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Ct+ 2 MRS RIIES . W C++98 INHIELE] C++11 MIEUERAN TG T2 2
AR o C++14/17 WEZAENXS C++11 WHEEANFEAIAL . Fra X Lefm e rp s ket 45 C++
XITESTENTHAINE ST IRLRTE R RR CH+ (RN C++98 KEZRII C++ FEtkfx
Z GG C++4) TARESE C++11/14/17 /) C++ Rfy AR E AN Lambda ik A IX S H R
i, BEESFE MARARR—TTHES L D

C++1x (IR C++, ARPrh¥fs C++11/14/17) Ifess CH+ AR KR HER D C++
BRFIGE 1 IARMIIES o CH+1x RAUUIESET C++ 185 H ST, auto SC4EFIE LIE
P (A5 AT G (5 DS s 0 2 8 AR R T, ] B X = 1 AT 6T 7 KR U 34L . Lambda
FEAXWHILE C++ BT TEARE 1 THE) Bk, X —4fE LA HERES GEW
Python/Swift/... ) FHEGEIZ W, HETHIHEEI T CH+ KA LRBEAURE I I X R 80%

[EIEE

CH+17 MPZIE =4FR M C++ A X —ZHERER TR, BARH TR C++ Sl — I E 2L JRTT
e REEMHBFHFAW C++11 I EZE, (HEEE 7 RE/NISERNTES SR (BlInsiaegse)
XEEPE R BB IR T A TE C++ IgmfeEe

BUR C++ 0 B S bR RN 1 ARH 2 19 THA %, BETR S H SRR 2 _EHE T sta
s:thread, MIMSCRF TH AR, AR & EARKET AZRERN APL S FEFREMETG
SCHE; std:iregex feflt 1S EBEAY IEMIFIAASCRF . C++98 B SLEIEN] 12— FhIEH I IYE
By, T C++1x AUHBL, Wk BHESXAERL, ik C++ BN RGERE AT A B RYIE S .

BT 2 BAWER C++ BIHPS SLBE IR RFHENHT I ROITOOAS, A REE RAYHEDE C++
FUA R, AR T 1 OSCH A T = B SEiTE /1.

BiriEE

L ARBEEE CARER TS C++ . 20N EHES C++ R EARSEMRME Rt iEi,
ALK I GG C++ B TERASII A TREEAESERT N T I CH++ S GBS S
Bej e A S 5

2. RP—FERE LN T U C++ HBREE, (XU EEEE AR, NESR BN BN
CH++ i, RPIEM AT C++ BIBEEF. Mok, FEEN 22> 1918538 7T UE A 5k

BT H O B CH++ R
THEH

AAFSHR DEyd EF0, WA BN A8 =R A4 C++ BIHESR ST R x4
TR, e AT L B AT T F B BUBC SR Y N A B T2 ), PREFAGRTT 2 TN A X
FrE AR R E R, AR H ORI M TR ERN B, 3. BRRIES A COHTEHE



e % 1 Fiak C++11/14/17

RIRS, ARBFEN XL R RE D, AT RERI R T A28 T X 2R M A 1 P S ST AR
R, ROBRARX LR s XL TR RS Bl

AN, EERBEAER A TS, BB AERIH PR C++17, FEIPRIHIIHE L E
B2 C++17, WRZEHNHEFEIMN C++ A9 M othk 17— L2z J7.

HR R

AT BT AR (R AR UEBRBE A SR SO AR 5 ] LGB 2 I,
it~ R RS 5 B e R R AR A B, BT R AL,
A

% 1 FEif[E C++11/14/17

BTN RFGMT clanger (EME—(FINAIER , FIRERAEIIGP -staces17 41P%HT

—+=
iho

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

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

1.1 #F AR
FE5E] C+1x Z T, FAVE TAF— T C++11 THiR, BEFH R T 2R -
ER: FAIFERCRRER . HUE M TR SR SRR AASR AR R 2 MR

ROBER . HE, CAMEERIAEIREEN 70, HHB TR E, K
RS kA TR

o TEANFFHEFEETEMEL— char »+« MEFTERAFHEFEETEREBENMBEL—
char *, WiZ{#EH const char * & autoo cpp char *str = "hello world!"; // K H A F HEE

C++498 B&EiibH- unexpected_handler- set_unexpected() EHEFSERFR, HiZER noexcepto

auto_ptr #FH M, FfFEMA unique_ptro

register %ﬁ??%&ﬁﬁﬁ, EILX1§H1E7FEE=§1E1EI§I3%@>‘(Q

bool ZEHIHY ++ HAEWF Ao
MR—ALEBEERE, AHEERE USSR HAENREZEFNSERFRAT .




1

1.2 5 C oy 2kt % 1%iak C++11/14/17

B 1: &/ 1.2: Cfl C++ HAEFEAEM

e C BENMBHEREIGHEFTH (BIELTERIEMR (convert_type)) , Mi%Z{FEMH static_casts

reinterpret_cast. const_cast SR {THEIGE,

o FFAIM, R C++17 tnERF AT —ERIUMERN C #REE, filan <ccomplex>. <cstdalign

>\ <cstdbool> 5 <ctgmath> %

oo,

SE— R HAMEN S E (C++11 4L T std::bind ] std: :function) « export ZFi{th 44k
FH . AERA X R IE AR E AR ERIRE, HEAESRETHEMN), Rizm#Fir ez,
BT BETE . BOARZ AT A Y o

1.2 5 C (i#FAH

HT—2CRTH . DR, BAIAEALE C++ i —LL CIEEAM (EEHEMN CiEER
). Blan Linux REEH ££ C++1x HBLZAT, K AHKLK FC 5 C++ WXBIE40 B, &
R T R F XS R AR T R AR R ST, B AR R T BRI TEAZ,
WERANE. & 1.2 PRFERERE ERE T C M C++ MHRIFHRAE L.

MIAEFELG , IRIOIN T %07 TCH+ A2 C BI—NBE) X MA Ol A FFEHA R,
JRTEE— 2 2% it T C++98 F1 C99 Z XA o« fE4RE C++ B, izl fE
PRI S 8 FH T voidx Z RRAGREF XK. TIAEARAE C B, WAZERM extern ner XFMEHE, #4
CiEEMMRIY C++ M7 B, 5 FEexfiias, fin:

// foo.h
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1.2 5 C o kak % 1 %&w C++11/14/17

#ifdef __cplusplus

extern "C" {

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

#ifdef __cplusplus
}
#endif

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

return x+y;

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

#include <functional>

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

return O;

JSEH] gee 4 C 1HF ARG :

gcc -c foo.c

Zwit foo.o XM, P clang++ 1 C++ AR .o SUAFHERGEKR (BEHMIEN o P4
%)

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

R, VRAT LU ] Makefile Sfeffide LHTIAAY :

C = gcc
CXX = clang++

SOURCE_C = foo.c
OBJECTS_C = foo.o0

SOURCE_CXX = 1.1.cpp

TARGET = 1.1

10




10

11

12

13

14

#— )ik 6g K Uk % 2 FEE T R ARG

LDFLAGS_COMMON = -std=c++17

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

TR Makefile RHIZEBERHIRAT AR ZSARAT, WRIRERE X B AR ) VA e
HIFRAFTRES A H S ids, 35 AATHIOR(E Makefile Hr 25 BE H il 2675 S i«

WRARIEAHGE Makefile (UM BIAE KRR, AHRPASHIEL T E RIS, &A1
AT clang++ -std=c++17 Hn] AR AT

UERARIZ B R C++, IR ARIR AT REIRE A ERIRYARS—/ NBAAD, RIT:

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

AL, RBRYFEETH IR HIX Y.

HE—FRIERSE

. C++ 5= 52#. Bjarne Stroustrup

. CH++ ik

. C++ Ix FEMEAE GCC/Clang i de -H Y SCREE L
. C++498 5 C99 Z A1 X 5]

= W N =

% 2 FIEE W AMEREL

BEATEY MR REEEFE, AP TR RS R SRR TIRE B e X LT
FRIBATI ZHT . ATRER A S S F d A USRI T . i, RATEF RGBS TR, 2
FEARLE e LA IS T Z BT TE ST M -

il

2.1 &
nullptr

nullptr HILA)HIER T NULL. FERFR R L B3k, 848 C++ &4 NULL. o A [E—Fh 7R
T, IXHR TR ) & L NULL, AL2egqiFae 2% NULL & 3K ((void%)0), ALUE & E B HIE
XH o,

11
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01 %% $ 2 FiEE TR R

CH+ ARIFEE void * fazslibns| Hb M . (a0 gmiFas 22l NULL & SN ((void%)0) ,
2AE FHX A

char *ch = NULL;

WA T void * [zl C++ HIUFIGNULL 1 A 00 MIRAR RS 2B BT A8, % NULL 28 Sk
0 ¥ S5 cr+ EFIFIE L AEIREL. & FHXM A foo MHAL:

void foo(charx) ;

void foo(int);

A2, foo(NULL) ; IXPMIHANG I foo(int) . I FEAAS T S ELE -

N T ROEXA R, C++11 5N T nullper JKHET, LITHPRIX 223055 0o 1T nullper [A2EAY
N nullptr_t, REGSREARYEHON MRS SR EFT RO, WREMM A T T M Sl NS Y

PRATAZAKAE ] clang++ 2% T IRTAOAUHG :

#include <iostream>

#include <type_traits>

void foo(char x);

void foo(int);

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

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

std::cout << "NULL == nullptr" << std::emndl;
foo (0); // WA foo(int)
// foo (NULL); // AT & R It 4 F
foo(nullptr); // P A 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;

Ko -

foo(int) is called
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01 %% $ 2 FiEE TR R

foo(char*) is called

ME AR ERATAT LG, NULL ST 0 55 nullptre AFLA, IHFEAEEEMEH nullptrff) I 15,

LEAh, fE ERRYAHSH, FAE T decltype Ml std::is_same XM & T BN C++ AYIETE, fH
i, decltype T ZRAUHES, 1M std::is_same T HEPI D RILRE TS, FAISAE)SH decltype —
TR IR .

constexpr

C++ AGCEBEA T HERBGAIMA, I 142, 3%4 XFhRB LGS EHE 25 R Hik
AIEMTEIVEN o ARG an REAS A8 i I IS X LE 2GR N E RMMIF A BIRR P T . R RERI IR
HIVERE. — R W A0 7 i A B ) 8 S B :

#include <iostream>

#define LEN 10

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

return 5;

constexpr int fibonacci(const int n) {

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

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

int len = 10;

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

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

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

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

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

13




33

34

35

2.2 BZ R Lmisik % 2 FiET T ARG EL

return O;

