R

C++ EEANREFIRIT

KENfRE (JERAKZH)

sKEN
zqj@pku.edu.cn

ERKFEERZRARZER

2025 £ 4 B 30 H

C++ BRI 2025 F 4 § 30 H



AN

© :EsETH

Q FREaE

O ZITHEEKE

Q 2 HHAETE

© AR

Q 4%

@ TEIESZE/MIER
Q BF=E

Q A=

KENfRE (IERAKZH) C++ BRFFHE

2025 £ 4 A 30 H



itk vk

static__cast
interpret__cast
const__cast

dynamic_cast
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static_cast fEFMI C 155 NASBRFIHIMEIREAR—F. FTERE:
o ATREBEREWAEITIRE LY BFe5Z 5| AR
HIT BT (EIREKAIFEE S E | AR ERTR) 2EZEH
HITTITES (JEERNIES G IRERARELRR), BTFREMNSEELE,

LR RER
o ATFEARYIREM Z EMEHE, WNIE int $FIRAL chare XFEMNBZEMEFLAR
SRERIE

WS RN EHIIE, static_cast LEEEBMH BB RN R B it THE .
static_cast NEEF TR EMIEE ~ BRI BBk
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static__cast

1 #include <iostream>

2 using namespace std;

3 class A {

4 public:

5 operator int() { return 1; }

6 operator char * (){ return NULL; }

71}

8 int main(){

9 A a;

10 int n; char * p = "New Dragon Inn";

11 n = static_cast<int>(3.14); // n W{EZL A 3
12 n = static_cast<int>(a); //¥/A a.operator int, n W{HZL X 1
13

14 p = static_cast<char*>(a);

15 //Ff a.operator char x,p Ky{H7% Jy NULL

16 n = static_cast<int> (p);

17 [/ E R, static_cast A AEH AR AT SR R AL AL
18 p = static_cast<char*>(n);

19 //4%iF4%, static_cast AR R AL AL e AR A5 4T
20 return O;

21 }

KENfRE (JERAKZH)
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reinterpret__cast

reinterpret_cast FSREHTEMAERBMES < BRHEHR. REEEMS|IHZEER. X
RIS MEER NS TR BB B, FRONE, HITHEE N EEFEIR
Bk
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reinterpret__cast

1 #include <iostream>

2 using namespace std;

3 class A {

4 public:

5 int i;

6 int j;

7 AGint n):i(m),j(m) { }

8 };

9 int main() {

10 A a(100);

11 int & r = reinterpret_cast<int&>(a); //#ATik r 3|/ a
12 T =200; //H a.i RKT 200

13 cout << a.i << "," << a.j << endl; // ¥ 200,100

14 int n = 300;

15 A * pa = reinterpret_cast<A*> ( & n); //3&/Tik pa K n
16 pa->i = 400; // n % 400

17 pa->j = 500; //MAIEATL AL, R4

18 cout << n << endl; // i 400

19 long long la = 0x12345678abcdLL;
20 pa = reinterpret_cast<A*>(la);
21 long long u = reinterpret_cast<long long>(pa); //pa ZE/NthiF# ILZ| u
22 cout << hex << u << endl;
23 typedef void (x PF1) (int);
24 typedef int (* PF2) (int,char *);
25 PF1 pfil;
26 PF2 pf2;
27 pf2 = reinterpret_cast<PF2>(pf1); // 77 [l 2 AL by o Hd 1 =2 18] o] DL A 44 3%
28 return 0;
29 }

SKEhfE = k F£4H30H



const__cast

FISRBEITERR const BIERIFEHR. K const 5IFAEHMFIZREAIIE const 5IM, HF const 15
TR A B R EAIE const FEETRNAE. FI0:

1 int main() {

2 const int a = 10;

3 const int * p = &a;

4 int *q = const_cast<int *>(p);

5 *q = 20;  // “%xq=20" iEH A REXATH

6 cout <<a<<" "<<*p<<" "<<*q<<endl;//a=10 *p=20 *q=20
7 return O;

8 }
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dynamic_cast T TR TR ZSELMIEHEIA, AFERNIRELNIEHHEIA, mMA
REBREERNZEM. YTAREMEER, BHRERERE NULL 5.
dynamic_cast NEEF TR IELZSEFMIETSSIH, BFHRAIREFRME 5 A
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dynamic_cast

