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

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

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

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

BTF 2, BAWER C++ BT SR A RIFEAU F Y RITIO LA, A BEEBRAGHELE C++
MR, AR T ot 2 T SRR 1 S ST )

H b it

L ABERERECENE TEE C++ , BEOFEREAS C++ U EAR AT YE. #iibi,
LRI LSE C++ BEATHRIHIA . 5B ) A TR C++ FRER N IERE &
FAEEA S 5

2. AP—ERRE LN T I Cr+ WML, XA A R, AE A Bt > AR
C+ W, ABRYEMRBIC C++ Myt LT 458, A BERr ) 19 B nl AR A 430k
B H CA R C++ HREE .

A HE

RS TmE BT, MR PN A — 2 R B A C++ BUAH SRR T AR AR 4
YA, B AT DA LA TR TR Y H SR BUBGBRIG N A I T2 ) POl AR TR 2 T AR N A X
R AT Bl sg, HEsxt A SN TR E M 5, 2] BRRE G H OB



A8 % KA % 1 FaGRRK C++

[, AAAEN X LR AR rp, RUnT REMR BRI 1 R A2 T I SR 7 A 4 D S SR AR TR
R, ENFEE LR 12 X SRR AR AL TR .

BAh, EHEAEEEALEARE, S IEHIH P EEMEN C++17, HEIHRFIRTHZ S T
BoF| C++17, WRREFH NHESLN C++ B9 Lotk T — 2Lz 1

FARHY

AR E AP B TR E RS, AR VRAEIR BEAS B A AR B A S 1 O AU I8 2] Py, A
Wy R ERURRD R PATE L AR B A A A A T IR, A Ui A, S
RAFREN o

B15 215
AP EEF R T A EXE RN T8, (U TR AR 15 BRI £z A 24 ARy A AR AL AR

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

45 1 MR C++

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

ik

> clangt++ -v

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

Thread model: posix

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

1.1 s HAsitE

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

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

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

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

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

noexcept.

« auto_ptr BEFM, WM unique_ptr.

o register RHEFPLFN, WA 1 HATARAT 9285 & 3L

 bool XM ++ fEpiFNI.

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

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

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

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

1.2 55 C stk

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

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

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

#endif

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

}

#endif



125 Cwikstt F 1 Fiae R C++

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

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

return xt+y;

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

#include <functional>

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

return O;

PESEREN gee i C BT D
gcc —-c¢ foo.c

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

10
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PR RS

% 1 FA@INK C++

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

C =
CXX

WK, PRATRAREF Makefile %% -ifgA R :

gcc

= clang++

SOURCE_C = foo.c
OBJECTS_C = foo.o0

SOURCE_CXX = 1.1.cpp

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

all:

$(C) -c $(SOURCE_C)

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

clean:

[out

YO

rm -rf *.o0 $(TARGET)

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

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

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

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

UL, AR ERAAE IR L.

e AN BN

C++ 155 5. Bjarne Stroustrup

C++ sk

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

11

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


https://www.amazon.cn/dp/B00WUBYBYS/ref=sr_1_1?ie=UTF8&qid=1522400738&sr=8-1&keywords=C%2B%2B+%E8%AF%AD%E8%A8%80%E5%AF%BC%E5%AD%A6
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% 2 &3 T A begiRiL

o5 2 il Sl HITERY s fE

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

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

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

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

char *ch = NULL;

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

void foo(charx);

void foo(int);

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

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

PRAT A clang++ Zi 1 A ACHS

#include <iostream>

#include <type_traits>

void foo(char *);

void foo(int);

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

12



21 %% % 2 FiE S RN

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

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

void foo(char *) {

std::cout << "foo(char#*) is called" << std::endl;
}
void foo(int i) {

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

foo(int) is called

foo(char*) is called

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

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

constexpr

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

#include <iostream>

#define LEN 10

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

return 5;

13



21 %% % 2 FiE S RN

constexpr int fibonacci(const int n) {

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

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

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

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

char arr_4[len_2_constexpr]; /) Bk

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

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

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

return O;

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

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

NETE=
HE
4H

T

Az

N

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

A, constexpr MR RECRT AGE A 13814 :

constexpr int fibonacci(const int n) {

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

14



2.2 Bz R L1k % 2 FiEZT T AMAERL

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

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

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

R, FATATPAS H R DX SR AL AR AT BN C++11 FHERRIAT A -

constexpr int fibonacci(const int n) {

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

2.2 8 R WG
if /switch 2 i IIRAL

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

#include <iostream>
#include <vector>

#include <algorithm>

int main() {

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

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

*xitr = 3;

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

*xitr2 = 4;

/KR 1, 4, 3, 4

15



R EARL G % 2 FiEZT T AMAERL

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

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

FE LI, FATRTAE S itr X2 R AR main O PR, X SHECSIA]
3 BEFRUCE A~ std:ivector I, FEERTANA A — AR . C++17 R TX—R, fEfATT
PATE if (B switch) HSgpiix—4#4F:

ZEi1 LES e I
if (const std::vector<int>::iterator itr = std::find(vec.begin(), vec.end(), 3);

itr != vec.end()) {

*xitr = 4;
}

B4k, @AM Go iEERE?
LAY

iafese M ARRERIEFRAE, &AW IRALRAE R TR AT R . FER S C++
AR GAFEAFYIIRAT %, P ﬁ 2. POD  (Plain Old Data, RIBCA M. Hrid ik
Bl gt k) RAEAT DA 3 #EATRIIG ML, U2 FoA AT BRI A e s . X T 20 R4 iR
o, BB VG . EAMHEEMN O PE7. XEEARRITIRARE A& B X5, Afed . Bl

#include <iostream>

#include <vector>

class Foo {
public:

int value_a;

int value_b;

Foo(int a, int b) : value_a(a), value_b(b) {}
1

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

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

std::cout << "arr[0]: " << arr[0] << std::endl;

std::cout << "foo:" << foo.value_a << ", " << foo.value_b << std::endl;

16



2.2 Bz R L1k % 2 FiEZT T AMAERL

for (std::vector<int>::iterator it = vec.begin(); it != vec.end(); ++it) {
std::cout << *it << std::endl;
}

return O;

NFPEX A T, C++11 HSEERIIR I RS 985 B 2628 F, FRHCN std: rinitializer list,
FUVFAE 1 bR KA B BB SRR 812, XA I R W IR L5 5 & 41 POD 4]
AT AR L T AR, Bl

#include <initializer_list>
#include <vector>

#include <iostream>

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

vec.push_back(*it);

};
int main() {
// after C++11
MagicFoo magicFoo = {1, 2, 3, 4, 5};
std::cout << "magicFoo: ";
for (std::vector<int>::iterator it = magicFoo.vec.begin();
it !'= magicFoo.vec.end(); ++it)

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

}
XA 1 pR BB A A8 BRI T o RO 2B R AE A A AL S R IR 5 TR
IIEASRER T IR G b, IEREREHAE @ R e S, il

public:

void foo(std::initializer_list<int> list) {
for (std::initializer_list<int>::iterator it = list.begin();

it != list.end(); ++it) vec.push_back(*it);

17



2.3 XA % 2 FiEE T A MHag5RIL

magicFoo.foo({6,7,8,9});
HK, CH++11 iR 4L T8 — B TE R AT X 4, il :

Foo foo2 {3, 4};

ik tegte

SR A IR TR RIHATE T IR 2R ME R T RE . ARG, HASAE] C++11 08
T std::tuple A THE— I, HEMPELZ AR EME, HEFEE, C++11/14 FEAHRAE—F
i B R M OCA P E I E SOTH P RIICE, RUERATAT LA std: :tie XOUHATIRE, (H
FANMRIRLIAEFE XA TCH B ZT Z D INER, B DRGRAT 2RI, ARFIR .

CH+17 5835 TRX—BUE, 4 pEi AL E nl ALEFA TS X AR AU -

#include <iostream>

#include <tuple>

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

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

return O;

KT auto RAUEF A Eauto JAES TP IEIT 4.

2.3 Rk

TEfESGE C Al C++ w, SRR BLER AL 5 S, X SR FRATHOE I T B B (L ATk, T
Hoj AT — KIS IR ARSI, BT RA A PG it AR ) A R AT SR SR A 1, KA (U
MBRATHTFRREE, WAL SR LK.

C++11 AT auto I decltype JXPIA KT T HRAUMET, 1RAIFSRARBP ORI, X
(iRt C++ WEA THHABUCHREE T —HE, MRS ERR A T Iome i OS] > 152

auto

auto FERPABME LA T C++, HEMIMAN N MFHENHRTFIAAE, 5 register I
1fo FEAGE C++ i, MR AR BA TN register 205, £ HEIPHA—1> auto AR, MFEH

18



3 XA IEF % 2 FiEZT T AMAERL

register %ﬁﬁﬂ% (FE CH++17 HHENRE XY, PUSHA, HEiAE&ERRE L), X auto AYFE LA
AR B A

(] auto PEFTIEAUMESAY— R LI FLR A Bl T i@ b U o R A il ) /N7 L 2]
THGE C++ IR MIIEREE:

// T C++11 ZH[

// BT cbegin() HiRE wvector<int>::const_iterator

/7 Frbh it M NZE vector<int>::const_iterator KA
for(vector<int>::const_iterator it = vec.cbegin(); it != vec.cend(); ++it)

AT auto ZJ5H[PA:

#include <initializer_list>
#include <vector>

#include <iostream>

class MagicFoo {
public:
std::vector<int> vec;
MagicFoo(std::initializer_list<int> list) {
/M CH+11 B, FH auto REFHATEAES
for (auto it = list.begin(); it != list.end(); ++it) {

vec.push_back(*it) ;

int main() {
MagicFoo magicFoo = {1, 2, 3, 4, 5};
std::cout << "magicFoo: ";
for (auto it = magicFoo.vec.begin(); it != magicFoo.vec.end(); ++it) {

std::cout << *it << ", ";

}
std::cout << std::endl;
return O;
}
— A ) S L s -
auto i = 5; // i R A dnt

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

% 2 FiE 39T R A9 5RIL

M C++ 20 2, auto HEREMTRELS, HIETHAIHI T

int add(auto x, auto y) {

return xt+y;

auto i = 5; // #WiESH int
auto j = 6; // WAHFH int

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

R auto INAREH THESH 4 2

auto auto_arr2[10] = {arr}; // 4%, L5

L& KA

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

auto auto_arr2[10] = {arr};

decltype

decltype XKiFIEN T DL auto KT HAEXTAL &
typeof RAH{LL:

decltype (k& R)

AT, FATATREFR ZT R FAA AL, Bilan:

auto x 1;
auto y = 2;

decltype(x+y) z;

PEATIRIUE SR BB T BEET . B IIEA

YREZAERTHIEIBI T B E] decltype M THEWTZEBAY A, FHIX AT B2 HIBT LA R x,

Y: z %%%#Q%ﬂ

zl

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;

Ho, std::is_same<T, U> TN T Fl U XPAZ

type x == int

type z == type X

20
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2.3 XA % 2 FiEE T A MHag5RIL

FEBR IS X i

RATRES %, (e 4] auto I, HATE LRI auto NREM T REUL ST EAUES:, HBA auto
RE REJH T H 3 bR AR [ 2R ? 3225 B — AR R ) 1, TEARSE C++ RN ATNE 2,

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

return xt+y;

HE: typename Fll class FEARAR S EE AT XA, 7E typename XA~ g7 H B2 /i, #B
SR class SR E B SEUR) o (BAERAR e SUA iR BRI AL A A8 Fe i, F5 22 A typename
NE] 2353

