. 2AE gl i A, AT 2, BEAZIAM T unlockO.

BRI 054 (B i SEBUE SO HEATRR 1] ) o

M std::unique_lock N ZAX}T std::lock_guard HFLAY, std::unique_lock Tl R i,
std::unique_lock MIXIRSPAM GrAN (WA HAMA unique_lock XFZ[FHHA 4 mutex
MEMTAR) S mutex X LW EBIRARBIHAE. BT A I R da e, 0

std::unique_lock,

std: :lock_guard ANRERIAYIEH Lock 1 unlock, M std::unique_lock A] PAYERS B G RUIT 2
B, ATRAZE/ NS VE RIYER, SREETE 0 AR .

WRAR R T 4475 & std: :condition_variable::wait N/ std: :unique_lock %
.

Biltn:
#include <iostream>

#include <mutex>

#include <thread>

int v = 1;
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7.3 Mt % T EATL AL

void critical_section(int change_v) {
static std::mutex mtx;
std: :unique_lock<std::mutex> lock(mtx) ;
/RS R
v = change_v;
std::cout << v << std::endl;
/7 BT
lock.unlock();

/7 I, EMARAULE v HFRAN

/) Fh o — A EBRAE, FR A
lock.lock();
v += 1;

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

int main() {

std: :thread ti(critical_section, 2), t2(critical_section, 3);

tl.join(Q);
t2.join();
return O;
}
7.3 WYy

) (Future) KK std: :future, EIRRHLT—MUTHRSRIESERINER, X AIERA G AR,
N T B AN, BATFRESCEE N E C++11 Z I Z LT .

AR, WERIAT LA A FEFITR 2R B ERTHEANINTBINIALS, R 4h
Ao MEXEHE, LAE A ATREIEAEIT HARRY TG, el B 4R, FrARMIS M B AR A2 B
ARFE R RIRIFEAR B AZER

f£ C++11 [ std: :future YHIAZHI, WHIBIAE: QP48 A, fE4E A BRI %5
B, MiERSE G Ak, R AR R R o TR R AR A BUETEMU R 3, 24
s BRI, PR — AR R ORI AT RO 452

i C++11 2446 std: : future fAjfb WX NARE, ATRAMDRIBUGR AL LR ARH, RAMR
RO B R B EA A —Fh ) L AR R 22 T-Br, BB (barrier).

NTHE—NFT, FAXBEHIMER std: :packaged_task, B0 VA REREATAI AT AT ) H b,
M TS AR 280K 10 -

#include <iostream>
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B GES 7 EHTEHK

#include <future>

#include <thread>

int main() {

/) —ANREME A 7 B lambda KL AFHKEE

// std::packaged_task MRS A EEH I H
std::packaged_task<int()> task([] OQO{return 7;1});

std: :future<int> result = task.get_future(); // 7= — &P H AT task
std: :thread(std: :move(task)) .detach();
std::cout << "waiting...";
result.wait(); // #wihi& & FlE, 221
/R PATER

std::cout << "done!" << std:: endl << "future result is "

5 M,

<< result.get() << std::endl;

return 0;

BT EH A H ARG, PTPABTH get_future O HFRFH—1 std: :future X5, PAHEZ )55
KA

7.4 FRAEE

P55 std: :condition_variable ;@ K | MRFLAIMIAE , 4 B R BV I TG AR . Lo, 22

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

HIX LN ER, e kKAEFES . DA, condition_variable X4 4G i ¥l 3 Tial 2 ] T M i 45

FREFEMIMEERILH] . std: :condition_variable [t notify_one() JTMifiE— 1 2#E; notify_all()
M B AP 4. & — 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; // {40z 5
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auto producer = [&] () {

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

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 Al notify_one

auto consumer = [&] () {

while (true) {

};

/7 AR EAR

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

while (!notified) { // # %/ 1w
cv.wait(lock);

¥

/B EBHY, BRAEFEANASERFEHTET

lock.unlock();

