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C =) S RAL s

(Object Oriented Programming, OOP)

{=tE
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NEE {RpEEmHER

o MLRXERAEFE procedural language (C EES &
o & (variables)
o fHAI (types) : int, float, char, struct ...
*{EFH (scope)
« f5ER (loops) : while, for,
o THFRYEH) . if-else, switch-case
* HE—EEFEERSE - B iEtdT
o MBI SmeENI S
(e —(E TR )
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NEE ZMHE

gl

* BRIERN - RRHVREEE

o DIEHFNHRLEE C++ class Object Based
* class without pointer members FENE5R)
— Complex
* class with pointer members
— String
o B33 Classes  [ENVER A Object Oriented
— 47X (inheritance) (EER)

— 8 & (composition)

— Zit (delegation)
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complex.h

HYAH

complex-test.cpp

string.h
string-test.cpp

ll\;



NN C++HIFEYR

e BEE ,:[ = (1969)
+ C3EE (1972)
e C++ &= (1983)
(new C =» C with Class = C++)

. Java EEE
e C#3E |:t



NN C++HE{b

o C++ 98 (1.0)

e C++ 03 (TR]., Technical Report 1)
o C++11 (2.0)

e C++14

C++

C++ C++

NTH

St
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NEE Cyvs. C+t, BIRBEBRIRE

C++

type

(built-in, struct)

Data

Functions

class, struct

Data
Members

Member
Functions

create

create

variables

objects
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EEE C++ BRBEBNRE

complex

il
FE H

create

JI0L,78%, 30 BR
$Ee,1E5%,

string

FAF (5)
(HEZ(E ptr,
feH—BFR)

—>

create

S H, By,
b0, T A

cl

c2

c3

complex cl(2,1);
complex c2;
complex* pc = new complex(0,1);

c4

|

s2

s3

s4

string sl ("Hello ") ;
string s2("World ") ;
string* ps = new string;
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AN AN Object Based (FE¥5) vs. Object Oriented (1H] =] ¥%f42)

Object Based : H¥HVEE — class AYE%ET

Object Oriented : F¥HVE S E classes IYE%ET °
classes 1 classes 27 [EAVEE % o

12



EEEF BfMrE—E CH++ 2

Classes YR {E K H578H

*Class without pointer member(s)

complex

*Class with pointer member(s)

string

13



NN C++ programs (REEEATEZ

.h (header files)

-

<pp

.h (header files)

Classes
Declaration

()

#include <iostream.h>
#include '"complex.h"

ex. main()

-

Tt
Standard
Library

JETR {4F44 (extension file name) ~N—7E & .h B .cpp °
AT REE hpp BCE A BGE 2 e (2 -

14



AN Output, C++vs. C

#include <iostream>
C++

#include <iostream.h> )

using namespace std;

int main()

{
int 1 = 7;
cout << “i=" < i1 << endl;

return O; |

#include <cstdio>
C

#include <stdio. h>)

int main|()

{
int 1 = 7;
printf (“i=%d \n”, 1i);

return 0;

15



MWW Header (FEXE) H

complex.h

#ifndef _ COMPLEX
#define _ COMPLEX

#endif

|
guard

(FEav-L))

H H’\:}B]\i ﬁfﬁ:ﬁ%% complex-test.h

#include <iostream>
#include "complex.h“
using namespace std;

int main ()

{

complex cl(2,1);
complex c2;

cout << cl << endl;
cout << c2 << endl;

c2
c2
c2
c2
c2
c2

=cl + 5;
=7 + cl;
=cl + c2;
+= cl;

+= 3;

= -cl;

cout << (¢l == c2) << endl;
cout << (¢l !'= c2) << endl;
cout << conj(cl) << endl;
return O;

16



W& Header (B3XfF) Wi /m

#ifndef _ COMPLEX
#define __ COMPLEX

#include <cmath>

class ostream; forward declarations
class complex; (HIEEEHR)

complexé&
__doapl (complex* ths, const complexé& r);

class complex class declarations

{ 5 - EHY)

}s;

COmplex: :functj_on Y CIaSS deﬁnition ......................
(ﬁ - i%) ,,,,,,,,,,,,,,,,,,,,,

#endif

17



AN  class HyEHH (declaration)

class head ]
o class complex

{

public: class body
complex (double r = 0, double i = 0)

re (r), im (1)
{1}
complex& operator += (const complexé&) ;
double real () const { return re; } b —
double imag () const { return im; } Eg:lﬁgiiff%$ﬁiiiﬁ%§§é
= ody Fx

private:
double re, im;

};

friend complex& _ doapl (complex*, const complexé&);

{
complex cl(2,1);

complex c2;

18



NN class template (f5f5) &5

template<typename T>
o class complex
{
public:
complex (T r =0, T 1
re (r), im (i)

0)

{1}

complex& operator += (const complexé&) ;
T real () const { return re; }
T imag () const { return im; }

private:
T re, im;

friend complex& _ doapl (complex*, const complexé&);

};

{
complex<double> c1(2.5,1.5);

complex<int> c2(2,6);




WA inline (B R

o class complex
{
public:
complex (double r = 0, double i = 0)
re (r), im (1)

() RAEFEALE class body

complex& operator += (const complex&) ; NEZESEHK » (EEE)

double real () const { return re; } ... T 3

double imag () const { return im; } BZZ‘% LilfrTe {E‘Q%A
private:

double re, im;

friend complex& _ doapl (complex*, const complexé&);

};

@ inline double

imag (const complexé& x)

{

return x.imag ()

}

20



AN N access level (E5E4K A1)

o class complex
{

public:

complex (double r =
re (r), im (1)

{1}

complex& operator +=

double real () const
double imag () const
private:

double re, im;

};

= 0, double i = 0)

(const complexé&) ;
{ return re; }
{ return im; }

friend complex& _ doapl (complex*, const complexé&);

