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publickzxk: “is—a” XFH

: BRE “is-a” RR, “B—, 28— xR, (RIFHNBEEERLZZE—R)
class A : public B, XFFRIEEREA: 88— NMREAANSR, FANEE—PNRECIBRIXNE, RZAMIL (&
—NRECABRIXT R, HFAR—NREAAKIXTRD
BELE: BRATLIR ALK, AR —FR IR EAAL. RZADT!

ELi: class Superman : public Person &HH: — MEBAEHE AN, H: FRENMATBEBA! AT
HE, UWBAZMEEEHE. RZPIT,

#include <iostream> int main() {

#include <string> //Teacher public#f#&EPerson, Teacher is a Person

using namespace std; Teacher t; //Teacher3JZRAILUHPersonfIHAIZEIE

class Person { t.eat();

public: t.sleep();
void eat() { cout << "ﬁ5ﬂ§:M<< endl; } Person *pt = &t; //is-a FXER FAEEXHERE
void sleep() { cout << "EETW" << endl; } Person p; //PersoniIZRAEETeacherfYEEIE

}s //p.teach();/ /%, TiE AR

class Teacher :public Person { //is-a

public: ‘ //Student private#fi&EHPerson, MFEis-alIxE
void teach() { cout << "ZF" << endl; } Student s; //StudentXTERAEEHPersonfIEEE

¥ //s.eat(); //%8,FTERBA

class Student :private Person { //not is-a //s.sleep();/ /%6, 7= ER

public: //Person *ps = &s; //f5 , NEis-aXEA BXERE
void study() { cout << "ZF=3" << endl; } return 0;

¥ }
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publickzxk: “is—a” XFH

Bl: SEAUE, £BRY, HREBAZE, XFM , HE, RPMMESTREGAE

KX, HEMRSSKHEME, BERRE-HIS2E MARRFIAHSEHME T, Hik, ERiTd
ARERRBEERX A

#include <iostream> class Bird {
using namespace std; public:
class Bird { void eat() { cout << "BEIZKRFA" << endl; }
public: }s;
void eat() { cout << "BEIZKF" << endl; } class FlyingBird :public Bird {
void fly() { cout << "EK{T" << endl; } public:
}; void fly() { cout << "EK{T" << endl; }
class Qie :public Bird { //is-a };
public: class Qie :public Bird { //is-a
//somecode. .. public:
}s; //somecode. ..
int main() { };
Qie q; int main() {
[/ EEBBAETE , XBARILUAR | RITASE Qie q;
q.fly(); [/ EEBAETE  XEBEHABER | ok
return @; //a.fly(); //iRBET1yERE]
} //EMEEKHE AL publictF FlyingBird
} return Q;
B BT SORFE L3 B S E 4 L PR
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£: “has-a”’ M “RIEFEPSSIL”

AN: B—NLEFE, ik, E—MHIESHE.. £ has-a k&R
Ageth: AR—NMNEFE, AR—HiHE. AR is-a kR

HEH: H—1cpu, H—AMAFE, B NEHR... R has-ak R

class Address{ /*...somecode...*/ };
class PhoneNo{ /*...somecode...*/ };
class Person {
public:

//...somecode...
private:

std::string name;

Address address;

PhoneNo phoneno;

}s

class Cpu { /*...somecode...*/ };
class Mem { /*...somecode...*/ };
class HDisk { /*...somecode...*/ };
class Computer {
public:

//...somecode...
private:

Cpu cpu;

Mem mem;

s HDisk hdisk;
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E46: “has—a” fl “RIFEEPSSIME”

I T RS AR Bird REIBI 7, R —EZA T ly(&E D RIBirdE, AR “RE\EFZWEIAH” KX
FERISR AR

#include <iostream>
using namespace std;
class Bird {
public:
void eat() { cout << "BIZEF" << endl; }
void fly() { cout << "EK{T" << endl; }
s
class Qie { //#BiEBirdZCIRH
public:
void eat() { bird.eat(); }
private:
Bird bird;
}s
int main() {
Qie q;
g.eat();
//a.-fly(); //A4T

return 9;
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E46: “has—a” fl “RIFEEPSSIME”

H— R H)set(B &, LER TR, LR REstring) K, BB listERERLI, H “WREW\EYEIH” K

AR

class List {
public:
void push_back(const string& item){} Wi

bool find_item(const string& item)const{//EfkiEE
return true; }

void remove(const string& item){} //BIRsEETTER

int size()const {return 1;} /I REERTCENEL
/ [ ELBIEBREN

private:

y; /e

class Set {

public:

bool is_member(const string& item)const;//itemEEHEEST
void insert(const string& item); //EitemiBEANES
void remove(const string& item); //EitemhESHPHIR

bool Set::is_member(const string& item)const{
return LS.find _item(item);

}

void Set::insert(const string& item) {
if(is_member(item))

LS.push_back(item);

}

void Set::remove(const string& item) {
LS.remove(item);

}

int Set::size()const {
return LS.size();

}

int size()const; /I RESHITENE
private:
List LS;
s
BRI HORAE L 208 Ui E 7 gt 5 PR
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H EXFRIZ RN - MR/ R0

ﬂﬂ%F' class Newspaper {
: #include <iostream> public:
ﬁgﬁgﬁﬁiﬁggf #include <string> string getContent()const {
using namespace std; ) return "FEHZE , &X...";
é% . class Book { };
= > oS public: class Mother {
ﬁii?g;ﬁﬁ% string getContent()const { public:
return "RABRALE, E—1..."; void tellStory(const Book& b) {
Newspaper Bk }; J cout << "IBIBFIAHINES:
2? ii“ﬂﬁ Hi‘a class Mother { ) << b.getContent() << endl;
A2 s

“AOtherggﬁé;ﬁi pub11c: void tellStory(const Newspaper& b) {
BEREBN. void tellStory(const Book& b) { cout << "IBIDFHEAIHEE -

n La . n = AD .

cout << "IBIBFHIATEE: << b.getContent() << endl;
“ﬁ%éﬁ” B } << b.getContent() << endl; )s }
E% E i;t main() {
° int main() { B - RABALE, A—T---
Book book; * : Book book;

,%'\5%: Mother m; Mother m;

m.tellStory(book);

Newspaper paper;

m.tellStory(paper);
} return ©;

m.tellStory(book);
} return 0;
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H EXFRIZ RN - MR/ R0

MotherZE A FEAK R T-Book. NewspaperZEEEEIR, T2 MM T#1% £ OIReader.