R AR S AR AL, PR AR T A B KB R R i, TR 5t AR [0 R 28, B
FEEBNPFEANE add O XA RIS 2RERERNE, PARIRTG— M2 R 0] 262

1 C++11 XA PSR sk . EIRIRATRE Sy EXSON R decltype H#ET x+y MR, 5
X ACS -

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

B ERX RN HEF AR i X2 R ARG AR 38 decltype(x+y) B, x Fl y MM E
Mo AT AN, C+H+11 5| AT — iR M 252 (trailing return type), FIf] auto &4
AR [ B

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

return x + y;

LNREH R C++14 TGN A L0 s R Ak (S, P T T SR A A

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

return x + y;

A PG — T AU S R IR -

// after c++11
auto w = add2<int, double>(1, 2.0);

if (std::is_same<decltype(w), double>::value) {
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2.3 XA % 2 FiEE T A MHag5RIL

std::cout << "w is double: ";

}

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

// after c++1/
auto q = add3<double, int>(1.0, 2);

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

decltype(auto)

decltype (auto) J& C++14 FFUGHAER— NI fUSE 22 i

WHREIRTZNE C++ HSRE RS, BAOTSAEE T s —EhiEgna, IR
] PAZI NP R X/ N N AR

i A, decltype (auto) FBIITRIHE A s REEI R IR [ml AU IEATHE R, BT T/ o)
i€ decltype WISHFIAI . HIBF THAIHI T, 24FRATFEZER 1 W4 R BdE A 7R -

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

e CH+11 i, BRI T Bt

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

}

std::string& look_up_a_string 2() {

return lookup2();

IMA T decltype(auto) , FRATW LALEZR AR 5E BGX — 140 N S 80E & -

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

}

decltype(auto) look_up_a_string_2() {

return lookup2();
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./03-runtime.md

2.4 EHIR % 2 FiEE T A MHag5RIL
2.4 Pl

if constexpr

EAARETLH, FATALE T C++11 5IAT constexpr XY, ERFARINA R K 1A H R4S
o —MRAANEER, WPRENHERX A4S ARSI, ARSIl 58 7> SCHIT
S RBEERRFACRE R ? C++17 ff constexpr XN KMETHIAZ if iHAH, VAR H AR &
FIRAKBIFIRT 2R, I8 T AL

#include <iostream>

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

return t + 0.001;

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

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

RPN, SFR TSI NIF

int print_type_info(const int& t) {
return t + 1;
}
double print_type_info(const double& t) {
return t + 0.001;
}
int main() {
std::cout << print_type_info(5) << std::endl;

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

X for AR

T, C++11 5IATETHRHIENREE, RIIIA THEB S 1R Python —kEfIH A EENEH,
FAMTH] LASE— 25 R AL AR 31 1 -
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2.5 R % 2 FiEE T A MHag5RIL

#include <iostream>
#include <vector>

#include <algorithm>

int main() {
std::vector<int> vec = {1, 2, 3, 4};
if (auto itr = std::find(vec.begin(), vec.end(), 3); itr != vec.end()) *itr = 4;
for (auto element : vec)
std::cout << element << std::endl; // read only
for (auto &element : vec) {
element += 1; // writeable
}
for (auto element : vec)

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

2.5 b

Cot+ MR — BRI T A T B —FPRRIR I R, R 32T DU ST AR — DR v 5 R b A7 B
BRI A E TR — U RS A 2 0 A TR 170 A 25 3 i I AT AR B, (A AT IS AL BRI L8 B A% o Y Bl
SMRSs, PEMRIE AT R PERE . PR g iR AU C++ RYSRIBEEZ —.

BB bR

FE298 Cort o, B UATAE BB A S B BRSO . bR, PR MR HIT (SCIp)
iR P PO TS e SR, ARSI, I T ST S B
L, Tl TV I A R AR S5 4k

M, CH+11 FIAT AR, 358 T IR 3 i S s TR R O B S B B T, BEIRATTRE
1% Y2 A0 1 G s i I EA AR ) S A -

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

At

extern template class std::vector<double>; // A 751% Y il 4 L0 o 5L G AR AR

A5 >

TGS C++ MgiiEa T, >> — YU MA s AT R TR . BSLhs ERRATRA S H T ik
TR A

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

XTERLSGE CH+ i R N RERE WA IRy, T CH+11 JFIR, LA IG5 HESA, A
RERE DA I A8 o 8 28 08I T X R 5 AT R i e 2 15 -
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2.5 R % 2 FiEE T A MHag5RIL

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

};

// in main function:

std: :vector<MagicType<(1>2)>> magic; // &5, [EAZE DG H o0 A (L

RA AR

TE T ARRBUN A B 1, TR TR A (268 Z IR . AP i) in: RO R
PRI TEFESE C++ W, typedef WIDANIEAUE L—ANBHIARR, (R ANA IME B E L —
ASFr TR, o, BIBCRNEIRIL. filn:

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

T dark;

U magic;

};

VA S
template<typename T>

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

C++11 i} using FIAT FHRXFERMEIL, H RN SCRAESE typedef AR ZhEK:

WHAA typedef & UM MYIATARZ: typedef JF AR H 4K, [HEXRAEH 220
0 E SCERR AR, X I 4 LB P e ) 1 — e AR B PRI X

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

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

int main() {

TrueDarkMagic<bool> you;

BRBEBR

Bt —E2 C++ P i) BgEd: (—iE: Dark Magic) Z—. 7E C++11 Z i, Joitig et
2R, AR BB E R T, A RIERE B SEG 1 C++11 A T BRIy
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2.5 R % 2 FiEE T A MHag5RIL
¥, ARVHERAEL. BB SE, R TE B SRS B0 B .

template<typename... Ts> class Magic;

FERZE Magic AR, REASIESZ A Z BRI UK typename VEBAR LS HL, BIANT T E X

class Magic<int,
std: :vector<int>,
std: :map<std::string,
std::vector<int>>> darkMagic;
BEARRAERIEX, FreA R0 o MBS E @ DAY : class Magic<> nothing;.
WRAT BB SR TN 0, AIAT-BhE LD — MR SEL:

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

AR SRS REDE R R B BB bR AL . 25 C Py printf BREL, EAWEEENAE ML
ISR, EHIFIERNZ A T C++11 B T hBE LR RIL AR SHREIN, ] DA
printf FYRRERE A ARHIALTRIE BRI SR . IR TS ECPREREN ... R E KBRS ESL,
R SHAR T FFER AR FEAE K SE, XM IR B 5 2 K SHR B U TR T1,
Bian -

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

HAFANTE L TARKKBERSEL, AR SEA TR e?
B, WATTAGEN] sizeof. .. KITHSHN AL, :
template<typename... Ts>

void magic(Ts... args) {

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

AT AL AL AN SR magic AL

magic(O); // i 0
magic(1); // ‘i 1
magic(l, ""); // #ril 2

HR, XESEGHITARL, B H BT L A — e R AT St {EAT PR 28 A A2
Tk
1. BBUIBSHRAR
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2.5 1R

% 2 FiE 39T R A9 5RIL

BRI A S BB — M FB, R REMAAEETE.

B, DRI IR P A RS H

#include <iostream>
template<typename TO>
void printf1(TO value) {
std::cout << value << std::endl;
}
template<typename T, typename... Ts>
void printf1(T value, Ts... args) {
std::cout << value << std::endl;
printfl(args...);
}
int main() {
printf1(l, 2, "123", 1.1);

return O;

2. BBEBEI

AR5 VA Wi U b o) R K i AR 2

PRBZRE 2 E TR, AE C++17 sl 7S BMURIT SCRE . TR ARn] DIAE— e 8 58

Y, printf 45 :

template<typename TO, typename... T>
void printf2(TO tO0, T... t) {
std::cout << t0 << std::endl;

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

FEE, ARMREATRAMEN TSN, AA—E T ERSEMOE A, AT AR
std: :bind K5ERFE A ARRHE LB e BB RN S0 . A s 2 sl Fl e 3 19 .

3. PGSR T

VAR R R — AR IEROBOE (BB T 5 DL HE T AE LA 1R I I R A

X HL Y — b A IR A5 R TT 14 FR B -

template<typename T, typename... Ts>
auto printf3(T value, Ts... args) {
std::cout << value << std::endl;
(void) std::initializer_list<T>{([&args] {
std::cout << args << std::endl;
3O, value)...};
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2.5 1R % 2 FiEZT T AMAERL
TERXAAEG R, BOMEN T C++11 PR tr B a5 £ A K Lambda Fik ket (K —4rdoff
$2F).
WIS, (Qambda KA R, value)... FPRIT. HTESREXWMB, Hhahir
HITARY lambda Fka, SEMSHEIEH . T BERAIES S, FATT LA std: rinitializer list
BN void.

PHRREX

C+ 17 HR A R SHOX R HERE— 2Pl 4 7 ks, BB TN A

#include <iostream>

template<typename ... T>

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

}

int main() {

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

RIS Bl

AT AT 32 2R SRR SR — A RS AL

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

return t+u;

PRI SR T A1 U g B2 EE A — R B S KO DAL R 5 R i 2
B, BRI S

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

T data[BufSize];

buffer_t<int, 100> buf; // 100 {E A= 54
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2.6 @t % % 2 FiEZT T AMAERL

TERXFEARSHOLAT, BATATLARF 100 VMBI SR T & #E. 78 C++11 5IA TRAHMESX
—FHEE, BTSSR AR, BAMARMBRSHOARRR P B T8, R3]
PEFTIRIUMES, I A4 auto MR TRT ZHIMFRWIAL? Sz, C++17 FIAT X4k,
AT T LA auto KT, ihgmiddeili s MU A RIS, flin:

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

return;

int main() {

f00<10>(); // value #HIESH ant XA

2.6 MR
Rth s

C++11 5IA T ZATM AR, X (AT R RCAT DAY [l — 28 rp— A i e R0 5 — 3 bR
B, s E] AR i H

#include <iostream>
class Base {
public:
int valuel;
int value2;
Base() {
valuel = 1;
}
Base(int value) : Base() { // Z4f Base() #ji& 41

value2 = value;
};
int main() {
Base b(2);

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

std::cout << b.value2 << std::endl;
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2.6 @t %

V3 =

21

B =
v &

= JF A IR

R 18

LG C++ H, A s BN SR 75

K7 using GIA T RAR AL 1 R AR

#include <iostream>
class Base {
public:

int valuel;

int value2;

Base() {

valuel = 1;
}
Base(int value)

value2 = value;

}
}
class Subclass : public Base {
public:

using Base::Base; // 4 AiiE

};
int main() {

Subclass s(3);

std::cout << s.valuel << std:

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

S B TR R

TERGE C++

struct Base {

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

};

SubClass:

: Base(O) { // %

GRSy K AN E B R B

F. Base() #i& & ¥

:endl;
:endl;

Bilhn:

FEARIE TR SR —— L, X RERCRICT . C++11 F

:foo MJREF MR RS EHE A, R FmA T — N EA MRS TR EE. 7

—ANATRERIIE LR, MR R R B BR JS . T2 TR A BRI P B % R AU R BT 8 B —
N T —AEENIETTE, LR BIEER SR

C++11 5| AT override #ll final XM~ KRB 11 iR TER AT K4 .
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2.6 @) 3 % % 2 FIEZ TN AR

override MEZLMEREAT, FIA override JC4 I BN g ar A TE L, JRikav ik AL ol
BORTAFAE XL LR B 4 — B R R B, 75 DR Ty i 2 i3

struct Base {
virtual void foo(int);
}
struct SubClass: Base {
virtual void foo(int) override; // & -
virtual void foo(float) override; // E7F, X V&AM E %1
}

final final W24 T B IR SEPARSEG R DA 2 11 JfE pR B AR S BT | ALY

struct Base {

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

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

struct SubClass3: Base {
void foo(); // iEi%:, foo . final

(-

T WA ENNEEE

TEMGSE C++ W, MR RBCA IR, S B0 R A BRI R . Sl i . T
FAFALATH R K. 73 5h, C++ WA IE LT AN new delete SKAEANZIAT. MFEF A THEMT,
A DA K ) BR AR