{

)( complex cl(2,1);
cout << cl.re;

cout << cl.im;

{
o complex cl(2,1);
cout << cl.real();

cout << cl.imag() ;
}

21



fed 3
AN constructor (CtOI‘, ’%29&%&) complex (double r = 0, double i = 0)

{ re = r; im = i; } -

default argument

6 class complex (%k%?&%%) ‘4, .
{ = assignments
public: G AE)

complex (double r = O;Idouble i=0) & .
| re (r), im (i) initialization list

) COMER, FI4E51)

complex& operator += (const complexé&) ;

double real () const { return re; }

double imag () const { return im; }
private:

double re, im;

friend complex& _ doapl (complex*, const complexé&);

};

{

complex cl(2,1);

complex c2;

complex* p = new complex(4);
22




NEE  ctor (BERE) "JLIERZ(E - overloading ()

class complex

{

public:

a complex (double r = 0, double i = 0) {
re (r), im (1)

{}

9 complex () : re(0), im(0) { } 21

complex& operator += (const complexé&) ; }

double real () const { return re; }

double imag () const { return im; }
private:

double re, im;

complex cl;
complex c2 () ;

friend complex& _ doapl (complex*, consticomplexé&);

};

real IBURIREIEIS LI |
@)| void real(double r) eenst { re = T; |} | =p ?real@Complex@@QBENXZ

?real@Complex@QRQAENABNQZ
HURK: Srsstas

23



AN constructor (ctor, ]

S ENEY) SUE private [&

{
pub

class complex

lic:

—

complex (double r =

= 0, double i = 0)

re (r), im (i)

};

complex& operator += (const complex&) ;
double real () const { return re; }
double imag () const { return im; }

private:
double re, im;

friend complex& _ doapl (complex*, const complexé&);

{

complex cl(2,1);
complex c2;

24



AN N  ctors [IfE private [&

Singleton

class A {
public:
static A& getInstance () ;
setup() { ... }
private:
A();
A (const A& rhs);

b

A& A::getInstance ()
{

static A a;

return a;

A::getInstance () .setup();

25



AN AN const member functions (F &K &5 RE)

o class complex
{

public:

complex (double r
re (r), im (1)

= 0, double i = 0)

{1}

complex& operator += (const complexé&) ;

double real () const { return re; }

double imag () const { return im; }
private:

double re, im;

friend complex& _ doapl (complex*, const complexé&);

};

{

{
(’ complex cl(2,1); ” const complex cl(2,1);
cout << cl.real(); m cout << cl.real();
cout << cl.imag() ; cout << cl.imag() ;
}

}




NN E 2E{EIE - pass by value vs. pass by reference (to const)

e class complex
{
public:
complex (double r = 0, double i = 0)
re (r), im (1)
{1}
complex& operator += (const complexé&) ;
double real () const { return re; }
double imag () const { return im; }
private:
double re, im;

friend complex& _ doapl (complex*, const complexé&) ;

};

{
complex cl(2,1);

@ ostreamé& complex c2;
operator << (ostreamé& os, const complex& x)
{ c2 += cl;

return os << '(' << real (x) << ',' cout << c2;

<< imag (x) << ") '; }




AN GSRE{EEIE - return by value vs. return by reference (to const)

o class complex
{
public:
complex (double r = 0, double i = 0)
re (r), im (1)
{1}

complex& operator += (const complexé&) ;

double real () const { return re; }
double imag () const { return im; }
private:

double re, im;

friend complex& _ doapl (complex*, const complexé&) ;

};

@ ostreamé& complex cl(2,1);
operator << (ostreamé& os, const complexé& x) complex c2;
{
return os << '(' << real (x) << ', cout << cl;
<< imag (x) << '")'; cout << c2 <K< cl;
} }




MmN friend (KT)

o class complex
{
public:
complex (double r =
re (r), im (i)
{1}
complex& operator +=
double real () const
double imag () const
private:
double re, im;

};

0, double i =

0)

(const complexé&) ;

{ return re;
{ return im;

}
}

friend complex& _ doapl (complex*, const complexé&);

@ inline complexé&

{

return *ths;

__doapl (complex* ths, const complexé& r)

ths->re += r.re; H HES friend #Y
ths->im += r.im; private )=

29



A  18[E class Y& objects H £ friends (ZJT)

class complex
{
public:
complex (double r = 0, double i = 0)
re (r), im (1)

{1}

int func(const complex& param)
{ return param.re + param.im; }

private:
double re, im;

};

{
complex cl(2,1);
complex c2;

c2.func(cl) ;

}




4

AN  class body MY B TEES (definitions)
{HEEE R R I LA pass by reference
75 R R LA return by reference

do assignment plus

@ inline complexé&

__doapl (complex* ths, const complex& r)

{
ths->re += r.re; ﬁ%-—é%ﬁ&%%é?ﬁgaﬁéb
ths->im += r.im; ﬁ%iié%§&7F€?ﬁ§ai§b

return *ths;

}

inline complexé&
complex: :operator += (const complexé& r)

{
return _ doapl (this, r);

}

31



AW AN operator overloading (BR{ERT

1y

inline complexé&
__doapl (complex* ths, const complex& r)

{

}

inline complexé&
complex: :operator +=

{

}

ths->re += r.re;
ths->im 4= r.im;

return *ths;

return _ doapl (this, r);

(const complexé& r)

{
complex cl(2,1);
complex c2(5) ;

{

}

inline complexé&

return _ doapl (this, r);

- "%A
complex: :operator += (thIS, const complexé&

i)

32



AN  return by reference EE/E57HT
@ (R s RE RECE /2 DA reference A FEUT

inline complexé&
___doapl (complex* ths, const complexé& r)
{

return *ths;
}
inline complexé& ‘ B ‘ ' ................
complex: :operator += (const complexé& r) C33jfijZ%jfjﬁ
{

return doapl(this,r); {
} - complex cl(2,1);

complex c2(5) ;




