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Noi dung

» Nap chong toan tlr (Operator Overloading) va Ham
ban (Friend Functions)

» K& thira (Inheritance)

Bai gidng c6 st dung hinh v& trong cubn sach “Absolute C++. W. Savitch, Addison Wesley,2002”
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1. Nap chong toan tir
va Ham ban

Operator Overloading and Friend Functions




Muc tiéu

» Nap chOng toan tlr co’ ban
Toan t hai ngoi (binary operators)
Toan t&r mOt ngoi (unary operators)
Nap chong bang ham thanh vién

» Ham ban va Lop ban
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#include <iostream>
#include <cstdlib>
#include <cmath>
using namespace std;

//Class for amounts of money in U.S. currency

class Money

{

public:
Money( );
Money(double amount);
Money(int theDollars, int theCents);
Money(int theDollars);
double getAmount( ) const;
int getDollars( ) const;
int getCents( ) const;
friend const Money operator +(const Money& amountl, const Money& amount2)
friend const Money operator -(const Money& amountl, const Money& amount2)
friend bool operator ==(const Money& amountl, const Money& amount2);
friend const Money operator -(const Money& amount);
friend ostream& operator <<(ostream& outputStream, const Money& amount);
friend istream& operator >>(istream& inputStream, Money& amount);

private:
int dollars; //A negative amount is represented as negative dollars and
int cents; //negative cents. Negative $4.50 is represented as -4 and -50.

int dollarsPart(double amount) const;
int centsPart(double amount) const;
int round(double number) const;



Gidi thiéu nap chong toan tu
» Nhirng toan t nhw +,-, %, == etc. thiwrc ra la nhirng ham!
» Cac ham dac biét nay dwoc goi vOi cu phap khac so vOi
cach goi ham thong thwong
Goi ham thong thwOng:
Tén_Ham (Danh_Sach_Dbi_S6)
V@i toan tr: vi duy, x + 7,“+” 1a mOt toan tl¥ 2 ngdi (binary
operator) vOi X, 7 la 2 toan hang (operands)
» Thir viét theo cach goi ham théng thudng: +(x,7)
“+” la ten ham
x,7 1a tham sO cla ham
Ham “+” trd lai gia tri 1a tong cla 2 doi sO



Tai sao dung nap chong toan tu?

» Nhirng toan t&r dwgc xay dwng san
Vidu,+,-,=,%,==, |, *
P3 thao tic dwoc vOi cac kiéu dwng sén clia C++
» Nhwng liéu ching ta c6 thé thwe hién phép + v&i 2
doi twong cla I&p Money?, gidng nhu:
money | + money2;
» Pé lam dwoc diéu nay, ching ta phai nap chong
nhirng toan tw nay cho 16p Money!



Co ban vé nap chong

» Nap chbng toan tlr
Twong tw nhw v&i nap chong ham
Toan t ban than nd la tén cla ham
» Vi du khai bao

const Money operator + (const Money& amountl,
const Money& amount2);
Nap chong toidn tlr + v&i todn hang la dbi twong kiéu
Money
Gia tri trd lai 1a mot kiéu Money
Muc dich: cho phép thwc hién phép + trén hai dOi twong
cUa I&p Money



Nap chong toan tir “+”

const Money operator + (const Money& amount|,
const Money& amount2);
Chl y: ham nap chong toan tlr “+” nay khéng phai ham
thanh vién cla I&p Money

Dinh nghia, cai dat cua ham nay phtrc tap hon so voi phép
cOng thong thwdng (phai tinh dén bién thanh vién, kiém tra gia

tri am/dwong, .. .)



