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int x{5};

int y{}¥;// BAkwiEty o CRET int y; RWHEN)
int arr[3]{1, 2, 3};

vector<int> iv{1, 2, 3};

map<int, string> mp{{1, "a"}, {2, "b"}};

string str{"Hello World"};

int * p = new int[20]{1,2,3};

struct A {
int i;
int j;
A(int m, int n):i(m),j(m) {
}
};

A func(int m, int n ) {
return {m,n};

}

int main() {
A *x pa = new A {3,7};
A all = {{1,2},{3,4},{5,6}};
return O;

}
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Z—m9IR I TIA

/%

WP REBLT W EERE, WAL R BERATEFEH EARELTE.

AT IE B ATAR ST AT 7 8RB O R AE .

WRE RN T KEE, HEBEELATIFN RS, PREF@HELE F ‘BT E
*/

char cl = 3.14e10;

int x1 = 3.14;

char ¢2{3.14e10}; // WHE(ELH NI FHE

char x2 = {459585821}; // MiEfEo HilgiFHE

/%
C++11 # T E initializer_list, W H M B K45 %
*/

double SumByIntialList(std::initializer_list<double> il) {
double sum = 0.0;
for (auto p = il.begin(); p != il.end(); p++) {
sum += *p;
}
return sum;
}
double total = SumByIntialList({ 2.5,3.1,4 });
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Most Vexing Parse (MVP) [g)Z&

Most Vexing Parse (MVP) & C++ F—PERMANEERE XA, FFREFSHNRYA
IEAERBITARESE R, SERBTASTHTR. ZOBE C++11 ZBIAEERL,
m&E—#iatk 0 BRRAENRBFR.

SR NGA

C++ BIEZERN A TR FE PR ERN R U AR LB R TR RER, FF[RIEBT A
RS, MIEXYRMEIE.

1 class Timer { /* ... */ };

2

3 | Timer tQ); // MRVAN: PR BOAME @ HA 2GR ¢

4 /] EFR: FY—ANEE ¢, RE Timer XM, THH

1 struct Widget {

2 Widget (int a, double b); // M # K

3 };

4

5 |Widget w(int(42), double(3.14)); // RN #MEXMZ w, 54 42 Fr 3.14

6 // LR FRER w, 2% A int 0 double, K[ Widget
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A REEFIAVIIRE

class B {
public:
int m = 1234;
int n;
};
int main(){
B b;
cout << b.m << endl; //#rii 1234
return O;

}
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auto i
auto p

map<string, int, greater<string> > mp;
for (auto i = mp.begin(); i != mp.end(); ++i)
cout << i- >first << "," << i->second

3

//i WEA R map<string, int, greater<string> >:

1]

ATEXZE, HFER B ITERRE
100; // i 7% int

new AQ); // p & A *

auto k = 34343LL; // k 7 long long

riterator
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KET

class A { };

A operator + ( int n,const A & a) {
return a;

}

template <class T1, class T2>

auto add(T1 x, T2 y) -> decltype(x + y) {
return x+y;

}
auto d = add(100,1.5); // d 7 double d=101.5
auto k = add(100,A()); // d = A (A
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KFRATAISERY
int i;
double t;
struct A { double x; };
const A* a = new AQ);
decltype(a) x1; // x1 is A *
decltype(i) x2; // x2 is int
decltype(a->x) x3; // x3 is double
decltype((a->x)) x4 = t; // x4 is double&
/*
decltype S = #0I
1. R e B—NEAFETHRFREASF RR AT A RLER (LA+H (2 F (3)),
A28 decltype(e) #E e FIRKM MW AR, WREAIMRARYE ¢ T MERWEHR, o FHEFHIR.
2. R e BR—ABBOAFNHE —NMEHRBEFFA, AL decltype(e) MZIZBEMMAE LA (LAFH (1)),
3. R e TRTULHAMNERL, MWEE ¢ WRAEZ T: 4 e 2—AAMH, decltype(e) #E T&;
TN (e Z—/NAH1ME), decltype(e) & To
LI (4) BRTIMERL. ZXMTH, e EFE (a>x), BTARNMES, B UFRE TR @EAERL,
FEUARE & DAAR AR A HU AR AR . T (a—>x) B— ANz, Hihe2EE double &
*/
//decltype 5 comnst, 3|fl, 54t 4, TUSH
//https://wwu.cnblogs.com/cauchy007/p/4966485.html
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#include <iostream>
#include <vector>
using namespace std;

struct A {

int n;

