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*operator fype() const;
*explicit complex(...) : initialization list { }

*pointer-like object
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*Namespace ARIR
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*Standard Library IEE ﬁ*%ggjj
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AN AE C++ 4HE=E2E

(ZIKI/% Visual C++ 6.0 ZH)

« #@= (compile)

J|j ’ =  JHa | i R | D> O Hilﬁ = |%|remlerprel cast _—J ‘ 'ﬁ“]BnnslSmaﬂﬂlWiniﬁZ Debug j| 22
g“\n (llnk) [ Bt Edit Yiew Dnent Bwject Bvid Took Window Help | =18 x|
“plmplisample..lmp;"[AII class memhers:"lun(: ﬂ@ i HJ@ ] ' ol IJJ@' ESETE" ‘ E G R & |6‘c
=l /7 {Beyond the C++ Standard Library, An Introduction to Boost} , Chap1 —
& Workspace 'BoostSmartPtr': - tinclude <string> j

-4 BoostSmartPtr files #include <iostream®

B3 Source Files #include “boostiscoped_ptr.hpp"
. --[#[BoostSmartPtrTest.cp) #include “boosti\shared_ptr.hpp"
-] Header Files

‘-] Resource Files using namespace std;

using namespace boost;

class pimpl_sample {
private:
struct impl {
void func{) { cout <<{ s << endl; }

string s;
¥
| | | impl* pimpl;
; e | public:
® 4 ClassView | =] FileView] [4] ]
L T Configuration: BoostSmartPtr - Win32 Debug----------------———-

4

BoostSmartPtr.exe - B8 error(s), 8 warning(s)

P E—

[ 4[*]\Build {Tiebug % Findin Files 1 % Fam <] |

Ready Ln1.col1  |REc|col [ovR|READ 4
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NN C++ 4EEs

« #@= (compile)
« #4E (link)

(A& £y Dev-C++ 5.6 E 1)

- Warnings: 0
- Curput Filename: D:\handout)\C++ll-tesc-DevC++\Tesc-00F2\Test-00F2Z.exe

] ] [

2 - [Test- e > C=T0e

TR TR Y T =T
File Edit Search View Project Execute Tools AStyle Window Help )

DS EREE 2|~ R0/ E8|| €8 || 880888« x| |meecc sz szbis)|
] gl <3 H(glnbals) - v]i
Project | Classes || + | * || [ test-oop2.cpp | CpplL.cpp)

o ) Test-00P2 134 ‘cout << &(Xt1sfunc) << endlj /1 -
i[] test-oop2.cpf|| 135 icout << jj@4::gfunc << endl;
136 cout << nsfunc << endl;
f 137 - }
138 - } //namespace
I 139
148  wvoid gfunc() { }
141
rom  PPEEERD e QORI e E e LR SRR
143 int main(int argc, char®** argv)
1448 {
145 §j@1::test member template();
146 jjB2t1test_template_template_parameters_1();:
147 jj@3::test template template parameters 2();
148 jjed::test object model();
149
150 cout << main << endl;
151 cout << gfunc << endl; E
152 L }
€ | n ik € | 11 | »
IEE Compiler | i Resourcsl il Compile Log |¢ Debug l @ Find Results l Close|
PTG i ‘ é;-;:exe —D_DEBUE—_ R }:ést—mopz .cpp -0 tésrt—nnpér.o :i[r;cr:rlrl?;rogram Frirlres/”[;ev;VCpp/r'I-!rﬂ
gUpi TonipliEton g++.exe -D DEBUG  test-oop2.o -o Test-O0P2.exe -L"C:/Program Files/Dev-Cpp/MinC
| ‘ Compilation results...
[T]Shorten compiler paths  —==—==== (e
- Errors: 0 =
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coperator fype() const;
*explicit complex(...) : initialization list { }
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‘namespace J Enp - I
template specialization
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~ *move ctor (since C++11)
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~ cauto (since C++11)
~ +lambda (since C++11)
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~ eunordered containers (since C++)
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AN conversion function, B4 pR B

class Fraction

{
public:

operator double() const { )
return (double) (m_numerato@
}
private:
int m numerator; /197 F

int m denominator; //4tk

} i

v

m denominator) ;

Fraction f£(3,5);

double d=4+f; //#FHFHoperator double ()& £ # 0.6




AN AN  non-explicit-one-argument ctor

class Fraction

{
public:

Fraction operator+ (const Fraction& f) {
return Fraction(...);
}
private:
int m numerator;
int m denominator;

Y

Fraction f£(3,5);
Fraction d2=f+4; //Z4H non-explicitctor & 4 # 5 Fraction(4,1)
//R1&FFHoperator+



AN A  conversion function vs. non-explicit-one-argument ctor

class Fraction
{
public:
Fraction(int num, int den=1)
m numerator (num), m denominator (den) { }
operator double () const {
return (double) (m numerator / m denominator) ;
Fraction operator+ (const Fractioné& f) {
return Fraction(....);
}
private:
int m numerator;
int m denominator;

} s

Fraction f£(3,5);
Fraction d2=f+4; //[Error] ambiguous




AN  explicit-one-argument ctor

class Fraction
{
public:
explict Fraction(int num, int den=1)
m numerator (num), m denominator (den) { }
operator double () const {
return (double) (m numerator / m denominator) ;
Fraction operator+ (const Fractioné& f) {
return Fraction(....);
}
private:
int m numerator;
int m denominator;

} s

Fraction f£(3,5);
Fraction d2=f+4; //[Error]|conversion from 'double' to 'Fraction' requested




