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Ct+ 2 MRS RIIES . W C++98 INHIELE] C++11 MIEUERAN TG T2 2
AR o C++14/17 MEZVEART C++11 U EAPTERIIL . C++20 NPREX 18 5 90t 7 AR
1T, I AIREEHRER Y SRR, 45 CH+ IXTTBEFEAN THIE S ARLEIRTE R FFE RS C++
(A C+498 KHZHTH C++ FHEHTRZ LS C++) MiARRE T C++11/14/17/20 /) C++ &
Jr GAE W EE AN Lambda FAXXRRFRER . BB MERNER—THES ) BRI,

MR C++ (RA5hH4E C++11/14/17/20) &4 C++ AR EHESEA C++ 55N
G TR IIIES « I CH+ AMUUEIR T C++ 155 H ST HE, auto JeMFE LI IE #7153k
MTE A F OB M E A AR o [ XHE I8 F T 7 KR53 (b, Lambda #5000 H
ik C++ HA T THEARE 1 T R, X — 4 LU I 4 FE 18 = (31 Python/Swift/. . .
) FEZEZ I, AMEE IR T CH+ KLU AR 1 T 52 2803 i) i e i

CH+17 MIRIE =4 C++ ALt J7 ), st TER C++ Wit — 1 EE R RS
[ REEWHBFHFAW C++11 )R E, (HEAE 7 RE/NISERNIES SRHE (Blnsiaegse)
X B — B IE T A TE C++ HIgmfEEs.

AR C++ 184 B BARE RN 7 HEw 2 0 TERUTE, EEES B ShrEi2E EHE T std
::thread, MIMISZFF T AGFE, A& EARFKET RFEICEN APL, S TESEHNEEE
Y std:iregex HRL T SRR IE M FEAR TS, C++98 DEAWSLERIFR T 52— FhaE iy it
Ay, I CH+ BYHEL, WE— S X FEAL, ik C++ BN RGP RIETF & B iES .
Concept F24t T AR SE G BRI A, JE—B G50 18 = By v] k.

BT 2 BAWER C++ BIHPS SLBE IR R FHENT I ROITOOAS, A RESERAYHEDE 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



B % 1 FEAAK C++

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.

PSR
AR RERHIL TR RS, ARAIRAEBRBEA A AP ) B e S B C RSB 2] [ R, A

Wit EHOASIE ROV . T LA TR R A R 2 RS P O AL, S
EZAISE S

B 158
A AFE RN T /0 RO RN ST, (U TR 30 U 75 R 23 12 28 e T A o A
W LAE R ST 5 . SO AR T R
£ 1 ZiEEIE C++

TEMIR: ARG clangs+ MENME—MIIRS TS, RN EREARHE -std=cr+2a JiiFhx

-+
Tho

> clang++ -v

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

Thread model: posix

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

1.1 #F AR4FE
TSI C++ 20, FAVETHE— T C++11 FHifE, #ias 2R

ER FAIFEERCRRER . FUE TR AR GUX SR A AR AR R 2 BZ R
BB 2, BRI REIRERERN — 0, FEEHTHRAERHEIE, Kk
b S TR .

e TEAFHEFEEFEREL— char x NMEFEAFHEFAEEEMENMNHBKL—1

char *, [iZ{#EM const char * B{& autoo cpp char *str = "hello world!"; // ¥4 37 4 &

e C+498 BREInAA unexpected_handler- set_unexpected() SEHEFSERFR, HiZER noexcepto
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1.2 5 C &k & % 1 FAHANK C++

e auto_ptr #F A, M{EM unique_ptro

o register XEFHFA, TUEREFRBERESEMERFE X

e bool ZEEUHY ++ BAEWFH A,

o MR—NEAMWELE, HEEMRENGERHNENIRESEFHERFTAT

e C BEENBHNELBEMBFEFTH (AEZTE/ER (convert_type)) , MiZfEM static_casts
reinterpret_cast. const_cast ﬂ%ﬁi#i?ﬁﬁ!i&ﬁio

o FEAIM, ERIH C++17 iRERFAT LA MERAR C FrEEE, Bl <ccomplex>+ <cstdalign

>\ <cstdbool> 55 <ctgmath> %§

48

AT L HAH NS HIE (C++11 $24L T std: :bind Ml std::function) . export FFF{EHLIAHY
7o BTSRRI R ERBEIRE, HiEFESRETHMN, MizEFirERER,
BLREESE TR . BT, BORIE AT A R

1.2 5 C (I3

HT—2CRTTH . TR, BAIAEALE C++ i —LL CIEEAM (EEHEMN CiEER
) . B Linux REEGHH . AL C++ HBLZ AT, KEp AZikN TC 5 C++ BXALE(H20 B,
Wil B T IRV E T N RS 2SR AR AN, A AR T R EERE TEA
21, WERAENME. B 1.2 PRFERERE ERIE T C M C++ HKRAIHRAE L.

MIAETEIG, ARG 7 N, TCH+ A2 C M—1M#E%K) X MW& (i HAA—HFEARE,
JRTEE 20 R 25 SO ZE T CH+498 F1 C99 Z XA o« fE4mE C++4 B, v iZR T RE
FRI8E S FH TR voidx Z RRYREF XK. TIAEARAE C B, WAZERM extern ner XFMERE, #4
CIEE ALY C++ RSB T BS54, a9 HERXmids. fil:

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

#endif

int add(int x, int y);

#ifdef __cplusplus

}
#endif

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

return x+y;




16

17

18

19

20

21

22

23

24

25

26

27

1.2 5 C &k & % 1 FAHANK C++

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

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

#include <functional>

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

return O;

JSEE gee 4itE C 1 H AU :

gcc -c foo.c

UiFHE fo0.0 SO, FHEF clanges J§ Crht R .o SCPHREHERE (SAHMIEN .o Bt
)

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

L8R, R A Makefile SE4iid LT IFCH:

C = gcc
CXX = clang++

10
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13

14

#— )ik 6g K Uk % 2 FEE T R ARG

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

TR Makefile HYAEBER HIFRAFMIARZARAT . WERVREEE X BRI VRI dafR &
HIRAF R RE S A BB s, 3 B AT I IRAE Maketile FRHIZHBER H1 AT 5E BT o

WRRIEAHALE Makefile (UM BIAR R, AARTASHEL TEZRIARD, & HRRIFE
AT T clang++ -std=c++2a AT LAG AT

WSRARE B R MER C++, IR ARIR AT REIETE A LT AR —/ NG, B

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

AL, APBHEEEATR RN HIX D

HE— 5 R1E 895 % 3k

C++ 1E= 52, Bjarne Stroustrup

CH++ st

C++ HM1E GCC/Clang ZEgiF ax P Y SZ 471/ 10
C++98 5 C99 2 [a] 1y X 5

% 2 FIEE W AMAEL
UFATEY R AR R TR R X RATIRE. R R

FEIBATI 28, ATRER e 5 s P d e IS AT . Ale, RATEFRIESTRYE, 2
FEARLE e A IS AT Z BB S 170 o

11
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2.1 §
nullptr

nullptr IR HIER T AL NULL, FEREFR R L B3k, 848 C++ &4 NuLL. o N[ —Fh AR
P, XEFgiear i) & L NULL, ALgyirda ol NULL 2SR ((void%)0), A L& E Bl HiE
A 0,

CH++ ARIFEE void * Pazslibns| Hb M . (Ean R gmiFas 22 NULL & SN ((void%)0), I
2HE N ERX ARG

char *ch = NULL;

WA T void * [zl C++ HIUFIEGNULL & A 00 MR IAZ 2B BT A8, % NULL 28 Sk
0 ¥ S5 cr+ EFIFIE L AEIREL. & FHXH A foo MHAL:

void foo(charx*) ;

void foo(int);

A2, £ooWULL) 5 X MBEAPIEE I foo(int) . MIM-FEACAL H S B 5«

N T RROGXA AR, C++11 5N T nullper KT, LIIHPRIX 2255 0o 1T nullper FY2RAY
N nullptr_t, REGSREAHYEHONE MRS B EFT RO, WREMMI A T T S s NS Y

PRATEAZE ] clang++ S T A9 AQRS -

#include <iostream>

#include <type_traits>

void foo(char x);

void foo(int);

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

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

std::cout << "NULL == nullptr" << std::emndl;
foo (0); // WA foo(int)
// foo (NULL); /7 AT A R It 4 F
foo(nullptr); // WA foo(char*)

return O;

void foo(char *) {

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

12
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void foo(int i) {

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

Refe i -

foo(int) is called

foo(char*) is called

METHARIRATAT LA H . NULL AET 0 5 nullptre ATLA, 1EFRACE M A nullper) 1.

