C C++

C++ C
C C++ C
C++
C
C C++
C++ C
C
C C++
1 const inline #define
“ " t#define

#define ASPECT_RATIO 1.653
ASPECT_RATIO
ASPECT_RATIO

1.653 ASPECT_RATIO ASPECT_RATIO
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1.653

const double ASPECT_RATIO =1.653;

const
const char*
const
const char * const authorName = "Scott Meyers";

const 21

(class)

class GamePlayer {
private:

static const int NUM_TURNS = 5; // constant declaration

int scores[INUM_TURNS]; /I use of constant
NUM_TURNS
const int GamePlayer::NUM_TURNS; /I mandatory definition;

/l goes in class impl. file


yang



( int, bool, char

class EngineeringConstants { Il this goes in the class

private: /I header file

static const double FUDGE_FACTOR,;

/I this goes in the class implementation file

const double EngineeringConstants::FUDGE_FACTOR = 1.35;

GamePlayer::scores (

) ( )

enum”
int
GamePlayer
class GamePlayer {
private:
enum { NUM_TURNS =51}; /I "the enum hack" — makes
/I NUM_TURNS a symbolic name
Il for 5



int scoresINUM_TURNS];

(

#define max(a,b) ((a) > (b) ? (a)

inta=5,b=0;
max(++a, b); Il a
max(++a, b+10); IIa

max

/I fine
1995 )
#define
: (b))
2
1

enum



( 33)
inline int max(int a, intb) {returna>b ?a:b;}

max int

template<class T>
inline const T& max(const T& a, const T& b)

{returna>b?a:b;}

«( ) T
( 22)
max
( 49) max
max C++
const inline
#include #ifdef/#ifndef
2 <iostream> <stdio.h>

scanf  printf
scanf  printf

L) T )

scanf/printf

FORTRAN

scanf/printf >> <<

int i
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Arrow
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yang


yang


yang


yang


yang



Rational r; /lr

cin >>i>>r;

cout << i<<r;

>> << Rational
( ) ( int
)
int
Rational
scanf
C++
int
Rational sacnf  printf

class Rational {
public:

Rational(int numerator = 0, int denominator = 1);

private:

int n, d; /!

friend ostream& operator<<(ostreamé& s, const Rational& r);



ostream& operator<<(ostreamé& s, const Rational& r)

{

s<<r.n<<'<<rd;

return s;
}
operator<< ( )
operator<< ( 19
) operator<< Rational const
( 22) operator>>
jostream C stream
( M16)
jostream
M23 jostream
( 49)
iostream <stdio.h>
C
jostream
<stdio.h> jostream
<stdio.h>

<iostream>

<iostream.h> <iostream.h> _



C <jostream>

49 <iostream>
<jostream.h> #include
<iostream>, std( 28) iostream

#include <iostream.h>

<iostream> <iostream.h>

)
3 new delete malloc _ free
malloc free( )
10 string
malloc new

string *stringArrayl =

static_cast<string*>(malloc(10 * sizeof(string)));

string *stringArray2 = new string[10];

stringArrayl 10  string
(
M4 M8 )
stringArrayl stringArray?2

10 string , string
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stringArrayl

free(stringArray1l);

delete [] stringArray2; I 5

D string

stringArray2

new delete

new delete malloc free

free malloc

new/delete  malloc/free

<string.h> strdup
char * strdup(const char *ps); Il
C C++ strdup
C++
strdup free
strdup new

delete

ps

new
delete
char*
malloc
strdup
C++
delete

strdup
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delete

C++ C
malloc free
free
free
malloc
delete
malloc free
new/delete
new
4 C++
C C++
if(a>b){
/I int temp = a;
/l a = b;
/I b = temp;
}
C++

malloc

free

new

C++

/l swap a and b

C++

free

malloc
malloc  free
new

malloc  delete

malloc/free
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if(a>b){
[* inttemp = a; /* swap a and b */
a=Db;
b = temp;
*/

C C C++

C++

C C++

#define LIGHT_SPEED 3e8 /I m/sec (in a vacuum)

C++

C++
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C++ C

C malloc free

C++ new delete

delete
new delete
new delete

( M8)

5 new delete

string *stringArray = new string[100];

delete stringArray;
—_— new delete——
stringArray 100

string 99

new ( operator new
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7-10 M8)
delete
( operator delete

delete

delete delete

string *stringPtrl = new string;

string *stringPtr2 = new string[100];

delete stringPtrl; Il
delete [] stringPtr2; I
stringPtrl "I
stringPtr2 "
int

delete

M8)

new

11

delete
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typedef typedef

new typedef
delete
typedef string AddressLines[4]; Il 4
I string
AddressLines new:
string *pal = new AddressLines; I "new AddressLines"
I string*,
Il"new string[4]"
delete
delete pal; Il !
delete [] pal; Il
typedefs
C++ ( 49) stirng  vector
AddressLines (string)
(vector) AddressLines vector<string>
6 delete

new
delete

delete
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0(

new

new

new, delete

C++

M9  M10

delete

delete

auto_ptr
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operator new (

0
)
new
C
C++
#define NEW(PTR, TYPE) \

try { (PTR) = new TYPE; } \

catch (std::bad_alloc&) { assert(0); }
“ std::bad_alloc " bad_alloc  operator new

std bad_alloc (
28) “ ” “ assert ” C

<assert.h>( <cassert>

49) assert
abort assert
NDEBUG
NDEBUG assert
(assertion)
NEW assert
( ) C++
new
.

new T;



new T(constructor arguments);

new TJ[size];

( )operator new

new

operator new

 — new-handler (operator new
8)
<new>

typedef void (*new_handler)();

new_handler set_new_handler(new_handler p) throw();

new_handler
set_new_handler

new_handler

set_new_handler operator new

set_new_handler

set_new_handler
/l function to call if operator new can't allocate enough memory

void noMoreMemory()

{
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Oval


cerr << "Unable to satisfy request for memory\n";

abort();

int main()

{

set_new_handler(noMoreMemory);

int *pBigDataArray = new int[100000000];

}
operator new 100,000,000 noMoreMemory
( cerr
)
operator new new-handler
8
new-handler

operator new

new-handler



new-handler new-handler

new-handler
new-handler new-handler (
set_new_handler) operator new new-handler
( new-handler
new-handler
)
new-handler set_new_handler new-
handler operator new std::bad_alloc
std::bad_alloc std::bad_alloc
operator new (
operator new
abort new-handler std::bad_alloc
M14 )
abort  exit abort/exit C
( C++ 49)
new-handler
class X {
public:

static void outOfMemory();



class Y {
public:

static void outOfMemory();

%
X* pl = new X; I X::outOfMemory
Y* p2 = new Y; 1l Y::outOfMemory

C++ new-handler

set_new_handler operator
new set_new_handler new-handler(
set_new_handler new-handler ) operator new
new-handler new-handler
X operator new X

new_handler X

class X {

public:

static new_handler set_new_handler(new_handler p);

static void * operator new(size_t size);

private:

static new_handler currentHandler;



0
X::currentHandler
new_handler X::currentHandler; I currentHandler  O( null)
X set_new_handler
set_new_handler

new_handler X::set_new_handler(new_handler p)
{

new_handler oldHandler = currentHandler;

currentHandler = p;

return oldHandler;
}

X operator new
1. set_new_handler X X
new-handler new-handler e
std ( set_new_handler std )

2. operator new operator new
X new-handler ( 1) new-handler
operator new std::bad_alloc X

operator new X operator new

new-handler

3. operator new X , X operator new

set_new_handler



C++
void * X::operator new(size_t size)
{

new_handler globalHandler = Il X new_handler

std::set_new_handler(currentHandler);

void *memory;

try { Il
memory = :.operator new(size);
}
catch (std::bad_alloc&) { Il new_handler

std::set_new_handler(globalHandler);

throw; 1l

std::set_new_handler(globalHandler); Il new_handler

return memory;

std::set_new_handler M9

X

void noMoreMemory(); Il X

/I new_handler

I

X::set_new_handler(noMoreMemory);



X *px1 = new X;

string *ps = new string;

X::set_new_handler(0);

X *px2 = new X;

template<class T>  //

/I noMoreMemory X

/I new-handling

I
I noMoreMemory
1
I new-handling

Il

I X new-handling
Il

I

I X new-handling )
Il

41

" (mixin-style)

new-handler
set_new_handler operator new

currentHandler

set_new_handler



class NewHandlerSupport { // “

public:

static new_handler set_new_handler(new_handler p);

static void * operator new(size_t size);

private:

static new_handler currentHandler;

3

template<class T>
new_handler NewHandlerSupport<T>::set_new_handler(new_handler p)
{

new_handler oldHandler = currentHandler;

currentHandler = p;

return oldHandler;

template<class T>

void * NewHandlerSupport<T>:.operator new(size_t size)

{

new_handler globalHandler =

std::set_new_handler(currentHandler);

void *memory;

try {

memory = :operator new(size);

}
catch (std::bad_alloc&) {



std::set_new_handler(globalHandler);

throw;

std::set_new_handler(globalHandler);

return memory;

// this sets each currentHandler to O
template<class T>

new_handler NewHandlerSupport<T>:.currentHandler;

X set_new_handler X
newHandlerSupport<X>
/I note inheritance from mixin base class template. (See
/I my article on counting objects for information on why
/Il private inheritance might be preferable here.)

class X: public NewHandlerSupport<X> {

/I as before, but no declarations for

h I/l set_new_handler or operator new

set_new_handler

new try NewHandlerSupport
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1993 C++

operator new

C++
8) 0
throw new

class Widget { ... };

Widget *pwl = new Widget; I

if (pwl == 0) ...
Widget *pw2 =

new (nothrow) Widget;

if (pw2 == 0) ...

set_new_handler

8. operator new

new-handler

operator new 0

std::bad_alloc C++

0

operator new( operator new[]—

nothrow

std::bad_alloc if

I 0

I

) new new

operator delete

operator new

( 10 )

operator new
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0 new

7 std::bad_alloc

operator new

operator
new
C++ 0 operator new
( C++
)
operator new
void * operator new(size_t size) /I operator new
{
if (size == 0) { Il 0
size = 1; I 1
}
while (1) {
size ;
if ( )

return ( );



Il

new_handler globalHandler = set_new_handler(0);

set_new_handler(globalHandler);

if (globalHandler) (*globalHandler)();

else throw std::bad_alloc();

}

set_new_handler

7 operator new
——while (1)
7
new-handler( )

std::bad_alloc

new-handler
operator new
size
10 )
X

new-handler

operator new

( size 0) size

operator new(

operator new



sizeof(X)
operator new
class Base {
public:

static void * operator new(size_t size);

¢

class Derived: public Base /I Derived operator new
{ .. } 1

Derived *p = new Derived; /l Base::operator new

Base operator new —

operator new

void * Base::operator new(size_t size)

{
if (size = sizeof(Base)) Il “ ? operator
new
return ::operator new(size); 1l
I
I

}

113 !” 1

——size 1”

) size = sizeof(Base)



C++
sizeof(Base)
size ::operator new
( Base

"my article on counting objects")

——operator new[](

) operator new(]

Base::operator new(]

new(] M8

operator new(
operator delete(
C++
operator delete
void operator delete(void *rawMemory)
{
if (rawMemory == 0) return; file://

Il

rawMemory ;

return;

operator newl[])

(freestanding)

( base )

sizeof(Base)

operator new

new” "operator new(]")

operator new[]

sizeof(Base)

)/sizeof(Base) operator

operator delete]])



operator new “ ” .operator new

“ " ::operator delete

class Base { I
public: /[ operator delete
static void * operator new(size_t size);

static void operator delete(void *rawMemory, size_t size);

void Base::operator delete(void *rawMemory, size_t size)

