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static_cast. interpret_cast, const_castf[lJdynamic_cast

1. static_cast

static_castFAsRIARITELER "B FUEXEAYAEHR, Eb
QNEERVFNSLEEY, FRIEL A/ E1EEHA,

static_castfRBERMEARSEEAVIS T < B BB, A
BT EANIEFT AR BB, AR TARSEERY
5| Az BIAY4E A,




static_castiRfl

#include <iostream>
using namespace std;
class A
{
public:
operator int() { return 1; }
operator char * (){ return NULL; }
}i
int main()
{
A a;
int n; char * p = "New Dragon Inn";
n = static_cast<int>(3.14); // n BIEZEH 3
n = static_cast<int>(a); //fa.operator int, nfIEZEH 1

o
s



p = static_cast<char*>(a);

//@Pa.operator int *,pAYETE/ NULL
n = static cast<int> (p);

//HRFHIR, static cast A BEISHSEHIEIRREEERY

p = static cast<char*>(n);

/ /HRIFHIR, static cast R EEIGEEBUEIAREISET

return 0;



2. reinterpret cast

reinterpret_castFsRIF T ARSRERIISTT Z [BRVEEHR. A=
KBRS FHZIEEER, LINISTTHIRERING et
HUAEIR, ACRAORTR, HUTHIRZ RS AR,



reinterpret castRfjl
#include <iostream>
using namespace std;
class A
{
public:
int i;
int j;
A(int n):i(n),j(n) { }
}i
int main|()
{
A a(l100);
int & r = reinterpret cast<int&>(a); //iE{TiL r 5IH a
r =200; //iB a.i TRET 200
cout << a.i << "," << a.j << endl; // ity 200,100
int n = 300;




A * pa = reinterpret cast<A*> ( & n); //iE{TiL pa f8E n
pa->i = 400; // n 3FTRE 400

pa->j = 500; //WFRiEAVAEZ, RoIseSEIEFmER

cout << n << endl; // g 400

long long la = 0x12345678abcdLL;

pa = reinterpret cast<A*>(la);

// laXik, BEUK32{ii0x5678abcdiEMiGpa

unsigned int u = reinterpret cast<unsigned int>(pa);
/ /paiZ N EbIFHE M Elu

cout << hex << u << endl; //H§ih 5678abcd

typedef void (* PFl) (int);

typedef int (* PF2) (int,char ¥*);

PFl pfl; PF2 pf2;

pf2 = reinterpret cast<PF2>(pfl); iﬁg%n'%%%
/ /PN A RRE R REETE T Z BT LAE SR 200
5678abcd




3. const cast

Ak TR RconstEEAVEEHE, IGconsts | AL R EISSERVAE
const5|[H, Fconstigtieit NEIZREIRYIEconstiBE AT FHE. #140:

const string s = “Inception”;

string & p = const cast<stringé&>(s);
string * ps = const cast<string*>(&s);
// &sBYFEBIRBconst string *

10




4. dynamic cast

e dynamic_cast&[ JBTRZSESAIIETTES A, =2
HlAE R TIRESSAVIEETELS |, THER ﬁJZd‘QEi?TQE’J

Zel. WFALEHIETE
B8t
e dynamic_castAEERTI5

EEIR, BRIREESRIREINULL

F SRR ETELS A,

SRR IR E SRR ES | F
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dynamic_castjl
#include <iostream>
#include <string>
using namespace std;
class Base
{ //BERY, BEWESTER
public:
virtual ~Base() { }
};
class Derived:public Base { };
int main|()
{
Base b;
Derived d;
Derived * pd;
pd = reinterpret cast<Derived*> ( &b);
12



if ( pd == NULL)
/ /W pAAREAINULL, reinterpret_castfMEERZE, BRHITIHR
cout << "unsafe reinterpret cast" << endl; //ASHIT
pd = dynamic_ cast<Derived*> ( &b);
if ( pd == NULL)
//EREENULL, BB sbAZREMRIRERWR, WERAZE
cout << "unsafe dynamic_castl" << endl; //&HiT
pd = dynamic_cast<Derived*> ( &d); //ZERIIEIR
if ( pd == NULL) //ltfkpd AREHNULL
cout << "unsafe dynamic _cast2" << endl; //AEHIT
return O;

}
SR

unsafe dynamic castl

13




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

bz lEmziemEn < =le?

Bx. ARENHFE

14
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BRI RERRE

o EFEITREMRKRERR

o FUATEATIRER. HIRINULLIEST
o [REUHO
o FESHEDERneWEENFIEZTEIAK

16




BRI RERRE

o SEXERERIIIRA:
o ABEEARS, FEBUG
o HMASIEAFEEKX
o EFNEZERITIEEAER
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BT RERS

o AREEBRIMRIIERIE

o EEBRIEREBRIES: B—EBRRBEEN. +47E

/—

17

o BEBENEFIZITRERENSHBHEAE: BIEXNWMANHRNE]. BNERH

IBHIRSRIR. ...
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FrtiE

> I ERBETHIRARETERE. ERHAEESFEHTELEROS
EAREIRITE TEAER A RS B RN ERE.

