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G—mmEE =

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 {
inti,j; A(int m,int n):i(m),j(in){ }
I3
A func(int m,int n ) { return {m,n}; }
int main() { A*pa=new A {3,7}; }



RS ERAMIIG{E

class B

{
public:
iIntm = 1234;
Int n;

3

int main()

{
B b:
cout << b.m << endl; //4iH 1234
return O;

}



auto <=

ATeXLE, HFEZTAAFNAM L 20 LR

(g

auto i = 100; /11 J& int
autop=new A(); // p & A*
auto k =34343LL;  //k s long long

map<string,int,greater<string> > mp;
for( auto i = mp.begin(); i '= mp.end(); ++i)

cout << |->first << """ << |->second ;
2R map<string,int,greater<string> >::iterator



auto <

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

{

(I

=

return a;

}

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

auto d = add(100,1.5); // d&double d=101.5
auto k = add(100,A()); // di&AZETY



i

decltype Xx##
RKEKKXGGEA

Inti;

double t;

struct A { double x; };
const A* a = new A();

decltype(a) x1; //x1LisA*
decltype(i) x2; // x2isint
decltype(a->x) x3; // x3 is double
decltype((a->x)) x4 =t; // x4 is double&



B &EiE$tshared ptr

> KL <memory>

> iflitshared_ptré9#i& K4k, T WAikshared_ptrit %48 — newis H fF 4
@é@fééﬁ, g?%ﬁnT;

> shared ptr<T> ptr(new T); // T V.2 int ,char, £ &% &40 EA

pBEptrt ST A% T* XA G54 —HE R 4E B, BP *ptr #LE Hnewsh & 5 BLaY

A %, W LR L SR N G F,

» %/ ~shared_ptrit £ LR BT 45 — N84T, RAHEYF —NeE R, 5
Fshared ptritEZz454T0, deleteiz 454t
> shared ptrXt £ R8T SR AIEE, TUNEFEHEHEE
8




B &EiE$tshared ptr

#include <memory>
#include <iostream>
using namespace std;
struct A {
int n;
A(intv =0):n(v){ }
~A() { cout << n << " destructor” << endl; }

o

int main()

{ fan HH 25
shared_ptr<A> spl(new A(2)); //splfLE A(2) 1)2,2
shared_ptr<A> sp2(spl); lIsp2 BFEE A(2) 2)2

cout << "1)" << spl->n << "" << sp2->n << endl; //HiH11)2,2
shared_ptr<A> sp3;

A*p=splget(); //p il A(2)

cout << "2)" << p->n << endl; 9



sp3 = spl; //sp3tFLE A(2)
cout << "3)" << (*sp3).n << endl; /i 2
spl.reset(); IIspLIHFHHEE A(2)
if( 'spl)

cout << "4)spl is null" << endl; // 2%
A™* q=newA(3);

spl.reset(q); // sp1LEq Al o

ch))ut << "B)" << spl->n << endl; /%t 3 %Jzt%’n%'
shared_ptr<A> sp4(spl); //spA+LE A(3) 2)2’
shared_ptr<A> sp5; \ 3)2
llsp5.reset(q); %, 2 SEFET 4L A)spl is null
spl.reset(); IIsplifFEHEE A(3) 5)3

cout << "before end main" <<endl, T e
sp4.reset(); lIspl AL A(3) 3 destructor
cout << "end main" << endl; end main

return O; //FEJT 45K, <=delete $5A(2) 2 destructor

} 0
s



#include <iostream>
#include <memory>
using namespace std,;
struct A {
~A() { cout << "~A" <<endl; }

b
int main()
{
A*p=newA,;
shared_ptr<A> ptr(p);
shared_ptr<A> ptr2; i tH 45 R
ptr2.reset(p); /3£ A58 iptrep e pl FEA 114 end
cout << "end" << endl; ~A
return O; ~‘A -
by ZJERER i
Kl p# delete Py Ik
11