AN conversion function, B4 pR B

template<class Alloc>
class vector<bool, Alloc>
{
public:
typedef bit reference reference;
protected:__wl“iwWumwwwmwﬂ,4
reference operator[] (size type n) {
return *(begin() + difference type(n));

}

i

struct __bit;reference {
unsigned int* p;
unsigned int mask;

public:
operator bool () const { return ! (! (*p & mask));

}

16



AN  pointer-like classes, B RETS 6T

{

T*
{

T'k

template<class T>

class shared ptr pPx

{ EE .

public: T object
T& operator* () const

return *px; }

operator->() const
return px; }

shared ptr(T* p) : px(p) { }

private:

pPx;

long* pn;

struct Foo

1

shared ptr<Foo> sp(new Foo);
Foo f (*sp);

sp->method () ;

px->method () ;

17




AW N pointer-like classes, B E(LES

template <class T>

template<class T, class Ref, class Ptr>
struct _ list iterator ({
typedef  list iterator<T, Ref, Ptr> self;

void* prev;
volid* next;

struct  list node ({

T data;
typedef Ptr pointer; }
typedef Ref reference;
typedef _ list node<T>* link type;
link type node;
bool operator==(const self& x) const { return node == x.node; }
bool operator!=(const self& x) const { return node != x.node; }
reference operator* () const { return (*node).data; }
pointer operator->() const { return & (operator*()); }
self& operator++() { node = (link type) ((*node) .next); return *this;
self operator++(int) { self tmp = *this; ++*this; return tmp; }
self& operator--() { node = (link type) ((*node) .prev); return *this;
self operator--(int) { self tmp = *this; --*this; return tmp; }

}

}

18



AW N pointer-like classes, B E(LES

......
o

.
-------

rreference operator¥* ()

T&

{ return (*node) .data;

T*
pointer operator-> ()

}

const

const

{ return[&(operator*())

-----------------------------------------

tprev

next

data

operator®*

______

_____

list<Foo>::iterator ite;

*ite; //¥EfS—{& Foo object
ite->method () ;

//EREHAE Foo::method ()
[/ RRETY ( 1te .method () ;
//HET (& (*ite) ) ->method () ;

19




AW function-like classes, FrEE{5 K8

template <class T>
struct identity {
const Té&
operator () (const T& x) const { return x; }

s

template <class Pair>

struct selectlst | { template <class T1l, class T2>
const typename Pair::first type& struct pair {
operator () (const Pair& x) const T1 first;
{ return x.first; } T2 second;
bi pair() : first(T1l()), second(T2()) {}
pair (const T1l& a, const T2& b)
template <class Pair> : first(a), second(b) {}
struct select2nd { |
const typename Pair::second typeé& ) ;
operator () (const Pair& x) const

{ return x.second; }
} 7

20




EEE fREERr R REeE

template <class T>

struct identity {
const Té&
operator () (const T& x) const { return x; }

s

template <class Pair>

struct selectlst
const typename Pair::first type&
operator () (const Pair& x) const
{ return x.first; }

s

template <class Pair>

struct select2nd
const typename Pair::second typeé&
operator () (const Pair& x) const
{ return x.second; }

} 7




EEE fREERr R REeE

template <class T>
struct plus {
T operator () (const T& x, const T& y) const { return x + y; }
}i
template <class T>
struct minus {
T operator () (const T& x, const T& y) const { return x - y; }

s

template <class T>
struct equal to {
bool operator () (const T& x, const T& y) const { return x == y; }
}i
template <class T>
struct less {
bool operator () (const T& x, const T& y) const { return x < y; }

b




EEE RS, 5B E AEYE Y base classes

template <class Arg, class Result>
struct unary function {
typedef Arg argument type;
typedef Result result type;
}i

struct binary function ({
typedef Argl first argument type;
typedef ArgZ second argument type;
typedef Result result type;

I

template <class Argl, class Arg2, class Result>

less<int>::result_type = bool

23



AN AN namespace KEK

using namespace std;
/l
#include <iostream>

#include <memory> //shared_ptr
namespace jj01

{
void test member_template()
{ eens }

} //namespace

/]

#include <iostream>
#include <list> int main(int argc, char** argv)
namespace jj02 {
{ jjO1::test_ member_template();

template<typename T> jj02::test_template template param();
using Lst = list<T, allocator<T>>; }

void test_template_template_param()

{ e Y

} //mamespace
1




NN N class template, FEiEM

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

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

}:

{
complex<double> cl1(2.5,1.5);

complex<int> c2(2,6);




AN function template, pREHE

dmeEgsar ¥t function template #E7T

BE2#E (argument deduction ) ESHDLES SEless ot

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;

public:
stone (int w, int h, int we)

~w(w), _h(h), weight (we)
{ }

{ return weight < rhs. weight; }
private:
int w, h, weight;
bi

bool operator< (const stone& rhs) const

1 t
class stone
{ S—

==
M
=

rE

N

SHEENYLER > T Fy stone » A
i F stone::operator<

N

26



member template, i S 1EKE

template <class T1l, class T2>
struct pair {

typedef Tl first type;
typedef T2 second type;

Tl first;
T2 second;

pair ()
first(T1()), second(T2()) {}
pair(const Tl& a, const T2& b)
first(a), second(b) {}

template <class Ul, class U2>
pair (const pair<Ul, U2>& p)
first(p.first), second(p.second)

{}

27



AN member template, 5§ S

class Basel { };
class Derivedl: public Basel { };

class Base2 { };
class Derived2: public Base2 { };

T1 T2
pair<Derivedl, Derived2> p;

pair<Basel, Base2> p2(p);