Book. Newspapertd 4K T 1 % # Oireader.

class IReader {
public:
/ /EERERREY , =

virtual string getContent()const = 0;

2

class Mother {
public:
void tellStory(const IReader& b) {

cout << "IBIDFAHENE: ¢
<< b.getContent() << endl;

class Book:public IReader { }
public: };
virtual string getContent()const override{ int main() {
return "BAEALE, B—1..."; Book book;
}; Mother m;
class Newspaper:public IReader { m.tellStory(book);
public: Newspaper paper;
virtual string getContent()const override{ m.tellSt?ry(paper);
y  return "EEREE , 8X..."; } return @;
}s
FLIR BT BARAE L2 B 9 L g F R
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H EXFRIZ RN - MR/ R0

WREERN (BTE£H) -
B ERRA M ZKBREER, —EHHNZRBEMER; MRAM KRBT, 75RO R -

R3] B SR U R s A AT 2 AR, I RERIEERRE N2 . u%&%ﬁ%ﬁtﬂj’%ﬁ
EEOR 24 EE LA Oy ZE At #5 R oOR SR M AR e 1 2 . I RIE AR R EE CEEL AR ED
Tl AR SEIE, A 3 R IR A) H K2 e i Ve Ry, AR KL BRI #RAE, ?E%

BN BIAE 55 2 4 T SR B SR 25 78 Al & U
................................... | m,_..,_.'..l i

| *Eﬁﬁ | | ¢§§ﬁ | *%&ﬁ |

|meﬁm| |rae;§ayz| |rae;§ewe\ |me;§aya| mﬂ N 32 | [ zm=

HUTH ] A, % A A3 B R ) 5 B AR EREY RIKZE . Book\ Newspaper), #AZEFZK Mothersk [,
KRR = EEE I MotherZ R A T 5E i E B 528, —HFENEHITEL, 9l NEEF R XBEG K.
i DL AT A 5 12 B I DU T DA ; TX%%%@EE‘J%%%‘TEE, .

K AR AR B R N 25 2 N FRATH Rk 7 BORIER], tbangifl, JHAMothersk 5BookZR EEHE & 1Y,
MotherZ A 2155 Book e gm i 5E 15 4 1T LA T 9w iS, Ao MotherZ 4K ## T-Books

o IR R I A] CLEIE T T2, B AR, Kl AMother 5Book3s— o Rt H .

Z5IMEF RBINEZ . TUH 8K, SR AT 305 U 5= SOk R
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H EXFRIZ RN - MR/ R0

class Computer {
public:

class Cpu { //CpuiE](MZEE)
public:

virtual void work() = @;
}; virtual ~Cpu(){}

class Mem { //MemiE[]
public:
virtual void work()

]
®

Computer(Cpu *pcpu,Mem *pmem,HDisk *phdisk)

ccpu(pcpu) ,mem(pmem) ,hdisk(phdisk){}

void work() {

cpu->work();
mem->work();
hdisk->work();

}; virtual ~Mem() {} )
class HDisk { //HDiskiE[ private:
public:
. . Cpu *cpu;
virtual void work() = ©; Mem *mem-
¥ virtual ~HDisk() {} HDisk *hdisk;
class IntelCpu :public Cpu { )
public: int main() { incel Cou uorking...
. virtual void work() override { cout << "Intel Cpu working..." << endl; IntelCpu intel; Hnﬂkwm$£é:.
} P g p ] o T s
class AmdCpu :public Cpu { KSTM?m kst; T
public: WDHDisk wd;
virtual void work() override { cout << "AMD Cpu working..." << endl;} Computer pc(&intel,&kst,&wd);
cia5§ KSTMem :public Mem { pc.work();
public: return @;
. virtual void work() override cout << "KST Mem working..." << endl;
} & }
class SamsungMem :public Mem {
public: Computer{XifiFCpu,Mem HDiski{ZE[
virtual void work() override cout << "SamSung Mem working..." << endl; .
3 0 { g g } PG . NS MREEEICpu,Mem, HDis k¥R L0
class WDHDisk :public HDisk {
public; ComPUter?s P *%Eﬂgﬁo
~virtual void work() override { cout << "WD HDisk working..." << endl; }
IR BT HORAE LR HH S 11 L e PR
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#include <iostream>
using namespace std;
class Base {

public:

void func() { cout << "Base::func()\n"; }
virtual void f1() { cout <«
virtual void f2() { cout <«

1

class D1 :public Base {

public:

void funcl() { cout << "D1::
virtual void f2()override {

"Base::f1()\n"; }
"Base::f2()\n"; }

funcl()\n"; }
cout << "D1::f2()\n"; }

}s
1 ‘Base::f1()
I Base::f2()
I Base::f1{)
D1::¥2()

int main() {

//classHERETRMNsize RETIL, 32bit N E4

// (FEETERRET : LIATRL, RiAEERERZ 7T —E&45m)
cout << sizeof(Base) << "--" << sizeof(D1l) << endl;
Base b;

int *p vtbl = reinterpret_cast<int*>(&b); //EEE
int *vtbl = reinterpret_cast<int*>(*p_vtbl);
typedef void(*PFUN)();

