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Lai ndi dau

Tai liéu nay dugc viét véi muc tiéu:

- DUng nhu mot gido trinh mon hoc Lap trinh Hudng ddi tugng vdi ngdn nglr C++. Tai cac trudng chuyén Cong nghé Thong tin,
mén hoc nay dugc hoc sau mén Lap trinh v8i ngén ngi C, nén gia dinh rédng ban doc da biét sir dung ngdn ngir C.

- N6i dung cua tai liéu tap trung vao Lap trinh Hudng dGi tugng, khong phai trinh bay ngon ngir C++. Vi vay, tai liéu bd qua mot
sO van dé cla C++: template, container, thu vién STL.

- Thé hién bang ngdn ngif ANSI C++ chuén, du c6 ghi chti v& C++11 nhung chua dung dén chudn C++11. Cac vi du va dap &n
bai tp dudc viét vdi phong cach 18p trinh dc thi cla C++ chudn, dé tiép can véi ban doc da ndm vitng ngdn ngir C.

- Dung nhu mét bd bai tdp mon hoc Lap trinh Hudng d6i tugng. Cac bai tap dugdc sdp x€p hap ly, truc quan, da dang, so lugng
d0 nhidu d& ban doc rén luyén ki ndng (65 18p). Cac bai tip déu c6 dap an can than, chi tiét.

TOi xin tri an dén cac ba da nudi day toi, cac thay co da tan tam chi day t6i. Chi cd cong hién hét minh cho tri thic t6i mdi thay
minh dén dap dugc cong cn do.

TOi dac biét guri 16i cdm on chan thanh dén anh Huynh Van Blc, anh Lé Gia Minh; t6i da dugc lam viéc chung va hoc tap cac anh
rat nhiéu khi cac anh giang day mén Lap trinh Huéng doi tugng tai Pai Hoc Ky thudt Cong nghé Thanh ph6 H6 Chi Minh.

Tbi xin cdm an gia dinh da hy sinh rat nhiéu dé tdi c6 dudc khoang thdi gian can thiét thuc hién dugc tai liéu nay.

M3c du da danh rat nhiéu thdi gian va cdng stc cho tai liéu nay, phai hiéu chinh chi tiét va nhiéu [an, nhung tai liéu khdng thé
ndo tranh dugc nhiing sai s6t va han ché. Tdi that su mong nhan dudc cac y kién gop y tir ban doc dé tai liéu cd thé hoan thién
han.

Cac ban dong nghiép néu co st dung gido trinh nay, xin glri cho toi y ki€n dong gop phan hoi, gilp gido trinh dugc hoan thién
thém, phuc vu cho cong tac giang day chung.
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Khai bao va dinh nghia Iép

Class — Declaration & Definition

I. Khai niém

1. Lap trinh hudng déi tugng

Lap trinh hudng tha tuc (POP — Procedure-Oriented Programming) dac trung bdi cach ti€p can:

- Thiét ké tUr trén xubng (top-down design): phan rad van dé thanh cac thu tuc nho, tap trung vao chlc nang cua chuang trinh.

- Dt liéu + thuét todn = chu'ang trinh: t8 chifc thuc hién cac thu tuc theo mdt luu dd ndo dé dé giai quyét van dé.

Tuy nhién, khi cdc chuong trinh tré nén 16n va phuc tap han, 18p trinh hudng thi tuc cd cac diém yéu:

- C4c ham c6 thé truy xuét khéng gidi han dén dir liéu toan cuc (global), vi vy khé kién tric va thay d8i chuong trinh.

- Su tach biét gitra dif liéu va cac ham gay kho khan khi mo6 phong thé gidi that, ngi cac doi tugng cd thudc tinh va hanh vi lién
quan vdi nhau.

Vi vay xuat hién mot cach ti€p can 1ap trinh méi dudc goi la 1ap trinh hudng déi tugng (OOP — Object-Oriented Programming).
OOP phén r3 van dé can giai quyét thanh céc I8p/ddi tugng, xdy dung thudc tinh (di liéu) va hanh vi (phuang thirc) gén lién véi
céc ddi tugng nay. Chuang trinh cho cac déi tugng tuong tac vdi nhau theo mét kich ban nao dé dé gidi quyét van deé.

OOP c6 uu diém:

- Thira ké nhiing tinh nang t6t nhat cla lap trinh hudng tha tuc va thém vao mét s6 khai niém mdi.

- Cung c&p mot céach suy nghi, t& chiic, phat trién chucng trinh méi dua trén cac déi tugng, gan giii vdi thé gidi that.

- Kha nang déng goi gitp che gidu thdng tin lam hé théng an toan va tin cay han.

- Kha nang thlra k€ cho phép tai sir dung de dang, hé théng cé tinh md cao.

OOP két hgp ba ky thuat chinh, thuGng goi la tam giac P.I.E:

- Encapsulation (déng gdi): di¥ liéu va phuong thirc dugc lién két trong mdt don vi goi la 18p (class). Khdng thé truy cap dit liéu
tlr bén ngoai ma phai thong qua cac phuaong thifc dugc dong goi trong I8p dé.

- Inheritance (thira k&): dif liéu va phuong thirc ciia mét 18p cé thé dudc thira k& d& tao I6p mdi, hinh thanh mot cdy phan cap
céc I8p. Diéu nay cung cip kha ndng tai sir dung, bd sung va hiéu chinh mét I6p ma khdng can stra dGi nod.

- Polymorphism (da hinh): cd thé khai quat hda cac I3p cu thé ¢ lién quan véi nhau thanh I8p chung d& dap (mg mdt thong diép
chung. Tinh da hinh la d&c diém dap ('ng théng diép chung bang céc hinh thiic khac nhau tly theo 16p cu thé dugc goi.

2. Bbi tugng (object)

BuGc dau tién hudng téi viéc giai quyét mot van dé la phan tich. Trong OOP, phan tich bao gom xac dinh va mo ta cac ddi tugng
va xac dinh méi quan hé gilta ching. M6 ta d6i tugng la nham rdt ra cac dic diém chung dé tritu tugng héa chiing thanh I6p.
MOt déi tuong (object) thé hién mét thuc thé (vat ly hay khai niém) trong thé giGi thuc. M6t ddi tugng co 3 khia canh: dinh danh
(identity), trang thai (state), hanh vi (behavior).

- Identity: dinh danh thé hién su tdn tai duy nhét clia d6i tugng. DSi tugng cdé mot dia chi duy nhat dudc cdp phat trong bd nhé
lién két vGi no, c6 mot tén duy nhat dugc khai bao bai ngui Iap trinh hodc hé théng.

- State: trang thai cla d&i tugng, bao gdm mét tap cac thudc tinh (attribute) cla d6i tugng va tri clia ching tai mot thai diém.
Cac thudc tinh la tén cla dir liéu dung mo ta trang thai cia déi tugng.

Tri clia cac thudc tinh, tlc trang thai clia ddi tugng, co thé thay d8i trong qua trinh thuc thi chuang trinh.

- Behavior: hanh vi cia mdt ddi tugng, chi dinh cac 3¢ vu (operation) ma dsi tugng cé thé thuc hién. Cac tac vu dugc cai dit
thanh céc phuong thic (method) ctia dbi tugng. Co thé dung cac tac vu nay d& xem xét hodc thay dbi trang thai clia d6i tugng.