T1 T2 Ul U2

Basel

L%

Derivedl

pair<Basel, Base2> p2(pair<Derivedl, Derived2>());

fE—(E Rl AR E RS RCRY pair > BUE FEHE]) —EH
FBENUSSAREREY pair ot - W DA 7
[z » "JLANE ?

ot

fill 22

Base2

Derived2

i

s

T1 first;
T2 second;
pair() : first(T1()), second(T2()) {}
pair(const T1& a, const T2& b) :
first(a), second(b) {}

template <class T1, class T2>
struct pair {

template <class Ul, class U2>
pair(const pair<Ul, U2>& p) :
first(p.first), second(p.second) {}




AN member template, 5§ S

template<typename Tp> Basel
class shared_ptr : public __shared_ptr<_Tp> |\
{ Derivedl

template<typename Tpl>
explicit shared ptr(_Tpl* _ p)
: _shared ptr< Tp>(__p){}

35

Basel* ptr = new Derivedl; /lup-cast

shared ptr<Basel> sptr(new Derived1); //f£{t up-cast

=t

Al

29



AN  specialization, BN b

template <class Key>
struct hash { };

template<>
struct hash<char> {
size t operatpr () (char x)

¥

template<>
struct hash<int> {
size t operator () (ing€iA)

const { return x;

const { return x;

}a

cout << hash<long>() (1000) ;

template<>
struct hash<long> ({
size t operator () (long x)

1

const { return x;

}

}

}

30



AN partial specialization, i {FHEE — — EEHE

template<typename T typename Alloc=...>
class wvector

{ e

b

template<typename Alloc=...>
class vector<bool Alloc>

{




template <typename T>
class C

{

} s

template <typename T>
class C<T*>

{

* e o
}'

C<string> objl;

C<string*> obj2;

ERR
HE L

AW AN partial specialization, i {F#EE — — SHEE

template <typename U>
class C<U*>

{

b

32



AN template template parameter, fEHIER 28

template<typename T,
template <typename T>
class Container
>

class XCls
{
private:

Container<T> c;
public:

template<typename T>

using Lst = 1list<T, allocator<T>>;

X XCls<string, list> mylstl;
XCls<string, Lst> mylst2;

33



AN template template parameter, fEHIER 28

template<typename T,
template <typename T>
class SmartPtr
>
class XCls
{
private:
SmartPtrx<<T> sp;
public:
XCls() : sp(new T) { 1}
};

XCls<string, shared ptr> pl;
X XCls<double, unique ptr> p2;
x XCls<int, weak ptr> p3;

XCls<long, auto ptr> p4;

34



AN E 3EXF template template parameter

class stack {
friend bool operator== <>
friend bool operator< <>

protected:
Sequence c; //JKJ=

1|

Has

(const stackég,
(const stackég,

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

const stack&) ;
const stacké&);

0 | stack<int> sl;

0 | stack<int,list<int>> s2;

35



AN A C++ EAE

Sequence containers:
array (&
vector
deque
forward_list &=

list

Container adaptors:
stack
queue

priority_queue

Associative containers:

IAfER

Iterators

see
Sorting:
sort
stable_sort
partial_sort
partial_sort_copy
is_sorted ‘M_

is_sorted_until €=

nth_element

Binary search (opsrating or
Eower_t_)gund

ijpgr_bound

W, imberhe

wd ENETOTE]
Prevdwrel ol b
crd-djrar s dews
e lani, ja-tag
ML gL
I o b
e ding Rl LSS W

=i

equal_range

set T &

multiset ﬁ‘% Algorithms binary_search R

map Containers _ =l
. Merge (operating on sorted Ly ST

multimap

Unordered associative con
unordered_set =

unordered multiset €1

unordered_map <

unordered multimap &

Functors

merge
inplace_merge

includes

set_union
set_intersection
set_difference
set_symmetric_differenc

1976 Niklaus Wirth
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NEE HEZHEEEA

*goperator fype() const;
*explicit complex(...) : irnitiali;ation list { }

*pointer-like object

function-like object HA I‘Llj;EEEIjJ
. =HpI=

namespace

*template specialization

*Standard Library —1= == %jj
*variadic template (since C++11) = ﬂb‘ﬂ-‘l’ﬁlﬁ
*move ctor (since C++11)

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

*lambda (since C++11)
'range-hase for loop (since C++11})

'‘uncrdered containers (since C++)
*Ohject Model




NEEF TErEESE CH2.0 ISR E

2 3 cpprocks.comsc | | -compalar-supportsh
- -
C++11 compiler support shootout: Visual prerE
. g+-+ Clang Intel
Feature Nov
Studio, GCC, Clang, Intel we as 5.0
CTP
March 14, 2013 Tags: C++11, clang, g++, Intel C++, vs2012
auto es Yes fies Yes
Category: Uncategorized 3 Comments :r‘-'""
decltype Yes Yes Mes Yes
It's been more than half a year since my last comparizon of the C++11 support across different
compilers. This time I'd like to see how different compilers stack up based on the documentation Ryalue references and move semantics Yes Yes Yes Yes
for the pre-release versions of these compilers.
Lambda expressions Rt Yes e e
The next release of GCC is 4.8 and the upcoming version of Clang is 3.3. If you use Visual Studio
2012, you can install an experimental CTP update released in Movember 2012 to get additional nullptr Tes Yes es es
C++11 features.
static_assert Yes Yes Yes Yes
I've also thrown in v.13.0 of Intel's C++ compiler out of curiosity, although it isn't pre-release
and there were a few features 1 couldn't find information about, 1 didn't find any information Range based for loop ves Ves es Tes
about the upcoming version of this compiler.
Tralling return typs in functions R s es e
extern templates es Ves Yes es
> for nested templates Yes Yes Yes Yes
Local and unnamed types as template
s res es es
arguments




AN AE DevC++ FHY

I_Prqeci] Execute Tools AStyle
] New File
Add To Project... 3
Remowve From Project...

