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Muc tiéu bai hoc

« Can ban vé nap chong toan to
— Toan t mét ngoi
— Nap chdng dwéi dang ham thanh vién

« TU khoa friend va chuyén dbéi kiéu tw déng
— Ham friend, |&p friend
— Ham kién tao va chuyén dbi kiéu tw dong

e Tham chiéu va ban thém vé nap chong
— <<va>>
— Céactoantw: =, [], ++, --



Gidi thiéu vé nap chong toan tor

e Cactoantw +, -, %, ==, V.V.
— thwc ra la cac ham!

« Pon gian 1a chung dwoc “goi” bang cu phap khac:
X+ 7
— “+7]a toan tr 2 ngbi v&i toan hang laxva 7
— Con nguwoi “thich” ki hiéu nay hon
« Hay nghi vé nd nhw la:
+(X, 7)
— “+”la tén ham
— X, 7 la doi s6
— Ham “+” tra vé “tdng” cla céac dbi sb clia nd
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Nap chong toan tt

« CAc toan tlr co san
— Vidu: +, -, =, %, ==, /,*
— Palam viéc véi cac kiéu co san clia C++
— Véi ki hiéu “hai ngdi” chuan
 Ta co thé nap chong chung
— Dé lam viéc véi kiéu dir liéu cua tal
— Dé cong “cac bién Chair” hodc “cac bién Money”
« Phu hop véi nhu cau cia ta
* Theo “ki hiéu” ma ta quen dung

« Hay nap chdng bang “cong viéc” twong tu!
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Cé&n ban vé nap chong

« Nap chéng toan tw
— CO nhiéu diém twong tw v&i nap chéng ham
— Toan t&r chinh la tén cia ham

* Vidu: khai bao
const Money operator +( const Money& amountl,
const Money& amount2);

— Nap chéng phép + cho 2 toan hang kiéu Money
— S dung tham sé tham chiéu hang cho hiéu qua
— Gia trj trad vé co kiéu Money

« Cho phép cdng cac dbi twong "Money”
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Phép “+” & dwoc nap chong

e T vi du vira roi:
— Lwu y: phép céng nap chdng khéng phai 1a ham thanh vién
— Dinh nghia trong Display 8.1 1am nhiéu viéc hon phép cdng don
thuan
 Phan bat budc: xir ly viéc cdng 2 dbi twong Money
e X ly cac gia tri am/dwong

 Dinh nghta nap chdng toan t& nhin chung 1a don gian
— Chi can thuc hién “phép cong” cho kiéu “cta ban”
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Dinh nghia “+” cho Money

Display 8.1 Nap chong toan t

 Dinh nghia phép “+” cho I&p Money

DTH

52
53
54
55
56
57
58
59

60
61
62
63
64

65
66

{

const Money operator +(const Money& amountl, const Money& amount2) “(

int allCentsl = amountl.getCents( ) + amountl.getDollars( )*100;
int allCents?2 amount2.getCents( ) + amount2.getDollars( )*100;
int sumAllCents = allCentsl + allCents?2;

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

int finalDollars = absAllCents/100;

int finalCents = absAl1Cents%100;

If the return

if (sumAllCents < 0) statements

{
finalDollars = —finalDollars; PEZﬂ?J@Uﬁ5fZ
finalCents = —finalCents; the tip entitle
} A Constructor

Can Return an

return Money(finalDollars, finalCents); Object.
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Phép “==" nap chong

« Phép so sanh bang, ==
— Cho phép so sanh cac dbi twong Money
— Khai bao:
bool operator ==( const Money& amountl,
const Money& amount?2);

« Tra vé kiéu bool cho dang thirc dung/sai
— Déy cling khéng phai la mC)t‘ ham thanh vién
(gibng nhw phép “+” nap chdng)
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Phép “==" nap chéng cho I&p Money:
Dlsplay 8.1 Nap chong toan tlr

* Dinh nghia phép “==" cho |&)p Money:

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

84 {
85 return ((amountl.getDollars( ) == amount2.getDollars( ))
86 && (amountl.getCents( ) == amount2.getCents( )));
87 }
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Ham kién tao tra vé doi twong

e Ham kién tao |a ham kiéu void?
— Ta “nghT” nhw vay nhwng khdng phai
— N6 la mét ham “dac biét”
V@i cac tinh chat dac biét
« CO THE tra vé mét gia tri!
. Nbéo lai: cAu I&nh return trong phép “+” nap chdng cua
kieu Money:
— return Money(finalDollars, finalCents);
e Tra vé mot “loi goi” tdi Iop Money!
e Suy ra ham kien tao thwc ra “cé tra vé” mét doi twong!
« Goila “déi twong vé danh”
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Tra vé gia tri const

 Talai xét viéc nap chong phép “+”:
const Money operator +( const Money& amountl,
const Money& amount2);

— Tra vé mét “doi twong hang”?
— Vi sao?

» D& hiéu dwoc ly do, hay xét anh hwéng cla viéc tra ve
doi twong khéng chi dinh la const...>
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Tra vé mot gid tri khéng chi dinh 1a const

« Hay xem xét khai bao khong chi dinh tra vé const:
Money operator +( const Money& amountl,
const Money& amount2);

e Xét biéu thirc goi t&i no:
ml + m2
— Trong d6 m1 & m2 la cac déi twong Money
— Pbi twong tré vé co kiéu Money
— Tac6 thé “thao tac trén” déi twong tra veé!
* Vidu nhw goi t&¢i ham thanh vién...
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, Thao tac trén
doi twong khong chi dinh const

« CO thé goi cac ham thanh vién:
— Ta c6 thé goi t&i ham thanh vién trén dbi twong tré vé béi biéu
thirc m1+m2:

o (ml1+m2).output(); /[ Hop 1€7
— Pay khéng phai 1a van dé vi né chang lam bién déi gia tri vira tra vé
 (M1+m2).input(); Il Hop 1€!

— Pay Ia vin dé! Hop 1&é nhwng bién dbi dbi gia tri vira tra vé!
« C6 thé bién dbi dbi twong “vo danh”!
« Khéng cho phép diéu do & day!

« Vi vay ta dinh nghia déi twong tra vé Ia const
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Nap chéng toan t& mot ngdi

e C++ co toan tr mét ngbi:
— La toan t&r nhan mét toan hang
— Vi du: phép phu dinh -

¢ X =-y: /| D&t x bang am y
— Toan t&r mét ngdi khac:
° ++, -

« Toan t& mot ngdi cling co thé bi nap chong
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1T

Nap chéng phép pht dinh “-* cho kiéu
Money

« Khai bdo ham “-“ nap chong
— Dat ngoai dinh nghia lop:
const Money operator —(const Money& amount);
— Chay la chi cé mot dbi s
* Vi phép toan mot ngdi chi cé 1 toan hang
« Phép “-” bi nap chong 2 lan!
— Cho 2 toan hang/déi sb (hai ngdi)
— Cho 1 toan hang/dbi s6 (mét ngdi)
— Phai cung cép céa 2 dinh nghia
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(13}

Pinh nghia nap chdng “-

(1388 })

 DPinh nghia ham “-” nap chong
const Money operator —(const Money& amount)

{

return Money( -amount.getDollars(),
-amount.getCents());

}

 Ap dung toan t&r mét ngdi “-” cho kiéu co san
— Phép toan nay la “da biét” véi nhirng kiéu co san

 Tra vé doi twong vé danh
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DTH

(13}

St dung phép “-” nap chéng

Xeét:

Money amount1(10),
amount2(6),
amount3;

amount3 = amountl — amount?2;

« S& goi t&i phép “-” nap chong hai ngdi
amount3.output();  // Hién thj $4.00
amount3 = -amountl,;

« S& goi t&i phép “-” nap chong mét ngoi
amount3.output();  // Hién thj -$10.00
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Nap chéng dwdi dang ham thanh vién

e Vidu trwdc: cac ham nap chéng toan t& dirng ddc 1ap
— Binh nghia bén ngoai lop

« CO thé nap chong dwéi dang “toan tir thanh vién”
— Pwoc xem nhuw “ham thanh vién” nhw cac ham khac

e Khitoan ttr la ham thanh vién:
— Toén t& hai ngdi chi can mot tham sb, khéng phai 2!
— Dobi twong goi gilr vai trd tham sb thir nhat
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Hoat déng cua toan t&r thanh vién