PFUN pfl = reinterpret_cast<PFUN>(vtbl[@]);

pf1();

PFUN pf2 = reinterpret_cast<PFUN>(vtbl[1]);
pf2();

cout << Mem-mmmmmmmoo-oooo " << endl;

D1 d;

p_vtbl = reinterpret_cast<int*>(&d); //EfEE
vtbl = reinterpret_cast<int*>(*p_vtbl);
pfl = reinterpret_cast<PFUN>(vtbl[@]);

pf1();
pf2 = reinterpret_cast<PFUN>(vtbl[1]);

pf2();

} return 0;
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W TR AR e R RIRAE SN B, AR R R, ST A 20 e

T ER L

C++iE T (Virtual Table)>RSEHL . R H AT A2 45 ) R 2R Ak 1
class Base { BaseRIXI % HBasefIvtbl :
public: 7 — 1. EEREBE, B#E—
: . Base::f1() ’
void func(); vibl, .
virtual void f1(); H b WiERE & Base: : f2()
y; Virtual void £20); — 2. AR 2SS DI B
class D1 :public Base { D1 XIS : /Base: 1 () A—TREEBIERS (ptr_vib)),
public: ” D1::f2() e {vtbl)
void func2(); H =] D1-:-f3
virtual void f2()override; . ﬂﬁﬁﬁzh v 3. ERK
}; virtual void f3();
2 0
class D2 :public D1 { D2EIRI S /Base: 10
public:
void func3(); H ftb ¥R 5 D1::f30)
virtual void f2()override; L1 ' - D2::f4()
}; virtual void f4();
I R A 13 [ g0



FiE ER 3 3%

class Base {
public:
Base() {
cout << "Basefhig\n";
memset(this, @, sizeof(*this));
y /ISR, BT R SR E o
void func() {cout<<"Base::func()\n";}
virtual void show()const {
} cout<<"Base: :show()\n";

private:
}; int b;

class D1 :public Base {
public:
D1() { cout << "DIfgiE\n"; }

int main() {

Base bl;

bl.func(); //3EREEREUAERE, ok

bl.show(); //EEERETER, ok

// L ERERETER ok, ERBI X RIEFEREREL,

/ | EEERTRER , IR e BT R

Base *pbl = &bl;

pbl->func(); //JEREREER, ok

//pbl->show(); //BER,IEMRERERATEF IR T .

/ [TETHEETELE | R ERE, SEREREER, =TI EE.

cout ¢¢ "e-mmmmoooaooo \n":

Base9vthbl :

Base: :show{()

D1 d Base b1
Base &rd = d; Ft;_;tbl-
rd.func(); //ok,IEEREVER in

rd.show();
/ ok, DIFENERT , BB T iEmREsREaRAigst D1 d

D1Evthbl ;

virtual void"show()const :::verr*ide { // (E¥BaseF DAY EREER) ptr_vtb |~
} cout << "D1::show()\n"; return ©; —— D1: :show ()
private: int d
}; int d; ok
LG R T S S 14 AL s
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//ANBREAD : AEME, AR TETAR
typedef void(*SING)();

typedef void(*MOVE)();

struct vtbl { //1EEREE

SING sing; //HR&Uest

MOVE move;

}s

/ /2L ;- Animal
struct Animal {

/ [{EFIRERAGEET
const struct vtbl *ptr_vtbl;

/ 1IRSERR : (NEEM)
¥ char name[16];

int main() {
struct Animal *p = NULL;
/1 BSSEET IERIREETR
p = create_dog("//V@");
p->ptr_vtbl->sing();
p->ptr_vtbl->move();
free(p); printf("------- \n");
p = create maque("FFE");
p->ptr_vtbl->sing(); o
p->ptr_vtbl->move();
free(p);

} return 0;

//RES : Dog CIES BB A
struct Dog {
struct Animal base;

y, int x; //DogRkEROEHE

/ /DoglYsingfImoveRRiE]
void dog sing() { printf("Dog:;ELEE\n"); }
void dog_move() { printf("Dog:i¥EIEF\n"); }
/ /DogZRYRE R E R vtbl
const struct vitbl dog_vtbl={dog_sing,dog_move};
/1 BEEDogRIR
struct Animal *create_dog(const char* name) {
assert(name);
struct Dog *p_dog =
(struct Dog*)malloc(sizeof(struct Dog));
assert(p_dog);
p_dog->base.ptr_vtbl = &dog_vtbl;
strcpy(p_dog->base.name, name);
p_dog->x = 10;
// £ : FDogMIRIEREFREIES ExRIgH

return (struct Animal*)p dog;

}
Dog &% : void dog sing{)
ptr_vtbl void dog move ()
char name[16] ==

int x

//JREEZE : Maque (JiFER)
struct Maque {
struct Animal base;

}s int y; //MaqueRYFABEIEIE

/ /MaquefYsingfOmoveRiZ]
void maque_sing() { printf("Maque:[EJIEIE\n"); }
void maque move() { printf("Maque:{EZ={FEL K\n"); }
/ /MaquefIRERE R vtbl
const struct vtbl maque_vtbl={maque_sing,maque_move};
/ /BlEEMaquelTE
struct Animal *create_maque(const char* name) {
assert(name);
struct Maque *p_maque =

(struct Maque*)malloc(sizeof(struct Maque));
assert(p_maque);
p_maque->base.ptr_vtbl = &maque_vtbl;
strcpy(p_maque->base.name, name);
p_maque->y = 20;
return (struct Animal*)p _maque;