Dodng gdi thanh I6p Car Thé hién sportCar thudc I6p
két qua cua triru tugng hoa Car dung trong chugng trinh
Car sportCar : Car
— dateWhenBuild: int — dateWhenBuild = 2005
— capacity: int — capacity = 300
— chassisNumber: string |:> — chassisNumber = "12143"
+run() instantiation | * runQ
+ brake() + brake()
+ turnoff() + turnoff()

abstraction:
trang thai + hanh vi

MOt déi tugng Car
trong thé gidi thuc

3. L8p (class) va thé hién (instance) cla I6p

M6t I16p md ta mdt tap hgp cac déi tugng cd chung ki€u. Co thé hiéu I8p 1a kiéu chung clia mdt nhdm déi tugng, 1a két qua cla
su trlru tugng hda nhdm ddi tugng doé thanh mdt ki€u chung.

- Thudc tinh dugc khai bao nhu dif liéu thanh vién (data member) cla I6p.

- Hanh vi dugc khai bao roi cai dat nhu phuong thdc thanh vién (method member) cla I8p. Cac phuadng thic cling giéng nhu
ham (cé tén, danh sach daGi s6, tri tra v§, ...), nhung lién két v8i mot doi tugng chi dinh, nghia la ¢/ goi théng qua doi tuong.
Theo cach goi ctia lap trinh hudng thu tuc, ta thudng goi phuang thirc thanh vién la ham thanh vién.
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LSp la khudn mAu dé sinh ra cac thé hién (instance) clia I6p. M6t I8p dinh nghia cac thudc tinh va tac vu dudc hd trg bai cac thé

hién thudc 18p. Nhu vay hai thé hién clia cing mét 16p sé:

- C6 cling céc thudc tinh, nhung tri clia cac thudc tinh c6 thé khac nhau, nghia la trang thai ctia chiing khac nhau.

- Co cung cac hanh vi, nhung cing mot hanh vi sé cho két qua khac nhau do két qua tuy thudc vao trang thai cta ting doéi tugng.

Cu phap khai bao 16p:
1

class

khai bdo kifu |

khai bdo friend | |danh sach instance|

tén I6p

1
1
1
1
1
1
:
1
. 4
1
1
1
1
1
1
1
1
1
1

v . khai bao thudc t|'nh|—>
: Cﬁ[‘h EQ.Ch protected: — ] |—>
thia i o ‘
private: phudng thirc { than ham N

inline

Trong dinh nghia cta I6p ta phan dinh pham vi truy xuét cac thanh vién clia 16p bang céc bd tir truy xuét (access modifier):
private, public hodc protected.
Vi du dinh nghia mot IGp trong tap tin ti€u dé (header file):

// account.h

// khai bao I8p Account

#ifndef ACCOUNT // trénh khai bao (include) nhiéu lan
#define ACCOUNT _

using std::string;

class Account

{

public: // Thanh vién thudc vé giao dién cong khai:
bool init( long = 1111111, const string & = "N/A", double = 0.0 );
void display() const;

private: // Thanh vién thudc giao dién riéng tu, dugc bao vé:
long code; //  ma tai khoan
string name; //  tén chd tai khoan
double balance; // tién trong tai khoan

};

#endif // _ACCOUNT_

Ldp va cac thanh vién clia nd cd thé dugc md ta mdt cach d6 hoa bang cach ding UML (Unified Modeling Language):
Ky hiéu I8p va céc thanh vién:

Account dinh danh

— code: long
— name: string thudc tinh
— balance: double

+ init(c: long, s: const string{&}, b: double ): bool

+ display() {readOnly} hanh vi
Ky hiéu céc thé hién cla I8p, bén phai la mot thé hién vé danh:
account : Account : Account
— code = 1234567 —code = 1111111
— name = "Pitt, Brad" —name = "N/A"
— balance = 1963.75 — balance = 0.0

Ta trliu tugng hda nhém ddi tuong chung cla thé gidi that thanh I8p, roi tao cac thé hién cua I8p trong chuong trinh dé giai
quyét van dé. Can chl y réng: ta thudng dung tir "ddi tugng” dé ndi dén cac "thé hién" (instance) nay. Mot chuang trinh chay la
mot tap cac déi tuong tuong tac véi nhau.

4. Trtu tugng hda dir liéu (data abstraction) va dong goi (encapsulation)

Cac khai niém chu yéu cua 1p trinh hudng d6i tugng, d6i tugng va I6p, dudc thiét k& theo cac nguyén tdc quan trong sau:

- Trau tuong hoa (abstraction):

Trong budc phén tich d€ giai quyét van dé bang OOP, ta gom nhdm, md ta cdc ddi tugng va phat hién méi quan hé tac dong
gitra chiing. Két qua viéc mo ta déi tugng la triru tugng hda tirng nhém doi tugng chung thanh I6p.

M6t 16p dudc xem nhu mot kiéu dit liéu triru tugng (ADT — abstract data type) do ngudi diing dinh nghia, mét thé hién cla I6p
xem nhu mét bién c6 kiéu dir liéu 1a I16p méi tao. Su' triru tugng hoéa dif liéu gitip ngudi dung kiéu dit liéu triru tugng méi khong
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phai quan tdm dén nhiing chi tiét cai dit bén trong ki€u dit liéu dé.

- Béng gdi (encapsulation) hay dn gidu thdng tin (informaton hiding):

D{r liéu thanh vién cua I6p thudng dugc che giau bén trong phan riéng tu (private) cta I8p, khong dugc truy xuat tir bén ngoai.
Phuong thirc thanh vién clia I6p thudng dugc bdc 16 ra bén ngoai bang cach khai bdo trong phan cong khai (public) cua I6p.
Chl y la i'ng dung khong can biét cau truc dif liéu bén trong I8p cling nhu khdng can biét chi tiét cai dat cac phuong thirc cla
I8p. Nhu vy nhiing thay d6i bén trong I8p c6 thé thuc hién ma khdng anh hudng dén (ing dung.

II. Tao Iép

1. Encapsulation

Encapsulation (déng goéi) la ky thuat gom chung thudc tinh (di liéu) va hanh vi lién quan (phuang thirc tac dong trén dir liéu dod)
clia mdt nhém d6i tugng vao thanh 16p. D& truy xuét thudc tinh va hanh vi cla I8p phai tao ra mét thé hién cla 16p dé.

Chiing ta triru tugng hda déi tugng béng cach dinh nghia mdt I3p. Dinh nghia cla I6p d& ddng gdi thudc tinh va hanh vi cla cac
doi tugng thudc I16p do.

Student Information

Student ID: Student
e ————

S — — firstName: string
Graduation: Yes ¥ No O |:> _ lastName: string

— graduation: bool
+ write(): void
+ display(): void

Write Student Information

Display Student Information

binh nghia I6p Student dong gdi thudc tinh va hanh vi cta
ddi tugng thé hién mét sinh vién
Muc dich chl y8u cla ddng géi la &n gidu théng tin, bao vé di liéu tranh khdi su truy xuét tu do tir ngudi ding I6p.
Lép dudc phat trién tir structure, tao mét I6p 1a tao mét kiéu dit liéu mdi. Do do, I6p cb thé khai béo va cai dit 16ng trong mot
ham hodc cai dat 16ng trong mot I16p khac.