ACint 1):n@) { }
}

int main() {
int ary[] = {1,2,3,4,5};
for (int & e: ary)

ex= 10;
for (int e : ary)

cout << e << ", "5
cout << endl;
vector<A> st(ary, ary+5);
for (auto & it: st)

it.n *= 10;
for (A it: st)

cout << it.n << ",";
return 0;
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#include <iostream>
#include <vector>
using namespace std;

struct A {

int n;

ACint 1):n@) { }
}

int main() {
int ary[] = {1,2,3,4,5};
for (int & e: ary)

ex= 10;
for (int e : ary)

cout << e << ", "5
cout << endl;
vector<A> st(ary, ary+5);
for (auto & it: st)

it.n *= 10;
for (A it: st)

cout << it.n << ",";
return 0;

i
10,20,30,40,50,
100,200,300,400,500,

KEfE (IEmKE C++11 ik

2025 £ 4 H 30 H




Lambda FRiX I

AEA—RHNRENSR, EEAELINERE—1K?
RIFA—R SRR, EEERANTSHERER?
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Lambda FRiX I

AEA—RHNRENSR, EEAELINERE—1K?
RIFA—R SRR, EEERANTSHERER?
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Lambda FRiX I

23
1 bR A7 R (S8R > BEEXEE {
2 154 4
3 }
4 /*
5 [0 FEAETIHEE
6 [=]1 UEENHRERTHIBEE
7 &l USIARRERFTANHEE
8 [x, &yl x UWHEERXER, y U5 AL EA
9 [=,&x,&y] x,y UIARRER, LAREUHELRER
10 | [&,x,y] x,y WEEENHRER, ZAZTEUABAEA
11 */
12
13 /7 “-> REMEEAE” WF A, RANEEEE B REEEE,
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Lambda FRiX I

1 int main() {

2 int x = 100, y=200, z=300;

3 cout << [ ](double a, double b) { return a + b; }(1.2, 2.5) << endl;
4 auto ff = [=, &y, &z](int n) {
5 cout << x << endl;

6 yH+; zH+;

7 return n*n;

8 };

9 cout << ff(15) << endl;

10 cout << y << "," << z << endl;
11 return 0;

12 }
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Lambda FRiX I

1 int main() {
2 int x = 100, y=200, z=300;
3 cout << [ ](double a, double b) { return a + b; }(1.2, 2.5) << endl;
4 auto ff = [=, &y, &z](int n) {
5 cout << x << endl;
6 yH+; zH+;
7 return n*n;
8 };
9 cout << ff(15) << endl;
10 cout << y << "," << z << endl;
11 return 0;
12 }
AL -
W
3.7
100
225
201,301
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Lambda FRiX I

int al4] = { 4,2,11,33};

2 sort(a, a+4, [ ]J(int x, int y)->bool { return x % 10 <y % 10; });

3 for_each(a, a+4, [ J(int x) {

cout << x << " "; } ) ;

KENfR (JEmAZH
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Lambda FRiX I

int al4] = { 4,2,11,33};
2 sort(a, a+4, [ ]J(int x, int y)->bool { return x % 10 <y % 10; });
3 for_each(a, a+4, [ J(int x) { cout << x << " "; 3} ) ;

i
112334
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Lambda FRiX I

=
= O © NG A W N R

Jun
»

#include <iostream>

#include <algorithm>

#include <vector>

using namespace std;

int main() {

vector<int> a { 1,2,3,4};

int total = 0;

for_each(a.begin(),a.end(), [&] (int & x) { total += x; x *= 2; });
cout << total << endl; //#Il 10
for_each(a.begin(),a.end(),[ 1(int x) { cout << x << " ";});
return 0;