15
16
17
18
19
20
21
22

class Base { //HE®E %, AR S AKX
public:

virtual ~Base() { }
};

class Derived:public Base { };
int main() {
Base b;
Derived d;
Derived * pd;
pd = reinterpret_cast<Derived*> (&b);
if (pd == NULL)
//M4 pd 4K NULL. reinterpret_cast fiod@ oM, & ZIHATHMR
cout << "unsafe reinterpret_cast" << endl; //F & AT
pd = dynamic_cast<Derived*> (&b);
if (pd == NULL)
[/EEREZ NULL, B A &b TREHIREEGZ, HEHT LA
cout << "unsafe dynamic_castl" << endl; //& AT
pd = dynamic_cast<Derived*> (&d); //% &M%k
if (pd == NULL) //J4 pd F %A NULL
cout << "unsafe dynamic_cast2" << endl; //f 24T
return 0;

KENfRE (JERAKZH)
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BFEBITAERE

BRFEfTHEERE L EHEIR
o HUATTHEM THRET . 15i8) NULL 55t
o BREIA O
o FISAFESNE new FEHFEET B AKX
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BRFEfTHEERE L EHEIR
o HUATTRM TARER 118 NULL F5f
o BREIA O
o FISAFESNE new FEHFEET B AKX
o
%IfE_L_m‘ET% ERARERA:
o KEBHREATS, 74 BUG
o MAFIEAFEEK
o BFHEERITINEERREZE
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RERBEAD

o NRAEBRMAILIEFIETT

o RERHABBEANGEE: B—EBRBLEN. 4ARE

o BEBNIEFZITHELENEIEMLLIE: BUBNHASUFNEKE). BICEHIEN

RRFIR......

sk#hfE (IERKE) C++ BRFFH 2025 %E 4 B 30 H



FEAE

—PNRBETHE AL RE. ARBATNRERITLERLEE. BARBRITE
ERERBARERENTLERE.

THERBARELETRE, LREIEARAELELERL
AREROESMFERTIE
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T

F try~ catch

1 #include <iostream>

2 using namespace std;

3 int main() {

4 double m ,n;

5 cin >> m >> n;

6 try {

7 cout << "before dividing." << endl;
8 if( n == 0)

9 throw -1; //#H int XA F¥

10 else

11 cout << m / n << endl;

12 cout << "after dividing." << endl;
13 }

14 catch(double d) {

15 cout << "catch(double) " << d << endl;
16 }

17 catch(int e) {

18 cout << "catch(int) " << e << endl;
19 }

20 cout << "finished" << endl;

21 return 0O;

22 }

sKEnfE (d 2025 4 § 30 H



IRMEFER catch $R

e
= O © N TR W N

I I R e R R S Y
N = O © 0 9 O bk W N

int main() {
double m ,n;
cin >> m >> n;

try {
cout << "before dividing." << endl;
if (n == 0)

throw -1; //#bH %A F %
else if(m == 0 )
throw -1.0; //#ii double A Z#
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;

KENfRE (JERAKZH)

2025 £ 4 A 30 H




FEHHERL

WR—DERBAERITHERREFR, MENFEERRBARW catch FURRFALET, BA
ZRERTMAXPNRBERE (BR “L—ERRE ), MRFEERREHRW
W3R, Mewinss E—RIRE.

1 #include <iostream>

2 #include <string>

3 using namespace std;

4 class CException{

5 public :

6 string msg;

7 CException(string s):msg(s) { }

8 |}

9 double Devide(double x, double y) {
10 if(y == 0)

11 throw CException("devided by zero");
12 cout << "in Devide" << endl;

13 return x / y;

14 }
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wHERL

int CountTax(int salary) {

try {
if( salary < 0 )
throw -1;

cout << "counting tax" << endl;
}
catch (int ) {
cout << "salary < 0" << endl;
}
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) {
cout << e.msg << endl;

cout << "f=" << f << endl;
cout << "finished" << endl;
return 0;

SKEhfE
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C++ tRERFE R

C++ FEERE —ERAREKFEE, XLEIZM exception KIRETMR
+bad_typeid

~bad_cast
exception”— bad_alloc
“jos_base: failure

*logic_error . out_of_range
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bad_cast

TEF dynamic_cast HETTMZERXN SR (51H) |, FIR4KAIS|FRY5R S| X BV ELHRES,
NRBMETLZLH, NP HFE.