HeAh, fE BT AR T, AV T decltype Fil std: :is_same XM METIUL C++ MG, fiH
HKiid, decltype T RMUHES, 1M std::is_same T HUEPI AR S, HAISAE)FH decltype —
TREATE .

constexpr

C++ AFLLEE THEEREIOMA, i 142, 3% Xk 2 S B E M £ R B
AIETRIVE « ARG ar REAS A8 i I L X LE 2GR NE I F B Fris TR . R RERI IR Fr
HIPERE. — T WL A0 1l 2 A B O 8 S B -

#include <iostream>

#define LEN 10

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

return 5;

constexpr int fibonacci(const int n) {

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

int main() {

char arr_1[10]; /7 A
char arr_2[LEN]; VAR~

int len = 10;

// char arr_3[len]; /7 A%
const int len_2 = len + 1;
constexpr int len_2_constexpr = 1 + 2 + 3;

13
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// char arr_4[len_2]; VA S
char arr_4[len_2_constexpr]; // A
// char arr_5[len_foo ()+5]; VA S

char arr_6[len_foo_constexpr() + 11; // 4 &

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

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

return O;

LW H] 551, char arr_4[len 2] WRELLERA AR, AN len_ 2 BEEHUE SN Tt Nt 4
char arr_4[len_2] ISRRARENINE? XEW N CH+ FRMERELRELAUE — M RIA, X
len_ 2[5, IX@& " const W4, MAE MBI, L (RIFEXFTAAERER 7 g 1A AT L
Fi, AH2) B MEENATN, BT EAE RN R0 C++11 5[ constexpr RN TR
AR T T are_6 SR, C++98 ZHTRYARIEARICIATS A Len_foo O fEIBATHI PR LR El—A 4
B XS T AHEN A

VR, DU DS B LS AT 1 AL R AR T A B LI T 22
ik, T T AR BB IR T B P A 5

C++11 $2fit 1 constexpr L& 2 30A 75 B BR BCEION SIS B B i 0 2 O 00, X1
SR IR SRR IR R % R I Len_foo FEARIEMIRLN %2 — M R AR .

IEAN, constexpr HYPRECAT LA 25

constexpr int fibonacci(const int n) {

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

M C++14 JT4f, constexptr BRELAT LAFE N FREE A R As it JEEAND SR FRIEA] . Fln R i py A
WAE C++11 BIFRIE T2 AN RERS I i 1 -

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

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

M, FATATEAE R X A A A ARAS AR R BN C++11 FHIG RIRT A -

constexpr int fibonacci(const int n) {

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

14




10

11

12

13

14

15

16

17

18

19

20

21

22

23

2.2 BZ R Lmisik % 2 FiET T ARG EL

B REAEIL
if/switch TEEREL

LSS C++ 1, AR UIERIRRER A TIEMAE, B2T for WA AREM H U —MlE AL
nt, (HIGABEAINELE it 1 switch {HA]H R I —ANIGEGAS . il :

#include <iostream>
#include <vector>

#include <algorithm>

int main() {

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

// A c++17 Z

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

*itr = 3;
}

/BB EHF AL AL E

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

/0 K HEH 1, 4, 3, 4
for (std::vector<int>::iterator element = vec.begin(); element != vec.end()
; ++element)

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

TE_EHE AR E, RATATLLES] itr X2 FiE E YA main() EIWEH%W\]E’J X FECYIRATE
B 1> std: ivectors I, FFEEBTATA S — MR, C+H+17 JHBE TiX—R&, HS3RATTEA
TE if (8 switch) H5E plX —#fE:

// ¥ lEmEEHE if EAR

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

}

B, AR Go IHERE?
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2.2 B F B LAk % 2 FiET T AR
MiafLsIE

P — AR ERRIE S R, R AR R T O T [ . FEfE S C++ .
AR R EE AR O 7%, BlingiE%dl. POD (Plain Old Data, RIJAHE Hrifif s
R R SE g fA) RAHAT LA O TR0 iafe . a2 AR BRI AT SRR B iR
W, BT EEIE P DU BAT RN O 7. XEARFIEH X & BXNR, AREdEH. 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) {}
3

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

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

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

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

return O;

N T RRXA L, C++11 H BRI RIS ER 7 RA B, FHFRHRZN sta::
initializer_list, FVFHIE bR ALl HAN KBRS M F IR L AIEE . RO S RGBS 3
WA POD RPIIAHL T B3R 4L 7o —RIVREE . it

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

vec.push_back (xit) ;

};

int main() {

16
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2.2 BZ R Lmisik % 2 FiET T ARG EL

// 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;

}
TXFAAIE PR R Y ORI AR A B I PR, ELAT TR i B RS SR NG CE A IR A I R R R R
ARG IIFRER T X GiE L ARG HAE s e e 2. filln:

public:

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

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

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

Hik, CH+11 30824t 74— ik e IR XS &, Bl

Foo foo2 {3, 4};

sZifege

ARG E SR TR AUHAIE S PR B Z IR BIER DhRE. FEPRIEEY 78 Ad &, &ila¥
F CH++11 FH T std::tuple Zas T —ocdl, BEMAEHEZ R EME. HEFEZ, C++11/14 If
BOA TR TR B ik M OTA T E R E SOTHPITTR . RERATTLUEH] std: :vie XTTHIE
Friftl, (BIRNMEIADIAEF I EX N TTHE &2 D IRG, B IRRR 2K, AR

CH+17 583 TRX—WE, SRS IhE i DAEBA 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] = £Q0);
std::cout << x << ", " KKy << ", " K< z << std::endl;

return O;

KT auto KAUHEFEfEauto LA

4
<t
+
53
Py
e
Ed




10

11

12

13

14

15

16

17

18

19

20

21

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:

/) C++11 Z AT
// BT cbegin() ¥ ik B wvector<int>::const_iterator
// BT DL dtr N Z B wvector<int>::const_dterator 2 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) {
/7 C++11 B, R euto kB FHATRAE T
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;

}
— SO ELAB Y L 2
auto i = 5; // 1 WAE R int
auto arr = new auto(10); // arr Wi F A int *
EE: auto RREMTHREULZ, UL FEMMBEERICE B giFn G5 lEEH M, FRA07

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; /)
2

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

R, RAHEEFHATFEFXE
arr2’ declared as array of ’auto’

decltype

N

decltype RAETEN TP auto 4T HREXS AL I BEAT AU HE S B BRIG T H BLRY . & 9 HT3EAN

sizeof RAHL:

decltype (% % &)

A, FATTRET BT AR B

K

ihn

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>; /7 TEAT £ B A
extern template class std::vector<double>; // 7 &£ iZ % B % ¥ U fF % 5L ] 1t ¥ i

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; // &%, E L EZWE N X HF85K &

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;

};

ZE T2
template<typename T>

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

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

T PAIE typedet TE SRR : typedet B4 44, (HEX REHRE S04
(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;
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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

magicO; // #H H o0

magic(1); // 4 W1
magic(1, ""); // #H 2
ik, NSHGHATRA, BIH RN IR —FE B A T IEREE AL BESAEL, (HA R 22 M AL B

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...);

Mia TR R

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 -

/O RFERAREFEEFRE -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) .