{
if (rawMemory == 0) return; Il
if (size != sizeof(Base)) { I size" "
::operator delete(rawMemory); // operator
return;
}
rawMemory ;
return;
}

operator new  operator delete(

)

new-handler



9. new

void f(); I

class X {

public:
void f(); I

f(); I f

x.f(); Il X::f

operator new

class X {

public:
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void f();

/I operator new
/l new-hander(new )

static void * operator new(size_t size, new_handler p);

h

void specialErrorHandler(); /l
X *px1=

new (specialErrorHandler) X; 1 X::operator new
X *px2 = new X; I !

operator new”

new 50

new operator new

new

class X {
public:
void f();

static void * operator new(size_t size, new_handler p);

static void * operator new(size_t size)

{ return ::operator new(size); }

3



X *px1 =
new (specialErrorHandler) X; Il X::operator

/I new(size_t, new_handler)

X* px2 = new X; 1 X::operator

Il new(size _t)

operator new
24)

class X {
public:
void f();

static

void * operator new(size_t size, IIp 0

new_handler p = 0); I

X *px1

new (specialErrorHandler) X; Il

X* px2 = new X; /1

new



10. operator new operator delete

operator

new operator delete

operator new  operator delete

Airplane

( 34 )

class AirplaneRep { ... }; Il
I
class Airplane {

public:
private:
AirplaneRep *rep; I
%
Airplane 14 M24
Airplane
operator new Airplane

operator new  operator delete

operator new
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operator delete
operator delete operator new
operator new operator

delete

Airplane *pa = new Airplane;

pa——> Airplane

pa—> + Airplane
Airplane
Airplane operator new Airplane
operator new
operator new Airplane
Airplane
- — Airplane
next rep

next Airplane rep



Airplane next

union
Airplane
class Airplane { I —
public: Il

static void * operator new(size_t size);

private:
union {
AirplaneRep *rep; I
Airplane *next; I
¢
Il
Il Airplane

static const int BLOCK_SIZE;

static Airplane *headOfFreeList;

operator new

rep  next



Airplane

operator new

void * Airplane::operator new(size_t size)

{
n - ” ::operator new() X
Il 8
if (size = sizeof(Airplane))

return ::operator new(size);

Airplane *p = II'p
headOfFreelList; Il

Il p

Il

if ()

headOfFreeList = p->next;

else {
Il
I BLOCK _SIZE Airplane
Airplane *newBlock =
static_cast<Airplane*>(::operator new(BLOCK_SIZE *

sizeof(Airplane)));

I

I 0 operator new

I



for (inti=1; i< BLOCK_SIZE-1; ++i)

newBlock][i].next = &newBlock]i+1];

I
newBlock[BLOCK_SIZE-1].next = 0;

Il p headOfFreeList
I
p = newBlock;

headOfFreeList = &newBlock[1];

}
return p;
}
8 operator new
new-handler
operator new
::operator new operator new
new new-handler

Airplane  operator new

::operator new

;:operator new

::operator

new-handler

operator new Airplane

Airplane *Airplane::headOfFreeList;

const int Airplane::BLOCK_SIZE =512,



headOfFreeList
0 BLOCK_SIZE

operator new

operator new

:operator new

Airplane

2

operator new

operator new

operator delete

operator delete

new operator delete

Airplane *pa = new Airplane;

delete pa;

operator new

operator delete

operator delete

counting objects

Airplane operator
I
I Airplane::operator new
/l ::operator delete
Airplane
operator new operator delete
article on

the sidebar on placement



Airplane

class Airplane { Il

public: /[ operator delete

static void operator delete(void *deadObiject,

size t size);

I operator delete ,
Il
I

void Airplane::operator delete(void *deadObiject,

size_t size)
{
if (deadObject == 0) return; I
if (size != sizeof(Airplane)) {1 8
::operator delete(deadObject);
return;
}

Airplane *carcass =

static_cast<Airplane*>(deadObject);

carcass->next = headOfFreelList;

headOfFreeList = carcass;



operator new operator new
8 “ ” operator delete
——hnew

delete

operator delete  size_t

14
operator delete
Airplane  operator new ;:operator
new Airplane  operator delete

Airplane
Airplane::operator new
operator delete

Airplane



::operator new Airplane::operator

delete
Airplane ::operator new
operator new operator delete
Airplane
Airplane  operator delete

int main()
{

Airplane *pa = new Airplane; Il

I
delete pa; 1 ;

Il

pa = new Airplane; Il ,

Il



delete pa; /l
Il

I

return O;
}
operator new  operator delete
Pool 18 Pool
Pool
class Pool {
public:
Pool(size_t n); Il n

I



void * alloc(size_t n) ; Il

I 8
void free( void *p, size_t n); N p
I 8
~Pool(); Il
%
Pool
Pool Java
class Airplane {
public:
I Airplane

static void * operator new(size_t size);

static void operator delete(void *p, size_t size);

private:

operator new

operator delete

Pool

Airplane

Pool

Airplane



AirplaneRep *rep; Il

static Pool memPool; Il Airplanes

inline void * Airplane::operator new(size_t size)

{ return memPool.alloc(size); }

inline void Airplane::operator delete(void *p,

size t size)
{ memPool.free(p, size); }
/I Airplane
I
Pool Airplane::memPool(sizeof(Airplane));
Airplane Airplane
union
——Pool Pool
Airplane
Pool operator new
operator delete operator new

operator delete



11:

String

I String
class String {
public:

String(const char *value);

~String();

I

private:

char *data;

h

String::String(const char *value)

{

if (value) {

data = new char[strlen(value) + 1];

strcpy(data, value);

operator=
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else {
data = new char[1];
*data = "0

}

inline String::~String() { delete [] data; }

String a("Hello™);
String b("World");

a: data—— "Hello\0"

b: data—— "World\0"

a "Hello"
"World"
b=a;
operator= C++
45

(a.data b.data)

b

operator=



a: data -------- > "Hello\0"

/
b: data --/ "World\0"
b
a b
String a("Hello"); Il a
{ 1l
String b("World"); Il b
b = a; Il operator=,
I b
} Il :
II'b
String ¢ = a; /I c.data !
/Il a.data

C++

c.data



a.data c.data

C a c.data a.data

22

void doNothing(String localString) {}

String s = "The Truth Is Out There";

doNothing(s);
localString
localString
doNothing localString
S localString
delete
S

M29



27

String
new I
5 new delete

new

12:

template<class T>
class NamedPtr {
public:
NamedPtr(const string& initName, T *initPtr);

private:
string name,;
T *ptr;

¢

private

I

delete


YDQ
Line


11  NamedPir 2

NamedPtr

template<class T>
NamedPtr<T>::NamedPtr(const string& initName, T *initPtr )
: name(initName), ptr(initPtr)

{

template<class T>
NamedPtr<T>::NamedPtr(const string& initName, T *initPtr)
{

name = initName,;

ptr = initPtr;

const
NamedPtr<T>

21 const

template<class T>
class NamedPtr {

public:



NamedPtr(const string& initName, T *initPtr);

private:
const string name;
T * const ptr;

h

const

NamedPtr<T>

const

template<class T>
class NamedPtr {
public:
NamedPtr(const string& initName, T *initPtr);

private:
const string& name; 1
I
T * const ptr; Il
Il



const

string
NamedPtr<T>

1 13
2.

NamedPtr string name

NamedPtr

NamedPtr
string NamedPtr
name operator=
name
name
string

const

string

name
name

string

initName



M32

class ManyDataMbrs {
public:

Il

ManyDataMbrs();

Il
ManyDataMbrs(const ManyDataMbrs& x);

private:
inta, b, c,d,efqg,h;
double i, |, k, I, m;

h

int 1 double

ManyDataMbrs::ManyDataMbrs()

ra(1), b(1), c(1), d(1), e(2), f(1), g(1), h(2), i(0),
1(0), k(0), 1(0), m(0)

{..}



ManyDataMbrs::ManyDataMbrs(const ManyDataMbrs& X)
ra(1), b(1), c(1), d(1), e(1), f(1), g(1), h(1), i(0),

1(0), k(0), 1(0), m(0)
{..}

const,

class ManyDataMbrs {
public:

Il

ManyDataMbrs();

I
ManyDataMbrs(const ManyDataMbrsé& x);

private:
inta, b,c,d, e fqg,h;

double i, j, k, I, m;

void init(); 1

void ManyDataMbrs::init()
{



ManyDataMbrs::ManyDataMbrs()

{
init();

ManyDataMbrs::ManyDataMbrs(const ManyDataMbrs& Xx)

{
init();

private

static

M47



13:

Pascal Ada

C 0
begin/end

template<class T>
class Array {
public:
Array(int lowBound, int highBound);

private:
vector<T> data; /!
/
size t size; Il
int IBound, hBound;: /!
h

template<class T>

10 20

vector

Array<T>::Array(int lowBound, int highBound)

: size(highBound - lowBound + 1),

IBound(lowBound), hBound(highBound),

data(size)

{

vector

Array

49

10
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highBound
lowBound

data

“ ” “ Slze

vector -

Array

size, IBound hBound

class Wacko {

public:
Wacko(const char *s): s1(s), s2(0) {}
Wacko(const Wacko& rhs): s2(rhs.s1), s1(0) {}

private:
string s1, s2;

3

Wacko w1l = "Hello world!";

Wacko w2 = w1l;

wl

data

w2



47

43

14:

1 M26

my article on counting objects”

class EnemyTarget {
public:
EnemyTarget() { ++numTargets; }

EnemyTarget(const EnemyTarget&) { ++numTargets; }
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~EnemyTarget() { --numTargets; }

static size_t numberOfTargets()

{ return numTargets; }

virtual bool destroy(); I EnemyTarget
I
private:
static size_t numTargets; Il
%
I ;
I 0

size_t EnemyTarget::numTargets;

EnemyTarget 35

class EnemyTank: public EnemyTarget {
public:

EnemyTank() { ++numTanks; }

EnemyTank(const EnemyTanké& rhs)
. EnemyTarget(rhs)

M33



{ ++numTanks; }

~EnemyTank() { --numTanks; }

static size_t numberOfTanks()

{ return numTanks; }

virtual bool destroy();

private:
static size_t numTanks; /l
%
M26
new EnemyTank
delete
EnemyTarget *targetPtr = new EnemyTank;
delete targetPtr;
new

delete



Crt ]

targetPtr EnemyTank
EnemyTarget virtual
EnemyTank
EnemyTarget
EnemyTarget

36

ARM(“The Annotated C++ Reference Manual”)

Il 2D

class Point {

public:
Point(short int xCoord, short int yCoord);
~Point();

private:

short int x, y;

h


yang



FORTRAN
2 16
vptr
vptr

short int

Point

short

16

Point

32

vptr

2

16

Point
32

Point

vtbl
vtbl
vtbl  vptr  vtbl

short 32

C++ Point

Point

13
M33

32

vptr

M24

vptr

Point



template<class T> /l

class Array { I ( 13)
public:
Array(int lowBound, int highBound);
~Array();
private:

vector<T> data,

size t size;

int IBound, hBound,
%

template<class T>
class NamedArray: public Array<T> {
public:

NamedArray(int lowBound, int highBound, const string& name);

private:

string arrayName;

h

NamedArray

Array delete Array

NamedArray<int> *pna =

new NamedArray<int>(10, 20, "Impending Doom");

