Chwong 9. Thira ké

Trong thuc té hau hét cac 10p co thé ké thira tir cac 16p c6 trude ma khong can
dinh nghia lai méi hoan toan. Vi dy xem xét mot 16p duoc dat tén 1a RecFile
dai dién cho mot tap tin g(‘A)m nhiéu mau tin va mot 16p khac dugc dat tén la
SortedRecFile dai dién cho mét tap tin gdm nhiéu mau tin dwoc sip xép. Hai
16p ndy c6 thé c6 nhiéu diém chung. Vi du, ching c6 thé c6 cac thanh vién
ham gidng nhau nhu 13 Insert, Delete, va Find, ciing nhu 1a thanh vién dir lidu
gidng nhau. SortedRecFile la mot phién ban déc biét cua RecFile voi thude tinh
cac mau tin cta nd dugc td chirc theo thir tw duge thém vao. Vi thé hau hét
cac ham thanh vién trong ca hai 16p la glong nhau trong khi mét vai ham ma
phu thudc vao yéu td tap tin dugc sip xép thi co thé khac nhau. Vi dy, ‘ham
Find c6 thé 1a khac trong 16p SortedRecFile bdi vi né c6 thé nho vao yéu td
thuan loi 14 tap tin dwoc sip dé thyc hién tim kiém nhi phéan thay vi tim tuyén
tinh nhu ham Find ctia 16p RecFile.

Vi cac thudc tinh duge chia sé cua hai 16p nay thi viéc dinh nghia ching
mot cach doc 1ap 1a rat dai dong. RS rang diéu nay dan t6i viéc phai sao chép
lai ma dang ké. Ma khong chi mat thoi gian 1au hon dé viét né ma con kho co
thé duoc bao tri hon: mot thay doi téi bat ky thudc tinh chia sé nao c6 thé
phai dugc stra ddi t6i ca hai 16p.

Lap trinh hudng dbi twong cung cap mot ky thuat thuan loi goi 1a thira
ké dé giai quyét van dé nay. Véi thira ké thi mot l6p co thé thira ké nhing
thude tinh ctia mét 16p da co trude. Ching ta cod thé sur dung thtra ké dé dinh
nghia nhiing thay d6i ciia mot 16p ma khong can dinh nghia lai 16p mai tir
dau. Céc thudc tinh chia sé chi dugc dinh nghia mot lan va duoc st dung lai
khi can.

Trong C++ thua ké duoc h5 tro boi cac 16p din xuit (derived class).
L6p dan xuét thi glong nhu 16p gdc ngoai trir dinh nghia cia n6 dya trén mot
hay nhiéu 16p c6 san duoc goi 14 16p co sé (base class). Lép dan xuat co thé
chia sé nhiing thudc tinh da chon (cac thanh vién ham hay céac thanh vién dir
lidu) cua cac 16p co s¢ cia nd nhung khong lam chuyén ddi dinh nghia cta
bat ky 16p co s6 nao. Lop dan xuét chinh n6 co thé 13 16p co so cia mot 16p
dan xuét khac. Quan h¢ thura ké gitra cac 16p ciia mot chuong trinh duoc goi
1a quan h¢ cip béc 16p (class hierarchy).

Lép din xuét ciing dugc goi 1a 16p con (subclass) boi vi nd tré thanh cap
thdp hon ctia 16p co so trong quan hé cap bac. Tuong tu mot 16p co s co thé
dugc goi 1a 16p cha (superclass) boi vi tir no co nhiéu 16p khac c6 thé duoc
dan xuét.
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9.1. Vi du minh hoa

Chung ta s& dinh nghia hai 16p nhdam muyc dich minh hoa mét sé khai niém
1ap trinh trong cac phan sau cua chuong nay. Hai 16p dugc dinh nghia trong
Danh sach 9.1 va ho trg viée tao ra mot thu muc cac doi tac ca nhan.

Danh sach 9.1

Chu giai
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#include <iostream.h>
#include <string.h>

class Contact {
public:

Contact(const char *name, const char *address, const char *tel);
~Contact (void);
constchar*Name  (void) const {return name;}
const char* Address(void) const {retum address;}
const char*Tel(void) const ~ {retum tel;}

friend ostream&  operator<<  (ostreamé&, Contact&);

private:
char *name; // ten doi tac
char *address; //dia chi doi tac
char *tel; // so dien thoai

I

I
class ContactDir {
public:
ContactDir(const int maxSize);
~ContactDir(void);
void Insert(const Contact&);
void Delete(const char *name);
Contact*  Find(const char *name);
friend ostream& operator <<(ostreamé&, ContactDir&);

private:
int  Lookup(const char *name);
Contact  **contacts;// danh sach cac doi tac
mt dirSize; // kich thuoc thu muc hien tai
mt maxSize; //kich thuoc thu muc toi da

X

3 Lép Contact luru giit cac chi tiét ciia mot dbi tac (nghia 13, tén, dia chi, va
s0 dién thoai).

18 Lép ContactDir cho phép chiing ta thém, xo6a, va tim kiém mot danh sach
cac doi tac.

22 Ham Insert xen mot ddi tic méi vao thu muyc. Diéu nay s& viét chong 1én
mot doi tac ton tai (néu co) voi tén gidong nhau.

23 Ham Delete x6a mot ddi tac (néu c6) ma tén cua ddi tac tring véi tén da
cho.
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24 Ham Find tra v€ mot con tré to1 mot doi tac (néu cd) ma tén cua doi tac

khép véi tén da cho.

27 Ham Lookup tra vé chi s vi tri ctia mot ddi tac ma tén cua dbi tac khop
v6i tén da cho. Néu khong ton tai thi sau d6 ham Lookup tra vé chi sb ciia
vi tri ma tai d6 ma mot dau vao nhu thé s& duoc thém vao. Ham Lookup
duoc dinh nghia nhu 1a riéng (private) boi vi nd 1a mdt ham phu dugce su

dung boi cac ham Insert, Delete, va Find.