G| kT 25K TR HEOA BB AL AT . BIANAE IR JE 075 DU, b Z0RF A2 il A T
PRACS TR AW private. Sl IS8R E SCHY BRECRH R BUm IR B BB A %, @ —FhlEs A
DL 752K

FEH., gnikder A B ERA M B RO e R B EOCTR [RIEAE o o P 2 SO T AT A A 1 b
B, IR AT BRI R R, (EA I 207 B2 R A X PRI AA 1 pR 2, Xl il 1 M -

C++11 24 7 BRI %, e oy IR s E 4 i B AR 8. il

class Magic {

public:
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2.6 @t % % 2 FiEZT T AMAERL

Magic() = default; // 3075 U (F i 45 7 20 A Ak oy A 25

4 4 5 B e A 2

Magic& operator=(const Magic&) = delete; // T3 =

Magic(int magic_number) ;

o SR

TERGE C++ , MERFADF RS 24, MR SRR, W S kR g 4 A Rl A28 28
BT PAEAT B HUE (ARGt an th TR, (BFARRTA ), RN ar SRR R
MIBCE AP ANRERI Sl H A @ HA 1A B R 24

CH++11 5IA TH 2 (enumeration class), {4 enum class [FiEEIEf TR

enum class new_enum : unsigned int {

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

(-

DOREE SRS 24, | et BERS W R I e O B4, TRl BN BERG7 HL5 kK
THATHAL, HORTT RENS AN ] A M2 B A2 (R A T FO R o (B[R] AR 28 (R TR A SR i BB AR ], R
AT PABERT HUE -

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

- u

std::cout << "new_enum::value3d == new_enum: :valued4" << std::endl;
}

TERXAEE, MR RBSHME T 85 MR R TR e E M P M (R 2, XA FRATRE
BRBEIRE CRIGERHFRIAE int).

FHA 7 BT HZE A E R, o AR BT, A BATAT AL B2 << XA
PEATH AT AR T T X MRS B

#include <iostream>
template<typename T>
std: :ostream& operator<<(
typename std::enable_if<std::is_enum<T>::value,

std::ostream>::type& stream, const T& e)

return stream << static_cast<typename std::underlying_type<T>::type>(e);
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Gox % 2 FiEE TR MR

RO, T R R B %

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

SR
AN T IUC C++ HOEF R, Hrp B YO oy R LR LT BTl A
it B T T AR Y :

auto FEAUHER:
T for KM
Wi es %
SR

- W e

>
L MRS, OUR— TR RSBl T R

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

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

{nau, 1}’
{"b", 2},
{"C", 3}

s
update(m, [](std::string key) {
return std::hash<std::string>{}(key);

D
for (auto&& [key, value] : m)

std::cout << key << ":" << value << std::endl;

}

2. Sl B RS USEB T RIS EN R, EARVHIESEL

SHERILIL.
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52 EAT N R

i

3.1 Lambda kR,

Lambda FhXRHA C++ PREWFHEZ —, T Lambda £k, SLbr LAt T—1K
{ONBEE 24 RS ARFIE , T % R RN A o B R B, (R SUARSR ) Rt — A~ R 1 D T B
B XM RHIAREME, ProdiEs R B0 L2 ICUHRERE S AR

KAt

Lambda FiR= 1 FAEE AR :

(35 %1 (5% 7% %) mutable(F#) FHBEHE > KEXA {
/] BHAK
}

LE% FEANER T (K71 R NEARTESL, HARER PR e B, U2 — Rk ) ek 4% s
RIEHE A T —A > T (BRAE L — i e R MR E LR R XA EIET ).

PrifliaRs e, HIEnT AR N SR — P22, Lambda k2 P sk BUARTEBIA T 0L T2 A g
518 1) R A SRR AL B, K IR AR 91 SR R DA B A% i SRR A A 1 ARIB AL ROAT R, RS
Ft I AT LA

L ik SRR, ERRA AT R A T AP UL, R Z AL MIAET , Wik 28 Bi7E Lambda
FR LRI DL, M0 AR kA5 L

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

// B copy_value FEAIEMBMARFT T — 0 value HF 1

2. Uik S5UNESE0, SUNMHRRIARZTI, EakEZ k.

void lambda_reference_capture() {

int value = 1;
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3.1 Lambda %1k X, % 3 FiEFEATMY L

auto copy_value = [&value] {
return value;
};
value = 100;
auto stored_value = copy_value();
std::cout << "stored_value = " << stored_value << std::endl;
// X, stored_value == 100, wvalue == 100.

// BA copy_value RAFH1Z T A

3. BN P BEMPSNIFA R BOR AR I, EHURIER) TAE R ASE A gifeas RALHE, X
15T AER RS R 5 A & B = i gk i W R 5 | AR (e 3

BE—T, ikt T Lambda Fah 200 SMBEDEAT B B LIRE, MRS 2A Fe 1 DU AP nT
PAE:

[ Z=HiERI %=

o [namel, name2, ...] ffifh—FR5)E &
[
[

&) 5IMER, ikgiFAas BATIES S 512
=] {EHHEK, LhgiiEa: AT PIEmRI £

N SUFMER

XS AR BT RS T R B A (T | AR e B

R R ERR SN T eI IR AR, R X ST s AR 3 o 22
{H, TAREMRA .

C++14 G5 THAITME, FRVFHRIPRE B IR RSB TRI R L, X e e T A (R, B
PR 2R A B I S AR R AT T, FIWTT XS i auto A5 L2 R

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

#include <utility> // std::move

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

e LT AR, important J&— Ml G IREE, RANREEHE =" (EMIRE], XWMRIATR AR H AL
Mo lta, ARB P inte.

{2% Lambda

EA AR T auto KRBT ARG HAESLERE, 2 FXFER SIE S SHMR I REr 4
H5¢. {Hg Lambda kXA MR AL, FroAEBcA Isis IS HEERBM TS 0L T, Lambda ik
AT BB AL . S22, EFRREUAFAET CH+11 , I C++14 IF4h, Lambda sETEA S
BOTLAEH] auto S 7ok AR X bRz 2

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

return xt+y;

};

add (1, 2);
add(1.1, 2.2);
3.2 BT RIS
XE N BRE T IR —H 0, (RN FRE, BAEMR T C++ HFBITHIEE ST, X
B A A S L, P AR BRI T4 .
std: :function

Lambda FR AR T — AR EO R R BA BIIIIAL (FRPIEREL) Mxtge (BRI
%), 24 Lambda Rk U RN 250, AL RIE RERS e iy ek BRI AT 20, Bildn:

#include <iostream>

using foo = void(int); // & X i ¥ PR e R 2
void functional (foo f) { // - P K W B BER foo #AN ARG By B Hfg4t k7

£(1); /7 B REEAR A B K

kA, using W

int main() {
auto f = [](int value) {
std::cout << value << std::endl;
};
functional(f); // F# AlA X £, RAZEMHA foox KA B & HIF4HH
£(1); // lambda FKik =

return O;
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32 HFA ROEE % 3 FiEFEATMY L

RIS T RS RS, —Fh@4F Lambda /BN sRECEBUL VAT, i o —Fh
N2 H40E A Lambda #ikX, 7 C++11 1, G— 7TXEMEE, HRESHRA X RNZEE, Z—FK
NI REA, WX AR, fH2iE T std: i function 5] AK.

C++11 std: :function it ] . LAY RECENR , B RSB RT AXHEAT AT ATE I B AR s A it
Fraesit . SRR HRAE, Bl C+ A Al SR iy —Fh B 2y (e (AR R UG, BR%K
TREOTR AR R B4 ), BRI A4S . U IRATA T R B e 2 ) (BB AS S oy
HRFRRER . BRAREH oA X Gt T AL . it

#include <functional>

#include <iostream>

int foo(int para) {

return para;

int main() {
// std::function @IET —NREEA int, ZEA int HEHK

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

int important = 10;

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

};

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

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

std::bind fll std::placeholder

il std::bind Wﬂmﬂﬁﬁﬁﬁﬁm@ﬁﬂ)ﬂﬂﬁf’%ﬁéﬁ BRI BT RS FA A MR AT REH A —E REIE—IK
PEPATIA N FA A TS, W XK B, FATTAT DARE R 20 U 2 8 ni 8 v 21 e 0 5 B —
AFIRTS, REESEGT e, mﬁiﬁ]ﬁﬁo B

int foo(int a, int b, int c) {
}
int main() {
/WS 1,2 HRE| K foo L,
// 1Bl std::placeholders::_1 X & —NMHEHATEHM
auto bindFoo = std: b1nd(foo, std::placeholders::_1, 1,2);

// X F bindFoo Bf, REERMWEF —NSHH T
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H

FiE T IEAT N TR

e
w

bindFoo(1);

P R auto KEETFRYADH . AIRIRATATREA K BE—A R B R m{EAA, (H2FAT]
ANRT LA L auto FRYfH ] SR HLIBEX — 1) B

3.3 fifiis I

FERR C++11 3IAMY Lambda EERFAMEEEIEZ —. BITIAMRT CHt ik
AP s 8, JEER TIEW std: ivector. std::string ZRAYHIIMNTEY, WA S RET S 5w
std::funct10n.ﬁijg]’ﬁIﬁE

Fefti. ATmalA L. R, A

FMEAES I ERREA— R, R ZEEAA BT ) PR .

Jifii (Ivalue, left value), JHi44 U MEAT 5 22O MERRYL, ZEERFSN (A—E=2MIK
HFENX) JERIRAFAERI R AR SR

Aifi (rvalue, right value), AIAYME, EAFFRIAXGHITA FAFAER ISR .

i C++11 HN THIASKIAES U, A ERMIRSIET T2y, o8 fiAME. H1
{H.

a4 (prvalue, pure rvalue), ZWEERIA{E, ZE2RaEER) TR, HIAN 10, true; Z2JRKA4S
AL TR E A X G, B0 1+2. JE5 R AR AS & s kO R R IR 2R & SR
T, Lambda FkaH0)E T a4 {H.