AN N class body 7Y MIETE

rd
|

i EZs (definitions)

inline double
imag (const complexé& x)

{

return x.imag ()

}

inline double
real (const complexé& x)

{

return x.real ();

}

{
complex cl(2,1);

cout << imag(cl)
cout << real(cl);

}

34



AW AN operator overloading (BR{ERT

1y

@ Fo T EHY client I=TEWRERA » B EER R = (HREL

inline complex

{

return complex (real (x) + real (y), |
: imag (x) + imag (y)),g

}

inline complex
operator + (const complex& x, double y) <«

{

}

inline complex
operator + (double x, const complexé& y)

{

return%complex (real (x) + y, imag (x));

}

return%complex (x + real (y), imag (y));§'<

operator + (const complex& x, const complex& y) ¥

E8k-2, JEFEE B (& this)

complex cl(2,1);

complex c2;

c2 =cl + c2;
c2 =cl + 5;
c2 =7 + cl;

35



AN AN  temp object (EFFER) typename ();

T HEELS
® &

BRE4E A 1] return by reference °
IR EIHY D E 21E local object.

inline complex
operator + (const

{

}

inline complex
operator + (const

{

return complex (

}

inline complex

{

return complex (

}

return complex (?eal (x) + real (yﬁ,

operator + (double x, const complexé& y)

complexé& x, const complexé& y)

imag (x) + imag (y));

complexé& x, double y)

X + real (y), imag (yf);

int(7) ;

complex cl(2,1);
complex c2;
complex () ;
complex(4,5) ;

cout << complex(2) ;

36



AN N class body 7Y MIETE

negate

fAH
(HUR)

rd
|

inline complex
operator + (const complexé& x)

{

}

return x;

inline complex

operator -

{

}

(const complexé& x)

return complex (-real (x), -imag (x))f

complex
complex
cout <<
cout <<

cl(2,1);
c2;

-cl;
+cl;

i EZs (definitions)

SR BAEA |

return by reference -

R RH IR [EHY
WATEF2( local object o

37



AW AN operator overloading (BR{ERT

1y

25K), TR R BN

inline boolbf
operator == (const complex& x,
const complexé& y)

{

complex cl(2,1);
complex c2;

return real (x) == real (y)
&& imag (x) == imag (y); cout << (cl == c2);
} cout << (cl == 2);
E cout << (0 == c2);
inline bool [& }
operator == (const complex& x, double y)
{
return real (x) ==y && imag (x) == 0;

}

inline bool b;

operator == (double x, const complexé&

{

return x == real (y) && imag (y)

}

38



AN  operator overloading (FE{EfTE

iy

&%), 7

inline bool |

operator !'= (const complex& x,
const complexé& y)

{

return real (x) !'= real (y)
|| imag (x) !'= imag (y):;

£ BRI

complex cl(2,1);
complex c2;

}

inline bool Eﬁ
operator !'= (const complex& x, double y)

{

return real (x) '=y || imag (x) '= 0;

}

cout << (cl !'= c2);
cout << (cl !'= 2);
cout < (0 '= c2);

inline bool Eﬁ
operator !'= (double x, const complexé& y)

{

return x !'= real (y) || imag (y) '= 0;

}

39



AW AN operator overloading (BR{ERT

1y

inline complex
conj (const complexé& x)

{

LR @

}

return§°°mplex (real (x), -imag (x))

#include <iostream.h>
ostreamé&
operator << (ostreamé& os,

{

<< imag (x) <<

const complexé& x)

vd |
H B
return os << '(' << real (x) << ',' E

')';

complex cl(2,1);
cout << conj(cl);
cout << ¢l << conj(cl);

)

(2,-1)
(291)(29'1)

25K), TR R BN

void
operator << (ostreamé& os,
const complexé& x)

{

}

<< imag (x) <<

—return 0s <K '(' << real (x) <<
l)l;

4

{

}

complex cl(2,1);
cout << conj(cl);
eount—<<—-ol<<—gconjlcl)—

40
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#ifndef @ COMPLEX
#define = COMPLEX

class complex
{
public:
complex (double r = 0, double i = 0)
: re (r), im (i)
{1}
complex& operator += (const complexé&) ;
double real () const { return re; }
double imag () const { return im; }
private:
double re, im;

friend complex&  doapl (complex¥*,

const complexé&) ;

};

#endif

iE-EE
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inline complexé&
___doapl (complex* ths, const complexé& r)

{

ths->re +4+= r.re;
ths->im += r.im;
return *ths;

inline complexé&
complex: :operator += (const complexé& r)

{
return  doapl (this, r);
}

iE-EE
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inline complex

operator + (const complex& x, const complexé& y)

{

return complex ( real (x) + real (y),
imag (x) + imag (y) )

inline complex
operator + (const complex& x, double y)

{

return complex (real (x) + y, imag (x));

}

inline complex
operator + (double x, const complexé& y)

{

return complex (x + real (y), imag (y)):;

}

iE-EE

44



#include <iostream.h>

ostreamé

operator << (ostreamé& os,
const complexé& x)

return os << '(' <K real (x) <<
<< imag (x) << '")';

!

4

complex cl1(9,8);
cout << cl;
?1 cl << cout;

cout << cl << endl;

iE-EE
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EEE RS

string.h
string-test.cpp

HYAH

ll\;
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A  Classes B/ {ELK B4 4

*Class without pointer member(s)

complex

*Class with pointer member(s)

string

47



AN  String class

#ifndef _ MYSTRING
#define _ MYSTRING

string.h

o class String
{

};

e %String: : function(...

%Global—function(...)