B Project Options..  Crrl+H l

.
4 Project Gptions

............. .-

=2

General | Files - Compiler

o

Parameters I Directories | Output I Makefile I ‘u’ers'ron]nﬁo‘

’TDM-GCC 492 32-bit Releaze

Customize (appliss o this project onh):

| C aption§ Code Generation

Warnings | Profiling I Linker | Du’tputl

thimizelfb'r’fﬁ‘e'fdl'lb‘ﬁriﬁ'g‘ machine (-march)

Optimize less, while maintaining full compatibility (-mtune)
Enable use of specific instructions (-mz)

Optimization level (-Ox)

Compile with the following pointer width (-mz)

Language standard (-std)

http /¢ qoc. gnu.ongfonlinedocs/qoec/Oplion-Summany. himnl

For more information about GCC's options, please visit 150 (99

150 C++11

[ Lo |[ X

neel | GNU €99

GNU C++

GNU C++11 o

gl

¥ 1Y
Project Options E

| Generakl Files | Compiler | Parameters | Directories | Output | Iakefile | Vezsmnlnful

Base compiler set:

ITDMfGCC 4.8.2 32-bit Release —]

Custamize (applies to this project only):

1= crpt-\om Code Generation |W&mings| Profiling | Linker | Dutput‘

Optimize for the following machine (-march)

Optimize less, while maintaining full compatibility (-mtune)

Enable use of specific instructions (-mx)

Optimization level (-0x)

Compile with the following peinter width (- ) JR F2h........,
Language standard (-std) ~ 150 C++11

For more information about GCC's options, please visit
hitprAdqee gnu argdanlinedocs/qees/0 ption-S umemang bkl

: J_Q“f‘mj[ xgancﬂ” P Help
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NN E F—F R YE C++11: macro _ cplusplus

If available, you can evaluate the predefined macro _ cplusplus. For C++11, the
following definition holds when compiling a C++ translation unit:

#define  cplusplus 201103L

By contrast, with both C++98 and C++03, it was:

#define  cplusplus 199711L

Note, however, that compiler vendors sometimes provide different values here.

#include "stdafx.h"
#include <iostream>
using namespace std,;

VS 2012

#include <iostream>

int main()

{

std::cout << __ cplusplus;

Dev-C++ 5

7L )
! 5OCe+11 i

L

199711
Press any key to continue . . .

int main()
cout << __ cplusplus << end|;
return O; :
} BN CAWindows\system32iemd... 1= |- (5] -

5 ° Ditempi\Untitled3.exe

Process exited after B.86942 zecon

8" DhvhandoutyC++11-test-DevC++\C++1

Process exited after B.A1544 se

40



AN A  variadic templates (since C++11)
HEACHERSE

~fvoidprimt () e .. 7.5

ol print(7.5, "hello" b1tset<l6>(377) 42) |:> hello

9, — 0000000101111001
| 42

..............

IR prlnt(args ) Inside variadic templates,
} sizeof...(args) yields the
number of arguments

.. LE—EFTERAY pack (£1)
ﬁﬁ]‘j’:\ template parameters, ?}l}% ternplate parameters pack (1‘%1‘&%%&@4)
FAAR function parameter types, Hi & function parameter types pack (ERE{HIEAI)
FARS function parameters, i function parameters pack (EREIZE10)

41



AN A  auto (since C++11)

list<string> c;

list<string>::iterator ite;
ite = find(c.begin() ,c.end() , target);

1

list<string> c;

auto ite = find(c.begin() ,c.end() , target) ;

list<string> c;

auto ite;
ite = find(c.begin() ,c.end(), target) ;

42



AN ranged-base for (since

for ( decl : coll ) {

statement

C++11)

for (int 1 : { 2, 3, 5, 7,
cout << 1 << endl;
}

9, 13, 17,

19 b A

vector<double> wvec;

for ( auto elem : vec ) {
cout << elem << endl;

I\

for ( auto& elem : vec ) {
elem *= 3;

pass by value

(A

43



A A reference

memory FE 01, sizeof (r) == sizeof (x)
2, &x == &r; - A1 ref -
: object 71 H. reference H:
3] int  x=0; - -
= K/IMEIE - Hh-tAE
, ( i%‘ﬁﬂzﬁx%)
oy Inté r=X; | ris a reference to X R
| Java%Efﬁﬁﬁ%ﬁ**EE%Eﬂgreﬁnence
lnt* Pz&x; p IS a pOinter to X < .
int x2=5;
— -int& r2=r;

int x=0;
int* p =
int& r =
int x2=5;

r = X2;
int& r2 =

&x;

x; /J/r FF x - HWE r,x HEO

[/ AREEMREMPINE - HE r,x e 5

r; //IE r2 Z

5 (r2 & ¢ TMHERMEE x)
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ANV A  reference

cout
cout
cout
cout
cout
cout
g¢out
cout
cout

S s;

cout
cout
cout
c¢out

doubleé&

<<
<<
<<
<<
<<
<<
<<
<<
<<

S& rs =

<<
<<
<<
<<

{

X=

b

0

r =

typedef struct Stag {
int main ()
double
double*

.
14

int d,b,c,d;y } 8;