Array<int> *pa;



pa = pna; /I NamedArray<int>* -> Array<int>*

delete pa; Il ! pa->arrayName
Il *pa  NamedArray
I
NamedArray Array —_— Array
M33
class AWOV { Il AWOQV = "Abstract w/o
Il Virtuals"

public:



virtual ~AWOV() = 0; I

AWOV::~AWOV() {} Il

15:

C++

~AWOV
33
inline
operator= *this

Bjarne Stroustrup

vtbl

M24



M5

intw, X, Y, z;

w=x=y=z=0;

string w, X, Y, Z; /I string
I
I (

w=x=y=2z="Hello";

W= (x = (y = (z = "Hello"));

C++

49)

LISP

w.operator=(x.operator=(y.operator=(z.operator=("Hello"))));

y.operator= operator=

w.operator=, Xx.operator=

operator=



operator= 45

C& C::operator=(const C&);

operator=
operator=
string
string& Il string
operator=(const string& rhs); Il string
string& Il char*
operator=(const char *rhs); I string
C++ operator= void
operator= const
class Widget {
public:

const Widget& operator=(const Widget& rhs);



Widget wl, w2, w3;

(Wl = w2) = w3; Il w2 wl, w3
I/l ( operator= const
I
intil,i2,i3;
(i1 =i2) =i3; Il 2 i1
I i3 i1l
int
this

String



String& String::operator=(const String& rhs)
{

return *this; 1l

String& String::operator=(const String& rhs)
{

return rhs; /!

rhs rhs const String
operator= String const
const
operator=

String& String::operator=(String& rhs) { ...}



x = "Hello"; I x.op=("Hello");

String—— String
— M19
const String temp("Hello"); I String
X = temp; Il String
— 19 const
C++

String  operator=

const

*this

16: operator=

Stirng —

operator=

const Stirng
const

const



45

11
template<class T> I
class NamedPtr { Il 12
public:

NamedPtr(const string& initName, T *initPtr);
NamedPtr& operator=(const NamedPtr& rhs);

private:
string name;
T *ptr;

%

template<class T>
NamedPtr<T>& NamedPtr<T>::operator=(const NamedPtr<T>& rhs)
{
if (this == &rhs)
return *this; I 17

/[ assign to all data members

name = rhs.name; /! name



*ptr = *rhs.ptr; 1 ptr
Il

return *this; /! 15

NamedPtr

class Base {
public:

Base(int initialValue = 0): x(initialvValue) {}

private:

int x;

class Derived: public Base {
public:
Derived(int initialValue)

. Base(initialValue), y(initialValue) {}

Derived& operator=(const Derived& rhs);



private:

int y;

Derived

I/ erroneous assignment operator
Derived& Derived::operator=(const Derived& rhs)

{

if (this == &rhs) return *this; // 17
y = rhs.y; 1l Derived
I
return *this; I 15
}
Derived Base

void assignmentTester()

{
Derived d1(0); /[ d1.x =0,dly =0
Derived d2(1); /d2x =1, d2y =1
dl = dz; /[ dl.x =0, di1y = 1!

}

dl Base



Derived::operator=
X  Base Derived

Derived Base

I
Derived& Derived::operator=(const Derived& rhs)

{
if (this == &rhs) return *this;

Base::operator=(rhs); Il this->Base::operator=

y = rhs.y;

return *this;

Base::operator=
*this

*this Base _

45

Derived:.operator=

Derived& Derived::operator=(const Derived& rhs)

{
if (this == &rhs) return *this;

Base::operator=



static_cast<Base&>(*this) = rhs; /I *this Base

1 operator=

y = rhs.y;

return *this;
}

*this Base
Derived Base
Base Base *this
Base
*this
Derived Base

Derived Derived
class Base {
public:

Base(int initialValue = 0): x(initialvValue) {}

Base(const Base& rhs): x(rhs.x) {}

private:

int x;

class Derived: public Base {

public:

Base

M19



Derived(int initialValue)

. Base(initialValue), y(initialValue) {}

Derived(const Derived& rhs) I

D y(rhsy) {} I
private:
int y;
h
Derived C++ bug Derived
Derived Base
Base X 0
X
Derived Base
Base Derived
Base

class Derived: public Base {
public:
Derived(const Derived& rhs): Base(rhs), y(rhs.y) {}

Derived

Base



17: operator=

class X {... };

X a;

a=a /I a

16
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String

class String {

public:
String(const char *value); // 11
Il
~String(); 1l 11
Il

String& operator=(const String& rhs);

private:

char *data;

h

I
Il
String& String::operator=(const String& rhs)
{

delete [] data; // delete old memory



I rhs
data = new char[strlen(rhs.data) + 1];

strcpy(data, rhs.data);

return *this; /l see ltem 15

String a = "Hello";

a= a; /I same as a.operator=(a)
*this rhs

*this data ------------ > "Hello\0"

/

/
rhs  data -----

delete data
*this data ------------ > 277
/
/



rhs.data strlen data

rhs.data data this->data rhs.data

object identity

object identity

String

String a = "Hello";

String b ="World";

String ¢ = "Hello";

String

String& String::operator=(const String& rhs)

{

if (strcmp(data, rhs.data) == 0) return *this;



operator==

C& C::operator=(const C& rhs)

{
I

if (*this == rhs) Il

return *this;

C& C::operator=(const C& rhs)

{
I

if (this == &rhs) return *this;

operator=

operator=

C++



class C {
public:

ObjectID identity() const;  // 36
%

a b a->identity() =

operator== object identity
class Base {

void mfl(Base& rb); /I b *this
¢

void f1(Base& rbl,Base& rb2); // rbl  rb2
I

= b->identity()

ObjectIDs

operator=



class Derived: public Base {
void mf2(Base& rb); /I b *this
I

int f2(Derived& rd, Base& rb); //rd  rb
I

C++

C++



delete(]

A

explicit

operator new, operator new[], operator delete,

M8

M14

explicit

operator

M5



18:

C++

C++

private

20
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think

ruminate

100

10

ponder



M32

34

M16

template<class T>
class Array {
public:
enum BoundsCheckingStatus {NO_CHECK_BOUNDS = 0,
CHECK_BOUNDS = 1};

bug



Array(int lowBound, int highBound,
BoundsCheckingStatus check = NO_CHECK_BOUNDS);

Array(const Array& rhs);

~Array();

Array& operator=(const Array& rhs);

private:
int IBound, hBound; /! ,
vector<T> data; /! ) vector

Il 49

BoundsCheckingStatus checkingBounds;

h

14

C++
Array
27 vector —_

49 vector vector



Array(int size,

BoundsCheckingStatus check = NO_CHECK_BOUNDYS);

Il /
T& operator[](int index);

I

const T& operator[](int index) const;

const const const

const Array 21

Array

Array<int> a(10, 20); 1 10 20



for(inti=a ri<=a ;)

COUt << lla[ll << i << II] - n << a[i] << l\nl;

a Array
Array::operator= Array
a
a
Array a

int lowBound() const;

int highBound() const;

const const” 21 const

for (inti = a.lowBound(); i <= a.highBound(); ++i)

cout << "a[" << i << "] =" << afi] << "\n;

T operator<<



T  operator<< T M5 operator<<

Array Array
highBound()-lowBound()+1

ll+1ll

<1 >’ ::1

operatorf]

operator<<, operator>> 19

19:

38

class Rational {
public:
Rational(int numerator = 0, int denominator = 1);

int numerator() const;


YDQ
Line

YDQ
Line


int denominator() const;

private:

18

Rational

class Rational {

public:

const Rational operator*(const Rational& rhs) const;

3

— const

const _— 21-23

Rational oneEighth(1, 8);

Rational oneHalf(1, 2);



Rational result = oneHalf * oneEighth; //

result = result * oneEighth; /l
Rational int
result = oneHalf * 2; Il
result = 2 * oneHalf; Il !
result = oneHalf.operator*(2); Il
result = 2.operator*(oneHalf); Il !
oneHalf operator*
2 operator*
operator*

operator* operator*

result = operator*(2, oneHalf); /I !
int  Rational operator*
2 Rational::operator*

Rational 2



int Rational

Rational int Rational
M19
const Rational temp(2); 2
// Rational

result = oneHalf * temp; Il oneHalf.operator*(temp);

explicit

explicit explicit Rational

class Rational {
public:
explicit Rational(int numerator = 0O, Il

int denominator = 1); // explicit

const Rational operator*(const Rational& rhs) const;



result = oneHalf * 2; 1l I

result = 2 * oneHalf; Il !
Rational
—_— Rational explicit
result
*this
result = oneHalf.operator*(2); /I converts int -> Rational
result = 2.operator*(oneHalf); Il
/l int -> Rational
operator*

class Rational {

/I contains no operator*



I
I M20
const Rational operator*(const Rational& lhs,
const Rational& rhs)
return Rational(lhs.numerator() * rhs.numerator(),
Ihs.denominator() * rhs.denominator());
Rational oneFourth(1, 4);

Rational result;

result = oneFourth * 2; /!

result = 2 * oneFourth; // , I

operator* Rational

operator* public

String



operator>>  operator<< String

String

I operator>>
Il operator<<

class String {

public:

String(const char *value);

istreamé& operator>>(istream& input);

ostream& operator<<(ostreamé& output);

private:

char *data;

h

String s;

s >> cin; /! ,

Il

S << cout; 1!



istream& operator>>(istreamé& input, String& string)

{

delete [] string.data;

read from input into some memory, and make string.data

point to it

return input;

ostreamé& operator<<(ostreamé& output,

const String& string)

{
return output << string.data;
}
String data
private
f C
f C
operator>>  operator<< f operator>>
operator<< f f C f

C



20: public

public

public

class AccesslLevels {
public:
int getReadOnly() const{ return readOnly; }

void setReadWrite(int value) { readWrite = value; }

int getReadWrite() const { return readWrite; }

void setWriteOnly(int value) { writeOnly = value; }

private:



int noAccess; /! int

int readOnly; Il int
int readWrite; /! / int
int writeOnly; 1l int
h
functional
abstraction

class SpeedDataCollection {
public:
void addValue(int speed); /l

double averageSoFar() const; //

h

averageSoFar M18

averageSoFar

averageSoFar
M17 M18



SpeedDataCollection

averageSoFar
33
averageSoFar
SpeedDataCollection
public
public
21: const
const _
— const
const
const
1 47
12

const



const const const

char *p = "Hello"; /1 const ,
I const
const char *p = "Hello"; /[ const ,
Il const
char * const p = "Hello"; /I const :
Il const
const char * const p = "Hello"; /I const ,
/I const

const

const

class Widget { ... };

void fl(const Widget *pw); Il f1
/I Widget

void f2(Widget const *pw); I f2


yang



const

const

29 const

19 operator*

const Rational operator*(const Rational& lhs,

const Rational& rhs);

operator* const

Rational a, b, c;

(a*b) =c; Il a*b

operator* const



const —_— const

M19 const
const
const const
const
C++ String
class String {
public:
I const operator(]

char& operator[](int position)

{ return data[position]; }

I const operator(]
const char& operator[](int position) const

{ return data[position]; }

private:

char *data;

h

String s1 = "Hello";
cout << s1[0]; 1l const
I String::operator(]

const String s2 = "World";



cout << s2[0]; Il const

/I String::operator]]

operator(]

String
String s = "Hello"; I const String
cout << s[0]; Il —_—

/Il const String
s[0] = X} /i —

/I const String
const String cs = "World"; /I const String
cout << cs|0]; I —_—

Il const String
cs[0] = X, /l —

Il const String

operator(]
const char&
const operator(]
const operator(]

operator(]

char

char

const

const

operator([]

——char



s[0] = 'X;