TWEEERE, FHRR TEMFRFmEAS, BRMAE. MR Fmae N eE, KI5
const char ¥{4H. flun:

#include <type_traits>

int main() {
// IE#E, "01234" KA K4 const char [6], AN ELZH
const char (&left)[6] = "01234";

// WrE EH, LR const char [6] XA, F&E decltype(expr) 7% exzpr = AH
// HELRFESQER id FKiE K RRkAAR, 2REALAEYH

statlc_assert(std::1s_same<decltype(”01234”), const char(&)[6]>::value, "");

// H t : n01234u )}—]\/Lﬁi7 { y T‘;/ FL Tﬂ
// const char (&9right)[6] = "01234";
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R R, BT AR s SRR Y A T R, e X 8528 (MRS ZZEES 1)
—ERMAE (CHESIHETE, SNAAAE). fli:

const char* p "01234"; // IE#E, "01234" WA EHA const charx

(&
[EL

const char*&& pr "01234"; // IEFE, "01234" WIEREMA const char¥, ZEBWEFELH

// const char*€& pl = "01234"; // 4%, WA FTFE const charx KR W Z{H

P (xvalue, expiring value), & C++11 N THIAAETI ML AOMEE (RAEESE C++ i,
A AR I — M), U B R 2N RS Sl

RETAE AT RER AT LUXE AR, FRATRAE AR AT :

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

return temp;

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

X FER A, SR BEAR T &, PRAL foo MR IMIME temp fENEREIE RIS HIRIAS: v, AN v
PIFRX RGNS, KA temp #5011, SA)SIE temp 5%, WIRIXAS temp ARHK, XRFE MR
BOMYIFHY (XA ES C++ —HMIRRIIE) . 7TERE—1TH, v 2%, fooO RFAEMZ
fAfE (WRaAfE). (B2, v TRASIR AR SRR, T foo O P ERYIRAIR MHE AN — MG E, —
B v ZilJa, RerBIReEss, JoiRRE. AR, TR T (e LT X RE—R AT IR A (E e
ERER R TRl S RERE B Bl o

TE C++11 2 )5, HiFs ARAML T —28 TR, WALMZEE temp BT LIRS B, SMT
static_cast<std::vector<int> &&>(temp), HMjULALH) v &4 foo SR I MEMFTAL S . gl
SRR TR AR B R shiE L.

A s DR S DI

REF|—FTE, IHFEINEAESIN: T &k, Hop T2, A{ES A ILLX A {E )
A IR LAE R . R RETEE , IBARF TR RS -

C++11 f2fit T std: :move EXANT AR AAESBICHKIFIFHBONATE, A T ERNTHAEE Ir f#13k
B ERN R, fin:

#include <iostream>

#include <string>

void reference(std::string& str) {

std::cout << " A {H" << std::endl;
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5

ey iR 1L

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

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

int main()
{
std::string lvl = "string,"; // lvl &/ /A &
// std::stringé#s r1 = wi; // ik, HEIAFELALE

std::string&& rvl = std::move(lvl); // A, std::move

GEEYR A A

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

const std::string& 1v2 = 1vl + 1vl; // &5, & & 42 (H5] 4000 20 i A & 0 A4 6 A

// w2 += "Test"; // ik, FEI AL EHRBH
std::cout << 1v2 << std::endl; // string,string,

std::string&& rv2 = 1lvl + 1v2; // &, A (E 0] F 0K a2 & B

L = =t

rv2 += "Test"; // &%, FHEFAREBHAEHETE

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

reference(xrv2); // “rih 14

return O;

rv2 ARSI T — A, HlTER—P50H, Bred rv2 fEARE— A E,
R, XHA - MRAERAY Py s A, FRATTER N A

#include <iostream>

int main() {
// int €a = std::move(l); /) ek, FRELS HLES FAE
const int &b = std::move(l); // &k, W E A5 A s HAE

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

B, AR RVFIER S GRE BIARZAA? X2 R O e 2 AR

void increase(int & v) {
v++;

}
void foo() {
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double s = 1;

increase(s);

BT int& ARES|HH double RAKSH, WILLF =4 —MIREHERSRT s BE, M4
increase () EMGXMIGEHER, VHHSENG s &SI EH B

AW, ARSI AV R SRR, 4% Fortran 2.

Bahif 3

48 C++ AL 75 DA 3 R BRI AR A S SN v 198 DL/ S R iR, (ER T S BER B
Fosh#idt, VA E LA SE A ] AR T, R 2 SR SR g o AR, R
IR U AR P AR B K 2, AR A AR 0y (3K FRREIHR . FHEEORIAR
PRI (FH5%), XRAER A — .

RGER C++ BoA X [Rzh] 1 [ D1) Bk, 3T KR Bda s DL, IR SR 2 e, A {E
SR DG A e X PR R A L, B

#include <iostream>
class A {
public:
int *pointer;
AQ :pointer(new int (1)) {
std::cout << " FJiE" << pointer << std::endl;
}
A(A% a):pointer(new int(*a.pointer)) {
std::cout << " F#JI" << pointer << std::endl;
} /7 RE BRI
A(A%& a):pointer(a.pointer) {
a.pointer = nullptr;

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

}

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

}

};
// B b 5 AL

A return_rvalue(bool test) {

A a,b;
if(test) return a; // )T static cast<At¥$>(a);
else return b; // EWT static_cast<Aé#€s>(b);
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i

UH

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;

eI AT

laﬁﬁAEr%mmrmheW%WﬁWAAﬁ% TRIRAT WA T R E i
BRBGRIEG , AR, B A RSN (ACA&)) SN, AIMEERAarHH], XA
ﬁ*%ﬁﬁ%@ PRAFEN T obj H, MARFT(EAYAREHPEE N nullptr, Bk T KB A7 IR 6
8

TSR T TR SR P8 DA, e T HERE. Pk B B/ W SARE Er B+
#include <iostream> // std::cout
#include <utility> // std::move
#tinclude <vector> // std::wector

#include <string> // std::string

int main() {

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

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

// B1E JH push_back(const T&), BJF-A## N ATH
v.push_back(str);
// BHrd "str: Hello world.”

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

/7 B1EJH push_back(const TeE), T ol H i NATH

/7 hﬂﬁf<\3*¢*3’/\< B B vector W, FTUHMAE std::move & J I+ I H B I 44
/X RERE, str FHESETANE

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

/7 K Ustr:

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

return 0;
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HIEATSLR) T, — AR EL U RSSE — . AN T S8 % (i) & T

1] :

void reference(int& v) {

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

std::cout << " A{H" << std::endl;
}
template <typename T>
void pass(T&& v) {

std::cout << " TFEL

reference(v); // th# i reference(intéd)

int main() {
std::cout << " (£ A E:" << std::endl;
pass(1); // 1 =410, 1Bl 2 A1

std::cout << " {£uf A {f:" << std::endl;
int 1 = 1;
pass(1); // 1 BAE, W AE

return O;

XFF pass(1) Ok, BALERMRAM, HBT v 2500, FroAFE SR A E. B
reference(v) &ff] reference(int&), it [4{E ). WiXT pass(L) WiF, 12— NAEME, M4
2Lk Y pass (Tek) Te?

RET SN YL C++ o, ATARERSRT— A5 | RBAR 0t AT5 I, {2 C++
TAAET N BUR O 7 — Mk, A TS AR, e xS DR T5 I, BEREZAES ]
A, XREHTI . A2 ANEEAE A AL

HMEOES KA LSRR R RmEor S

T& 5l T&

T& H51H T&
T&& 751 T&
T&& 5 T&&

PRI, Bk P Tee A—@REHATAMES N, UEAZER), BEeRE S R 2
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HHERRE, TRERS B 235D, M HACY SRR AT s DI, B9RS B ek 5o
AT SDNRRL XA AT v A2 E R B i

SERE AR BT ER AR . BTSSR A, WU TR RN TTER B SR i, ARE5 0k
MSEEAL (ZE5 U HBRFZE5 I, A5 RBREFAS ) B T XA, FAT % std: :forward
KIFTSREE K (feid):

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

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

reference(std: :move(v));

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

reference(static_cast<T&&>(v));
int main() {
std::cout << " fLui A{H:" << std::endl;

pass(1);

std::cout << " (£ A {A:" << std::endl;

int v = 1;

pass(v);

return O;
}

i S5 RN -
e AE:

L@ 5 AEE A
std: :move f%éi: Z?ﬁi@]ﬁ1
std::forward £4%: A1E 5| A
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static_cast<T&&> 5% : H{E 5 A
3 Ak

TdEtks: £E5A

std::move 5 : L5 A

std::forward f£%: Z{H 5| A

static_cast<T&&> 5% : Z{E 5 A

TR tG B S BN el e A, B SRS R A G 75 5 i T 2R A, std: imove
BSHEZ R —ALEE, NiiEEKIAM T reference (inté&) i A {HTI M.

MEM std: : forward RIBCAEMUTATZ R DL, FINSERHE R (feih) T RAES S T INER A
F18F A R K

std::forward Fl std::move —#f, BAMAULIF G, std: :move FALAEMRFA(EHILL A E,
std::forward - @HRAIFIRESEM T — LR, ML FRAE, std: :forward<T>(v) Al

static_cast<T&&> (v) 258 &—FEN.

PEE T BB, ] — SR iE R REAS B0 I AP ZR ZR 4 3 (B 2L, FRATT PR ERL R — 7 std: : forward
RO EARSZIIALSE], std::forward WEHAEE:

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

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

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

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

return static_cast<_Tp&&>(__t);

TEXySEE T, std: :remove_reference [INEERIHEL ARG HT| ], std: :is_1lvalue_reference
W TR A RBHE S R B I, 7 std: :forward 955 /NSl AE T HAIREI A SE & — N 2eqe, #F
TARIL T YRR .

Y std: :forward HZAMHN, _Tp WffeS N /cql, FrARBIE N AC(E; 4 B A (EI, _Tp 8
ESOAAES N, WEETHGEN, RIEMEFESCY T && + && BATE. AU std: :forward AYJFEEAET
TR A TR 5 rp = A Y 22 57

X FRATRE M X AE— D W2 BRI RE P, autods R AR Jrl? BN
auto YHEF N AR AT, 5 && WA G e L K.
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ARENL T I C++ P N EEA LB F s TN, A B U R 2] B 5tk
PRI FAR R -

1. Lambda FEiAz
2. FRETR A std::function
3. H1EGIH

BE— 2L B LI 28 SOk

o Bjarne Stroustrup, C++ &= ¥ 5iE ik

4.1 ZetEsrds

std::array
7 F XA AAR IR 1 2 H BRI

1. HHAEG| A std: :array A EEHEM T std: :vector?
2. UEHTHESEH, M 4FEH std: :array?

Fem B8, 5 std::vector AN[H], std::array XM K/NEEZER, WHRERK/NE
FEN), AN MBS AR std: rarray 2845, 73R T std::vector @AY AN, UFAKEN
Biln, HHXPESIEAT TR, A8 B E RPN ER CRAM IV N AE, X R T80
iE4T shrink_to_fit ) BEHUX IR ITE.

std::vector<int> v;
std::cout << "size:" << v.size() << std::endl; // B0

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

EEHEIEY, HFE AT K
RE| AN, MEARAA 1k
v.push_back(1);
v.push_back(2);
v.push_back(3);
std::cout << "size:" << v.size() << std::endl; /7 3

std::cout << "capacity:" << v.capacity() << std::endl; // ¥l 4
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// ZEWESY KEHEE Golang #) slice R1&

v.push_back(4);

v.push_back(5);

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

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

/ST EREARERFRT LR, ERBASLENAFHEAHL
v.clear();
std::cout << "size:" << v.size() << std::endl; //

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

/7 AN TE shrink_to_fit() R E % A%
v.shrink_to_fit();
std::cout << "size:" << v.size() << std::endl; // Fl oo

std::cout << "capacity:" << v.capacity() << std::endl; // # 4 0

T 57 AN IR S AN 5, (1] std: s array AEASLEACRDASTSSE AN “SULACAL” , T ELEFHE T — LU 4 Af b8
B, HCPRIBCE RN A Bt A R AR S [ I RS AU A (AR P O A S0, LA std: ssorts

1] std::array MR{EEH, HFFHE & HIEBRIR/ NI :

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

arr.empty(); // & 2R E
H i

arr.size(); // [ 74

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

/e

// J lambda Fik NHF
std::sort(arr.begin(), arr.end(), [1(int a, int b) {
return b < a;

B

/) BERNGRLETEE ERER
constexpr int len = 4;

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

// FE, RAEAT ¢ NBH4, std::array 2 B R WL T*

// int *arr_p = arr;
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BIAVTFIRM LT std: :array W, XMEGRSIERZRHARE C KIEHHE D, XA =B

T

void foo(int *p, int len) {

return;

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

/7 ¢ RS
// foolarr, arr.size()); // ik, LERAE#H
foo(&arr[0], arr.size());

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

// EH ‘std::sort®

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

std: :forward_list

std::forward_list f&— AU, WA std: List BAKM, FILRATHA LRI
ANaT.