&x; //pfalAx, pHY{EExAYHILE
/I cfRiFx, BfEr, xEHUZ0

Xy

sizeof (x) << endl;
sizeof (p) << endl;
sizeof (r) << endl;

p
*p
X
1
&x
&r

Sy

<<
<<
<<
<<
<<
<<

endl;
endl;
endl;
endl;
endl;
endl;

sizeof (s) << endl;

sizeof (rs)

&s << endl;
&rs << endl:

<< endl;

//8
//4
//8
//0065FDFC
//0
//0
//0
//0065FDEC
//0065FDFC

//16
//16
//0065FDES
//0065FDES

object F1H: reference HY
K/NETE] > Hhik tAHTE]
(2 EESR)
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AN A reference HYE B R

void funcl (Cls* pobj)
void func2(Cls obj)
void func3 (Cls& obj)
Cls obj;
funcl (&ob7j)
func? (obj) ;

func3 (ob) ; > éﬁﬁﬁﬂﬁﬁﬁ%ﬂmlﬁl, 7

{ pobj—>xxx() }
{ obj.xxx (). }
{ obj Xxx();f }

reference NN ﬁ/\fﬁ%@q B
SR [EEAY (return type) (JH

ﬁﬁ FHA 8557 (parameters type) fll

DL #2457 B “same signature” ( BT LA A EE[EHHFAE )

double imag(const double& im) { ...
double imag (const double im) { ... } //Ambiguity

signature

Q: const & & PHEFR 41
A:Yes

— &by ?
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NEE HEZHEEEA

*goperator fype() const;
*explicit complex(...) : irnitiali;ation list { }

*pointer-like object

function-like object HA I‘Llj;EEEIjJ
. =HpI=

namespace

*template specialization

*Standard Library —1= == %jj
*variadic template (since C++11) = ﬂb‘ﬂ-‘l’ﬁlﬁ
*move ctor (since C++11)

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

*lambda (since C++11)
'range-hase for loop (since C++11})

'‘uncrdered containers (since C++)
*Ohbject Model




A& Composition (|85) F{% TRIBENINTE

Container object

Container @—| Component

Component
| part

EEHAmI
Container NS RKEE Fc3H FH Component /Y default £35S 8 »
RETHITHC -

HrHES TP
Container RYTBREELHITHC » AR FHH Component iy

PriEREL -

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

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




AW  Inheritance (&) B (% RIS

Base
AN

Derived

TSR MImAt

Derived object

base class HY dtor
WNJEFE virtual o
SR HIR

undefined behavior

~ Base part

Derived BYREE B SoE FH Base BY default f&id prE o

RETHITHLS -

A SN A

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

Derived EYITIBRBE SLHITHC » K% 5 H Base Y

PTEEREL -

Derived: :~Derived(..) { .. ~Base() };
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AW AN Inheritance+Composition Bf{& T YR EFIHTHE

Base

AN

Derived

SIS

Derived object

Component

Base part

Component
part

Derived BYREE B e SeE FH Base BY default #&id prE o
IN1%& 3 FH Component By default 1535 Ly »

REAHITED °
Wit ERS NI

Derived BNITERBEELHITES
%5 A Component HY FTERKEL
INT& 5 F Base BUBTHERREY -

Derived: :Derived(..) :

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

0

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




a (A object)

AN E HoER (Object Model) : BEY vptr F vtbl

non-virtual

t A vtbl
0x409004 o N 0x401EDO member functions
m_datal 0x401F10 Ax:funcl Q)
m_data2 0 Azfunc2()
b (B object) B::func2()
0x409014 o vptr B vtbl -
p 0x401F80 |- C:tinc2()
m datal
— 0x401F10 virtual functions
m_data2 0 >
e A: :VfunC 1 ()
m data3 > >
— Az:vfunc2()
¢ (C object) C vibl >
. vptr | C vt B::vfuncl()
0x409024 0x401FFO i
ClassA::m _datal 0x401F10 C::vfuncl()
m_data2 0
L X (* (p->vptz) [n]) (p) ;
m_datal B,

m_datad

(* p->vptr[n] ) (p)’

class A {
public:
virtual void vfuncl();

virtual void (P 1§R

void funcl();
void func2();
private:
int m_datal, m_data2;

¥

%

class B : public A {
public:
virtual void vfunel();
void func2();
private:
int m_data3;

i

ﬁ:

class C : public B {
public:
virtual void viunel();
void func2();
private:
int m_datal, m_data4;

¥
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AN E HoER (Object Model) : BEY vptr F vtbl

a (A object) .
non-virtual

vpir A vtbl
0X4(:190014 . " 0x401EDO member functions
m_data 0x401F10 il A
m_data2 0 A::func2() ‘ﬁ
b (B object) B::func2() B
0x409014 o vptr B vtbl -
— 0x401F80 |- C:iftine2() Aﬁ
m_data
— 0x401F10 virtual functions C
m_data2 0 >
I A::draW()
m_data3 \ >
p A::viunc2()
¢ (C object) | >
vptr C vtb - ..
0x409024 ® > B::draw()
x4090 0x401FF0 - .
ClassA::m _datal 0x401F10 C::draw() .
list<A*> myLst;
m_data2 0
— ® o o o o o ©
= (* (p->vptr) [n]) (p) ; | | |
m_datal B,
. O U e
m_datad (* p->vptr[n] ) (p);




AN E HoER (Object Model) : BEA this

Template Method
Application framework Application
this—>Serialize( );<
CDocument: : class CMyDoc :
(*(this->vptr)[n])(this); | | OnFileOpen( public CDocument
Dynamic Binding { | > virtual Serialize() { ... }
e P
“Serialize(); i
< main()
CDocument ¥ — {
OnFileOpen() virtual Serialise(); \ CMyDoc myDoc;
Serialize() £ \J
myDoc.OnFileOpen();
CMyDoc } :
Serialize() L e,