Maque X :
ptr_vtbl /void maque_sing{()

void maque move ()

char name[16]

int vy
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EITHTIENH R :RTTI

JHEIRTTI, AEGE I ISR Fa 485 F RS R T fe X R sEhrds . e+l A MR R IRIERTTI,
(1) typeid: R[AIFREFEL S| T X S SLFhRIE
(2) dynamic_cast: LI PIFREF B G| H NIRRT FaE BT H

VL
VEE:

U dynamic_castfe i et M, iR [El0; anREE4e | FHSEAY LM, W4l H —/Nbad_castZR A ) 7 &

class Base { int main() {
public: //EEFVE—ERE Derived di;
virtual ~Base() = default; Base *pdl = &d1;
private: / EESEEHHERNNSR | RARESREHIERNNR
int b; Derived *pl = dynamic_cast<Derived*>(pdl); //AL0
}; if (pl1 != nullptr)
class Derived :public Base { cout << "EEHARYIA" << endl;
private: else
int d; cout << "EEHASKIN" << endl;
¥ Base bl;
Base *pbl = &bl;
Base Derived Derived *p2 = dynamic_cast<Derived*>(pbl); //KMK
. . if (p2 !'= nullptr
intb int b (Eout << Egﬁﬁ)h]?] << endl;
intd else
cout << "EEHREM" << endl;
return 9;
¥
T 7 AR 7 £ 16 [ UL 0



EITHTIENH R :RTTI

typeid BEE IR I — N RIE AR typeid(e).
U R ERAE RO R SR B 2 I R R 2E, R A ;

IR ERAER
type_info3s:

M I)—I\IJ i+%: o

typeid B AE £ IR [FI SR 5 2 type_info; type_infoltJ BRI IE BREL . 5 DI MIE R 2. TRAE B E T 8B 2 LN
private, flftype_infoXsf G I ME— 7 7t 218 A typeid B E 15 o
name() BRI R [FIZE Y 4 F W c-style 7~ 5, AHFZFF R 1% 2] BEAS [ 1) g PE A B8 A AN o

#include <iostream>
#include <typeinfo>
using namespace std;
class Base {
public:
virtual ~Base() = default;
private:

int b = 1;
¥
class Derived :public Base {
private:
int dl1 = 2;
¥

int main() {

cout << typeid(int).name() << endl; //int

cout << typeid(double).name() << endl; //double

cout << typeid(char *).name() << endl; //char * i

/ /TRif=const ARSI class Base
cout << typeid(char * const).name() << endl;//char * cla0s Jerived
//’EEECOHS":I—H%“ class Del-::wed

cout << typeid(const char *).name() << endl;//char const *
cout << typeid(Base).name() << endl; //class Base
cout << typeid(Derived).name() << endl; //class Derived

Derived d;

Base *pb = &d;

cout << typeid(pb).name() << endl; //class Base * IBftEAHESLER
cout << typeid(*pb).name() << endl; //class Derived

cout << typeid(d).name() << endl; //class Derived

Base &rb = d;

cout << typeid(rb).name() << endl; //class Derived

Base *pbl = &d;
Derived *pdl = &d;
/ /1 IR SHTESEE R R A5
if (typeid(*pbl) == typeid(*pdl))

cout << "ERI—H" << endl;//iFE NI*
else

cout << "HEALL—H" << endl;
/12 FETEX I SRR E SRR SR e
if(typeid(*pbl)==typeid(Derived))

cout << "EDerivedZEXIFR" << endl;
else

cout << "AEDerivedZEXE" << endl;
return @;

H R RGBT BRI LR DA 17
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EITHTIENH R :RTTI

#include <iostream>
#include <typeinfo>
using namespace std;
class Base {
public:
Base(int bl = @) :b(bl) {}
virtual ~Base() = default;
virtual bool equal(const Base& rhs)const {

return b == rhs.b;
private:
}; int b;
2
class Derived :public Base {
public:

Derived(int b1=0, int d1=0) :Base(bl), d(d1) {}
/R XBRBEREEE Base, BNFHAZE override
virtual bool equal(const Base& rhs)const override {
//FRTE constBIFIE
const Derived *pd = dynamic_cast<const Derived*>(&rhs);
if (pd)
return Base::equal(rhs) & & d == pd->d;
return false;

bool operator==(const Base& lhs, const Base& rhs) {
return typeid(lhs)==typeid(rhs) && lhs.equal(rhs);

}

bool operator!=(const Base& lhs, const Base& rhs) {
return 1(lhs == rhs);

}

int main() {
Base bl(1l), b2(1);
if (bl == b2) cout << "bl==b2" << endl; //bl==b2
Base b3(1), b4(2);
if (b3 != b4) cout << "b3!=b4"™ << endl; //b3!=b4
Derived d1(1, 2), d2(1, 2);
if (bl != dl1) cout << "bll=dl"™ << endl; //bl!=d1l
if (d1 == d2) cout << "d1==d2" << endl; //dl==d2
Derived d3(1, 2), d4(1, 4);
if (d3 != d4) cout << "d3!=d4"™ << endl; //d3!=d4
return 0;

}
private:
}; int d;
H IR S RAE LG E SN 18 Lt F PR
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Bl+F: %3=1

LI —NER, AT FRERIEEE
SEEO . 2, EHITE, EIL HE

1. ListF K45 KiNode, CARTAFRUHI R BARIREISEE, ESCVFRES: (2 RERE4 R ? )
2. B X—AFRK0bj, ibFHEFBHIBIEANObYRAE, XHES RiNode F LRI Obj *REIHITRET;

e et L ool intAMBE: O TERXERNE.
class Node { class List { class 0bj { class IntObj :publicObj{ class StrObj :public Obj {
vate: private: public: private: LT
prlvggj'*p data: Node *head; virtual ~0bj(); ~ int data; PPleE:; rdata.
- ’ Node *tail; }s ¥ ; ’