WILPIIEHIIR, (Qambda £# K, value)... KEHIT. BT ESREXRHBL, 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() # & ¥ ¥
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

Base() { // # #&

Base () ¥ & %

/7 R

::endl;
::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();
3

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; // 4 %

virtual void foo(float) override; // FE#F, X £ % H W E B #

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, /7 A%

struct SubClass2 : SubClassl {
Y; // d %, SubClassl E final

struct SubClass3: Base {
void foo(); // F %, foo EB final
};
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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 & U £ A % iF & £ & oy 13
Magic& operator=(const Magic&) = delete; // I 3\ & W46 %4 % iF & £ & 44 &

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) {

/7 2 Hr

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

AFA T C++11/14/17/20 FOfiE = vl FIPERIIE S, R EF AN SOy B2 LR LB
ANERTTEE T I AGR B9

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)
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#—F e A F UK
14

for (auto&& [key,
15

% 3 FiE 5 BATH A R4
value] : m)
std::cout << key << << value << std::endl;
16 }
2. Zal T A A USRI T RIS EN R R AR SEL
SFEZR LI

2 — 3 Ri% RIS % TR

1. AR CH++11: CH+11 FrRprE Mt 5 8 H. Michael Wong, IBM XL g iFs 1 EJT & A1 BA &
2. AN H CH++11: RIS TR H. AT

% 3 HETIS

NAELT T

o —
515

TTHARSRIL

3.1 Lambda E£iE3X

Lambda kA2 C++11 g EZAHTHEZ —, 1 Lambda A, SEhr B2 24t 17—
Lambda Rz E

LA 22 PR FRRRIE T B R B R AE R B eR B, (BRSO R dn 4 — I B I DL L
Ml XFERSHSCARZ RS, Fr AR 2 R 8 LR B IRE 5 FIAR

Lambda A EATEILT

4 % 7 %1(& % 7 %) mutable (7 #)
// AR

— BRI R B B

AHBMH > BEXH {
3 |}
FRATEEMER T Ok 7R ARIZRPESN, AR ARR G R, S U2
REMEME T4 -> BT (FRAWE LR i B mEE R B AR 2 X ST 1) .
W LT LR

PR A, HSenl I SH00—F2EAL, lambda AR PIBERBUATEBRIAE B T R A RENS
{5 H R BRSNS HE R, X AR B TT LURS B (L SN ER IR o HRARAERBAYFT . ARSI
1. B3R

HZHAEERLL, BRI R AT LI, ARZANAET, Bk AL lambda £k
BB P5 UL, AR IS 5 DL
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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_walue_1 == 1, T walue_1 == 100.

// B K copy_value_1 FERIEWHFHEEFT —H value 1 H#F N

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 walue 2 == 100, wvalue_ 1 == 100.

// B K copy_value_2 frk 7 W £ 7l 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

B, using WHEALLE—F F WA 4EE

using foo = void(int); // & X ¥ # J
BH kP EBER foo AN ANBMAEWE I

5
%
void functional(foo f) { // % X & %
4 %k B foox
Q1) /7 @it @ KA EA B K

int main() {
auto f = []1(int value) {
std::cout << value << std::endl;
3
functional (f); // fH# H & x £, B R A foor K AW W ¥ 45 41 &
£(1); // lambda 3 ik = A H

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 @WK T —ANEREE N int, HH A int B F K

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() {
// W H 1,28 % Bl E B foo £, B R A std::placeholders::_1 kit % — /%
B AT
auto bindFoo = std::bind(foo, std::placeholders::_1, 1,2);
// E B bindFoo B, REFEEREE — NS HE 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();

PR, S EGE R . BT foo AUIRIEIH temp £ENTIEIEIRG HIRIELS v, SR v
IRIFIRA TG, 245384 temp 5 D1—1, SRJGHE temp H4E%, WIERIX temp AR A, XKk ik i
UMY Xt RER C++ —RBEIRHRNIRED « fEi)s—179, v 2. £ooO IRFINELE
AE (HRAHE) . H2, v iR A RERE] . 1 fooO FAERAB MR EHEIEA—MIEIHE, —
B v Zl)E, BrRIaes, JoRE. MORBRIER T T B T X FE— R TR I A (E RE
SRR I SLRES 1R 3

5 CH++11 ZJ5, iFas NIRAML 72 TAE, AR/ E temp SSB A THLISS A (EE R, M T
static_cast<std::vector<int> &&>(temp), ﬁ{ﬁﬁﬁt&tﬁ@ V’é§4%~f00 E%%Bﬁg[jﬁgﬂiﬁ%f?igiho ﬂlgtﬁiﬁgﬁﬁ
BAERBNNB EhE L.

HiESIRMEESIA
TR T E, RHREABAET AR T e, HA T 2R AET] AR ERLEXA
IR (E A AR A R AR DB G R RG IR AR TR AR BT o

CH++11 2L T std: :move XTI ARG AMESHTC KM HNFAION A E. A T ERANTHRER J7 fE kAT
— ARG S, Bl

#include <iostream>

#include <string>

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

}

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

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

int main ()
{
std::string lvl = "string,"; // lvi & — /| £ 14
// std::string®& r1 = lvi; // ¥, HEGHF &I HAHE
std::string&& rvli = std::move(lvl); // & ¥, std::move®d D% AWM H 4 E

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

const std::string& 1lv2 = 1vl + 1vi; // & &%, % & 25 H 4% L K ke & &8
£ & A H
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3.3 &1E51 A % 3 FiE T EATH A RAL

// lv2 += "Test"; // &, TFEIAEEHEBE K
std::cout << 1lv2 << std::endl; // string,string

std::string&& rv2 = 1vl + 1v2; // &, A8 5 H E Kk o & £ & F
rv2 += "Test"; // &%, ¥FZEN ARG ELENTE
t

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

H

reference(rv2); // %l A &

return O;

}
ER w2 BISIAT —NEE. EHTERE A5, L ove R A H
FENTE X

48 C++ i 95 DA R AR B R B MR Gt 798 DL/ Sl ptiE s, (D8 1 SEBUR 3R Y
BahtdE, WHEEREE S AR, SEEE A I s . WA, R
IR IER BRI BRI R R, AR AREE G 0 (EX) FRERR. FHEERIAR
PIeE i (5% . XA AR — 1R

BEER) C++ B X TR8zhy M T U BB, &l 7 B s D, ISR A =S iH) . A 1E
51T H RS Tl e e 1 3K v A8 A AR TR (R, il

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

std::cout << "# 7" << pointer << std::endl;

}

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

}

};
/7 Wik 4R E R
A return_rvalue(bool test) {

A a,b;
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3.3 H1E51 A % 3 FiE T AT R4

if (test) return a; // static_cast <A&6>(a);

0T
0T

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

A obj = return_rvalue(false);

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

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

return O;

BT

L. EJSeRAE return_rvalue WEIAIEMS & X, FHRAAT P95 o B A

2. BREURIANS, PR TE, B A MBS (Akes)) ST, IIMIERAE M A, FEk XA 1E
FHITRETE R, RAFE] T obj 1, M T HAFRE RO E N nullper, [ ik 7 RCHR A A7 DX FH 55

M3 S 1 IC TSP DUASE . st T 1ERE. PIRAE R B8 SObRIfE Ry o1l

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

#include <string> // std::string

int main() {

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

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

// ¥ 1 )] push_back(const T&), B 7= 4 £ L 4T A
v.push_back(str);
// ¥ Y "str: Hello world."

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

// ¥ 1f ] push_back(const T&8&), 1 & H I # AT H

/T EANFEE S WY G E vector F, FTULH M E std::move & A KWK D H W
Wy I 4

/xR FBRER, str PHELSENZ

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

/Kl rstr:

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

return O;
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3.3 &1E51 A % 3 FiE T EATH A RAL
TEREL

BIHIFRAHRR) T, — DA AES SR Al XU RN T S8 R (fei) T
[

void reference (int& v) {

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

std::cout << " /A fA" << std::endl;

}
template <typename T>
void pass(T&& v) {
std::cout << " AL Ay
/7 de &R A

reference (v); reference (inté& )

}

int main() A{
std::cout << "f£ @ 4 [H:" << std::endl;
pass(1); // 12 #H M, B4 H £ H
std::cout << "f£ @ A fH:" << std::endl;
int v = 1;
pass(v); // r Z LG A, @it AHE

return O;

X pass(1) Kif, BIMEERARAE, HBT vi2 501, FrillAi 2. FI reference

(v) &1 reference(int&),
pass(T&&) Wg?