EHAYPIFH, char arr_4llen 2] AIREHLERS AR, (AN len 2 BARUE LN ik, Nt 4
char arr_4[len_2] HSNRARENIE? IXEE N CH++ FRIEREEHMELAUE — M REERIA, TXT
len 2 Ml , X& A const W&, MAZ M HFRIANX, Kb (RIMEXFT AR AR RS
. H2) R AT, FATFHZEM TR 21 C++11 IR constexpr MM TR
AL X T are_5 i, C++98 ZHTHYSHIEGTCIEGH Len_foo O FEIBTTHISL PR LI2IR Bl — M
B Xt S8 T AREN T A

TR BUERTR A gidar SR A B B9t IRESARET NS FR UL IR F &
BRFETE, A EIR IR IR 5 2 R ) i o

CH+-+11 $2#t T constexpr 11/ 23R 7 B bR BB SIS PR EUE S i W 2 ON 080, X4
ST IR 5 VRN A N 1% LK Len_foo FEAMIFIIRLN %2 — M HEE A

1A, constexpr [ BRELAT LA 14 -

o

constexpr int fibonacci(const int n) {

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

M C+-+14 JHiR, constexptr BRECAT LAE A EAE TRl ity JEEAAN S (o] BRIEA] , BIAnH AR
fAE C++11 HIBRIE T2 A REAS I S 1Y -

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

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

A BATRTEAE R X SR R A AR AT R RN C++11 TR Rl A -

constexpr int fibonacci(const int n) {

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

st

2.2 TERENRL

K

if/switch TEFAEK

FEFESE C++ ., AZRH IR BIRRER AL LM ALE, BT for IHAAREM I — IR AL
int, [HIRZATMEAE if 1 switch FHAJHR I — IR AZ R Bt

14
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#include <iostream>
#include <vector>

#include <algorithm>

int main() {

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

// T c++17 ZH

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

*itr = 3;
}

/OFRREHFEX-AFHLE

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

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

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

FE_EHERACRD T, FATAT LG 2] ivr JX— AR RUEE AR nain O BIMEAIRNEY, IXFECE RN
FFHE A std: ivectors B, FZLEFran 47— 148k, CH417 JHBR X —MRH1, (EEEATATEL
FEAf (B switch) FoESOX— 184

// KR E kB if EBAN

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

}
EARE, RAEN Go IEFRG?

I &S

P — AR ERRIE SR, o AR R Ta  ET fE . FEFR ST C++ i,
RERKGAERE I T, Pl Es4l. POD (Plain Old Data, HIBAHIE. HrifiRE s

15
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2.2 BZ R Lmisik % 2 FiET T ARG EL

B RS A RAERAT LMEA O #7000, a2 BRI AR . Tix TS RATAIAG

W, BELTREGESPE DS AT O 7. IXEAFR T B & B R, AhE

. pln:

#include <iostream>

#include <vector>

class Foo {
public:

int value_a;

int value_b;

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

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

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

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

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

return O;

NIRRT, C++11 F BRI RIS ER 7R B, FRHERZN sta::
initializer_list, FVFHAIE bR ALl HAN R RS RIIIG L IEE, Ol 2 R AW IA LS 3

WA POD ROIIA LT B3R 4L 7 e —RIMREE . il

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

vec.push_back (xit);

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

std::cout << "magicFoo: ";

16
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2.2 BZ R Lmisik % 2 FiET T ARG EL

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

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

}
XA 3 DR RS M A e A B AT DR S, L ORI A A8 R A S TN A 90 e L PR AR o o
MG IFRER T X Giid £, IR RBIGHAE e e 2, il

public:

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

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

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

Hk, CH+11 8248 7 g — ik a RIS &, Bl

Foo foo2 {3, 4};

ZHLgE

AR INE AL TR AU AIE S PR A Z IR BIER DhRE. FEPRIEIEY 58 Ade—wd, RAi1&F
B CH+11 FH4 T std: :tuple Zas I T — 1 ocdl, dEiMEEL MREE. HEEZ, C++11/14 3
B fE MR RS B MOCA P &R E SOTHT R, RE AT LME sta: :vie XITALHE
vt (HRNMMRADAEAEFEEEX N TTHEE L D IRG, SR GR 2K, AR

CH++17 583 TR —WE, SRS IE ] LAERA TS X p A :

#include <iostream>

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

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

return O;

KT auto RMHEF L fEauto AUE F—ThiEfT /4.
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2.3 AR T

2.3 KEHES

ﬁé; D) ;é_i%—é—?]‘)ﬂ :]‘i 6/7 gi'ﬂﬁ

FEfEGE C 1 C++ Hh, SZEIIERARDIMIIGE L, XH SO FA TR
FUR M FRATHDN— R ZRARN TN, A7 B 4 AR G 25 B A R i
BIRATHITTRRCR, WIS,

TORMBAEMHEL, G
TIREERI GRS, XA

=N AN

C++11 5]\ T auto Al decltype X REHFTSLBL 1 RAMET , LEARIFGARR DL AR, X H

i+ C++ WA TAHABRREE S 4, MRS 3Rt 7o DA R R ROl S 15

auto

auto FEARFLUFI O AN T C++, [HRMIALAEN — D RIUIE R A, 5 register If
ffo FEfLG CH+ i, MR — AR BA WY register A8hL, A5 H PN —1 auto Ahd. MMkEE
register YFFEH] (FE C++17 VENREESCHE T, LURMM, HATARALIRE S . X auto BYTH LA
AR HA T

] auto PEATHRAUMES M EON T WM H & M 0] 1 ml2 1508 . REOZAERTT /N AR 1
&g C++ PITKHIEREE:

// FE C++11 ZH
// T cbegin () T R Bl vector<int>::const_iterator
// B PL dtr MR % # wvector<int>::const_iterator X A
for(vector<int>::const_iterator it = vec.cbegin(); itr != vec.cend(); ++it)
AT auto ZJFA[LL:
#include <initializer_list>
#include <vector>
#include <iostream>
class MagicFoo {
public:
std::vector<int> vec;
MagicFoo(std::initializer_list<int> list) {
// M c++11 B, FH auto K FIHATEAE R
for (auto it = list.begin(); it != list.end(); ++it) {
vec.push_back (xit);
}
}
3
int main() {
MagicFoo magicFoo = {1, 2, 3, 4, 5};
std::cout << "magicFoo: ";
for (auto it = magicFoo.vec.begin(); it != magicFoo.vec.end(); ++it) {

std::cout << *it << " "y

3
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ﬁé; D) ;é_i%—é—?]‘)ﬂ :]‘i 6/7 gi'ﬂﬁ

std::cout << std::endl;

return O;

}
— LA L -
auto i = 5; // i WES R dint
auto arr = new auto(10); // arr W F H int *
EE: auto AREMTHEEES, FIL FEAMGL S THEE gEN CFREEB M, AT

87 3% A FRRRARL) -

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

3 [2.6.auto.cpp:16:9: error: ’auto’

4 |int add(auto x, auto y) {

5 Tmm~

not allowed in function prototype

IEAh, auto IE/NRE] THES AL A :

1 |auto auto_arr2[10] = arr; // IR,

2

3 [2.6.auto.cpp:30:19: error: ’auto_arr2’
4 auto auto_arr2[10] = arr;

TEEFHATE XA

declared as array of

’auto’

decltype

N

decltype KHEFEN T fEH auto Je4R T HAEXTAR & 1E1
sizeof RAHL:

AU HE SR BREE T H B B R A

decltype (% # R)

A, FATRTRER BRI FIA I, il
auto x = 1;
auto y = 2;

decltype (x+y) z;

REALAERTI AP EE] decltype M THEMIEMAY ML, FHOX Il FIW L& x,

v, 2 AR

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;
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[

3 EMES % 2 FiEF T AR

Hrr, std::is_same<T, U> HIFHIIbr T A0 U iIXPY I RALZ HAHSE . 4 R0

type x == int
type z == type X
EIREHES

TRATRES B, FEAr 2 autolif, FATCARIL auto ANREA T REUEZ TR RS, H4 au
AREMTHE SRR ISR ? 225 AR B B+, AL C++ hIRAIIX A5 -

&b
° He

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

}

JER: typename 1 class FEAMSEINHK A XA, 7 typename jXA> K4 H I AT, AT
Fe ] class SRAE ARHRSHN o (HAEAM 8 A HIER SR AR I, F5 2 typename
THBRIE L

“ﬁﬁ@ﬁﬁ%ﬁi}f;ﬁa”ﬁﬂﬁﬁ, DRI AR P A A6 FH XA AR R R B, 0B i HH AR [ 2R
HL ERAPEARIE addO XA BREC AT AFERERIE, ARG — T ARERIR R AL

fE C++11 HiX ARG R . BIRRATRE S L2 SO R decltype ET x+y (ML, Hil
RXFE A ACHS :

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

BFL BN SRR RE I i 1K RO Far 52 2] decltype(x+y) B, x 1y MARHEE
Mo N TRGGXANER, CH+11 385N 7 — I EURIRIEZERL (trailing return type) , FIH] auto S
TR R

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

return x + y;

NI R C++14 TR ] LLB HALE M@ R B AR PIEE S . UL T 5 ik a1k

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

return x + y;

CIRYN kil NS RE {25 P R ENR

// after c++11

20
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2.3 AR T

ﬁ'f; D) ;é_i%—é:’af}'ﬂ :]‘i é/J ‘gi'ﬂc

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

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

}

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

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

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

decltype(auto)

decltype(auto) j& CH+14 FFUAFEAL— MUK A 220 HZ:

R CIRFRENE C++ T2EEA RS, AR Bl —=hiEan g, IR

AT AB I B DR X —/ NN A

i EoR 1, decltype(auto) —E TR HE A bR BEE Fe (OB MR A BEATHE S . B FRATTC T 2aUhy
fRAE decltype MIZHERIAN . HBA NI, HFATHE X P A R EGIEATE 4 -

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

fE C+-+11 v, FRRSHLZ I

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

}

std::string& look_up_a_string_2() {

return lookup2();

IMA T decltype(auto) , FATAILALES &R 5E MUX— AR S L 4 -

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

}

decltype (auto) look_up_a_string_2() {

return lookup2();
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2.4 FEHIR % 2 FiET T ARG EL

2.4 EFIR
if constexpr

EINAEIFL ), FATAGE T C++11 5INT constexpr KT, EHFRIAA B R BN 1L
Ro —MRABKEEE, WRINHEX —FHESIANBISAFRIW L LR AE G2 il 52 o S HI
SR RELLRF AR E R ? C++17 4 constexpr XM RETFHIAF] if IHAIF, AR H
FIRXHHIT SR, 25 8N IR HACAD :

#include <iostream>

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

return t + 0.001;

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

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

FEGRIERT . SRR BN T -

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 g for &

K. CH+11 SIATHETERIIGEETE, EAA TREES R Python —HHfTEYIEIIEH .
FANTAT LA — 2 fa L i T B Bl -

#include <iostream>
#include <vector>

#include <algorithm>
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2.5 BAR % 2 FiET T ARG EL