/S OHEEETAETE

std::this_thread: :sleep_for(std::chrono::milliseconds(1000));

lock.lock();
while (!produced_nums.empty()) {

std::cout << "consuming " << produced_nums.front() << std::endl;

produced_nums.pop();

}

notified = false;

std: :thread p(producer);

std: :thread cs[2];

for (int i = 0; i < 2; ++i) {

cs[i] = std::thread(consumer);

}

p.join(Q);

for (int i = 0; i < 2; ++i) {

cs[il.join();
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ey

7.5 RTRNEE A AR % 7FH

b

return 0;

(AR 3R, AR E P HATRA T DA notify_one O, (HIER EIHANHUBAEIA N, PR
TEZAE A W OLT  FATHI S Se B b o] BB T BARORFA, X A m] RELE LA 938 2R BB, AN
TS A 2 AN e Z I . Tt HEEER ERCY std: imutex MHEMPE, FRATIRATCE
W2 A B RE AL R BRI T B AT B A = i N7 AT e LB S 2 ) B

7.5 BT IRIE WA B

LA 2 AT RE 0 B — /N1 P A 77 25 T B B A A 911 R REAF A2 1R e DAL S B0 A R 1 D
FRAEBERR . B, iR T REX AL B notified AEAEILIL, IR HAR A — AR frdeifE, MM F80H o
B ERBAGE TR B EM AL KR — DR, O TR XA, AR E A2 The
Ct+ 1LEG M AR — . JATESERE DR, N Bt a2 2 07

#include <thread>

#include <iostream>

int main() {
int a = 0;

volatile int flag = 0;

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

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

19N

std::thread t2([&] ) {
a = b5;
flag = 1;

s

t1.join();
t2.join();

return O;

MEM E&, t2 1 a = 55 X—KHEMUTBAE flag = 1; ZHIfSEIIAT, 1 t1  while (flag
I= 1) {IFARIET std::cout << "b = " << b << std::endl; AHEHIRICHER AT HIT. MiZ4HE
H, WF b BENIZSET 5. HEERFREILE G2, 8 X B A S8 T R & XtTh,
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7.5 RFBEL N GRER % 7TEFHATEIFA
AT a fl flag Mis, MATERDIHATRIAREPREES, WM T4, BRIbZAh, RIEIRA]Z 0555
BEE, MR ATRERZ CPU WELFHUT, miFax 582 EHEEm, S5 a = 5 KA flag = 1 Z 5.
MM b "B H 0.

J TR A

std: :mutex nJ DAfEHR I B RS I, HEJRPUREBIERER IR, 2R 15
J B 5 B0 5 T A A

L. JRfLEREm) B hAPIRASEHE, B [HHE] XS
2. PRIGAE TR BRI, B B AL S P AT I S X O A T Bl g

o — AR P 50, BAiEil 2 A g CPU 8o RINEREZ S (RI1Z
JEFERFE A SRR R8I o N T—MMUFETIRNE (A THRES) A, BIFRHTZ
T

KT LRI E AR AT 75, FATERX BARATHOR . S5 Vi E, A CPU A&
ZEHHRAL T CPU 8RR THE, HIIEL 4R P A ER I X — M@ L, C++11 gAY
std: :atomic Fiff, MRFRATRESEBILIR 262, HAF— DR THREN—U1ES, FMLE A~ CPU
84 Bitn:

std::atomic<int> counter;

FEN R RO ST AR T EAI BB A R R AL, 250K E, A4 fetch_add, fetch_sub
S i P BO: = il = 0F ot P VA 1 Bl 1 N = o (L T R

#include <atomic>
#include <thread>

#include <iostream>
std::atomic<int> count = {0};
int main() {

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

B
std: :thread t2([1O{
count++; /7 FMT fetch_add
count += 1; // FWT fetch_add
s
t1.join();
t2.j0in();

std::cout << count << std::endl;
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return 0;