CDocument: :OnFileOpené&myDoc ),



AN E HHER (Object Model) : BE Y Dynamic Binding

O W >

118: B b;
00401CDE lea
00401CE1 call
119: A a= (A)b;
00401CE®6 lea
00401CE9 push
00401CEA lea
00401CFO call

pa->viuncl () ;

pa = &b;
pa->vfuncl () ;

00401CF5 push

B b; 00401CF6 lea

A a = (A)b; 00401CFC call

a.vfuncl (), —p120: a.vfuncl() ;
00401D01 lea

A* pa = new B; 00401DQ7 call

121: ==

//up cast too!

//dynamic binding. B::vfuncl ()

ecx, [b]
@QILT+535(B::B) (0040121c)

eax, [b]

eax

ecx, [ebp-114h]

@QILT+830(A::A) (00401343)

eax

ecx, [a]

@QILT+830(A::A) (00401343)

/ /]j: static binding. A: :vfuncl ()
ecx, [a]

@QILT+420 (A: :vfuncl) (004011a9)

XXX
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AN E HHER (Object Model) : BE Y Dynamic Binding

—
B b;

A a = (A)b; //
a.viuncl () ; //
A* pa = new B; |//
pa->vfuncl(); - //
pa = &b; //
pa—>vfunc1();-—]//
Ly

A

B

C

123: pa->vfuncl () ;
00401D68 mov
00401D6E mov
00401D70 mov
00401D72 mov
00401D78 call
00401D7A cmp
00401D7C call
124.:

125 pa = &b;
00401D81 lea
00401D84 mov
126: pa->vfuncl () ;
00401D8A mov
00401D90 mov
00401D92 mov
00401D94 mov
00401D9A call
00401D9C cmp
00401D9E call
127:

//jj:dynamic binding. B: :vfuncl ()
eax,dword ptr [pa]
edx,dword ptr [eax]
esi,esp

ecx,dword ptr [pa]
dword ptr [edx]
esi,esp

_chkesp (00423590) E1%

(* p->vptrn] ) (p);

/ /jj:up cast too!
eax, [b]
dword ptr [pal,eax
//jj:dynamic binding. B: :vfuncl ()
ecx,dword ptr [pa]
edx, dword ptr [ecx]
esi,esp
ecx,dword ptr [pa]
dword ptr [edx]
esi,esp
__chkesp (00423590)

(* (p—->vptr) [n]) (p) ;
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The End
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AN E 235 const

o

NN const member functions (51 Bi#)

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

friend complexk  doapl {(complex*, const complex&);
|

complex c1(2,1});
cout =< cl.reali):
cout << ol.imag();

} }

)

I const complex cl(2,1};
[ cout <= cl.xeal():
cout << cl.imag();

26
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AN E 235 const

& BB P ELHY const A1 non-const fA FE]RFFEAE
const object H & (HEE) S const R4 >
non-const object =& (HEE) & non-const ffii A -

const object non-const object

(data members {1555 H]) (data members 1] &)

const member functions

(PREEAH Y

data members)

class template std::basic string<...

AU T W[ member functions -

non-const
member functions
(FraE

data members A~ %8

EB
BB

charT
operator|[] (size_type pos) const

{ oo [ R E S COW */ )

reference
operator|[] (size_type pos)
{..... /* D R COW */ 3

const String str(“hello world”);
str.print();

WMEREWELET string: rprint () FFARFEH const @ HiEE EAT{ER
2% rHconst object 3 finon-const member function » & g - LIEE A FTER

non-const member functions 1] £ F const member functions @ 7 7 HI'RN{T » @5 |3%

COW : Copy On Write

(VC) error C2662: cannot convert 'this' pointer from 'const class X' to 'class X &'. Conversion loses qualifiers 58




. ' . r 7 J 4 EAELFTEIYPTEEL (memory block), in VC
8 del g ry block),
A new, delete
00000041 000001 1 00000031 000011
00790c20 I 00790620 Stzing
00790bE0 ahjact 0079080 ckjact
Y F 7 H %ﬂ. E - 0042ede8 (Eh) 0042ede (4h)
new E memory, ﬁ;ﬁﬁﬁ ctor class String T0000Ed RTTIE TIo0n0ed R (gl
{ N [T
o public: DO00a002 8+4*) R 4+HA)
? 0000004 216 000000
& © String(...) 4 18 0.4 4 (@ 0:d =212
m_data fru Complex Sitring =215
= m data = ohject ohject
String* = String ("Eello"); new char[n]; ___©0 | L O
ring* ps = new ring allo"); Hello 7 e TG
ﬁﬁ%%ﬁﬁ‘fﬁ ) i 00000000 {pad) JaJaJa R sic]}
1= 00000000 {pad)
; ; s private: 00000000 {pad) 4+(32+4)Hd*2)
HAEEHA nalles (n) o — ooonanat 348
String* ps; R BHE1H)H42)
252
void* mem = operator new( . =264
© ps = static cast<ftring*>( W& delete : 5T dtor, FEERX Mermory
€© ps->5tring::String ("Hello”
&\ class String
— [
pﬂa public:
Ay~ ~String()
{ deld
o iy = e mray : LT "y o
Btring® ps = new Btriggy"Helde™); - AN  array new —FEHER array delete
3 oo m_data private
delete ps; char*
v }; String* p = new Stringl[3]: String* p = new String[3]:
‘;, REEEEE D‘A delste[] p: //NBEEEI0dter delste p; //UEfE13dor
€ [ String:: ~String ips]; P % - 5 _.-". ‘ 5
@ | operator delete (ps); AR 7L * %ﬁ?}]ﬁ&
] 3 :
N ET N i i
DA HEEEAA free (ps) : - | 3 '
& — e
00000000 {pad) —1 > 7 |
21h -
o1
00000000 {pad)
41h