Pinh nghia nap choéng toan tir “+” cho 16p Money
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const Money operator +(const Money& amountl, const Money& amount2) i{

allCentsl = amountl.getCents( ) + amountl.getDollars( )*100;
allCents2 = amount2.getCents( ) + amount2.getDollars( )*100;
sumAllCents = allCentsl + allCents2;

absAllCents = abs(sumAllCents); //Money can be negative.
finalDollars = absAllCents/100;

finalCents = absAllCents%100;

If the return

if (sumAllCents < 0)

{

}

return Money(finalDollars, finalCents);

statements
puzzle you, see
the tip entitled
A Constructor
Can Return an
Object.

finalDollars = -finalDollars;
finalCents = -finalCents;



Nap choéng toan tir “=="

’

» Toan tl so sanh bang “=="
Cho phép so sanh cac doi twong clia |&p Money
Khai bao:
bool operator ==(const Money& amount |,
const Money& amount2);
Ham nay cling khong phai la ham thanh vién cUa I&p Money

83 bool operator ==(const Money& amountl, const Money& amount2)
84 {

85 return ((amountl.getDollars( ) == amount2.getDollars( ))
86 && (amountl.getCents( ) == amount2.getCents( )));



Nap chong toan tir mot ngoi
(Unary operators)

» Toan t¥ mOt ngoi: chi cd6 mot toan hang
Toan t phu dinh (negation) “-”
X =-Y // dat X bang gia tri phl dinh claY
Toan tlr tang ++

Toan tr giam --



CC 2

Nap chong toan tir “-” cho 16p Money

(L ”

» Khai bao ham nap chong toan tlr “-” cho I&p Money
const Money operator —(const Money& amount);
Khong phai ham thanh vién cua [&p
Chu y: chi c6 mdt dobi sO, do toan tlr nay chi cé6 mét toan hang
» Dinh nghia ham nap chOng toan tlr mdt ngdi“-”
const Money operator —(const Money& amount)

{
}

» Tra lai mOt dbi twong vé danh (anonymous object)

» Lwu y: nap chOng toan tl “-” cé hai trudng hop!
Khi né 1a toan tlr 2 ngdi, v&i 2 toan hang/doi sO
Khi né 1a toan t&r | ngdi, v&i | toan hang/doi sO

return Money(-amount.getDollars(), -amount.getCents());
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Str dung nap chong toan tur

» Xét vi dU sau:

Money amount!(10), amount2(6), amount3;
amount3 = amount| — amount2;

° €6 9

=> GOi nap chong toan tlr 2 ngdi “-

amount3 = -amount|;

c 66 9

=> GOoi ham nap chong toan t | ngdi ‘-



Nap chong toan tir nhu ham thanh vién (1/2)

» Nhirng vi du & tridc: cac ham ding dbc 18p khong phai
thanh vién cla I&p
» Cé thé nap chong nhw “toan tl thanh vién”, dwg'c xem
nhw ham thanh vien
» Khi toan tr la ham thanh vién
Chicé6 MOT tham s0, khéng phai c6 2 tham sO!

Puoc twong dwoc goi (phia sau toan tl) dwQc xem la tham
sO duy nhat



Nap chong toan tir nhu ham thanh vién (2/2)

» Vidu:
Money cost(1, 50), tax(0, 15), total;
total = cost + tax;
» Néu toan tlr “+” dwo'c nap chdng nhw toan tlr thanh
vién thi:
Bién/ dbi twong cost la doi twong goi ham nap chong
P0i twong tax la tham sO duy nhat clia ham nap chong
Twdng twong gidng nhw cach viét sau
total = cost.*+(tax);
» Khai bao cUa toan t “+” trong dinh nghia I&p
const Money operator +(const Money& amount);

» Chay CHI CO MOT dai s6
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Nap chong mot so toan tir khac
» Toan t goi ham: ()
» Toan tl &, ||, dau phéy
» Todn tt gan = (assignment operator), phai dg'c nap
chOng nhw ham thanh vién!
» Toan tlr tang, giam: ++, --
MOQi toan tl¥ c6 2 phién ban:
Tién tO (prefix notation): ++x;
Hau t0 (postfix notation):x++;

» Toan t& mang [ ], nap chOng nhw ham thanh vién!
» Toan tlr >>, <<



Nap chdong toan tu >> va <<

» Cho phép nhap va xuat di liéu cho doi twong
» Tang tinh dé doc cho chwong trinh
» Vidu chlng ta sé viét:

cout << myObject;

cin >> myObject;

Thay vi phai viét:
myObject.output();
myObject.input();



Toan tir chen << (1/2)
(Insertion operator)