Cai dat cua ham thanh vién va ham ban nhu sau:

Contact::Contact (const char *name,
const char *address, const char *tel)
{

Contact::name =new charfstrlen(name) + 1];
Contact::address = new charfstrlen(address) + 1];
Contact::tel =new char{strlen(tel) + 1];
strcpy(Contact::name, name);
strepy(Contact::address, address);
strepy(Contact::tel, tel);

H

Contact::~Contact (void)

delete name;
delete address;
delete tel;

H
ostreamé&e operator << (ostream &os, Contact &c)

08 <<"("<<cname<<","
<<caddress<<"," <<ctel <<")";
return os;

}

ContactDir::ContactDir (const int max)

{
typedef Contact *ContactPtr;

dirSize =0;

maxSize =max;

contacts =new ContactPti{maxSize];
¥

ContactDir::~ContactDir (void)

for (register 1=0; 1 < dirSize; ++)

delete contacts]i];
delete [] contacts;
}
void ContactDir::Insert (const Contact& ¢)
{
if (dirSize < maxSize) {
int idx = Lookup(c.Name());
if (idx >0 &&

stremp(c.Name(), contacts[idx]->Name()) = 0) {

delete contacts|idx];
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jelse {
for (register = dirSize; 1> idx; —i) / dich phai
 contacts[i] = contacts[i-1];
ize;

}
contacts[idx] =new Contact(c.Name(), c.Address(), c.Tel());

H
void ContactDir::Delete (const char *name)

nt idx = Lookup(name);
if (idx <dirSize) {
delete contacts[idx];
—dirSize;
for (register 1 =idx; 1 < dirSize; ++) // dich trai
contacts|i] = contacts[i+1];

H
Contact *ContactDir::Find (const char *name)

nt idx = Lookup(name);

retum (idx < dirSize &&
stremp(contacts[idx]-=>Name(), name) = 0)

? contacts[idx]

:0;

H

int ContactDir::Lookup (const char *name)

for (register 1 =0; i < dirSize; ++i)
if (stremp(contacts[i]->Name(), name) = 0)
retumi;
return dirSize;
b
ostream  &operator << (ostream &os, ContactDir &c)

for (register 1 =0; 1 < c.dirSize; ++)
08 << *(c.contacts[i]) <<"n
return os;
H

Ham main sau thyc thi 16p ContactDir bfing cach tao ra mot thu muc nho
va goi cac ham thanh vién:

int main (void)

ContactDirdin(10);

dir.Insert(Contact("Mary", "11 South Rd", 282 1324"));
dir.Insert(Contact("Peter”, "9 Port Rd", "678 9862"));
dir.Insert(Contact("Jane", "321 Yara Ln", "982 6252"));
dir.Insert(Contact("Jack", "42 Wayne St", "663 2989"));
dir.Insert(Contact("Fred", "2 High St", "458 2324"));

cout <<dir;
cout <<"Find Jane: " << *dir.Find("Jane") <<"n',
dir.Delete("Jack™);
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cout <<"Deleted Jack\n";
cout <<dir;
retun O;

5

Khi chay né sé& cho két qua sau:

(Mary, 11 South Rd, 282 1324)
(Peter, 9 Port Rd, 678 9862)
(Jane, 321 YaraLn, 982 6252)
(Jack , 42 Wayne St , 663 2989)
(Fred, 2 High St, 458 2324)
Find Jane: (Jane , 321 Yara Ln, 982 6252)
Deleted Jack

(Mary, 11 South Rd, 282 1324)
(Peter, 9 Port Rd, 678 9862)
(Jane, 321 YaraLn, 982 6252)
(Fred, 2 High St, 458 2324)

9.2. Lop din xuat don gian

Chung ta mudn dinh nghia mot 16p goi la SmartDir g xur glong nhu 1a 16p
ContactDir va theo doi tén cua d6i tac moi vira duge tim kiém gan nhat. Lép
SmartDir dugc dinh nghia tot nhat nhu 14 mot dan xuat ctia 16p ContactDir nhu
duoc minh hoa boi Danh sach 9.2.

Danh sach 9.2

N AW =
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I

class SmartDir : public ContactDir {

public:
SmartDir(const int max) : ContactDir(max) {recent=0;}
Contact* Recent (void);
Contact* Find (const char *name);

private:
char  * recent; //ten duoc tim gan nhat

Chu giai

7

Phan dau cua 16p dan xudt chén vao cac 16p co so ma no thira ké. Mot
dau hai cham (:) phan biét gitta hai phan. O day, 16p ContactDir dugc dac
ta 1a 16p co sé ma 16p SmartDir dugc dan xuat. Tur khoa public phia trudc
16p ContactDir chi dinh rang 16p ContactDir dugc sir dung nhu mét 16p co
s& chung.

Lo6p SmartDir c6 ham xay dung cua nd, ham xay dung nay triéu goi ham
xay dung cua 16p co s¢ trong danh sach khoi tao thanh vién cua no.

Ham Recent trd vé mot con tro t6i ddi tac duge tim kiém sau cung (hodc 0
néu khong co).

Ham Find dugc dinh nghia lai sao cho no6 cé thé ghi nhan dau vao duoc
tim kiém sau cung.