C++" "

s.data[0] s.data[0]

const

const bitwise constness

const conce ptual constness

bitwise constness

const bitwise constness
bitwise constness

bitwise constness C++ const

bitwise constness
bitwise
bitwise constness

bitwise const

class String {

public:
I data
Il value

String(const char *value);

22

(bit)

const



operator char *() const { return data;}

private:

char *data;

h

const String s = "Hello"; I

char *nasty = s; Il operator char*() const

*nasty = 'M’; 1 s.data[0]

cout << 's; /! "Mello"

const

29

conceptual constness

const bits

String

class String {

public:

1 data

/I value

String(const char *value): lengthisValid(false) { ... }



size_t length() const;

private:

char *data;

size_t datalLength; Il

/I string

bool lengthlsValid; I
I

size_t String::length() const
{
if (lengthisValid) {
dataLength = strlen(data); // !

lengthlsValid = true; Il !

return datalLength;

length bitwise const” ——datalength
lengthlsValid const String

“ bitwise constness”

C++ const

mutable



mutable “ bitwise constness”

class String {

public:

/I same as above

private:

char *data;

mutable size_t datalLength; I
/I mutable

mutable bool lengthisValid; Il

/I const
%
size_t String::length() const
{
if (lengthisValid) {
datalLength = strlen(data); Il
lengthlsValid = true; Il
}
return datalLength;
}
mutable “ bitwise-constness ”

C++

C++ const



C this

C * const this; 1l const
const C * const this; /I const
mutable
String::length const const this
C * const C * const
this

size_t String::length() const
{
I const
Il this
String * const localThis =

const_cast<String * const>(this);

if (NlengthisValid) {

localThis->datalLength = strlen(data);

localThis->lengthlsValid = true;

return dataLength;

const



“ const”
const
const
const
const

size_t strlen(char *s);

strlen

S

this
“ const”

const

const

const

const char *

const char *klingonGreeting = "nugneH"; // "nugneH"

size_t length =

strlen

Il

strlen(const_cast<char*>(klingonGreeting));

const

const

strlen

const

"Hello"

strlen



22:

class Person {
public:

Person();

~Person();

private:

string name, address;

%
class Student: public Person {

public:
Student();

~Student();

C++

I
Il

I
I
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private:

string schoolName, schoolAddress;

h

returnStudent Student

Student returnStudent(Student s) { return s; }

Student plato; /I Plato

/I Socrates

returnStudent(plato); 1l returnStudent
Student
plato Student
S S returnStudent
Student
Student
Student string

string Student Person

Student Person
Person string Person

string Student

Student



Student Person string

Student
Student
returnStudent
C++
C++ e 50—

M20

const Student& returnStudent(const Student& s)

{returns;}

slicing

problem

class Window {
public:

string name() const; Il



virtual void display() const; //

h

class WindowWithScrollBars: public Window {

public:
virtual void display() const;
¢
Window name
display display
Window
WindowWithScrollBars 36 37

I
void printNameAndDisplay(Window w)
{

cout << w.name();

w.display();

WindowWithScrollBars

WindowWithScrollBars wwsb;

printNameAndDisplay(wwsb);

virtual

M33



w Windows

wwshb WindowWithScrollBars
“ ” printNameAndDisplay w
Window
printNameAndDisplay display
Window::display WindowWithScrollBars::display
W

// [ ”
void printNameAndDisplay(const Window& w)

{

cout << w.name();

w.display();

21

17
23

int—

23:

Window

const



C++

class Rational {
public:

Rational(int numerator = 0, int denominator = 1);

private:
int n, d; I
friend
const Rational I 21
operator*(const Rational& lhs, // const
const Rational& rhs)
I

inline const Rational operator*(const Rational& lhs,

const Rational& rhs)

return Rational(lhs.n * rhs.n, lhs.d * rhs.d);

22



operator*

M1 operator*
Rational
operator*
Rational a(1, 2); Ila = 1/2
Rational b(3, 5); Il'b = 3/5
Rational ¢ = a * b; Il c 3/10
3/10 operator*

operator*

Il
inline const Rational& operator*(const Rational& Ihs,

const Rational& rhs)

Rational result(lhs.n * rhs.n, Ihs.d * rhs.d);



return result;

result

31

new operator*

I
inline const Rational& operator*(const Rational& Ihs,

const Rational& rhs)

Rational *result =

new Rational(lhs.n * rhs.n, Ihs.d * rhs.d);

return *result;

new

delete new

operator*

delete —_ 31

Rational w, X, v, z;



wW=Xx*y*z;

operator*

31

operator*

Rational

Il
inline const Rational& operator*(const Rational& Ihs,

const Rational& rhs)

{
static Rational result; 1l
Il
lhs rhs result
return result;
}

Rational result



bool operator==(const Rational& lhs, /l Rationals  operator==

const Rational& rhs); I

Rational a, b, c, d;

if (@*b) == (c*d)){

}else {

((a*b) == (c*d)) true a b c d

if (operator==(operator*(a, b), operator*(c, d)))

operator== operator*
operator* Rational
operator==*“ operator* Rational "% operator*

Rational



operator*

n

"optimization”

"pessimization”

Rational operator*

inline const Rational operator*(const Rational& lhs,

const Rational& rhs)

return Rational(lhs.n * rhs.n, lhs.d * rhs.d);



operator* ”

C++
operator*
M20
24:
void f(); Il f
void f(int x);
f(); 1l f()
f(10); I f(int)
void g(int x = 0); g
I

90); i 9(0)

9(10); I 9(10)
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38

int —_

——std::numeric_limits<int>::min()

int max(int a,
int b = std::numeric_limits<int>::min(),
int ¢ = std::numeric_limits<int>::min(),
int d = std::numeric_limits<int>::min(),

int e = std::numeric_limits<int>::min())

inttemp=a>b?a:b;
temp =temp >c ? temp : c;
temp =temp >d ? temp : d;

return temp > e ? temp : €;

std::numeric_limits<int>::min() C++
C C <limits.h>
INT_MIN — C++ int



template<class T>

void printMinimumValue()

{

cout << T ;
}

<limits.h> <float.h>
T INT_MIN
C++
numeric_limits
int

double

numeric_limits

std numeric_limits

template<class T>

void printMinimumValue()

{

cout << std::numeric_limits<T>::min();

numeric_limits

DBL_MIN

49 <limits>

numeric_limits<int>

numeric_limits<double>

min min

numeric_limits<int>::min()

numeric_limits

<limits> printMinimumValue



numeric_limits

numeric_limits

numeric_limits<int>::min

#include <limits.h>

namespace std {

inline int numeric_limits<int>::min() throw ()

{ return INT_MIN; }

}
inline
INT_MIN “

#define max

INT_MIN

49
max
max
5 int

33

C++



int

double avg(int a);

double avg(int a, int b);

double avg(int a, int b, int c);
double avg(int a, int b, int c, int d);

double avg(inta, int b, intc, intd, int e);

Il
class Natural {
public:
Natural(int initValue);

Natural(const Natural& rhs);

private:

unsigned int value;

void init(int initValue);
void error(const string& msg);

h

inline

void Natural::init(int initValue) { value = initValue; }



Natural::Natural(int initValue)

{
if (initValue > 0) init(initValue);

else error("lllegal initial value");

inline Natural::Natural(const Natural& x)

{init(x.value); }

int

12

25:

void f(int x);
void f(string *ps);

f(0); Il f(int)

init

f(string*)?


YDQ
Line


O int_ - 1] ”

f(int)
C++

NULL null

NULL NULL
void* void*
void * const NULL = O; 1 NULL
f(0); I f(int)
f(static_cast<string*>(NULL)); Il f(string*)
f(static_cast<string*>(0)); /l f(string*)
NULL void*
NULL null
f(0); 1l f(int)
f(NULL); 1l I —
f(static_cast<string*>(NULL)); I , f(string*)
0 “ " f

void*  string*

46



#define NULL O

#define NULL ((void*) 0)

null

#define NULL OL

void f(int x);

void f(string *p);

f(NULL):

long int

#define NULL OL

void f(long int x);

void f(string *p);

long int int

/I NULL

1 l—

I f

void*

C++ “ long int O

“int/

long int

long



f(NULL); 1 , f(long int)

NULL int

C++

NULL

static_cast<T*>(0) ”

Il NULL

class NullClass {

public:
template<class T> I
operator T*() const { return O; } Il operator T*

3 U
I/ null
I

const NullClass NULL; /l NULL NullClass

I
void f(int x); Il

void f(string *p); Il

NULL

C++



f(NULL):

NullClass

NULL

NULL

const
class {
public:
template<class T>
operator T*() const

{ return 0O; }
template<class C, class T>
operator T C::*() const

{ return O; }

private:

I
Il

NULL

I
I

I

I

I

I

NULL

30

null

null

string*,

f(string*)

const

NULL

T C:*

NULL
0x453AB002



void operator&() const; Il

I ( 27)
} NULL; 1 NULL
NULL
M28
NULL
NULL

NULL

f(0); I f(int),

Il 0 int

26:

COBOL C++
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class B;

class A {
public:
A(const B&);

class B {
public:

operator A() const;

void f(const A&);
B b;
f(o);

f

I
I

I

I

I

M5



C++
void f(int);
void f(char);
double d = 6.02;
f(d); 1 l—
d int char
f(static_cast<int>(d)); I , f(int)
f(static_cast<char>(d)); Il , f(char)

43

class Basel {

public:



int dolt();
%

class Base2 {

public:
void dolt();
%
class Derived: public Basel, /I Derived
public Base2 { I dolt
%
Derived d;
d.dolt(); I l—
Derived C++
dolt
d.Basel::dolt(); /l , Basel::dolt
d.Base2::dolt(); I , Base2::dolt

class Basel { ... };

I



class Base2 {
private:

void dolt();
%

class Derived: public Basel, public Base?2

{..}
Derived d;
int i = d.dolt();
dolt
Basel::dolt

o

C++
Basel::dolt Base2

protected Base2

I

private
| — I
Basel
int
d.dolt()
Basel Doit
private public

d.dolt()

public



27:

28

C++

double values1[10];

double values2[10];

valuesl = values2;

C++

Array

C++

I !

45

operator= private

private

Array
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Array

template<class T>
class Array {
private:

I !