> SHRZEARAERETRE, ILREEAETIERYE
> FAREHREESHSFEALE

19




Jtry. catchitfTH R4

#include <iostream>
using namespace std;
int main ()

{

double m ,n;
cin > m >> n;

try {

cout << "before dividing." << endl;

if( n == 0)

throw -1; //#lintFEERE
else

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

20




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

}

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

}
cout <<

"finished" << endl;

return 0O;

}
EFETERUT:

9 6¢

before dividing.

1.5

after dividing.

finished

21




HIREMIRERcatchiR

#include <iostream>
using namespace std;
int main ()

{

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

cout << "before dividing." << endl;

if( n == 0)
throw -1; //INHEERE
else if( m == 0 )
throw -1.0; //#iHidoubleBiFE
else
cout << m / n << endl;
cout << "after dividing." << endl;

22




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

}
catch(...) {

cout << "catch(...) " << endl;

}
cout << "finished" << endl;

return 0;
RIS TR _—
207 before dividin
before dividing. I
catch(...) ca'ztc':h (double) -1
finished finished

B tryRBEXNEHER, SESERSTH! .




FEHIBL

MR—DEREEFITRIERET, MHASFEERRIAFRK cat chBRFRIRFLIE T,
LAZFEMASNEX N RERVERE (BR " E—ERRE" ), IREEE
AR RGNS, HHS E— BRI

FEEEH

#include <iostream>

#include <string>

using namespace std;

class CException

{

public :
string msg;
CException(string s) :msg(s) { }

24



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;

25



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

}

int main|()
{
double £ = 1.2;
try {
CountTax(-1) ;
f = Devide(3,0);
cout << "end of try block" << endl;

}
SR -

catch (CException e) {

cout << e.msg << endl; salary < 0
} tax counted
cout << "f=" << f << endl; devided by zero
cout << "finished" << endl; ff(Z
finished

t 0;
return 26
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C++inERFEZE

o CHiNEEFTHE—LRERERE

, XS

»bad_typeid

/ .bad cast

4
exception—— bad_alloc

W

\\
%

1

b1

SEEZ MexceptionsSREMSK

\ios_hase:failure

*logic_error

-out_of range

27



bad cast
=H dynamic cast@#HITMNEZSERTISR (85|H) , ZRESSHS | FERYESISEE
Ry, MNREHMEAZER, NShBLERE.

#include <iostream>
#include <stdexcept>
#include <typeinfo>
using namespace std;
class Base
{

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

void Print() { }

};
28



void PrintObj( Base & b)

{

try |
Derived & rd =

dynamic_cast<Derivedé&>(b) ;

/ / WEEREA RS, Silitibad castR®E
rd.Print () ;

}
catch (bad cast& e) {
cerr << e.what() << endl;

}
}

int main ()

{

Base b;
PrintObj (b) ; EyHHEEER
return O; Bad dynamic cast!

t 29



bad alloc

ERnewizBFHITIISHRELER, MRREEHENINE, NE5IRILEEE.

#include <iostream>
#include <stdexcept>
using namespace std;
int main ()
{
try {
char * p = new char[Ox7fffffff];
/| TERTXAZZE, SfbRE
}
catch (bad alloc & e) {
cerr << e.what() << endl;

} SR
return 0; bad allocation

} 30



out of range

FAvectorBstringfJat kR REURE PRt ER, R TingsR, mshd
EE, Han:

#include <iostream>
#include <stdexcept>
#include <vector>
#include <string>
using namespace std;
int main ()
{
vector<int> v (10) ;
try {
v.at(100)=100; //{iiifiout of rangeHH
}
catch (out of range& e) {
cerr << e.what() << endl;

} 31




string s = "hello";

try {
char ¢ = s.at(100); //#llHiout of rangeRHE

}

catch (out of range& e) {
cerr << e.what() << endl;

}

return O0;

}
HEEER

invalid vector<T> subscript
invalid string position

32



e Z

B | SERIEINE R 285

= — Sl | _—
3 PEKING UNIVERSITY — ! e

11 THIZRE

e

|
04

3
A

KSEEEM




E{THISRENGE

o C++izBfftypeidZ2RBEEEFT, RILMEEFEITIRETIREN— 1 RIATHHERY
KA., typeidzBHIRENERE—Mype_infosRAINIR, EmEmBET=ENER.