ity TS o X Tpass(MIH . viE

—ANEME, It As R LE s

XTI RPN 7Efss CH+ i, JATRREREAS— 5| FIZEBAREE TS, (A C++ i
TAHAES IR BT SE X — ek, A4 7 5 HSgENI, sedr A5 e 75, BEREZAS

M. XREG I ABZEENE I RN -

R SRR LS2HEER SEREIES R
T& £51H T&
T& AH51H T&
T&& E51H T&
T&& 51 H T&&

AL, A R R i Tee A @ REREATAES I, SENZCERS, R B 51 AR S 2 1E

HHEFI P, TRRIRSHEMT A%
BIIAZEE. XA v N EER %S,
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3.3 &1E51 A % 3 FiE T EATH A RAL

RPN RET BRI R Bk A, RN TibRN MRS E R, fREFER
SR (SIS, ASIAREASIN) o 08 TR AR, FRATRZE ] std: :forvard
KBTS H ek (1) :

#include <iostream>
#include <utility>
void reference(int& v) {
std::cout << " /A 1 | J§" << std::endl;
}
void reference(int&& v) {
std::cout << "4 1 7 J§" << std::endl;
}
template <typename T>
void pass(T&& v) {
std::cout << "I H AL A&
reference (v);
std::cout << "std::move {4 % :";
reference(std::move(v));
std::cout << "std::forward £ & :";

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

}

int main() {
std::cout << "f£ @ 4 A :" << std::endl;

pass (1) ;
std::cout << "f£ i A [ :" << std::endl;
int v = 1;

pass (v);

return O;

LIRS K

e % H H
LtRmEL5AEEEA
std::move £ % : 4 {4 5 A
std::forward % % : 4 4 3 A
i £ E:
LTRE L EEEA
std::move % % :4 M 3 A
std::forward 1 % : A 18 3| A

T SEN A ERRAE, TGS SEER Al T L, Ll std: imove A4
Bl—AFE, MM A T reference (int&k) i AES| A
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MESN std::forward RISAHIERATMEZRIGHEIL, HNSEERER (ki) THRER LSS T N
PR H A R o

std: :forward %l:[ std: :move *Ti, /ﬁﬁﬁﬁ{%ﬁf$‘ﬁ%, std: :move %é@ﬂ’\]x{%ﬁ{ﬁ?{%’f{ﬁﬁ{ﬁ, std
s :forward 1 FUR UGS T — DM FAR , WIS LR, std: :forward<T>(v)

static_cast<T&&>(v) J25E4—FE.

& o

1ICM2A

AFAT CH+11/14 tpxti Al ATERG G, P EF ORI S0 A R b AR (R 5 4R
HY -

1. Lambda FiA=
2. PRECN S A4y std:function

3. Al
54 BinEE: A
WA

4.1 std::array F# std::forward_ list

std::array
BRI A I I 1 2 B AR (7] -

1. 794%4&%%%[)\ std::array ﬁﬁziféﬁifi{%fﬁ std: :vector?
2. B TESEA, M LZEH std: :array?

FRIEH D, 5 std::vector A[H], std::array MG R/INERIER, WERA K/ NEEE
1), ABART LM BT std: :array 2585, JIIMHT std::vector /& HAH &AM, MFEAKGHIEHSE
&, FFEXEEAT T MBRERE, ASIEAS AR TR NG, X R T3 islT
shrink_to_fit() BEHUXES NAF

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

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

// T F W std:ivector MFM A ENTHE, HFE AT K

/S ERWMRZELAR, FEEHIRELNE, MELRAFET ZHGE LA AHWBE
v.push_back (1) ;

v.push_back(2);
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4.1 std::array #= std::forward__list %4 FARE

¢W

v.push_back(3);

std::cout << "size:" << v.size() << std::endl; // W3
std::cout << "capacity:" << v.capacity() << std::endl; // Wi 4
/X EH Y KEHEE Golang B slice RI§

v.push_back (4);

v.push_back (5);

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

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

/BT TEEEBEARETRA, ERUAEZTEAMNNEH XA BE
v.clear () ;
std::cout << "size:" << v.size() << std::endl; // o

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

/7 BN RF T It shrink_to_fit () W K FE 4 R 4
v.shrink_to_fit();
std::cout << "size:" << v.size() << std::endl; // W loo

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

117565 AN U AN B, (6] std: rarray RERGLEACAG AT HI “BUAL”, I HEE T —LE B2 0F
L, HARBEEA A N RS B R AR (RIS B RERS AU HO (8 IR E R TP O A 4 75 . LA std: sorto

1] std: rarray MR, HARTREH NI/ NI :

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

arr.empty (); // B & %
arr.size(; // R E HE N T F %

/O ERE X

for (auto &i : arr)
{

/7
}

// A lambda k) 3% R # 7
std::sort(arr.begin(), arr.end(), [J(int a, int b) {
return b < a;

1)

/B ARNSERERET ERER
4

constexpr int len =

3

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

/7 FELFRT ¢ R H 4, std:rarrey f 2 B g R LR T
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12 RAEE FASRA B

// int *arr_p = arr;

HIAPDTIEH LT std: rarray B, MEQIIEFZORK A C MM, XHEA =MEGE:

void foo(int *p, int len) {

return;

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

/7 C M ED RS
// foo(arr, arr.size()); // ¥, KL #kE R #%
foo(&arr [0], arr.size());

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

// ] ‘std::sort

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

std::forward__list

std: :forward_list & FIRAG:, MMITIEMN std::1ist FEARMLL, BUKIRATHAE R IRIEST
IR o

FEHHTEN S, Tl std: :list B A EEFRATLILAE) , std: : forward_list {5 F B [ 44 38 301 T30 3L, 2
BT o) BEREITERIAAN, AZFEPEFEIYTR] OXt 28RN . WEIREEA S ——1
AP size O AR o YUATFERNARERNT, HAL std: 1ist B 25 RF] .

4.2 TFARE

RATEGIHNT 65 Ot FIGA TS stds map/std: iset, 3X86TE 2 BT 2T ML TS
RS RO T E A 0Clog(size)) . (ERMATERIME, SHUE < BEIFHETTIA NFHIN T
ZRAHR, I ERASIA R . M AR TR R, A R AR <
B RIS 8

e R A A T 2R R TR I . I RlTT Hash 9B, i AAHEZIEZ I T8 24 o
constamt), {EAKDARMMITEEIIFI , AEOSTE BRI .

C++11 5| N T HLHIC P45 4% std: :unordered_map/std: :unordered_multimap F{] std: :unordered_set

/std::unordered_multiseto

AT HEFEAR std: :map/std: :multimap/std: :set/set: :multiset FEAZE[L, BT iXEEEK
TESRIERT . FEA—2H, %ﬁﬁ]i§%§§gtb$§‘*7istd::map%ﬂstd::unordered_map:

#include <iostream>
#include <string>

#include <unordered_map>
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4.3 L4 std::tuple B 4 AR

e

ﬁ?)],

o

W

#include <map>

int

main () {

/7 WM F R WO F A L

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

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

for( const auto & n : u)

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

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

for( const auto & n : v)

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

SR SR

std:
Key:
Key:
Key:

std:

Key:
Key:

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

:map

:[1] Value:[1]

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

4.3 JTH std::tuple

FiH, REERRAF N TTER

45

Tt Python HIRRFP SUMIZAITETCAH RIS, HMESE C++ hEIA S, BR T std::pair Sb, fLIF
BB BURH SARENS T SRAF RO R A s GEF B2 H CE L&) o H std: :pair HYBRIEIZ 2T
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4.3 5L4R std::tuple

% 4

e

2

R

¢%

o

TCHERBRE

KT ICHRE A = M2 DR R

std: :get: ARFFICAIE M ENIE

1. std::make_tuple: it
2.
3. std::tie: JLAHIFE

#include <tuple>

#include <iostream>

auto get_student (int id)