2. Phan dinh pham vi truy xuat

Khi t& chifc cac tap tin cho du &n, ta tach biét giao dién va cai d&t, goi |a 1ap trinh theo khéi (modular programming):

- Khai bao cua I8p, goi la phan giao dién cua I8p (class interface) thudng dat trong tap tin . h (header file).

- binh nghia cta I8p, goi la phan cai dat cho IGp (class implementation) thudng dat trong tap tin khac (. cpp).

Khi khai b&o 18p, ta cling phan dinh pham vi truy xuat ctia cac thanh vién thudc I8p, bang cach dung cac b6 tr truy xuét (access
modifier), con goi la tinh "thdy dugc" (visibility) cla cac thanh vién thudc 16p:

- private: phan "riéng tu" cla I8p, thudng la thudc tinh cta I8p, chi cé thé dudc truy xudt bsi cac phuong thiic cta 16p. Néu
mot thanh vién khong thudc phan nao thi mac dinh la private (véi structure, mac dinh la public).

- public: phan "cong khai" cta I6p, thudng la cac phugng thlc 7 T g
cdng cdng cua I3p, cb thé truy xuét ca tir bén ngoai I16p. Mudn {
goi mot hanh vi cla d6i tugng thuéc moét Ip, ta truyénthong /2 N\ | b

diép dén doi tugng, nghia la goi cac phuong thirc dugc boc 16 ‘ ham thanh vian
trong phan public. ham thanh _ ham friend
Phan public tao thanh giao dién cong cdng cla I6p vdi bén : vién cua I6p I6p friend
ngoai, thudng goi la contract (giao két). dan xuat

- protected: phan "bdo vé&" cla I&p, tugng ty nhu phan ~TTTTTTTT protected

private, nhung sé cd y nghia khi thira k€, sé dugc thao luén public

sau trong phan thlra ké.
Can co6 quyén truy xuat khi goi cac phuang thic thanh vién ctia mot I16p. Quyén truy xuat dudc mo ta trong bang bén dudi, mot
sO chi ti€t trong bang sé dugc thao luan sau.

Lp A LSp dan xuét tir A LSp bén ngoai
Quyén truy xuat nhin tr I6p A Phugng Phuang thic Phugng Phuang thirc | Phugng thic hoac Phuang
thirc hdng thudng thirc hdng thudng I6p friend thirc khac
public doc doc/ghi doc doc/ghi doc/ghi doc/ghi
Thudc tinh protected doc doc/ghi doc doc/ghi doc/ghi
private doc doc/ghi doc/ghi
< public goi goi goi goi goi goi
8 f:idﬂgng protected goi goi goi goi goi
private goi goi goi
public goi goi goi goi
private goi goi

3. Dinh nghia cac phugng thirc thanh vién

Khi dinh nghia cac phugng thic cia mét I6p bén trong dinh nghia Idp, ta dinh nghia gidng nhu dinh nghia cac ham toan cuc,
khong can tén I16p kém theo.

Cu phap khai bdo phuang thirc trong khai bao 16p:
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Khi dinh nghia cac phuong thic ciia moét I8p bén ngoai dinh nghia Idp, phai cung cap tén Idp ngay trudc tén phuong thutc, cach
biét n6 vdi tén phuang thic bang todn tu’ phén dinh pham vi (scope resolution) ": :".

tén d6isd | |
v

| [ { ]than phuong thirc[ } ]
Bén trong mdt phucng thic thanh vién, cb thé truy cdp truc tiép tht ca cac thanh vién khac cta 16p (di liéu va phucng thirc)
bang céch goi tén clia chiing.

// account.cpp

// dinh nghia I8p Account

#include "account.h" // bao gom tap tin tiéu dé chlra dinh nghia I6p
#include <iostream>

#include <iomanip>

using namespace std;

// cai dat phuang thirc init() khdi tao dir liéu thanh vién cla I6p
// Vé sau sé thay bang constructor
bool Account::init( long ¢, const string & s, double b )
{

if ( s.empty() )

return false;

code = c;

name = s;

balance = b;

return true;

}

// cai dat phuang thirc display() hién thi di¥ liéu thanh vién
void Account::display() const

{
cout << fixed << setprecision( 2 )

<< Me e e e me e emeememe e e e e e e e \n"
<< "Account number : " << code << '\n'
<< "Account holder : " << name << '\n'
<< "Account balance: " << balance << '\n'
€ M o e e e e e e e e e e e e e eae e \nu
<< endl;

}

Pinh nghia mot I16p khdng tu ddng cap phét bd nhé cho dif liéu thanh vién cua I8p. Khi sinh mot thé hién cla I16p, mdi cé cap
phat b6 nhd that su.

4. DUng cac thé hién cta I6p

M6t d6i tugng lién lac véi d6i tugng khac bang cach truyén théng diép (message passing) dé yéu cau d6i tugng khac thuc hién
mot Aanh vinao dd. Theo cach nodi cua 1ap trinh hudng tha tuc, truyén thong diép dén mot doi tugng tuong tu mot 16i goi ham
thanh vién cua daoi tugng do.

TU phugng thiic clia mét d6i tugng X, ta cd thé gui théng diép dén mét d6i tugng Y khac. X va Y cd thé 1a nhitng thé hién cla
cling mét 18p hoéc thudc cac I16p khac nhau. X va Y ciing cé thé cing mét d6i tugng (goi ham thanh vién ctia chinh minh).
Théng diép cling c6 thé dudc gui tir phuong thirc toan cuc. Vi du: tir ham main () ta goi phuong thirc cia mét déi tuong.

DGi tugng nhan thong diép sé dap (ing bang cach triéu goi phuang thirc thanh vién clia nd tudng Ung vdi tac vu dugc yéu cau.
Mot thong diép chi dinh:

- DG6i tugng nhan thong diép.

- Tac vu yéu cau déi tugng nhan thuc hién.

- Danh sach d6i s6 cua tac vu néu co.

Thong diép truy xudt thanh vién cla I6p bang cach dung toan tir truy xudt thanh vién:

- Truy xuét thanh vién (d liéu hodc phuong thiic) thong qua ddi tugng dudc thuc hién bang toan tlr truy xudt thanh vién " ."
- Truy xudt thanh vién théng qua con 6 chi dén doi tuong, dugce thuc hién bdng toan tlr truy xut thanh vién "->",

int main()

{
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Account account; // trudc tién can tao mot thé hién cua I6p
Account* p = &account; // cling cd thé dung con trd chi dén thé hién cla I&p
// truyén dén doi tugng account thong diép init() yéu cau khai tao doi tugng

// d6i tugng account triéu goi tac vu init() d€ dap (ng thdng diép.

account.init( 1234567, "Pitt, Brad", 1963.75 );

// truyén dén doi tugng account thong diép display(),

// @8i tugng account triéu goi tac vu display() d€ dap (rng thdng diép.

account.display // dung toan tr"."
p->display(); // dlng toan ta "->"
return 0;

}

5. Con trd this
Bén trong 18p, mét phuong thiic thanh vién cd thé truy xudt truc tiép dén thanh vién khac clia ddi tugng hién hanh ma khéng
can théng qua tén cta d6i tugng. Phucng thirc biét dugc d6i tugng hién hanh nao dang lam viéc véi né, vi khi phudng thirc dugc
goi, mdt déi sd an chira dia chi clia d8i tugng hién hanh dudc truyén dén phuang thic. Dia chi nay cha san trong mét con trd
hang goi la con trd this.
Nhu vdy, phuong thic thanh vién ludn ton tai mot dé7 s6 &n (ddi s6 th nhéat), chinh & con tré this.

cac doi tugng chi luu trit di

liéu thanh vién trong bd nhé

bill : Student james : Student
—ID = 1200 —ID = 1500
— firstname = "Bill" — firstname = "James"
- lastname = "Gates" — lastname = "Gosling"
— graduation = false — graduation = true

I&i goi ham bill.display() dugc trinh bién dich
hiéu la display( &bill ) nén ham display()
c6 thé hién thi chinh xac dit liéu thanh vién clia bill

| + display() : void
cac d6i tugng dung chung ham thanh vién, ham thanh
vién cd mét ddi s6 &n 1a con trd this. Trinh bién dich
hiéu la: display( Student* this )
Con trd this la mot tir khda, cling la mét con tro hang chi dén d6i tugng hién hanh, cho phép tham chi€u déi tugng hién hanh
khi can.