}; Node *next; . .
2 }; int size;
>

SRR
Node: class StuObj :public 0bj {

Listiﬂ'ﬁ:
Node *head - . e
Node *tail%‘gﬂ Obmmﬂj x| J—NULL pmv?t:-.d

int id;
e l }; string name;

{(Int0bj, StrObj, Stulbj...)
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5l+F: 5E3R2

class Obj { //&EE
public:_
virtual ~0bj() = default;
}: virtual void print()const = @;
2
class IntObj :public Obj{ //iIK4SS:int#UE
public:

IntObj(int i=@):data(i){}

~Intobj(){}

virtual void print()const override{

} cout << data << " -> ";
private:

. int data;
}s

class StrObj :public Obj { //IREZS:strifiE
public:
Strobj(const char *str=nullptr){
if (!str)
data = new char[1]{ "\@"' };
else {
data = new char[strlen(str) + 1];
} strcpy(data, str);

~5trobj() { delete data; }
virtual void print()const override {
} cout << "\""<<data << "\" -> ";
private:
}; char *data;
2

class StuObj :public Obj { //iR&ESS:Z420E
public:
StuObj(int _id,const string & name)
:id(_id),name(_name){}

2

~Stuobji () {}

virtual void print()const override {

} cout << id << ":" << name << " -> ";
private:

int id;

string name;

};

class List;
class Node {
friend List;
public:
Node(CObj *p_obj=nullptr)
:p_data(p_obj),next(nullptr){}
~Node() { delete p_data; }
private:
Obj *p_data;
Node *next;

};

int main() { .
List L; At
L.push_back(new IntObj(1@));
L.push_back(new Stuobij(1@e1, "5K="));
L.push_back(new Strobj("abc"));

class List {
public:

List():head(nullptr),tail(nullptr),size(0){}

~List(){
Node *p = head;
while (p) {
Node *tmp = p->next;
delete p;
} p = tmp;

head = tail = nullptr;

}

void [push_back|(0bj *p_obj) {
assert(p_obj);
Node *p_new_node = new Node(p_obj);
if (!head) head = p_new_node;
else tail->next = p_new_node;
tail = p_new_node;

} size++;

void ()const {
Node *p = head;
while (p) {

p->p_data->print(); //%%&

} p = p->next;

} cout << "NULL\n";

private:
Nede *head;
Node *tail;

L.print_list(); § -= -> "ahc" -> NULL }; int size; EHNEEN
} return 9;
FLIR BT BARAE L2 B 20 gt 5 PR
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f5I+F: 5EFRS

ListERIFE DL, FIFHZZE, JEclone,

class List {
public:

List(const List &other):List() {

//5BEE : Whotherfis , KB TREH—Spush_back

/ MEZSTEREIAob < IF ), FHANIEHESLSA RN

/=R

Node * p = other.head;

Obj * p_new_obj = nullptr;

while (p) { //EFotherfiizE

if (typeid(*(p->p_data)) == typeid(IntObj)) {

/ /1555 Node S R0 i A LRI IntOb *
IntObj * p_int = dynamic_cast<IntObj*>(p->p_data);
} p_new_obj = new IntObj(*p_int);
else if(typeid(*(p->p_data)) == typeid(Strobj)){
/ /5e¥NodetE sarhiob i N B STEEAIAYS trobg *
Strobj * p_int = dynamic_cast<Strobj*>(p->p_data);
} p_new_obj = new StrObj(*p_int);
else if (typeid(*(p->p_data)) == typeid(Stuobj)) {
/ 1 5eNode4s sarhfob  *iE N B SEEAIAIS tuob *
Stuobj * p_int = dynamic_cast<sStuObj*>(p->p_data);
p_new_obj = new StuObj(*p_int);

}
else {

cout << "REKTIILERIZEEN\N";
throw other;
push_back(p_new_obj); //push_back
} p = p->next;

} size = other.size;

HIRPBr BORFE LR S

class Obj { //EE
public:
b ‘virtual 0bj *clone()const = @;| //FEclone

class IntObj :public Obj{ //iIKE=SE: int#iE

public:
virtual IntObj *clone()const override{

} return new IntObj(*this);

s
class StrObj :public Obj { //iIR&ESE:strildE
public:

class List {
public:

Strobj(const StroObj& other) :0bj(other) {
data = new char[strlen(other.data) + 1];

} strcpy(data, other.data); //iZEl

List(const List &other) :List() {
/ /18otherfiidk, BN ITEEH—hpush_back
/ 13FBEE : FBclone (RIFBZE)
Node * p = other.head;
while (p) { //IEHotherfizz
push_back(p->p_data->clone());

virtual StrObj *clone()const override {
} return new StrObj(*this);

};

class StuObj :public Obj { //iIR&EEZE:Z43URE

public:

virtual StuObj *clone()const override {
return new StuObj(*this);

3

AR ER T miTr 2 20R 5, {BRMAHAERIN

A, MARSAE! C(REF! )
HIDRTFERT 25k SEHEEN, Eclone,

21

p = p->next;
}
size = other.size;
}
int main() {
List L;
L.push_back(new IntObj(1@));
L.push_back(new StuoObj(1@01, "58—="));
L.push_back(new Strobj("abc"));
L.print_list();
List L1(L);
Li.print_list();
return ©;
} > “abe" -> NULL