1 #include <iostream>

2 #include <stdexcept>

3 #include <typeinfo>

4 using namespace std;

5 class Base {

6 virtual void funcO{}

7 };

8 class Derived : public Base {
9 public:

10 void Print() { }

11 };

12 void PrintObj( Base & b) {
13 try {

14 Derived & rd = dynamic_cast<Derived&>(b);
15 /W B E R R A, 2 E bad_cast
16 rd.Print();

17

18 catch (bad_cast& e) {

19 cerr << e.what() << endl;
20
21 s
22 int main () {
23 Base b;
24 Print0Obj(b);
25 return O;
26
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bad_ alloc

A new BEFHITHISAFSRN, MRREEBNNEF, WRSIZHEFE.

1 #include <iostream>

2 #include <stdexcept>

3 using namespace std;

4 int main () {

5 try {

6 char * p = new char [Ox7fffffff];
7 /IR T EATRE LS EE, R
8

9 catch (bad_alloc & e) {

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

11

12 return 0;

13 }
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out_of_range

ﬁ ;Zvector 5 string B9 at R REARIE TN BT RN, MRTHFER, aMEERER.
5190 :

1 #include <iostream>
2 #include <stdexcept>
3 #include <vector>

4 #include <string>

5 using namespace std;
6 int main () {

7 vector<int> v(10);

8 try {

9 v.at(100)=100; //#iH out_of_range ¥

10 ¥

11 catch (out_of_range& e) {

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

13 }

14 string s = "hello";

15 try {

16 char ¢ = s.at(100); //#h#i out_of_range 5

17

18 catch (out_of_range& e) {

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

20

21 return 0;

22 }
WA
vector::_M_range_check: __n (which is 100) >= this->size() (which is 10)
basic_string::at: __n (which is 100) >= this->size() (which is 5)
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C++ i__%ﬁ typeid ZEBIZHET, Tl/)(?'f*zf"_ﬁiquﬂ'z??ﬂﬂ—/l\i'%ﬁiﬁﬁ"lﬁﬁ’]%’éﬂo
typeid IZEAIREER— type_info XX SR, BEMEE TRENEER.
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typeid 0 type_info FB AR

1 #include <iostream>

2 #include <typeinfo> //Z{£/l typeinfo, %%

3 using namespace std;

4 struct Base { }; EEZ T3

5 struct Derived : Base { };

6 struct Poly_Base {virtual void FuncO{ } }; //% &

7 struct Poly Derived: Poly_Base { };

8 int main() {

9 E XS

10 long i; int * p = NULL;

11 cout << "1) int is: " << typeid(int).name() << endl; //4 1) int is: int

12 cout << "2) i is: " << typeid(i).name() << endl; "I //4%rd 2) i is: long

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

14 cout << "4) *p is: " << typeid(*p).name() << endl ; //#iii 4) *p is: int

15 WL T

16 Derived derived;

17 Basex pbase = &derived;

18 cout << "5) derived is: " << typeid(derived).name() << endl; //#/i 5) derived is: Derived
19 cout << "6) *pbase is: " << typeid(*pbase).name() << endl; //#I 6) *pbase is: Base
20 cout << "7) " << (typeid(derived)==typeid(*pbase) ) << endl; //#il 7) 0

21 /1% 8KR

22 Poly_Derived polyderived;

23 Poly_Base* ppolybase = &polyderived;

24 cout << "8) polyderived is: " << typeid(polyderived).name() << endl;

25 //%it 8) polyderived is: Poly_Derived

26 cout << "9) *ppolybase is: " << typeid(*ppolybase).name() << endl;

27 //% i 9) *ppolybase is: Poly_Derived

28 cout << "10) " << (typeid(polyderived)!=typeid(*ppolybase) ) << endl; ~~I //#Ii#i 10) 0
29 return 0;

30 }

SKEhfE
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SRR, B extern 53

//a.cpp:
int x = 100;