HaEnullptr

#include <memory>
#include <iostream>
using namespace std;

intmain() {
int* p1 = NULL,;
int* p2 = nullptr;
shared_ptr<double> p3 = nullptr;

if(pl == p2
B Pt << "oqual 17 <<encl o th R 1 ) e
If( p3 == nullptr) equa| 1
cout << "equal 2" <<endl;
if( p3 ==p2) ;// error equal 2
if( p3 == NULL) equal 4

cout << "equal 4" <<endl;
bool b = nullptr; // b = false
int i = nullptr; //error,nullptr /A~ GE B 50 5 el 45 77
return O;

) 12



ETSeERIforf i

#include <iostream>
#include <vector>
using namespace std;

struct A{intn;  A(inti):n(i) { Y
int main() {

intary[] ={1,2,3,4,5};

for(int & e: ary)

e*=10;
for(int e : ary)
cout<<e<<"";
cout << endl;
vector<A> st(ary,ary+5); A
for( auto & it: st) iﬁﬁ H
~itn*=10; 10,20,30,40,50,
for( Ait:sy 100,200,300,400,500,
cout << it.n<<™"™;

return O;

} 13



H{ES|IHfmoveid X

HAE: —ARRBL, FRAEBGRALA R A X, AL,
Ae bk ey, #A AME

class A{};
A& r=A(Q); / error , A) & LA E, E4A1HE
A && r=A(); llok, r & A1E 5 H

FREARSAEFBTORE, RS FERETRE N3 FH47RXE N
AR B o
7

=

http://amazingjxq.com/2012/06/06/%E8%AF%91%E8%AF%A6%E8%
A7%A3CYES%3F%B3%ES%80%BCY%ES%BC%95%E 7%94%A8/

http://www.cnblogs.com/soaliap/archive/2012/11/19/2777131.html

14
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#include <iostream>
#include <string>
#include <cstring>
using namespace std;

class String
{
public:
char * str;

String():str(new char[1]) { str[0] = O;}

String(const char * s) {
str = new char[strlen(s)+1];
strcpy(str,s);

}

String(const String & s) {
cout << "copy constructor called" << endl,
str = new char[strlen(s.str)+1];
strcpy(str,s.str);

15



String & operator=(const String & s) {
cout << "copy operator= called" << end];
if( str != s.str) {
delete [] str;
str = new char[strlen(s.str)+1];
strcpy(str,s.str);
}

return * this;
}
/[ move constructor
String(String && s):str(s.str) {
cout << "move constructor called"<<end];
S.str = new char[1];
s.str[0] = 0;

16



/[ move assigment
String & operator = (String &&s) {

cout << "move operator= called"<<endl;

If (strl= s.str) {
Str = s.str;
s.str = new char[1];
s.str[0] = 0;

}

return *this:

}
~String() { delete [] str; }
I3
template <class T>
void MoveSwap(T& a, T& b) {
T tmp(move(a)); // std::move(a) N A 1H, X H 2l Hlmove constructor
a = move(b); // move(b) VA1E, KHithiX HE 2> move assigment
b = move(tmp); // move(tmp) v Ai{E, KX B 21 H move assigment

} 17



Int main()

{
[[String & r = String("this"); // error
String s;
s = String("this");
cout << "*** << endl;
cout << s.str << endl;
String s1 = "hello",s2 = "world"; o
MoveSwap(sl,s2); move operator= called
cout << s2.str << endl; *okdk
return O; this
} move constructor called

move operator= called
move operator= called
hello




In-Video Quiz

1. TEOTEXRA 2 LR (BRIZKIHHRTEES) ?
template <class T1, class T2>
auto add(T1 x, T2 'y) -> decltype(x +y) {

return x+y;
}
int main(){
auto x = add( string("hello™),"world");
return O;
}

A)char * B)string C)int D)Ff4¢, LE®ALA A & K45 124F 4T

2. struct A { int n; }; shared_ptr<A> p(new A());
W] AT RS R XA R R XA ?
A)l'p B)p->n; C)*p D)++p;

3. AT IRBAL - IR A S i iR 7

A) string & r = string("this");

B) string && r = string("this");

C) string s; string && r =s;

D) string s; string & r = s; string && rr =r;

19



In-Video Quiz

1. TEOTEXRA 2 LR (BRIZKIHHRTEES) ?
template <class T1, class T2>
auto add(T1 x, T2 'y) -> decltype(x +y) {

return x+y;
}
int main(){
auto x = add( string("hello™),"world");
return O;
}
A)char * B)string C)int D)#4t, @42/ A 15 &5 1R4F 4F
#B

2. struct A { int n; }; shared_ptr<A> p(new A());
W] AT RS R XA R R XA ?