Array& operator=(const Array& rhs);

Array

45
11

28:

16
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libraryl.h

const double LIB_VERSION = 1.204;

library2.h

constint LIB_VERSION = 3;

libraryl.h library2.h

C++ namespace hamespace

const double sdmBOOK_VERSION = 2.0; /l
I "sdm

class sdmHandle { ... };

sdmHandle& sdmGetHandle(); Il
I 47

namespace sdm {

const double BOOK_VERSION = 2.0;



class Handle { ... };

Handle& getHandle();

}
void f1()
{
using namespace sdm; Il sdm
I
cout << BOOK_VERSION; Il sdm::BOOK_VERSION
Handle h = getHandle(); /[ Handle sdm::Handle,
/Il getHandle sdm::getHandle
}
void f2()
{
using sdm::BOOK_VERSION; I BOOK_VERSION
I
cout << BOOK_VERSION; Il

I/ sdm::BOOK_VERSION



Handle h = getHandle(); I I Handle  getHandle

Il

}
void f3()
{
cout << sdm::BOOK_ VERSION; I BOOK_VERSION
I
double d = BOOK_VERSION; 1l I BOOK_VERSION
I
Handle h = getHandle(); I ' Handle  getHandle
Il
M31

26

sdm



namespace AcmeWindowSystem {

typedef int Handle;

}
Handle sdm AcmeWindowSystem
Handle
void f()
{
using namespace sdm,; I sdm
using namespace AcmeWindowSystem;  // Acme
1 sdm
I Acme Handle
I
Handle h; I ! Handle?
sdm::Handle hi1; Il ,
AcmeWindowSystem::Handle h2; I



sdm.h
Handle

C++
C++
std
C++

<iostream>, <string>

struct

namespace

Il

struct sdm {
static const double BOOK_ VERSION;
class Handle { ... };

static Handle& getHandle();
h

const double sdm::BOOK_ VERSION = 2.0; I

void ()

49

acme.h

49



cout << sdm::BOOK_VERSION;

sdm::Handle h = sdm::getHandle();

typedef
S T typedef T
SiT

typedef sdm::Handle Handle;

S::X

const double& BOOK_VERSION = sdm::BOOK_VERSION;

a7 BOOK_VERSION
47



sdm::Handle& (* const getHandle)() = /Il getHandle

sdm::getHandle

sdm::getHandle; /[ const

getHandle

sdm::getHandle

sdm::Handle& (&getHandle)() = /I getHandle
sdm::getHandle; /l sdm::getHandle
namespace

struct namespace

I Widgets
I Widgets operator+

struct widgets {

(

21)



class Widget { ... };

I 21 const
static const Widget operator+(const Widget& lhs,

const Widget& rhs);

I Widge operator+
Il

typedef widgets::Widget Widget;

const Widget (* const operator+)(const Widget&, Il !

const Widget&); /I operator+

Widget wl, w2, sum;

sum = wl + w2; Il !

I Widgets  operator+

sum = widgets::operator+(wl, w2); I ,

n



C++

29:

inline

const



B const String

class String {

public:

String(const char *value);

~String();

operator char *() const;

private:

char *data;

h

const String B("Hello World");

B const

World"

String& alsoB =

const_cast<String&>(B);

char *str = B;

I
I

I

/! 11
1l M5
I String -> char*;
/l M5
/I B const
B "Hello
B
const 21
alsoB B
const
B

B.operator char*()



strcpy(str, "Hi Mom"); /l str

B "Hello World"

String::operator char*

I
inline String::operator char*() const

{ return data; }

data

char *str = B;

Str---m-momommmom oo >"Hello World\0"

/
/
B.data
str
B const B

str

String

const



String::operator char*
const

const

String char*

const const

Il

inline String::operator char*() const

{

char *copy = new char[strlen(data) + 1];

strcpy(copy, data);

return copy;

String
String
String::operator char*

delete

const char

class String {

public:

const



operator const char *() const;

inline String::operator const char*() const

{ return data; }

C++
string C_str

char* string

String

class String {

public:

char& operator[](int index) const

{ return data[index]; }

private:

char *data;

h

String s = "I'm not constant”;

49

string/char*

string

const



s[0] = X} Il , S const

const String cs = "I'm constant”;

cs[0] = 'x Il const string

I

String::operator]]

datafindex] const
const String::operatorf(]
const const 21

const const

String
String someFamousAuthor() Il
{ I
switch (rand() % 3) { /[ rand() <stdlib.h>
Il ( <cstdlib> 49)

case 0O:



return "Margaret Mitchell; 1l "o

I
case 1:
return "Stephen King"; Il
I
case 2:
return "Scott Meyers"; I
}
return " 1
I
I
}
rand
someFamousAuthor
String String M19
someFamousAuthor
someFamousAuthor String

operator const char*

const char *pc = someFamousAuthor();

cout << pc;



pc

pc
1. String someFamousAuthor
2. String  operator const char* String const
char* pc
3. String data
11 data pc pc
pc
pc
pc pc
const
const
dangle
30: const

private protected



class Address { ... }; I

class Person {
public:

Addressé& personAddress() { return address; }

private:

Address address;

%
personAddress Person
Address
22
Person::address private
Person scottf(...); I
Address& addr = I addr

scott.personAddress();

addr scott.address



scott.address scott.address private
personAddress
private protected

class Person {
public:

Address * personAddress() { return &address; }

private:

Address address;

Address *addrPtr =

scott.personAddress(); Il

class Person; /l
/[ PPMF = "pointer to Person member function”
I ( Person )

typedef void (Person::*PPMF)();

class Person {

public

address



public:
static PPMF verificationFunction()

{ return &Person::verifyAddress; }

private:

Address address;

void verifyAddress();

Person::verificationFunction

verificationFunction
Person
verificationFunction
void

static

C++ C++

verifyAddress

typedef

static



verificationFunction verifyAddress

PPMF pmf = scott.verificationFunction();

(scott.*pmf)(); Il

I scott.verifyAddress

pmf Person::verifyAddress

private protected
const

21

31: new



23

class Rational { I
public:

Rational(int numerator = 0, int denominator = 1);

~Rational();
private:

int n, d; Il
I operator* ( )

friend const Rational& operator*(const Rational& |hs,

const Rational& rhs);

// operator*
inline const Rational& operator*(const Rational& Ihs,

const Rational& rhs)

Rational result(lhs.n * rhs.n, lhs.d * rhs.d);

return result;



result operator*

result return

Rational two = 2;

Rational four = two * two; /[ operator*(two, two)
1. result
2. result
operator*
3. result
4, 2 four
4
11} [1] 2 3
four
new "

Il operator*
inline const Rational& operator*(const Rational& Ihs,

const Rational& rhs)



/I create a new object on the heap
Rational *result =

new Rational(lhs.n * rhs.n, lhs.d * rhs.d);

/I return it

return *result;

}
new

delete new
delete

operator* delete

operator* delete
operator*
const Rational& four = two * two; /!
1!

delete &four; 1l

operator*



operator*

Rational one(1), two(2), three(3), four(4);

Rational product;

product = one * two * three * four;

product operator*

product = operator*(operator*(operator*(one, two), three), four);

operator*

delete

const Rational& templ = one * two;
const Rational& temp2 = templ * three;

const Rational& temp3 = temp2 * four;

delete &templ;
delete &temp2;
delete &temp3;



10

(heap)
23 (static)

32:

C C++

logic_error logic_error C++

49



I "encrypted”

string encryptPassword(const string& password)

{

string encrypted,;

if (password.length() < MINIMUM_PASSWORD_LENGTH) {

throw logic_error("Password is too short");

encrypted ;

return encrypted;

}
encrypted
encryptPassword M15
encrypted encrypted
I encrypted

Il
string encryptPassword(const string& password)

{
if (password.length() < MINIMUM_PASSWORD_LENGTH) {

throw logic_error("Password is too short");

}

string encrypted;



encrypted ;

return encrypted;

}

encrypted

12

encryptPassword

void encrypt(string& s); Il's
encryptPassword
I encrypted
I
string encryptPassword(const string& password)
{
1
string encrypted; /l encrypted

encrypted = password; //  encrypted
encrypt(encrypted);

return encrypted,



password encrypted

I encrypted

string encryptPassword(const string& password)

{

I

string encrypted(password); I

encrypt(encrypted);

return encrypted;

28



33:

(macro)

inline

register



inline
48
f inline
f
C++
ARM------ 50
".cpp" C++
Il example.h

inline void f() { ... } It

virtual

outlined inline

C++



I sourcel.cpp

#include "example.h"

I source2.cpp

#include "example.h"

sourcel.cpp

inline

static

sourcel.cpp
source2.cpp

f

I

I

I

1

source2.cpp

sourcel.cpp

source2.cpp

f

"static"

f



inline void f() {...}

void (*pf)() = f,

int main()

{

f();

pf();

I

Il pf

I

I

f

pf



M8

Derived

class Base {

public:

private:
string bml1, bm2; // 1 2
I
class Derived: public Base {
public:
Derived() {} /I Derived

private:
string dm1, dm2, dm3; Il 1-3
¢

C++
new

delete 13

M8



C++

Derived

I Derived
Derived::Derived()

{
Il
/I operator new 8
if ( )
this = ::operator new(sizeof(Derived));
Base::Base(); 1l Base
dm2l.string(); Il dml
dm2.string(); Il dm2
dma3.string(); Il dm3
}

C++

M27 this

operator



new

Base Base
Derived
Derived Base string
Derived S
Derived 5  string 2 3
Derived
Derived Derived
f
f
f f
34 f f

M26



inline

age

class Person {
public:

int age() const { return personAge; }

private:

int personAge;

80-20 M16
20%
20%

80%



inline

48

C++

34:

C++

"Rebuild" make

C++

C++

class Person {
public:
Person(const string& name, const Date& birthday,
const Address& addr, const Country& country);

virtual ~Person();

I
Il

string name() const;



string birthDate() const;

string address() const;

string nationality() const;

private:
string name_;
Date birthDate_;
Address address_;

Country citizenship_;

string Date Address

Person

#include <string>
#include "date.h"
#include "address.h"

#include "country.h"

Person

I
I
I

Person
Country Person

#include

I string ( 49)

Person

string Date Address Country
Person

Person



C++

Person
class string; In" " string
I 49
class Date; I
class Address; 1l
class Country; Il

class Person {
public:
Person(const string& name, const Date& birthday,
const Address& addr, const Country& country);

virtual ~Person();

I , operator=

string name() const;

string birthDate() const;

string address() const;

string nationality() const;

Person



int main()

{
int x; Il int
Person p(...); Il Person
Il ( )
}
X int
int p
Person Person
Smalltalk Eiffel Java
int main()
{
int x; Il int
Person *p; Il Person



Person

Il

Il Person
class string; I string
Il
class Date;

class Address;

class Country;

/I Personimpl Person

I

class Personimpl;

class Person {

public:

C++

Person

49

Person(const string& name, const Date& birthday,

const Address& addr, const Country& country);

virtual ~Person();

string name() const;
string birthDate() const;

string address() const;

1 , operator=



string nationality() const;

private:

Personimpl *impl; Il

Person string date address country person
Person

Person

class Date; 1l



Date returnADate(); Il Date
void takeADate(Date d);

22
returnADate takeADate
Date n n
28
#include
#include
#include
49 <josfwd> jostream
Person
(Handle class) (Envelope class)

(Body class)

(Letter class) "Cheshire "

Date

C++



Person

#include "Person.h” 1 Person
I
#include "Personimpl.h" I Personimpl
I
Il Personimpl  Person

Il

Person::Person(const string& name, const Date& birthday,

const Address& addr, const Country& country)

impl = new Personimpl(name, birthday, addr, country);

string Person::name() const

{
return impl->name();
}
Person Personimpl new
5 M8 Person::name Personimpl::name
Person Person

Person



Protocol class

class Person {

public:

virtual ~Person();

36
14

virtual string name() const = 0;

virtual string birthDate() const = 0;

virtual string address() const = 0;

virtual string nationality() const = 0;

Person

function)

/I makePerson
Il "

Person*

Person

Person

(virtual constructor)

M25

Person

(" ")

Person

(factory



makePerson(const string& name, Il
const Date& birthday, Il Person
const Address& addr, I

const Country& country);

string name;
Date dateOfBirth;
Address address;

Country nation;

i Person

Person *pp = makePerson(name, dateOfBirth, address, nation);

cout << pp->name() I Person
<< " was born on "
<< pp->birthDate()
<< " and now lives at "

<< pp->address();

delete pp; /l



makePerson

class Person {
public:
I

/I makePerson
static Person * makePerson(const string& name,
const Date& birthday,
const Address& addr,

const Country& country);

28

concrete class

RealPerson

class RealPerson: public Person {
public:
RealPerson(const string& name, const Date& birthday,
const Address& addr, const Country& country)
name_(name), birthday_(birthday),

address_(addr), country (country)

virtual ~RealPerson() {}



string name() const; Il
string birthDate() const; I
string address() const; 1

string nationality() const;

private:
string name_;
Date birthday_;
Address address_;