//b.cpp:
extern int x; //MAF T ALk

//c.cpp:
extern int x; //MHA AT

0 N O TR W N
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TE—PXHH A extern const EX, Efth>X I extern const 7 BB

N O U W N

//a.cpp:
extern const int x
//b.cpp:

extern const int x;
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ZXHEBEAEZREE:

1 //a.cpp:

2

3 const int x = 100;
4

5 // b.cpp:

6

7 const int x = 200;
8
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Rk eEoki=Eay

1 #include <iostream>

2 #include <string>

3 using namespace std;

4 int main() {

5 int al[3]1[4];

6 int (*p) [4]; //# int * p[4] £
7 //int (xp) [4]; —/MiE4tH, -
8 //int * p[4l; %7 p £—MNEAH 4 4 int
9 int c[5];

10 int d[4];

11 //p = c; //error

12 p = &d;

13 (xp) [0] = 122;

14 cout << d[0] << endl; //=> 122
15 p=a;

16 (*p) [0] = 333;

17 cout << a[0][0] << endl; //=> 333
18 p=24&al2] ;

19 (*p) [0] = 444;
20 cout << a[2][0] << endl; //=>444
21
22 return 0;
23 }
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Rk eEoki=Eay

1 typedef int int_4array[4];//int_darray X7 4 ANTCaMyEA A
2 int main() {

3 int a[3][4];

4 int_4array *p = a;

5 (xp) [0] = 122;

6 a[1][0] = 555;

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

8 /1% a AWITE

9 for (int_4array *q = a; q != a + 3; ++ q )
10 for(int * s = *q; s != *q + 4; ++s)

11 cout << * s << endl;

12 return 0;

13 }
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—PEABSPIEEEE, XS 4%

class A { };
class B { };
class C :public A, public B { };

=W

C £H AB EHEHM A

KENfRE (JERAKZH)

2025 £ 4 A 30 H




—NRAUBESPEERESE, XM Z 4K

class A { };
class B { };
class C :public A, public B { };

=W

C ¥\ AB EHEeIPBRA
‘~ﬁ' BEZHK?
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—PEABSPIEEEE, XS 4%

class A { };
class B { };
class C :public A, public B { };

=W

C £H A B EHEHM A

N ABE LYK
iostream
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% B — X 1%

1 class A {
2 public :
3 int va;
4 void fun() { }
5 }; //sizeof(A)=4
6 class B : public A { int vb; s
7 // sizeof(B) = 8
8 class C :public A { int vc; T
9 // sizeof(C) = 8
10 class D : public B, public C { int wvd ; };
11 //sizeof ( D) =20
12 /]
13 D 4;
14 d.va=0 //=3
15 d.B::va = 0; // ok

16 d.funQ; // = Uik
17 d.C::fun(); // ok

XHRAATFIELEE
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virtual 22 - BRE XM

=

TEZ WAL, HIRES D FIEIEEZ parentA FIEEE parentB #3EZE base HIJK
KRS, FEFE parentA F parentB FIEX I base FHARK virtual E2, XHED HRE
—{3M base BEARIR R EEIZE D X RAES,
o H D faT#Jta1k virtual &3 base
o D VIR EEEE K parentA. EEEE parentB BY, #AFHITEZ base HIWIIE1L

class B H v1rtua1 publlc A { int vb; };
// A £ B H# L%, sizeof(B) = 12
class C : v { int vc; };

// A C HEMHEE, sizeof(C) = 12
class D : public B, public C { int vd ; };
//sizeof ( D) =24

d.va = 0; // OK
d.fun(); // OK

QWO Uk WN -
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OO0~ U WN -

ual B3¢ - BHE—XME
EORE—MRERNT R, SARERPER

ERE. THRBEAEHIT K

class Base {

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

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

int main() {
Derived d;
return 0;

}

KENfR (JEmAZH

2025 £ 4 A 30 H




virtual & B — XM

FEEE—MRERNNRE, SHRXFPEREXNBIERE. WHRBREMIT K

1 class Base {

2 public:

3 int val;

4 Base() { cout << "Base Constructor" << endl; }
5 ~Base() {

6 cout << "Base Destructor" << endl;

7 ¥

8 }

9 class Basel:virtual public Base { X

10 class Base2:virtual public Base { };