A)l'p B)p->n; C)*p D)++p;

#D

3. AT IRBAL - IR A Ghik 48R 7

A) string & r = string("this");

B) string && r = string("this");

C) string s; string && r =s;

D) string s; string & r = s; string && rr =r;

#B

20
s
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TF AR (RHR)

#include <iostream>

#include <string>

#include <unordered map>

using namespace std;

int main()

{
unordered map<string,int> turingWinner; /%] 52 2255 44
turingWinner.insert(make_pair("Dijkstra",1972));
turingWinner.insert(make_pair("Scott",1976));
turingWinner.insert(make_pair("Wilkes",1967));
turingWinner.insert(make_pair("*Hamming",1968));
turingWinner["'Ritchie"] = 1983;
string name;
cin >> name; /4 N1 4



unordered_map<string,int>::iterator p = turingWinner.find(name);
I35 Gt 44 A 3R A ]
if( p = turingWinner.end())
cout << p->second;
else
cout << "Not Found" << endl;
return O;

%A R AN BT g R B R LT R E




A}
NRAUE Sv.W
#include <iostream>
#include <regex> /i 1 15 1| ik =024 75 it e 1

using namespace std;
iInt main()

{

regex reg("b.?p.*k");

cout << regex_match("bopggk”,reg) <<endl; //4it 1, 2~ UL T
cout << regex_match("boopgggk”,req) <<endl; /4t 0, 2~ ULAL
cout << regex_match("b pk",req) <<endl;  //Hit 1, Lo VL%
regex reg2("\d{3}([a-zA-Z]+).(\d{2}|N/A)\s\1"):

string correct="123Hello N/A Hello";

string incorrect="123Hello 12 hello";

cout << regex_match(correct,reg2) <<endl; /it 1, 2/~ ULHC T
cout << regex_match(incorrect,reg2) << endl; /%t 0, ZZ /< VLI



LambdafRizx\

PR —KW BN L, REREETALBE AL

AR —RGR L, G ARARNT 5B L HHAK?




LambdafRizx\

i
[Sh3R T =7 B 7 R A] (k) DBz EEaiA
{

J

[=] DAEAR T XA R TR I3 =
[] TAE FAEAT I3 R &
[&] As| T XAE R T A b R =

15 a) 4

[x, &y] X VAEAEF AL R, y VA3 B XAE A
[=, &x, &y] X,y VA A X4 R, E&T = MEam X4 R
[&, x, y] X,y VARG XA R, HRT A5 AR g A

“DBEMARA” LT URE, KANRIFR aHAIEREELA, -



LambdafRizx\

int main()
{
int x = 100,y=200,z=300;
cout << [ ](double a,double b) {returna + b; } (1.2,2.5) << end|;
auto ff = [=,&y,&z](int n) {
cout <<x << endl;
y++; Z++;
return n*n;
3
cout << ff(15) << endl;
cout<<y<<""<<z<<endl,



LambdafRizx\

int main()
{
int x = 100,y=200,z=300;
cout << [ ](double a,double b) {returna + b; } (1.2,2.5) << end|;
auto ff = [=,&y,&z](int n) {
cout <<x << endl;

y++; 2++;
return n*n;
; o
cout << ff(15) << endl; iﬁu7th'
cout<<y<<""<<z<<endl, 160
) 225
201,301




LambdafRizx\

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

10



LambdafRizx\

int a[4] ={4,2,11,33};