« Money cost(1, 50), tax(0, 15), total,
total = cost + tax;
— Néu “+” dwoc nap chdng nhu toan ti thanh vién:
« Bién/ddi twong cost 1a d6i twong goi
« Pdi twong tax la dbi s
— Hay nght la: total = cost.+(tax);

« Khai bao “+” trong dinh nghia I&p:
— const Money operator +(const Money& amount);
— Lwu y la n6é chi cé mot dbi sb

DTH
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Ham const

e Khi nao thi chi dinh ham la const?
— Ham thanh vién const khdng dwoc phép bién dbi di liéu thanh
vién cua lop
— Pébi twong const chi co thé goi t&i ham thanh vién const
 Phong céach 1ap trinh tot yéu cau:
— Bat ci» ham thanh vién nao khong bién ddi div liéu thanh vién
can dwoc chi dinh la const
« S dung tlr khoa const cudi khai bdo ham va dong dau
ham



Nap chdng todn tlr: Cach nao?

e Lap trinh hwéng doi twong
— Cé&c nguyén ly khuyén khich cai dat toan t& thanh
Vién
— Puwoc nhat tri nhiéu. Duy tri “tinh than” cia LTHDT
e Toan tr thanh vién thi hiéu qua hon
— Khéng can goi t&i cac ham truy cap va ham bién dobi

e [t nhat mét diém yéu quan trong
— (Sé ban sau)
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Nap chéng &ng dung ham ()

e Toan tr goi ham, ()
— Néu nap chdng, phai cai dat dang ham thanh vién
— Cho phép dung ddi twong cta I¢p nhw mot ham
— C6 thé nap chong cho sb lwong doi sb bat ki

e Vidu:

Aclass anObject;
anObject(42),

« Néu nap choéng () = goi dén ham nap chdng do
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Céac phép nap chong khac

¢ &&, ||, va toén t&r dau phay
— Phién ban dinh nghia san lam viéc véi kiéu bool
— Nhac lai: n6 st dung “tinh gia tri biéu thirc kiéu doan
mach” (short-circuit evaluation)
— Khi nap Chéng, doan mach khéng con hiéu lwc
 Thay vao dé “tinh gia tri day du” dwoc st dung
e Trai v&i mong doi

 Nhin chung, khéng nén nap chdng cac toan t&r nay



Ham friend

 Nap choéng dwdi dang ham ngoai I&p (khdng phai thanh
VIEN)
— Nhéc lai: khi nap chéng toan tir dwdi dang ham ngoai I&p
« Chung truy cap dir Iiéu’thc“)ng qua cac ham thanh vién truy cap va
ham thanh vién bién doi
« Khoéng hiéu qua (chi phi ctiia cac 1&i goi)
« TU khoa friend giup truy cap truc tiép vao dir liéu cua
IOp
— Khoéng chi phi, hiéu qua hon
« Do d6: tot nhat 14 nap chdng toan t&r dwéi dang ham
ngoai I&p dung tir khoa friend!



Ham friend

e Ham friend cua mét 16p
— Khéng phai la ham thanh vién
— Duwoc truy cap truc tiép t&i cac thanh vién private
 Gidng nhw cac ham thanh vién

* Dung tr khoéa friend trwwdc khai bao ham
— Chi dinh TRONG dinh nghia I&p
— Nhwng chung khéng phai la ham thanh vién!



Str dung ham friend

« Nap chéng toan tw
— Céch dung thwdng gap nhat véi friend
— Cai thién hiéu qua
— Tranh phai goi t¢i cac ham thanh vién truy cap/bién
doi
— Toan t& can dwoec truy cap
» CO thé trao quyén truy cap toan b6 nhw ham friend

« friend co thé 1a bat c» ham nao



DTH

Tinh thuan tuy cta ham friend

friend khong thuan tay?

_ “Tinh than* ctia LTHDT yéu chu tAt ca toan t& va ham phai I
ham thanh vién

— Nhiéu ngwdi nght rang friend vi pham nguyén ly co ban cla
LTHDT

Co ich?

— Vé&itoan ti: rat co ich!