0%, HHEIrA R BUERRE SR LR T, X2 MR FEAER AT E G T Bk CPU 424y,
PAK T SE IR ) R B 25 40 )2 75 BEAS W /2 1% CPU  ZEAGXT AT S5 4 sk, BRI 3R AT B2 vl DA &
std::atomic<T>::is_lock_free M EiZ)R TRA B HME T THAE, Flin:

#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;

—HPEEO

HATPATIZ A AR, WERZEWZE EHE, WA — R R % . iR %+,
(LA E S BA MR B A —E ], H 2 AN SRRl

WERFATIATR— R v FEZ AL Z BB R 0, RIME A — SRR v )5,
HABLKARI e B RN R v At , W28 v TE, RBUMIF AT, EH A TIIAZ
LAEMAFEULATRCR EAIER . XA AIMARERSIE L I e ? 25 52 2 )55 S T 3R e bR )
FRTR] A 26

MIEBE B, BEANAE AT DA R — MR AL, IR A A3 £ L S5 T A1y AR i 15
F 58 AR (B P ) 25 2 1, Gl R RATT 5 SR AR AN R A — B A2 -
Lo AR ARoE— s — 2. BRI SR AT B S B e R i i — IR S
AR, I A SRR AR R 5 4R T R — 2K

x.store(1) x.load ()

T1 ————————- tmm e +mmm— >

T2 —————m—mmmmmm— e bmmmmm e >

x.store(2)

70



7.5 RT AL N AR F T FHATHHR

TEIE GO0 T 2R T1, T2 X x PTG B R IE T 1Y, H x.store (1) &/ M & ETE x . store(2)
ZHl, x.store(2) JIEHKATE x.load) ZHl. fHAF—4RAIE, ZME— MRS 4 Jm mhihiy 2EK
SeMEASEILRY, X e AT gE B A Bt s 55 25 0F T Hofth— E PR R A A

2. 2ok [RIRE B RATA — R R R AR RE S B B e T — IR B AR, (ER R 5 4 R ey
2K

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

TL ————————- Fomm Fom— +————- >

T2 ——————————————— b >

x.store(2)

REH
x.store(1) x.store(3) x.load()
N I T — T —— N —— W — >
T2 —————- S >
x.store(2)

TEI R —BEZER N, x. 1oad O WS B ii— IR G A IS, Ak x.store(2) 5 x.store(1)
HIAFATSE 5 R0, BIHIE T2 §Y x.store(2) KAFE x.store(3) ZHIEIH],

3. PUR—E: ERYEORIE P IRR, HFEZA IR KRB BAEIWUF AR ORI, TR 2R O R R A
G AN 25K

a=1 b=2
Tl ——— oo ——— o >
T2 —————- e o o >
x.store(3) c=a+b y.load()
EE
a=1 b=2
T] ——m—tmmmmmmmm e TR >
T2 —————- e o o >
x.store(3) y.load() c=a+b
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b

Vi
b=2 a=1
Tl ————#=————————— e E R >
T2 —————- T Fo—— e Fo—— e >
y.load () c=a+b x.store(3)

WS MR =R TR R TR —E0, OB R, A o X a Mo AR, T x A
y TELBI TR B EAT KA (HSLPRIE O A T2 R B A RERIE x 5 y BISETEX)

4. A BRI —EIEEOR, B RRERSA BAEAEARR A A A T B SR, B
RESRPOEE RN A ] o PRICFATTE 2207 DARS U AR PR RS A N5, (AL 5 5 B A DO 2 5 1 1 1]
ERARN . MRXEEAERNMTHETEEZ N T .