Country country_;

RealPerson Person::makePerson

Person * Person::makePerson(const string& name,
const Date& birthday,
const Address& addr,

const Country& country)

return new RealPerson(name, birthday, addr, country);

RealPerson

Person
43



14

M24
14

M24

10



void*

C++

C++

C++

C++

C++

49

C++



" C++

C++
C++

C++

44 C++

"Some Must Watch While Some Must Sleep” W. H. Freeman and

Company, 1974 William Dement

Hastings 1066 "o
" Dement ! 1066



Dement

"1066"
C++
D "Derived" B "Base"
D
B D
B B
D B
D B D" "
C++
class Person{ ... };
class Student: public Person{ ... };
C++ Person
Person Student Student

Person

Student



void dance(const Person& p); I

void study(const Student& s); I
Person p; II'p
Student s; II's
dance(p); Il p
dance(s); Il S

I
study(s); 1l
study(p); 1 I'p

Student Person
C++
42 Student "
Person Student ! " Person
M3
C++

class Bird {

public:



virtual void fly();

class Penguin:public Bird {

class Bird {

I

class FlyingBird: public Bird {
public:
virtual void fly();

I

I

fly



class NonFlyingBird: public Bird {

I fly

class Penguin: public NonFlyingBird {

/l fly
%
M32
Penguin Bird
penguin fly
void error(const string& msg); I

class Penguin: public Bird {

public:



virtual void fly() { error("Penguins can't fly!"); }

I
Smalltalk
Penguin

class Bird {

I fly
I
class NonFlyingBird: public Bird {

I fly

class Penguin: public NonFlyingBird {

fly



Penguin p;

p-fly();

C++

Smalltalk

C++

Rectangle

N
| ?

Square

I

I !

Smalltalk

C++

46

Square

fly

Rectangle



class Rectangle {

public:

virtual void setHeight(int newHeight);

virtual void setWidth(int newWidth);

virtual int height() const;

virtual int width() const;

void makeBigger(Rectangle& r)
{
int oldHeight = r.height();

r.setWidth(r.width() + 10);

assert(r.height() == oldHeight);

I

I

/! r

I

makeBigger

10



class Square: public Rectangle{ ...

Square s;

assert(s.width() == s.height());

makeBigger(s);

assert(s.width() == s.height());

makeBigger
makeBigger
makeBigger

makeBigger

S
S
S

makeBigger

/1

I

Il

I

S



40 set

Rectangle

C++

36:

Penguin

Bird

40

42

Square



class Shape {
public:
virtual void draw() const = 0O;

virtual void error(const string& msg);

int objectID() const;

class Rectangle: public Shape{... };

class Ellipse: public Shape {... };

draw Shape

Shape

Shape

35

Shape



Shape

error
objectID
error ?
draw
Shape:.draw
Shape
Shape::draw
Shape::draw C++

Shape *ps = new Shape;

Shape *psl = new Rectangle;

psl->draw();

draw

17

draw

objectID

Shape
Shape::draw

draw

/l I Shape

1l Rectangle::draw



Shape *ps2 = new Ellipse; Il

ps2->draw(); 1l Ellipse::draw
psl->Shape::draw(); Il Shape:.draw
ps2->Shape::draw(); Il Shape:.draw

Protocol class

34 43

Shape::error

Shape

Shape::error ! error

Shape

XYZ XYZ



A B XYZ

class Airport { ... }; /l

class Airplane {

public:

virtual void fly(const Airport& destination);

void Airplane::fly(const Airport& destination)

{

class ModelA: public Airplane { ... };

class ModelB: public Airplane { ... };

fly
fly Airplane::fly virtual
ModelA ModelB Airplane::fly
ModelA  ModelB

fly



XYZ

XYz C C
B
XYZ C
fly

class ModelC: public Airplane {

1 fly
%
Airport JFK(...); Il JFK
Airplane *pa = new ModelC;
pa->fly(JFK); 1l Airplane::fly!

ModelC ModelA  ModelB

Airplane::fly ModelC



class Airplane {
public:

virtual void fly(const Airport& destination) = 0;

protected:

void defaultFly(const Airport& destination);
%

void Airplane::defaultFly(const Airport& destination)
{

Airplane::fly
Airplane defaultFly
ModelA  ModelB
defaultFly
33

class ModelA: public Airplane {
public:
virtual void fly(const Airport& destination)

{ defaultFly(destination); }

fly



class ModelB: public Airplane {
public:
virtual void fly(const Airport& destination)

{ defaultFly(destination); }

ModelC fly
ModelC fly

class ModelC: public Airplane {
public:

virtual void fly(const Airport& destination);

void ModelC::fly(const Airport& destination)

{
ModelC

Airplane::defaultFly protected

Airplane



Airplane airplane

Airplane::defaultFly
37 defaultFly
defaultFly

fly
defaultFly

Airplane

class Airplane {
public:

virtual void fly(const Airport& destination) = 0O;

void Airplane::fly(const Airport& destination)

{

class ModelA: public Airplane {
public:

virtual void fly(const Airport& destination)



{ Airplane::fly(destination); }

class ModelB: public Airplane {
public:
virtual void fly(const Airport& destination)

{ Airplane::fly(destination); }

class ModelC: public Airplane {
public:

virtual void fly(const Airport& destination);

void ModelC::fly(const Airport& destination)

{
ModelC

Airplane::fly



Airplane::defaultFly

defaultFly public

Shape

Shape::objectID

Shape::objectID

fly

fly

fly

objectID

14
M34

defaultFly

protected

Shape

37



80-20
80%
80%
Protocol class

B D
D *pd = new D;
B *pb = pd;
pb->mf(); I
pd->mf(); I

mf

37

M24
14

20%

20%

34

mf

mf

mf

M16

mf



37:

D B B mf mf

void

class B {
public:
void mf();

class D: publicB{ ... };

B *pB = &x; Il X

pB->mf(); 1 mf



D *pD = &x;

pD->mf();

mf
class D: public B {
public:
void mf();
%
pB->mf();
pD->mf();
38
pB

/! X

/! mf
X mf
D mf
/! B::mf; 50
/! B::mf
/! D::mf
B::mf D::mf
pB B
B pB



mf pB pD mf D::mf pB
pD D
D B mf
D D mf
B D
35 " " 36 "
B D B::mf
B D D " "B
B mf mf B
D mf D
B mf B B
mf D " "B D B
D B D B mf
mf B mf
D " "B mf B

38

D mf



38:

37

enum ShapeColor { RED, GREEN, BLUE };

I
class Shape {
public:

i

virtual void draw(ShapeColor color = RED) const = 0;



class Rectangle: public Shape {
public:
Il ---- !

virtual void draw(ShapeColor color = GREEN) const;

class Circle: public Shape {
public:

virtual void draw(ShapeColor color) const;

Rectangle Circle



Shape *ps; /l = Shape*

Shape *pc = new Circle; I = Shape*
Shape *pr = new Rectangle; Il = Shape*
ps pc pr Shape
Shape*
pc Circle* pr
Rectangle* ps

pPs = pc; Il ps

I Circle*
ps = pr,; Il ps

I Rectangle*
pc->draw(RED); I Circle::draw(RED)

pr->draw(RED); /l Rectangle::draw(RED)



M24

pr->draw(); /l Rectangle::draw(RED)!
pr Rectangle* Rectangle
Rectangle::.draw GREEN
pr Shape* Shape
Rectangle
Shape  Rectangle Draw
ps pc pr
draw
C++

39: " "



(Protocol class) 34

class Person{ ... };

class BankAccount {
public:
BankAccount(const Person *primaryOwner,

const Person *jointOwner);

virtual ~BankAccount();

virtual void makeDeposit(double amount) = 0;

virtual void makeWithdrawal(double amount) = 0O;

virtual double balance() const = 0;

class SavingsAccount: public BankAccount {

public:
SavingsAccount(const Person *primaryOwner,

const Person *jointOwner);

~SavingsAccount();

void creditinterest(); Il



list allAccounts
list<BankAccount*> allAccounts; /!
list
BankAccount allAccounts
BankAccount

I
Il ! !

for (list<BankAccount*>::iterator p = allAccounts.begin();

p != allAccounts.end();

++p) {

(*p)->creditinterest(); Ik !

49

BankAccount



allAccounts

BankAccount SavingsAccount p
BankAccount creditinterest creditinterest
SavingsAccount BankAccount

"list<BankAccount*>::iterator p = allAccounts.begin()"

C++ C++
STL
49 M35 p

allAccounts p

BankAccount**

allAccounts
BankAccount* SavingsAccount*
SavingsAccount
allAccounts
SavingsAccount*

I
for (list<BankAccount*>::iterator p = allAccounts.begin();

p != allAccounts.end();

++p) {

static_cast<SavingsAccount*>(*p)->creditinterest();

allAccounts



C++

class CheckingAccount: public BankAccount {
public:

void creditinterest();  //

allAccounts

CheckingAccount

static_cast *p SavingsAccount*

for (list<BankAccount*>::iterator p = allAccounts.begin();



p != allAccounts.end();

++p) {

if (*p SavingsAccount)
static_cast<SavingsAccount*>(*p)->creditinterest();
else

static_cast<CheckingAccount*>(*p)->creditinterest();

}
" T1
T2 " C++
C Pascal Smalltalk C++
C++
class BankAccount { ... }; I

Il
class InterestBearingAccount: public BankAccount {
public:

virtual void creditinterest() = 0O;



class SavingsAccount: public InterestBearingAccount {

I

class CheckingAccount: public InterestBearingAccount {

// as above

BankAccount

AN

InterestBearingAccount

CheckingAccount  SavingsAccount

BankAccount
BankAccount InterestBearingAccount

SavingsAccoun  CheckingAccount



InterestBearingAccount

creditinterest SavingsAccount  CheckingAccount

I
for (list<BankAccount*>::iterator p = allAccounts.begin();

p != allAccounts.end();

++p) {

static_cast<InterestBearingAccount*>(*p)->creditinterest();

InterestBearingAccount

InterestBearingAccount BankAccount

Il

list<InterestBearingAccount*> alllBAccounts;

I
for (list<InterestBearingAccount*>::iterator p =
alliBAccounts.begin();

p != alliBAccounts.end();



++p) {

(*p)->creditinterest();

class BankAccount {
public:

virtual void creditinterest() {}

class SavingsAccount: public BankAccount{ ... };

class CheckingAccount: public BankAccount{ ... };
list<BankAccount*> allAccounts;

Il !

for (list<BankAccount*>::iterator p = allAccounts.begin();

p != allAccounts.end();

++p) {

(*p)->creditinterest();

creditinterest



BankAccount::creditinterest

36 creditinterest
M32
allAccounts
BankAccount creditinterest SavingsAccount
BankAccount SavingsAccount  allAccounts
! C++ dynamic_cast M2

dynamic_cast
( 38)

dynamic_cast

33



class BankAccount { ... }; Il

class SavingsAccount: I

public BankAccount { ... };

class CheckingAccount: /l

public BankAccount { ... };

list<BankAccount*> allAccounts; 1l

void error(const string& msg); /l ;

Il

I
for (list<BankAccount*>::iterator p = allAccounts.begin();

p != allAccounts.end();

++p) {

I *P SavingsAccount*

/Il psa

if (SavingsAccount *psa =
dynamic_cast<SavingsAccount*>(*p)) {

psa->creditinterest();

I CheckingAccount
else if (CheckingAccount *pca =

dynamic_cast<CheckingAccount*>(*p)) {



pca->creditinterest();