— Cho phép chuyén dbi kiéu tw ddong

— Van déng goi: friend ndm trong dinh nghia I&p
— Cai thién hiéu qua
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Lop friend

M6t I&p co thé 1a friend cla I&p khac
— Twong tw nhuw viéc ham la friend cua lop
— Vi du:
l&p F la friend cua I&p C
« Tat cd cac ham thanh vién cua l6p F la friend cia C
« Khéng thuan nghich (ttrc: chiéu ngwoc lai khdng dung)
« Tinh ban c6 thé dwoc ban tdng nhwng khdng thé doi hi

Cu phap: friend class F;
— Nam bén trong dinh nghia cla I&p “cap quyén”



DTH

Tham chiéu

Tham chiéu la:
— Tén cua noi lwu triy
— Twong tw nhuw “con tro”

Vi du vé tham chiéu ding ddc lap:

— Int robert;
Int& bob = robert;

« bob tham chiéu t&i noi lwu triy cho robert
« Bién ddi trén bob sé tac dong téi robert

Dé& nham lan?
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S dung tham chiéu

C6 vé nguy hiém

Heru ich trong mét sb trwérng hop:

Truyén tham chiéu
— Thwong dung dé cai dat co ché nay

Tra vé mot tham chiéu
— Cho phép cai dat toan t& nap chéng dwoc tw nhién hon
— Hay nghi né tra vé “bi danh” cia mét bién

DTH
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Tra vé tham chiéu

* Cu phap:
double& sampleFunction(doubleé& variable);
— double& khac double
— Khai bao ham va dong dau dinh nghia ham phai khép
nhau
« Thuwc thé dwoc trd vé phai “céd” mot tham chiéu
— Nhw 1a mét bién cung kiéu
— Khéng thé 1a mot biéu thire, vi du “x+5”
e Vi biéu thire khong duoc cap mét noi nao do trong
bd nh& dé ta tham chiéu téi
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Tra vé tham chiéu trong dinh nghia

* Vidu dinh nghia ham:
double& sampleFunction(doubleé& variable)

{
}

* Vi du khdéng quan trong, vé dung
« Chi dé biéu dién khai niém
« Ung dung chinh:
— Nap chong mét sé toan tlr nhat dinh

return variable:
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Nap chong << va >>

« Cho phép ghi va doc ddi twong dung cac ludng chuan
— Twong tw nhw nap chéng cac toan t& khac
— C6 thém mét sb diém tinh vi

« Dé doc hon
— Nhuw tat ca cac toan tir nap chdng khac
— Cho phép:
cout << myObiject;
cin >> myObiject;

— Thay cho:
myObject.output();
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Nap chéng <<

 Toan tw chén, <<
— Dung v&i cout
— La toan t hai ngoi
e Vidu:
cout << "Hello";
— Toantw la<<
— Toan hang th& nhat 14 dbi twong dinh nghia sén cout
o Tw thw vién iostream
— Toan hang th 2 1a xau hang "Hello"
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Nap chong <<

e CAac toan hang cua <<
— Dbi twong cout kiéu ostream
— Pbi twong cla I&p ta dinh nghia

« Nhac lai: I&p Money
— Dung ham thanh vién output()
— T6t hon néu ta c6 thé dung toan tir <<:

Money amount(100);
cout << "l have " << amount << endl;
thay cho:

cout << "l have ";
amount.output()
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Gia trj trd vé clia << nap chong

 Money amount(100);
cout << amount;
— << nén tra vé gia tri nao dé
— Dé cho phép hién twong thac 10:
cout << "l have " << amount;
(cout << "l have ") << amount;

e 2lénh trén la twong dwong

e Travé gi?
— Chinh dbi twong cout
e Tra vé kiéu cla dbéi sb dau tién, ostream&
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DTH

Vi du nap chdéng <<:

Display 8.5 Nap chong << va >> (1/5)

Display 8.5 Overloading << and >>

A w N R

W 0 N O

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

#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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DTH

Vi du nap chdéng <<:

Display 8.5 Nap chong << va >> (2/5)

25
26
27
28

29
30
31
32
33
34
35
36
37
38
39
40

41

int

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

main( )

Money yourAmount, myAmount(10, 9);
cout << "Enter an amount of money: ";
cin >> yourAmount;

cout << "Your amount 1is
cout << "My amount is "

<< yourAmount << endl;
<< myAmount << endl;

if (yourAmount == myAmount)

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

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

Money ourAmount = yourAmount + myAmount;
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Vi du nap chdéng <<:
Display 8.5 Nap chong << va >> (3/5)

Display 8.5 Overloading << and >>

42 cout << yourAmount << " + " << myAmount Since << returns a

43 << " equals " << ourAmount << endl; reference, you can chain
<< like this.