» Bwgc sty dung vOi cout, vi du: cout << "Hello";
» La toan tr hai ngoi:
Toan hang dau tién 1a doi twong dwoc dinh nghia san cout, tly
thw vién iostream
Toan hang th hai la di liéu/dbi twong can in ra man hinh
» Gia st khai bao: Money amount(100);
» Néu ching ta da hap chOng toan tlr << v&i |[&p Money,
chlng ta cé thé viét:
cout << "[ have " << amount << end|;
thay vi st dung ham thanh vién output() va viét:

cout << "[ have ";
amount.output()
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Toan tr chén << (2/2)
(Insertion operator)
» Nap chOng << nén trd vé gia tri
» Gia tri nao dwoc tra vé?

Poi twong cout !

Tra vé kiéu clia dbi s6 dau tién, ostream
» Hai cach viét sau la twong dwong:

cout << "l have " << amount;

(cout << "l have ") << amount;

20



Chuong trinh nap chong toan ti << va >> (1/5)

Display 8.5 Overloading << and >>
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#include <iostream>
#include <cstdlib>
#include <cmath>
using namespace std;

//Class for amounts of money in U.S. currency
class Money
{
public:
Money( );
Money(double amount);
Money(int theDollars, int theCents);
Money(int theDollars);
double getAmount( ) const;
int getDollars( ) const;
int getCents( ) const;
friend const Money operator +(const Money& amountl, const Money& amount2)
friend const Money operator —-(const Money& amountl, const Money& amount2)
friend bool operator ==(const Money& amountl, const Money& amount2);
friend const Money operator —-(const Money& amount);
friend ostream& operator <<(ostream& outputStream, const Money& amount);
friend istream& operator >>(istream& inputStream, Money& amount) ;
private:
int dollars; //A negative amount is represented as negative dollars and
int cents; //negative cents. Negative $4.50 is represented as -4 and -50.
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Chuong trinh nap chong toan tt << va >> (2/5)

25 int dollarsPart(double amount) const;
26 int centsPart(double amount) const;
27 int round(double number) const;

28 };

29  1int main( )

30 {

31 Money yourAmount, myAmount(10, 9);

32 cout << "Enter an amount of money: ";

33 cin >> yourAmount;

34 cout << "Your amount is " << yourAmount << endl;
35 cout << "My amount is " << myAmount << endl;
36

37 if (yourAmount == myAmount)

38 cout << "We have the same amounts.\n";
39 else

40 cout << "One of us is richer.\n";

41 Money ourAmount = yourAmount + myAmount;

22



Chuong trinh nap chong toan tt << va >> (3/5)

Display 8.5 Overloading << and >>
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L LL}

cout << yourAmount << " + " << myAmount Since << returns 4
reference, you can chain

<< like this.
You can chain >> in a
similar way.

<< " equals " << ourAmount << endl;

Money diffAmount = yourAmount - myAmount;

cout << yourAmount << " - " << myAmount

<< " equals " << diffAmount << endl;

LL}

return 0;

<Definitions of other member functions are as in Display &.1.
Definitions of other overloaded operators are as in Display 8.5.>

ostream& operator <<(ostream& outputStream, const Money& amount)

{

In the main function, cout is

int absDollars = abs(amount.dollars); )
plugged in for outputStream,

int absCents = abs(amount.cents);

if (amount.dollars < © || amount.cents < 0)
//accounts for dollars == 0 or cents == 0
outputStream << "$-";
else For an alternate input algorithm,
outputStream << ’$’; see Self-Test Exercise 3 in
outputStream << absDollars; Chapter 7.
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Chuong trinh nap chong toan tir << va >> (4/5)

59 if (absCents >= 10)
60 outputStream << ’.’ << absCents;
61 else
62 outputStream << ’.’ << 'O’ << absCents;
Returns a reference
63 return outputStream; —<€—
64 }
65

66 //Uses iostream and cstdlib:

67 1istream& operator >>(istream& inputStream, Money& amount)
68 {

69 char dollarSign; In the main function, cin is
70 inputStream >> dollarSign; //hopefully plugged in for inputStreanm.
71 if (dollarSign != "$’)

72 {

73 cout << "No dollar sign in Money input.\n";

74 exit(1l); , .