#endif

int main ()

{
String sl1(),

String s2("hello") ;

String s3(sl);

cout << s3 << endl;

s3 = s2;

cout << s3 << endl;

string-test.cpp

48



MWW Big Three, = {EF R REL

class String

{

public:

String(const char* cstr = 0);
String(const String& str);

String& operator=(const String& str);
~String() ;

char* get c str() const { return m data; }

private:

};

char* m data;

m_data

hello

49



MW ctor fl dtor (FE3EKE FI HTRERE)

inline
String: :String (const char* cstr

{

I
O
A d

if (cstr) { }
m data = newwchar[strlen(cstr)+1];
strcpy (m _data, cstr);

}
else { // RIEEVHE

m data = new char[l];

*m data = '"\0';
S [
\ hello
/\
inline {
String: :~String() String sl(), “
{ String s2("hello");
delete[] m data; /
String* p = new String("hello") ;
delete p;
}

50



AN class with pointer members W\HE copy ctor F1 copy op=

Hello\O World\O
data data

String a("Hello");
String b ("World");

{85 default copy ctor By, default op= Ft &2k LA | HIHE

Hliell|1l]o/|\O

Wlolr|1l|d|\O

data

memory leak




ANNN  copy ctor (¥ EHiEERKE)

inline
String::String(const String& str)
{
m data = new char[ strlen(str.m data) + 1 ];
strcpy (m data, str.m data);

String sl ("hello "); H#E S —(E object /Y private data.

String s2(sl); ("5 2B G 5 friend)
// String s2 = sl;

}

52



AN AN  copy assignment operator (¥2 5 iR {H K2

inline

Stringé& String: :operator=(const String& str) {
{

if (this == &str)§ el B BRERE StrJ:.ng Sl("he]..lo ") ;
return *this; (self assignment) String s2(sl);
| s2 = sl;
@ delete[] m data; }

@ m data = new char[ strlen(str.m data) + 1 ];
@ strcpy(m _data, str.m data);
return *this;

}

53



AN AN  copy assignment operator (¥2 5 iR {H K2

inline
String& String: :operator=(const String& str)

{

if (this == &str) RAIHIRRE

return *this;  (self assignment)

@ delete[] m data;
@ m data = new char[ strlen(str.m data) + 1 ];
@ strcpy(m _data, str.m data);

}

return *this;

\O
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AN AN  copy assignment operator (¥2 5 iR {H K2

{

}

inline
String& String: :operator=(const String& str)

if (this == &str) RAIHIRRE

return *this;  (self assignment)

@ delete[] m data;
@ m data = new char[ strlen(str.m data) + 1 ];
@ strcpy(m _data, str.m data);

return *this;

\O
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AN AN  copy assignment operator (¥2 5 iR {H K2

{

}

inline
String& String: :operator=(const String& str)

if (this == &str) RAIHIRRE

return *this;  (self assignment)

@ delete[] m data;
@ m data = new char[ strlen(str.m data) + 1 ];
@ strcpy(m _data, str.m data);

return *this;

\O

56



NN —EELE operator= FigEEE self assignment

\O

£/ pointers fi5[]
5]—{f memory block

HijAI operator= FV 5 —{F B FHLE delete @ IEHUENEEERE

2727
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NN  output HEL

#include <iostream.h>
ostream& operator<<(ostream& os, const Stringé& str)

{
os << str.get c str();
return os;

String sl ("hello ");
cout << sl;

58



WEE  Fre stack (B2), A

-

=

heap

()

Stack ' BFERIFEIERSE (scope) B —BLNFZEME]
(memory space) - FI401E /R RKE > B4 SR
Rk —{E stack ARKE EFEWNISE 0 DURIR

=St -

FEREAR (function body) NEZEHHIE{[EE -
HAr{ERHNAFBRE R E Lt stack -

Heap - EgH system heap - 2i5HER(E R iieftny
—3i global NFZE/] » 27 81857 EC (dynamic
allocated) ftF - EEE TFE PR (blocks) -

class Complex { ..

{
Complex cl1l(1,2);

}

};

el Ak AR ZEfEiZk B stack

" Complex(3) B-{EEGH & » HFF

Complex* P = new Complex(3) 8 —

5 HIVZEE )52 Ll new H heap
RErlcmfs > W p 5H ©
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AN AN stack objects Y4 frHA

class Complex { ... };

{
Complex cl1l(1,2);

}

cl {f2FTsH stack object » HA:apfEERIIE (scope) 45 2 R4S TR -
;e E A HY object » X fi# fy auto object » RIyE&E#: ' HE), /FHE -



AN static local objects By4= fyHA

class Complex { .. };

{
static Complex c2(1,2);

}

c2 {H 2T static object - HA: e E{E 15 (scope)
SERZ1RAFATE - HEEREERE TSR -



AN A global objects Hy4= 5

class Complex { .. };
Complex c3(1,2);

int main()

{

}

c3 {#H/ZFTa4 global object » EA asfEFE(EE 745 R 2 1&
A &5 o AR A DI E AR f—1E static object » HAE 5,
= | BEER, -
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AN AN heap objects Y4 drHA

class Complex { .. }; class Complex { .. };

{ {
Complex* p = new Complex; Complex* p = new Complex;
. }
delete p;

} DL EHIR AR (memory leak) »

N Ry & F IS > p ATTEAY heap
P FTSHY{EE heap object » HAE: object {J37A1FAE » {HI58T p HYAdn4l
{ETH; deleted = [R4ET - Gl T AP MR E A S p

(LEL/ 2T delete p)

63



AN new : J&57HC memory, B ctor

@rc—

double

double

}

Complex* pc = new Complex(1l,2);

Smetasin b/ l

HAEZRHEA malloc (n)

s f1E

G—=@y= Complex(...) {...

class Complex

{
public:

private:
double m real;
double m imag;

};

Complex *pc;