Con tro recent dugc dat tdi tén cia dau vao da dugce tim sau cung.
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Céc ham thanh vién dugc dinh nghia nhu sau:

Contact* SmartDir::Recent (void)
{

H
Contact* SmartDir::Find (const char *name)

retum recent== 0 ? 0 : ContactDir::Find(recent);

Contact *¢ = ContactDir::Find(name);
if (c!=0)
recent = (char*) c>Name();
retumn ¢;
H

Boi vi 16p ContactDir 1a mdt 16p co sé chung cta 16p SmartDir nén tat ca
thanh vién chung cta 16p ContactDir tr¢ thanh céc thanh vién chung cua 16p
martDir. Didu nay nghia 13 chiing ta c6 thé triéu goi mot ham thanh vién nhu 1a
Insert trén mot dodi tuong SmartDir va day 1a mdt 101 goi to1 ContactDir::Insert.
Twong tu, tit ca cac thanh vién riéng cua 16p ContactDir try thanh cac thanh
vién riéng cua 16p SmartDir.

Phu hop voi cac nguyén ly an thong tin, cac thanh vién riéng cua 16p
ContactDir s& khong thé duoc truy xudt boi SmartDir. Vi thé, 16p SmartDir s&
khong thé truy xuét toi bat ky thanh vién dir liéu nao cta 16p ContactDir ciing
nhu 14 ham thanh vién riéng Lookup.

L6p SmartDir dinh nghia lai ham thanh vién Find. Piéu nay khong nén
nham 1an véi tai dinh nghia. C6 hai dinh nghia phan biét ciia ham nay:
ContactDir::Find va SmartDir::Find (c4 hai dinh nghia c6 cing d4u hiéu dau cho
chung c6 thé c6 cac dau hiéu khac nhau néu dugc yéu cau). Triéu goi ham
Find trén d6i tuong SmartDir thir hai s€ dugc goi. Nhu dugc minh hoa boi dinh
nghia ctia ham Find trong 16p SmartDirham thir nhat ¢ thé van con dugc triéu
goi bang cach st dung tén day du cia no.

Doan ma sau minh hga 16p SmartDir cu xir nhu 14 16p ContactDir nhung
cling theo doi dau vao dugc tim kiém dugc gan nhat:

SmartDir dir(10);
dir.Insert(Contact("Mary", "11 South Rd", 282 1324"));
dir.Insert(Contact("Peter”, "9 Port Rd", "678 9862"));
dir.Insert(Contact("Jane", "321 Yara Ln", "982 6252")),
dir.Insert(Contact("Fred", "2 High St", "458 2324"));
dir.Find("Jane");
dir.Find("Peter");
. cout<<"Recent: " <<*dir.Recent() <<"n,
bicu nay s€ cho ra két qua sau:

Recent: (Peter, 9 Port Rd , 678 9862)

Mot dbi tuong kiéu SmartDir chira dung tt ca dit liéu thanh vién cia
ContactDir ciing nhu 1a bat ky dit li¢u thanh vién thém vao duoc gidi thi¢u bdi
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Hinh 9.1

SmartDir. Hinh 9.1 minh hoa viéc tao ra mot dbi tugng ContactDir va mot ddi
tuong SmartDir.

Cic dbi twong 16p co sé va 16p din xuit.

ContactDir object SmartDir object
contacts contacts
dirSize dirSize
maxSize maxSize

recent

9.3. Ky hiéu thir bac lop

Hinh 9.2

Thir bac 16p thudng dugc minh hoa bang cach sir dung ky hiéu dd hoa don
gian. Hinh 9.2 minh hoa ky hi¢u cua ngén ngtt UML ma chung ta s€ dang sur
dung trong gido trinh nay. Mbi 16p duogc biéu dién béng mot hop dugc gan
nhan 13 tén 16p. Thira ké gitra hai 16p duoc minh hoa bang mot miii tén cd
huong vé tir 16p dan xuit dén 16p co so. Mot duong thang voi hinh kim
cuong ¢ mot dau miéu ta composition (tam dich la quan hé bo phén, nghia la
mot dbi twong cua 16p duge bao gdm mot hay nhiéu ddi twong cua 16p khac).
S6 doi tuong chura boi dbi tuong khac dugc miéu ta bdi mot nhan (vi duy, n).

Mot thir bac 16p don gidn
n

ContactDir ¢ Contact

I

SmartDir

Hinh 9.2 duoc théng dich nhu sau. Co‘ntact,’ ContactDir, va SmartDir 1a cac
16p. Lop ContactDir gom c6 khong hay nhi€u doi tuong Contact. Lép SmartDir
duoc dan xuat tir 16p ContactDir.

9.4. Ham xay dung va ham huy

L6p dan xuat c6 thé co cac ham xdy dung va mot ham huy. Béi vi mot 16p
dan xuit c6 thé cung cip cac dir liéu thanh vién dua trén cac dir liéu thanh
vién tir 16p co sé ctia n6 nén vai tro ciia ham xay dyng va ham huy 1a dé khai
tao va huy bo cac thanh vién thém vao nay.

Khi mét ddi tugng ctia mot 16p dan xuit duoc tao ra thi ham xay dung
cua 16p co s¢ dugce ap dung téi n6 trude tién va theo sau la ham xay dung cua
16p dan xuat. Khi mot d6i twong bi thu hoi thi ham hay cua 16p dan xuét dugc
ap dung trudce tién va sau do la ham huy cua 16p co sd. Noéi cach khac thi cac
ham xay dung duoc tng dung theo tht ty tir gbe (16p cha) dén ngon (16p con)
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Hinh 9.3

va cac 1~12‘1m h}iy duoc ap dung theo thir tu nguoc lai’. Vi du xem xét mét 16p C
duoc dan gguét tur 1op B, ma 16p B lai dugc dan xuat tur 16p A; Hinh 9.3 minh
hoa mdt doi tugng c thudc 16p C dugce tao ra va hity bé nhu thé nao.

class A {/*..*%}

class B : public A {7*..%}

class C : public B {/*..%}

Thir tw xAy dung va hiiy bé déi twong ciia 16p din xuit.