{
// RE KA WAM N std::tuple<double, char, std
if (id == 0)
return std::make_tuple(3.8, ’A’, "7k =");
if (id == 1)
return std::make_tuple (2.9, ’C’, "Z [");
if (id == 2)
return std::make_tuple(1.7, ’D’, "F H");
return std::make_tuple (0.0, ’D’, "null");
/SR RE 0 oA AEIR, HIFAK
}
int main ()
{
auto student = get_student (0);
std::cout << "ID: O, "
<< "GPA: " << std::get<0>(student) << ", "
<< "R G " << std::get<l>(student) << ", "
<< "PE A4 . " << std::get<2>(student) << ’\n’;
double gpa;
char grade;
std::string name;
/7 TCA AT R R
std::tie(gpa, grade, name) = get_student (1);
std::cout << "ID: 1, "
<< "GPA: " << gpa << ", "
<< "R 4 " << grade << ", "
<< "PE 4 . " << name << ’\n’;
}

p:string >
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4.3 L4 std::tuple B 4 AR

¢%

std: :get R TR RIBOTAN G40, CH+14 HEIN T 6 2 BUR AR T I G -

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; // %, 5l & % iF ¥ 4 %
std::cout << std::get<3>(t) << std::endl;

EITHERS]

WRRAF RS — T TR & AL L ARSI IR, std: sget<> AR MIFMIRH A, FrEA N
T AR

int index = 1;

std::get<index>(t);

MAEIE LA 55802, [ std: ivariant<> (C++ 17 5IN), 124 variant<> [JRBIBRZ
AT LALE A variant<> IMAELHEHGILFRR A AR (FEHARIES , #10 Python/JavaScript 4%, £
BN -

#include <variant>
template <size_t n, typename... T>
constexpr std::variant<T...> _tuple_index(const std::tuple<T...>& tpl, size_t i
) {
if constexpr (n >= sizeof...(T))
throw std::out_of_range (" 7 .");
if (i == n)
return std::variant<T...>{ std::in_place_index<n>, std::get<n>(tpl) 1I};
return _tuple_index<(n < sizeof...(T)-1 7 n+1 : 0)>(tpl, 1i);
}
template <typename... T>
constexpr std::variant<T...> tuple_index(const std::tuple<T...>& tpl, size_t i)
{

return _tuple_index<0>(tpl, i);

}
template <typename TO, typename ... Ts>
std::ostream & operator<< (std::ostream & s, std::variant<TO, Ts...> const & v)
{
std::visit ([&] Cauto && x){ s << x;}, v);
return s;
}
XA T RE :
int i = 1;

std::cout << tuple_index(t, i) << std::endl;
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&4 % 5 FhREE: IRA

TARHSER

WAH—ME LTRSS I TCA, XA LLER std: :tuple_cat fSLH:

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

5 ERRAEaE KB, BOZ AN AP oAl (HRRAINIA A T A st i R AR 5 |
> tuple AR A ISR 1, B SEHRAIFTERIE IR, L

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

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

}
IXFERLREAS KT T B TIEA T
/7 R
for(int i = 0; i != tuple_len(new_tuple); ++i)
/7 EATH Z T
std::cout << tuple_index (i, new_tuple) << std::endl;
Ba

AR T CH+11/14 PR sy, ENRNAEMES C++ MEARIRALLL, X,
A LR SE b e R RO B A A AR . TTARAS A AP RE

std: :tuple HINARL, (HRbRiEFERANIIREA R, BIMER BT MRS IAERTR, ek
TEAT FHABRY T AT LA B AT 58

% 5 EfEE: 15E
R

5.1 RAII 55| Bit#

TH# Objective-c/Suite MIFLRF RNZAIINS A HUNOMEA . 31 FHBOXFHHECR N T i 1k A7k
BT AR . AL R TSI G, BTSRRI R s R 7
LB GEE R AV, A L 3R, YA SR TR
NIRRT, HE IR 77

FEfEGE C++ Hr, TEfd FIRRsR, SR RMESE. FOVEITRA A RERUEIC T AR5
M2 o Fr AR HHEOERX T — DX RIS . FA A R BRI R Ig 2| e R (FF
BRI D) B R ), b @ FATH A RAIL SRR L HoA
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5.2 std::shared ptr %5 FAFMEE F54T

FLBHATIISN . B 12 A B e 1 MR 7628 Ot A U ) new
il delete 25 T X VEVRHE(TREC. 117 C+-+11 3|\ T EFAEHIEHIOES: . (B 73 R0 IR L LERR Y
PURFEA B0 T A RM N 7. XM ETREHE FHIR 04T std: :shared_ptr/std: sunique_ptr/std: weak_ptr.
(P T S <memory>.

R SIUHTTBONEEIR B, 51 T BRER SOV B F R X 5, (8] i RS R et
REAHL A 23 I TR S5 S RE A T A A ) 2 B R R A e 30 o

5.2 std::shared_ ptr
std::shared_ptr j2 T REFEST, BREWICRZ D> shared_ptr HFEFRI— X5, MIMIHER
V] delete, 45| HTHECL N ZR AYIHGAL 2K G E BIHER -

[EIEAT, RON(E std: :shared_ptr [HSATZLM new RN, IXMEAGACAD B 1A E_EHY
KR

std: :make_shared FHEMS FH K IH G B 296 H new, fifLlstd: :make_shared 2Bl QG NS EPIY
W5, HHREEXA IR LA std: - shared_ptrfigfl. #l0:

#include <iostream>
#include <memory>

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

{
(*xi) ++;

}

int main ()

{
// auto pointer = new int(10); // FE, FAHFHEERM
// & T — /4 std::shared_ptr
auto pointer = std::make_shared<int>(10);
foo(pointer);
std::cout << *pointer << std::endl; // 11
// &I AE R B A, shared_ptr 2 @AM, AWEKNF
return O;

}

std: :shared_ptr ] LUEIT get O JriZRIREUGIGTR ST, 18I reset O SR/ —"15I M4, JHiE
ituse_count O RE B —DAZ I 5 HItEL #lan:

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

auto pointer2 = pointer; // 3| JH it % +1

auto pointer3 = pointer; // 75| JH if # +1

int *p = pointer.get(); // X F & ¥ Jm 5| Al it #

std::cout << "pointer.use_count() = " << pointer.use_count() << std::endl; // 3
std::cout << "pointer2.use_count() = " << pointer2.use_count() << std::endl; //
3
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5.3 std::unique_ ptr %5 FAFMEE F54T

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 E. 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; //

0

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

0, pointer3 E. reset

5.3 std::unique__ptr

std: :unique_ptr 2 Fl T AUE RERRED, EALIEHME RERET S HIL = E X5, MR IEAHS
24

std::unique_ptr<int> pointer = std::make_unique<int>(10); // make_unique M C
++14 Gl A
std::unique_ptr<int> pointer2 = pointer; // F &

make_unique JFAE 4R, C++11 F AR std::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|}

ET A ABAR, C++ fRMEZ AL EN Herb Sutter fEMIAYFEE THHERISEAR AN TH
fATTRIE T Jo

RESRSE I 7 et iR a2 AN Al & Ao (HE, FRATAT AR std: :move f HAEFL 45 HABAY unique_ptr,
il :

#include <iostream>

#include <memory>

struct Foo {

Foo() { std::cout << "Foo::Foo" << std::endl; }
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5.4 std::weak ptr %5 FAFMEE F54T

~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>());
/7 pl R E L,
if (p1) pl->foo();
{
std::unique_ptr<Foo> p2(std::move(pl));
// p2 AR, Wl
f(*p2);
/7 p2 FE,
if (p2) p2->foo();
//pl AR, Kl
if (p1) pil->foo();
pl = std::move(p2);
/7 p2 A E, K
if (p2) p2->foo();
std::cout << "p2 7 4 %" << std::endl;
}
// pl R, Gl
if (p1) pl->foo();
// Foo th 5Ll 2 % JF 18 A w4 &

5.4 std::weak_ ptr

WRARAF NS std: :shared_ptr M2 K BUKIAAFAEE CRTCIE RO A8 & T X M7

struct A;

struct B;

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

std::cout << "A P 4 %" << std::end;
};

struct B {

std::shared_ptr <A> pointer;
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5.4 std::weak ptr

% 5 FATEE: R4

int

~B(O) {

std::cout <<

main () {
auto a =
auto b =
a.pointer

b.pointer

std::make_shared<A>();

std::make_shared<B>();

_b;

a;

"B %Eli ﬁ{j Ej}ft "

<< std::end;