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

for_each(a,a+4,[](int x) {cout << x <<"":});

ik
112334

11



LambdafRizx\

#include <iostream>

#include <algorithm>

#include <vector>

using namespace std;

Int main()

{
vector<int> a {1,2,3,4};
Int total = 0;

FEF 45 2R
10
2468

for_each(a.begin(),a.end(),[&](int & x) {total += X; Xx*=2;});

cout << total << endl; /%t 10
for_each(a.begin(),a.end(),[ J(intx) { cout << x <<"™;});

return O;

12



LambdafRizx\

LN RKERAZHD] FEnR

function<int(int)> fib = [&fib](int n)
{returnn<=27?1: fib(n-1) + fib(n-2);};

cout << fib(5) << endl; //%iH5

function<int(int)> 2T B/ AA int, A —/inth
009 & 2K

13




In-video Quiz

T AL ek 4 R &

intn=0;

inta[] ={1,2,3,4 };

for_each(a,a+4,[&](int e) { ++e; n+=¢; });
cout << n <<"" << g[2] << endl;

A)14,3

B)14,4

C)10,3

D)10,4

14



In-video Quiz

T AL ek 4 R &

intn=0;

inta[] ={1,2,3,4 };

for_each(a,a+4,[&](int e) { ++e; n+=¢; });
cout << n <<"" << g[2] << endl;

A)14,3

B)14,4

C)10,3

D)10,4

#A

15



AR > > g ] 2h 2k K Sy

PEKING UNIVERSITY

TR L)

SR ¥ http://weibo. com/guoweiofpku
http://blog. sina. com. cn/u/3266490431

X KB I http://weibo. com/pkuliujiaying




TR » = a. 41 2> > 25 = oL e T = . SR ETA
N e 7 S 2 FEMFERFRE (BFETEI) IiE XK

& /'  PEKING UNIVERSITY

sl R BUEL




static_cast. interpret_cast
const_castfldynamic_cast

1. static_cast

static_castHl k3t HAiTILE “ AR FofK X [6 49 55 352
Fodn B A fo R A | FRAIZ A B AREE R,

static_cast AR R AR AR 693542 A ARt 4, &
TR B T A fetistz B e /a5, LA H T AR X
g 5| F Z 18] 9 %% 3




//static_castr~ 5]
#include <iostream>
using namespace std;
class A
{
public:
operator int() {return 1; }
operator char * (){ return NULL; }
2
Int main()
{
Aa;
int n; char * p = "New Dragon Inn";
n = static_cast<int>(3.14); // n [{J{E4 4 3
n = static_cast<int>(a); /i Ha.operator int, nfJ {4~ 1



p = static_cast<char*>(a); //ifiHa.operator char * pl1J{E 2y NULL

n = static_cast<int> (p); //ZniEii1%, static_castAN BN FR N 4 pl
p = static_cast<char*>(n); //4u 5%, static cast/s e B AL H5 4
return O;



e 2.reinterpret cast

reinterpret_cast Fl RSt iT 2 AP B R A GG A54TZ M agdtdk, R XA 5] A
Z A5, VAR AGA Ao i NI T 45409 B R AV M 6945 3%, 42389 rti%,
AT 2 AL 43 N A 1%,



/lreinterpret_cast7~
#include <iostream>
using namespace std;

class A
{
public:
inti;
Int j;
, A(Int n):i(n),j(n) { }
int main()
{

A a(100):

int & r = reinterpret_cast<int&>(a); /5171l r 5| 1] a
r=200; /M a.i &k 1 200

cout << a.i << "," << a.j <<endl; // %t 200,100

int n = 300;