34



typeidflltype_infoRdi&imfl

#include <iostream>

#include <typeinfo> //ZE{fftypeinfo, FTZ=ULLIZIE
using namespace std;

struct Base { }; / /AESEE3E

struct Derived : Base { };

struct Poly Base {virtual void Func(){ } }; //Z&EEE
struct Poly Derived: Poly Base { };

int main()

{

/ /BB

long i1; int * p = NULL;

cout << "1l) int is: " << typeid(int) .name () << endl;
//%iH 1) int is: int

cout << "2) i is: " << typeid(i) .name() << endl;
//%iH 2) i is: long

cout << "3) p is: " << typeid(p) .name() << endl;
//8%iH 3) p is: int *

cout << "4) *p is: " << typeid(*p) .name() << endl ;

| 4) *p is: int 35



/ /1 EES5EE

Derived derived;

Base* pbase = &derived;

cout << "5) derived is: " << typeid(derived) .name () << endl;
/ /8 5) derived is: struct Derived

cout << "6) *pbase is: " << typeid(*pbase) .name() << endl;

//% 6) *pbase is: struct Base
cout << "7) " << (typeid(derived)==typeid (*pbase) ) << endl;
//Eﬁﬁtl.‘. 7) 0
/1 BERE
Poly Derived polyderived;
Poly Base* ppolybase = &polyderived;

cout << "8) polyderived is: " << typeid(polyderived) .name () << endl;
//%ith 8) polyderived is: struct Poly Derived
cout << "9) *ppolybase is: " << typeid(*ppolybase) .name() << endl;

/ /%t 9) *ppolybase is: struct Poly Derived
cout << "10) " << (typeid(polyderived) !=typeid(*ppolybase) ) << endl;
//%th 10) 0
} 36



BoostZEFAYJ Boost.Any

o LI ZSBIRIFNA

any a = 10;

a = string(“hello world”);

a = myclass();

cout << any_ cast<int>(a);

e X7J any cast

o FERYSREL SHIRAYREIA—EISHE

A

/] FhE— int
/] BT

// FEECHNER

// HEIRITFEAISE

o FRETHRA—EUR

Zfgst

qbad_any cast

37



Boost.Any Bk

#include <boost/any.hpp>
PR EREY
any(); ~any();
any(const any&);
any& operator = (const any&);
any& swap(any&);
bool empty();
template<typename ValueType>
any(const ValueType&);
any& operator = (const ValueType&);
JRI7EREL:
template<typename ValueType>
ValueType any_cast(const any&);

// Throw bad_any_cast

const ValueType* any cast(const any*); // Return NULL

ValueType* any cast(any*);

38



Boost.Any 75={§l

#include <iostream>
#include <vector>
#include <algorithm>
#include <string>
#include <boost/any.hpp>
using namespace std;
using namespace boost;
class MyClass { // [BEREGRIBMyCclassigigittE
public:
void f£() { cout << "func." << endl; }

};

39



void print any(anyé& a) {
int* pi; string* ps; MyClass* pc;

if (pi = any cast<int>(&a)) // IREY
cout << *pi << endl;

else if (ps = any cast<string>(&a))
cout << *ps << endl;

else if (pc = any cast<MyClass>(&a))
pc->£ () ;

S—



int main ()
{
any a = 1;
cout << any cast<int>(a) << endl;
a = string("Hello World!");
cout << any cast<string>(a) << endl;
a = MyClass();

// Pointer cast. b

any cast<MyClass>(&a)->£(); 1

// Use it in a vector. Hello World!
vector<any> v; func.
v.push back (100) ; 100
v.push back (string("Hello World!")) ; Hello World!
v.push back (MyClass()) ; func.

for each(v.begin(), v.end(), print any);



Boost.Any

o AnyZIN{AISCHIAY?

HSRER + BIRIRE = WIFTHEE
class any _impl
= abstract class.
template<class T>class any impl_t: public any_impl
= Implements any_impl.
any
= any_impl* impl;
= Assign: impl = new any_impl_t(value);
= Delete: delete impl;

RTTI(runtime type identification)
#include <typeinfo>
const typeinfo& info = typeid(*p);
info.name(), infol == info2, etc.

42



#include <iostream>
#include <string>
using namespace std;
class MyAny {
public:
class baseValue { },
template<class T>
class MyValue :public baseValue {
public:
T value;
MyValue (const T & v) :value(v) { }
T GetValue() { return value;}
}i
template <class T>
MyAny( const T & v) :content (new MyValue<T>(v))
{ }

baseValue * content;



template <class T>
T MyAny cast( const MyAny & m)
{

return (static cast<MyAny::MyValue<T> *> (m.content))
->value;

}

int main ()

{
MyAny a = 123;
MyAny b = string("mystring") ;

A .
char * p = "Hello"; EWtH-
MyAny c = p;

cout << MyAny cast<int>(a) << endl; 123

cout << MyAny cast<string>(b)<< endl; :
o mystring

cout << MyAny cast<char *>(c)<< endl; '

return O; Hello



FRTERFE{ERER

#include <iostream>
using namespace std;
int main()
{
cout << "this 1is"
" a good "
"thing" << endl;

}
G .