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

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

for (auto &element : vec) {

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

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

2.5 &R

C+ BYBIR— E2IXT 1 B — MR EA, AR 2 ] RS2 — [ TR R 5 R T -
BRI R A AE TR — DT RERS A S i AL BE A TR R 5 B i ST A T AR B, (A A T AL FEARLE BRAZ OV B
SIRGs, PRI TR ERE . RILE R AR 2 ARLE C++ HIRREEZ —

SMERIRAR

B4t C++ fy, BV I A S i ar s Pt ef)ilin, HEfEa MRIFHRIT U
i AR HIE E] T Rl e B E SRR, AR LBl o It AR T B A S T S 2 136 P R R 184 o
FE, BATBAT IMEE NG s AN E AR A LI

M, CH+11 FIN T AN, 3738 1 R A S 2 15 e A2 R 8 O B SRR A TR, AT RE
iy 5. X P88 R G 3 e AT P A TS A S A -

template class std::vector<bool>; // ?ﬁff?i 1] .
extern template class std::vector<double>; // 7 7 iZ % #l 4 & X 1 F &L ] b # K

RIES «“>7

LSS C++ MgiFEdaT, > U B RA kT . (AShr ERAMRAE SIS H 7k
R A AR

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

XAEAES CH++ mikdn MR RNREEH N, 1M C++11 JRs, ELEMARIESIEEME A%, JFE
REAG IR L it o HL AT T NI X R G IE AR REAG 18 25 5 :

template<bool T>
class MagicType {

bool magic = T;

23
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2.5 BAR % 2 FiET T ARG EL

};

// in main function:

std::vector<MagicType<(1>2)>> magic; // &%, EFEWEF H & 8 K4

KEF B

FET MR2TL AR 1Y, 5 PR TR A TREL) Z RN . A7 iR eiX fl i EARE AR
FREREIN. (L5 C++ H, typedet W] LINRIE L— N AFR, (HREBATMEABMUE L—1
B amKe Wb, AR filin:

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

T dark;

U magic;

};

/T b
template<typename T>

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

CH+-+11 {f ] using 5IN T FHEHXFIEXRGEE, FHFARSTRASESE typedet HHIHHILIRL:

HH AR typedet ESUNARITHILSE : typedet AR #44;, (HEXTRBERE 4
(O SCHEREEIANARIR] X3 B 25 B B B il 1 — R A IR X

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

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

int main() {

TrueDarkMagic<bool> you;

BIAERS

FANTAIRERE ST — ARk AL

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

return x+y;

24




2.5 B % 2 FEE T R ARG
{EAERE BT &L, ZA A add, LA RS & HAR S E ) 288,

FE C+-+11 gt 7 — PR, W] AR E B BN SR

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

return x+y;

LTRSHRN

B E2 C++ iy BEE (—id: Dark Magic) Z—. £ C++11 ZHi, TCib2EmiR
R R, HRAREI IR ERINE T, e AR HOE RIS E: 1 C++11 I TR T
%, AVHEEAEG AERSRBIRSE, RIS B E PR SR R E

template<typename... Ts> class Magic;

B Magic HUXTR . REAGHESZAZ IR typename (BN AL S HL, HIU0TFHEIAYE L -

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

std::vector<int>>> darkMagic;

BERRAERIE, IO 0 FBHRZE 2 TLARY : class Magic<> nothing;.

WA R ER RS EAECN 0, FTLF3RYE LD — MRS AL

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

AR SHUHR A REYE B R BN BB R AL o %48 C iy printf BREL, BIABREIA A E ML
WIEZHAA, EHIFIEERL A T C++11 BR T REE LERIL SN B R SEEREIN, B ] LUESEL
printf (Y RRERE B SRHAL AR BN G o B T AR S ECRRERH . .. R AERBERSEUL, 5
FSHA IR R RIERFRAERSE X AR TR RS 2K SER AL TR T8, 6
-

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

IRABATE LT AR IBARSE A S EE A T e ?
B, BATATLMER sizeof... KIMEZHHIIL. :

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

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

FANTR] ML BTN 2802 nagic PRAL:
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2.5 BAR

% 2 FiET T ARG EL

magic (); // i #o
magic(1); // 4 i1

magic(l, ""); // # 2
Hyk, MNSHTHE, BB RN IEERA —ME RN TTERE RIS A, HA WA A AT

Fik:
FTEEU G

IR ARE A S B — P FB, R RS AT % RORh T IEAN Wi I M ) R B i AR 2

B R E 5 i b B A AR SR E -

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

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

}

template<typename T, typename... Args>

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

}

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

}

VR IZ AT B T IXAR B, 7E CH++17 i hn 7 A8 SRR R FF i 37 5,
Ji¥ printf 95

TRARAT LAME— A R 5E

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

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

2. MiaIIRRFF

RATTEREZ G AR, BB LR RGBT, KX MU B RAE . RS T A2

T T 2R R EL Sk ok B s AL T v S KA R

B YIRS PR B — IR RS . (RBR U 5 WURAE TAL20RE S 28 1L B U R R K

XA R AR AL 51 3R SR TT 0 FR i -

/OmEFERXARSG FEFE -std=c++14
template<typename T, typename... Args>
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26 @@5@—% ﬁv—: 2 ?1%—;‘—5]‘}'?]'%-6{]%%4&

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

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

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

}

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

return O;

FEIXAAAG, FOMER T C++11 2 BtRg eI iR 7156 LI Lambda kA AGRHE (8 — s
%)), 1M std:initializer list /g C++11 Fro| AEE (UGS NHE) .

WG IIR, (Qambda £ARX, value)... KEAIT. BT ESREXHBL, ELESPITH
[ lambda Sk, SEMSEAGHIH . ME—ANSEMAIHUT TR return Hids 2545 IR
AL R E N

F b, ARMRENTBEAEN TESEAM, A EREXNSHMR w1, AT LAFIH
std: :bind N 58S A SR SEHDN SR BRI Z BRI H0AE . AT 2 i R H Ao

RTRXITHRIE BT . 1§2% 8, TODO

ERIER

C+ 17 e A RSB R — Dl 45 73Rk, &R X+

#include <iostream>

template<typename ... T>

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

}

int main() {

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

2.6 HEXTHR
FEHE

CH+-+11 5IN T ZAEHE RIBE S, IR AT 1 PR R] AAE R — 2 i — g pR RSO FH 3 — i i
B AR RS HY B A :

class Base {

public:
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2.6 & @A %

% 2 %FiE

=

=T A 524K

int valuel;

int value2;

Base () {
valuel = 1;
}
Base (int value) Base () { // Z 4 Base() i H #
value2 = value;
}
};
int main() {
Base b(2);
std::cout << b.valuel << std::endl;
std::cout << b.value2 << std::endl;
}
HxIIE

FEFEGE C++ 1, MR EIIR H EAMR R T B SR B, X SECRITT . C++11 F

FIRERE T using FIN T 4R AR I R TR

class Base {
public:
int valuel;
int value?2;
Base () {
valuel = 1;
}
Base (int value)
value2 = value;
3
class Subclass public Base {
public:
using Base::Base;
3
int main() {
Subclass s(3);
std::cout << s.valuel << std

std::cout << s.value2 << std

/7 B RO i

Base () { // Z # Base() #i# @ ¥

cendl;
:endl;
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2.6 @A AL % 2 FEF T ey gt
BERERYEL

FEfEGE C++ H, QRS KARINEBE R R EE. filin:

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

SubClass: :foo HJ REHANEFET A EH R A, FUBR AN T — M HAME & F R 55—
MTREMOIEIE S, HIEBIRRBBR S, 122306 (R0 R B A B 0% R R B 5 — A
T EER TR, O AR MEPE R JE R

C++11 5|\ T override ] final JXP/ICHEFRIT IE_ BRI & 4.

override HEFJFEFRENS, 5]\ override KA FIG WA N HHIIm ISR U TEHZL, JiFarigia &Rzl
TEAAAEIXFER RE PR AL, A A TR w3 2 136

struct Base {

virtual void foo(int);

3

struct SubClass: Base {

virtual void foo(int) override; // & &%

virtual void foo(float) override; // F &, R E X A MW E # #
};

final final WJEON T P 1SS ARSARR LN 28 1 R sREARSE I 5 NI o

struct Base {

virtual void foo() final;

};
struct SubClassl final: Base {
Y /A

struct SubClass2 : SubClassl {
Y; // d &, SubClass1i B final

struct SubClass3: Base {
void foo(); // F %, foo E final
s
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EXERKINEH

fEtess C++ i, WERREy RBCATRAL, ik 2B RA BRI S A SR, E
BRFUNMHIERE. 735h, C++ AR ZEE L TN new delete IXFEAIZTHAF. HFEfy S1A TR T,
A AE 0K 0 PR A

RS AT LT R s O iR RO R B AL AT o BIANAE (SR A PE DU, b/ & il A it
PR RS ISR T B privateo Sl I 2EACE SURY R KK SR IF BRI, W2 —FrER AL
R e

FH., gisan A B BRI SR RS P 8 SCRYRE R BCTCIR FIRT AR . 45 7 8 S T AR 3 b
B WSS BRI AE R AL, (R ISR A TE07 B [ B A X P AL G R ROEiE i 1 R

CH++11 248 7 BRI %, Feir a7 R SR e dhidar B 9 R . i :

class Magic {
public:
Magic () = default; // & R 7 Ul Jfl 4 iF & £ R oy 4 &
Magic& operator=(const Magic&) = delete; // T & 7 W45 4 % & & 4 i Ay &

Magic (int magic_number);

SRIBIA B

TGt Ottt MOEETIFREI A S, MOSETI SRR, 2L DTRY e R A
RURT LT IR L CRARRRIRAH TR, (IFARFTA) . BER— R O R
BORESE R P RAARR, SOl R LA EI%

CH++11 5N THZES, (enumaration class), JFHH] enum class PYIETESE T I

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

RFERE SCRIACR S 1R 24y, B et AN BERB A R RO R O B2, A It AN RE RS 5 B Uk
FHHTHARL, HONATREXS R R RS R A S (AT HAR o (AR RIAS 28 (B [ A SR e e B (ELARL T AR
F LAEAT HOAR

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

// & fr

std::cout << "new_enum::value3 == new_enum::valued4d" << std::endl;
}
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Bk % 2 FEE T R ARG

TR, HOSSO R T 5 B ol O PO (RO (A 168
BRI GRAEERPE BB int).