}
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Lambda FRiX I

#include <iostream>

#include <algorithm>

#include <vector>

using namespace std;

int main() {

vector<int> a { 1,2,3,4};

int total = 0;

for_each(a.begin(),a.end(), [&] (int & x) { total += x; x *= 2; });
cout << total << endl; //#Il 10
for_each(a.begin(),a.end(),[ 1(int x) { cout << x << " ";});
return 0;

}

=
= O © NG A W N R

Jun
»

RFRHER:
10
24638
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Lambda FRiX I

SEELER YA K 2R AR EFIE n T

1 #include <iostream>

2 #include <functional>

3 using namespace std;

4

5 function<int (int)> fib = [J(int n) {

6 return n <= 2 ? 1 : fib(n-1) + fib(n-2);
71}

8

9 |auto fib2 = [I(int n) {

10 return n <= 2 ? 1 : fib(n-1) + fib(n-2);
11 };

12

13 int main() {

14 |cout << fib(5) << endl; //#dl 5

15 |cout << fib2(5) << endl; //#iH 5

16 return 0O;

17 }

18

19 //function<int (int)> KR EEX int, H— int Z N E K
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AESIFEF move 1BX

AfE: —HRE, TPREBUIARAN, SEEE, EBHIN (RER— M EREFSEH
ENBENNR), MEELE

class A { };
Akr=A0; // error , AO RELKE, REME
A&k r=A0; //ok, v EAETIA

TZANRRSEFEITHRE, BOREHTRENNY REITRE NI 5%
https://zh.cppreference.com /w/cpp/language/value_category
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AESIFEF move 1BX

1 #include <iostream>
2 #include <string>
3 #include <cstring>
4 using namespace std;
5 class String {
6 public:
7 char * str;
8 String() :str(new char[1]) { str[0] = 0;}
9 String(const char * s) {
10 str = new char[strlen(s)+1];
11 strcpy(str,s);
12 s
13 String(const String & s) {
14 cout << "copy constructor called" << endl;
15 str = new char[strlen(s.str)+1];
16 strcpy(str,s.str);
17 ¥
18 String & operator=(const String & s) {
19 cout << "copy operator= called" << endl;
20 if( str !'= s.str) {
21 delete [] str;
22 str = new char[strlen(s.str)+1];
23 strcpy(str,s.str);
24 ¥
25 return * this;
26
27 String(String && s):str(s.str) { // move constructor
28 cout << "move constructor called"<<endl;
29 s.str = new char[1];
30 s.str[0] = 0;
}
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AESIFEF move 1BX

32 String & operator = (String &&s) {// move assigment
33 cout << "move operator= called"<<endl;

34 if (str!= s.str) {

35 delete [] str;

36 str = s.str;

37 s.str = new char[1];

38 s.str[0] = 0;

39 ¥

40 return *this;

41 ¥

42 ~String() { delete [] str; }

43 };

44 template <class T>

45 void MoveSwap(T& a, T& b) {

46 T tmp(move(a)); // std::move(a) N Hf{H, | move constructor

47 a = move(b); // move(b) A &EME, HIk
48 b = move(tmp); // move(tmp) K4 1{H, [
49 }

50 int main() {

il move assigment
£ %9 il move assigment

51 //String & r = String("this"); // error
52 String s;

53 s = String("ok"); // String("ok") EF i
54 cout << "skkkkk" << endl;

55 String && r = String("this");

56 cout << r.str << endl;

57 String s1 = "hello",s2 = "world";

58 MoveSwap(s1,s2);

59 cout << s2.str << endl;

60 return 0;

61 }

SKEhfE C++11 ik F£4H30H



AESIFEF move 1BX

T

move operator= called
*okk KKK

this

move constructor called
move operator= called
move operator= called
hello
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EREREHEANRE, REENRAAFRIEL?

o RESHIMERE
return BFTHR -> EF|
return £ERNHR -> EF|
o REBIMMIERE
return AERITHR -> B5)
return 2RX R -> BRINEH
return move(£FBXER) -> BIN
o BENNE & Hi3iE iR E A B i1 iR 5
return AERITR -> B5h
return RN ER -> S|
return move(£FBXER) -> BIN
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A BEMER A EF TR

—
= O © NG A W N R

e e e
W N D Uk W N

struct A{

A(const A & a) = delete;
A(const A && a) { cout << "move" << endl; }
AO {3}

};