IBATEIRIE A, B #IASHEIE. XN a,b WIEBHY pointer [R5 T a,b, iXfHEfF a,b (Y5
BN T 2, MEHERERES, a, b BREIREHRINT . S REE B H IR 51 RO —, 1XH
FUFET a,b XGARIAH A KIG | BN E . N C A IMERENXR XS T, il 7
PNAFTEER . AnERTR

a,b HEHSR S

A,B kIR ES | FTIER I

a b
Y A
B
pointer | |
| .
pointer
A

pointer

A

B

|| pointer

i DR IR 2 (555 | TR %] std: rweak_ptr, std::weak_ptri2 55| (LA &
std: :shared_ptr /2 FHR5IH) o S5 AT HES | HTTEI8N, L3 es 5] i, AR

REAR B TR |

a b
v v
B

pointer |{ |
- || .

pointer
A
B
pointer

b
Y
B
pointer L |
-] ] .
pointer
A
B
pointer |{ |
- - - | | .
pointer
A

fELET, fa—2ART B, i B HBAEMEREREHSUHE, R A BR R S B
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B4 % 6 EARfE EN AR,

std::weak_ptr Y H * IR -> IZHAF, FrLURREREX PO THAE, CIME—/EREH T
# std::shared_ptr ER(7(L, H expired) JIIARETETTIRRBREIAINS, <xiRIA] true, IR false.

SRS

~

BRETR N IXFEATIF AR ET . ARSIEF P M LRER, B C++ X IR, 1E
JERRJE EIHBR T new/delete AYMIM]. 2 Fh MR it o

— S RIENSE TR

1. stackoverflow 2 FC++11 MNft4I% A make unique) 318

5% 6 EfrfEE: ENRIER

WAEITH

6.1 IEMRIEXE T
FENEERZEAAR C++ BS54, XEAURE RN .

MR AAIE T —Fh 75 B LR — el IR M FeiA N 2R S R i =K

L s RO EE AP 75
2. P UCHCHY 5 HR L
3. MEAER UL S SRR 1 HR

IEM AR Bl A (Bl a 2] 2) DARRIR TR R ST BEHnA A 1 28 SO i 22
DCFCH) — DB FRF R IENSE N — B, R TR i 2R i 75 R g T T e

Pl T SO AR E N TT TR B AT EDRUAS AT BN A7 o IX G BT R B AV NG 74 iy
AECT S FrAbs RS Rl L AR 5

FRF

Rk PR IENZIA X AR S 77, R IENERE DR, 22U TE:

Sl
¥ ik
$ VCECH N FAF B ) &5 BB AL
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6.2 std::regex % FAg ¥ %6 FARAEE EN AKX

R
® it — TR R SR E . FRIER AT DR LS (6
* VC e T T TRk R IRE 2 1R
+ UG P i 8 ) -k = — ke 22 1
. VEBCBRHLATAF \n Z AMNIATAT 745
[ PRt — e 5 R IE XS .
? VG FC R T ) F ik ke — ik, sdE I — N RS IR E AT
\ BT — D FRRICABRATAT . BUR SRR BUaE SIS B R S a0, o
VEECF4F no \n DCECHATAF . FEAI \\ DCEC >\ 4%, 1 \NCNITED > O 45
- VCECHI N TAF IR, BRARAETTHE RIS, N ERIRA L 78

PAN
T o

{ PRICHRERF B I AR
\ PRI TR A — a8

PREFF

FRJERF I RAR R IE M ik s Uy — 2 E YA F B I 2 DA R AL DEIRC . LR 36

TR iR
* VCRC R T Y T35 Rk 27k i, foox REVLHL fo LUK foooo. * ZE(T{0,}.
+ DCHE BT -2k 2 — ks 21k BT, foo+ HEULHD foo LUK foooo, {HANAEULHD fo. +
FEMT (1.3
VRO RTTEI T- 2k N ke — k. i, Your(s)? AJLAVCHT Your 5§ Yours HiffjYour . 7
N T 0,1}
{n} n BN AEEE, DCECARER) n Y. B, o{2} ANREVCHED for HIfY o, (HZREVTH foo
HEI P oo
{n,} o B PEEEEE. 2/0IUEC 0 ke BT, of2,} ANREVCHED for HHY o, {HREVLAL foooooo
HHIFRA oo of{1,} ZENT ote 0{0,} MIZEMT ox,
{n,m}  m fl o BPORAEOREL, Hp o /NTEET no H/PICHL n R HE 2 ULEC m IR BIA0, o{1,3}
F4ULHD foooooo HHEYHT =~ 0o 0{0,1} SEMT 070 JEE, fRIESHIPN A [AIAREA S
Mo

-~

A TIR=5KEE, FNBET RN St LP T i IE NIk T .

6.2 std::regex KEFMX

XA R A T DR RC A B W B (6 IE M k. AT EE S C++ HIENFRR X —H%
ARG E M, AN, 11 C++ (EA—T TR EREES , (R GRS I &£ F, % URL
CRURBEHEIEA TR, o TE SRR 2 R T SR i Ay ol A 3 3 83
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6.2 std::regex % FAg ¥ %6 FARAEE EN AKX

— R IR boost INIENIERIAR A . 1 CH+11 IEx0K EIFRIA AL EL T AN
PRIEPERIATEN, MIE S P E3RAE THRMERI SR, AN FROBEE =07

CH++11 #2AEAY IE N FRIE L ERAF std: sstring X5, B2 std: :regex (A JJi/Z std: :basic_regex) i
1TRIIAM,, 183 std: :regex_match PEfTUCHC, MIM74E std: :smatch (/2 std: :match_results X5 ),

FRATEIL ] LA R AT R 2 A R (6 o 2% 58 THT A TE I 20k

o [a-z]+\.txt: fEXPIENFIEA T, la-z] FIRILEC— /NG Bk, + AU R AR IA L RL 2K,
W [a-z1+ REBILEC— /NG FRAUKA FAF . AEIENEGAArh—4 . ZORIERAERE T, 1M
\. WFRICECFRF ., A txt FRT S ICHS txe W =)o BRIHGX A IE NSk = i 2 DT D
R A2t A2 Hh 4l NG 7 B R SCAR S

std: :regex_match M FULHCTAFHIMIENZE, AMRLZARNERIVA. RE RN P2
N std::string DL std::regex BETILAC, HULHCRINES, 251k [0] true, AIIAM] false. fiUN:

#include <iostream>
#include <string>

#include <regex>

int main() {
std::string fnames[] = {"foo.txt", "bar.txt", "test", "aO.txt", "AAA.txt"};
/O CHEE N S RENTREANENF, FE N\ EAENKREXNEE R E
AR, FEX N H#HTZREX, KA ¢
std::regex txt_regex("[a-z]l+\\.txt");
for (const auto &fname: fnames)
std::cout << fname << ": " << std::regex_match(fname, txt_regex) << std

::endl;

%*ﬂ'%"ﬂq E@ﬁﬁiﬁ?}ﬁ%ﬁ@jﬂ?)\ std: :string/std: :smatch/std: :regex E/]\Zjé’ﬁ(, ;E\EF' std: :smatch
A R H S 2 std::match_results, [EARHEET, std::smatch #YiE YN T std::match_results<std::
string::const_iterator>, tLitE— 1 FHiE LMY match_results, {fi[] std::smatch 1] LLJ7{H K
Xf RS A2 A TR, Bl

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% ML EILE T £ — M F k&R
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;
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1

2

PAEP A B 455N -

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

B

10 =

AR AT IR RS, IR RS IR 2R A ERRHR, il — D SLbrifl

TIEMFGARERIfE -

ATREI WAL ILEIRA DT RS — AR Web MEZRHCT URL ITECHIZHRE,

S8 TODO

HE—TRIZNSE AR

1. F°F T3t GCC B C++11 [EMFIAZ? ) i FE/E#E Tim Shen Y[R

2. IEMFIR R
3. C++ Frk Web RFSHEZ

WAEITH

7.1 ZEBE5H1T

std::thread

HE%

I

std: :thread ] T EIEE— MISTHIZARE Y], FrilE R — DIt A amRe IR al (T I 75 265 <thread
> K30, BAREE T RS EANLREERIE, Flilget_1d O SRIRBUR I LRAZAE ID, FlUn{HEH join(