A 17 AR RO (0 (R 6700 AT ST R T DA T, << A
PECTRE AT LUBORE R

#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, T A REAS A 1% -

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

BE

AATH AT CH+11/14/17 HorfifE v PR S 58, Hh &2 0\ sy LR LT
NPT T AR TR :

auto RMHET
Tu for JAAX
b RlIES
BN

- W e

L fERZHIIE . (UH AT RN A ST s

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

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

3 // TODO:

a |}

5 |int main() {

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

8 {"pb", 2%},

9 ”C”, 3}

10 };

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

12 return std::hash<std::string>{}(key);
13 1)

31




ik 89 £ IR % 3 FiE 5 BATH A R4
14 for (auto&& [key, valuel] : m)
15 std::cout << key << << value << std::endl;
16 }
2. ST RS T R EI R AL RARVHMEES
3.
SHEZR WM.
& IRIE 8IS % Sk

1. RN C++11: CH++11 et it 5 M. Michael Wong, IBM XL i E I & B E
AN C++11: RIS TRHENYH. 5

% 3 Hif
MR

= I1G1T

THARYSRL

3.1 Lambda Fix=

Lambda FjAx02 C++11 g EEAHREZ —,
UL 42 PR R I L T B2 R RSN R AR o 2 — N R B, (R SO RS ik —
.

1Ml Lambda Fikz{, %BTL?JEITE@ET*/\*
XN RHSAIRZIRE . LA A REU L2 ISR RETE & 1P
Lambda i E#H

Lambda R0 EEAEL M

PRETI T KA
AT
[# % 7 £1(H # % %) mutable (T
// E AR

3 |}

) RHW

BREMEMER T4 > BB (FRAE BT

SEH
8 FH ER AR SN ) A e Y
3 AT TURR

LRBHEEMER T O R FIRD ARYZRPESN, HARER ARG R, JUR— BRI A R S 4% 4 25
BT IR AR 2R B X ST ) o

i fitiaRAIEE, HCmT IR N 2800 — AL, lambda KA FRRBUAREBRINIE DL T 2 A RENS

PR % XA RS e T AR B 3 SN AR RO 1E o IRIEIRIERIAT N, kAR

1. {E#%

HZHEEEL, ERARTE

BB PE DL, T AR A A5 DL

it A2 B AT LAPE DL,

ARZAENFET, Bl AL AL lambda 33X
32


https://www.amazon.cn/dp/B00ETOV2OQ/ref=sr_1_1?ie=UTF8&qid=1522429506&sr=8-1&keywords=%E6%B7%B1%E5%85%A5%E7%90%86%E8%A7%A3+C%2B%2B11%3A+C%2B%2B11+%E6%96%B0%E7%89%B9%E6%80%A7%E8%A7%A3%E6%9E%90%E4%B8%8E%E5%BA%94%E7%94%A8
https://www.amazon.cn/dp/B00YGVLVA2/ref=sr_1_1?ie=UTF8&qid=1522429525&sr=8-1&keywords=%E6%B7%B1%E5%85%A5%E5%BA%94%E7%94%A8+C%2B%2B11%3A+%E4%BB%A3%E7%A0%81%E4%BC%98%E5%8C%96%E4%B8%8E%E5%B7%A5%E7%A8%8B%E7%BA%A7%E5%BA%94%E7%94%A8

3.1 Lambda # 3£ X % 3 FiEF EATH 9 BAL

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

return value_1;

};

value_1 = 100;

auto stored_value_1 = copy_value_1();

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

// B H copy_value_1 TR EHMAKRHTFT — B wvalue_1 W # I

2. 5| %%
55| HES2EM, 5 HRMRAN2E5 H, BEEAEEL.

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

return value_2;

};

value_2 = 100;

auto stored_value_2 = copy_value_2();

// X B, stored_value_2 == 100, value_1 == 100.

// BN copy_value_2 R 7B & 5| A

3. FaXHR

FIBERRIRA BRI, XFIURNE R TAERT LIS 4 g dnoR AL B, Gl LAAE
WPINFAG A~ & B = AR WIR 5 | AR S (K.

BET, WAL T lambda SkRFS SMNEMEBEST MR IRE, ARSI AR A A E AT

A&
o [| ZHHERYIE
e [namel, name2, ...| ffiFk— RK¥LEw

&) SIAHHAR, ihgisds B ATHE SRR
=] {EAAR, Lh A THE S 1512

4. RiEXHIK (C++14)

XTI A ARG B T AR T B R BR B B A (RS T LA RE T

R BAERR. SRR CEAESN2IE B B Ry, RISk SR o0 2
B, ARERIAR A (HS
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32 ZHFHOER % 3 FiE3 2 AT 09 R4

C++14 255 THRAVTE, SRVFHMZRA AR TMERR S T O . IXs i T A AR, B
7 B AR AL B ST S ARk AT T, I T S ] auto AR EZARRIA -

#include <iostream>

#include <utility>

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

return O;

£ _LHERYACRS T, important JZ— Mt 4T, EARERSHARIREIN , IXAHMRIA T ZoM LR N A
B, fEFREATIRL.

iz2! Lambda

LT EATRE] T auto K FARER NAESHGEE . KRV GIE S SRR s L np
5, {Hf2 Lambda FiAXIFARZEWEL, TLL Lambda FIERIEAREB BRI IXFCAIRATE L T —
SERERE_ERYRRET: SEERAREW L, DS EERS.

SEIBHE , IXFRRBUELET CH+11 H, N C++14 JHif, Lambda sREHIEASE0T LM auto
KT AT BRI :

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

return x+y;

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

3.2 BB R IR

XER N BINE TARBEZER — 800, RN A, BEESR T C++ B FIsiTIEET], X
O NAMA SRR, B USRI R T4

std::function

Lambda FIAFHYABUE — MR ERS G PR SEER. (FRHESEM) mxtge (FRo ALk
%), 34 Lambda A HHHIRIIZN 20T, B GOLRERSFARON R EREHME R T2, il

#include <iostream>
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32 HEAFOER % 3 FiEF EATH 9 BAL

using foo = void(int); // & X B # %
void functional (foo f) { // & L & &
# XA foox

£(Q1); /7 Bt W A4 R A B

A, using WA N E—F Py i & E &
KA EFWERER foo WA ANEMLEWHE K

a2l

int main() {
auto f = []1(int value) {
std::cout << value << std::endl;
3
functional(f); // K # W G &, WA HEA foor XA W & M4 M
£(1); // lambda %k ik X 9 A

return O;

FIEAASZE T PR RIS, — 2 Lambda VEARECEEIULEIA TR, 105 —Fh
M2 BB A Lambda FIA, 78 C++11 W1, G— 7 iXSeMEE, WSREMH N RIVERL, Z—FK
AT, T, (2 M std: :function 5| A,

C++11 std::function j2—FHil M. ZASHIRREERE, EHISLHIRT LR AT LA T H AR SE At
Freeels EHFRMAERNE, EEX C++ rhalA BRI SR —FhSe i e e a8 (xR, R
BASHT A AR R L4 0) . SAEi, Ui HIATA T R A g < J5 (ERER By
FERPRREL PRECREME NI G TR i :

#include <functional>

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

return para;

int main() {

// std::function ®WH T —NREMEHN nt, ZH N int HEHK

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

return 1l+value+important;

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

std::cout << func2(10) << std::endl;
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3.3 &1E51 A % 3 FiE T EATH A RAL

std::bind /std::placeholder

1M std: :bind & HIRIPE RECH R ZE, B RAFOREINTA IR AT REFEA—EREM Ik
PESRFHR A SR B 2 28, X e, BATTRT LUK R 20 9 T 2 R T 2 ef 8 5y B Rl —
THHINR, REESEGTeRE. SERAM. fl:

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

}
int main() {
/) BB B2 Bl B % foo L, @R std::placeholders::_1 XX & —M%
HKAAT H
auto bindFoo = std::bind(foo, std::placeholders::_1, 1,2);
// X BB A bindFoo B, REERMBEE - NS HH T
bindFoo (1) ;

}
BT 1R auto REFI A . BEMERATTREAKBE— N REIRENELEE, (B2
HIET LLETT auto [ SRR — R AY H 2.

3.3 AE3H

HEGIHE C++11 5] ABJY Lambda FREAXF M EERMEZ — BRSIAMBRT C++ Hkin
F I3 S R TADRI, JHBR T 1A std: :vector. std::string ZEHIAIMNTHY, WA MIFHRES G std:
function EJZj]TﬂﬁEo

EE. AENEGAE. BTE. AE

SR A ES I ARG 4RI, SR A B IR R .

Z{E (lvalue, left value), [ 8 SO @ IREAF S /0 19 WMk, AERERE (A—E2
TRAEFRIB) JEARIRAFAE IR AR G o

A{E (rvalue, right value), fHME, EFREXSAFRAFHFERN RS

i C++11 Foy TEINBERAVAET T, KA ERB&ET T PRk, 500 dibfE. K
fHo.

“4H1E (prvalue, pure rvalue), ZAUMEAA(E, B2 RARENFEE ., FIA0 10, true; T4 ERM
GERAY T EE E A G S, Gl 1+2, JE5] IR EIRIERZR R BB AN IR 2w J5
15 & Lambda FiAUEE T4iA1HE.

B TME (xvalue, expiring value), /& C++11 4 75 ANAES MR TS (B EfEss C++
o A ERIAER F ) . R RIS JIRERE RS S (.

R AR AT RER AT LEME LAERAR , FRARA XA :
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3.3 &1E51 A % 3 FiE T EATH A RAL

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

return temp;

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

FEIXFERAAS T, PREL foo HIRIFIE temp FEPNERAVEINFHIRELS v, SR v AT DXIRET, =
FeEEA temp P53, JARIE temp FHEL, AARIXD tewp EHA, ROREHOIRBIMYITH (Xt
FBfESE C++ —EMIPRIIED) « fERfE—fr, v @7ZH. fooO BREIMEMEAE (HRLAHE) .

B, v i LA A AR RS, 1M foo O FAERYAR MR BHENE N —MIHHE, — B v SHl)E, ¥
SRS, TCIRARIG tANREE .