A b;

A func() {

A a;

return a;

}

void func2(A a) { }

int main() {

A al;

A a2(al); //compile error
func2(al); //compile error
func();

return 0O;

}
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EBEFEET shared_ptr

k32 <memory>

183 shared_ptr BIMIIEREL, AILALL shared_ptr IRFEE— new BHEFIREINIEE, B
EWT:

shared_ptr<T> ptr(new T); // T AILAR int ,char, KZER TR

Lt/ ptr BEATLAMR T* KERJIEE—HEREM, B *ptr 2 new SIS EHI PN K,
mER B OBEBMAFNSE.

%> shared_ptr NRAABREE—1EE, RASHER —PFEETTE. HX shared_ptr
FEEZISERY, delete 1Z¥E5T-
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EBEFEET shared_ptr

©00 10Utk W

#include <memory>
#include <iostream>
using namespace std;
struct A {
int n;
ACint v = 0):n(v){ }
~AQ) { cout << n << " destructor" << endl; }
};
int main(){
shared_ptr<A> spl(new A(2)); //spl % A(2)

shared_ptr<A> sp2(spl); //sp2 HILE A(2)

cout << "1)" << spl->n << "," << sp2->n << endl; //#riH 1)2,2
shared_ptr<A> sp3;

A * p = spl.get(); //p i@ A2)

cout << "2)" << p->n << endl;

sp3 = spl; //sp3 #iLHE A(2)

cout << "3)" << (*sp3).n << endl; //Hii 2
spl.reset(); //spl J# B AC2)

if (!spl) cout << "4)spl is null" << endl; //2 %l
A * q = new A(3);

spl.reset(q); // spt 4 q

cout << "5)" << spl->n << endl; //#itH 3
shared_ptr<A> sp4(spl); //sp4 /& A(3)
shared_ptr<A> sp5;

spl.reset(); //spl FIE A(3)
cout << "before end main" <<endl;
sp4.reset(); //spl WFIE A(3)

cout << "end main" << endl;
return 0; //fF4 %, 4 delete £ A(2)
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EBEFEET shared_ptr

1 #include <iostream>

2 #include <memory> // T E /4 a3k U

3 int main() {

4 std: :shared_ptr<int> pl = std::make_shared<int>();// f£ /il make_shared f|# = %
5 *pl = 78;

6 std::cout << "pl = " << *pl << std::endl; // ¥l 78

7 std::cout << "pl Reference count = " << pl.use_count() << std::endl;// iTFE} 5|/ %:
8 std::shared_ptr<int> p2(p1); // % 2 7 shared_ptr xf %450 [F —/Ma40
9 /7 TEAMIEAL: 2

10 std::cout << "p2 Reference count = " << p2.use_count() << std::endl;
11 std::cout << "pl Reference count = " << pl.use_count() << std::endl;
12 /] B A4, p1 & T p2

13 if (pt == p2) {

14 std::cout << "pl and p2 are pointing to same pointer\n";

15

16 :cout<<"Reset pl "<<std::endl;

17 CH MR reset, LXK , BLAANEA o

18 pl.reset();

19 N t << "pl Reference Count = " << pl.use_count() << std::endl;
20 HAA reset, FIAAMNEA 1

21 pl.reset(new int(11));

22 std::cout << "pl Reference Count = " << pl.use_count() << std::endl;
23 // EAREEN NULL, FIRATHEA 0

24 pl = nullptr;

25 std::cout << "pl Reference Count = " << pl.use_count() << std::endl;
26 if (tp1) {

27 std::cout << "pl is NULL" << std::endl; // i

28 ¥

29 return O;

30 }
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EBEFEET shared_ptr

1 #include <iostream>
2 #include <memory>
3 using namespace std;
4 struct A{
5 ~AQ) { cout << "~A" << endl; }
[ };
7 int main() {
8 A * p =new AQ);
9 shared_ptr<A> ptr(p);
10 shared_ptr<A> ptr2;
11 ptr2.reset(p); //JF M ptr T p WAL
12 cout << "end" << endl;
13 return 0;
14 ¥
15

sKEhfE (At == C++11 FiE



EBEFEET shared_ptr

1 #include <iostream>
2 #include <memory>
3 using namespace std;
4 struct A{
5 ~AQ) { cout << "~A" << endl; }
[ };
7 int main() {
8 A * p =new AQ);
9 shared_ptr<A> ptr(p);
10 shared_ptr<A> ptr2;
11 ptr2.reset(p); //JF 4 m ptr X p HILEITH
12 cout << "end" << endl;
13 return 0;
14 ¥
15