#include <iostream>
using namespace std;

class Student
{
public:
Student( int id, string fname, string lname, bool g )
ID( id ), firstName( fname ), lastName( lname ), graduation( g ) { }

void display() const

// dlng con trd &n this dé truy xudt dén di liéu thanh vién. Tuy nhién khdng can thiét.
cout << "Student: [" << this->ID << "] "
<< this->firstName << " " << this->lastName
<< "\nGraduated: " << this->isGraduation() << endl;
}
// can thiét dung this d€ phan biét di liéu thanh vién va ddi s6 truyén cling tén
void setGraduation( bool graduation ) { this->graduation = graduation; }
private:
int ID;
bool graduation;
string firstName, lastName;
string isGraduation() const

{

}
};

return graduation ? "yes" : "no"; // trinh bién dich hiéu I3 this->graduation

Khi can truy xuat déi tugng hién hanh, ta dung *this, nghia la 4p dung toan tir dereference véi con tré this. biéu nay thudng
xay ra khi phai tra d6i tugng hién hanh trg vé bang tri hodc bdng tham chiéu.

Khi sinh d8i tugng con, ta cd thé truyén con trd this nhu d6i s& cho constructor déi tugng dé, dé& ddi tugng con cd thé thao tac
ngudgc lai déi tugng sinh ra no.
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III. Cac phuong thirc thanh vién

DGi tugng cd thé cb bdn ki€u hanh vi cd ban: tao, huy, truy van (queries) va cip nhat (updates). Can xay dung cac nhém phuong
thirc cai dat cac hanh vi trén:

- constructor: cac phuadng thirc tao, con goi | Aam dung, dung khéi tao mét thé hién cla I8p. C6 nhiéu constructor dé& khai tao
céc thé hién bang nhiéu cach khac nhau.

- destructor: phugng thirc hlly, con goi la Aam huy, dung gidi phdng b nhé cdp phat cho d6i tugng khi ti€n hanh hiy doi tugng.
- cac phudng thic truy van: dung dé truy van (xem) dir liéu cla ddi tugng. Cac phuong thiic nay thudng ding xem trang thai
clia d&i tugng ma khdng lam thay d6i d6i tugng nén con goi la cac phuang thirc non-mutation (hodc inspectors).

- cdc phuong thiic cdp nhét: dung dé thay ddi trang thai (thudc tinh, dir liéu) clia d6i tugng, con goi la cac phuong thirc mutation.
- cac phugng thirc nghiép vu (business): thuc hién cac thao tac nghiép vu clia I6p nhu x(r ly dit liéu, tinh toan, ...

Date

www.codeschool.vn

tri khdi tao

pham vi truy
xuat private

pham vi truy
xuat public

—day:int=1

— month: string = "January"
—year: int = 1970

+ getDay(): int {readOnly}
+ setDay( d: int): void

mac dinh

hanh vi khéng lam

thay d&i doi tugng

+ isSunday(): bool {readOnly}

1. Constructor (ham dung)

Constructor, thung goi 13 ctor, 1a phuong thiic d&c biét dung khdi tao thé hién cla I8p. Khi mot thé hién (tic mét d6i tugng)
ctia I8p dugc tao, mot constructor nao do cla I8p sé dugc goi. Diéu nay gilp tranh quén khdi tao doi tugng trudc khi str dung.
Constructor can:

- CO tén trung vdi tén Idp va khdng co tri tra Vé.

- C4 nhiéu constructor véi danh sach d6i s6 khdc nhau (nap chéng constructor), cho phép cung cdp nhiéu kiéu khdi tao khac
nhau tuy theo danh sach d6i s6 cung cdp khi tao doi tugng.

Constructor thudng c6 pham vi truy xuat la public. Tuy nhién trong mot s6 truGng hgp, pham vi truy xuat ctia constructor cd
thé la private hodc protected. Khi d6 ¢ thé ding phuang thiic static (goi la named constructor) dé sinh thé hién.

C0 phap khai bao va dinh nghia constructor inline:

m tén 16p }—l i
[+ ] }J
v oo

|

1

1

1 const vy ~ o~

i _>-:| ki€u |—>| tén doi s6 P

: ‘ > N

1

i [{] thén constructor inline |I||—¢
Cu phap khai bao constructor:____ __ . ,

ol eimacam |

[ e
L I=

goi constructor ctia thudc tinh

'—I_

: ténlép [Pli:f» ténldp
1

i |Ji_|—>‘ const o| kiéu |—>| tén ddi sd |——>
1 »

1

1

1

A

'_|A
Le I'™

Constructor khdng cé ki€u trd vé nén nd khéng thé tra vé ma 16i. Néu khdi tao cho ddi tugng that bai, d6i tugng trd thanh
"zombie", khéng diéu khién dugc déi tugng mic du ching van chiém gilt viing nhé trong heap. Giai phap la ném exception néu
constructor c6 16i, khi dé viing nhd lién két véi dbi tugng dang khdi tao sé€ dugc giadi phong.

Constructor thudng dugc nap chong va cd d6i s6 mdc dinh.

a) Nap chong ham (function overloading)

Nap chong ham ciling dugc xem nhu mét dang cta da hinh, goi la da hinh ham (function polymorphism) hoac da hinh thgi gian
dich (compile time polymorphism), da hinh tinh (static polymorphism). Cac ham nap chong cé cung mét tén ham nhung khac s6
lugng ddi s& va ki€u ddi s6 (phan signature clia ham). Cac ham nap chéng cd thé cé kiéu tra vé khac nhaul.

Cung mot thong diép (goi phuang thic cling tén) nhung véi danh sach déi s6 khac, ta thay cac phuong thirc dugc goi dap iing
béng cac hanh vi khac nhau. Néi cach khac, cac phuong thirc nap chdng thé hién hanh vi khac nhau tly theo loai di liéu truyén

! Signature ctia mét ham bao gdm tén ham, danh sach d6i s6, cac b tir (vi du const), nhung KHONG bao gom kiéu tra vé cla
ham. Hai ham ¢ cling tén va danh sach ddi s6 nhung khéc kiéu tra vé s& sinh 16i bién dich.
7
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dén no.