@ void* mem = operator new( sizeof (Complex) ); //7ECATF

@ pc = static_cast<Complex*>(mem) ; / /e
© prc->Complex::Complex(l,2); / /TS PRI
& Complex: :Complex(pc,1,2);
this
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AN  delete : F:EEH dtor, HREE memory

class Complex
{
} =1 | public:

pcC

double

Y= ~Complex () {...}

double

Complex* pc = new Complex(1l,2); private:
s double m real;
delete pc; double m imag;

};

B Ry l’

Complex: :~Complex (pc) ; // it
operator delete(pc); // BEWMAF

HAEEHHA free (pc)



AN new : J&57HC memory, B ctor

@ rs—

m_data

String* ps = new String("Hello");

Hello

Araz oo b By
HAEZRHEA malloc (n)

String* ps;

@ void* mem = operator new( sizeof (String) ); / /T BE N
@ pPs = static_cast<String*> (mem); / /HERY

© ps-—>String::String("Hello"); / /TS PRI

& .......................

class String

{
public:

@@= String(...)

{...
m data =
new char|[n];

}

private:
char* m data;

};

String::String(ps,"Hello");
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AN  delete : F:EEH dtor, HREE memory

class String

{
o public:

S
P 4@~ ~String()

{ delete[] m data; }

String* ps = new String("Hello"); )
ce m_data private:
delete ps; char* m data;

};
l R

String: :~String (ps) ; // NTRERREL
operator delete(ps); // BEWMAF

HANEEHHA free (ps)
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NEE oI

00000041

00790c20

00000011

00790b80

0042ede8

0000006d

Complex
object
(8h)

00000011

00000002

00000004

4 (& 0xfd

Complex
object
(8h)

4 (& 0xfd

00000000 (pad)

00000000 (pad)

00000000 (pad)

00000041

8+(32+4)+(4%2)

=52
= 64

8+(4*2)
>16

00000031

AYATFESR (memory block), in VC

00790c20

00000011

00790b80

0042ede8

0000006d

String
object
(4h)

00000000 (pad)

00000002

00000011

00000004

4 (& 0xfd

String
object
(4h)

4 & 0xfd

00000031

4+(32+4)+H(4*2)

=48

4+(4*2)
312
>16
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NEE  gResrEcATRHY array

Complex* p = new Complex|[3]; String® p = new String[3];
51h 31h 41h 21h
3 3
double ® >

Debugger double Debugger . i
Header gougie Header ¢ ”
39 b ouble 2b 00000000 (pad)

(32 bytes) Tl (32 bytes) 21h

double
3 00000000 (pad) 3 (4*3)+(4*2)+4

Touble 00000000 (pad) . > >4
double 00000000 (pad) ° > >3
double 31h . >
double no man land
double (8%3)+(4%2)+4 00000000 (pad)
double =236 41h

no man land > 48

00000000 (pad) (4*3)+(32+4)+(4*2)+4
00000000 (pad) 60
31h 564
(8*3)+(32+4)+(4*2)+4
=72

=80



AN  array new —EZFEHC array delete

String* p = new String[3]; String* p = new String[3];
delete[] p; //MAFE3ZRdtor delete p; //MEEE1Zdtor
: A IERERVRA
21h v N 3
3 /T [] e
° .
< 21h v
: g
00000000 (pad) . >
21h ° —
2!
00000000 (pad)
21h




EEE FErp
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iE-EE

class String
{
public:

String(const char* cstr = 0);

String(const Stringé& str);

String& operator=(const Stringé& str);

~String() ;

char* get c str() const { return m data; }
private:

char* m data;

};




MW ctor fl dtor (FE3EKE FI HTRERE)

inline
String: :String(const char* cstr = 0)
{
if (cstr) {
m data = new char[strlen(cstr)+1l];
strcpy (m data, cstr);

}
else { // XRIEEEVE

m;data = new char[l];
*m data = '\0';

}

inline
String::~String()
{

delete[] m data;

}

iE-EE
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MW N copy ctor (B H RS RE) Rie-EhE

inline

{

m data

String: :String(const Stringé& str)

new char|[ strlen(str.m data) + 1 ];

strcpy(m data, str.m data);

74



AN N copy assignment operator (¥ B i {E &) Smie-El=

inline
String& String::operator=(const Stringé& str)

{
i1f (this == &str)
return *this;

delete[] m data;

m data = new char[ strlen(str.m data) + 1 ];
strcpy(m data, str.m data);

return *this;
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EEE {RReEEEIRE

complex.h
complex-test.cpp

ll\;
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NN E H#FE R static

complex

data members
static data members

member functions
static member functions

‘ ‘
ov*
Y L )
cl L c2
non-static non-static non-static
data members data members data members

complex cl,c2,c3;
cout << cl.real();
cout << c2.real();

static
data members

non-static

member functions

static

member functions

complex cl,c2,c3;

cout << complex::real (&cl) ;
cout << complex::real (&c2) ;

this

class complex
{
public:
double real
{ return
private:
double re,

};

() const
this->re;

im;
77
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NN E H#FE R static

class Account {
public:

static double m rate;

static void set rate(const double& x) { m rate = x;
} i

double Account::m rate = 8.0;

int main() {
Account::set rate(5.0);

Account a; ......................................................................... (1) :}l%?ﬂ% Object —%‘E)EH
a.set rate(7.0);" (2) 3§73 class name &5 H

}




NN FE T {E ctors JLIE private &

Meyers Singleton

class A {

public:
static A& getInstance () ;
setup() { ... }

private:
A();

A (const A& rhs);
}:

A& A::getInstance ()
{

static A a;

return a;

A::getInstance () .setup();
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AN FE—FT  # ctors JLLE private [&

Singleton

class A {
public:
static A& getInstance( return a; );
setup() { ... }
private:
A();
A (const A& rhs);

static A a;