this i1s a good thing

45



ZXHHELRFTE:
E— 1M EHRENX, Bt (HFRHextern FEH

a.cpp:
int x = 100;

b.cpp:
extern int x; //LbAEAEIYIGEWL

c.cpp:
extern int x; //UALAETVIIE(L

46



ZNHHELFEE:
E—"1"" {4 Hextern constiENX, Bt XX{FHAHextern const =HH

a.cpp:

extern const int x = 100;

b.cpp:

extern const int x;

47



ZNHSBEEREREEE:
a.cpp:

const int x = 100;

b.cpp:

const int x = 200;

48



ZX (& nES HIER inlineE{EL

inlinelRESEFLM, AENHES NGRS

a.cpp:

inline void pt()
{
cout << "bad";

}

b.cpp:

inline void pt()
{
cout << "bad";

}
49



ZX A HIERESHERE ARRinline &Y

a.cpp:

inline void pt()
{
cout << "bad";

}
a.cppiflAptiaitl "bad"

b.cpp:

inline void pt()

{
cout << "good";

}
b.cppRifHptNiEd "good"

50




Z X SHEERISEEN

a.cpp:
class A {

int v;
public
void print() {

cout << "good" << endl;

}
};
b.cpp:
class A {
int v;
public
void print() {

cout << "good" << endl;

}

ol



ZATENBARNE
#include <iostream>
#include <string>
using namespace std;
int main()
{
string s;
while (getline(cin,s))
cout << s << endl;

return 0;

/ | sSTRARTEIRIT

52



FEMZEERITEET

#include <iostream>
#include <string>

int main|()
{
int a[3][4];
int (*p) [4]1; //# int * p[4]A[HE
int c[5];
int d[4];
//p = c; //error
p = &d;
(*p) [0] = 122; -



IEREARTEET
cout << d[0] << endl; //=> 122
p =a;
(*p) [0] = 333;
cout << a[0][0] << endl; //=> 333
p =& al[2] ;
(*p) [0] = 444;
cout << a[2][0] << endl; //=>444

return 0;

o4



FEmEEERYEET
typedef int int 4arrayl[4];
int main() {
int a[3][4];
int 4darray *p = a;
(*p) [0] = 122;
a[1l][0] = 555;

cout << a[0][0] << endl;

/ /it a2ERTTE
for (int 4array *q = a; g != a + 3; ++ q )
for(int * s = *q; s !'= *qg + 4; ++s)

cout < * s << endl;

return 0;

S



B PR TR %z E

1) PMRIEEERARE, NLERAKE (o)
-21 & -8 ; // result is -5
2) FNMREH—IE—R”
IRHNEE/XK,
MERTTSHESF (HFRE) , WERR—NENE
21 $ -5; //result is 1

MRERTSHIE (PREN) . WERERITHS—EE
21 % -5; //result is -4

56



RIANHBREEGT BIF R B ARE

£1()*£2() SRl ()RRL2 () iZNE

if( a[index++] < a[index]) { //&EBEA—E
}

o/



BN EEAHFESTE

#include <iostream>
using namespace std;
const int v = 100;
int main(int argc, char *argv[]) {
cout << sizeof(v) << endl;
//int * p = const cast<int *>(& v);
int * p = (int *) (&v);,
* p = 200; //SHiERFES
cout << * p << endl;
return O;

58



IRESSEFHHY = MIZJHREZRAY =

struct A {
A & operator = (const A & a) {

if( this == & a)
return * this;
cout << "operator =" << endl;

return * this;

};
struct B :public A{
B & operator = (const B & b) {
if( this !'= & b)
A: :operator=(b) ;
return * this;

};b;

59



const 5| RIS ERIAEBEULURAEERTEENTE

#include <iostream>

using namespace std;

int main()

{

int 1 = 42;

const int &rl
const int &r2
cout << rl <<

42 ;
rl + 10;
," << r2 << endl;

double d = 3.14;
const int &rxrd = 4;
cout << rd << endl; // => 3

return 0;

//=> 42,52

60



EIIEE R R 24
struct A {
A(int b) { }
};
template <class T1l,class T2,class T3>
Tl Sum(T2 a,T3 b) {
return a + b;

}

int main ()

{

Sum<A>(3,4); // T1 /2, T2,T3MEESHEHT
Sum<A,int,int>(3,4);
return 0;

61



EIIEE R R 24
struct A {
A(int b) { }
};
template <class T1l,class T2,class T3>
T3 Sum(Tl a,T2 b) {
return a + b;

}

int main ()

{
Sum<A>(3,4); //error
Sum<int,int,A>(3,4);
return O;

62



EREFEE I ESEURIRLAIL
template <class T>

int compare(const T & a ,const T & b) {

return a - b;

}

int main ()

{
typedef int (*PF) (const int & ,const int &) ;
PF p = compare; / /' SEUEREEHIE
p(1,2);

return 0;