I
else {

error("Unknown account type!");

}
}
dynamic_cast
else
if
dynamic_cast C++
psa pca dynamic_cast
32

for (list<BankAccount*>::iterator p = allAccounts.begin();
p != allAccounts.end();

++p) {



SavingsAccount *psa; 1

CheckingAccount *pca; Il

if (psa = dynamic_cast<SavingsAccount*>(*p)) {

psa->creditinterest();

else if (pca = dynamic_cast<CheckingAccount*>(*p)) {

pca->creditinterest();

else {

error("Unknown account type!");

}
}
psa pca
if-then-else
40:
"(Layering)
class Address { ... }; I

class PhoneNumber { ... };



class Person {

public:
private:
string name; Il
Address address; I
PhoneNumber voiceNumber; /l
PhoneNumber faxNumber; Il
%
Person string Address  PhoneNumber
(composition) (containment) (embedding)
35 ! " "
Person " " Person ! !
Reuse 49 C++

set



set

set

C++

list

Set

Il Set list
template<class T>

class Set: public list<T>{ ... };

3051
Set

Set

set
a<b b<a
set
49
set
==Dh
list Set<T>
list
35

D list

list<int> list
3051

set

list<T>

Set

3051

Set<int>



Set

list

Set !
Il Set list
template<class T>
class Set {
public:

bool member(const T& item) const;

void insert(const T& item);

void remove(const T& item);

int cardinality() const;

private:

list<T> rep; Il

Set list

template<class T>

bool Set<T>::member(const T& item) const

list "

Set

{ return find(rep.begin(), rep.end(), item) !=rep.end(); }

template<class T>

Set "

Set

" list



void Set<T>::insert(const T& item)

{ if (!'member(item)) rep.push_back(item); }

template<class T>

void Set<T>::remove(const T& item)

{

list<T>::iterator it =

find(rep.begin(), rep.end(), item);

if (it '= rep.end()) rep.erase(it);

template<class T>

int Set<T>::cardinality() const

{ return rep.size(); }

33 find, begin, end,
push_back list
49 M35
Set 18
Set
set
Set 49 M35

Set

Set Set list
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string string

18

Reuse

int

stack ----

49



Stack

class Stack {

public:
Stack();
~Stack();

void push(const T& object);
T pop();

bool empty() const; /l ?

private:
struct StackNode { Il
T data; Il
StackNode *next; I

/I StackNode
StackNode(const T& newData, StackNode *nextNode)

. data(newData), next(nextNode) {}

h

StackNode *top; Il



Stack(const Stack& rhs); Il

Stack& operator=(const Stack& rhs);  // ( 27)
I
Stack
Stack top--> data+next--> data+next--> data+next--> data+next
""""""""""""""""""""""""""""""""" smovode
StackNode Stack
StackNode Stack StackNode
C++ struct
Stack prototype
Stack::Stack(): top(0) {} /l null

void Stack::push(const T& object)

{
top = new StackNode(object, top); //

T Stack::pop()
{
StackNode *topOfStack = top;  //

top = top->next;



T data = topOfStack->data;
delete topOfStack;

return data;

Stack::~Stack()

{
while (top) {

StackNode *toDie = top;
top = top->next;

delete toDie;

bool Stack::empty() const

{returntop ==0; }

stack

template<class T> class Stack {

I

I

I
I

45

Dilbert

stack
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%
36

class Cat {
public:

virtual ~Cat(); Il 14

virtual void eat() = O; 1l

virtual void sleep() = 0; I
%
Cat Siamese  BritishShortHairedTabby ----

eat sleep

class Siamese: public Cat {
public:
void eat();

void sleep();



class BritishShortHairedTabby: public Cat {
public:
void eat();

void sleep();

Stack Cat
Cat Stack
Stack

class Stack { /I a stack of anything
public:
virtual void push(const ??? object) = 0;

virtual ??? pop() = 0;

push pop

int int
Cat Cat Stack

int Cat



42:

35 C++

class Person{ ... };

class Student:

private Person { ... };

void dance(const Person& p);

42

Student Person
Student
/!
1l
1l

(void*)

Person



void study(const Student& s); I

Person p; II'p
Student s; Il's
dance(p); I P
dance(s); 1l
!ll
Student Person
dance
D B B
B D
36
D B
B

40



41 Stack
C++
Stack Stack<int>
Stack<double>
void*
41 Stack

class GenericStack {

public:
GenericStack();
~GenericStack();

void push(void *object);

void * pop();

bool empty() const;



private:
struct StackNode {
void *data; 1

StackNode *next; /!

StackNode(void *newData, StackNode *nextNode)
. data(newData), next(nextNode) {}

3

StackNode *top; I

GenericStack(const GenericStack& rhs); //

GenericStack& 1l (
operator=(const GenericStack& rhs);  // 27)
I
pop
StackNode data
StackNode StackNode GenericStack
41  Stack
the GenericStack void* T
GenericStack
int

void*

Cat



interface class

class IntStack { I/l int
public:
void push(int *intPtr) { s.push(intPtr); }
int * pop() { return static_cast<int*>(s.pop()); }

bool empty() const { return s.empty(); }

private:
GenericStack s; Il
%
class CatStack { /I cat
public:

void push(Cat *catPtr) { s.push(catPtr); }
Cat * pop() { return static_cast<Cat*>(s.pop()); }

bool empty() const { return s.empty(); }

GenericStack

private:
GenericStack s; I
I
IntStack ~ CatStack int
IntStack Cat CatStack IntStack
CatStack GenericStack
40 IntStack  CatStack GenericStack

IntStack  CatStack



GenericStack

IntStack

GenericStack

GenericStack

GenericStack
class GenericStack {
protected:
GenericStack();

~GenericStack();

void push(void *object);

void * pop();

bool empty() const;

private:

I

GenericStack s; 1/ !

CatStack

C++



class IntStack: private GenericStack {
public:
void push(int *intPtr) { GenericStack::push(intPtr); }
int * pop() { return static_cast<int*>(GenericStack::pop()); }

bool empty() const { return GenericStack::empty(); }

h

class CatStack: private GenericStack {
public:
void push(Cat *catPtr) { GenericStack::push(catPtr); }
Cat * pop() { return static_cast<Cat*>(GenericStack::pop()); }

bool empty() const { return GenericStack::empty(); }

h

IntStack is; /!
CatStack cs; !
GenericStack
GenericStack

template<class T>
class Stack: private GenericStack {
public:
void push(T *objectPtr) { GenericStack::push(objectPtr); }



T * pop() { return static_cast<T*>(GenericStack::pop()); }

bool empty() const { return GenericStack::empty(); }

h

GenericStack
GenericStack
inline
GenericStack
inline 33 GenericStack
void*
C++
43
43:

Ml



C++ Eiffel the

Common LISP Object System (CLOS) Ml Smalltalk Objective C
Object Pascal Java
C++ M
MI
26
ARM 50

class Lottery {
public:

virtual int draw();

class GraphicalObject {
public:

virtual int draw();



class LotterySimulation: public Lottery,

public GraphicalObject {

/! draw

LotterySimulation *pls = new LotterySimulation;

pls->draw(); I I enee
pls->Lottery::draw(); 1l
pls->GraphicalObject::draw(); //

draw

26

class SpecialLotterySimulation: public LotterySimulation {
public:

virtual int draw();



pls = new SpecialLotterySimulation;

pls->draw(); 1 P -e--
pls->Lottery:.draw(); 1 Lottery::draw
pls->GraphicalObject::draw(); Il GraphicalObject::draw
pls SpecialLotterySimulation
" QI 39 draw
Lottery  GraphicalObject draw
36 LotterySimulation
draw
const 21
C++
ARM " "

class AuxLottery: public Lottery {
public:

virtual int lotteryDraw() = O;

virtual int draw() { return lotteryDraw(); }

h

class AuxGraphicalObject: public GraphicalObject {
public:

virtual int graphicalObjectDraw() = O;



virtual int draw() { return graphicalObjectDraw(); }

h

class LotterySimulation: public AuxLottery,
public AuxGraphicalObject {
public:
virtual int lotteryDraw();

virtual int graphicalObjectDraw();

AuxLottery AuxGraphicalObject
draw lotteryDraw
graphicalObjectDraw
draw
draw

lotteryDraw  graphicalObjectDraw

LotterySimulation *pls = new LotterySimulation;

Lottery *pl = pls;
GraphicalObject *pgo = pls;

I LotterySimulation::lotteryDraw

pl->draw();



I LotterySimulation::graphicalObjectDraw
pgo->draw();

33

AuxLottery  AuxGraphicalObject
problem domain

implementation domain

Ml

classB{... };
classC{... };
class D: public B, publicC{... };

classA{... };



class B : virtual public A{ ... };
class C : virtual public A{... };

class D: public B, publicC { ... };

B



36

+B

+A

+C

+ D

+C

+A

M32

Ml



Java

A

C

Java

mf C

virtual void mf();

mf



D *pd = new D;
pd->mf(); Il A::mf C::mf?
D mf C
A B C A
C A B C

C mf A pd

C:mf

MI
C++
C++
34 Protocol class

Person

class Person {

14



public:

virtual ~Person();

virtual string name() const = 0;
virtual string birthDate() const = 0;
virtual string address() const = 0;

virtual string nationality() const = O;

h
Person
" Person " Person
factory function 34
i ID
Il Person

Person * makePerson(DatabaselD personldentifier);

DatabaselD askUserForDatabaselD();

DatabaselD pid = askUserForDatabaselD();

Person *pp = makePerson(pid); // Person

Il

1l Person

Il *Pp



delete pp; /l

makePerson

Person

MyPerson

Person

MyPerson

class Personinfo {
public:
Personinfo(DatabaselD pid);

virtual ~Personinfo();

virtual const char * theName() const;
virtual const char * theBirthDate() const;
virtual const char * theAddress() const;

virtual const char * theNationality() const;

virtual const char * valueDelimOpen() const;

virtual const char * valueDelimClose() const;

makePerson

MyPerson

Personlinfo

I



string

const char*

"Ring-tailed Lemur"

Personlinfo
[Ring-tailed Lemur]
Personinfo
valueDelimClose
Personinfo theName theBirthDate theAddress

PersoniInfo::name

const char * Personinfo::valueDelimOpen() const

{

return "["; I

const char * Personlinfo::valueDelimClose() const

{

return "]"; 1

const char * Personlinfo::theName() const

{

valueDelimOpen

theNationality



Il
I

static char value[MAX_FORMATTED_FIELD_VALUE_LENGTH];

I

strcpy(value, valueDelimOpen());

I

strcat(value, valueDelimClose());

return value;

}
Personinfo::theName
23
theName valueDelimOpen
valueDelimClose
valueDelimClose theName
Personinfo
MyPerson
name
Madagascar
"Madagascar" "[Madagascar]"

MyPerson Personinfo

MyPerson

Personinfo

valueDelimOpen

Personinfo

Person

nationality



40 42 42

MyPerson valueDelimOpen  valueDelimClose
MyPerson Personinfo
MyPerson Person
class Person { Il
public: I
virtual ~Person(); I

virtual string name() const = 0;
virtual string birthDate() const = 0;
virtual string address() const = 0;

virtual string nationality() const = O;

%
class DatabaselD { ... }; Il
I
class Personinfo { 1
public: I
Personinfo(DatabaselD pid); I Person

virtual ~Personinfo();

virtual const char * theName() const;
virtual const char * theBirthDate() const;

virtual const char * theAddress() const;



virtual const char * theNationality() const;

virtual const char * valueDelimOpen() const;

virtual const char * valueDelimClose() const;