A * pa = reinterpret_cast<A*> ( & n);
pa->i = 400;

pa->j = 500;

cout << n << endl;

long long la = 0x12345678abcdLL;
pa = reinterpret_cast<A*>(la);

unsigned int u = reinterpret_cast<unsigned int>(pa); s L 4k B
cout << hex << u <<endl; 200, 100
typedef void (* PF1) (int); 400
typedef int (* PF2) (int,char *); 5678abcd
PF1 pfl, PF2 pf2;

pf2 = reinterpret_cast<PF2>(pfl);



e 3. const cast

A kAT A% const /B 69453, Wconstd| A4 #epx 5] £ A 49 dEconst 3] A,
¥constAg4taE 34 B £ A a9 dEconst 54T T Al w0 ) dm:

const string s = “Inception”;
string & p = const_cast<string&>(s);
string * ps = const_cast<string*>(&s);



e 4.dynamic_cast

o dynamic castEH 1A T Z 5L L9343 A, &
W IR A XA IRET R G|, T ELRR A T 4100
A, T RZAMISAT IR, 34 F IR EINULL
¥4t

e dynamic_castFAE F TIFIE 2 S A L9454 51 A,
TR A3 A Uk A R AGAG AT R A A

10




//dynamic_cast/s 1l
#include <iostream>
#include <string>
using namespace std;
class Base
{
public:
virtual ~Base() { }
b
class Derived:public Base { };
int main()
{
Base b;
Derived d;
Derived * pd;
pd = reinterpret_cast<Derived*> ( &b);

11



if( pd == NULL) /it 4bpd A2 ANULL .
llreinterpret_castAku & 22, SoE i TR i
cout << "unsafe reinterpret_cast" << endl;

AT
pd = dynamic_cast<Derived*> ( &b);
if( pd == NULL)

45 R ZNULL, N &bARTERNRAETRIN R, A 24
cout << "unsafe dynamic_castl" << endl; //Z=H1T
Base * pb = & d;
pd = dynamic_cast<Derived*> ( pb): /2 4= [ i
if(pd == NULL) //itb/kbpd A~ 2 NULL
cout << "unsafe dynamic_cast2" << endl; // /24T
return O;

¥
B 25 R

unsafe dynamic_castl 19
s



Derived & r = dynamic_cast<Derived&>(b);

AR %A AT FIBT iz 55 32 & 2R7

EBE maeNkd 3w

13



In-Video Quiz

ATHREALF ZRmFINa B 67

A)struct A {}; struct B:public A {}; A * pa; B* pb; pb = dynamic_cast<B*> (pa);
B)int * p = static_cast<int *> ("this");

C)string s; int * p = reinterpret_cast<int *> (& 3);

D)unsigned u = static_cast<unsigned *> ("this");

14



In-Video Quiz

ATHREALF ZRmFINa B 67

A)struct A {}; struct B:public A {}; A * pa; B* pb; pb = dynamic_cast<B*> (pa);
B)int * p = static_cast<int *> ("this");

C)string s; int * p = reinterpret_cast<int *> (& 3);

D)unsigned u = static_cast<unsigned *> ("this");

#C

15
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i LT

o CH+F# A& m: try. throw. catch
e % & #l(exception specification)

e =/ % (Uunexpected exception)

o T A FEaIE

o NENBEHENAFFRA

e New




AN

o MFIBITFEMERAEIE
o HAAFZETAAAR. HIFINULLAE 4T
o MREAO
o FINERNGHENeWSE 2 G TR KK

o FIAXKFFIHFIRA:
o RABMELR, HABUG
o MAKERFLEZK
o AL EYH KT E RN 3

o FARABEHLLAFTIT

o RBRWMFFIHNGEL: B—BRBREN, FAFF

o REMITALFIEAT P LR AW FH B BUH M AN A
R F) ., B LEFIFNZARTR



o HEWHIMER: BV A REFT T, KGR,
83X A ik HF R K R Y
...... I13F LAFABEAT T A8 K 691
fun(arg, ...... )i/l °T 8% B & F %
o calleriz4efT4id fun(arg, ...... )T REFE
BARAEFE, ST AGLEIAT
RAEFE, BIZAELE RALFP AT AT LR AT AT AR R AE
e fun(arg, ...... )R B L& T K IF 6 X
fun(arg, ...... )69 % B H A Fm il F A AR T AT A ) AN B

fun(arg, ...... )R B AAEERAX P, BiTREEN T XX 5L
LTRERE

- REASHBALF R
- TRERA S M AT, i8R EAA| BT AR BRI
¢ FEMFH
o RHFFLEIKMEONT, HARYXHPRRAGFE
o Mol BAIEEIT R A FF FRED S FRFIEE O

e ———



ltry. catchiIER=

#include <iostream>
using namespace std;