> "ahc" —> NULL

Eul#&'ﬁ'éﬁ%
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BlF: w4

HER T EHER LR AN

ObjJR A= H FIntObj.  StrObj. StuObjufal EE R/, AR LRI AT LU EATTH 252 (S 747 £ LLER)

lhs rhs
SRR B T RERAE IR Obj* FTRIHR, FTUABHS AL Obj &9, [Tntos]  Intob)
bool operator<(const Obj &lhs, const Obj &rhs); // & i pf %X IntObj  StrObj
bool XxxObj::operator<(const Obj &rhs); // % R IntObj Stuobj
HE. <22, AT Bk ke A 4T . . I 2 5trObj  IntObj
B, <BHEFFLE, LAEHIT B RMPEATT. B el . !
Strobj Strobj
) v— ‘ Strobj StuObj
L R EH + JEATH A —
B RS
3. Mif o
BRALEER Stuobj  StuObj
Ob jEL 2. int 2R304 FF b BRI RIE: FH RN
class 0bj { class IntObj :public Obj{] |class StrObj :public Obj {| |class StuObj :public Obj {
public: private: private: private:
virtual ~0bj(); }; int data; char *data; int id;
}s ’ > 1- string name;

HIRPBr BORFE LR S
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f5I+F: 5EFRS

class obj { //&EE
}; virtual bool operator<(const Obj&)const = ©;
3
class IntObj :public Obj { //iR4E: int3UE
int get_data()const { return data; }
virtual bool operator<(const Obj& rhs)const override;

private:
}; int data;

class StrObj # StuOb jElHEScMoperator <4l fE il %

bool IntObj::operator<(const 0bj& rhs)const {

const type_info& obj_type = typeid(rhs);//3BlrhsHtype_info

if (obj_type == typeid(Intobj)) { //IntObj < IntObj
const IntObj& rrhs = dynamic_cast<const IntObj&>(rhs);
if (data < rrhs.data) return true;
return false;

else if (obj_type == typeid(Strobj)) { //IntObj < StroObj
const StrObj& rrhs = dynamic_cast<const StrObj&>(rhs);
string tmp = std::to_string(data);
if (strcmp(tmp.c_str(), rrhs.c_str()) < @) return true;
return false;

else if (obj_type == typeid(StuObj)) { //IntObj < Stulbj
const StuObj& rrhs = dynamic_cast<const StuObj&>(rhs);
string tmpl = std::to_string(data);
string tmp2 = std::to_string(rrhs.get_id());
tmp2 += rrhs.get_name();
if (tmpl < tmp2) return true;

} return false;

else {

} cout << "Type error\n"; throw "TypeError";
}

bool StrObj::operator<(const Obj& rhs)const; 3. R+
bool StuObj::operator<(const Obj& rhs)const; BT SRR
—a ¥
class List {
void sort() { //MWFAEVNIEF B2 RN,
if (size <= 1) return; EEE 0 R AR

int

int i =9, j =86; !
Node *p = head, *q = nullptr; '
for (; i < size - 1; ++i, p = p->next) {
for (j =1+ 1, g = p->next; j<size; ++j, q = g->next){
if ( |*p->p_data < *q->p_data| ) X Boperator<
} std: :swap(p->p_data, q->p_data); B2 0b j AR

(A8

y 3

main() {

List L;

.push_back(new Int0Obj(1));
.push_back(new IntObj(2));
.push_back(new strobj("12a"));
.push_back(new IntObj(3));
.push_back(new stuobij(2e01, "FK="));
.push_back(new Intobj(4));
.push_back(new StrObj("1eelabc"));
.push_back(new Stuobj(3ee2, "Z[I1"));
.push_back(new Int0Obj(5));
.print_list();

.sort();

.print_list();

(A osB- B > 2 > “12a > 3 -> 2@@1:3k— -> 4 -> “1@@lahe"” -> 30@2:Z=[] —> 5 —> NULL
5 —> 4 -> 3002:35[10 —> 3 > 2001:9= -> 2 -> "12a" -> “1@@lahc"” -> 1 —> NULL

r—rr OO - -

HER RGBT SORTE LR DT
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Gl+F: 5RO

class Obj { //EE Fik2 ERY
virtual bool operator<(const Obj&)const = ©; ER I HAMREE, objiLACE T4l L R/

virtual bool operator<(const IntObj&)const = @;

virtual bool operator<(const Strobj&)const = @; Hfth Fir 45 36 B R0 2E AR 2248 0 53X 41 1 o WA e B .
y; Vvirtual bool operator<(const StuObj&)const = @; Fhil: b,

StrO0bj:
. . virtual bool operator<(const Obj& rhs)const override;

IntOb jBY4{ operator <R ¥ virtual bool operator<(const IntObj& rhs)const override;
bool IntObj::operator<(const Obj& rhs)const { virtual bool operator<(const StrObj& rhs)const override;
} return !(rhs < *this); 3PS EPE? virtual bool operator<(const StuObj& rhs)const override;
bool IntObj::operator<(const IntObj& rhs)const { SFUObJ: ) .

. . virtual bool operator<(const Obj& rhs)const override;

if (data < rhs.data) return true; , , '

raturn false: virtual bool operator<(const IntObj& rhs)const override;
} ’ virtual bool operator<(const StrObj& rhs)const override;
bool IntObj::operator<(const StrObj& rhs)const { virtual bool operator<(const StuObj& rhs)const override;

string tmp = std::to_string(data);

if (stremp(tmp.c_str(), rhs.c_str())<®)return true;
} return false; ListBsorteR ¥ -

if ( [*p->p_data < *q->p_datal)

bool IntObj::operator<(const StuObj& rhs)const { std: :swap(p->p_data, g->p_data);

string tmpl = std::to_string(data);

string tmp2 = std::to_string(rhs.get_id());

tmp2 += rhs.get_name(); 1 -> 2 —> "™2a" —> 3 —» 2001:5c— -> 4 —> "@@labc"” —> 3602:Z=[] —> 5 —> NULL

if (tmpl < tmp2) return true;
} return false;