¢

class MyPerson: public Person, /l
private Personinfo { //

public:

MyPerson(DatabaselD pid): Personinfo(pid) {}

I
const char * valueDelimOpen() const { return "; }

const char * valueDelimClose() const { return "™; }
I Person
string name() const

{ return Personinfo::theName(); }

string birthDate() const
{ return Personinfo::theBirthDate(); }

string address() const

{ return Personinfo::theAddress(); }

string nationality() const



{ return Personlinfo::theNationality(); }

h

Person Personinfo
\ /
\ /
V
MyPerson
Ml
Ml
C++

class CartoonCharacter {
public:
virtual void dance() {}

virtual void sing() {}

h

CartoonCharacter



36

class Grasshopper: public CartoonCharacter {
public:
virtual void dance(); //

virtual void sing(); Il

3

Grasshopper

class Cricket: public CartoonCharacter {
public:
virtual void dance();

virtual void sing();

h

Cricket Grasshopper

Grasshopper

Cricket Cricket Grasshopper

Cricket Grasshopper
Grasshopper CartoonCharacter

Cricket

class Cricket: public CartoonCharacter,



private Grasshopper {
public:
virtual void dance();

virtual void sing();

h

Grasshopper

Cricket

class Grasshopper: public CartoonCharacter {
public:
virtual void dance();

virtual void sing();
protected:
virtual void danceCustomizationl();

virtual void danceCustomization2();

virtual void singCustomization();

3

void Grasshopper::dance()

{

danceCustomization1();



danceCustomization2();

Cricket

class Cricket:public CartoonCharacter,
private Grasshopper {
public:
virtual void dance() { Grasshopper::dance(); }

virtual void sing() { Grasshopper::sing(); }

protected:
virtual void danceCustomization1();

virtual void danceCustomization2();

virtual void singCustomization();

h

Cricket Grasshopper
dance Cricket dance

Grasshopper::dance



William of Occam

Cricket
1) William of Occam(1285-1349)
2) (Occam's razor) William of

Occam " " William of Occam

Cricket Grasshopper "

" Cricket Grasshopper

Grasshopper

Cricket Insect:

class CartoonCharacter { ... };

class Insect: public CartoonCharacter {
public:
virtual void dance(); //

virtual void sing(); Il

protected:
virtual void danceCustomizationl1() = 0O;

virtual void danceCustomization2() = 0O;

virtual void singCustomization() = 0;

3



class Grasshopper: public Insect {
protected:
virtual void danceCustomizationl();

virtual void danceCustomization2();

virtual void singCustomization();

h

class Cricket: public Insect {
protected:
virtual void danceCustomizationl1();

virtual void danceCustomization2();

virtual void singCustomization();

h

CartoonCharacter

Insect

Grasshopper Cricket

Grasshopper  Cricket

dance sing William of Occam

Insect



Ml

44:

Ml
Ml
Ml

Cricket

C++

C++

Ml

Grasshopper

C++

CartoonCharacter/Grasshopper

Grasshopper Cricket

C++

C++



D1 D2

36

C++

42

40

mf

D1

D2

35



mf

mf C

C++

45: C++

class Empty{};

mf

36

mf mf

36

———- C++



class Empty {

public:
Empty(); I
Empty(const Empty& rhs); Il
~Empty(); I
Il
Empty&

operator=(const Empty& rhs);  //

Empty* operator&(); Il

const Empty* operator&() const;

%
const Empty el; Il
Il
Empty e2(el); /1
e2 = el; I
Empty *pe2 = &e2; I
Il ( const)
const Empty *pel = &el; I

/I (const)



M24 14

inline Empty::Empty() {}

inline Empty::~Empty() {}

inline Empty * Empty::operator&() { return this; }

inline const Empty * Empty::operator&() const

{ return this; }

T
m

int double

33



NamedObject

template<class T>
class NamedObject {
public:
NamedObject(const char *name, const T& value);

NamedObiject(const string& name, const T& value);

private:
string nameValue;

T objectValue;

h

NamedObject

NamedObject<int> nol("Smallest Prime Number", 2);

NamedObiject<int> no2(nol); I

nol.nameValue nol.objectValue

no2.nameValue no2.objectValue nameValue string string

string 49



no2.nameValue string
nol.nameValue NamedObject<int>::objectValue int
T int int no2.objectValue

nol.objectValue (bit)

NamedObject<int>

operator=

NamedObject nameValue string

objectValue const T

template<class T>

class NamedObject {

public:
I const nameValue
I const string char*
I string

NamedObject(string& name, const T& value);

1
I operator=
private:
string& nameValue; 1l
const T objectValue; Il const

h



string newDog("Persephone");

string oldDog("Satch");

NamedObject<int> p(newDog, 2); 1
I Persephone
I
NamedObject<int> s(oldDog, 29); I Satch
I 29
p=Ss; IIp
I
p.nameValue string s.nameValue
string p.nameValue
p.nameValue " s.nameValue string"
C++
M1 p.nameValue
" string
C++
const
objectValue
private

16 M33

string

const



operator=

46:

C++

C++

C++

C++

11

Smalltalk

Smalltalk/LISP

LISP

27



M33

class Date {
public:

Date(int day, int month, int year);

day month

month

enum Month {Jan=1,Feb=2, ..., Nov=11, Dec=12};



class Date {
public:
Date(int day, Month month, int year);

h
Month m;
Date d(22, m, 1857); /' m
Date month
month month

class Month {
public:
static const Month Jan() { return 1; }

static const Month Feb() { return 2; }

static const Month Dec() { return 12; }

int asint() const 1

{ return monthNumber; } 1

private:

Month

int



Month(int number): monthNumber(number) {}

const int monthNumber;

h

class Date {
public:

Date(int day, const Month& month, int year);

3
Month
month Month
Month const
Month Month
Month 45
Month
47
month
Month *pm; I
Date d(1, *pm, 1997); Il !



Date

45 "

47
27

47

Date

C++

day

Month



28 theFileSystem

class FileSystem { ... }; /l
Il

FileSystem theFileSystem; I
I

theFileSystem
theFileSystem
M17 theFileSystem

theFileSystem

class Directory { /l
public:
Directory();

Directory::Directory()

{
theFileSystem

Directory ;



Directory

Directory tempDir; I

theFileSystem tempDir
tempDir
theFileSystem theFileSystem  tempDir
theFileSystem  tempDir

theFileSystem  tempDir
static

static



29

char*"

"Design Patterns”

C++

static

M26

C++

"String

char*" "String

Singleton

static

pattern

const



theFileSystem  tempDir

class FileSystem { ... }; Il
FileSystemé& theFileSystem() /l
{ Il theFileSystem

static FileSystem ftfs; 1

I
Il (tfs = "the file system")

return tfs; 1
}
class Directory { ... }; /l

Directory::Directory()

{
theFileSystem

theFileSystem() ;

Directory& tempDir() Il
{ /l tempDir



static Directory td; Il
Il

return td; 1l
}
theFileSystem() tempDir() theFileSystem
inline 33
A B
B
48:

tempDir

C++

C++



class B {
public:

virtual void f() const;

I
class D: public B {

public:

virtual void f();

h

D const

warning: D::f() hides virtual B::f()

B:f ---- "

50

"D::f

const



C++

Ada

49:

C++ C++
300 C

" " C++

C++

std 28

C++
<iostream.h> <complex.h> <limits.h>

std

std

C++



h

<iostream.h> <iostream> <complex.h> <complex>
C C
C  <string.h> <cstring> <stdio.h> <cstdio>
C++
C C
C++
C++
C++ <iostream.h>
std
C++ <iostream>
std
C <stdio.h> std
C C++ <cstdio>
C std
<string.h> C char* <string>
std C++ string <cstring>

C std



jostream jostream
jostream

wchar _t Unicode

stream class

ostream basic_ostream<char>

string

complex

typedef

istream  ostream  string

basic_istream<char> string
string "
string
string Allocator Allocator

basic_string

char
cout ostream
typedef
string
complex
vector
char
char

cin cout cerr

cin

basic_string<char>

10

traits

string

string

string



typedef <string>
namespace std {
template<class charT,
class traits = char_traits<charT>,
class Allocator = allocator<charT> >

class basic_string;

typedef basic_string<char> string;

}
basic_string traits Allocator
C string
basic_string<char, char_traits<char>, allocator<char> >
34
string
class string; /l

Il

string

typedef

typedef basic_string<char> string;



basic_string

string

template<class charT> struct char_traits;

template<class T> class allocator;

template<class charT,

class traits = char_traits<charT>,

class Allocator = allocator<charT> >

class basic_string;

typedef basic_string<char> string;

string

stirng std

basic_string

basic_string

string

<string>

C++



lostream ! " lostream
string stringstream
locales ---- lostream
cin cout cerr clog string
String  string char*
operator(]
char*
string
M29 char*
vector
list gqueue stack deque map set
bitset hash table
string
string
vector
" ! vector
C++ new  delete
new/delete delete new

string vector



char* new delete

6 11
(algorithm) ----
built-in arrays
sequence
subsequence for_each
find
M35 count_if
equal
search copy
unique rotate sort
stable_sort
0 (N log N) "0"
stable_sort
C C++
C
C++ C++

facets locales facets



locales facets

locale facets

locales

C++ locales

FORTRAN C++

float double long double

valarray
(aliasing)
(inner product) (partial sum) (adjacent difference)
C 7
exception class
|---domain_error
[----- logic_error<---- |---invalid_argument

| |---length_error
| |---out_of_range
exception<--|
| |--- range_error
[----- runtime_error<--|---underflow_error

|---overflow_error



logic_error

M35 STL
39 M35
STL
STL
STL
STL
STL
STL
STL

string

STL

runtime_error

Iterator

300

STL----

convention
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C++ " " C
C++
C++
C C C
C++ Bjarne Stroustrup
C
C++ C++
5%
C++
C++
C++
C++

11 45 C struct

C++



C virtual

14 34

C++

47 C++

C++
C++
5-10
C++

Stroustrup

"The Design and Evolution of C++" (Addison-Wesley, 1994)

"D&E" C++
dynamic_cast 39 M2
C++ D&E
C++ "The Design and Evolution of C++"
C++
700

38 " !



C++ -

C++

C++
International Standard for Information Systems----Programming Language
C++ International Organization for Standardization (ISO) 21
ISO/IEC JTC1/SC22/WG21
ANSI American

National Standards Institute C++ C++

"the Cygnus Solutions Draft Standard C++

Page" http://www.cygnus.com/misc/wp/

URL
"The Design and Evolution of C++" C++
C++ "D&E
n IIC++ n
ARM ARM "The Annotated C++ Reference Manual"
(Addison-Wesley, 1990) Margaret Ellis  Bjarne Stroustrup

C++ ARM C
C++ ARM ARM



C++ ARM

ARM RM the Reference Manual
A the annotations C++ " "
ARM D&E

class Base {
public:
virtual void f(int x);

h

class Derived: public Base {
public:

virtual void f(double *pd);
%

Derived *pd = new Derived;

pd->f(10); 1 !

Derived::f Base::f

f double* 10

ARM f
Derived Derived

Derived BaseClass



BaseClass int
BaseClass::f
Derived
using

class Derived: public Base {
public:

using Base::f;

virtual void f(double *pd);
%

Derived *pd = new Derived,;

pd->f(10);

using

class Derived: public Base {
public:
virtual void f(int x) { Base::f(x); }
virtual void f(double *pd);
I

Derived *pd = new Derived,;
pd->f(10); I
Il

I

I

Base::f

Base::f

/I Derived

Base::f

Derived::f(int)

Base::f(int)

Stroustrup
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