75 } Since this is not a member operatot,

you need to specify a calling object

76 double amountAsDouble; / for member functions of Money.
77 inputStream >> amountAsDouble;

78 amount.dollars = amount.dollarsPart(amountAsDouble);

(continued)
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Chuong trinh nap chong toan tt << va >> (5/5)

Display 8.5 Overloading << and >>

79 amount.cents = amount.centsPart(amountAsDouble);
80 return inputStream;
81 '} Returns a reference

SAMPLE DIALOGUE

Enter an amount of money: $123.45
Your amount is $123.45

My amount is $10.09.

One of us is richer.

$123.45 + $10.09 equals $133.54
$123.45 - $10.09 equals $113.36
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Ham ban
(Friend functions)

» NhO lai:
Nap chong toan tl c6 thé khéng phai ham thanh vién
Khi dé, truy xuat di li@u phai théng qua cic ham accessor va
mutator
Cach lam nay khong hi€u qua (tang phu phi khi g0i cac ham
nay!)

» Ham ban Khéng phai ham thanh vién cla I&p nhung cé
thé truy xuat truc tiép dén cac di liéu trong khu virc
private cUa 10p

Khong c6 phu phi khi goi ham => hi€éu qua hon

» Vi vAy: cich tOt nhat |a cai dat nap chong toan tl la khai
bao chung nhw cac ham ban

» St dung tlr khoéa friend & truGc khai bao ham

26



Lép ban
(Friend classes)

» Toan bd mot |&p c6 thé 1a ban clia mot I&p khac
Twong t nhy mOt ham la ban trong mot [&p
» Néu I&p F 1a ban cla I&p C => tat cd ham thanh vién
clia I&p F déu la ban cla I1ép C
Piéu ngworc lai khéng ding
» Cu phap:friend class F
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T6m tit nap chong toan tir va ham ban

» NhiPng toan tlr dwng san (built-in) trong C++ c6 thé
dwoc nap chong dé thao tac véi doi twong cla Idp ma
ban dinh nghia

» Toan t thwc ra la nhikng ham!

» Toan tl c6 thé dwo'c nap chOng nhw ham ngoai (khong
phai thanh vién) hodc ham thanh vién cua I&p

Toan hang dau tién la doi twong goi

» Ham ban truy XUat truc tiép dwQc cac thanh vien trong

khu vire private

28



2. Ké thua

Inheritance




Muc tiéu

» Co’ ban vé ké thira (inheritance)
L&p thira ké (derived classes), v&i ham tao
Khu vuwc Protected
Binh nghia Iai ham thanh vién
Ham khéng ké thira
» Chwong trinh vOi ké thira
Toan tl gan va ham tao
Pa ké thtra (multiple inheritance)

30



Gidi thiéu vé ké thua

Vehicle parent _
A
Veicle f_«*—_% child
S o T
- _ E . parent part of child

» Thé nao la ké thira? Dinh nghfa?

» MOt ky thuat 1@p trinh manh, khai niém trwu to'ng

» Cau tric tcx)ng quat vé mot khai niém dwoc dinh nghia
trong mot I&p (I6p cha / 1&p co sO)

Nhirng phién ban chuyén biét (I0p con) sau dé ké thira thudc
tinh cUa I&p tOng quat do

L&p con c6 thé m& rdng hay thay dbi chlrc ning cho phu hop

31



Co ban vé ké thua
» MOt 16p m&i dwoe ké thira tlr mot 1&p khac
» L&p co s& (I&p cha)
L&p tOng quat ma tlr dé cac 1&p khac sé ké thira
» L&p thira ké (16p con)
MOt I&p mOi
Tw dong c6 nhiPng ham/bién thanh vién cla I1&p co s&
Sau d6 cé thé thém nhirng ham/bién thanh vién moi
» Thuét nglr (terminology) vé ké thira gidng nhw quan hé
gia dinh
L&p cha (Parent class) ~ LOp co sO (Base class)
L&p con (Child class) ~ L&p thira ké (Derived class)

L&p th tién (Ancestor class)