#include <string>
using namespace std;

class Account
{
public:
// nap chdng constructor cho phép khdi tao céc thé hién bang nhiéu cach khac nhau
Account( long, const string &, double );
Account( const string & );
private:
long code;
string name;
double balance;

};

Account::Account( long c, const string & s, double b )
: code( ¢ ), name( s ), balance( b )

{1}

Account::Account( const string & s )
: code( 1111111 ), name( s ), balance( 0.0 )

{}

int main()

{
Account giro( 1234567, "Mouse, Mickey", -1200.45 ), save( "Luke, Lucky" );
Account depot; // 10i, do khong dinh nghia default constructor
return 0;

}

b) Phuaong thic cé doi s6 mac dinh (default arguments)

Phuang thirc cd doi s6 mac dinh la phugng thirc c6 toan bo hodc mét s6 ddi sé trong danh sach doi s6 dugc khdi tao mac dinh.
Nhu vay, néu khong truyén déi s6 dén cac doi s6 mac dinh cho phudng thiric d6, phuang thic s€ dung tri mac dinh clia d6i s6.
Céac ddi s6 mac dinh thudng dudc khai bdo trong prototype. Khi goi ham:

- phai cung cdp cac dbi s6 khong mac dinh

- khong cung cdp hodc cung cap tri khac cho cac d6i s6 mac dinh.

class Point {

public: Point
Point( int = 0, int = 0 ); —x: int
void moveTo( int = 0, int =0 ); —y:int
private:
int x, y; «constructor»
1 + Point(a: int, b: int)
«business»
Point::Point( int a, int b ) : x( a ), y( b)) { } + moveTo(dx: int, dy: int)
void Point::moveTo( int dx, int dy )
{
X += dx;
y += dy;
}
int main()
{
Point p; // tudng duang Point( 0, 0)
p.moveTo(); // khdng di chuyén, tuong ducng moveTo( 0, 0 )
p.moveTo( 12 ); // di chuyén song song véi truc hoanh, tusng ducng moveTo( 12, 0)
p.moveTo( 36, 18 ); // tinhtién, doi s6 nhan dudc sé chong |én doi s mac dinh
return 0;
}

PE tranh tinh trang khéng rd rang (ambiguous), cac dbi s6 mic dinh dudc khai bdo cudi danh sdch dbi s6. Nbi cach khéac, khi
khai bao tri mdc dinh cho mot doi s6, cac dGi s6 theo sau phai la d6i s6 mac dinh. Khi goi ham, néu da bo qua mot d6i s6 mac
dinh, phai bo qua tat ca nhiing d6i s6 sau no.

double capital( double balance, double rate = 3.5, int year =1 );
double capital( double balance = 0, double rate = 3.5, int year ); // khdng hap 1é

Phuang thirc c6 doi s6 mac dinh dung trong trudng hgp d6i s6 clia phuang thic thudng xuyén dugc truyén cing mot tri.
Thanh vién dir liéu cta I6p khong dudc kAdi tao truc tiép (ngoai trir dif liéu const static nguyén), gidi phap la dung constructor
vGi cac dbi s6 mac dinh. C++11 cho phép khdi tao truc ti€p thanh vién di li€u cta I8p.
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c) Cac loai constructor
Do nhu cau khéi tao cdc ddi tugng bang nhiéu cach khac nhau, constructor thudng duge nap chdng, chiing cé cac loai sau:
- Constructor mac dinh (default constructor): 1a constructor khong cé doi s6 (0-argument constructor). Thudng dudc goi khi khai
bao d6i tugng ma khong cung cap doi s6 nao.
Constructor mac dinh dudc tao trong cac trudng hgp sau:
+ Trinh bién dich cung cdp mot constructor mac dinh (compiler-generated default constructor) néu ta khong dinh nghia mot
constructor khéng d6i s6 nao. Tuy nhién, néu I6p cé cac constructor khac, nhung lai khong dinh nghia constructor mdc dinh,
khi ta khai bao d6i tugng ma khong cung cap d6i s8 trinh bién dich s& bao 10i khéng tim thdy constructor mdc dinh. Vi vay,
nén tao mot constructor mac dinh (rong) trudc khi viét cac constructor khac. B
C++11 cung cap khai niém explicitly defaulted constructor cho viéc khai bao mot constructor rong nhu trén va khai niém
explicitly deleted constructor khi khong muoén I8p cé bat ky constructor nao va cling khéng muén trinh bién dich tao ra
constructor mac dinh.
+ Constructor khong ddi s6 do ta khai bao va dinh nghia.
+ Constructor véi tat ca cac doi s6 déu khdi tao vdi tri mac dinh.
- Constructor sao chép (copy constructor): con goi la X-X-ref, la constructor dugc goi khi ta tao déi tugng mdi tr ban sao cla
mot dGi tugng co san. Noi cach khac, doi s6 clia copy constructor la tham chi€u dén d6i tugng cla chinh I6p dé. Trinh bién dich
cling cung cdp mot copy constructor mac dinh, sé dugc thao luan chi tiét sau.
DGi s6 clia copy constructor phai la tham chi€u, khéng dudc truyén doi s6 bang tri dén copy constructor.

class Date
{ Date
public: . —day: int
// constructor véi cac doi s6 déu mac dinh, c6 thé dung nhu default constructor — month: int
Date( int d =1, int m =1, int y = 1970 )

: day( d ), month( m ), year( y ) year: int
{1} <<constructo_r>> . _
danh sach khdéi tao, chi + Date(d: int, m: int, y: int)
// copy constructor dUng V@i constructor + Date(o: const Date {&})
Date( const Date & o )
: day( o.day ), month( o.month ), year( o.year )
{}
private:
};1nt day, month, yeacro'py constructor dudc goi tu dong khi sao
7/ ham toan cuc chép tham sg hinh thic sang tham s6 thuc
Date today( Date d )
{ return d; }
copy constructor dugc goi tu dong khi sao
int main() chép bién cuc bd sang doi tugng tam
Date d1( 20, 4, 1976 );
Date d2( dl ); // goi tudng minh copy constructor
Date d3 = d1; // khdi tao, khéng phai phép gan, copy constructor dudc goi tai day
today( dl1 ); // goi default constructor 2 [an
return 0;

}

D{r liéu thanh vién c6 thé khdi tao béng danh sach khéi tao (initialization list, constructor initializer hay ctor-initializer) hodc gan
trong than constructor. Tuy nhién dif liéu thanh vién hdng va tham chiéu chi cé thé khdi tao bang danh sach khdi tao.
D{t liéu thanh vién dugc khdi tao theo th(f tu’ khai bao chiing trong IGp, khong theo th(r tu trong danh sach khdi tao.

class X

{
public:
X( int ); // conversion constructor
private:
int iv; // bién nguyén
const int ic; // hdng nguyén
}i

// dr liéu thanh vién hang, khdi tao bat budc trong danh sach khdi tao
X::X( int value ) : ic( value )
{
iv = value; // gan trong than ctor hodc khdi tao trong danh sach khdi tao

}

C++11 ho trg thém kiéu initializer list<T> nhu d8i s6 cla constructor.

- Constructor chuyén kiéu (conversion constructor): la constructor chi c6 mét ddi s8, dugc dung d& hinh thanh mdt déi tugng tir
mot kiéu diF liéu khéc chuyén dén nd. Biéu nay khac copy constructor, copy constructor hinh thanh mét déi tugng & mot dbi
tuong cung kiéu nén khdng thuc hién viéc chuyén kiéu.