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

x.read x.read () x.read() x.read()

TE TR, ARIEATEE x BRIHRIED 0, W) T2 HFPNK x.read O 4R ATREIEART AT
oL

3444/ x WEBRERRENEE
0334//x WEREHNEEHHEFE - EER
0004 // HE—REHMERHT x WRLAME, ERIAHTHNHFRAES
0000 // EYMEHEBEAN x WEREH KRB ALE,
/] BRREANBEEE—EHNEE x 4 HER

AT

R T IESRAR BN ERE , SEIA PR B BRI — B, C++11 R4 T ST R B N AT
std: :memory_order HYIEN, Fik | PUFhZ LARR] Y [ :

1. DEAMBEEL: FEBUARALT, PAAERRR NI R T BB I AT, A AFa 2 EHE, EARFLREN
ST EEAE R AT B . 282 IT std: imemory_order_relaxed 1H/E. FMIKE BT

std::atomic<int> counter = {0};
std::vector<std::thread> vt;

for (int i = 0; i < 100; ++i) {
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ey

7.5 RTRNEE A AR % 7%

b

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. FE /A SAY : AR g FRATIT LR FR IR A A BRI, QRN AR TR EB MCEAME, H
73— DN ERFELAZAE N AR AR, RIS MO . BRI, & A SERLT =00 x 1
B, AR B AR P2 =K x I BHME, 5 x FIRTIIIR BT TC K, W24 A F:3)) x. release ()
mHE (RP{#i ] std: :memory_order_release), %M std: :memory_order_consume FEMSHHIRE B 1&
T x.load O BMEMELE] A S =000 x IS HAE. APEE— 01

/7 FEH A nullptr [F1E consumer 2742 M B354+ 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);
b;
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;
s
producer. join() ;

consumer. join();

3. R/ ARIUEAL . AR MBTALE , FATAT PATE— 25 I B AN [ ZR AR [A] St 145 R B e ) PR, R

std: :memory_order_release flIFKHI std: :memory_order_acquire 2 [A)FLEN T, Bl A A T7EREN
(release) #AEZ WA BHAE, X HAMLARMEMIRI (acquire) BEAERRZ W UK, JRRD &G
/¥ (happens-before).
W PAFH], std::memory_order_release Hfifk I EXZ I G HMEA L KAETERIGRIEZ S, 22—
NG ER: (backward) , Tfj std::memory_order_acquire Hiff T EZ B BT AL KAELE
GHRBEREZ G, — D mEii 5 (forward), YT std: :memory_order_acq_rel Mg, NI
G TIXIFIRER, MEBE T N INAERRRE (A5 S TR N A S A S HEH B
AR TS -
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AN PRBE—A T

std::vector<int> v;

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

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

// flag has changed to 2

s

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

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

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

acquire.join();

TEM B FPFATE ] T compare_exchange_strong M Az )51 (Compare-and-swap primitive) |
EA—INEBRRA, Bl compare_exchange_weak, T fVFRIMEAH T, WK ME false
K. HIRERZ R ARG RS T30, BRmE, 4 CPU #H7 BN Scylent,
— AR F] — ik P A AR — B BRILZ AP, compare_exchange_strong FYMEREF AERY 2T
compare_exchange_weak, {HKIF/MEH T, ETHMAHEZIYE M S, compare_exchange_weak
WA PR

4. W F—HARA . FERANT, R ERAE R — 2ok, JEm el e e RE e AL URE . Tl i Ul AT
std: :memory_order_seq_cst #TH5E. mERXRE—NHIF:

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

B

for (auto& t : vt) {

t.joinQ);
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% 8 EXLMH AR

(%
A

}

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

AT A SEAR I 0] 7 A T B3 DO, AU R I T AR AR P B Ok T
memory_order_seq_cst, A MllRAIEE I LA B A4 5 AR I R PR A [F] N AE I 5 B0 1 E

=2
Jte

gk

s

C++11 iHFZRM T K MRBER R KR, AWHRBA N T std::thread, std::mutex,
std: :future JXLEI R GFE PRI LB E TR . BRILZAh, FABENE T C++11 HEEAJLIFF
Pz —i TINAFRRZLL, BATH C++ TEfREL s PERETT R R S 1L T S B St

28

L W E A R LR, A T TR

ThreadPool p(4); // f5 & /T 1E4 %

/) BESEM P NIN, FHRE— std::future
auto f = pool.enqueue([](int life) {
return meaning;

¥, 42);

/W future FRBIATER
std::cout << f.get() << std::endl;

2. HEif] std::atomic<bool> Sl — A HJF4HM.

BB S E TR

o G+ FFEGE (H3UR)

o ARPR SRR SCRY

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

94 8 FE AL

SPFRGRRME TSRS AR HRLCHE. A SRAESEHRAL I T BRI IR . AR
KRR, At g i e boost K, HEmAWEH N C++ WRHERARZ FEL —.