SR A EARESE, Bl

#include <iostream>

#include <thread>
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1

7.2 std::mutex, std::unique lock % 7TEHITEHAL

void foo() {

std::cout << "hello world" << std::endl;
}
int main() {

std::thread t(foo);

t.join();

return O0;

7.2 std::mutex, std::unique_ lock

FATERVEARZRIMR IR E L T TARIFREARMEARR, mutex g2 HPROLZ .
CH++11 5N T mutex HSCHIE, HATAHRAYRBHAE <mutex> SKICHFH.

std: :mutex s& C+-+11 FFEARN mutex 25, WITLFIML std: :mutex W LLGIEE Fb, MEH K
PUREL 1ock O AT LA T 8, unlock O AT ARM TAESA. (R EAESEPRgn GRS R, Bl R A E
VAR K L eR A, R K 5L eR O T A I S X ) AR unlock O, 44K, IBELFGR . IX
g CH4-11 I B Rt T —> RATL JBEERI R S std: 1 1ock_gurad. RATT AR S ACHS 335 14 Y [
I, ARAFAORIE T ARG S e et

£ RAIL FHFE TR . 3Tl S XA 5 R B U B s T 4Ry Bl

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

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

// o PR

SEEFRXANAERARNEE, AWM, F Hunlock® fF 4
/7 BB A BB T LA R X

BT C++ RIUE T FrA o G A B R L RN g 5, At LUX ARG 2 e L. o
some_operation() IEHIR[MA. I EIEHEIH FE, A5 AMERELR, it ESIAA T unlockOo

m std::unique_lock NU$EXﬁ:T: std::lock_guard Hjﬂﬂﬂ@, std::unique_lock Eiﬂﬂﬁi?ﬁ, std::
unique_lock FUXSGE LIS FrA AL (BOA HARMY unique_lock X GFEH AR mutex XGAYFTAHD
97 :UVE PR mutex X A BRI Bt M A dmRerh, (I std: ;unique_lock,

std::lock_guard Ziﬁﬁﬁﬂiﬁﬁgﬂﬁfﬁ lock fﬂ unlock, ﬁﬁ std::unique_lock ETEXZEﬁ§QHE§HQf£E§ﬁiE§ﬁE
M TG/ N E TR, SR S IR A .

MR HE T 442 5t std: :condition_variable: :wait NI WAZ{#i ] std::unique_lock {FNZEL.

il :

#include <iostream>
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7.3 std::future, std::packaged_ task % 7TEHITEHAL

#include <thread>

#include <mutex>

std::mutex mtx;

void block_area () {

std::unique_lock<std::mutex> lock(mtx);
78

lock.unlock () ;

g 8//...some other code

lock.lock(); // can lock again

}

int main() {

std::thread thdil(block_area);

thdl.join () ;

return O;

7.3 std::future, std::packaged__task

std: :future NEHEft 17— USRS RIEE R IER, XATR AR 0 7 BRI 3R
TR — I E CH+11 Z RIS &R TR .

UL AARBATELRE A FEFITR— A2 B X7 IATHUNRIESS, BB 4
Ho MR, 2 A WREIEAEN HAMA S, TCBUBN B I9S55R . A AIBRA TR AR A SR REAS e
MREERIRT G AR B 192

f£ C++11 [ std: :future PG NZHT, EHHIHGEE: B4R A, fE4fE A BEMES B,
Y s Rk, PSR R EALRER . MERSLRE A BIEAAMEMES, S
TR, DR BRI TSR

i C++11 27 std: : future fifL TIXMRAE, AT LASRIRBUR AL S RO R . HOAM, FRATIRE
S RES R EIEENE N — PRI BRI SR A 22 F B

IEAh, std::packaged_task I LAFIREPFATMTR LARAIRY AR, A TSm0 M. flin:

#include <iostream>
#include <future>

#include <thread>

int main ()

{
// ¥ — AR EE AT lambda Xk 3k X H E 3| task F
// std::packaged_task MM S W N EH L @R D

58




10

11

12

13

14

15

16

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

7.4 std::condition__variable % T EHFITEFLR

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

// 13 task ) future

std::future<int> result = task.get_future(); // & — M4 & & # 17 task
std::thread(std::move(task)).detach(); std::cout << "Waiting...";
result.wait ();

/7 % BT R

std::cout << "Done!" << std:: endl << "Result is " << result.get() << ’\n’;

FEPEFEEHBAR)E, TLMEH get_future ) SEFRIGE—1 std::future X%, LB 5Lk
FEEE

7.4 std::condition__ variable

std::condition_variable S [ fRRIEBIMIAERT. M EFIRIEABE M SIAK. i, LREATRER
BERREA A NEA RS T, T MR RE 2 S EUT A HABZAR AT N i XA
TREAE BN, St R A8 . FFLL, condition_variable SR AN Hy B0 F Tk A2 T M il 2 2 P AN
TR AL . std::condition_variableff] notify_one() F T Mafif—26FE: notify_all() N ZmEIFA
Hfte NHGE DA I 2 AL ] -

#include <condition_variable>
#include <mutex>

#include <thread>

#include <iostream>

#include <queue>

#include <chrono>

int main ()
{
/R E R E
std::queue<int> produced_nums;
/7 H O
std::mutex m;
/AR R
std::condition_variable cond_var;

/R AR

bool done = false;
// G Ar &
bool notified = false;

ANk & %

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

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

notified = true;

VA B-Ra N %

cond_var.notify_one();

}
done = true;
notified = true;

cond_var.notify_one ();

B

R &%
std::thread consumer ([&] () {
std::unique_lock<std::mutex> lock(m);
while (!done) {
while (!notified) { // 1 ¥ # % & 18 "k B
cond_var .wait (lock);
}
while (!produced_nums.empty()) {
std::cout << "consuming " << produced_nums.front() << ’\n’;
produced_nums.pop ();
}

notified = false;

P

producer.join () ;

consumer. join () ;

}

& ot

1ICM2A

C++11 BEFZRM T I R MBNH TR, KRR N T std::thread/std: :mutex/std::

future LT A g fErhA Al R EZ T He.

>R

L g5 — I 2efEit, At heE:

ThreadPool p(4); // 45 = W 4~ L 1k % 12

/) B A P N, FFEE — A std::future
auto f = pool.enqueue([](int life) {
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#— P W A F A % 9 FHhRLR

return meaning;

}, 42);

// M future W/ FAT E R
std::cout << f.get() << std::endl;

HE—FRIEHSE HFR

L C++ Ffk 4t (H3ChR)
2. SRRE SRR

% 8 FirEE: XHRSR
TODO: XS NAN C++17 Fr i

S RGERAE TSRS B WRISCHE HoRS SRS T IR RO R ShRE . MR
ASUERML, R F IS boost Kifd, FFRAWAIFN C++ MRERIRZIEZL —.

8.1 M 5%

8.2 std::filesystem

NAEIT T

9.1 #E
long long int
long long int FFAJE CH++11 FJE5I AR, HELEAE C99, long long int HLELMWAMA C frifEr,

It AR A s 7 ©Sc e CH+11 (9 TAENZ IEHE BMASRER, ME T long long int 2K
RIZ /b g 64 (LI HURAEL

9.2 noexcept HJEIRFNIEIE
C++ HIET CH—KMBMAET C++ ATiE LT —EwBH R H A IYLH . JAMAE C++11

ZHT, JUPFEAANRERAAERESEHE R FEAEREA, N C++11 JHh, REUFBEF . BrABA]
AL BWALAN AL TXEN 2 0T AR, REANIZ TR TIRE.
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21

22

23

9.2 noexcept #9154 A= 4 AE % 9 FHhHLA

C+11 RS B R BRI AE O LU PRI L

b AT A S

KT
RE Y AEAT S

. B
2. BRECA

b
b
b
b

FHE ] noexcept XFIXPIF T AHEATIRAI, BN :

void may_throw(); // ¥ # i H B %
void no_throw() noexcept; // 7 ¥ f i H 7 W

{1l noexcept MEHfiid IYRREUNRILIH 5787, HiEdF 2 std: :terminate O HIZHIZ LR Ia]T
noexcept IMFEMSHARIERT ., M THAE—1FGAN, HFGAXTRAHT, B[] true, MR false.