11 class Derived:public Basel, public Base2 { };
12

13 int main() {

14 Derived d;

15 return O;

16 ¥

AR
Base Constructor
Base Destructor
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virtual & B — XM

FEEE—MRERNNRE, SHRXFPEREXNBIERE. WHRBREMIT K

1 class Base {

2 public:

3 int val;

4 Base() { cout << "Base Constructor" << endl; }
5 ~Base() {

6 cout << "Base Destructor" << endl;

7 ¥

8 }

9 class Basel:virtual public Base { X

10 class Base2:virtual public Base { };

11 class Derived:public Basel, public Base2 {
12

13 int main() {

14 Derived d;

15 return O;

16 ¥

¥

AR
Base Constructor
Base Destructor

HE:

Bl — XM, BEEESFMKIRE EERE A RS

KENfRE (IERAKZH)
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C++ FERFIAH C

B C RBEEREM extern "C", BNSEAZFLT RO, EFENRATIRE. W0:

extern "C" void c_func();

SORF R BT
extern "C" {
void c_func();
void c_func2();

}
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C++ FERFARH C &

FH C RENEEREMN extern "C", BNESERZFEROE, EHERNKATIRE. 0:

//a.c

// gcc --shared -o liba.so a.c

#include <stdio.h>

void c_func() {
printf("c_func\n");

DUt W=

//b.cpp:
//g++ b.cpp -L./ -la -0 b
#include <iostream>
extern "C" void c_func();
int main(int argc, char *argv[]) {
c_func(Q);
return 0;

}

00 1O Utk W -
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C 2R C++ &

// hello.cpp
//g++ -shared -o libhello.so hello.cpp
#include <iostream>
#include <string>
void hello(std::string s) {
std::cout << s << std::endl;

NO Uk W N

}

// mid.cpp
//g++ —-shared -o libmid.so mid.cpp -L./ -lhello
#include <iostream>
#include <string>
void hello(std::string s);
extern "C" {
void m_hello(char *a) {
std::string s(a);
hello(s);

HOWOWOWTO U kA WN -

=

// test.c
//gce -L./ -1lmid test.c -o test
#include <stdio.h>
int main() {
char s[] = "hello";
m_hello(s);
return 0;

00O Utk W

}

SKEhfE
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Python F2F 1A C

1 //c.cpp

2 //g++ -o libc.so -shared c.cpp

3 #include <iostream>

4 using namespace std;

5

6 extern "C" void cpp_funci(const char * s) {
7 cout << "cpp_funcl:" << s << endl;

8 }

1 #t.py

2 import ctypes

3 from ctypes import * # c XA JE

4 import struct

5

6 libc = CDLL('libc.so') # A Ak

7 libc.cpp_funcl(c_char_p(bytes("this 3", encoding="utf-8")));
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C Type Python Type ctypes Type
char 1-character string c_char
wchar_t 1-character Unicode string c_wchar
char int/long c_byte

char int/long c_ubyte
short int/long c_short
unsigned short int/long c_ushort
int int/long C_int
unsigned int int/long c_uint

long int/long c_long
unsigned long int/long c_ulong
long long int/long c_longlong
unsigned long long int/long c_ulonglong
float float c_float
double float c_double

char * (NULL terminated)
wchar_t * (NULL terminated)
void *

string or none
unicode or none

int/long or none

c_char_p
c_wchar_p

c_void_p

sKEhfE (At
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EEZPREFREE—DAREN C++ BFN, —MEFRENRIM=REER. X2, AF
REFMEMEFRENZTER. REREREF, TFEERZ MEMATFLIIEEN
R, MNFOXLEREFRBEFERITHN RSN ERER R, BARNERR SRR
KEHRBE M, Rl EMRNEREIR.
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BAEFE— L RETEN
TNEEXEFEE

namespace & F =4 {
REFRE
}
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namespace groupl {
class A { };

namespace groupl {
class B { };

4, ABEHEFEF

KEfE (IERKE)

i8] grouple
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namespace graphics { )
class A { }; // A BT 4 F%E graphics

}

int main() {
A a; [/ EERE, A RN
graphics::A b; //0K, 54 7 A FIBW 4 F%H
return O;