TEHGERE, M std: :list BRUAEERNLPUARIE , std: :forward_list i ffl B4l im0,
PAUET 0(1) BAREMICERA, AR (X REERNEER) , WRRHEEA A T fE——
NARBRBE size O FIEMIARS . UATFEREN, AAW std: :1ist B E s AR %,

4.2 JOIF 4 as

HATC LA TG C++ AP AR std: imap/std: :set, XLICH N IEL LRI TSEHL,
AR IR 0(Log(size)) . TEMMATLRIIME, SMRHE < BAERFHLE TR KRN HIT
JCER A, HEFAEN O EMAZI AR T A NAA TR Tm P, SR SR
< BARAFHIF R B3 T o

M oy 28 I C R A A THE P, WSl Hash R5CHL, A RHRZRICR M- IR N
O(constant) , YEAFOLAARNEICRTN, SRR ERITERESETT .

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

std::unordered_set/std::unordered_multiseto

AT AYEMEA K] std: :map/std: :multimap/std: :set/set: multiset FAIML, HTXLE
BERANNCAEMWAE T, EA——20], RANEERLE—T std::map Fl std::unordered_map:

#include <iostream>
#include <string>

#include <unordered_map>
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#include <map>

int main() {
/7 T4 5 A4 R P AT A

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

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

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

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

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

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

A AR

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

std: :map

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

4.3 jcdl

Tf#id Python MRRFF GV IZABE GRS, PMELE C++ FHIES, BR T std::pair 4F, {2l
A DU S5 BEDS HORAFHOR R R Bt CEE A2 H O E X&5H) .« {H std: :pair HHEZ
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BIMG W, HEERFHITE.
JCALREA B 14
KT ICHME A =A% O R
1. std::make_tuple: il
2. std::get: FRAFTCHIEAO7EHIE

3. std::tie: JLAYF

#include <tuple>

#include <iostream>

auto get_student(int id)

{
// BE KRB IR A std::tuple<double, char, std
if (id == 0)
return std::make_tuple(3.8, ’A’, " FK=");
if (id == 1)
return std::make_tuple(2.9, °C’, " Z=[");
if (id == 2)
return std::make_tuple(1.7, ’D’, " T FH");
return std::make_tuple(0.0, ’D’, "null");
/S WMERE 0 2 HAEBER, FFELAK
}

int main()
{
auto student = get_student(0);
std::cout << "ID: O, "
<< "GPA: " << std::get<0>(student) << ", "
<< "R % " << std::get<i>(student) << ",

<< "L " << std::get<2>(student) << ’\n’;

double gpa;
char grade;

std::string name;

/7 TCHHATHA
std::tie(gpa, grade, name) = get_student(l);

std::cout << "ID: 1, "
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<< "GPA: " << gpa << oo
<< " ﬁ‘ié}% nog< grade << ||, "
<< " #E4: " << name << ’\n’;

std::get [ T ERPBOCHRIGAN, C++14 ol 1 (6 B RBOTH H Hx4: :

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

kL SRR R

V&

std::cout << std::get<double>(t) << std::endl; // =

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

BT I#E 5

HISRPALES — T T A& RO LT RFYH0 A, std: :gev<> KI—MAEEMIA B, FTOATTH
SRR B

int index = 1;

std: :get<index>(t);

ML B LAY K252, ] std: :variant<> (C++ 17 5| A), #{E4 variant<> AR
ZHOTPALE— variant<> MM ZAELAER LR RA AR & (FEHALIE S, Bilf Python/JavaScript 45,
I NS ER):

#include <variant>
template <size_t n, typename... T>
constexpr std::variant<T...> _tuple_index(const std::tuple<T...>& tpl, size_t i) {
if constexpr (n >= sizeof...(T))
throw std::out_of_range(" 7 .");
if (i == n)
return std::variant<T...>{ std::in_place_index<n>, std::get<n>(tpl) };
return _tuple_index<(n < sizeof...(T)-1 ? n+l : 0)>(tpl, 1i);
}
template <typename... T>
constexpr std::variant<T...> tuple_index(const std::tuple<T...>& tpl, size_t i) {
return _tuple_index<0>(tpl, 1i);
}
template <typename TO, typename ... Ts>
std::ostream & operator<< (std::ostream & s, std::variant<TO, Ts...> const & v) {
std::visit([&] (auto && x){ s << x;}, Vv);

return s;
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XFEFRATTHLRE -

int 1 = 1;

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

T IRESIREF 1]

A —E L F R AP ICA, XA DA std: :tuple_cat RS

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

L AR AL, WA A AR T — Aol ? (ER AT A NG T A i A Tl AR R AR |
—~ tuple HRAM PR B 1, AT EE I KEZ, "RA:

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

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

}
X AE A LA HEA TR AN T
/) HER
for(int i = 0; i != tuple_len(new_tuple); ++i)
/7 BATH % 5
std::cout << tuple_index(new_tuple, i) << std::endl;
SAHG

AREFPNG TIC C++ PHERAS, ENHENES C++ PEAMAEARELL, A,
A DA S B 57 i B PR BT AR . AT AR A S AR TERE -

std: :tuple BANARL, (HRRbnMEPERE LI NREA IR, BOIMAT RisfT RS ITIERWHRK, ek
b A HARRY I IR AT A B AT SE 1

945 5 niBHERREH S AR

5.1 RAIL 5578

Tfi# Objective-C/Swift RYRRFF ARAZFNE S I EIIMES . 5N HHECXF 5024 77 1k A f
By A Ay BEARIREX T A RN R , SATT VTR, 30— [ — S RE5 U, AR
25X G TR 2R, MR RS, SUHTBo SR, DX 5 R
RIS, E SRR A HE AT
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5.2 std: :shared_ptr % 5 FhARIEH SN 5T

1EfESE C++ w, e FaRcli, SRR, PEAFAIRA AT RERLIC T 2R IR
T B EE o I LA BRI BRI I R B o H i 25 ), TEAT A e A (FE
BRI ) A eReiicsml, Rt T TR Ui RATL SRR L EoAR .

JUFERA BISL , TAVESA TERARAE B At BT r 5K, TeEgt C++ BIATH L new
il delete 2 M4 I IR BATRENL . M C++11 5L AT R BB BOMES , 1 751 U R, ibRR T
MAFEE X OF BN . X LB e 184 045 std: : shared_ptr/std: :unique_ptr/std: :weak_ptr,
N EMFREAE LT <nemory>,

R BUHTPECRNZ SR, 51T RS R A g B AT 5, [ IAE [l it
R AN 2 ISR IR TR A S5 57 S REAE 35 I BT A A 2 D 9 0 A i T 200

5.2 std::shared_ptr

std::shared_ptr 2 —FhE AESEEL, EREWEICF L /D) shared_ptr H[EFEH—XF5, MMIEE
BAPVHH delete, 45| HITHEZAS HFMHER 2 REXT S H shME:

HIEA, [ std: :shared_ptr JHSATTEME A new KU, XEARUH B T ML)
ARIFR

std: :make_shared HLEENS HRIHE EX M new, DA std::make_shared &/ A6 L A S
BRI S, HEREEX AT S std: :shared_ptr $5%. Fl40:

#include <iostream>
#include <memory>
void foo(std::shared_ptr<int> i) {
(k1) ++;
}
int main() {
// auto pointer = new int(10); // illegal, no direct assignment
// Constructed a std::shared_ptr
auto pointer = std::make_shared<int>(10);
foo(pointer);
std::cout << *pointer << std::emndl; // 11
// The shared_ptr will be destructed before leaving the scope

return O;

std::shared_ptr A DAIHIT get O H¥ERIRBUELIATEE, #id reset O Kb —AFHITEL, IF
Wil use_count ) RKAF —MIZMEHITE. Flun:

auto pointer = std::make_shared<int>(10);
auto pointer2 = pointer; // 5|Jfit% +1

auto pointer3 = pointer; // 5| it +1
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int *p = pointer.get(); // i/t 2na]fil

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

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

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

pointer2.reset();
std::cout << '"reset pointer2:" << std::endl;
std::cout << "pointer.use_count() = " << pointer.use_count() << std::endl; // 2
std::cout << "pointer2.use_count() = "

<< pointer2.use_count() << std::endl; // pointer2 T reset; 0
std::cout << "pointer3.use_count() = " << pointer3.use_count() << std::endl; // 2
pointer3.reset();
std::cout << "reset pointer3:" << std::endl;
std::cout << "pointer.use_count() = " << pointer.use_count() << std::endl; // 1
std::cout << "pointer2.use_count() = " << pointer2.use_count() << std::endl; // 0
std::cout << "pointer3.use_count() = "

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

5.3 std: :unique_ptr

std: runique_ptr J2—Fl YR BERRET, BRI AR RESREH T HIL S M — AR5, AT ARUEA
4

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

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

make_unique HAK %, C++11 AL std: :make_unique, T DAEFTELHL:

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

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

BTN ABARME, C++ PRfER R & L Herb Sutter 7EA) R 22 EPUZ Y Ty
(LRSS ER

ek, A 2 AT A . (Ho2, FRATAI AR std::move HfHFEFL LY H At
unique_ptr, fllN:

#include <iostream>

#include <memory>

struct Foo {

54


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

5.4 std: :weak_ptr % 5 FhARIEH SN 5T

Foo() { std::cout << "Foo::Foo" << std::endl; }

~Foo() { std::cout << "Foo::~Foo" << std::endl; }

void foo() { std::cout << "Foo::foo" << std::endl; }
};

void f(const Foo &) {

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

int main() {
std: :unique_ptr<Foo> pl(std::make_unique<Foo>());
/7 pl AR, fri
if (pl) pl->foo();
{
std: :unique_ptr<Foo> p2(std::move(pl));
// p2 A=, Hrif
f (*p2);
/) p2 AE, Rl
if (p2) p2->foo();
/7 pl AR, Thrd
if (p1) pl1->foo();
pl = std::move(p2);
/7 p2 A%, T
if (p2) p2->foo();
std::cout << "p2 WH " << std::endl;
}
/7 pl A%, R d
if (p1) pl->foo();
// Foo By SLY| &7 ¥ JF A JF 38 i 8

5.4 std: :weak_ptr

WARARIF 8% std: :shared_ptr e K IKIRAFAEE SEFTCIA R . & R X )

struct A;

struct B;

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

~A0 {
std::cout << "A WL << std::endl;
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5.4 std: :weak_ptr % 5 FhARIEH SN 5T

. ° ab WHHIE
A,B kIR ES | FTIER I
y v
B
: - .
pointer | | pointer || |
— ] | . —] .
pointer pointer
A A
K2 K 5.1
}
};
struct B {
std: :shared_ptr<A> pointer;
~BO {
std::cout << "B # 4" << std::endl;
}
};

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

b->pointer = a;

SEATEESIE A, B AR BRI, BRI ab WHRY pointer RN T a,b, AL a,b 93]
RPN T 2, THRTFIETIRNY, a,b BAESSEHRTHY, 405 AEE R B BCB 5 TR~ b
ST b XGERIPAEREE I ECR B, TSNS A DB R T, kit T
Liiats R CERE