#include <iostream>
#include <sstream>
#include <iomanip>
using namespace std;
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class Dollard DEllE
{ - cent: int
public: + getWholePart(): long {readOnly}
// conversion constructor + getCents(): int {readOnly}
Dollard( double x ) // double = Dollard + operator+=( const Dollard{&} ): const Dollar{&}
{ + toString(): string {readOnly}
X *= 100.0; // lam tron «friend»
cent = ( long )( x >=0.0 ? x + 0.5 : x - 0.5 );|+ operator<<( ostream{&}, const Dollard{&} ): ostream{&}

}

long getWholePart() const { return cent / 100; }
int getCents() const { return ( int )( cent % 100 ); }
const Dollard & operator+=( const Dollard & );
string toString() const; // xudt Dollard nhu string
private:
long cent;

}

inline string Dollard::toString() const
{
stringstream ss;
long temp = cent;
if ( temp <0 ) { ss << '-'; temp = -temp; }
ss << temp/100 << '.'
<< setfill( '0' ) << setw( 2 ) << temp % 100;
return ss.str();

}

const Dollard & Dollard::operator+=( const Dollard & right )
{

cent += right.cent;
return *this;

}
ostream & operator<<( ostream & os, const Dollard & right )
{
0s << right.toString() << " USD" << endl;
return os;
}
int main()
{
Dollard usd( 10.7 ); // conversion ctor: double = Dollard
usd = 25.2; // chuyén kiéu khdng tudng minh: double = Dollard
usd += 42.5; // chuyén ki€u khéng tudng minh: double = Dollard

cout << usd;

usd = Dollard( 99.9 ); // chuyén kiéu tudng minh: ding conversion ctor
usd = ( Dollard )12.3; // chuyén kiéu tutng minh: ép kiéu theo cach clia C
cout << usd;

return 0;

}

Ngoai conversion constructor, viéc chuyén kiéu c6 thé thuc hién bang cach nap chéng toan tr ép kiéu hodc diing cac toan tir ép
kiéu static cast, dynamic_cast (s& thdo luan sau).

Do6i khi ta khdng kiém soat dudc viéc ddi tugng chuyén kiéu khdng tuong minh mdt cach tu ddng nhu trong vi du trén. Ta cé thé
ngan chan diéu nay bang cach dlng tir khda explicit khi khai bao conversion constructor.

#include <iostream>
using namespace std;

class Dollard
{
public:
explicit Dollard( double x )
{
X *= 100.0; // lam tron
data = ( long )( x >= 0.0 ? x + 0.5 : x - 0.5 );
}
long getData() const { return data; }
private:
long data;
};
10
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void deposit( const Dollard & d )

{
cout << "Deposit: " << d.getData() << endl;

}

int main()

{ . C
::deposit( 10.7 ); // 10i, do chuyén kiéu khong tudng minh
::deposit( Dollard( 12.52 ) ); // phaichuyén kiéu tugng minh
return 0;

}

C++11 cung c8p delegating constructor (ham dung Gy nhiém), cho phép constructor nay cé thé goi constructor khac cting 16p.

2. Destructor (ham huy)

Destructor, thudng goi la dtor, 1a phuong thirc ddc biét dung dé thuc hién viéc don dep can thiét trudc khi mdt ddi tugng bi hay.
Destructor dugc tu ddng goi d& giai phéng tai nguyén ddi tugng chiém gitt, khdng dugc goi tudng minh destructor.
Mot doi tugng bi hay khi:

- Boi tugng cuc bo (trir static) ra khoi tdam vuc (scope, khdi khai bao d6i tugng).

- BGi tugng toan cuc va static, khi chuang trinh két thic.

- B6i tugng dugc cdp phat ddng bi x6a bang cach dung toan tir delete.

Destructor can:

- CO tén trung vdi tén I18p vdi dau "~" dat trude. Khong co tri tra vé va khong cd ddi so.

- Chi c6 mot destructor, khdng co nap chdng destructor.

Néu khong cung cdp destructor, trinh bién dich sé dung destructor mac dinh.

#include <iostream>
#include <string>
using namespace std;

class Article
{
public:
Article( const string & = "", double = 0.0 );
virtual ~Article();
private:
long code;
string name;
double price;
static int countObj;
+
// dinh nghia di¥ liéu thanh vién static
int Article::countObj = 0;

Article::Article( const string & s, double p )
: name( s ), price( p )
{

code = countObj;
++countObj;
cout << "[" << code << "] " << name << " 1is created.\n"
<< "This is the #" << countObj << " article!" << endl;
}

// dinh nghia destructor
Article::~Article()
{
cout << "[" << code << "] " << name << " is destroyed.\n"
<< "There are still " << --countObj << " article!"
<< endl;

}

N&u destructor bi 16i, khéng dudc ném exception; thay vao dd ta cd thé ghi nhan vao tap tin log néu cé.

3. Phuaong thirc truy xuat (access function) va phuong thiric cong cu (utility function)

D{r liéu thanh vién ctia mét 18p thudng dit trong phan private cua I6p. D& truy xuit dén dif liéu thanh vién, cd thé d&t ching
trong phan public, nhung cach nay vi pham nguyén tac dong géi di liéu.

Cac phugang thirc truy xuat (accessor hodc getter/setter) cho phép dif liéu thanh vién vdi pham vi truy xuat private dugc doc
va thao tac mot cach cd diéu khién:

- Igié’m tra ngan chan truy xudt khong hgp 1€ ngay tir luc dau.

- An gidu cac cai dét thuc ctia I8p nhu truy xuét cac cdu truc dit liéu phirc tap. Diéu nay cho phép cd thé nang cap I16p ma khong
anh hudng dén ('ng dung.

| #include <iostream>
1
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#include <string>
using namespace std;

class Article
{
public:
Article( const string & = "",
virtual ~Article();
// cac phuang thic truy xudt (accessors)
// getters
long getCode() const { return code; }
const string & getName() const { return name; }
double getPrice() const { return price; }
// setters
void setName( const string & s )

{

double = 0.0 );

if ( s.size() < 1) B
throw string( "Empty string!" ); // tranhténrong
name = s;
}
void setPrice( double p )
{
price = p > 0.0 ? p : 0.0; // trénh giala s6 am
private:
long code;
string name;
double price;
static int countObj; // s0 doi tugng (static)
void setCode() { code = countObj; }
};

www.codeschool.vn

Article
— code: long
— nhame: string
— price: double
— countObj: int = 0
«constructor»

+ Article( const string{&}, double )
«destructor»

+ ~Article()

«accessor»

— setCode()

+ setName(s: const string{&})

+ setPrice(p: double)

+ getCode(): long {readOnly}

+ getName(): const string{&}{readOnly}
+ getPrice(): double {readOnly}

int Article::countObj = 0; // khai gan dif liéu thanh vién static

Article::Article( const
: name( s )
{
setPrice( p );
setCode();
++countObj;
cout << "[" << code << "] " << name <<
<< "This is the #" << countObj << "
}

Article: :~Article()
{
cout << "[" << code << "] " << name << " 1is destroyed.\n"
<< "There are still " << --countObj << " article!"
<< endl;

string & s, double p )

is created.\n"

}

article!" << endl;

M6t s6 phuong thirc nghiép vu dung trong ndi b 16p, chiing chi dutic goi boi cac phuong thuc thanh vién khac cla I6p nhu la
mot phudng thic ho trg (helper) hay phuang thirc cdng cu (utility). Vi vay ching dugc khai bdo trong phan private.