44 Money diffAmount = yourAmount — myAmount; Y?”‘Cg"” chain >> in a

45 cout << yourAmount << " - " << myAmount similar way.

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

47 return 0;

48 }

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

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

50 { . . )

51 int absDollars = abs(amount.dollars); In the malln function, cout Is
52 int absCents = abs(amount.cents); plugged in for outputStream.
53 if (amount.dollars < @ || amount.cents < 0)

54 //accounts for dollars == 0 or cents == 0

55 outputStream << "$-";

56 else For an alternate input algorithm,
57 outputStream << '$’; see Self-Test Exercise 3 in

58 outputStream << absDollars; Chapter 7.
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Vi du nap chong <<:
Display 8.5 Nap chong << va >> (4/5)

59 if (absCents >= 10)
60 outputStream << ’.’ << absCents;
6l else
62 outputStream << '.’ << '0’ << absCents;
Returns a reference
63 return outputStream; <€—
64 }
65

66 //Uses iostream and cstdlib:
67 istream& operator >>(istream& inputStream, Money& amount)

68 {

69 char dollarSign; In the main function, cin is

70 inputStream >> dollarSign; //hopefully plugged in for inputStream.

71 if (dollarSign != ’$’)

72 {

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

74 exit(1l); , o

75 } Since this is not a member operatot,
you need to specify a calling object

26 double amountAsDouble: / for member functions of Money.

77 inputStream >> amountAsDouble;

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

(continued)
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Vi du nap chdéng <<:
Display 8.5 Nap chong << 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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Toan tw gan, =

 Phai dwoc nap chdng dwdi dang toan tlr thanh vién

e Ludn dwoc nap chong tw déng
— Toan tr gan mac dinh:
e Sao chep cac thanh vién
- Bién thanh vién tlr mét doi twong >
bién thanh vién twong trng cua doi twong khac
e Toan tr gan mac dinh la chap nhan dwoc voi nhirng [&p
don gian
— Nhwng khi c¢6 con trd = ta phai nap chong toan to
gan!



Tw tang va tw giam

e MOi toan t& co 2 phién ban
— Ki hiéu trwdce: ++x;
— Ki hiéu sau: x++:
 Phai phan biét khi nap chong
— Céch nap chdng chuan = Ki hiéu trwéc

— Thém mdt tham sb kiéu int = Ki hiéu sau
e Chi la danh dau cho trinh bién dich!
 PDwoc phép chi dinh ki hiéu sau



Nap chong toan t&r mang, [ ]

« CO thé nap chong [] cho I&p cla ban
— Pé dung v&i doi twong cua lop dé
— Toan t& phai trd vé mét tham chiéu!

— Toan t [ ] phai Ia ham thanh vién!
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Tom tat 1

C6 thé nap chong cac toan t&r co san cia C++

— Pé 1am viéc v&i cac dbi twong cla kiéu do nguwdi dung dinh
nghia

Toan tw that ra la ham

Ham friend c6 quyén truy cap truc tiép vao thanh vién
private

Toan t&r co thé dwoc nap chong nhw ham thanh vién

— Toan hang th&r nhat chinh 1a d6i twong goi t&i ham thanh vién
nay



Toém tat 2

« Ham friend chi lam téng tinh hiéu qua
— Khong bat budc néu co dd ham thanh vién truy
cap/bién dbi

e Tham chiéu “dat” cho mét bién mét bi danh nao dé

« CO thé nap chong <<, >>
— Kiéu tra vé la tham chiéu t&i kiéu stream



Chuan bi bai toi

 Doc chwong 9 giao trinh: Xau
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