Int main()

{
double m n;
cin >>m >>n;
try {

cout << "pefore dividing." << endl;
if(n==0)

throw -1; //#% & int £ 7 %3
else

cout <<m/n<<endl,
cout << "after dividing." << endl,



catch(double d) {
cout << "catch(double) " << d << endl;

¥
catch(inte) {

cout << "catch(int) " << e << endl;

}

cout << "finished" << endl;
return O;

before dividing.
1.5

after dividing.
finished



/130 FRAEAT 7 % B9 catch3k
#include <iostream>
using namespace std;

int main()
{
double m ,n;
cin >>m >>n;
try {
cout << "pefore dividing." << endl;
if(n==0)
throw -1; //4w i 2 A 5
elseif(m==0)

throw -1.0: //#% & double 2! 5 &
else

cout <<m/n<<endl;
cout << "after dividing." << endl,



catch(double d) {
cout << "catch(double) " << d << endl;

}
catch(...) {
cout << "catch(...) " <<endl,

}

cout << "finished" << endl:

return O;
}
AL s fT¢E R, 06V
9 0¢ before dividing.
before dividing. catch(double) -1
catch(. ..) finished
finished



>+ HY B

S R — AN H RHAEPAT R TAE T, P b 89 FF A AL A st catch
K FRIET, N LAZEF T AN EIA R R R H (L
M E—ERHRT ); e RFTF AL P RMALIE, KK
s b —E69 R A
/|5 % B
#include <iostream>
#include <string>
using namespace std;
class CException
{
public :
string msg;
CException(string s):msg(s) { }

}3 10



double Devide(double x, double y)

{
if(y ==0)
throw CException("devided by zero");
cout << "in Devide" << endl;
return X / y;
¥
int CountTax(int salary)
{
try {
if( salary <0)

throw -1;
cout << "counting tax" << endl;
¥
catch (int) {
cout << "salary < 0" << endl;

}
11



cout << "tax counted" << endl;
return salary * 0.15;

¥

Int main()

{
double f=1.2;
try {

CountTax(-1);
f = Devide(3,0);
cout << "end of try block™ << endl;

}
catch(CException e) { 4R

cout << e.msg << endl; salary < 0
} tax counted
cout << "f=" << f << endl; devided by zero
cout << "finished" << endl; =1.2
return O; finished

i 12
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bad_cast
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#include <iostream>
#include <stdexcept>
#include <typeinfo>
using namespace std;

class Base
{
virtual void func(){}
I
class Derived : public Base
{
public:

void Print() { }
14



void PrintObj( Base & b)

{
try {
Derived & rd = dynamic_cast<Derived&>(b);
W3 353 %4, 44 dbad castF %
rd.Print();
¥
catch (bad_cast& e) {
cerr << e.what() << endl,
by
¥
int main ()
{
Base b;
PrintObj(b);
return 0; o 2%
} Bad dynamic_cast!
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bad_alloc
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#include <iostream>

#include <stdexcept>

using namespace std;

int main ()

{
try {
char * p = new char[Ox7fffffff]; // T x5 feix 2 % =], & 7w
¥
catch (bad_alloc & e) {
cerr << e.what() << endl;
¥
return O;
¥ iy 45 R

bad allocation
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out_of range
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#include <iostream>

#include <stdexcept>

#include <vector>

#include <string>

using namespace std,;

Int main ()

{

vector<int> v(10);
try {

¥
catch (out_of range& e) {

cerr << e.what() << endl,

v.at(100)=100; //# % out of ranges+ %

}
17



string s = "hello";
try {

¥
catch (out_of range& e) {

cerr << e.what() << endl;

char ¢ = s.at(100); /4 Hout_of range 7%

}

return O;
by
Lo
invalid vector<T> subscript
invalid string position
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