#include <iostream>
#include <iomanip>
using namespace std;

class SalesPerson
{
public:
SalesPerson();
void getSalesFromUser();
void setSales( int, double );
void printAnnualSales() const;
private:
double totalAnnualSales() const; // phudng thic cong cu
double sales[12]; // doanh thu clia 12 thang
};

// nhap doanh thu ttr ban phim
// dat doanh thu thang chi dinh
// in téng doanh thu

SalesPerson: :SalesPerson()

{

for (int i = 0; 1 < 12; ++1i )
12

SalesPerson

— sales: double[12]

«utility»

— totalAnnualSales(): double {readOnly}
«business»

+ getSalesFromUser()

+ setSales(m: int, a: double)

+ printAnnualSales() {readOnly}
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sales[i] = 0.0;

}

void SalesPerson::getSalesFromUser()

double salesFigure;

for (int i =1; i <= 12; ++i )

{
cout << "Enter sales amount for month " << i << ": ";
cin >> salesFigure;
setSales( i, salesFigure );

}

}

void SalesPerson::setSales( int month, double amount )

{
if ( month < 1 & month > 12 && amount <= 0 )
throw string( "Invalid month or sales figure" );
sales[month - 1] = amount;

}

void SalesPerson::printAnnualSales() const

{
cout << setprecision( 2 ) << fixed << "\nThe total annual sales are: $"
<< totalAnnualSales() << endl; // goi phuong thirc cong cu
}

double SalesPerson::totalAnnualSales() const

double total = 0.0;
for ( int i = 0; i < 12; ++1 ) total += sales[il];
return total;

}

4. Phugng thurc thanh vién inline

Trong mdt 18p cb thé cd cac phuong thirc thuc hién cac téc vu don gian nhu doc ghi dif liéu thanh vién. Viéc triéu goi cac phuang
thic dan gian nay nhiéu lan sé anh hudng dén thdi gian chay do t6n thai gian goi ham (overhead time).

DE cai thién, ching ta khai bdo chiing nhu céc phuong thi'c inline (phudng thirc ndi tuyén). Khi gdp phudng thirc inline,
trinh bién dich thay /o7 goi dén phuong thicbang phan thén cda phuong thic (inline code). Nhu vay kich thudc chuong trinh sé
tang, bu lai thdi gian chay dugc cai thién.

XU ly inline clia phuang thic dé quy tuy thude vao trinh bién dich, vi vay ndi chung khong nén khai bdo inline cho phuong
thiic dé quy. Phuong thiic inline cfing dugc viét dé thay thé cho cac macro theo kiéu C.

Céc phuang thirc inline cé thé dugc dinh nghia tudng minh (explicit) hodc khéng tudng minh (implicit):

- inline tudng minh: phuong thirc dugc khai bdo bén trong I18p va cai dat bén ngoai I6p. Khi cai dat, dat tir khda inline trudc
tiéu dé ham. Cai dat nay phai dugc thuc hién trong tap tin tiéu dé.

- inline khong tudng minh: dinh nghia (cai dat) phuong thiic ngay trong /dp, khong can tir khoa inline.

#include <iostream>
#include <iomanip>
using namespace std;

class Account
{
public:
// Constructors: implicit inline
Account( long ¢ = 1111111L, const string & s = "N/A", double b = 0.0 )
: code( c ), name( s ), balance( b )
{1
// Destructor rdng: implicit inline
virtual ~Account(){ }
void display() const;
private:
long code;
string name;
double balance;
}i
// display(): explicit inline
inline void Account::display() const
{
cout << fixed << setprecision(2)
K Moo m e eeamaa-oo \n"
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<< "Account number : " << code << '\n'

<< "Account holder : " << name << '\n'

<< "Account balance: " << balance << '\n'
I T P \n"
<< endl;

}

5. Phuaong thdc friend

P6i khi ta muSn mdt phucng thiic toan cuc hay mét phuong thic thanh vién ctia mdt Idp khéc c6 thé truy xuét duoc dit liéu
thanh vién private cla I6p dang xay dung. biéu nay thuc hién dudc nhd khai bao friend (ban), sé tam thgi bo qua tinh déng
goi (encapsulation) cua I6p dang xay dung, cho phép IGp khac truy xuat phan private cla I&p dang xay dung.

Phuang thdc friend la mét phucng thirc:

- dugc khai bao friend trong Idp dang xdy dung,

- ¢6 quyeén truy xuat dugc phan private (dif liéu va phuong thiic) gidng nhu cac phuang thirc thanh vién khac cla I6p,

- nhung khdng phai la phuong thiuc thanh vién cua I0p dang xdy dung ma nhu mét ham thudc toan cuc hodc mot phuang thirc
thudc I6p khac.

M6t phuang thirc ¢ thé khai bdo friend véi nhiéu I8p, khi d6 nd cé quyén truy cAp dén phan private cla cac I6p nd Ia
friend. Tuy nhién khéng nén khai bao friend tuy tién vi né pha v@ tinh dong gdi khi xay dung I6p.

Khéng co rang budc Ve vi tri khai bao phuang thic friend trong I6p, né thudc pham vi truy xuat nao ciing dugc.

a) Phuong thic friend la phuong thic toan cuc

class Node
{
// phuadng thic friend khai bdo trong I6p nhung khdng phai la thanh vién 18p
friend void setPrev( Node*, Node* );
public:
Node* succ();
Node* pred();
Node();
protected:
void setNext( Node* );
private:
Node* prev;
Node* next;

};

// Phuang thlc thanh vién, truy xuat dit liéu thanh vién next
void Node::setNext( Node* p ) { next = p; }

// Phuang thirc friend dugc cai dat nhu ham toan cuc, truy xuat dugc dir liéu thanh vién private clla Node
void setPrev( Node* p, Node* n ) { n->prev = p; }

Phuang thiric friend cho phép ta dinh nghia nhiéu phugng thirc nap chong toan tir ddc biét: toan tlr << va >>, toan tu hai ngoi
c6 tinh giao hoan, ... Van dé nay sé dugc trinh bay trong phan nap chong toan tlr (operator overloading).

b) Phuong thdc friend la thanh vién I18p khac va I1&p friend
Ta c6 thé chi dinh mdt phuong thiic thanh vién thudc I8p khac tré thanh friend cla I6p dang xay dung. Néi cach khac, ta cho
phép mot phuong thirc thanh vién thudc I6p khac truy xuat vao phan private cla I6p dang xay dung:

class C; // khai bao forward? do trinh bién dich chua
class B // biét dén I8p C nhung can C khi cai dat I6p B
{
public:

int foo( C & );
1

class C

{
// chi dinh phuang thirc foo cta I6p B la "ban" cla I6p C
// cho phép foo clia B cd thé truy xuét phan private cla I6p C
friend int B::foo( C & );

i

Ta cling c6 thé chi dinh mdt /dp khéc trd thanh "ban" cla I6p dang xdy dung. Nghia la t&t ca cac ham thanh vién cla I8p khac
dd déu la "ban" clia I6p dang xay dung.

class A

{
// moi phuang thirc clia I6p B déu cd thé truy xudt phan private cla I6p A

2 Néu hai I6p tham chiéu 1dn nhau, khai béo tam va dan gian mot I6p trudc roi cung cdp khai bao hoan chinh sau. Mot dang khac
la khai béo I6p ho trg 8n (khdng cho bén ngoai st dung IGp nay) trong phan private, goi la kifu m& (opaque type). Sau do,
duing con trd ki€u 18p nay, goi la pimp/ (pointer to implementation) dé& thuc hién céc tac vu cua Iép dang xay dung.