¢ being constructed ¢ being destroyed
ATIA Az:~A
A
B::B B::~B
A
A 4
C::C b o c--~C

Boi vi ham x4y dung cta 10p co s yéu cau cac ddi sd, chung can dugc
chi dinh trong phan dinh nghia ham xay dung cua 16p dan xuit. Dé lam cong
viéc nay, ham xay dung cua 16p dan xuét triéu goi rd rang ham xay dung 16p
co s& trong danh sach khoi tao thanh vién cia nd. Vi dy, ham xdy dung
SmartDir truyén ddi s6 ciia n6 tdi ham xay dung ContactDir theo cach nay:

SmartDir::SmartDir (const int max) : ContactDir(max)
{r*.*}

Thong thuong, tat ca nhitng gi ma mot ham xay dung 16p dan xuit yéu cau la
mot d6i tuong tir 16p co so. Trong mot vai tinh huéng, diéu nay tham chi c6
thé khong can tham khao toi ham xay dung 16p co s6:

extern ContactDir cd; // dugc dinh nghia & dau do
SmartDir::SmartDir (const int max) : cd
{/*..*}

Mic du cac thanh vién riéng ctua mot 16p 16p co s¢ duogc thira ké boi mot 16p
dﬁn xuat nhung ching khong thé duoc truy xuét. Vi du, 16p SmartDir thira ké
tat ca cac thanh vién riéng (va chung) cua 16p ContactDir nhung khong dugc
phép tham khéo tryc tiép téi cac thanh vién riéng cua 16p ContactDir. Y tuong
1a cac thanh vién riéng nén duoc che ddu hoan toan sao cho chung khong thé
bi can thi€p vao bdi cac khach hang (client) cua 16p.

Su gii han nay c6 thé ching t6 chiéu huéng ngin cam cac 16p c6 kha
nang 13 16p co so cho nhitng 16p khac. Viée tir chdi truy xuit cta 16p dan xuét
td1 cac thanh vién riéng cua 16p co s& vudng vao su cai dit no hay tham chi
lam cho viéc dinh nghia n6 1a khong thuc té.

Sy gidi han c6 thé dugc giai phong bang cach dinh nghia cac thanh vién
riéng ctia 16p co s¢ nhu 1a duoc bao vé (protected). Dén khi cac khach hang
cua 16p dugc xem xét, mgt thanh vién dugc bao vé thi giéng nhu mdt thanh
vién riéng: né khong thé dugc truy xuat boi cac khach hang 16p. Tuy nhién,
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mdt thanh vién 16p co s& duge bao vé co thé duogc truy xuét boi bat ky 16p
nao duoc dan xuat tir nod.

Vi du, cac thanh vién riéng cua 16p ContactDir c6 thé duoc tao ra la duoc
bao v¢ bang cach thay the tir khoa protected cho tir khoa private:

class ContactDir {
/...
protected:
int Lookup (const char *name);
Contact  **contacts;// danh sach cac doi tac
int dirSize; //kich thuoc thu muc hien tai
int maxSize; // kich thuoc thu muc toi da

X

Két qua 13, ham Lookup va cac thanh vién dir liéu cta 16p ContactDir bay gio
c6 thé truy xuat bdi 16p SmartDir.

Céc tir khoa truy xuét private, public, va protected c6 thé xuét hién nhiéu lan
trong mot dinh nghia 16p. Moi tir khoa truy xuat chi dinh céc dac diém truy
xuat cua cac thanh vién theo sau n6 cho dén khi bat gap moét tir khoa truy xuat
khéc:

class Foo {

public:

// cac thanh vien chung...
private:

// cac thanh vien rieng...
protected:

// cac thanh vien duoc bao ve...
public:

// cac thanh vien chung nua...
protected:

// cac thanh vien duoc bao ve nua...

|5
9.5. Lop co s6 riéng, chung, va dwgcc bao vé

Mot 16p co so ¢ thé duqc’chi dinh 14 riéng, chung, hay duoc bao vé. Néu
khong dugc chi dinh nhu the, 16p co s¢ dugce gia st 1a riéng:

class A {
private:  intx; void Fx (void);
public: nty; void Fy (void);
protected: intz; void Fz (void);
55
classB: A {}; // Alalop cosorieng cua B

class C: private A {}; // Alalop co sorieng cua C
class D : public A {}; // Alalop co so chung cua D
classE:protected A {};  //Alalop cosoduocbaovecuaE

Cu xur ctia nhitng 16p nay 1a nhu sau (xem Bang 9.1 cho mét tong két):

Chuong 9: Thua ké 156



e Tét ca cac thanh vién ctia mot 16p co s riéng tré thanh cac thanh vién
riéng cua 16p dan xudt. Vi thé tit ca x, Fx, y, Fy, z va Fz tr thanh céc
thanh vién riéng cua B va C.

e Cac thanh vién ciia 16p co s chung giir cac dac diém truy xuét ciia chiing
trong 16p dan xuét. Vi thé, x va Fx tr¢ thanh cac thanh vién riéng D, y va
Fy tré thanh céc thanh vién chung cua D, va z va Fz tr¢ thanh céc thanh
vién duogc bao vé cua D.

o Cac thanh vién riéng cta l6p co s& dugc bao vé tré thanh cac thanh vién
riéng cua 16p dan xuat. Nhung nguoc lai, cac thanh vién chung va dugc
bdo v¢ cua 16p co s& duge bao v€ trd thanh cac thanh vién dwoc bao vé
ctia 16p dan xuat. Vi thé, x va Fx tro thanh cac thanh vién riéng cua E, va
y, Fy, z, va Fz tr¢ thanh cac thanh vién dugc bao v¢ cua E.