A EH coperator new, :operator delete
::operator new][], ::operator delete[]

e NG EREEETRE
void* myAlloc(size_t size) . /

{ return malloc(size); }

évoid myFree(void™* ptr)
{ return free(ptr); }

IIITEAIA T LA# B /> —{E namespace A
inline void* operator new(size t size)
{ cout << "jjhou global new() \n"; return myA\loc( size ); }

inline void* operator new| |(size t size)
{ cout << "jjhou global new[]() \n";  return my

inline void operator delete(void* ptr)
{ cout << "jjhou global delete() \n"; myFree(ptr); }

inline void operator delete[ |(void* ptr)
{ cout << "jjhou global delete[]()\n";  mylree( ptr); }




A E&; member operator new/delete

try {
@ void* mem = operator new(sizeof (Foo));
i @p—>Foo::Foo(); :
}
delete p; > © p->~Foo ()7
(2 operator delete(p);
class Foo { e

per-class allocator =

public: ~  PEEEESS QRSO o
void* operator new(size t); 1
void operator delete(void*,size_ﬁ)§

/... optional

s




A E& member operator new|[ |/ delete[ ]

try {
@ void* mem = operator new(sizeof(Foo)*N’+ 4);
l[: @p—>foo::Foo(); / /N X
)
-5~ . I
delete [ ] p; > Q| c->~Foo ()i //N K
(2 operator delete (p);

class Foo { |
public: per-class allocator I

void* operator new[] (size t);
void operator delete[] (void*,size t);
/... optional

s
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e Y, EO

¥

-

.......................................................... >
Foo* pf= new Foo; |~ e >
delete pf’ ............................................................................................................
class Foo R EAIE globals s #5 it members i globals
{ blic: Foo* pf = :new Foo;- "3 void* operator new(size t);
Pl.l t ICd delete pf . X void ::operator delete(void®);
int id;

long data;
string _str;

public:
Foo() : id(0)

//virtual
~Foo()

.............................................................................................. -

“static void* operator new(size 1 size);
i static void operator delete(void* pdead, size t size);
i static void* operator new| ](size t size);

..........................................................................................................................

{ cout << "dtor. this=" <<this <<" id=" << !

{ cout << "default ctor. this=" << this <<" id=" <<
Foo(int i) : _id(i) { cout << "ctor. this=" <<this <<" id=" << id <<

void* Foo::operator new(size t size) {
Foo* p = (Foo*)malloc(size);

void Foo::operator delete(void* pdead, size t size) {
cout << ......
free(pdead);

h

void* Foo::operator new|[](size t size) {
Foo* p = (Foo*)malloc(size);

void Foo::operator delete[](void* pdead, size t size) {
cout << ......
free(pdead);

}
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2l

Foo without
virtual dt0r<

sizeof (Foold=_12
/'(:)an::nperatnr new(), size=12

ptup- this =Ax3e3988 id=7

dtor_. this=Bx3eI?88 id=7?

Fuu::uperatur_ﬁeletgiliﬁgggﬁgf

Fuu::uperatur newll(>,. size=64

Hefault
ﬂefault

ctor.
ctor.
ctor.
ctor.
ctor.

thiszs=Bx3ebcfc
this=0x3e5d@3
this=Ax3ebdi4d
this=Bx3e5d2R8
this=Ax3ebd2c

return: Bx3e3?88

@£333988 gsize= 12

return: Bx3ebcf8
id=8
id=8
id=8
id=8
id=A

[

[

[

[

I PP |

.l

destryct

G4.9

size: 4

size: 12

dtor. this=Ax3e5d2c id=@
this=Hx3e5d2B id-=8
this=Bx3e5di4 id=08
this=0x3e5dB8 id=0
this=0x3ebcfc id=6
an::uperatur deletel[1(>, pdead= HAx3ebcfB

1
@:5 * cout << "sizeof(Foo)= " << siz

Foo* p = new Foo(7);
delete p;

return: Bx3e3788 k

Foo::operator newt?,. size=16
this=Ax33788 id-=7

_——,——,— e

Foo* pArray = new Foo[5];

delete [ | pArray; G4.9

newl1{>, size=84 return: Hx3eScf8
thiz=8x3ebcfc id=-0
thiz=Ax3e5dAc id=@A
this=Ax3e5dlc id=@0
thiz=Bx3ebd2c id=08
id=H

X size: 4
size: 16

3e5cfc

ctop.
ctor.