R PLXAN ) B Iyl 2 F 555 | 384T std: :weak_ptr, std::weak_ptr 2 —FiE55|H (FIELE
M7 std::shared_ptr g2 —FuREI M) . F51HARLTHRTUHAES N, 23 m 555 e, RLW
AR 5.2 s :

e LES, BE—2HET B, 1 B A EMERRIEHSTIUNE, FIGXRAETHE B2 PR

std::weak_ptr VAT * SRR > GEEAF, FILAKBEGEX VBT, G AT A T
std: :shared_ptr RGP, H expired() HYEBEAERIFARBRERN, &ik[E false, 75 NR[A] true;
Btz Ah, BT AT T RS 1 A X 4200 std: :shared_ptr #84F, H lock() WYETERIAR G A

RS, R[] — A1 G X G std: :shared_ptr $547, I U7 I JEARGH R A VLR, 75 R [0
nullptr,
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a b b
A A Y
B - B
pointer |-{ | pointer | {
~ I pointer 1| pointer
A A

B B
pointer ||
e < > | ]
pointer pointer
A
& 3: & 5.2
KAk
BREHRH X PRI, ERZET DA IR, I CH+ RRX IR i
FEFREE FIHFR T new/delete MMM, &R sz ez,

W BB S5 SR

1. stackoverflow b xT [C++11 N4 A make uniquel [Fii5

45 6 TIENHRE R

6.1 IEMIZk X wigr

IEMFAAAR C++ IHFH AR, X HLUSE A4
IR IA T — P A7 PERC A — Bl IR ik ol R SR Tl =K
LR — 2R S M T H

2. FFUERCHY T R
3. MEA R HURAT G AR T HR

, FE

IEM ek hEdl 4T (Bl a 2] z) DARRIR AT AL SO AT e R SR I 22

PEREH— A FATH . IR — A, AP ARG P R R A5 R AT LA .

57


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

6.1 £ Ak X A % 6 F EN &k X

SRR

Pl AT DA A E AT I TR T VRO AT BV . AR REHUNE T4 B
AT PR RA S AT

LS S

FEIR AT IR AR S 7, R MR L ILECRTR . BT

FERIF

W ik
VU A TR SR G

O AR AT RS R RGR GE. TRT ARIRBEE S

o IR TEARBRE SN,

v ISR TSR KB,

IR \n 2SO

[ bR AN RS R

7 PSRRI TR, SR IR A

\ T AT . SR AT SRS SIS AT, B,
VERCFAF no \n PEECHATAT. J380 \\ PLRD '\ 47, 1 \NCIPEED © ¢ 457,

C ICRRH AT TGO, WA Rk P, U R AR

o

PRI ERTRIB AT R -
\l LIRS Ial 1] D g vz

B 1

FRAEAT A IR Mk i) — N A AL PR AU B2 /DA BB AL T RE . LT 3%

FIF A
* VC LI T 1) F-Fk N Z R . AN, foox REVLHL fo PAK foooo. * S:{r T {0,}.
+ VEREHTA Y F- B — IR Z k. BN, foo+ REVLHL foo PAJ foooo, {HAREVLHL
fo. + EMT {1,}.
? PCRCRTTE R TR ERBWE—K. Fll, Your(s)? AJPAVLH! Your B Yours HI[)

Your . ? MT {0,1},

{n} n 2N EEREE. VLRUER) n K. BI0, o{2} NEEVLAL for WY o, {HZREVLHL
foo I o.

{n,} n 2 —PIEFUEE. 2/UCHE n K. BN, o{2,} AREICHL for 11 o, {HABICHL
foooooo HHJFFA 0. ofl,} ZEMT o+, 0{0,} NMIEZEMT ox.
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6.2 std::regex B I A8% % 6 FEMN KA X

FAE ik

{n,m} m Al n ERARGREAL, Hd n NPT me APIUE n IR HaxZ PLHE o . B4,
o{1,3} FFILHL foooooo HIIHI=A> 0. 0{0,1} FFHT o7, ¥E, MEESHH ML
AN BEA 25K

A TRMRE, AT RS B LT A IR AT .

6.2 std::regex JeHAHG

XA A AT PERC B LT BOgt R (IR 2k IR ER S C++ IRk —H
ARFRIEF 2SR, A WARSHERE, 1 C++ M — 1 TR EREE S, 7En G ss It &, Xt URL
FEURGERIEAT IR, 1 IR ek ot @ Tl St doe o B35 i 4

— MR R T boost HYIEMIZRIAAE . M CH411 IEFFIENFB XA B BN
PRUEFERIATA, B F P 3R OE TR SRS, A =T

CH++11 2L IE M FRIA K FEERAE std: :string XT4 , #i std: :regex (A /2 std: :basic_regex)
HATHIMEAL, 3T std: :regex_match FEATUCHED, MM A std: :smatch (A2 std: :match_results
XF5) .

FRATTE AL — A 1] ER ) 1)1 R T R A 5K SRR G o 25 I TR ) L DRk

o [a-z]+\.txt: TEXPDIENERKA T, [a-z] FORIEE—A/INGFRE, + W] AR Y R8T R 2
K, Pt [a-z]+ GERG UL — A/ NG PR FAFER . RN FA P —A . SRR T
FF, 1N WFORIEECTAT -, R txt ZR R ILEE txt W= hE. PRI AS IR 2k T
JIT LV E R N A i 2/ING 7 B B SCAR S

std: :regex_match T UCHI FAFERAIIENZE R X, AREANRPWEFTIL . HiERH—MERX
& std::string PAJ—> std::regex #ATULEL, MUCHELHTIR, 2R M true, HNR[E false, 4
an:

#include <iostream>
#include <string>

#include <regex>

int main() {

std::string fnames[] = {"foo.txt", "bar.txt", "test", "aO.txt", "AAA.txt"};
/O CH B\ RBAE A T BB A
/R N EAEN RARERESELAN, FEX | T ZKREX, ATiA \\.

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

std::cout << fname << ": " << std::regex_match(fname, txt_regex) << std::endl;
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Bt % 6 FE N R X

B —FhE TR KR L A std::string/std::smatch/std::regex =1ZH, H¥
std::smatch [T H L2 std::match_results. BT AEARE E R LB P, std::smatch #f5E
M HT std::match_results<std::string::const_iterator>, Wl 2 — P FH EMR ISR
match_results. {Iiff] std::smatch W] DA 180 VCEL A0 45 SR oA T 4B, il

¢

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

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

// std::smatch [,

// std::smatch H

if (base_match.size() ==

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;
}
}
}
PAEPRASAS By tH 45 2R 8 -
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

AY
I

oF

AT B T IE M SR AA Ly, ARG AR () 1 W SRk s TR oK, il — SR i 1 4
T IR R .

&
=

L AE Web 55 88TF A, AN T 7 Ay AR AS LB A2 PR B o . IR Sk i
R LA —.

ok
o
T
Im

S5 QR OR S -
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struct Request {
// request method, POST, GET; path; HTTP wersion
std: :string method, path, http_version;
// use smart pointer for reference counting of content
std::shared_ptr<std::istream> content;
// hash container, key-value dict
std: :unordered_map<std::string, std::string> header;
// use regular expression for path match

std::smatch path_match;

TR

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

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

DA KR 55 BiAb AR -

template <typename socket_type>
class ServerBase {
public:

resource_type resource;

resource_type default_resource;

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

// TODO

THSE P A BEEL start () 5 parse_request. [R5 AR FH 3R] DA T 45 2 i i -

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

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

server.resource["fill_your_reg_ex"]["GET"] =
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B —F W agay S E TA % 65 EN &k X,

[1(ostream& response, Request& request)

{
string number=request.path_match[1];
response << "HTTP/1.1 200 OK\r\nContent-Length: "
<< number.length() << "\r\n\r\n" << number;
};

// peocess default GET request;

// anonymous function will be called

// tf mo other matches response files in folder web/
// default: index.html
server.default_resource["fill_your_reg_ex"]["GET"] =

[1 (ostream& response, Request& request)

{
string filename = "www/";
string path = request.path_match[1];
// forbidden use ‘.. access content outside folder web/
size_t last_pos = path.rfind(".");
size_t current_pos = 0;
size_t pos;
while((pos=path.find(’.’, current_pos)) != string::npos && pos != last_pos) {
current_pos = pos;
path.erase(pos, 1);
last_pos--;
}
/7 ()
3

server.start();

SHERILIL.

BB S E SR

L AP TRy GOC g C++11 IEMIEIEA?] s PEE Tim Shen [ [a
2. TENIRIAAPE SR
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V23 >

%7 THHA

ey

5

b

55 7 WIS IR
7.1 FFAT AR

std::thread M TAI& —MNAATILREIH], FreAE e —UIHF A g i B ai, ) 55 2 5
<thread> 33U, E#RM T REEAMATERNE, B get_1dO KRB BIELRER LR ID, (1
joinQ) REFFF—PAMETR (SIRLMELE) F5%, il

#include <iostream>

#include <thread>

int main() {
std: :thread t([]1(){
std::cout << "hello world." << std::endl;
B
t.join();

return O;

7.2 H)R IR IX

FNTEBRIE RS TRECR B R P B2 T A I BRI EATIH, mutex i
Kooz —. C++11 5IAT mutex MR, HFTAM IR BHEIAE <mutex> KL

std: :mutex ;& C++11 AN mutex 2, WA EFIML std: :mutex P PABIEEH )R &, M@
IR PREL Lock O AT DAEAT 18I, unlock ) WIDAZEATARSL. (EHRAEkhndn S RN T, RIFAEE
eV R R R, PR VAT B 03 R O 5 SR A NI R X 1 AL T unlock O, 4R, BAEFH .
AR CH+11 i BF st 7—4> RAIL IEYARIBNRSE std: :lock_guard. RAII ¥R KA i1
IEE, ARGFRORAIE T A R 24

e RAIL AR, il 5 X B % B A 8 A 5 SR IS T aa v, il

#include <iostream>
#include <mutex>

#include <thread>

int v = 1;

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

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

/7 RIS
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v = change_v;

/7 BIFRAEREE mte 2B K

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

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

return 0;

M C++ BIE T A A RAEA Gy R SE R S ui a5, i AR AR R L. it
critical_section() IEFIR[E]. i@ EHEILH 5, A5 LHERRIIER, Wt AsHH T unlock O,

M std::unique_lock MJEZAHXTT std::lock_guard H{ MY, std::unique_lock FEIIRIF,
std::unique_lock MJXJZR DA S T A (B&FH HM unique_lock XJZR[AIA A A mutex
MRMTAR) BB mutex X4 B LBIRESIA e, BrAZEI R e, #2651

std: :unique_lock,

std: :lock_guard ANEERIATIET Lock il unlock, Ifii std::unique_lock A DAYERSHHGRIEE
VA, AToAGE/ NMIIVERIVE R, $RAL S A .

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

e
filgn:

#include <iostream>
#include <mutex>

#include <thread>

int v = 1;

void critical_section(int change_v) {
static std::mutex mtx;
std::unique_lock<std::mutex> lock(mtx) ;
/) BT SRA
v = change_v;
std::cout << v << std::endl;
/7 BT
lock.unlock();
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7.3 Mt % T EATL AL

/7 EWHE, EFMARTNRE v HFAN

/S T — AR EEAE, B
lock.lock();
v += 1;

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

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

return O;

7.3 WY

W) (Future) KK std: :future, EIRRHLT— MU RSRIELERER, X AIERA G,
N T B AN, BATHRESCEE T C++11 Z R Z LT .