RETABRE LT P T IS EREBHER A RIS SLRERS AL Bl

HESIAMAESA
TR T E, RHFEMBAES IR 1 ee, Hr T 228 A ES AR AL EXA
A (R R A AR DTG B IA a2 . IR AR TR Ak ST o

C++11 241t 1 std: :move XM IITEM AMASHTC KM A H, A1 T ERANTARER J7 fE AR TT
— ARG, Fn:

#include <iostream>

#include <string>

void reference(std::string& str) {
std::cout << "2 {H" << std::endl;

}

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

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

int main ()
{
std::string 1lvl = "string,"; // lvl = — /A fH
// std::string& r1 = lvil; // F¥FH, HEI ATk A LA
std::string&& rvl = std::move(lvl); // &, std::move™d U AWM B N 4 E

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

const std::string& 1v2 = 1vi + 1vi; // &, & & A 5] A & % € K s o & & &
£ oo A B
// lv2 += "Test"; // F&, BlAWEMELEHBK

std::cout << 1lv2 << std::endl; // string,string
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3.3 4851 F 3 BB A
£

std::string&& rv2 = 1lvi + 1v2; // &%, A @5 H € Kl o & & & B #

rv2 += "Test"; // &%, ¥FFEINARSEHGEH L E
std::cout << rv2 << std::endl; // string,string,string, Test

reference(rv2); // # W &

return O0;

}
ER: w2 BAGINT —NEE, BEHTER 5, FrLl ove KRR .
BEENX

B4t C++ i 5 DA AR B SRV ERT NS Gt 795 DL/ IRt . EO8 1 Se B B
BahdE, WHEEREE S AT, SEEE A QB s G AR, R
RN ERARVE IR R L, AR AREES 6 (EL) BREHER. FHEERAR
PIF i (5% . XA AR — R

BGER) C++ BAIX s> TR2zhy A THE U0 OB, & 7 e R BRI, IR RIS A 1E
5 FIH Y BRS Tr mlLffp e  3X v A8 s B TR TR, il -

#include <iostream>

class A {

public:
int *pointer;
A(Q) :pointer (new int (1)) { std::cout << "/J i " << pointer << std::endl; }
A(A% a):pointer(new int(*a.pointer)) { std::cout << "# Ul " << pointer <<
std::endl; Y} // & B LW & #
A(A&& a):pointer(a.pointer) { a.pointer = nullptr;std::cout << " 7j" <<
pointer << std::endl; }
~A(){ std::cout << "#f " << pointer << std::endl; delete pointer; }

3

VZAR /IS B

A return_rvalue(bool test) {
A a,b;
if (test) return a;

else return 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;
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3.3 HAA5I A

%

3 FiET BT RAL

e _ETE A

L. HSEEAE return_rvalue NEFRAEEPIT A X5, TR I s A B
2. BRBORME, PHE— I TE. B A B9REEhIE (Adee)) 51, IIEEAC B a3, X AE

IR Er ], RAFEIT obj L TS T ERITEE R E N nullptr, Bl T

NS 1 TE R SR 4% DUAGRE  naR TPERE. FRRA AW MR 6]

TXHRL A A7 XIS Bt o

#include
#include
#include

#include

int

std::
std:

<iostream> // std::cout

<utility> // std::mowve
<vector> // std::vector
<string> // std::string
main () {

string str = "Hello world.";
:vector<std::string> v;
/7 KA
v.push_back(str);
/7 &
std::

push_back (const T&), Bl 7= & # AT A

"str: Hello world."

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

T d A NAT A
Br LA A R

/ & E A push back (const TEES),
/O TEANFRE 2B G A
I w I
/O E T BRERE,
v.push_back(std:
/7 s

std::cout << "str:

vector *, std::move

o E AR A

:move (str));

str 7

llst,’,: n
" << str << std::endl;

return O;

> A RBED# I H

EREL

[F] it

BIEATRE) T, — A A ES IS — D A .

XA TATH TS

/

By (feidh) &R T

void reference (int& v) {

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

std::cout << "7 A" << std::endl;
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template <typename T>
void pass(T&& v) {
std::cout << "Ll HH o,
reference(v); // % il reference(inté )
}
int main() {
std::cout << "f4 i 4 {4 :" << std::endl;
pass(1); // 12 &M, EHH £ M@

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

pass(v); // r = &3 A, @ dl A E

return O;

XT pass(1) KU, BARMEHBAGRAME. HbT v 2158, LRIt 2 2B [HI reference
(") VM reference(int&), il I/cfH) o IMXfTpass(MMFH, v —M/AlE, Nt azlitemss
pass(T&&) Wg?

KRR TSI RPN 75 CH+ b, ATRREMS R — 5| LRSI TS, (1 C++

TAAES B BUMALTE 7 Xk, =42 7 51 4N, sedr s Ixs A58, BEREA5]
A, LRGSR ZLEIEN AL -

FEOGSAT  SBSHON RIS LR

T& Z£5|H T&
T& 5 T&
T&& 751 H T&
T&& pad s T&&

AL, A R R Tee A @ REBEITAES I, SENZERS, R B 51 TR S o 215
TR, TIRRRSHENALENIA, SEANAXSEENESIAN, BERSHUAEHESH
ASIRERE. XA 15 v (FAZAE N R

STERFARET LIAA R Frilseeieh . wUon T ibIOMEE B S ERIRT i, fRErEk
MIZHA CESIRRFF AR, ASURREEASID o O T AFuX AN, A IRGZ M std: :forward
KBTS H K (1) -

#include <iostream>
#include <utility>
void reference(int& v) {
std::cout << " € 5 J]" << std::endl;
}
void reference(int&& v) {

std::cout << " A {4 5 JA" << std::endl;
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3.3 &1E51 A THA 89 3210

%4\
w
nn
&\

}

template <typename T>

void pass(T&& v) {
std::cout << "Ll HFH o,
reference(v);
std::cout << "std::move & % .
reference (std::move(v));

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

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

}

int main() {
std::cout << "f4 i 4 A :" << std::endl;
pass (1) ;
std::cout << "f4 i & {f:" << std::endl;
int v = 1;
pass (v);

return O0;

}
IR SR
fh & 1

TRt S 2B A
std::move th & : % 1 5 A
td::forwvard % % :4 5 A
%ﬁifﬁ:

LTRSS 2HmEA
std::move f¢¥ % : %4 & 5 Al
std::forward £ % : % & 5

TRAEBZHON HILZAE, HIRESH S ENE N A TR & . Frlh std: imove X%
AN, I A T reference (int&t) fiHi A7 {E 5] H .

MESN std::forward RISEAIERATMZRAGHEIL, FNSEEER (L) 17RER LSS T NHHE
PR HL Al R S

std::forward f] std: :move —Ff, WA MUT(TEE, std: :move FRAFFG AL HEEAL NA{H, std
:forward 1 -2 AT AU T — DA, MR LR, std::forward<T>(v) I

static_cast<T&&>(v) E5E2— R,
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Bk B AT BB
ISR
AFNET CH+11/14 B vl AR, HpZEE )N ATT PR 2 A R (E1S 12

1

1. Lambda FEkR
2. REOTH R4 std:function

3. £i{E51
54 EiREEE: B8
HAHET

4.1 std::array #A std::forward_ list
std::array
B BIXD G E 2 B [ -

1. R AZEF| N std::array M2 B std: :vector?
2. BEBETHESEE, M AEH std: rarray?

SeRIE S — A, std: :vector KRR T, LAETIATBALEN 1AM AGE M H-— T 4.
] std: rarray PRAFAERGAIAFHT, HHELHERAFPRY std: svector, FATHIRER RIGHIVI X HRAIILE,
MIMATE R RO PERE ;[ B IE 2 i T HMEA A AE AR AR . A LR TR 2 A O AR X L 5

T8 A Rl I fa B, (i fstd: :array REASLICAG AT B INERAC, HESE T — LBk, [H)0Y
BREAS AU (s PR ME R 258 B A5, LB std: ssorto

std: :array SX{E IR O — AN E B K/ NI, std: rarray ANREWS M ER SRS Al fig £, i sta
::array IRfEE, HEdgE LR/ NRIRA]

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

int len = 4;

std::array<int, len> arr = {1,2,3,4}; // &, UKD H LA E T E K LA

HIAPDTIEH LT std: rarray B, MEQITEFZOG MR C MR, XEA =MEGE:

void foo(int *p, int len) {

return;

std::array<int, 4> arr = {1,2,3,4};
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/7 C R E YA
// foo(arr, arr.size()); // &, T &R X ¥ &%
foo(&arr[0], arr.size());

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

// R ‘std::sort ¢

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

std::forward__list

std: :forward_list & MHIRAG:, MMJIEN std::1ist FALMLL, PUKIRATHAL SRR T
T .

B HNER 2, A std::1ist FOIAERAYSEIUNIE, std: :forward_list i ] SR EFRIEITSLEL, 2
BT 0 BAREMITTEEN, AZFREENT N X8R0 . iR AR P ——1
AR size O JIIAINA S . UATFEXAEN, BAW std: :1ist B 52 AFH A,

4.2 TFEBE

ML T 58 C++ PAVEFA G std: inap/std: :set, JXLEITIR A FPIE L0 ARRIEAT L,
RN R R R E N 0(Log(size)) o MEAMATTRIME, SHUE < BAERFILETTER AR/ NT KT
REGHE, HEFGENAEMARIAS T XD RSTI TR T, R R <
BAERF RTS8 7 o

MICF A P C R AT THEF R, P Hash L0, FARE R IO E ARE A oC
constant) , TEAKIDEMANEBICRIFER, REMEARTT B E M MEREHE Tt

C++11 5| N T AT A4 : std: :unordered_map/std: :unordered_multimap f{] std: :unordered_set

/std::unordered_multiseto

MR FAEREAR) std: :map/std: :multimap/std: :set/set: :multiset FEAZK{L, HTiXLEAERH,
MEARAK T, EA——244], FRNTERESKILE— T std: :mapfilstd: :unordered_map:

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

#include <map>

int main() {

/7 WU E OB WO F A L

std::unordered_map<int, std::string> u = {
{1, "1"},
{3, "3"}%},
{2, "2"}
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4.3 5L4R std::tuple

3

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

s

/7 R kA M AT R
std::cout << "std::unordered_map" << std::endl;
for( const auto & n : u)

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

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";

n.second << "J\n";

A RN -

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 JTA std::tuple

Tfigit Python WREF AN IZATETTHIIMES . HMELE C++ Hiy

K, BT std::pair 4, {LI°F

B BRI S RENS I RAF RO R OB G B2 H CE L&) o B std: :pair HYBRFEIE M

SR, BRI IR

TTHBERBEE

KT TCHR M RA = MO R

1. std::make_tuple: G ICAH

2. std::get: PAFTCH AL E
3. std::tie: JTCAHIFE
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e

4.3 L4 std::tuple B 4 AR

ﬁ?)],

o

#include <tuple>

#include <iostream>

auto get_student (int id)

{
// R KB WM N 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’, nZ ey,
if (id == 2)

return std::make_tuple(1.7, ’D’, " 7L ");
return std::make_tuple(0.0, ’D’, "null");
// R RE o £ W AEHHEIR, FiF LK

int main ()

{
auto student = get_student (0);
std::cout << "ID: 0O, "
<< "GPA: " << std::get<0>(student) << ", "
<< "k 4T " << std::get<l1>(student) << ", "
<< "PE 4 " << std::get<2>(student) << ’\n’;
double gpa;
char grade;
std::string name;
// To 4 AT R A
std::tie(gpa, grade, name) = get_student (1);
std::cout << "ID: 1, "
<< "GPA: " << gpa << ", "
<< "k 4 " << grade << ", "
<< "I 4 . " << name << ’\n’;
}

std::get B TR RURBUTHXN R AN, C++14 HEIN 7 2 BRARBUTH AN 5 -

std::tuple<std::string, double, double, int> t("123", 4.5, 6.7, 8);
std::cout << std::get<std::string>(t) << std::endl;
std::cout << std::get<double>(t) << std::endl; // ik, 7l & % iF 4 &

std::cout << std::get<3>(t) << std::endl;
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4.3 A std::tuple B4 FAEE:

EITHZRSI

ﬁ?)],

WRORAF AN — PRI RERL = A LA AT [, std: :get<> (RA— P 4mEIRg R Gt BT LA R IE
HT AR EIER:

int index = 1;

std::get<index>(t);

MLFE L0 B, REREBAE . XENA—EH] boost: :variant LA A KBRS
Rk

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

ot

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

else

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

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

return _tuple_index<0>(i, tpl);

RXFEFANTHLRE -

int i = 1;

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

TABHSER

A WA FRR & A TTAL, XA LS std: s tuple_cat SRELHA:

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

O ERRER B, ROZ AT i — e ? (BRIRAINA 4 1T i ist T i AR AR G|
—~ tuple AR A PIAASEI L 1. B CHAIF ERIE — IR, L

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

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

AR RERE XS TCALIEA TR T
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&4 % 5 FhREE: IRA

VA -
for(int i = 0; i != tuple_len(new_tuple); ++i)
/7 E AT E

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

& ot

[[A%==|
ARG T C++11/14 FgiEpy A s, ENINAREES C++ e AL, XS fE
A LMRAE SR 5 & IR TR 2 A g, AR BEAF A L RE

std: :tuple BIRATRL, (HRFRIEEIRMEHISIREA IR, BIMEMRB TR IRIERITR, HAEK
AT HABRY 75 AT LA B AT 583

5% 5 BEiERE: 55t
WA

5.1 RAII 55|Ait#

Tfi# Objective-C/swift FRESY BUNIZANTE S HIHEIMES . 5IHTHEOX R EUR A T BT 1A A7
EIT= A o BAMERXT TS BRI R, BET5 T B0 — O R — RIS, AR
A5 XG5 O = 8 —k, SMER— kS, SIS E—. S X051 0
IS, B SRS R SR AT

LS C++ i, HEf) FERRIR, SRR FOVENMRA ATRERURIC 7 X RBs R
T2 o Fr DA A HOERXT — AXT RIS . FA A R B Ao BB 2 w) e R eR & (7
BRI AT ROR RSS2 BT 3R RALL SRR At R

JLEHRRA BN, TS AT IR RAEE b7 Lo RCHFR . AEESE C++ HIERNTAUFMH new
il delete 2K AR X FEIRBATREML 110 C++11 5IN TR BEMRREH AU, (R 15 TR, ibRE Y
AR RO TSR A 7. XL B RETRFH Ml £245 std: :shared ptr/std::unique_ptr/std::weak_ptr,
e N7 ZAL LS <memory>.

R SUHTTBONEEIR B, 51 T BRER /SO EIAF A X 5, (8] i e RS it
REAHL A 2o i I TR S5 S RE A T A A ) 2 T B R A e 39 o

5.2 std::shared_ ptr

std: :shared_ptr J2 P ERERET. EREWICHZ DA shared_ptr FEFIFRI—XSR, MIiHER 2
ANHI ] delete, H5| TR N TR KX R B ShlFR .
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5.2 std::shared ptr %5 FAFMEE F54T

EEAE, RO std: :shared_ptr {5IRFG 2T new SR, IXFEAHAHG B 1M REE £/
AR

std: :make_shared #AEMS AR B iU (#/H new, firlAstd: :make_shared £34}iC G EE NS E T
W5, FHRELIXA R HA[std: : shared_ptrfgfl. HI0:

#include <iostream>
#include <memory>

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

{
(k1) ++;

}

int main ()

{
// auto pointer = new int(10); // F &, F AL HF L ERHE
// Mi#ET —A std::shared_ptr
auto pointer = std::make_shared<int>(10);
foo(pointer);
std::cout << xpointer << std::emndl; // 11
// B IFAE R B B, shared_ptr WA M, N BEHANF
return O;

}

std: :shared_ptr F] LUEIT get O Jr#RIREUGIGTRET, i reset O SRk — 151 it I8
itget_count ORER—PIZH G HItEL #ilan:

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

auto pointer2 = pointer; // 5| il 1T %k +1
auto pointer3 = pointer; // B A AT % +1

int *p = pointer.get(); // & # F & w3l A it %

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

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

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

pointer2.reset () ;

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

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

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

std::cout << "pointer3.use_count () = " << pointer3.use_count () << std::endl; //
2

pointer3.reset () ;

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

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

std::cout << "pointer2.use_count() = " << pointer2.use_count() << std::endl; //
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5.3 std::unique_ ptr %5 FAFMEE F54T

0
std::cout << "pointer3.use_count () = " << pointer3.use_count () << std::endl; //

0, pointer3 T reset

5.3 std::unique__ptr

std: runique_ptr &Rl TAUE RERRED, EALIE MR RERRET S HIL = E X5, M ARIEAHS
H 24

std::unique_ptr<int> pointer = std::make_unique<int>(10); // make_unique A C
++14 5l A

std::unique_ptr<int> pointer2 = pointer; // I &

make_unique JFAE %, C++11 F AR std:i:make unique, B DLBEATLH:

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

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

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

BT M ABARME, C++ brifEZ RS FRE Herb Sutter £EAh 8% #2212 Fh Thk
fBATTEIE T Jo

RESRSE M et iGN Al & Ao (HE, FRATAT AR std: :move i HAEFL 45 HABAY unique_ptr,
il :

#include <iostream>

#include <memory>

struct Foo {
Foo() { std::cout << "Foo::Foo" << std::endl; %}
~Foo() { std::cout << "Foo::~Foo" << std::endl; 1}
void foo() { std::cout << "Foo::foo" << std::endl; 1}

};

void f(const Foo &) {

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

int main() {
std::unique_ptr<Foo> pl(std::make_unique<Foo>());
// p1 £ =, il
if (p1) pl->foo();
{

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

% 5 FATEE: R4

W

=7

it
jmm=

// p2
f(*p2);

// p2 A%, @i
if (p2) p2->foo();
// p1 A E, K
if (p1) pl->foo();

1|
A
H
.
5

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

"p2 M

std::cout <<
}

// pl =, f i
if (p1) pl->foo();

// Foo

<< std::

W SE Bl x> £ BT IE R R B R

endl;

5.4 std::weak_ ptr

UERARAF A A

std:

:shared_ptr U< A IMKIRTFAEE R

FARTCIERER R A8 BT X M

struct A;

struct B;

struct A {

std::shared_ptr<B> pointer;
~A0 A{
std::cout << "A W4 %" << std::end;
}
3
struct B {
std::shared_ptr <A> pointer;
~BO {
std::cout << "B W 4 %" << std::end;
}
}
int main() {
auto a = std::make_shared<A>();
auto b = std::make_shared<B>();
a.pointer = b;
b.pointer = a;
}
BITERIE A, B #ASHSHE, X2 a,b WERH pointer [FIF 5T a,b, iXlfH a,b (5]

MRS N T 2,

MTEITVE T . a,b BREMRE BT, AV BEEHOX
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%2k % 5 FhREE: IRA

FFET a,b XGARIH A XIG | BN E . NT C AR A IMERENXR X T, il 7
PNAFTIEE: . AR

b "
° a,b WIHBIE
A.B IR RS | AT AR
] Y
B B
pointer |{ | pointer [ |
" | pointer “ | pointer
A A

i DR AR R (T 585 | R4 std: cweak_ptr, std::weak_ptri2 55| (M LA &
std: :shared_ptr Hli2 MRS o F551 HAZSHES | HITHONIN, Hi 5551 i, SRR

REATN E i

a b b
A A v
B = B
pointer |{ | pointer | |
11 pointer 11 pointer
A A

pointer |l |

T pointer

pointer

fE LT, Fa— 2 HRT B, i B HEAEMEREREH SIS, R A A 3R S BB
std: :weak_ptr A7 * ImEAFH -> IR, FrLONGERSXT BB THRAE, BRUME VEHRUR M T
A5 std::shared_ptr Z{TfF(E, H expired) JIKREAEFHRBIRIIN . 2R true, FHNIR[M] false.

=

&5 gt

IXY==|

P

BRETRE XTI AT, FERZE T PR —FH IWATEAR, C++ I RIS 3, £ E
FERE_EIHBR T new/delete HUTMA, 2 Fi B A ACARY AR T 5o

E—TRIENSERR

1. stackoverflow |2&F FC++11 Hf4KA make uniquel 8
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6.1 SE R & XA % 6 FATMEA: ENAE X

5% 6 EtrfEE: ENRIEN

AT

6.1 IEMFRIEXE T

EMEGEAANR C++ EFH—#7 . XEAUSERR 2.
IEMFGARHIE T — P75 B TR — el IR MIFEGA N 2R SC T 1A =7k
L s — RO EEEMIPR 75

2. REUCECHY 5 H e
3. MEA R UL AT S AR 1 HR

IEMEE R A AR (P10 a 2] 2) DUSCRAIR PR AR SO AR Rl R SO 2
DCFCH)— B PR R IENEE NN — R, R R S Brf 2R B9 75 R g T IR

HEFH

WA A LR WA TE TR A 4T R AT T BV « BT K S 71/NG T 7
B BRI SR L 5

R F

Rk P AR IENIZGA X AR S L TFF, R IENERE DAL 20T

R

3 =

filiid

$ DCFCHI N 74T B s R

®) il — N FRIBX AR AL E . FRIAF AT DREUE LUS (5 o

* DCFC R I 7 2B R 2 IR

* DEFCHT T 5~ 28—k 2 1R

. DERCBRARATAF \n Z SN L4

[ PRiC— P HE S FRIA R IR

? DEFC T 2B Rk, SR — R R ER

\ 3 N s R A SV L€ 77/ o AN 8 o 6 RN A 0 V= 13 N AN 1 N S R
PERCFAF no \n DCFECHATAF. P50 A\ DERC \° FRF, T \C SRS > C 45

- DCFECHI AN TAF BT IR ALE , BRARFE T 5 # AU I E RN AL TSR

I

= o
{ PRIEBRERFFE RIS
\ I R — I
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6.2 std::regex % FAg ¥ %6 FARAEE EN AKX
FR7E &

PR ERF I RAR R IE M Sk Ry — 2 @ R AL I 2 DA RET A RS . LR 36 :

TR iR

* VG RGTH 1 F- 32k Bk 21k 10, foox REULHL fo LUK foooos * ZE(T{0,}.

+ VR R T 1 T X — R 21k i, foo+ REVLHT foo LAY foooo, {HANFEULHD fo. +

ST ALY

DCPCRG T 1 T35 Bk — Wk i, Your(s)? T LAVLHT Your &Y Yours HifJYour . 7

EMT {0,123,

{n} n 2 IEEEEL DURCHRER o ke BT, of2} ANREDLHED for HfK o, {HEREVLAD foo
HREI P oo

{n,} n e — N EREEL. 2/PIUH n IR. BN, of2,} ANAREUCH for HAY o, {HAEDLHD foooooo
TR 0o of1,} SEM T oto of0,} MIZEH T ox.