A::getInstance () .setup() ;

b
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EEE HE—5FEE: cout

class IO ostream withassign
public ostream {

class ostream
{
public:

ostreamé&
ostreamé&
ostreamé&
ostreamé&
ostreamé&

ostreamé&

ostreamé&
ostreamé&
ostreamé&
ostreamé&
ostreamé&

{ return (*this) << (const char*)s; }

{ return (*this) << (const char*)s; }

b

virtual public ios

operator<< (char c);

operator<< (unsigned char c) { return (*this) << (char)c; }
operator<<(signed char c¢) { return (*this) << (char)c; }
operator<< (const char *s);

operator<< (const unsigned char *s)
operator<< (const signed char *s)

operator<< (const wvoid *p);
operator<<(int n);
operator<<(unsigned 1int n);
operator<<(long n);
operator<< (unsigned long n);

extern _IO_ostream_withasSign{cout;_}

81



NEWEN GE—SFR - class template, FEIER

template<typename T>
class complex
{
public:
complex (T r =0, T 1
re (r), im (i)

0)

{1}

complex& operator += (const complexé&) ;
T real () const { return re; }
T imag () const { return im; }

private:
T re, im;

friend complex& _ doapl (complex*, const complexé&);

};

{
complex<double> c1(2.5,1.5);

complex<int> c2(2,6);




NWNN E—SFER - function template, FREHE

AmsE 25 function template 7T
58 #EE (argument deduction )

template <class T>

inline
stone rl(2,3), r2(3,3), r3; const T& min (const T& a, const T& b)
r3 = min(rl, r2); | > | {
return b < a ? b : a;

class stone

{
public:
stone (int w, int h, int we)
~w(w), h(h), weight (we)
{ }

{ return weight < rhs. weight;
private:

int w, h, weight;

b

bool operator< (const stone& rhs) const

<rt;_)
5 [#EEEEEERE > T B stone > A

T2 F stone::operator<

}
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namespace std

{

using directive

AN FE—SHT  namespace

using declaration

#include <iostream.h>
using namespace std;

int main ()

{

cin << ...;
cout << ...;

return 0;

#include <iostream.h>
using std: :cout;

int main ()

{
std: :cin << ...;
cout << ...;

return 0;

#include <iostream.h>

int main ()

{
std: :cin << ;
std: :cout << ...;

return 0;
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EEE FZHE8EREA

coperator fype() const;

cexplicit complex(...) : initialization list { }
epointer-like object

function-like object

Namespace

‘template specialization

*Standard Library

evariadic template (since C++11)
*move ctor (since C++11)

*Rvalue reference (since C++11)
cauto (since C++11)

elambda (since C++11)
‘range-base for loop (since C++11)
eunordered containers (Since C++)

B apirIZR Rk
lb“ﬁ %jj
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AN A  Object Oriented Programming, Object Oriented Design
oor, OOD

‘Inheritance (4&7K)
«Composition ({§5)
‘Delegation (FET)

86



AN AN Composition (&), &/~ has-a

template <class T, class Sequence = deque<T> >
class queue {

protected:

Sequence c; /] RERE
public:

// AT EMA o BYERFRRESERK
bool empty () const { return c.empty(),; }
size type size() const { return c.size(); }
reference front() { return c.front(); }
reference back () { return c.back(); }
// deque ZEMlmA#EH » queue FEARImAER R (FeESe)
void push(const value type& x) { c.push back(x);
void pop() { c.pop front(); }

by

}
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AN AN Composition (&), &/~ has-a

Adapter

template <class T>

class queue { queue e >

deque

protected:
deque<T> c; /] EREEES
public:
[/ PUNSEEMA o BYERIERIEGERL
bool empty () const { return c.empty(); }

size type size() const { return c.size();
reference front() { return c.front(); }
reference back () { return c.back(); }

//

void pop() { c.pop front(); }
I

}

void push(const value type& x) { c.push back(x);

}
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Sizeof : 40

template <class T>
class queue {
protected:

AN AN Composition (&), &/~ has-a

Sizeof : 16 * 2 +4 + 4

deque<T> c; @

s

template <class T>
class deque {
protected:

Sizeof : 4 * 4

Itr<T> start; @
Itr<T> finish;
T** map;
unsigned int map size;

Y

template <class T>
struct Itr {

T* cur;

T* first;
T* last;
T** node;

Y
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AW  Composition (£5) Btk THIEENNTRE

Container object

Container [®——| Component
Component
part

BIEHANImI

Container FYFEE B E 5Ll Component By default #35 pR 8L
REAHITEC -

Container::Container(..) : Component() { .. };

MrigESMT AN

Container FYITEEES SEHUTEC > A&7 58 Component HY
PTTEERE -

Container::~Container(..) { .. ~Component() };




AN A  Delegation (Zit). Composition by reference.

// file String.hpp
class StringRep;
class String ({
public:

String () ;

Handle / Body
(pImpl)

String (const char* s);
String(const Stringé& s);
String &operator=(const Stringé& s);

String [<>——>| StringRep

@ Hello

~String () ;
private:
StringRep* rep; // pimpl
b
reference
counting
................ rep

// file String.cpp
#include "String.hpp"
namespace {

class StringRep {
friend class String;

Y

StringRep (const char* s);
~StringRep () ;

1nt count;
char* rep;

String::String(){ ... }
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AN Inheritance (#7X), 3/~ is-a

struct List node base
{
_List node base* M next;
_List_node_base*

Y

.
14

template<typename Tp>
struct List node
public List node base
{
_Tp M data;
b7

_List node base

~ M _next
_M prev

AN

_List_node

~ M data
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AN A Inheritance (%X) FE{4 THY

Base
N\

Derived

IS NI

Derived object

Base part

BT

base class #Y dtor
WDNBER virtual »

HATEHE

undefined behavior

Derived YRS B E 5o FH Base HY default 53 pRiE »

REABITEHC -

=PI

Derived: :Derived(..) :

Base () { .. };