WA, WERIAT FLAE A BRI AR B APUTHEA RTINS, TFRm 3R — A 4h
Ho MEXEHE, LAE A ATREIEAEIT HARRYFG , ol B 4R, FrARAIa M B Rm A BE AR
AVEERE IR 2efE B 945

16 CH+-H11 {9 std: : future B3I AZ M, EAIGHERE: Ol — AR A, 4R A BRSHIES
B, i fg eI Ktk AV, IR T A A R TR A MR RO TR, Y
FELERITE, VA AR R ORI B

Tii C-++11 $2tH) std: : future FL TR, ATDURAIIUR SRS IOAEL . FAH, Fl IR
75 PR B kR AR5 F B, BDRRE (barrier).

HTR—AT, RAVBKEASMIN std: packaged_task, ‘& WLARAEE LTI LAY H
W TS5BS VAT o 150 4

#include <iostream>
#include <future>

#include <thread>

int main() {

/) B—NREE A 7 lambda FRIADNFHEZR task F

// std::packaged_task AR S B A B 3L & B Ay KA
std: :packaged_task<int ()> task([] QO{return 7;});
// HE task i HIA
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std: :future<int> result = task.get_future(); // 7= — &P H AT task
std: :thread(std: :move(task)) .detach();

std::cout << "waiting...";
result.wait(); // B ILiLE
/7 Bl PATER

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

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

return 0;

R B ARG, WRAME ] get_future () SEFEfE—A std: :future X5, DAH 5500
LR .

7.4 FfFEH

#F “H std::condition_variable JEo T EHILHIINAL , 2 R BRAEAGE MG AR . HUN, ZeA%

A REFR B RIEA SR N E A BEARZE AT, T — M SRR T i) BE & B A HAL AR AR Jo vk Al

RN BN, e KPS, FTPA, condition_variable SEfIH 6 1 B 2t 2 JH T Mg <%

RN RERIES] . std: :condition_variable [{) notify_one () T MeflE— LA ; notify_all()
MR A e/ . T EANE e AL ) 1

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

#include <condition_variable>

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

bool notified = false; // {41z 5

/) EFEH

auto producer

10 {

for (int i = 0; ; i++) {
std::this_thread: :sleep_for(std::chrono::milliseconds(900));
std::unique_lock<std::mutex> lock(mtx);
std::cout << "producing " << i << std::endl;

produced_nums.push(i);
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B GES 7 EHTEHK

notified = true;

cv.notify_all(Q; // WA o LU notify one

3
2t &
auto consumer = [&] () {
while (true) {
std::unique_lock<std::mutex> lock(mtx);
while (!notified) { // # % i ("% 0E
cv.wait(lock);

}

lock.unlock();

/S OBBREETATE

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

lock.lock();

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

}

notified = false;

};

/) AR ERR &R FEAT

std: :thread p(producer);

std: :thread cs[2];

for (int i = 0; 1 < 2; ++i) {
cs[i] = std::thread(consumer);

}

p.join(Q);

for (int i = 0; 1 < 2; ++i) {
cs[il.join();

}

return 0;

ERF— 3R, A E AR DA notify_one O, (HER FIANHBAEIAMIEN , PR
TEZIHTE TR OUT , FNTIH S8 Se B b () BT T BARRA, X S n] RELE LAY 283 R BB, AN
T SE A A 2 AN S Z T A Tl HEEER ERCY std: imutex pHEPE, FRATIRATCIE
W 2 A e B RE AL R BRI R A B A = B NS, AT I 5 L B 2 6 B o
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7.5 RTARIES P A4 % 7T FHATE AL
7.5 BRI NAFER

LA 2 T RE 0 i — /N1 P A 7 2 T B B R A 911 R REAF A2 1R e DAL S B e A R 1 D
FeAEBERR . BN, A /RfH notified LAWY volatile BN, ZiiFas vl REXTULAL BAFAEILAL, BIANREHAR
NI, TS B0 28 A IGE oM B B E AL . X —MF R, O T R
XA, FATTEIE—B e C++ 11 EFIAR WA S FATESekE— e, Tl
X B AU h 450 e 2 07

#include <thread>

#include <iostream>

int main() {
int a = 0;

int flag = 0;

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

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

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

s

t1.join();
£2.join();

return 0;

MEM EF, t2 1 a = 55 X—KIFAMFETE flag = 1; ZHIGEIIAT, T t1 ) while (flag
1= 1) {LFARIET std::cout << "b = " << b << std::endl; ALFHARICH A HIIAT. MZHE
H, WF b BENIZSET 5. HEEREFRRILE G2, 8 U B A 8 TR & XtTh,
FXT a Ml flag M5, MWATEMDHATHLARBDHES, B TS R, RIEIRA] 20555
B, iR REZ CPU MELFHAT, Sikdsxifa L EARZm, 2 a = 6 KAET flag = 1 ZJ5.
MM b A BESHIH 0.
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PN

7.5 RTRNEE A AR %7 FH
Py

b

std: :mutex "] DAfEHRL BN H B RS I, HEFRYRBERGER G, X2HEN 15
J B S B 5 P A AR i L

L $RALEAR ) B sh RS, B IBUE] XIS
2. PREEAE L BiERAEIE], P AL i A AE- Sl 5 X S EA T I 5

e AHARRR I A, B S R A 4 CPU RS RN IER 210154 (K12
JETERB A S B—ANRIERR ERB) o T MU T RRE (B HRE) AR, BIPRHTA
T

KT R B 5 A8 A T s, AR R BE T . e A 1, B CPU (A&
SERIPRAE T CPU 48R IE T8, ILTE C++11 2482 P A RIS — L, 5IAT
std::atomic MM, MIGFRAILHIML— AT TFHRE, KR T REREREN 4154, H/MeE|
A~ CPU #54-. Hildn:

std::atomic<int> counter;

FEN R RO T AR TR B A R R AL, 2505k UE, A4 fetch_add, fetch_sub
&5, (Al T RPR AL TR +, - AR HATTR T AT

#include <atomic>
#include <thread>

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

std::thread t1([10{
count.fetch_add(1);

s
std::thread t2([1O{
count++; // EMWMT fetch_add
count += 1; /7 FWT fetch_add
I9N
t1.join();
£2.join();

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

return 0;

K, HHARPTA R B SR LI TR A, KR PO TR E R AT R T AR CPU 424,
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PAK T SEBIAL ) 2R B 25 40 )2 75 BEAS W /2 1% CPU  ZEAXT AR 57 4ok, BRI 3R AT B2 vl DA &
std::atomic<T>::is_lock_free M Ei1Z)R T RA B HE T THAE, Flin:

#include <atomic>

#include <iostream>

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

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

return O;

— B

HATPATRZ A AAE, WEFZEOZE_ETHE, "R —F R % iR %+,
(A ) BA MR T B AE—E ], 2 AN SRRl e

WERFATIATR— R v FES DL Z BN BAEBON R 80, RIME A SRR v )5,
HABLKARR e B R v At , WX T28h v TE, RBUMIF AT, EH A TIIAZ
KAEMAFREATRLR ERat . XA T2 INAREIS 1E A RN 25 5 (52 1) 58 Jol 14 A e A )
R 22 2%«

MR B, BEANAE AT DA R — MR AL, IR A A3 £ L S5 T A3y AR i 15
)58 HERR B P [ 25 2 1, G AT 25 B AR AN ] A — B pAS 20 -

Lo 22t MRS — S sl — 2k . B EORATA— IR R A R S B I N B 1 BRoll— IS
%, I B SRR BRIy 5 4 R B T BB 2 — 2.

x.store(1) x.load ()

T1 ———-——-—- e +mmmm >

T2 ——————mm—mm— tmmm e >

x.store(2)

TEIE PG UL T 2R T1, T2 X x PTG BRI 11, H x. store (1) &/ M & ETE x . store(2)
ZHl, x.store(2) IEHIKATE x.load) ZHl. fHAF—4RAIE, ZME— MRS 4 Jm iy 2K
SEMELASCIURY , Xt AT TR SE O AN — SO S 55 25 1F R o — Bt i SR i S5
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2. 2o R REBR AT — R SR R AR RE 2 2 B e T — IR B AR, (HR R 5 4 R ey
52

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

Tl ————————- Fom————————— o +————- >

T2 ————————m——— e >

x.store(2)

R

x.store(1) x.store(3) x.load ()
Tl ————————— o o I >
T2 ——---- T et >

x.store(2)

TENF — B ESR R, x. load O WhEE it — IR 5 AR , I x. store(2) 5 x.store(1)
HIARATSE G AR, B HZE T2 B9 x.store(2) KAEHFE x.store(3) ZHiEIW],

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

a=1 b=2
Tl ————fmmmmmmm e e >
T2 —————- e o o >
x.store(3) c=a+b y.load()
EE
a=1 b=2
Tl ————t—— - e e S e >
T2 —————- e o o >
x.store(3) y.load() c=a+b
i #
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7.5 RTRELS R HAER % TEHATEHL
b=2 a=1
Tl ————t—— B >
T2 —————— o o o >
y.load() c=a+Db x.store(3)

SRR =R AR R TR E, OB AR, A o X a 1o AR, i x A
y FERLBI R BB KA (ESSPRIE oL A T 2 R (5 B A BERAE x 5 y BRSETER)

4. Ak RN EIEEOKR, B RRESA BRI R T R E S BRI
REERPONEE RIS ] o PRI AT 22T DARS BE AR PERS A NG, () AL S 5 A RO 2 2 s ]
HRARMN . BRXEEAERNMTHEEREZ N T .

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

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

TS, WERFATREE x MRG0, W) T2 FPUR x.read O PR ATREHARTLAT
THOL:

3444/ x WERMEHRBENEEZ
0334 // x WEBRERNER| Mo FHFE— LR
0004 // HE—REHMELHT x WRAME, ERIAHTHNHFRANES
0000 // ELFHEEN x HEREHRBEANEE,
/] BRREANRE A E—ERNEE x 4 HER

M AEN

R T ESRARBUPERE, SEILARFIOR ORIk, CH+11 N4 ST 7SR R AR
std: :memory_order [HJIEIH, ik T PUFNZ LA ] 1 [A] 4B -

L SERAREAL: FEMBALT, B SRR NI R TR U AT, A Reirie & Bk, (ER R &AM
JET R 2R . 2B std: :memory_order_relaxed 145, FA1RE—HIT -

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

3

72



THHR

ey

7.5 RTRNEE A AR % 7%

b

}

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

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

2. PR/ THPRAAL : AEMAE R FRATTIF G BR R B A BRI, AR KRR EB BEEAE, H
TN ERELRNZAE R FE VAR AT, RS2 MRS . BRI, &2 A S8Rl T =00 x 1Y
AR, &R B AU P2 =k x B #AE, 5 x BFIRIPIR AT TR, WY A F23) x. release ()
W (HPfi ] std: :memory_order_release), i std: :memory_order_consume FEfEHf{E B ¥E
TH x.1oad O BHMEULESE] A P2 =Y x E#HAE. FATRE 071

// WEN A nullptr ik consumer %742 M B 35 4T #4735 BX
std::atomic<int*> ptr(nullptr);
int v;
std: :thread producer([&] () {
int* p = new int(42);
v = 1024;
ptr.store(p, std::memory_order_release);
I
std: :thread consumer([&] () {
int* p;

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

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

consumer. join();