Bang 9.1 Cic qui luit thira ké truy xuét 16p co sé.
L6p co s& Din xuit riéng | Din xuit chung | Din xuit dwoc bio vé
Private Member private private private
Public Member private public protected
Protected Member | private protected protected

Chung ta ciing c6 thé mién cho mot thanh vién riéng 1é cua 16p co sd tir
nhitng chuyén d6i truy xuét duoc déc ta boi mot 16p dan sao cho no van giir
lai nhiing déc diém truy xuat goc cua no. Dé lam diéu nay, cac thanh vién
dugce mién duogc dit tén day du trong 16p dan xuat véi dac diém truy xudt goc
cua nod. Vi du:

class C : private A {
/...

public: A:Fy;  //lam cho Fy lamot thanh vien chung cua C
protected: A::z; //lam cho zla mot thanh vien duoc bao ve

// cuaC
5

9.6. Ham ao

Xem xét su thay ddi khac cua 16p ContactDir dugc goi la SortedDir, ma dam
bao rz‘ing cac doi tac méi duogc xen vao phén con lai cua danh sach da duoc
sip xép. Thuan loi rd rang cia diéu nay 1a tdc do tim kiém co thé duoc cai
thién bang cach sir dung giai thuat tim kiém nhi phan thay vi tim kiém tuyén
tinh.

Viéc tim kiém trong thuc té duoc thuc hién bdi ham thanh vién Lookup.
Vi thé chung ta can dinh nghia lai ham nay trong 16p SortedDir sao cho né st
dung giai thuat tim kiém nhi phan. Tuy nhién, tit ca cac ham thanh vién khac
tham khdo toi ContactDir::Lookup. Chiing ta ciing c6 thé dinh nghia cac ham
nay sao cho chung tham khéo t6i SortedDir::Lookup. Néu chiing ta theo tiép can
nay, gia tri cua thira ké tré nén dang ngd hon boi vi thuc té chung ta co thé
phéi dinh nghia lai toan bd 16p.

Chuong 9: Thua ké 157



Thyc sy cai ma ching ta mudn lam 1 tim cach dé biéu dién diéu nay:
ham Lookup nén duogc lién két t6i kieu cua dbi tuong ma tri€u goi no. Néu doi
tuong thudc kiéu SortedDir sau d6 triéu goi Lookup (tir bt ky chd nao, tham
chi tr bén trong cdc ham thanh vién cua ContactDir) c6 nghia la
SortedDir::Lookup. Tuong tu, néu ddi tuong thudc kiéu ContactDir sau dé goi
Lookup (tir bat ky chd nao) c6 nghia 1a ContactDir::Lookup.

Diéu nay c6 thé duoc thuc thi thong qua lién két dong (dynamic
binding) ctia ham Lookup: sy quyét dinh chon phién ban nao ctiia ham Lookup
dé goi duoc tao ra ¢ thoi gian chay phu thudc vao kiéu cua doi tuong.

Trong C++, lién két dong dugc hd tro thong qua cac ham thanh vién ao.
Mot ham thanh vién dugc khai bao nhu la ao bang cach chén thém tir khoa
virtual trudc nguyén mau (prototype) ctia n6 trong 16p co s0. Bét ky ham thanh
vién nao, ké ca ham xdy dyng va ham huy, c6 thé dugc khai bio nhu ao.
Ham Lookup nén dugc khai bao nhu 4o trong 16p ContactDir:

class ContactDir {
/...

public:
vitual  int Lookup (const char *name);
/...

X

Chi cac ham thanh vién khong tinh c6 thé duoc khai bao nhu 1a d0. Mot
ham thanh vién 4o dugc dinh nghia lai trong mot 16p dan xut phai c¢6 chinh
xéac cung tham sd va kiéu tra v& nhu mot ham thanh vién trong 16p co sd. Cac
ham 4o c6 thé duoc tai dinh nghia gidng nhu cac thanh vién khac.

Danh sach 9.3 trinh bay dinh nghia ctia 16p SortedDir nhu 16p dan xudt cua
16p ContactDir.

Danh sach 9.3

1

[©) O, RN NS (O]

Chu giai

class SortedDir : public ContactDir {
public:
SortedDir (const int max) : ContactDir(max) {}
public:
vitual  int Lookup (const char *name);
1

3 Ham xay dung don gian chi goi ham xay dung 16p co s6.

5 Ham Lookup dugc khai bao lai nhu 14 40 dé cho phép bét ky 16p nao dugc
dan xuat tir 16p SortedDir dinh nghia lai no.

Dinh nghia mdi ctia ham Lookup nhu sau:
int SortedDir::Lookup (const char *name)

mt bot=0;
inttop=dirSize - 1;
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intpos=0;

int mid, cmp;

while (bot <=top) {
mid = (bot+top)/2;

if ((cmp = stremp(name, contacts[mid}->Name())) == 0)

return mid;
else if (cmp <0)
pos=top=mid- 1;
else
pos=bot=mid+1;

retumn pos <0 ? 0 : pos;
}

// gioi han tim tren nua thap hon

// gioi han tim tren nua cao hon

Poan mi sau minh hoa ring ham SortedDir:Lookup dwoc goi boéi ham

ContactDir::Insert khi dugc triéu goi thong qua déi tugng SortedDir:

SortedDir dir(10);

dir.Insert(Contact("Mary", "11 South Rd", "282 1324"));
dir.Insert(Contact("Peter”, "9 Port Rd", "678 9862"));

dir Insert(Contact("Jane"", "321 Yara Ln", "982 6252");
dir. Insert(Contact("Jack", "42 Wayne St", "663 2089");
dir Insert(Contact("Fred", "2 High St", "458 2324");

cout << dir;

N s€ cho ra két qua sau:

(Fred, 2 High St, 458 2324)
(Jack , 42 Wayne St 663 2989)
(Jane, 321 YaraLn, 982 6252)

(Mary, 11 South Rd, 282 1324)
(Peter, 9 Port Rd, 678 9862)

9.7. Da thira ké

Céc 16p dan xuat ma ching ta da bat gap dén thoi diém nay trong chuong nay
chi 12 biéu dién don thira ké, boi vi mdi 16p thira ké cac thudc tinh ciia no tir
mot 16p co s& don. Mot tiép can c6 thé khac, mot 16p din xuit co thé c6 nhiéu
16p co so. Diéu nay duoc biét dén nhu 1a da thira ké (multiple inheritance).