LOp con chau (Descendant class)
32



Lop thira ké
(Derived classes)

» Xétvi du vé 1&p Nhan_Vién (Employee)

» Cé thé bao gdm nhiéu loai nhé:
Nhan vién dwgc tra lwong (Salaried employees)
Nhan vién ban thoi gian, theo gio’ (Hourly employees)

» Khai niém tOng quat vé Nhdn_Vién |a hiru ich! Duwoc dinh
nghia trir@c nhwr mOt khung chung:
Tat ca nhan vién déu c6 nhirng théng tin chung nhw: Tén, Tudi
Gi0iTinh,Quoc Tjich, CMTND
Cac ham thanh vién lien quan dén nhirng di¥ liéu nay la gidng
nhau (cO’ sO) cho tat ca nhan vién
Vi du: cac ham accessor, mutator

33



Pinh nghia lai ham thanh vién

» Xét ham printCheck() cla I&p co’ s& Nhan_Vién
Puwoc dinh nghia lai trong cac 16p thira ké

Do cac loai nhan vién khac nhau co thé co cac kiém tra
khac nhau

34



Giao dién cho 16p thira ké HourlyEmployee (1/2)

Display 14.3 Interface for the Derived Class HourlyEmployee

1

2 //This is the header file hourlyemployee.h.

3 //This is the interface for the class HourlyEmployee.
4  #ifndef HOURLYEMPLOYEE_H

5 #define HOURLYEMPLOYEE_H

6 #include <string>

7  #include "employee.h"
8 using std::string;

9 namespace SavitchEmployees
10 {
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Giao dién cho 16p thira ké HourlyEmployee (2/2)
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class HourlyEmployee : public Employee

{
public:
HourlyEmployee( );
HourlyEmployee(string theName, string theSsn,
double theWageRate, double theHours);
void setRate(double newWageRate);
double getRate( ) const;
void setHours(double hoursWorked);
double getHours( ) const; You only list the declaration of an
void printCheck( ) ;e—0 inherited member function if you
private: want to change the definition of the
double wageRate; function.
double hours;
3
}//SavitchEmployees

#endif //HOURLYEMPLOYEE_H
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Giao dién 16p HourlyEmployee

» Lwu y phan dau chwong trinh
Cau tric #ifndef
Khai bdo bao gom (include) cic thw vién lién quan
Khai bdo bao gdm I&p co’ s& employee.h!
» Khai bao cau truc ké thira
class HourlyfEmployee : public Employee
» Giao dién (interface) cla I&p thira ké chi liét ké nhirng thanh
vien mQi hoac sé dwoc dinh nghia lai
B&i vi tat cd nhirng thanh vién khac ké thira tr 16p co s& di dwoc
dinh nghia trwGc do!
» L&p HourlyEmployee thém cac thanh vién sau:

Ham khd&i tao
Bién thanh vién: wageRate, hours
Ham thanh vién: setRate(), getRate(), setHours(), getHours()
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binh nghia lai ham thanh vién
trong l6p HourlyEmployee

» L&p HourlyEmployee dinh nghia lai:
Ham thanh vién printCheck() cla I&p cO' s&
Phién ban m&i cla ham printCheck() s&€ “ghi de” (overrides) phién
ban cli da dwoc cai dat trong |Op co’ s& Employee
» Cai dat cla ham thanh vién nay phai dwoc thuwc hién trong
|o'p HourlyEmployee
» Dinh nghialai ham khac nap chong ham thé nao?
Rat khac nhau
Pinh nghfa lai ham trong I&p thira ké
CUNG danh sach tham s
Thwe chat la viét lai cing mOt ham
Nap chOng ham
Danh sach tham s6 khac nhau
Binh nghia m@t ham m¢&i vOi tham s khac
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Truy xuat ham dinh nghia lai

» Khi dwgc dinh nghia lai mOt ham trong I&p con, dinh
nghia cUa ham nay trong I&'p co s& khong bi mat di!

Employee JaneE;

HourlyEmployee SallyH;

JaneE.printCheck();//goi ham printCheck cta 16b
Employee

SallyH.printCheck();//goi ham printCheck  cua I6p
HourlyfEmployee

SallyH.Employee::printCheck();//goi ham printCheck ctia

I0b Employee!