63




£

— P RALIEZTERESR,
class A{},
class B { }

class C :public A, public B { };
CEHBA BERIE PR
N ALTEZIRIK?
HELIBERGIF

X Y 222k 75

64




SRR

class A { A
public :
int va; / \
void fun() { } B C
}; [lsizeof(A)=4
class B : public A { intvb; ¥; N
I/ sizeof(B) = 8 D

class C :publicA { intvc;, },
I sizeof(C) =8

class D : public B, public C { int vd ; }; XIRAB B
lIsizeof( D) =20

va
03
dva=0 /X va
d.B::va=0; // ok
d.fun(); // — X1 VC
d.C::fun(); // ok vd -




virtual B3 - BVt

ESMRERT, SIRESSDRIEZRESSparentAfHixESSparentBEBESbaseVikE
KA, FEEfEparentAfparentBRIE X iBbasemE AR virtualE, XHEDFRE—H
MbaseZf7EKRIRR. FEEIFZEDHIRIRET,
o HDHEWIRvirtualFEZEbase
o DIt EREESLparentA, BiERKparentBRY, EAFHITESSbaseHI#IIAL
class B : virtual public A { intvb; };

Il ARBRIEINEZE, sizeof(B) =12
class C : virtual public A { intvc; };

Il ARCRYREHAESS, sizeof(C) =12
class D : public B, public C { int vd ; };

/Isizeof( D) =24

dva=0:; // OK
d.fun(); // OK

66



o HERIE—NIRERAINRES, SUWEKRPREEZRAIN
SRR, ATFRERABHIT—IR

class Base {
public:
int val;
Base() { cout << "Base Constructor" << endl; }
~Base() {
cout << "Base Destructor" << endl;

¥
b
class Basel:virtual public Base { };
class Base2:virtual public Base { };
class Derived:public Basel, public Base2 { };

EIHZEER :
' Base Constructor
main
D(e)ri{ved d: Base Destructor

}

67




TR BTN, EREERWRIRE FEMEFREdr &

class B : virtual public A { intvb;}; //sizeof(B) =12
class C :public A {int vc;}, I/ sizeof(C) = 8
class D : public B, public C {intvd ; }; //sizeof( D) = 20

D d;
dva=0 /[—_NX

68
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SYIKIRERXIREZE IR AVE R
struct A {int n; };
struct B :public A { };
struct C: public A { };
struct D: public B,C { };
int main() {
D d;

printf ("$p\n", &d) ;

printf ("$p\n", (B*) &d) ; 0152fea8
_ 0152fea8
t£("$p\n", (C*) &d) ;
printf (Tspin®, (CT) &d) 0152feac
printf ("$p\n", (A*)&d); // error W%
A a=d; // error Z—Nl%
return O;

—71



SYIKIRERXIREZE IR AVE R
struct A { int n; };
struct B :virtual public A { };
struct C: wvirtual public A { };
struct D: public B,C { };
int main() {

D d;

printf ("$p\n", &d) ;

printf ("$p\n", (B*) &d) ; 0152fead
. 0152fea4d
££("3p\n", (C*) &d) ;
printf ("$p\n", (C*) &d) 0152fea8
printf ("$p\n", (A*) &d) ; 0l152feac
A a =d;
return O;

—72



IEFSSR RZERIISET

struct A {
int m;
int n;
string c;

A(int m_,int n_,string c_):m(m_),n(n_),c(c_) { }

/3



int main ()

{

int A::*pl; //aMaRint BIpERAYISET

string A::*p2; / /{8MARstring BIpKRAYEET
A a(l,2,"hello");

pl = & A::m;

P2 = & A::c;

cout << a.*pl << endl;

cout << a.*p2 << endl; 1
Pl = & A::n; hello
2

cout << a.*pl << endl;

return 0;
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TRESR R EREATTEET
struct A {
int n;
void funcl () const {
cout << "funcl" << endl;
}
void func2() const {
cout << "func2" << endl;
}
int func3(int a,int b) {

return (a+b)/n;

75



int main () {
typedef void (A::* PAF1l) () const ;
typedef int (A::* PAF2) (int ,int );

PAFl pl = & A::funcl;

A a;

(a.*pl) () ; funcl
pl = & A::func2; func2
(a.*pl) () ; 4

PAF2 p2 = &A::func3;
a.n = 2;
cout << (a.*p2) (3,5) << endl;

return 0;

} 76
s



C++iE PR FACRRZN
FREBCEREIAIETEREI extern "c", BN
extern "C" void c_func() ;

SRS ERE A BRI -

extern "C" {
void c_func() ;

void c_func2() ;

D
=

ER2FERA, EHHENHEAZISRS. m:

[



C++iEF /A FICRREN

Vi

Dev MY CcIiE (FHEZTIERHERECTIE)

a.c

#include <stdio.h>

void c_func()

printf ("c_func\n");

cprij.dev, A

/8



C++2 A FACRRIZL

Dev By c++IF8 cplus.dev, AF
main.cpp:
HHBTE Project|Project Options|Parameters|Linker iRl a.o
#include <iostream>
extern "C" void c_func() ;
int main(int argc, char *argv[]) {
c_func() ;
return O;
}
1&1{Tcplusprj.exe £HR: ¢ func