Vi dy, chung ta phai dinh nghia hai 16p tuong ng dé biéu dién cac danh

sdch cua céc tuy chon va cac cua so diém anh:

class OptionList {
public:
OptionList (int n);
~OptionList  (void);
/...
|5

class Window {
public:
Window  (Rect &bounds);
~Window (void);
/...
5
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Hinh 9.4

Mot menu 1a mQt danh sach cia cac tuy chon dugc hién thi & bén trong cura )
cua no. Vi thé n6 co6 thé dinh nghia Menu bang cach dan xuat tir 16p OptionList
va 16p Window:

class Menu : public OptionList, public Window {

public:
Menu  (intn, Rect &bounds);
~Menu (void);
/...
|5

Vi da thtra ké, mdt 1op din xudt thira ké tit ca cac thanh vién cua céc
16p co sé cua nd. Nhu trude, mdi thanh vién cia 10p co sd co thé 1a riéng,
chung, hay 1a duoc bao vé. Ap dung ciing cic nguyén 1y truy xuit thanh vién
16p co s¢. Hinh 9.4 minh hoa thtr bac 16p cho Menu..

Thir bac 16p cho Menu
OptionList Window

N/

Menu

Vi cac 16p co so cua 16p Menu c6 cac ham xdy dung yéu cau cac doi so
nén ham xay dung cho 16p dan xuat nén tri¢u goi nhiing ham xay dung trong
danh sach khai tao thanh vién cta no:

Menu::Menu (int n, Rect &bounds) : OptionList(n), Window(bounds)
{

}

/...

Thir ty ma cadc ham xay dung duogc tri€u goi cung véi thr ty ma chiing dugce
dic ta trong phan dau cua 16p dan xuat (khdng theo thir tw ma ching xuat hién
trong danh sach khoi tao thanh vién cta cic ham xay dung 16p din xuat). Vi
du, v&i Menu ham xay dung cho 16p OptionList dugc triéu goi trude khi ham
xay dung cho 16p Window, tham chi néu chiing ta chuyén doi th ty trong ham
xay dung:

Menu::Menu (int n, Rect &bounds) : Window(bounds), OptionList(n)
{

/..
}

Cac h§1m huy duoc tng dung theo thr ty nguoc lai: ~Menu, ké d6 1a ~Window,
va cudi cung la ~OptionList.
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Su cai dit 16 rang ctia doi tugng 16p dan xuat 1 chira dung mot doi tuong
tor moi doi twong cua cac 16p co sé cua nod. Hinh 9.5 minh hoa mo6i quan hé
gitra mQt doi tugng 16p Menu va cac doi tuong 1op co so.

Hinh 9.5 Cic dbi twong 16p din xuit va co s6.
OptionList object Window object Menu object
g ct)ptlonl—lzt Window OptlonLlSt
ata members data members data members
Window

data members

Menu
data members

Thong thuong, mot 16p din xuét co thé c6 sb lugng cac 16p co sé bt ky,
tat ca chiing phai phan biét:

class X : A, B, A { // khong hop qui tic: xuat hién hai lan
/..
55

9.8. Sw mo hd

Pa thira ké 1am phuc tap thém nira cac qui luat dé tham khao t6i cac thanh
vién cia mdt 16p. Vi dy, gia st ca hai 16p OptionList va Window c6 mot ham
thanh vién goi 13 Highlight && 1am ndi bac mot phan cu thé cua kiéu ddi tugng
nay hay kiéu kia:

class OptionList {
public:
/...
void Highlight (int part),
class Window {
public:
/...
void Highlight (int part);
L6p dén xuit Menu s& thira ké ca hai ham nay. Két qua 13, 101 goi

m.Highlight(0);

(trong d6 m 1a mot dbi twong Menu) 14 mo hd va s& khong bién dich bai vi no
khong rd rang, n6 tham khao t6i hodc 1a OptionList:Highlight hodc la
Window::Highlight. Su mo hé duoc gidi quyét bang cach lam cho 101 goi rd
rang:
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m.Window::Highlight(0);

Mot kha nang chon lya khéc, chung ta c6 thé dinh nghia mgt ham thanh vién
Highlight cho 16p Menu goi cac thanh vién Highlight ciia cac 16p co so:

class Menu : public OptionList, public Window {
public:
/...
void Highlight (int part);

void Menu::Highlight (int part)
{

OptionList::Highlight(part);
Window::Highlight(part);

9.9. Chuyén kiéu

Dbi voi bit ky 16p dan xudt nao co6 mot su chuyén kiéu khong tudng minh tir
16p dan xut tGi bat ky 16p co so chung ctia nd. Piéu nay co thé dugc sir dung
dé chuyén mot dbi tuong 16p dan xuét thanh mot d6i twong 10p co so nhu 14
mot ddi twong thich hop, mot tham chiéu, hodc mot con tro:

Menu menu(n, bounds);
Window win=menu;
Window &wRef=menu;
Window *wPtr=&menu;

Nhirng chuyén dbi nhu thé 1 an toan boi vi ddi tugng 16p din xuét ludn chira
dung tat ca cac doi tugng 16p co sé cua nd. Vi dy, phép gan dau tién lam cho
thanh phan Window cuia menu dugc gén téi win.