{n,m} o Mo BHFEGREL, HA o NTEHET ne BPILH 0 IRHHEZICE 0 (R #i1, of{1,3}
W4 ILHE foooooo HHYHT =~ 00 010,1} SEMNT o7 HE, (EIESHIN NI HIAREAZ
Mo

-~

A TR, BT F SRR S L-FFrf i IR ZGA T .

6.2 std::regex KEMX

KA R N A T UEIC Y iy DL T Bt 2 (8 IE N FRiA . TR S C++ PIENFRIEA—EK
AEEES B E R, WAEMATREE, T C++ 1Eh—TTEEREES . e aREs A, % URL
GORBERZ B TR, (0 IR SRR 2 2 Tl e o Bl i i A i 02

— MR B T 22 ] boost HYIEMIZEAFZE. 11 C++11 1E K IE N2k 0 B AL HE J7 ¥R a0 N
PRIEFEINATH, MIEF R SR TARIER S8, AN FHMRHEE =7,

CH++11 #24EA9 IE N A EEAE std: sstring X5, R std: :regex (A Ji/Z std: :basic_regex) i
1T, 181 std: :regex_match FHFTUCHD, MM 74 std: :smatch (ZJfi/Z std: :match_results X% ),

FA T IL A~ A SR AT FR A 2 A PR (6 o 2% R8T T A IR 2658 5

o [a-z]+\.txt: EX P IENFAKA, la-z] FIRILHC— /NG 8], + AT LRI 9 3R =t ic £ 1k,
It [a-z]+ BEAE DCHC— A/ NE FREA S F A o AEIENIFREA R —A - FORIERATEFRF, 1M
\. WFEIRULEIFAF ., JJEH txt FoRTARULHD txt U =0k [RIHGX A 1R 638 =AY Fr 2 UL fid
YN 2502 H Al NG R R SOAR S

std: :regex_match M TULHLFAFHFENERIAA, HIRZARPERIVA . &ERN—MEAE
f& N\ std::string LAN—" std::regex HE{TUCHC, MUCECE IS, Z5iR[A] true, ANIIR[A] false. fHIU01:

#include <iostream>

#include <string>
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6.2 std::regex % FAg ¥ %6 FARAEE EN AKX

#include <regex>

int main() {
std::string fnames[] = {"foo.txt", "bar.txt", "test", "aO.txt", "AAA.txt"};
/O CHE O N SR ENFRBERNNEE, FE N\ fFRFENKE XM EH L
AR, FEX N H#TZREX, KA N\ ¢
std::regex txt_regex("[a-z]+\\.txt");
for (const auto &fname: fnames)
std::cout << fname << ": " << std::regex_match(fname, txt_regex) << std

::endl;

5%**$¢F%FHE@ﬂ%iﬁ%ﬁ{%ﬁi{kf?)\,std::string/std::smatch/std::regex ::4\é%§ﬁ iiEP std: :smatch
A it H S22 std:imatch_results, fEFRUEFEM, std::smatch #E YA [ std::match_results<std::
string::const_iterator>, WilE —FHIEELEA natch_results. {§if] std::smatch A LAJ7{E[1
XSGRO &5 AT AR, i -

std::regex base_regex (" ([a-z]+)\\.txt");
std::smatch base_match;
for(const auto &fname: fnames) {

if (std::regex_match(fname, base_match, base_regex)) {

// sub_match W H — ML ELREENFT HF &
// sub_match W& —ANTHEE®RT % - M F KKK
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 PR Bt 25 2R -

foo.txt: 1

bar.txt: 1

test: O

a0.txt: O

AAA . txt: O

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

bar.txt sub-match[1]: bar
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oy % T EMEE: BREEHA

&5 ot

AR~ = |

AR T IEMZE AL, SRR EN b U K, @il SLbriy il 28
TIENFEAR R -

AFTREINA R IEBAN DT A MRS — A& A Web HEZL5CT URL ILRCHIDIRE, 152%
>J# TODO

H—FRIESE RN
L. J°F Tafar iy GCC By C++11 IENIEEAR P HhFZE/ESH Tim Shen [Y[R1%F
2. IE IR 2 SR
3. C++ Ffk Web JIR 5 HELE
7T EinEE: ZEES5HEL

WAEITH

7.1 std::thread

std: :thread ] TEIEE—MASTHIZRE LG, FrilE R — DI A amRe IR al, (I 5 2605 <thread
> SR, BREE TR EAMLRRIE, Flliget_1dO HIRBUTAIELR LR ID, FIUIEH joinO
SRR, Bl

#include <iostream>
#include <thread>
void foo() {

std::cout << "hello world" << std::endl;

int main() {
std::thread t(foo);
t.join();

return O;

7.2 std::mutex, std::unique_ lock

BAMERE RE MR HIRF O 2 T 7 A XL HARNEARIN, mutex F2HEHFHZLZ —
C++11 5N T mutex HHXHIZE, HArAHECHREHEE <xmutex> L3,

std: :mutex & C+-+11 HigFE AN mutex 25, BT LAY std: :mutex AJ LAQIEEE R ar, T Hak
BAPREL 1ock O A LAHEAT B8, unlock O ] LAVEA TS . (EHRAEAESLhrdm S ML, R AL E
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7.2 std::mutex, std::unique lock B TERAEE: BES5HLK

VAP A BRI, DR DA P8 DR PR RSt A A A i 5 DX Rt AR R wnlock O, 44K, BB RH . X
e C++11 30N B v iade it 74 RAIL IE AR Kstd: :1ock_gurad. RATL FEA SRS {1 Y [F]
i, ARG PRIE T ACRD ) e e o

FE RAIL AIER . XTI 5 XA B RO G5 A R B RO 4500, flin:

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

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

V72 s

/B EFRAERRK N E, ERAMSENM, B Hunlock® 54
/7 B AE KRBT LN ERFK

HIT Ch4 BRIE T A R GAE R B R G R e B, I AR RS 2 S i 2o TCIE
some_operation() IEFFIRIl\ IR S, AT IUAMERIEEE ., it B 3HM T wlockO.

ﬁﬁ std::unique_lock mU$BXﬁ?F std::lock_guard Hjﬂﬂﬁ@, std::unique_lock Eiﬂﬂﬁ%?ﬁ, std::
unique_lock HUXTZRZ LM FrARL (BOH HARMY unique_lock MR FEHIHIAHEA mutex XA HTAFD)
77 AE R mutex AP EHY_EBURIBIE BRI FTLMEIF R dmier, (] std: :unique_lock.

std::lock_guard ZiﬁEEEiEEQﬂﬁfﬁ lock %D unlock, ﬁﬁ std::unique_lock ETElZEfﬁﬂHE%E@EE%?ﬁiE%ﬂE
ML AT EAgE NS R YE ], SR B S IR

ﬂD%@ﬂﬁFﬁ?Uj7%%#F§§fﬁ std::condition_variable::wait mﬂ&%ﬁﬁ{%fﬁ std::unique_lock ?Fﬁﬁéi%ﬁo

fian -

#include <iostream>
#include <thread>

#include <mutex>

std::mutex mtx;

void block_area () {

std::unique_lock<std::mutex> lock(mtx);
72U s

lock.unlock () ;

a a//...some other code

lock.lock (); // can lock again

}

int main() {

std::thread thdi(block_area);

thdl.join () ;
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7.3 std::future, std::packaged__task B TERAEE: BES5HLK

return O;

7.3 std::future, std::packaged_ task

std: :future N2 ft | — USRI PRIEE R IEE, RATRRA TR 0 7R MR 3
TSR — AL C++11 ZRTNZ A2 T A .

UL ARBATELRE A FEFOTRE A2 B AT RAFATHUNAIESS . FFREIH 4
Ro THIXMHGE, LA A WREIEAEM HAAY S . TCBUBN B 945 5R . A ARRA TSR A A SR REAS 7E
MRERIR RRIGAAR B H94,

f£ C++11 Y std: :future 5 NZHT, HEWHIHTEE: Q048R A, 2R A BRI B,
HHEs e R Ik A F, IPRERIRA AR MERRLRE A BRI FER, %
TEERAOITE, P — AR A R ECR AR I T 24

I C+-+11 $2HEY std: :future ffL VX MREE, FTEAHIRARBUR AL IS ISR B, FRATIRE
S RES R R BB EA N — PR R e Re A2 F B

A, std: :packaged_task FJ LAUFIRENFEALATA] LU AT B xR, A TS 000 M. i :

#include <iostream>
#include <future>

#include <thread>

int main ()

{
// B —ANEKEEE AT lambda Kk 3K A H E | task T
// std::packaged_task W MM 5 H 4 B A @ W kA
std::packaged_task<int ()> task ([](){return 7;});
// K& task B future
std::future<int> result = task.get_future(); // & — M& B F $h 1T task
std::thread(std::move(task)).detach(); std::cout << "Waiting...";
result.wait () ;
/7 wH AT E R
std::cout << "Done!" << std:: endl << "Result is " << result.get() << ’\n’;
}

AFHEF IS BRR)E, FTLMEH get_future ) SEIRIGE— std::future K%, LB 5Lk
EHEE

7.4 std::condition__ variable

std::condition_variable /& A | fFIRALEI LN M EFRERAEAW HMEI AN N, LETRER
BLEFREARA N EA BRSNS T, T — MU SRR AT RES GBI A HA LR R HLTC 2 e N I 7L DX A
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7.4 std::condition_ variable B TERAEE: BES5HLK

TR BN, Jies RS fiTLA, condition_variable SEAiIA G Hh I a1 MBS i 2 RE M
TR I . std::condition_variable[(] notify_one() FITMifif—2FE; notify_all () NIZBEATAE

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

36

37

38

39

40

41

42

4t NHE BT ENIH AR T

#include <condition_variable>
#include <mutex>

#include <thread>

#include <iostream>

#include <queue>

#include <chrono>

int main ()

{

/)R E K E

std::queue<int> produced_nums;

// BT

std::mutex m;

/O EERE

std::condition_variable cond_var;

/)R

bool done = false;

// B AE &

bool notified = false;

AN X

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

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

}

done = true;

notified = true;

cond_var.notify_one();

9N

/7 kAR
std::thread consumer ([&]() {
std::unique_lock<std::mutex> lock(m);
while (!done) {
while (!notified) { // 1 ¥ # % J& i "% BF
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B2 B8 EREE: IMHEL

cond_var .wait (lock);

}

while (!produced_nums.empty()) {
std::cout << "consuming " << produced_nums.front() << ’\n’;
produced_nums .pop () ;

}

notified = false;

s

producer. join () ;

consumer . join () ;

}

SR

IR

CH++11 1BF 24 T I AR SZF:E, AT BB N4 T std::thread/std: :mutex/std::
future JXLEIF I SR H AN ] Rl B T L,