Derived EVITIRREE SCHITEHC » 1% A Base HY

PTIEEREL -

Derived: :~Derived(..) { .. ~Base() };

93



AV A Inheritance (#7K) with virtual functions

(RE A E)

non-virtual pRE : IRAEHE derived class EHTEF (override, BE) E.

virtual pREY © RFEE derived class EHE S (override, B &) B » HARY

EEARRES °

pure virtual pRE : /REZ derived class —EEE

B R ERE R ESR °

class Shape {

public: ~_pure virtual
virtual void draw( ) const = 0;
virtual void error(const std::string& msg); |- impure virtual
int objectlD( ) const; ~— @ @\ amr.
“non-virtual

J§

class Rectangle: public Shape { ... };
class Ellipse: public Shape { ... };

W EZ (override FHR)
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AN A  Inheritance (4X) with virtual

ﬁ Microgoft PowerPoint - [dp-CA-20120514]
| BEE | BEE HRO BA0 #Eo T BH0: [ 00Histry ~|@-3 QX 4 d-IRL-

j|'—-?"’ EE_@E’E@--- % ;gﬁ - ;I

_ 0| 2 5hE% - ATR01 ATBLEEE

il B | B)EE - BRFAES

& . CHlvP ) 225058 - IR0 IR

— ) 32056 - BI04, A SIS R

| - { !

B £ Bz shs - E05 HBIEF

2 A by MusicVERH- 75 fi fHEE T & s | mrghsg - Bif0sEERF A8

3 D0History G855 - _b T TS 81555 %H% - B0 Sl A el & :
_ o \ BEES - BT, BEINAT H9 )

4 \I0History'er 2055 - 27 SRSFEHRT () ﬁﬁjﬁ @KEE% - BiR07, BEmLT

i | zrehss - BiF08, eE T AP B e -
B 37 shss - EiR0E e T ATIE I T e
- B|srehss - B0 EETABTIES =% =
2 B zrsasy - Eit 10,5 SRk

i i

B et - BRIl FEAZRER
7 ehsE - BiflLESIRR B

‘%3 FH|3rensE - B 12,5 ATREE
Mo: |Esean | O]STeRss - BRI EMEE

(| renss - B 14, BETE 2
L | »

Check file name

| Check file name | | - =1 wEo T

| BT, [F7E PowerPomt BIE =1 mm |
Search file Y

Open file




AN A  Inheritance (4X) with virtual

Template Method

this—>Serialize( );<,

(*(this—>thr)[n])(this);i "

CDocument

OnFileOpen()
Serialize()

Zﬁ K

Serialize()

Application framework

CDocument::
OnFileOpen()

“Serialize()

¥

\\

Application

\ \
AW |

> virtual Serialize() { ... }

class CMyDoc :
public CDocument
{

+

NS

"y .r%yDoc.OnEiIeOpen();

main()

{
CMyDoc myDoc;

s

CDocument::OnFileOpen(&myDoc );
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AN Inheritance (#7X), 3/~ is-a

22 class CMyDoc : public CDocument
01 #include <iostream> 23 |
02 using namespace std; 24 public:
03 25 virtual void Serialize ()
04 26 {
05 class CDocument 27 // SAERERARSA HEENEERE RS (180
06 { 28 cout << "CMyDoc::Serialize ()" << endl;
07 public: 29 }
08 void OnFileOpen () 30 };
09 {
10 // BEEEEZE > FE cout AT (HEIEHNE
11 cout << "dialog..." << endl;
12 cout << "check file status..." << endl;
13 cout << "open file..." << endl;
14 Serialize () ;
15 cout << "close file..." << endl; 31 int main ()
16 cout << "update all views..." << endl; 32 ¢
L7 } 33 CMyDoc myDoc; // ¥ [File/Open]
18 . , ] . 34 myDoc.OnFileOpen () ;
19 virtual void Serialize () { }; 35 }
20 }; T
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Inheritance+Composition Bg{& T HYEE S FINTHE

Base

AN

Derived

|

Base

|

Derived

?

Derived object

Component

Base part

Component
part

Component

Derived object

Base part

Component
part
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AW N Inheritance+Composition Ef{& YR SR

Derived object
Base
AN Base part
Component
Derived H Component part
S HATmAN

Derived By pRE E S FH Base HY default fEiE Ry »
oR1% 2 Component HY default #Ei5pRE »
NEAMITED -

FrigEsNm A

Derived VITIRREE SCHITEC
A& Component Y HTERAE - .

Derived: :Derived(..) : Base () ,Component() { .. };

,m{ﬁnﬁﬁﬁ Base H’]*ﬁ‘%mﬁﬁ Derived: :~Derived(..) { .. ~Component(), ~Base() };




AN Delegation (Z5t) + Inheritance (%K)

class Subject

{

int m_value;
vector<Observer*> m_views;

public:
void attach(Observer® obs)

{

m_views.push back(obs);
h

void set val(int value)

{

m_value = value;

notify();

h
void notify()

{

for (int1=0; 1 <m_views.size(); ++1)
m_views[i]->update(this, m_ value);

Observer

class Observer

{
public:

virtual void update(Subject™ sub, int value) = 0;

55

Subject

Observer

T
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AN Delegation (Z5t) + Inheritance (%K)

Subject <>——>| Observer

croso‘ft?omrpulnt
£20 =EO mw} BAD #®=0 IED DTEMED ==wW SEO

ﬁx

|| @ 0p-2an-222

B3 DP-24h-235:3 B pp-2ah-mz 1

_--:--_ Graph - Graphl
File Edit View OCraphData Window Help

D= #[%|2 22 m Ak
EI Crraphl

SRS IR A
FEE > B E S
EILE - S A

B R S
BERECISH
SIS > B R P

;:is- I |R5_§lz§u3 N 2 |:|
IRETERNE) —EAER -

Eeedy | 4




class Subject

{

int m_value;