Nguoc lai, khong co su chuyén doi tir 10p co s¢ thanh 16p dan xuét. Ly
do mot su chuyén kiéu nhu thé cé kha ning nguy hiém vi thyc té dbi tugng
16p dan xuét c6 thé co cac dit liéu thanh vién khong co6 mit trong ddi tugng
16p co so. Vi thé cac thanh vién dir liéu phu két thuc boi cac gia tri khong thé
tién toan. Tat ca chuyén kiéu nhu thé phai duoc ép kiéu rd rang dé xac nhan y
dinh cua 1ap trinh vién:

Menu  &mRef=(Menu&) win; // can than!
Menu *mPtr=(Menu*) &win; // can than!

Mot dbi twong 16p co sé khong thé duge gan tdi mot ddi tuong 16p co so trix
phi c6 mdt ham xay dung chuyén ki€u trong 16p dan xuat dugc dinh nghia
cho muyc dich nay. Vi du, voi

class Menu : public OptionList, public Window {
public:

/...

Menu (Window&);
5
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thi cau 1énh gan sau 1a hop 18 va co thé sir dung ham xdy dung dé chuyén doi
win thanh doi tuong Menu trudce khi gan:

menu = win; //triéu goi Menu::Menu(Window&)

9.10.Lop co s6 a0

Trd lai 16p Menu va gia sir rang hai 16p co s& clia né cling dugc dan xuat tir

nhiéu 16p khéc:
class OptionList : public Widget, List {/*.*¥};
class Window  : public Widget, Port {/*.¥};

classMenu  : public OptionList, public Window { /*..*/ };

Vi 16p Widget 14 16p co sé cho ca hai 16p OptionList va Window nén mdi
dbi twong menu s& c6 hai d6i twong widget (xem Hinh 9.6a). Piéu nay la
khong mong mudn (bdi vi mot menu duoc xem xét 1a mot widget don) va cod
thé dan dén mo hd. Vi dy, khi 4p dung ham thanh vién widget toi mot dbi
tugng menu, that khong rd rang nhu 4p dung téi mot trong hai ddi twong
widget. Van dé nay duoc khic phuc bang cach lam cho 16p Widget 1a mot 16p
co 8¢ a0 cua 16p OptionList va Window. M6t 16p co sd duoc lam cho ao bang
cach dat tir khoa virtual trudc tén ctia né trong phan dau 16p dan xuét:

class OptionList : virtual public Widget, List {/*.%};
class Window : virtual public Widget, Port {*.5};

Diéu nay dam bao rang mot ddi twong Menu s& chira dung vira dung mot d6i
tuong Widget. No6i cach khac, 16p OptionList va 16p Window sé€ chia sé cung doi
tuong Widget.

Mot dbi tuong ctia mot 16p ma duoc dan xuét tir mot 16p co s& do khong
chtra dung truc tiép dbi twong cia 16p co s& 40 ma chi 1a mot con tré téi nd
(xem Hinh 9.6b va 9.6¢c). Piéu nay cho phép nhiéu hanh vi ctia mot 16p ao
trong mot hé thong cip bac duge ghép lai thinh mot (xem Hinh 9.6d).

Néu & trong mot hé théng cap bac 16p mot vai thé hién cia 16p co so X
duoc khai bao nhu 13 40 va cac thé hién khac nhu 1a khong 4o thi sau d6 doi
tuong 16p din xuét s& chira dyng mot dbi twong X cho mdi thé hién khong ao
cta X, va mot dbi tuong don X cho tat ca su xay ra do cua X.

Mot dbi tuong 16p co s& 4o khong duoc khdi tao boi 16p dan Xuét truc
tiép ctia nd ma duoc khoi tao boi 16p din xuat xa nhat dudi hé thong cap bac
16p. Luat nay dam bao rang d6i twong 16p co s a0 dugc khai tao chi mot 1an.
Vi dy, trong mot déi tuong menu, ddi tuong widget dugc khdi tao bdi ham
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xay dung Menu (ghi d¢ 101 goi ham ctia ham xay dung Widget bdi OptionList

hoac Window):
Menu::Menu (int n, Rect &bounds) : ~ Widget(bounds),
OptionList(n),
Window(bounds)

(.}
Khoéng quan tdm vi tri n6 xuat hién trong mdt h¢ thong cap bac 16p, mdt doi
tuong 16p co s¢ 4o ludn duoce xay dung truoc cac doi tuong khong do trong
cung hé thong cap bac.

Hinh 9.6 Cac 16p co sé 40 va khong do
(a) Menu object (b) OptionList object with Widget as virtual
7ﬂ Widget data members

| Widget data members |

| List data members |

| List data members | OptionList data members

OptionList data members

(c) Window object with Widget as virtual

| Widget data members | 'l Widget data members
| Port data members |

| Port data members |

Window data members

Window data members

Menu data members (d) Menu object with Widget as virtual

| List data members |

- *l Widget data members
OptionList data members

| Port data members |

Window data members

Menu data members

Néu trong mot hé théng cép bac 16p mot co s ao dugc khai bao véi cac
pham vi truy xuat ddi 1ap (nghia 13, bat ky su két hop cua riéng, dugc bao vé,
va chung) sau d6 kha ning truy xudt 16n nhit s& thong tri. Vi du, néu Widget
duoc khai bdo 1a mot 16p co sé 4o riéng cia 16p OptionList va 1a mét 16p co s¢
40 chung cta 16p Window thi sau d6 n6 s& van con 1a mot 16p co so ao chung
cua lop Menu.
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9.11.Cac toan tir dwgc tai dinh nghia

Ngoai trir toan ttr gan, mot 16p dan xut thira ké tit ca cac toan tir da tai dinh
nghia ctia 16p co s& ciia nd. Toan tir duoc tai dinh nghia bai chinh 16p dan
xuat che gidu di viéc tai dinh nghia ctia ciing toan tir bai cac 16p co sé (giong
nhu 14 cac ham thanh vién ciia mot 16p din xudt che gidu di cac ham thanh
vién cua céc 16p co s0).