3. R/ ARBUSIAL: AR , FRAT AT AT — 25 XS AN [ LR [a) J 45 VR e ey R, Rk
std: :memory_order_release FIFKHL std: :memory_order_acquire Z [a|#LENF, Bl A ALERER
(release) #fEZ HIRIIIAT SHAE, X HABLARIEMIREL (acquire) #AEERZ T UL, JRE[ A& ZE I
J¥ (happens-before),

APAEF|, std::memory_order_release Hiff | B X HIM FHMEA X KAEARENGRIEZ S5, &—
MG ERE (backward) , T std::memory_order_acquire Hiff T BEZ B EBIT NAS KALE
ZAHRBEREZ G, — D aiR5ERE (forward), XFFi%T std: :memory_order_acq_rel Mg, N
GEATIXWERERL, MEBE TR, SRS AR AR B R S T HE I e it
BRI -

TARE BT

std::vector<int> v;

std::atomic<int> flag = {0};
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std: :thread release([&] () {
v.push_back(42);
flag.store(l, std::memory_order_release);

B;

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

expected = 1; // must after compare_exzchange_strong

// flag has changed to 2

s

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

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

std::cout << v.at(0) << std::endl; // must be /2
s
release.join();
acqrel.join();

acquire.join();

TP FA T T compare_exchange_strong HA Az #:)51E (Compare-and-swap primitive) |
EAR—NEHMRA, B compare_exchange_weak, ‘B fALVFRIEACHe s, WABRIR N false
K. HIREZ R ARG AR T2, BRmE, X4 CPU 67 BN Scylent, 5
— AR R — HuhE AR R — B BRI Z Sh, compare_exchange_strong [ RE T RERH 2 T
compare_exchange_weak, {H KGN T, X THMHEZYE M S, compare_exchange_weak
I AZRA PR

4. SR s AE SRR R B N2k, SR T REX R P AR f AR . AT i U
std: :memory_order_seq_cst (T8 . WG KE—IHIT:

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

B

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

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

XA F5 55— A TEAR L B A< i b B, AU @R R BB AR & ek T
memory_order_seq_cst, A XRIELE W DA H AT SRR I FxX WA [7] P9 77200 5200 1 g
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% 8 EXLMH AR

(%
A

i

AL

I

C++11 iBHFIZRM T H K MAERIH K SHFF, AWHRBM AL T std::thread, std::mutex,
std: :future FXLIF LG AT M EZ TR, [RILZAh, JATENZA T CH+11 HEZER LA
Yz —#) T, ENTR C++ TRl tERETH I i it T BBy BLat .

2
Lo 5 — AR R LR, R4 hhE:

ThreadPool p(4); // 457 MW /|> T {442

/) B ES LM E NN, FRE— std::future
auto f = pool.enqueue([](int life) {

return meaning;

}, 42);

// N future FHRFFATER
std::cout << f.get() << std::endl;

2. {Efi ] std::atomic<bool> SLP—H R4,

E—B BB 5% BERH
o C+ FHAgtE (FF3CTR)
o SRR SRR OO
o Herlihy, M. P., & Wing, J. M. (1990). Linearizability: a correctness condition for concur-

rent objects. ACM Transactions on Programming Languages and Systems, 12(3), 463-492.
https://doi.org/10.1145/78969.78972

4 8 BT RSE

SPFRGURERML T SRS BAR. WSO H SRS BT AR R IR AR
BRIl boost Kk, HHRAGEIH N C++ WrfERIARZEZ —.

8.1 S Lyt

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

8.2 std::filesystem 9 F Ak R

8.2 std::filesystem

TODO:

9.1 B R!

long long int

long long int A CH++11 HIEHIAN, HSLHEAE C99, long long int FEAHMA C ix
e, BT AR 1 gmitas B 2 3R . CH+11 I TAENE B B AFRER , #LE T—1 long long
int KA /D HA 64 (7R

9.2 noexcept &M
CH++ T CW—RIMBMAET C++ ABpE LT BB A milH . AmE C++11

ZAL, JLPEA N BRI G B E R HEENEEAN, K C++11 IR, X EVLHPEFEH, BreAk(]
AEHEWAENFARDX EALHL 2 A TAEATER], IREARMZ TSR TRE.

CH+11 Fp SR R AR PIAR R O

il noexcept XX PRI T BEATRR A, filan:

void may_throw(); // Tl &k 5

void no_throw() noexcept; // 7 &:dhih F

i1 noexcept 1Mt (1 sREL AN H 77, iR fH] std::terminate ) Rz B (LFEFiE
7o

noexcept ILEESMARAEST, H FHAE—ARIA, BRIEX T RERS, 1R[] true, KR false,

#include <iostream>
void may_throw() {
throw true;
}
auto non_block_throw = []{

may_throw();
}
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void no_throw() noexcept {

return;

auto block_throw = []() noexcept {

no_throw();

};
int main()
{
std::cout << std::boolalpha
<< "may_throw() noexcept? " << noexcept(may_throw()) << std::endl
<< "no_throw() noexcept? " << noexcept(no_throw()) << std::endl
<< "lmay_throw() noexcept? " << noexcept(non_block_throw()) << std::endl
<< "lno_throw() noexcept? " << noexcept(block_throw()) << std::endl;
return O;
}

noexcept &5 AR ELZ G RERSE BB B H 4 HUK DAL, AR e, SN Sk
B

try {
may_throw() ;
} catch (...) {
std::cout << " {HIkFH, FH may_throw()" << std::endl;
}
try {
non_block_throw();
} catch (...) {
std::cout << " I FE, K H non block throw()" << std::endl;
}
try {
block_throw();
} catch (...) {
std::cout << " I FH, FH block throw()" << std::endl;

Ak

WHkA %, &k E may_throw()
%ﬁ%{;f‘ﬁ: ;KE non_block_throw()
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9.3 FEE % 9 FHMI A

9.3 “yifil i

SRS A A v

g C++ HWMBERE — D AWK AW EA R L L2 EER a0 —FFy, in—4
A8 HTML AR FAF S F BRI K& A, flin—4 Windows | X REH &
C:\\File\\To\\Path,

C++11 it TR FAT I PRI EE, ATAME—DFRE R R R, [,
R P AFER TG = g, fian:

#include <iostream>

#include <string>

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

return 0;

FE L i e
C++11 53T B CFHEREMRE S, W wmENE |5 5 8a AL
/) R EFEE Y RSO RRE T 5 %5 &

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

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

}

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

3

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

return O;

I S THT R S DU e THT -

78
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1.

AR ERIUN I unsigned long long, const char . BMRFHIEFTSA, 11
ThT PR (A2 15
PR R AU long double, const char *. MMy BT

3. PR WA (const char *, size_t) JEXMSHEE;
4. FHFE: 868 char, wchar_t, charl6_t, char32_t X JLFp2EAL,

9.4 WAFXSY

C++ 11 5IA T WASHY X487 alignof Fl alignas SRR IFEXS 745 alignof JHETF

RERPAT— 5T G R std: rsize_t RAMME, MTEMZTFERXIFF A HREATHRRIFA
WRT I, HE2a%AEE ST, FkE, C++ 11 85| AT alignas REFE M4
At 5F e BATRABEWABI T

#include <iostream>

struct Storage {

};

char a;
int b;
double c;
long long d;

struct alignas(std::max_align_t) AlignasStorage {

int

char a;
int b;
double (o

long long d;

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

return 0;

Hor std: imax_align t ZOREEMREIEBAN T G —HE, HILEILPRERIFEEA ER,

HEM R 6 FAAEIM4E RN long double, K A1iX HLASF|HY) AlignasStorage MXfFFEORAZ 8
8y 16,
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A

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

45 10 wijEB: C++-20 Widr

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

SS AP

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

#include <list>

#include <algorithm>

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

return O;

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

template <typename T>

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

void sort(T& c);
HHEH:

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

L

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

HAMTIAEARF — AR BIT

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

A

I

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

o CH++11/14/17/20 HiiFai LR oL
o C++ itk
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http://honermann.net/blog/2016/03/06/why-concepts-didnt-make-cxx17/
https://en.cppreference.com/w/cpp/compiler_support
https://en.cppreference.com/w/cpp/language/history

W3 20 AR C++ oY A: %

Ko 1 RE—2B B o TRk

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

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

o C++ &%

o CppCon YouTube #jiiF

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

o FEfh7E

Fifs% 2: BEAR C+4 Mydnethscik

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

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

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

TR

TODO:

RS AR

TODO:

T E

TODO:

(M5 o'

TODO:

Yk

TODO:
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https://en.cppreference.com/w
https://www.youtube.com/user/CppCon/videos
https://people.freebsd.org/~lstewart/articles/cpumemory.pdf
https://www.amazon.cn/dp/B016OFO492/ref=sr_1_3?ie=UTF8&qid=1525613457&sr=8-3&keywords=Effective+C%2B%2B
http://zh-google-styleguide.readthedocs.io/en/latest/google-cpp-styleguide/contents/

T A A MR 20 R C++ oy FTAEER

AR RITE

TODO:

83



	序言
	引言
	目标读者
	本书目的
	相关代码
	随书习题

	第 1 章 迈向现代 C++
	1.1 被弃用的特性
	1.2 与 C 的兼容性
	进一步阅读的参考文献

	第 2 章 语言可用性的强化
	2.1 常量
	nullptr
	constexpr

	2.2 变量及其初始化
	if/switch 变量声明强化
	初始化列表
	结构化绑定

	2.3 类型推导
	auto
	decltype
	尾返回类型推导
	decltype(auto)

	2.4 控制流
	if constexpr
	区间 for 迭代

	2.5 模板
	外部模板
	尖括号 ``>''
	类型别名模板
	变长参数模板
	折叠表达式
	非类型模板参数推导

	2.6 面向对象
	委托构造
	继承构造
	显式虚函数重载
	显式禁用默认函数
	强类型枚举

	总结
	习题

	第 3 章 语言运行期的强化
	3.1 Lambda 表达式
	基础
	泛型 Lambda

	3.2 函数对象包装器
	std::function
	std::bind 和 std::placeholder

	3.3 右值引用
	左值、右值的纯右值、将亡值、右值
	右值引用和左值引用
	移动语义
	完美转发

	总结
	进一步阅读的参考文献

	第 4 章 容器
	4.1 线性容器
	std::array
	std::forward_list

	4.2 无序容器
	4.3 元组
	元组基本操作
	运行期索引
	元组合并与遍历

	总结

	第 5 章 智能指针与内存管理
	5.1 RAII 与引用计数
	5.2 std::shared_ptr
	5.3 std::unique_ptr
	5.4 std::weak_ptr
	总结
	进一步阅读的参考资料

	第 6 章 正则表达式
	6.1 正则表达式简介
	普通字符
	特殊字符
	限定符

	6.2 std::regex 及其相关
	总结
	习题
	进一步阅读的参考资料

	第 7 章 并行与并发
	7.1 并行基础
	7.2 互斥量与临界区
	7.3 期物
	7.4 条件变量
	7.5 原子操作与内存模型
	原子操作
	一致性模型
	内存顺序

	总结
	习题
	进一步阅读的参考资料

	第 8 章 文件系统
	8.1 文档与链接
	8.2 std::filesystem

	第 9 章 其他杂项
	9.1 新类型
	long long int

	9.2 noexcept 的修饰和操作
	9.3 字面量
	原始字符串字面量
	自定义字面量

	9.4 内存对齐
	总结

	第 10 章 展望：C++20 简介
	概念与约束
	模块
	合约
	范围
	协程
	事务内存
	总结
	进一步阅读的参考资料

	附录 1：进一步阅读的学习材料
	附录 2：现代 C++ 的最佳实践
	常用工具
	代码风格
	整体性能
	代码安全
	可维护性
	可移植性