C++11 ik F£4H30H



naE s
EBEFEET shared_ptr
1 #include <iostream>
2 #include <memory>
3 using namespace std;
4 struct A{
5 ~A0) { cout << "~A" << endl; }
6 ;
7 int main() {
8 A * p =new AQ);
9 shared_ptr<A> ptr(p);
10 shared_ptr<A> ptr2;
11 ptr2.reset(p); //JF 4 ptr X p HILEITH
12 cout << "end" << endl;
13 return 0;
14 ¥
15
A .
Bt
end
~A

ZEREFERE p # delete PR
EHIMCE: NEFEHREB— N RIRTESTHIE shared_ptro B %> shared_ptr NIEE 7554
ZFEA— 1N EFEER shared_ptr #H1TCIE, MAEFERARB— P REAIEEHITEIE.

sk#hfE (IERKE) CH+11 ik 2025 %E 4 B 30 B



=65t nullptr

1 #include <memory>

2 #include <iostream>

3 using namespace std;

4 int main() {

5 int* pl = NULL;

6 int* p2 = nullptr;

7 shared_ptr<double> p3 = nullptr;

8 if(p1 == p2)

9 cout << "equal 1" <<endl;
10 if (p3 == nullptr)
11 cout << "equal 2" <<endl;
12 if (p3 == p2) ; // error
13 if (p3 == NULL)
14 cout << "equal 4" <<endl;
15 bool b = nullptr; // error, bool b(nullptr); ok
16 int i = nullptr; //error,nullptr 7 f F #h 4% # o 4
17 return 0;

18 }
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=65t nullptr

1 #include <memory>

2 #include <iostream>

3 using namespace std;

4 int main() {

5 int* pl = NULL;

6 int* p2 = nullptr;

7 shared_ptr<double> p3 = nullptr;

8 if(p1 == p2)

9 cout << "equal 1" <<endl;
10 if (p3 == nullptr)
11 cout << "equal 2" <<endl;
12 if (p3 == p2) ; // error
13 if (p3 == NULL)
14 cout << "equal 4" <<endl;
15 bool b = nullptr; // error, bool b(nullptr); ok
16 int i = nullptr; //error,nullptr f # H# ¢
17 return 0;

18 }

-+ > A .
EiFHENEAERS:
equal 1
equal 2
equal 4
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=65t nullptr

OO0 U WN -

#include <iostream>
using namespace std;

void func(void* t) {
cout << "func ( void* ) " << endl;

}

void func(int i) {
cout << "func ( int ) " << endl;

int main() {
func(NULL) ;
func(nullptr) ;
return 0;

EREMA?
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=65t nullptr

1 #include <iostream>

2 using namespace std;

3

4 void func(void* t) {

5 cout << "func ( void* ) " << endl;
6 s

7

8 void func(int i) {

9 cout << "func ( int ) " << endl;
10
11
12 int main() {
13 func(NULL) ;
14 func(nullptr) ;
15 return 0;
16

=
ZEREMA?

#define NULL ((void *)0) //C i&E&

#define NULL O
// C++11 #
#define NULL nullptr
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override F1 final XEF

class Base {
virtual void foo() final {} // L T%E5
};
class Derived : public Base {
void foo() override {} // ZAMILEE (4iFetdis, EHLEED final)
};

S Ut W N =
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7 ER)