Phép gan va khdi tao memberwise (xem Chuong 7) mé rong t6i 16p dan
xuét. Doi voi bat ky l6p Y din xuét tir X, khoi tao memberwise duoc diéu
khién boi mot ham xay dung phat ra tu dong (hay do ngudi dung dinh nghia)
¢ hinh thtc:

Y::Y (const Y&);

Tuong tu, phép gan memberwise dugc diéu khién boi tai dinh nghia toan tir =
duogc phat ra ty dong (hay do nguoi dung dinh nghia):

Y& Y::operator=(Y&)

Khéi tao memberwise (hodc gan) cua doi tugng 16p dan xuat li€n quan dén
khoi tao memberwise (hodc gan) cta cac 16p co sé cua no6 ciing nhu la cac
thanh vién doi tuong 16p cua nd.

Can su quan tdm déc biét khi mot 16p dan xuét nho vao tai dinh nghia cac
todn tir new va delete cho 16p co s¢ cua nd. Vi duy, trd lai viée tai dinh nghia
hai toan tir nay cho 16p Point trong Chuong 7, va gia sir ring chiing ta mudn
st dung chiing cho mot 16p din xuét:

class Point3D : public Point {
public:
..
private:
nt depth;

b

Boi vi sy cai dit cta Point:operator new gia st rang khdi duoc can s& co kich
thude cua dbi tuong Point, viée thira ké ctia nd boi 16p Point3D dan tdi mot van
dé: khong thé giai thich tai sao dit liéu thanh vién cua 16p Point3D (nghia 13,
depth) lai can khong gian phu.

Pé tranh van dé nay, tai dinh nghia ctia toan tir new cb gang cp phat vira
dung tong s6 luong luu trir duwoc chi dinh boi tham s6 kich thudc ciia né hon
la mot kich thude gidi han trude. Tuong ty, tai dinh nghia cua delete nén cha y
vao kich ¢& duoc chi dinh boi tham s thir hai ciia n6 va ¢d gang giai phong
vira diing cac byte nay.
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Bai tip cudi chwong 9

9.1

9.2

9.3

Xem x¢ét 16p Year chia cac ngdy trong ndm thanh cac ngay lam viéc va cac
ngay nghi. Boi vi moi ngdy c6 mot gia tri nhi phan nén 16p Year dé dang duoc
dan xuat tir BitVec:

enum Month {
Jan, Feb, Mar, Apr, May, Jun, Jul, Aug, Sep, Oct, Nov, Dec

class Year : public BitVec {
public:
Year (const short year);
void WorkDay (const short day);// dat ngay nhu ngay lam viec
void OffDay (const short day);/ dat ngay nhu ngay nghi
Bool Working (const short day);// true neu la ngay lam viec
short Day (const short day, // chuyen date thanh day
const Month month, const short year);

protected:

short year; //nam theo lich
|5

Céc ngay dugc danh s tir diém bat dau ciia nam, bat dau tir ngay 1 thang 1
nam 1. Hoan tat 16p Year bang cach thi cong cac ham thanh vién cta no.

Cac bang liét ké dugc gioi thiéu boi mot khai bao enum la mot tap con nho
cta cac s6 nguyén. Trong mot vai ing dung ching ta c6 thé can xay dung cac
tap hop cta cic bang liét ké nhu thé. Vi du, trong mot bd phan tich ca phap,
moi ham phan tich c6 thé duogc truyén mot tap cac ky hiéu ma s& duoc bo qua
khi bo phan tich ct phap c¢b ging phuc hdi tir mot 16i hé théng. Cac ky hiéu
nay thong thuong dugc danh riéng nhirng tir ciia ngdn ngir:

enum Reserved {classSym, privateSym, publicSym, protectedSym,
friendSym, ifSym, elseSym, switchSym,...};
Vi nhitng thtr d3 cho ¢6 thé c¢6 nhiéu nhét n phan tr (n 1a mot s6 nho) tap
hop c6 thé duoc trinh bay c6 hiéu qua nhu mot vecto bit cua n phan tir. Dan
xuat mot 16p dat tén 1a EnumSet tir BitVec dé 1am cho diéu nay dé dang. Ldp
EnumSet nén tai dinh nghia cac toan ti sau:
o Toan tir +dé hop tap hop.
« Toan tir - dé hiéu tap hop.
o Toan tir * dé giao tap hop.
o Toan tir % dé kiém tra mot phan tir ¢ 1a thanh vién cta tap hop.
o Céc toan tor <= va >= dé kiém tra mot tap hop c6 1a mot tap con cuia tap
khac hay khong.
o Cac toan tir >> va << dé thém mot phan tir t6i tap hop va x6a mot phan tir
tur tap hop.

Lép triru twong 13 mot 16p ma khong bao gio duoc sir dung truc tiép nhung
cung cap mdt khung cho cac 16p khac dugc dan xuat tir nd. Thong thuodng, tat
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ca cac ham thanh vién cua mdt 16p truru tugng 1a do. Bén dudi 1a mot vi du
don gian ctia mot 16p truru tuong:

class Database {
public:
virtual  void Insert(Key, Data) {}
vitual void Delete  (Key) {}
vitual Data Search  (Key) {return 0;}

|8
N6 cung cap mdt khung cho cac 16p giéng nhu co so dit liéu. Cac vi du cia
loai 16p c6 thé duge dan xuat tir co s¢ dir liéu gom: danh sach lién két, cay
nhi phan, va B-cay. Trudc tién dan xuat 16p B-cay tur 16p Database va sau do
dan xuat 16p B*-cay tu 16p B-cay:

class BTree : public Database { /*..*/ };
class BStar : public BTree  {/*..*/ };

Trong bai tap ndy sir dung kiéu c6 sin int cho Key va double cho Data.
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