Bk extern "C" , MFHERHRIKAE °°°c_funce? #§
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CIERIEFHC++ERZY

Dev By C++ Static Library If& cplusprij2.dev, HE
c.cpp

#include <iostream>
using namespace std;

extern "C" void cpp funcl() { cout << "cpp_ funcl" << endl; }

void cpp funcl (double m) {

//BI extern "Cc" REMRIBMERFEE
cout << "cpp funcl:" << m << endl;

}
void cpp funcl (int a, int b) {

cout << "cpp funcl,a,b=" << a << "," << b<< endl;

) 80



CiZFARIC++RRZL

{#fdumpbin B

.a X, RMABLERFER

dumpbin /all cplusprij2.a:

3 public symbols

E cpp funcl [/ cpp funcl
7E _ Z9cpp_funcld / /3R cpp funcl (double)
7E _ Z9cpp_ funclii [/ cpp funcl (int,int)
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CIERERC++EREN

Dev B9 ¢ IT#E cprj.dev, AE

a.c

H#BTE Project|Project Options|Parameters|Linker il cplusprj2.a
#include <stdio.h>

void cpp funcl() ;

void Z9cpp funcld(double ) ; //BFLER
void Z9cpp funclii(int ,int); //BFER
int main() { S s— =4
HfFIZ1T4ER
cpp_funcl();
_Z9cpp_ funcld(2.98) ; cpp_funcl

cpp_funcl:2.98

_Z9cpp_funclii(1l,2);
cpp_funcl,a,b=1,2

return 0;

) 82



CIERIEFHC++ERZY

IRiFATIREEEER
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CIERIEFHC++ERZY

IRiFATIREEEER

RE:
cplusprj2.a BEMEiRBEEc+HNEERSTHMITIES
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CIERIEFHC++ERZY

IRiFATIREEEER

RE:
cplusprj2.a BEMEiRBEEc+HNEERSTHMITIES

RER :
{EIfEcprj.devE, Project|Project Options|Parameters|Linker #RBC++iRERE

D:/Application/Dev-Cpp/MinGW64/1ib/gcc/i1686-w64-mingw32/6.3.0/1libstdc++.a

85
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PythonfEFF A FHC++ERZE]
C.cpp
#include <iostream>
using namespace std;
struct Student {
char name[20];
int age;
double gpa;
};
extern "C" void printStudent (const Student * s) {

cout << s->name << "," << s->age << "," <K<K s->gpa << endl;
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PythonfEFF A FHC++ERZE]
C.cpp

extern "C" void cpp_ funcl (const char * s) ({

cout << "cpp_ funcl:" << s << endl;

}
void cpp funcl (double m) {

cout << "cpp funcl:" << m << endl;

}
void cpp funcl (int a, int b) {

cout << "cpp funcl,a,b=" << a << "," << b<< endl;

}
RIFREISHHEREC . so, PARFENEIEAREIpy thont2 IR T :

gt++ -o c.so -shared -fPIC c.cpp

87
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PythonfEF 1 FIC++RRIEN

t.py

import ctypes

from ctypes import * # cZEHIE

import struct

libc = CDLL('c.so')  #EANTNEHEIERE
libc.cpp_funcl(c char p(bytes("thisfgiX",encoding="utf-8")));
libc. Z9cpp funcld(c double(2.98));

libc._Z9cpp_funclii(l,2); cpp funcl:thisEik

cpp_funcl:2.98
cpp_funcl,a,b=1,2
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C Type

char

wchar_t

charx

char

short
unsigned short
int

unsigned int
long

unsigned long

long long

unsigned long long

float
double

char * (NULL terminated)
wchar t * (NULL terminated)

void *

Python Type

1-character string

1-character Unicode string

int/long
int/long
int/long
int/long
int/long
int/long
int/long
int/long
int/long
int/long

float

float

siring or none
unicode or none

int/long or none

ctypes Type

c_char

c_wcharx
c_byte
c_ubyte
c_short
c_ushorxt

C _int
c_uint
c_long
c_ulong
c_longlong
c_ulonglong
c_float
c_double
c_char_p
c_wchar_p

c_wvoid p



PythonfEFIEFAC++EREY
t.py

class A:

def init (self,name,gpa,age):
self.name = name
self.age = age
self.gpa = gpa

def toPack (self):

return c_char p(struct.pack("20sid",self.name.encode ("utf-
8") ,self.age,self.gpa))

a = A("thisE®i&",3.4,21)

libc.printStudent (a.toPack()) # thisfEik,21,3.4
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BA=F=E