(EE[N - 3 > 208B1:3E= -> 2 -> "12a” -> "1@@labc” —> 1 -3 HULL
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Gl+F: $EFR7

bool Int_Int(const Obj &lhs, const Obj &rhs) {
const IntObj &llhs = dynamic_cast<const IntObj&>(1lhs);
const IntObj &rrhs = dynamic_cast<const IntObj&>(rhs);
if (llhs.get_data() < rrhs.get_data()) return true;
} return false;
bool Int_Str(const Obj &lhs, const Obj &rhs) {
const IntObj &llhs = dynamic_cast<const IntObj&>(1lhs);
const StrObj &rrhs = dynamic_cast<const Strobj&>(rhs);
string tmp = std::to_string(llhs.get_data());
if (stremp(tmp.c_str(), rrhs.c_str()) < @) return true;
} return false;
bool Int_Stu(const Obj &lhs, const Obj &rhs) {
const IntObj &llhs = dynamic_cast<const IntObj&>(lhs);
const StuObj &rrhs = dynamic_cast<const StuObj&>(rhs);
string tmpl = std::to_string(llhs.get_data());
string tmp2 = std::to_string(rrhs.get_id());
tmp2 += rrhs.get_name();
if (tmpl < tmp2) return true;

} return false; M E R SN —F
bool Str_Int(const Obj &lhs, const Obj &rhs) {

}  return I(Int_str(rhs, lhs)); //BEiFEEME Int_Str

bool Str_Str(const Obj &lhs, const Obj &rhs) {---}

bool Str_Stu(const Obj &lhs, const Obj &rhs) {---}

bool Stu_Int(const Obj &lhs, const Obj &rhs) {
} return I (Int_Stu(rhs, 1hs));//EiEAHE Int_Stu

bool Stu_Str(const Obj &lhs, const Obj &rhs) {
} return !(Str_Stu(rhs, 1lhs));//BEHEAE Str_Stu

bool Stu_Stu(const Obj &lhs, const Obj &chs) {---}

typedef bool(*LESS_FUNC_PTR)(const Obj &, const Obj &);
struct LessVecNode {

}s

LessVecNode() {}
LessVecNode(const char* sl1, const char* s2, LESS_FUNC_PTR p) :
objl(s1), obj2(s2), ptr(p) {}

string objl = "";

string obj2 = "";
LESS_FUNC_PTR ptr = nullptr;

vector<LessVecNode> init_vec() { //#¥Et HEE=

}

vector<LessVecNode> vec;
vec.push_back(LessVecNode("class IntObj", "class IntObj", Int_Int));
vec.push_back(LessVecNode("class IntObj", "class StrObj", Int_Str));

vec.push_back(LessVecNode("class StuObj", "class StuObj", Stu_Stu));
return vec;

¥

LESS_FUNC_PTR lookup(const Obj &lhs, const Obj &rhs) {//E¥k HREG:

static vector<LessVecNode> func_vec = init_vec();
//FIVAF map F¥Ef{vector, XS
vector<LessVecNode>::iterator end = func_vec.end();
vector<LessVecNode>::iterator it = func_vec.begin();
for (; it != end; ++it) {

if ((*it).objl == typeid(lhs).name() && (*it).obj2 == typeid(rhs).name())
} break;

if (it != func_vec.end()) J‘j_}‘f:;:‘*ﬁﬂﬁﬁﬁﬁ .
return (*it).ptr; FHEREBObXRPREO
return nullptr; SEEM KR ¥E, ERHETHAE
bool operator<(const Obj &lhs, const Obj &rhs) { 50 9 sk 2 35 sk 2R A R 2%
LESS_FUNC_PTR f = lookup(lhs, rhs); J— ¥ .
if (f) return f(lhs, rhs); MAERRME, LREEMREEX
throw "No Match Type!"; MRS

HIRPBr BORFE LR S
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f5-F: shared ptrfFEAvector

shared_ptr5 &85 LI 2 74 HARUE 224 P — M7 20 2R R B0 B Nprotected.
235 vectorF F AR & ZFBase IR %, BT faESLI T 21T N,
A KBase MR BRI AN B Nprotected, XFEFLAAET-Bhdelete AETE £ get() 210 1154

class Base {
public:

virtual void show()const = 0;
protected:

virtual ~Base() =default;

/ 1 NgERprivateRUifTia, BNID1TEEHTY

>

class D1 : public Base {

public:
D1(int i) :data(i) { }
virtual void show()const override{
} cout << data << " ";

private:
int data;
¥

shared ptr<Base> createBase(int data) {

}

shared ptr<Base> p = make_shared<Dl1>(data);
return p;

int main() {

vector<shared ptr<Base>> vec;

for (int 1 = ©; i<10@; ++i)
vec.push_back(createBase(i));

vector<shared ptr<Base>>::iterator end = vec.end();

for (auto it = vec.begin(); it != end; ++it)
(*it)->show();

cout << endl;

Base* p = vec[@].get();

//delete p; //$81R,Bhlldelete #RIEFT

/ /1B getFKISHIERIEFT AeEdelete, K gBaseRifTid 2 protected

//HR8shared_ptre]LL, unique_ptrfNT,

HER RGBT SORTE LR DT
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F4J315 BR3P A FH RiE eR 2

FEIRA) G RBAAT I, IRAZ SR 3E R BOE A AT
M T I IG RTINS RAE S B i O A SE TR i, Ben SRR oR 250 F 1 R o 4
FeRAERPH), Hamin] feo I BIRAE SR P BAT 5E AIE I BRI, KR fafe i, Arblce+4E