Foo with

. tor.
virtual dtor .o

ctor.
detault ctor. thai:
dtor. this=Bx3e5d3c
ﬂtur. this=0x3e5d2c
Ator. this=Ax3ebdlc
thizs=Bx3e5ddc

this=Ax3e5cfc

destruct

. construct

id=@
id=@
id=@
id=@

64

Htor.
Fuu::uperatur deletel[1<>, pdead= Bx3eScfd




e Y

5

e O ¥

Foo* p = ::new Foo(7);
::delete p;

Foo* pArray = ::new Foo|5];
::delete | | pArray;

ErksaH (e b
global scope operator ::) »
S EE AT A
overloaded functions,
&30 {5 FH global version.

ctor. thiz=Bx3ebceBd id="

dtor. thizs=Ax3ebceld id=7
ctor. this=Bxlebcfc
ctor. this=BxJebdB8
ctor. thiz=Ax3eS5did
ctor. thiz=Ax3e5d20

ctor. this=Axdebd2c
thiz=Px3ebd2c id=@
this=HxJebhd28 id=@A
thiz=Ax3e5did id=8
this=Ax3e5dB8 id=8
this=BxJebcfc id=8

T A A HE AT P B Y
operator new(), operator delete(),
operator new[](), operator delete[]().

destruct

G4.9
S.ize: 4L — 3e5cfc
size: 12
E construct
G4.9
size:d |, 3e5cfe
size: 16 | &

. construct
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e EE new(), delete()

M e LLEEH class member operator new() » B H A (ERA - FifEES—HRARY
FIHAWVEA BTS2 » K —2 8 AE size_t » HERZELL new i
FEERY placement arguments S /J{H o HIEF new (...) /NEIFRATIEEATEE

placement arguments °

Foo* pf =new (300, 'c") Foo; BB

> placement operator delete.

FeffH AT LLEEHE class member operator delete() @ 55 HZ5{ER A - (HE2EF
#z delete FHH - A H'E new Frgi A ctor ! exception - 4 el A5 fbEE
#RHAY operator delete() - T H BIREBEH AR » X KR E A AETERIEMNK
TNty object Firfh A HY memory ©
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e Y

class Foo {

public:
Foo() { cout << "Foo::Foo()" <<endl; }

class Bad { };

/1(1) B gk —F%AY operator new() Y EE &k
void* operator new(size t size) {
return malloc(size);

h

void* operator new(size t size, void* start) {
return start;

H

//(3) B{EA S ErEHY placement new

void* operator new(size t size, long extra) {
return malloc(sizetextra);

H

/1(4) 35 X E—1# placement new

void* operator new(size t size, long extra, char init) {
return malloc(size+extra);

Foo(int) { cout << "Foo::Foo(int)" << endl; throw Bad(); }
NETEE R HE expeetion -

JHIER placement operator delete.

/12) E{E AR LR ALAY placement new() FYEE L (HYIFEZ0)
// (FrLAF 5t standard placement new, #f - 2 {E[0] pointer)

/1(5) 38 Xl placement new, {Hi B 5 §555 — S 81V type
// (TR WhZEZ: size t DASFE IR H Y operator new)
//! void* operator new(long extra, char init) {

// [Error] 'operator new' takes type 'size t' ('unsigned int')
/l as first parameter [-fpermissive]
/! return malloc(extra);
AN
67




7?&“ (48) ,@gf Foo start;

(B EE) @ Foo* p2 = new (&start) Foo;
// LJ\TE?X@B_ELL placement new #Y%{E 755 placement delete. ® Foo* p3 =new (100) Foo;
/& ctor 5 FLE 0 18 FLETERY operator (placement) delete 5 & 45 54 . @ Foo* p4 =new (100,'a") Foo;

ISLFRREEUEHE Z placement new SFERT#AY memory. e
/(1) ig{E g —f%HY operator delete() Y EE & ST S Foo* p6 =new (100,'a") Foo(1);
void operator delete(void*,size t) g Foo* p7 = new (&start) Foo(1);
{ cout << "operator delete(void*,size t) " << endl } Foo* p8 = new Foo(1),

Foo:=:=Foot(>
@Yoperator new(size t sized,. size= 4

11(2) 2 R ITE L E Y (2) E oo S Foata

void operator delete(void*,void*) @Bloperator newlsize t si vold= start?,. size= 4 start= Bx22felic
{ cout << "operator delete(void*,void*) " <<endl; } _ HEEEEEEEI
©)operator newlsize t si long extrar 4 1608
Foo: =FooC)
//(3) E%%JL}EEJ:EE/‘] (3) O)operator new(size_t si long extra,. char init> 4 188 a
void operator delete(void*,long) RS Foo - :Foo ()

{Cout << ”operator delete(void*,long) " endl; } [@loperator newlsize_t size. long extra) <4 1688
Foo::=FooCint)

tmmlnate called after throwing an 1n,=.tanc:e uf ".]_]B'? Bad"

gy R @ (e

void operator delete(void*,long,char) ctor il EH Cy =11, G4.9 723 H] operator delete (void*,long),
{ cout << "operator delete(void*,long,char) " <<endl; } 18 G2.9 MEEER T .
private: Hf operator delete(...) AREE——HER »

3 g 5 gratdl &8 50 '
operator new(...), t A @ B (o] 5. -/éL‘ VC6 warning C4291: 'void * _ cdecl Foo::operator new(~~~)' no

== g = TATIpay g matching operator delete found; memory will not be freed if
IREVEER : ECRBLEE ctor StITHYZLR. E:> initialization throws an exception

int m_i;

5




MWW basic_string {EF new(extra) IEFTHFEE

template <...>

@;/ *class basic_string
{

private:
struct Rep {

Void release () { if (--ref ==

inline static Rep*

create (Slze_t)'; ................................................ {

=0) delete this; }

¥

E'{

tem
inlin

blate <class charT, class traits, class Allocator>
e basw _string <charT traits, Allocat0r> Rep

extra = frob_size (extra + 1);
Rep *p = new (extra) Rep; ====*=="*

au W
IIIII-"-.-"-

extra

return p;
) Rep

string INZ

¥
L
&4

Allocator::deallocate(ptr, sizeof(Rep) +

reinterpret_casfERep *>(ptr)->res *
sizeof (charT));
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The End
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