39



Ham tao trong 16p thua ké (1/2)

» Ham tao cla I&p co s& khéng dwoc ké thira tw dong
trong IOp con !
Nhung ching c6 thé dwoc goi bén trong ham tao cla cla I&p
con!
» Ham tao cla I&p co s& nén khdi tao tit cd cic bién
thanh vien
» Xétvi du ham tao cua I&p HourlyEmployee
HourlyEmployee::HourlyEmployee(string theName, string
theNumber, double theWageRate, double theHours)

:Employee(theName, theNumber),
wageRate(theWageRate), hours(theHours)

{}

40



Ham tao trong 16p thua ké (2/2)

» Néu I&p con khong goi ham tao nao cla I&p co' sO:
Ham tao mac dinh cla I&p co sO tw ddng dwgc goi
» Vidu:
HourlyEmployee::HourlyEmployee()
:wageRate(0), hours(0)
{}
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Luu v: dit li€u private cua 16p co so

» L&p con ké thira bién thanh vién trong khu virc private
Nhwng yén khong t’hé truy xuat trirc tiép “theo tén” (by-
name) dén nhirng bién thanh vién nay
Ngay cd truy xuat bién private thong qua cac ham thanh vién
cua I&p con!

» Bién thanh vién private c6 thé CHI dwoc truy xuat “theo

tén” trong cac ham thanh vién cla I&p cO’ s& ma ching
dwoc dinh nghia!

42



Luu y: ham thanh vién private cua 16p co so

» Khéng thé dwore truy xuat bén ngoai giao dién va cai dat
cla I&p co sO

» Ngay ca trong dinh nghia ham thanh vién cua I&p con
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Khu vuc protected

» M6t khu vire m&i cho thanh vién cua I&p
» Cho phép truy xuét “theo tén” thanh vién trong |&p thira
ké

Nhung khéng cho phép truy xuat trong cac I&p khong ké
thua!

» Trong I0p ma nhirng thanh vién protected nay dugc dinh
nghia, hoat dOng giOng nhw cac thanh vién private
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Pa k¢ thua
(Multiple inheritance)
» L&p con c6 thé ké thira nhiéu hon mot I&p co sb!
Cu phap: cic 1&p co' s& dwoc phan tach bang dau phay
Vi du:
class derivedMulti : public basel, base2 {...}
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Bai tap

» DPinh nghla I&p Nhan vién (Employee)
Private: Tén, Tudi, Gi6i Tinh, Quoc Tich
Public:void printCheck()
Protected: CMTND

» Dinh nghta hai I&p con ké thira tlr I&p Nhdn_Vién
Nhan vién dwoc tra lwong (SalariedEmployee)
Nhan vién ban thOi gian, theo gi0’ (HourlyEmployee)
Binh nghia lai ham printCheck() riéng cUa hai I[&'p con
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Tom tit vé ké thua

4

Ké thira cho phép st dung lai code

Cho phép mot 1&p ké thira tlr I&p khac va thém cic chlrc ning moi
L&p con ké thira nhirng thanh vién cla |6p co s& va co thé
thém thanh vien moi
Bi€n thanh vién private trong I&p co' s& khong thé duwgc truy
xuat “theo tén” trong |O’p con
Ham thanh vién private khéng dwoe ké thira, chi duoc st
dung riéng O IGp cO’ sO
C6 thé dinh nghfa lai ham thanh vién cla I&p co s& trong 1&p
con

Cac 16p con khac nhau c6 thé cé nhirng dinh nghia khic nhau

Thanh vién trong khu virc protected clia IGp co s& c6 thé
dwoc truy xuat “theo tén” trong |&’p con

47



Giao trinh Tham khao

» Giao trinh chinh:W. Savitch, Absolute C++, Addison
Wesley, 2002

» Tham khao:

A.Ford and T.Teorey, Practical Debugging in C++, Prentice Hall,
2002

Nguyén Thanh Thy, K7 thuét Idp trinh C++, NXB Khoa hoc va
KiThuat, 2006

48