75


https://book.douban.com/subject/26386925/
https://en.cppreference.com/w/cpp/thread

8.1 LAk L% % 9 FHML M

8.1 S Lyt

TODO:

8.2 std::filesystem

TODO:

9.1 iRl

long long int

long long int Jf /A C++11 e ARy, HELHAE C99, long long int FLAWMA C #x
HErR, B ARER > B A i i B S F o C++11 B TARNZ IEXIE B AL HERE, ME T—1> long long
int KM ED R4 64 LI HREL.

9.2 noexcept WEWFIE:{E

Ct++ HHT C W RIEHMAET C++ AGulE LT B8 BM T HAEHIE . KRinifE C++11
ZHl LT A NEETER B G B E R EFRAR, N C++11 IHs, X ELHIET M, FreAd]
AEAHEWAENFHARDX ENLELZ WA TAEATEE, IREARZ TSR TIRE.

C+-+11 K575 B B I AR PRI O -

or

L BREAT REAL HE AR AR S
2. BREURRE

it AT Ay
FHMH noexcept XX PRI T AHEATIR B, 4N

void may_throw(); // " it 5

void no_throw() noexcept; // 1 7 44l H F &

f#1H noexcept M BREC UM T, i std: :terminate O R I | EFETFiE
7o

noexcept SFESMHRIERT, T #AE b, BRAXTLFHE, R[] true, FHMIRM] false.

#include <iostream>
void may_throw() {

throw true;
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9.2 noexcept 894545 Foidf 1 9 F Ak R

}

auto non_block_throw = []{
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
<< "lno_throw() noexcept? " << noexcept(block_throw()) << std::endl;
return O;
}

noexcept EMH5E— N RELZ J5 RENS I B BB 9 BUNIIRL, AR NER=A4 a8, AMERI R 2l .
-

try {
may_throw();
} catch (...) {
std::cout << " Ik FH, FH may_throw()" << std::endl;
}
try {
non_block_throw();
} catch (...) {
std::cout << " JH I FH, K H non_block throw()" << std::endl;
}
try {
block throw();
} catch (...) {
std::cout << " JHIkFH, K H block_throw()" << std::endl;

2R
jﬁ%{%#, 5}55 may_throw()
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WH ¥, £ H non_block_throw()

9.3 il 4
SIS 4 A i

g C++ HMEHRE — D AWK E AW E A L2 e R — Yy, —4
4 HTML AREWEFHEFTFTERMRKEWNE LFF, fln—4 Windows #XHES T
C:\\File\\To\\Path,

CH+11 2 TR FAF R PRI EIE, WTME— N FAFER Rl (U R R 747H, [F,
PR FAFER AN S0, Bl

#include <iostream>

#include <string>

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

return O;

P Sl
CoH+11 BT E s X ITRLIORE ), AL TR | B F A S 930

/) FRETEE R EXSAREWT 5 H5 %

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;
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I S T SO DU R T

L BRI R AN LT unsigned long long. const char *. M FHIEFMFSH, 76 L
TP AR o (5 FH 1) 2 i

2. VR EEIAE ] long double. const char *, BIMRFIHREBAT;

3. FATHRFMI R WA (const char *, size_t) EAMWSHER:

4. FEFWE: 381682 char, wehar_t, charl6_t, char32_t % JLFpEAL,

9.4 NAFRIS¥

C++ 11 5l A TR X8 alignof Fll alignas K SZFEX INAERTFFEA 7450 . alignof 4T
BRGNS T BN std: :size_t FBMYME, MTAEMRT-GRRXFTI. BARENTA I A
WRT I, H2A%EAEE ST, [, C++ 11 85| AT alignas REFE M4
WXt FF e FATRBE PG T