}

B4, AB #ETHFEE grouple
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BT

FH using namespace XXXX;

#include <iostream>

using namespace std;

namespace graphics {
class A { };

}

using namespace graphics;

int main() {
A a; //%%F% 7ML, graphics B & AL
return O;

}

B4, AB EHBTRZFZIE grouplo
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BT

FA using XXX:YYY; SRR YYY #85% B & F =08 XXX

1 #include <iostream>

2 #include <vector>

3 using std::cout;

4 using std::vector;

5 using std::endl;

6 int main() {

7 vector<int> v; //H M X5, vector 2B T std ¥
8 vector<int>::iterator i = v.begin();

9 cout << "Hello" << endl; //HI % /51, cout #1 endl £JET std H
10 cout << "World" << endl;

11 return O;

12 }
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F g

F—:

#ifdef XXX
/RS LR A AR
#endif

L

// #HE #define T XXX, M&%HE “Ra3”, HNFL

int main() {
#ifdef XXX

cout << "hello" <<endl;
#endif

return O;

Y // T

D U W N =

#define XXX
int main() {
#ifdef XXX
cout << "hello" <<endl;
#endif
return O;

} //%r i hello

N O Ut W N =

KENfRE (JERAKZH)
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F g

R

#ifdef XXX
/IR 1

#else
/IR 2

#endif

Ol W N

#include <iostream>
using namespace std;
#define LINUX
int main() {
#ifdef LINUX

cout << "LINUX" <<endl;
#else

cout << "WINDOWS" <<endl;
#endif

return O;

} //%r i LINUX
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#undef XXX
//BUOHETE AT XXX B #define

#ifndef XXX
// R

#endif

//XXX % define M| %;iF XA
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1 class CShape {
2 public:
3 virtual double Area() comst = 0; //4iJF i #
4 virtual void PrintInfo() const = 0;
5 virtual CShape* Clone() const = 0;
6 virtual ~CShape() { };
7 };
8 class CRectangle:public CShape {
9 public:
10 int w,h;
11 virtual double Area() const ;
12 virtual void PrintInfo() const ;
13 virtual CRectanglex Clone() const {
14 return new CRectangle(*this);
15
16 };
17 class CCircle:public CShape {
18 public:
19 int r;
20 virtual double Area() const;
21 virtual void PrintInfo() const;
22 virtual CCircle* Clone() const {
23 return new CCircle(*this);
24 }
25 };
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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);

¥

}

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

void CRectangle::PrintInfo() const {
cout << "Rectangle:" << Area() << endl;

double CCircle::Area() const {
return 3.14 * r *x r ;

void CCircle::PrintInfo() const {
cout << "Circle:" << Area() << endl;

double CTriangle::Area() const {

double p = (a+ b +c) / 2.0;

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

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

}
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class Handle { //#1h%
private:
int *use; //4§1 5| Flit 2 54t
CShape *pCShape; //4 1 &t % thy 44t
void DecreseUse() {
if (--*use == 0) {
pCShape->PrintInfo();
delete pCShape;

}
public:
Handle() : pCShape(NULL), use(new int(1)) { }
Handle(const CShape &item) : pCShape(item.Clone()), use(new int(1)) { }
Handle(const Handle &ref) : pCShape(ref.pCShape), use(ref.use){
++xuse;
¥
Handle &operator=(const Handle &right) {
++x(right.use);
DecreseUse();
pCShape = right.pCShape;
use = right.use;
return *this;
¥
const CShape *operator->() const { //-> Z#Hiz
if (pCShape) return pCShape;
else throw logic_error("unbound Handle!");
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const CShape &operator* () const{
if (pCShape) return *pCShape;
else throw logic_error("unbound Handle");
}
bool operator<(const Handle & h) const {
return (xthis)->Area() < h->Area();

}
~Handle() {
DecreseUse() ;
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vector<Handle> shapes;
int main() {
int i; int n;
CRectangle r; CCircle c; CTriangle
cin >> n;
for( i = 0;i < 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;
case 'T':
cin >> t.a >> t.b >> t.c;
shapes.push_back (Handle(t));
break;

-~

}
¥
sort (shapes.begin() ,shapes.end());
for( i = 0;i <n;i ++)
shapes [i]->PrintInfo();
return O;
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