ISy £ 8= (0] /67

36 BR B0 A F AR BR B AL B TR AR SR R R S B

class Base { class Derived :public Base {

public: public:
Base() { Derived() :Base() {
this->f2(); //Fi2 f2(); this->f2();
this->func(); //FLE func(); this->func();
/I XERRERY , RSBEEAELN  MTALSEIREEN } cout<<"typeid: "<<typeid(*this).name()<<endl;//Derived
virtual void func() override{ cout << "Derived func()\n";}

cout<<"typeid: "<<typeid(*this).name()<<endl;//Base
} void f2() { cout << "Derived f2()\n"; }

virtual void func() { cout << "Base func()\n"; } private:

void f2() { cout << "Base f2()\n"; } }; int j; S—

Vir‘tual '\-’BaSE() {} ? Base func(>
private: int main() { e ey e

int i-; Der‘i\:‘red dl_; Derived func<)
¥ } return 0; o

27 [ e 0
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Hir 4 eR 35 P 1 FH RiE eR 3

ST R BHATIS , IRAZSSEL I B 1 R D2l 580 B FRZESR A RE R B, Ml e = F 3 24
BHIRAE AL L, SEREAT A, ATBACH+ZR 1L | IXFE R AE

AT ) BR 0P A P R R B B AL BT A AR SR A R BR S B
TR IS PR BRI A4 BR AR AN EE A R R, NI

XA AT B 22 R A28

class Derived :public Base {

class Base { .
ublic: pUbll?' :
P virtual ~Base() { virtual ~Derived() ({
4, f2();
£20); /3R this->F2(); i
func(); //FL2 this->func(); ’ o e . :
B EEERE ,\é%ﬂ]ﬁﬁZK sy RS SIRAE } cout<<"typeid: "<<typeid(*this).name()<<endl;//Derived
cout << "typeid: "<<typeid(*this). name()<<endl //Base virtual void func()override {cout<<"Derived func()"<<endl;}
) void f2() { cout << "Derived f2()" << endl; }
virtual void func() { cout << "Base func()" << endl; } private:.
void f2() { cout << "Base f2()" << endl; } }; int Jj; Porived £20>
typeid: class Derived

private: int main() {
Derived dl;

int 1i;
1 return 9;

1

[ e 0
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RX 53 BR3P 1 FH RiE e 3

PUblin class Derived :public Base {
void () { private:
cout << "Base f()" << endl; virtual void vf()override {
cout <<"typeid: "<<typeid(*this).name()<<endl; //Derived cout<<"Derived vf(): "<<j<< endl;
/ RILM— e R R i T/ o
vi(); }; int j = 2009,
‘) fHr—Es e g Em A =
/Rl — R RS S T it main() {
}_ Derived d;
virtual ~Base(){} d.£(); Base £O
private: cout << T o e
virtual void vf() { cout<<"Base vf(): "<<i<<endl; } Base *p = &d;
/ /BANRESE PR AR ZERERE, FILUSHBREgprotected/public p->F(); bypeid: class Dorived
int 1 = 100; return 9 iEdiset: -
¥ } ’
IR BT A A 29 A
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BN ERIEH EG HAHERER, BT3EHe GBITHA ez TiA~RE0
{EH2: (G R B E )

FirbA:
IRAE K Foverride ) B R BIA M Z B S ERINME.

clas? Base { int main() {
public: Base b;
virtual ~Base() = default; b.f1(); //@
void fl(int i=@) { b.vf2()://@
cout << "Base f1():" << 1 << endl; D1 d;
virtual void vf2(int 1 = @) { d.f1(); //1
} cout << "Base vf2():" << 1 << endl; d.vf2();://1
¥ ) Base *pb = &d;
clas? D1 :public Base { pb->f1(); //@
public: o pb->vf2();//0 AFFETIHE: BUASEE Base::vf29[
void fl(int i=1) { D1 *pd = &d;
cout << "D1 f1():"<<1 << endl; pd->f1(); //1
virtual void vf2(int i = 1)override{ pd->vf2();//1 FEiETRER RS, BB EASEL
} cout << "D1 vf2():" << 1 << endl; } return @;
¥
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ANEFE AR RIAE R R

FEIRA R AP BT AT RIVIEB A, BEBEAFKIES G HRAEAN, SHAA—BHFR.

BRinBRERRE (2 , PBasERABRE.
publicdkt&, RENEBREGNDIFEZ —Base, MEFABRHEME E XL, FE “is-

BrbA: ANEEHTE SCAEART R KRR B4

class Base {

a” FIRAR,

int main() {

public: D1 d;
virtual ~Base() = default; Base *pb = &d;
void f1() { pb->f1(); //Base f1()
} cout << "Base f1()\n"; D1 *pd = &d;
}s pd->f1(); //D1 f1()
. . //AEREERELAER
Conic, puhe et e i Sl
void F10) 1 [/ (BRREBIR, BEMBFERGE )
cout << "D1 f1():\n"; /;rﬁggéiz’z:ﬁuﬁtl
s ¥ j return e;
R AR L 31 I i 5P



IR AR Eprivate

FERR (BRTE) RE[FHprivate, A £ publicRlprotected.

1. APEMERREON, AEERARBEMN().

2. FBHKAURES], RREHEER DL REELTFRE, TR R R ER A ERELIE R 18 O PR
f}ﬁﬂiﬁ\ RESEES RBRIZEH

3. e
BRATERBEREZEONEE, N “PrEraerseil” Ratsit, X ERRREESIREES
IR E A AT &, AT AR R &4 A X BB R BT MBS RS, 7 AES RIEF R P HAT FH2PHEH
&, . HAREEOD, B FRASERH SR, |
BAEA T publictiEi i, —BEEZE, AR RESER T Z8ERA KRB ESR, sk
Fi T protected IR, BRI FESEMA KRIRERMRIG. Frbh: publicBHE R RBRE AT E K.

H R RGBT BRI LR DA 32 E: & 5 PR

/ ChinaHadoop.cn