#include <iostream>

struct Storage {

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

};

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;

Hor std: imax_align t ZOREEMREIEBFNTEI 0% —HE, HILEILPRERIFEEAER,
PEMRTR V6 EAREIEIRY long double, NULFATXHFFHI AlignasStorage fXIFFEKE 8
ok 16,
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A

AN ERI UM FFEZ AR NG C++ B LA R SERTIRFE T, noexcept J2iR
NEERIFE, ER— DI T RS IR R W A UL, AR E g RN R R AR B AT R X
i

45 10 wijEB: C++-20 Widr

C++20 ffm] C+4-11 —#F, RLFRERE SO — MRE OISR BN, FAE CH4-11 BHIgRERER AR
T R = A i P51 Concept, NS TCAMITEXL b CH+ HBXIET BRI FER A C++20 AR
ZPt2 | % Concepts/Module/Coroutine/Ranges/ 455, AREFHAT#A—15 C++20 HPRFF AR
R LE B

SS AP

#f (Concepts) X} C++ BRAPEAIBE— LG50 Y e FIFFRUL, MRS —FamiinRe:, &
REAS LE A% AR TE A U IO AR S Bt EA T IR, TR R B SR F AT ITE CH+ PR AR Y (R . T
BRI T SRR IR AT 220 B E S N ARG, 2N E] H B LR AT AN BEE XA &
BT A SR 28T, A BRI T (R 2 R R A L AN S A e 5

#include <list>

#include <algorithm>

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

return O;

T % B A Tt A SRR A R I ZE T, std: tsort WHEF 2 gs b AR AERENLIE RS, 75 WA g
A, MFATRIE std: :1ist RASFFEEVLII0 . HESIIET RIS : std: :1ist PRIR AT
A& std: :sort HEEHLIEA S MREER LR (Constraint ) . 7E5IAMEE /G, AT AT AZAER AR S4L
HATLR:

template <typename T>

requires Sortable<T> // Sortable & — /A

void sort(T& c);
HHEH:

template<Sortable T> // T /& —/ Sortable H]&A 4
void sort(T& c)
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BB T EERF AR R AR -

L

void sort(Sortable& c); // ¢ =—/- Sortable ZF7Al 4%

HAMTIAEARF — AR BIT

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

A

I

SERYL, A THE C++20 15 F| Concepts/Ranges/Modules jX 284 \ AR, XXT—178
G=+12%4 Wikl MEmPES, KRS WEIIN.
WE— LB 28 Bk
e Why Concepts didn’t make C++177

o CH++11/14/17/20 HiiFai LR oL
o C++ itk
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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

W3 20 AR C++ oY A: %

Ko 1 RE—2B B o TRk

B\, e RIAETEARR! EFAEARRARERIIA C++ 124k,

IEMA B FEHEENN, AR AR PR G A C++ 11/14/17/20 Fifetkm ey, mAkE
BERYEE ) S C++ TREEE] MNE . BELAWER TIXANFR, REXFEMNAEIRTERE, 6%
Ko FEMG, ZEHFNH—SLREAEH W IRTE M S EL At 2 b iE— 22 3 A C++ WIBER, A RIS —
ZJi:

o C++ &%

o CppCon YouTube #jiiF

o Ulrich Drepper. 4 (A% )7 51 # R ZAE I A FEHIE. 2007

o FEfh7E

Fifs% 2: BEAR C+4 Mydnethscik

T P SR FRAT TR AT BLR — IR IR CH4 IS . BRI, 2B KT CH+ WL A X

BRI H (Effective Modern C++» F1 «C+-+ XASFEETY o 7FIX b 5% EEfRT e . 0

BBl R BRI, N — R NE . AREREAR T W AR PR IR EESC B, TR AN R U
UK ZZNTis

TR

TODO:

RS AR

TODO:

T E

TODO:

(M5 o'

TODO:

Yk

TODO:
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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/

T A A MR 20 R C++ oy FTAEER

AR RITE

TODO:
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