EZMEFREGF—IAERIC++IEFN, — M EFRENENERRESR.
R2, AUEMEMEFRFRENZFER. REXEER, neREERS
PNEMATFARISEERRREE, WRXE MRS ERITRIRRERAS
[SERIEA, APARIERMANAERISRESREE RIS, MRBITTE
RIE R EIR.
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BA=F=E

>BEMEFE 1 2RaFEH
>AILABEX BFZH

namespace BZ=FZS |84

{
EFRRER

}
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BA=F=E

namespace groupl

{ class A{};
Co
.r{f;l.r.ﬁespace groupl
{ class B{};
Co

A4, ABEIETRF=iElgroupl,
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BA=F=E

namespace graphics

{
class A { }: /1 A B F=F=8] graphics
}
Int main()
{
Ag; ImiFEHE, ARBEX \
graphics::A b; //OK, 188 7 ARTERY A F=5 8
return O;
}
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A7
FH using namespace XXXX; 1.EXX X2 B E={EM:

#include <iostream>
using namespace std,;
namespace graphics

{
class A { };
}
using namespace graphics; /lgraphics&B&=EEIIREAE
Int main()
{
Aa; /IFHFRIARA graphicsB B &Itk
return O;
}
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BA=F=E

F3 using XXX:YYY; {£ELUSRIYYYEBRB B FEXXX
#include <iostream>
#include <vector>
using std::cout;
using std::vector,
using std::endl;
Int main()
{
vector<int> v: //BIHE 21371, vector=Z/ETstdhy
vector<int>::iterator | = v.begin();
cout << "Hello" << end!; //BIEA21301Y, coutflend E/EFstdaY
cout << "World" << endl;
return O;
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BA=F=E

ZIEFREIFRAEFT R ESD
//[program groupl.h
#include <iostream>
#include <vector>
using namespace std,;
namespace groupl
{IBEa—"ERRERE. —1HRR. —PTRIRRE. — 1 HKERE
void Funcl();
class A {
public:
A() { cout << "groupl::A()" << endl;}
void Print(); //ERAZYREEgroupl.cpp
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ZF=E]
ZiEFREGIFRRFZ AR ESD
template <class T>
void templateFunc(T a) {
cout << a << " in groupl::templateFunc()" << endl;

}
template <class T>
class templateCls {
vector<T> v,
public:
void Append(const T & t);
3

template<class T>
void templateCls<T>::Append(const T &t) {
v.push_back(t);
cout << t << " appended in groupl::templateCls::append" << endl;

}
} 98



ZF=E]

ZiEFREFRAEFT R ES D

group2.hFgroupl.hJ1F—4E, REE “groupl” LT “group2”

/[lprogram group2.h

#include <iostream>

#include <vector>

using namespace std,;

namespace group2

{IBE—"ERREHE. — PR, —TRERERE. —PEERES, XE(]fgrouplEBRY—F
void Funcl();

class A {
public:
A() { cout << "group2::A()" << endl;}
void Print();//EREUWKRE Egroup2.cpp
¢

template <class T>
void templateFunc(T a)

{
cout << a << "in group2::templateFunc()" << endl;

t 99



BFZ(E
ZIEFREGIFRARFTEERAES D
template <class T>
class templateCls

{
vector<T>v;
public:
void Append(const T & t);
I3

template<class T>
void templateCls<T>::Append(const T & t)

{
v.push_back(t);
cout << t << " appended in group2::templateCls::append"” << endl;
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ZF=E]
ZiEFREIFRAEFTEERESD
groupl.cppEEE T groupl.hEBFunc1ERZLFOA: : PrintERZLBYRREIN |
//[program groupl.cpp
#include <iostream>
#include "groupl.h"
using namespace std,;
namespace groupl // —/ namespacesZ LS ZE0]LIHY
{

void Funcl() { cout << "groupl::Funcl" << endl; }

void A::Print() { cout << "groupl::A:Print" << endl; }

}

101



BF=(A
ZEFREFRABFTRERES N
group2.cppfigroupl.cpp/ L F—4E, REH “groupl” kY “group2” :
//[program group2.cpp
#include <iostream>
#include "group2.h"
using namespace std,;
namespace group2
{
void Funcl() { cout << "group2::Funcl" << endl; }
void A::Print() { cout << "group2::A::Print" << endl; }

}
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ZF=E]
ZiEFREFRAEFTEERESD
/[program namespacedemo.cpp

#include "groupl.h”

#include "group2.h"

using namespace std; /T EASE—FF

int main() {
groupl:Funcl(); //&itH groupl::Funcl
groupl::A ail; /%1 groupl::A()
al.Print(); /i groupl::A::Print

groupl::itemplateFunc("Hello"); /41t Hello in groupl::templateFunc()
groupl::templateCls<int> t1;

t1.Append(100); /&t 100 appended in groupl::templateCls::Append
group2::Funcl(); //&itH group2::Funcl

group2::A a2; /%1 group2::A()
a2.Print(); /i group2::A::Print

group2::templateFunc("Hello"); /41t Hello in group2:templateFunc()
group2::templateCls<int> t2;
t2.Append(100);  //FiH 100 appended in group2::templateCls::Append
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FlH g%