#include <iostream>
void may_throw () {

throw true;

}
auto non_block_throw = []{
may_throw () ;
}s
void no_throw() noexcept {
return;
}
auto block_throw = []() noexcept {
no_throw () ;
3
int main ()
{
std::cout << std::boolalpha
<< "may_throw () noexcept? " << noexcept(may_throw()) << std::endl
<< "no_throw() noexcept? " << noexcept(no_throw()) << std::endl
<< "lImay_throw () noexcept? " << noexcept(non_block_throw()) << std::
endl
<< "lno_throw() noexcept? " << noexcept(block_throw()) << std::endl;
return O;
}

noexcept [&1fi5¢— N ALY 5 REASE BB B T B TR, RPN ES =B, INTAS g .
i -

try {
may_throw () ;
} catch (...) {

std::cout << "4 ik B, K HE my_throw()" << std::endl;
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try {
non_block_throw();
} catch (...) {

std::cout << "4F 7 F %, F HE non_block_throw()" << std::endl;
}
try {
block_throw () ;
} catch (...) {
std::cout << "I ik F %, £ H block_throw()" << std::endl;
}
A
WHFPHE, X HE my_throw()
Wk FH%, X H non_block_throw()
= =
9.3 FHE
FREFHEFEE

e C++ HEEHRE — D milifek AN AR g FmE 1 —FEE, hn—1Mad
HTML AfRE 45 7R BRI R SUAF . Flan—A> Windows B SCHIE R4 25 C:\\What\\The
\\Fxxko,

C+-+11 $24L T FIR TR B I A 55, W LME DRI M R RIS FRF 8, [FRY,
R AR FAF B (S S 2, i

#include <iostream>

#include <string>

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

return O;

BEXFHE

CH+-+11 5I9E T HE L FHIERES), W BG5S 5 RisEAF L :

/SOFREFEHEEE LS ARENT O S KA &

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

return std::string(wowl)+"wooooooo0oo00ow , amazing';
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7 | std::string operator"" _wow2 (unsigned long long i) {
8 return std::to_string(i)+"wooooocoo0o0o00ow , amazing";
o |}

10

11 |int main() {

12 auto str = "abc"_wowl;

13 auto num = 1_wow2;

14 std::cout << str << std::endl;
15 std::cout << num << std::endl;
16 return O;

17 }

[ AE S TSR P b T

LRI B 0] unsigned long long. const char *. M FIREAFSEL, £ LI
ARG Y2 RS
2. FEM S EETA§ ] long double. const char *. BRI B4

3. FRFERFA G U (const char *, size_t) RIS HEE;
4, FFME G 28U FER char, wehar_t, char16_t, char32_t iX LA,
B8

AT G TLA S A R TL, C- PR LG P B S AT I EPE T, moexcept [0k
NETAEE . TR — T (e T REM ML Ry B4 R G S IR A B (TR A
T
%10 ERE: C++20 &4
Pz LT
KBRS ESERY C+17 YT, JUAA B (2016 ), ERIHIE, WEA—A R BT

aoRARIE CH+17 FRERUACRS, AT REM, Xt C++ AP SR AR K 4R Y 5

I\Eﬂ i;lé’ o

10.1 EENERE
ELBERNSHE auto

PRSI AP, —FR RS, R BANIAGEZ P

1 |template <typename T, typename U>
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10.2 ANEAFH % 10 FHZE: C++20 M

auto add(T t, U u) {

return t+u;

)

HEE T M v AR RRERSE MR R ER S, BT DAL g AR S
¥

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

T data[BufSizel;

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

TR R BA A S 55 AR O B A A0 20 B A A F SR AR SR AR AL, C++17 TR T3 BRI,
LERANTRER AR IUBAR S P auto G, I LEGIFAHE S ARSI -

template <auto value> void foo() {

return;

f00<10>0); // walue # 4 F 4 dnt £ A

10.2 RANIEFHE

C++ ABSATT RS HRLME C++17 AIRLHE%E, 1% 11 Concepts/Ranges/Module %555,
Hrp A7 KHE5E Concepts, X — IR, VA AMIE (Technical Specifications, TS)
W H A A o

Concepts TS

Concepts ZX} C++ BRZaFE it L HISRT . @ H KL, Concepts 2 FigwiFHIHRE, &
REASLEG 1A A A 1 I X B S AT P . TR IR B SR AT TAE C++ TR BRI R AR .
P T o AR I AT 2B B A N TRRYBE R, T2 RO B B AN IR IR 2R RERE X 2
RO TAR A S IR TR T B PR AT ARG 2 PR A L AN T a5 ) G 2 e

#include <list>

#include <algorithm>

int main() {
std::1list<int> 1 = {1, 2, 3};
std::sort(l.begin(), l.end());
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T B D I A IR AR AR B I AE T, std: :sort WHHEF A A AL BENL G105, SIS ARE
M TMFRATTANE std: :list @ACRHEHLITRIY. 1] Concepts [IERUIHZ: std: : ListiPHIEARRA
i Estd: s sort AL LERIX T Concepts (M) [ requirements (F3K), T Concepts, i)
AT LA :

template <typename T>
requires Sortable<T> // Sortable 4 — /> concept

void sort(T& c);

45

template<Sortable T> // T % — /- Sortable Hy % & %

void sort(T& c)

EETHEBAGHAEN SRR :

void sort(Sortable& c); // ¢ & — v Sortable 2 A W 3 %

BIERRE, C++ HZESBAK Concetps Y NFriRie, MUBHHAEN TS IER & AT (HLSLRAE
CH++11 RAER LA C LA Concepts [ [, {H Concepts TS /2 2015 A 5eRIEA K A) ,
BN AR FH Concepts TS, C++ HZELAEL K Concepts 0 NFrr R JEIA SRR, A
SEROREE LR, AR e B IE A S

Concepts TS {YA AR5k C++17 WiFie s HAHE AR A RYESE, Concepts 1) (11
—) SEIMAGAET I AREAN] gee A T gee H12K T Concepts [YSLIHZ H#E Concepts TS
FIATFAR), BAREREMS TG, HIERAINETHEE X Gy TS 27 WA RIAR, B
i TS FRBAHAIMIAL . 1S, BRI Concepts (11— B R AI/E L LA B 5 Ranges TS i
2, bR EEATEEAA M C++17, FrLAR LA Concepts 4EZE3E ) o

IS8

MK, KT Concepts/Ranges/Modules jxX864 \ MR EF A NIEZE C++17, XHEE
T CH+17 FERE SRR C++11/14 AR5 H /NS B, (HIRNTEEAE C++2x RAEF]XLE
RUOHEL, XENAXNT—IIEL =128 TEit) NEEIES . KRS,

HE—TRIENSE TR

. Final features of C++17

. C4++17: will it be great or just ok?
. Why Concepts didn’t make C++177
. CH+11/14/17/20 S as L FHEH M

=~ W NN
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http://honermann.net/blog/2016/03/06/why-concepts-didnt-make-cxx17/
http://en.cppreference.com/w/cpp/compiler_support

W& 2. AR CH++ 89 2’

W 10— IR ST

Hoo, ANE RSS! EEREARTNARERTI C++ K48,

IEIAA G F R RN, AR — AR PO GG DA C++ 11/14/17/20 etk uisedy, midk
BRI S CH+ TRREED BNA . B UM E] TIXAFR, AR N A AEFARR, G2
Ko TR, & H—LERE AT BIIRTELL B AR EE— 25 S B CH+ MR, A EReile—%
2z

o C++ 5%

e CppCon YouTube #iij&

e Ulrich Drepper. HE(v 2 53 #H 2ERIE R N A7F1H. 2007
o FFAhFE

Bk 2: B C++ MImESSE
X B SR T PR B IR — IR C++ M. Srkil, £ KT C++ WEfET B
B H «Effective Modern C++» fl1 «CH++ KAETEEY o 13Xk bl 53t BEUEH T B e i s

Rl 7RI 77k, N R— S m DR, AT R, EFIRE RS, JE A IE RS
AR D

AL XA

TODO

BIRTERE

TODO

Rigzs

TODO
AT 4EP T
TODO
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QK=

TODO
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