1 #include <iostream>
2 #include <string>
3 #include <unordered_map>
4 using namespace std;
5 int main() {
6 unordered_map<string,int> turingWinner; //H XX K ¥ 4 ¢
7 turingWinner.insert (make_pair("Dijkstra",1972));
8 turingWinner.insert (make_pair("Scott",1976));
9 turingWinner. insert (make_pair ("Wilkes",1967));
10 turingWinner.insert (make_pair ("Hamming",1968)) ;
11 turingWinner["Ritchie"] = 1983;
12 string name;
13 cin >> name; //HI N4
14 unordered_map<string,int>::iterator p = turingWinner.find (name);//¥& Ik 4 & 7k % & 4]
15 if( p != turingWinner.end())
16 cout << p->second;
17 else
18 cout << "Not Found" << endl;
19 return O;
20 }

BARRBANSHNNEERELFEEH
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e e e
Gk W N = O

#include <iostream>

#include <regex> //ffJf IE M| &3k X &4t U

using namespace std;

int main() {
regex reg("b.7p.*k");
cout << regex_match("bopggk",reg) <<endl;//#rii 1, FixILE KT
cout << regex_match("boopgggk",reg) <<endl;//#Ii 0, L& XK
cout << regex_match("b pk",reg) <<endl; //HiH 1, FKRILERI
regex reg2("\\d{3}([a-zA-Z]+) . (\\d{2}IN/A)\\s\\1");
string correct="123Hello N/A Hello";
string incorrect="123Hello 12 hello";
cout << regex_match(correct,reg2) <<emndl; //#i 1, IEE &I
cout << regex_match(incorrect,reg2) << endl; //H# 0, %Ik
return O;

}

IENAILTSATAS%E : https:/ /www.cnblogs.com/hesse-summer/p/10875487.html
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https://cppinsights.io/
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#include <iostream>
#include <thread>
using namespace std;
struct MyThread {
void operator () O {
while(true)
cout << "IN MYTHREAD\n";
}
};
void my_thread(int x) {
while(x)
cout << "in my_thread\n";

}

int main() {
MyThread x; // * x WiZE&k: T 44
thread th(x); // Gl &EFHAT
thread thi(my_thread, 100);
while(true)
cout << "in main\n";
return O;
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C++14 BEHH

o 2B Lambda:Lambda & 1F auto, SCHELT AL,

1 auto print = [](const auto& x) { std::cout << x; };
2 print(42); // int
3 print("hello"); // const char*

o REIKEMES (auto BR): RFUREILEAIH return FEAHES.
1 ‘auto add(int a, int b) { return a + b; } // K[ int
o “HFIFHEMNMTFORER | B—AKEAIEM.

1 |int bin = 0b1100'1010; // —##&kF
2 |double pi = 3.1415'9265;

@ std::make_unique : €& unique_ptr HIFRETT o

1 auto ptr = std::make_unique<MyClass>(42, "example");
2 auto arr = std::make_unique<int[]>(10); // & 10 /> int #y4r4l
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CH++17 &5

1 ‘auto [varl, var2, ..., varN] = expression;

o auto SRR TEHEMVINEREXERHKAKE .
o IFS|HEIME: auto&, const auto&, auto&&o
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C++17 4515

1 #include <iostream>

2 #include <tuple>

3 struct Point { int x; int y; };

4

5 int main() {

6 1/ ERERYE

7 Point p{3, 4};

8 auto [a, b] = p;

9 std::cout << a << ", " << b << "\n"; // 3, 4
10 /] BAGE

11 int arr[] = {5, 6};

12 auto& [c, d] = arr;

13 c=17;

14 std::cout << arr[0] << ", " << arr[1] << "\n"; // 7, 6
15 // LAY E

16 auto t = std::make_tuple(8, 9.5, 'A');

17 auto [e, £, gl = t;

18 std::cout << e << ", "< f K", " <K gk "\n"; // 8, 9.5, A
19 // 3l RE

20 auto& [x, y]l = p;

21 x = 10;

22 std::cout << p.x << "\n"; // 10

23 }
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if 70 switch ¥R 1LIEA)

1 if (auto it = m.find(key); it !'= m.end()) {

2 /7 it P MR A4

3 }

1 switch (auto code = fetch_status(); code) {

2 case 200:

3 std::cout << "OK (code: " << code << ")\n";

4 break;

5 case 404:

6 std::cout << "Not Found (code: " << code << ")\n";
7 break;

8 default:

9 std::cout << "Unknown code: " << code << "\n";
10 }

11 | // code #H1EHM, KLikif
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