ARTREI N AL LIAEFRATE AT 100 {14045 5 — M R L bz, 5%
TODO

>

)
\

H—FRIENSE RN
1. CH+ HEHmE (FChR)

2. AR IR SR
3. 100 17 C++ (S EIZ A il

% 8 BEfEE: XHERSE
TODO: JXEIF AN C++17 i

T RGERME TSRS AR ERISUE . HSREF A SCA T IR I R ThRE . AHIENIZ
R, RS boost K, HRAWEIFN C++ WRERIRZIEZ —.
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8.1 A% 5 4kt % 9 FHhHLA

8.1 M55

8.2 std::filesystem
% 9 BEHEAM AN
WA BT

9.1 FrzE
long long int

long long int JFAE CH++11 fAE5| AR, HILHAE C99, long long int VAN C iy,
FRLARER > ) dm ik 7 B SR e CH+11 (9 TAENLZ IEXA B ASRUHERE , BLE 7 —1> long long int 2§
T/ g 64 ALY HURAEL

9.2 noexcept BIEIHFIEIE

Ct++ HHT C B RIMHMAET C++ AEE L T BB R LG SRIME C++11
ZHT JUPFEANRERERESEHE R NEREAL N C++11 JHh, REUHBEEH . Br ABA]
AETHEMA LA G LARTIXREA LA 2 anfe] TAFAIfFTEE . YRR RZ EB L TR E

C+11 R B A B AL O LA PR 0L -

L RECAT REMD HT AT R
2. PRAUNREE AT 2y

b
b
b
b

F{#H] noexcept XTIX MR T AHEATERHY k0 :

void may_throw(); // ¥ 84 i & ¥

void no_throw() noexcept; // 1 F # #h H & ¥

{1l noexcept W& i FYRRBUIRIDIH 7, HiFdn (1 std: :terminate O HAZHIZIERRFIETT

noexcept MREMMURIERF . M THEME - DFIANA, HFRAATRER . IRE] true, FHNIZF false,

#include <iostream>

void may_throw () {

throw true;

}

auto non_block_throw = []{
may_throw () ;

3

void no_throw() noexcept {

return;

60




10

11

12

13

14

15

16

17

18

19

20

21

22

23

10

11

12

13

14

15

9.3 5

auto block_throw =

[J() noexcept {

no_throw () ;

};
int

{

std:

<<

<<

<<

<<

main ()

:cout << std::boolalpha
"may_throw () noexcept? " << noexcept(may_throw()) << std::endl
"no_throw () noexcept? " << noexcept(no_throw()) << std::endl
"Imay_throw() noexcept? " << noexcept(non_block_throw()) << std::endl

"lno_throw() noexcept? " << noexcept(block_throw()) << std::endl;

return O;

}

noexcept [&4fisE— MR JG RENG R B EFURE T BT, RN 455,
i :

SR i o

try {
may_throw () ;

} catch (...) {
std:
}
try {

, X H my_throw ()" << std::endl;

0

tcout << " K

non_block_throw () ;
} catch (...) {
std:
}
try {
block_throw () ;

—

icout << "k ¥ %, K H non_block_throw()" << std::endl;

} catch (...) {
std::cout << "H#H ik FE, K d#

}

block_throw ()" << std::endl;

RN :

WHRAE,
WHRAE,

*x H my_throw ()
® B non_block_throw()

©
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4t
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73
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o

st C++ HIEZEHSE DMk 717 05/ SR B M i — s, thn— e
HTML AR FRF T N R 8 SURF - i —> Windows L SCHFBRIZAH 2 C:\\What\\The
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9.3 5®%

\\Fxxk,

C++11 fefit 7 IR PR R PR Gk, WTLME D PRI R RBMX DR, [,

R B A ER A AS S BE, flin:

#include <iostream>

#include <string>

int main() {
std::string str = R"(C:\\What\\The\\Fxxk)";
std::cout << str << std::endl;

return O;

}

BEXFHE

CH+-+11 318t T HELFHHAAES, L EHN G5 /5 ERia T LI :

/S FRETHEA XA RE WTH S &I &
std::string operator"" _wowl(const char *wowl, size_t le
return std::string(wowl)+"woooooooooow, amazing';

}

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

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

}

int main() {

auto str = "abc'"_wowl;

auto num = 1_wow2;

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

}

n) {

F R ST S DY oy

L BRI B /(i unsigned long long. const char *. MU EL T2 EL. £ LAY

(NEL R CWEIPSTE-E

2. R EHT 1§ H long double. const char *. ARFEH HEE

3. FARFERFI L AAHH (const char *, size_t) LA EE;
4. FFFH e 25U GEE char, wehar_t, char16_t, char32_t X JLFf
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&4 % 10 FR2: C++20 @A

&5 ot

ey =[

AR LR R M ARG C++1x R A CESERTIRHE T, noexcept J2f A
HEWEE, B D IIREAE T REMSBH IR S B9 HULH . AR LE g i ae i KPR EER AU AL 3R AT TR AXAD
810 ERE: C++20 EA

WAEITH, HETAZR NS — ot C++17 f 2
AREEXRPE R C++17 #ATAA, JUDAR (2016 4F), HAThIE, BEAE— N IEX KM 4%

FRATE CH+1T BHEIIRRY, AT IR AR, R Cr (077 SRR HR R R RS I
i

10.1 EENEHF
EERBERNSHE) auto

BARZHII PR, —FRERERSE, WRRITISRZ K —M:

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

return t+u;

HEE T M v ABRRRERSE A—MEdERRERSE, B LALARE N E O RS
L

)

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

T data[BufSizel];

buffer_t<int, 100> buf; // 100 1 h # H % ¥

TN A FATIAE St 5 A A o A 2 B A AR SR B AAR Z R BRI, G417 FTRI 13X R,
IEFRATREMG AL AR RSP auto SCHET, MIMTLEA A S RARHI AL :

template <auto value> void foo() {

return;
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10.2 ANEAFH % 10 FHZE: C++20 M

f00<10>(); // wvalue WIS N int £ A

std::variant<>

K boost [ AN IZAR F A WTikiid variant<> [ o variant<> A] LU FAEAEFIEAEAS [F BRI A6 5
PTAVERTE OSPRIERERY 70 BB S) XTIk std: :tuple I, BRI T boost::variant<>, #2
P25 variant<> JYRBIBARSET] LALE—> variant<> MIMANSEALEY LRI A 51 (FEHAIES (61
41 Python/JavaScript &) I NENAZHER)

C++17 IERNY variant<> GINFFIEE, FEH 480N std: ivariant<>, A T 25, A1 LOSRT
T AR B 2 Ay -

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

throw std::out_of_range ("M 7 .");

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

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

return _tuple_index<0>(i, tpl);

10.2 RANIEFHE

Ct+ HZBLAPNE I RAE C++17 A1RL4E%. 14Ul Concepts/Ranges/Module %745,
HrpiZ RIEMHUE Concepts, F1THX 1R REmAHAE, VEAHAMIE (Technical Specifications, TS)
R KA

Concepts TS

Concepts /ZXT C++ Byt — LRSI . fHKIL, Concepts J&—FigwiFlIRR L, &
REASLE A 1 e A A PRI N I AR S Bt AT I, AT LSS S BN 1A C++ TP e R R g . fii A
BRSO AT AR R AN T 2B B &M N TRHIEER, RIS H FT 1RGO RER X R 2
RO T A S IR B0 T A B PR AT ARG 2 1 PR A WP AN AT s ) G 3 2R

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

std::1list<int> 1 = {1, 2, 3};
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[
e

Bk % 10 FRE: C++20 FI

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

return O;

X BACAS H IR IR AR AR SR RIFE T, std: :sort XHEFARR LAEAERENLE AT . 3 WA RE(H
ML TMIATAE std: :list @ AR HEHLITEI. H Concepts [NIEKVIHZ: std: : ListHPAEARRA
i Estd: s sort FIFENLIEALERIX T Concepts (M) [ requirements (F3K), T Concepts, FA]
AT LA :

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

void sort(T& c);

HE5A:

template<Sortable T> // T # — > Sortable H % A %

void sort(T& c)

EETEEANHAEN SRR :

void sort(Sortable& c); // ¢ = — - Sortable % A B if %

BIERE, C++ HZESBA K Concetps Y NFriRie, MEHHAEN TS IEA KA (HSLRAE
CH++11 HAERZATH O LA Concepts [ 7, {H Concepts TS Jg 2015 FASEHEIEAAAN) .
HUEHANTEAER A Concepts TS, C++ HZE2AH4E4G Concepts I NFrhr YR R LSRR, FEA
v N ) S N 2 L A AR N AP B

Concepts TS FYRATENRIF—Vk C-++17 iFie2 SR 7RI K91 . Concepts fy (1
—) SHLSUEAE T A ARIATHY gee MU T gee th36 T Concepts [{ISSIIHZ HIBES Concepts TS
PATERI, BRE AT, B PG ST TS 277 EME R R R, BHX
f TS HRRATRES. M5, BN Concepts f— MW AR FHBISHL Ranges TS 4
% BR BTN C++17, FFLAATLAE Concepts AL .

BRI, 251 F Concepts/Ranges/Modules jX#64- A\ A RHEFF A NIEE C++17, XTHFE
T CHH17 FRhE L AT C++11/14 (RS IR/NMEEF YT, (HFRATERAE C++2x HEFXLE
RUTHHEL, XN T—TIEL =128 TEit) NEEIES ., RRE TSI,

i — AR S R

1. Final features of C++17

2. C4++417: will it be great or just ok?
3. Why Concepts didn’t make C++17?
4. CH+11/14/17 i S5
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http://en.cppreference.com/w/cpp/compiler_support

W& 2. AR CH++ 89 2’

W 10— IR ST

HoE, WEREETEAY | EEREADARERYIA C++ 1% .

IEINARG [ FEAHERN, AH R AR PEGIE IR C++ 11/14/17 FfetErysedy, Ak
Wree > s C+ TRRBEYED NS . B8 YRS TiIXAPFR, FUBRXHER AR IRE, AR,
e, EEV SRR I IRAE I Fi Al 2 EdE— 27 I B C++ R, A BEREOUR — 201

o C++ &=

e CppCon YouTube #fiiE

o FFALFEST CUARTREERITE R A A7 AR

o Ffh7

PitsR 2: MK C++ HIRESERL

T B SRR PR BT R — R CH4 LB, AR YL, B8 KT C++ BmAESLEAHRE

BETERITH «Effective Modern C++» Fl «CH+ XARHEEY o FEIXAEIFT 5% BRI . I 5L

BRpilr ok B 7, N E DN AR. SRR RN, FEEREN R, I maEm
HURE A B o

FHIAR

TODO

RRD XA

TODO

BEIRTERE

TODO

RidzE

TODO

G272l

TODO
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