> Fed—:
#ifdef XXX
IR, ATLABRERASTE
#endif
ARIE#define 7 XXX, NWfmE “CBR" , Az
int main() { #define XXX
#ifdef XXX int main() {
#ifdef XXX

colit == Tslet szl cout << "hello" <<endI;
#endif #endif

return O; return O;

/& hell

} 1Tt jifAtEhele
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FHmIE

> R

#ifdef XXX
CROR 1

#else
CRER 2

#endif

#include <iostream>
using namespace std;
#define LINUX
int main() {
#ifdef LINUX
cout << "LINUX" <<endlI;
#else
cout << "WINDOWS" <<endl;
#endif
return O;
} /&I LINUX
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FIFgmIE

#undef XXX
BGEEIEXT XXXAY #define

IRATLA:
#ifndef XXX
ISR
#endif
XXX;gdefineM 4w CiBIR
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S_TE X ERHIR A2

class A
{
public:
enum Color { RED,GREEN,BLUE,BLACK };
int n;
b
LELENESSE TS BRI, FEReAIIZRELFRAIKX R
int n = A::RED;
A::Color c;
c = A::RED;
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A e B URIIANE R

%ﬁ)ﬁ'&ﬂgl‘ﬂﬂ: (ERERSHHAEFHESRERNR, EEE newliIRAINIR, LR
Jio

fRRJ»i%E1: (EFMshared ptr<CShape> #4H
fRRIyE2: (EH “OWR" . ROUFFERDZEL, BCEIRLNGRIERE,
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A e B URIIANE R

class CShape {
public:
virtual double Area() const = 0;
virtual void PrintInfo() const =
virtual CShape* Clone() const = 0;
virtual ~CShape() { }:

.
14

/ / BREERE]
0

};
class CRectangle:public CShape ({
public:
int w,h;
virtual double Area() const ;
virtual void PrintInfo () const ;
virtual CRectangle* Clone() const {
return new CRectangle (*this);
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class CCircle:public CShape ({
public:
int r;
virtual double Area() const;
virtual void PrintInfo() const;
virtual CCircle* Clone() const {
return new CCircle(*this);

};
class CTriangle:public CShape ({
public:
int a,b,c;
virtual double Area() const;
virtual void PrintInfo () const;
virtual CTriangle* Clone() const {
return new CTriangle (*this);

} 110
Y ¢



double CRectangle: :Area() const ({
return w * h;

}
void CRectangle: :PrintInfo() const {

cout << "Rectangle:" << Area() << endl;
}
double CCircle::Area() const {

return 3.14 * r * r ;
}
void CCircle: :PrintInfo () const {

cout << "Circle:" << Area() << endl;
}
double CTriangle: :Area() const {

double p = (a + b +c¢c) / 2.0;

return sqrt(p * (p - a)*(p- b)*(p - ¢));
}
void CTriangle: :PrintInfo() const {

cout << '"Triangle:" << Area() << endl;

} 111



class Handle ({ //Eﬁy%

private:
int *use; / /8RS | Bt EIRgEst
CShape *pCShape; //IEEWISHIEE
void DecreseUse () {

if (--*use == 0) {
pCShape->PrintInfo () ;
delete pCShape;

}
public:
Handle () : pCShape (NULL), use(new int(l)) { }
Handle (const CShape &item) : pCShape (item.Clone()),
use (new int (1)) { }
Handle (const Handle &ref) : pCShape (ref.pCShape), use(ref.use) {
++*use;

}
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Handle &operator=(const Handle é&right) {
++* (right.use) ;
DecreseUse () ;
pCShape = right.pCShape;
use = right.use;
return *this;
}
const CShape *operator->() const { //->EEEIEEH
if (pCShape)
return pCShape;
else
throw logic error ("unbound Handle!");
}
const CShape &operator* () const{
if (pCShape)
return *pCShape;
else
throw logic error ("unbound Handle") ;

} 113
s



bool operator<(const Handle & h) const ({
return (*this)->Area() < h->Area();

}
~Handle () {

DecreseUse () ;

}
};

114



vector<Handle> shapes;
int main() {
int i; int n;
CRectangle r; CCircle c; CTriangle t;

cin >> n;
for( i =0;1 < n;i ++ ) {
char ch;
cin >> ch;
switch(ch) {
case 'R':
cin >> r.w >> r.h;
shapes.push back (Handle(r))
break;
case 'C':

cin >> c.r;
shapes.push back (Handle(c)) ;
break;
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case 'T':
cin >> t.a >> t.b >> t.c;
shapes.push back (Handle(t))

break;

}
}

sort (shapes.begin () ,shapes.end()) ;

for( i = 0;1i <n;i ++)
shapes[i]->PrintInfo() ;

return O;
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