AN Delegation (Z5t) + Inheritance (%K)

vector<Observer*> m_views>
public:
void attach(Observer* obs)
d
m_views.push_back(obs);
b
void set_val(int value)
d
m_value = value;
notify();

j
void notify()

d
for (inti=0; i <m_views.size(); ++i)
m_views|i]->update(m_value);

¥

class Observer {Subject subj;
9
{ . Observerl o1(&subj, 4);
pu.bllc. . \ Observerl 02(&subj, 3);
n virtual void update(int value) = 0; Observer2 03(&subj, 3);
¥5 subj.set val(14);
ZN\ !

class Observerl: public Observer
{
int m_div;
public:
Observerl(Subject *model, int div)
{
model->attach(this);
m_div = div;

j
/* virtual */void update(int v)
{ eee }

¥

class Observer2: public Observer
{
int m_mod;
public:
Observer2(Subject *model, int mod)
{
model->attach(this);
m_mod = mod;
}
/* virtual */void update(int v)
{ }
¥5
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AN Delegation (Z5t) + Inheritance (%K)

Composite

{

Component

-int:int

add(e:Component*)

55

class Component

int value;

public:

Component(int val) { value=val; }
virtual void add( Component* ) { }

1

Primitive

Composite

-c:vector<Component™> q

add(e:Component*) i

class Composite: public Component

{

vector <Component*> c;
public:

class Primitive: public Component

{
public:

Primitive(int val): Component(val) {}

55

void add(Component™ elem) {
c.push back(elem);

b

}

Composite(int val): Component(val) { }
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AN Delegation (Z5t) + Inheritance (%K)

Prototype
P
Image
prototypes[10]: Image* O>——
clone() : Image*
findAndClone (i) : Image*s return prototypes[i]->clone();|>
addPrototype (p:Image*) : void vir Bt
abstraction
LandSatImage Spotlmage
LSAT : LandSatlmage SPOT : Spotlmage
o —LandSatImage() Le— Spotlmage()
#LandSatImage(int) < #SpotImage(int) -wwfe
clone() : Image* clone() « Image*
return new LandSatImage; ®return new Spotlmage; -

\'addPrototype (this);

addPrototype (this);
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AN Prototype

0
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

—

#include <iostream.h>
enum imageType
{
LSAT, SPOT
3
class Image
{
public:
virtual void draw() = 0;
static Image *findAndClone(imageType);
protected:
virtual imageType returnType() = 0;
virtual Image *clone() = 0;
/I As each subclass of Image is declared, it registers its prototype
static void addPrototype(Image *image)

{
_prototypes[ nextSlot++] = image;
b
private:

// addPrototype() saves each registered prototype here
static Image * prototypes[10];
static int nextSlot;

3

Image *Image:: prototypes[];

int Image:: nextSlot;

Design Patterns 222
% d v

Explained Simply #:5

// Client calls this public static member function when it needs an instance
// of an Image subclass
Image *Image::find AndClone(imageType type)
{
for (int 1 =0; 1 < _nextSlot; i++)
if (_prototypes[i]->returnType() == type)
return _prototypes[i]->clone();
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. ' . Prototype g; ?{lass LandS?tImage: public Image ' g; ?{lass Spotlmage: public Image
03| public: : enum imageType | | 9| public:
04 imageType returnType() { { LSAT, SPOT }; : 04 imageType returnType() {
05 return LSAT; HE A return SPOT;
07|  void draw() { 071 void draw() {
08 cout << "LandSatImage::draw " << id << endl; gz cout << "Spotlmage::draw " << id << endl;
0| } }
10 //' When clone() is called, call the one-argument ctor with a dummy arg 10 Image *clone() {
11 Image *clone() { 1 return new Spotlmage(1);
12 return new LandSatImage(1); 12 } o
13 } . ............................................. 13 prOteCted: V
14| protected: ¥ 14 Spotlmage(int dummy) {
15|  // This is only called from clone() 15 _id=_count++;
16|  LandSatlmage(int dummy) o O S
17 _id=_count++; I7°|¢ private:
18 | e _ 18 1:  Spotlmage() {
19 | private: 19 addPrototype(this);
20 /I Mechanism for initializing an Image subclass - this causes the 20 }
21 (i // default ctor to be called, which registers the subclass's prototype 2L static Spotlmags_spotlmagg;:
22 static LandSatImagejL]i'z‘iﬁdSatl}ﬁﬁg'_'e_',';.- 22 :int_id;
23| /I This is only called when ffié private static data member is inited | | 20| statieint_count;
24 LandSatImage() {/ : i: 55
25 addPrototype(this); Spotlmage Spotlmage:: spotlmage;
26 } 26 | int SpotImage:: count = 1;
27 // Nominal "state" per instance mechanism
28 int id;
20 [ 1 SEAEIC I COUI e
30( )3
31| // Register the subclass's prototype
32 | LandSatImage LandSatlmage:: landSatImage; 106
33| // Initialize the "state" per instance mechanism
34| int LandSatImage:: count = I;




AN Prototype

// Simulated stream of creation requests
const int NUM_IMAGES = §;
imageType inputfNUM_ IMAGES] =

{
LSAT, LSAT, LSAT, SPOT, LSAT, SPOT, SPOT, LSAT
}s

01 | int main()

02| {

03 | Image *images[NUM IMAGES];

04 | // Given an image type, find the right prototype, and return a clone
05| for (inti1=0;1<NUM_IMAGES; i++)

06 images[i] = Image::find AndClone(input[i]);

07 | // Demonstrate that correct image objects have been cloned
08 | for (1=0;1<NUM_IMAGES; it++)

09 images[i]->draw();

10 | // Free the dynamic memory

11| for (1=0;1<NUM IMAGES; i++)

12 delete images|[i];

13}

107



The End
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