14



http://www.codeschool.vn/

© Duang Thién T&r www.codeschool.vn
friend class B;

};

6. DGi tugng hdng va phuong thirc thanh vién hang

Tir khda const dudc ding dé tao cac ddi tugng read-only (chi doc, d8i tugng héng) hodc cac phuang thiic read-only (phucng
thirc hang). Trén mdt d&i tugng read-only, chi cé thé goi cac phuong thirc read-only.

M6t d6i tugng hang phai dugc khédi gan khi dinh nghia né va khdng dugc thay ddi bdi chuong trinh vé sau.

M6t phuong thirc hdng khdng dugc thay d6i dif liéu thanh vién trong than cla nd.

C6 thé tao hai phién ban cia mdt phuang thirc: phién ban read-only s& dudc goi tir cac d8i tugng read-only; mdt phién ban
thudng, goi tir d6i tugng khdng hdng.

#include <iostream>

#include <iomanip> Time
using namespace std; - hour: int
. — minute: int
class Time — second: int
{

+ setTime( int, int, int)

+ setHour( int )

+ setMinute( int )

+ setSecond( int )

+ getHour(): int {readOnly}

. X ) . + getMinute(): int {readOnly}
zgig z:%géggﬁgé izi ;: + ggtSecqnd(): int {readOnly}
// cac getter (thudng khai bao const) + pr!ntgnlvgrszl() {reaggnlly}
int getHour() const { return hour; } + printStandard() {readOnly}
int getMinute() const { return minute; }
int getSecond() const { return second; }

// cac phuadng thic xuat (thudng khai bdo const)
void printUniversal() const; // xuat Time dang HH:MM:SS

public:
Time( int = 0, int = 0, int =0 );
// cac setter
void setTime( int, int, int );
void setHour( int );

void printStandard(); // xudt Time dang chuan HH:MM:SS AM hodc PM
private:

int hour; // 0-23

int minute; // 0-59

int second; // 0-59
};

Time::Time( int hour, int minute, int second )
{ setTime( hour, minute, second ); }

void Time::setTime( int hour, int minute, int second )
{

setHour( hour );

setMinute( minute );

setSecond( second );

}

void Time::setHour( int h )
{ hour = (h>=0&& h<24) ?2h:0; }

void Time::setMinute( int m )
{ minute = (m>=0&& m<60 ) ? m: 0; }

void Time::setSecond( int s )
{ second = ( s >=0 & s <60 ) ?s :0; }

void Time::printUniversal() const

{
cout << setfill( '0' ) << setw( 2 ) << hour << ":"
<< setw( 2 ) << minute << ":" << setw( 2 ) << second;
}
void Time::printStandard() // phuang thirc khdng hang
{
cout << ( ( hour == 0 || hour == 12 ) ? 12 : hour % 12 )
<< ":" << setfill( '0' ) << setw( 2 ) << minute
<< ":" << setw( 2 ) << second << ( hour <12 2 " AM" : " PM" );
}
int main()
{
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Time wakeUp( 6, 45, 0 ); // doitudgng non-constant
const Time noon( 12 ); // doitudng constant, dugc khdi gan khi dinh nghia
// OBJECT MEMBER FUNCTION

wakeUp.setHour( 18 ); // non-const non-const .
noon.setHour( 12 ); // const non-const bao 10i
wakeUp.getHour(); // non-const  const
noon.getMinute(); // const const
noon.printUniversal(); // const const
noon.printStandard(); // const non-const béo 10i
return 0;

}

Chuang trinh 1am viéc truc tiép véi phan cling thudng co dif liéu thanh vién dudc didu khién bai cac tién trinh bén ngoai truc tiép
diéu khién chuong trinh dd. Vi du mét chuong trinh ¢ thé chlra bién dugc cdp nhat tir ddng hd hé thdng.

Tir khda volatile, it ding, ding tao cac d6i tugng cé thé thay ddi khéng chi bdi chuong trinh ma con béi chuong trinh khac
hodc bdi cac su kién bén ngoai (vi du ngdt phan cling).

volatile unsigned long clock ticks;
volatile Task *curr_task;

Ta ciing c6 thé dinh nghia mét phuong thic thanh vién 13 volatile, gidng nhu cach dinh nghia phuang thirc héng const. Chi
céc phuong thirc thanh vién volatile c6 thé dugc goi trén cac ddi tugng volatile.

7. Thanh vién static

Khi str dung trong cac phuong thifc toan cuc thong thudng, tir khda static dung khai bao cac bién tinh:

- ton tai duy nhat trong sudt qua trinh chay chuang trinh do Iuu trong data segment,

- khi khai bdo trong ham foo () chdng han, ta ding chung bién static nay cho tt ca cac [an chay ham foo ().

#include <iostream>
void counter()

{
static int count = 0; // bién static, khdi tao 0
std::cout << "Count #" << ++count << std::endl;
}
int main()
{
for (int 1 = 0; 1 < 5; ++1 )
counter(); // inra tri count tang dan, thay vi 0
return 0;
}

DG6i vdi I6p, static dung khai bao thanh vién dit liéu dung chung cho moi thé hién cla 18p:

- ton tai duy nh4t trong sudt thdi gian I6p ton tai, ¢ mat trudc moi thé hién clia 16p.

- dung chung cho 4t cd cdc thé hién (instance) clia 16p.

Sau khi khai bao trong I8p, phai dinh nghia va khdi gan di liéu thanh vién static mot cach doc 1ap véi moi thé hién cua I6p.
C++11 cho phép khdi gan ludn khi khai bao trong I6p cho thanh vién dif liéu static.

#include <iostream>
using namespace std;

class Student
{
public:
Student( const string & s ) : name( s ) { membership++; }
virtual ~Student() { membership--; }
void print() const { cout << name << endl; }
private:
string name;
// khai bao si s6 nhu mot dif liéu thanh vién static
// thudng dt trong phan private dé tranh truy cap "riéng"
static int membership;

};

// dinh nghia va khai gan dif liéu thanh vién static
int Student::membership = 0;

D{ liéu thanh vién static dung chung cho cac thé hién cla I8p, cac phuong thic thanh vién khac cé thé truy cp dit liéu nay.
Tuy nhién, néu dit liéu thanh vién static c6é pham vi truy xudt private, bén ngoai I&p mudn truy cap dén no phai thong qua
phuang thic thanh vién cla Ip.

Do dif liéu thanh vién static doc lap véi moi dbi tugng, phugng thirc truy xuat dén dir liéu thanh vién static cling phai doc
Iap véi moi d6i tugng. Phuong thic thanh vién static dugc dung véi muc dich nay.

Dung tir khda static trudc tiéu d& ham dé khai bao phuong thic thanh vién static. Khi dinh nghia phuong thirc khdng can
tlr khda static. Mot phuong thirc thanh vién static cé thé dudc goi thdng qua bét ky d6i tugng nao cla I8p hodc théng qua
tén Idp, dung toan tr phan dinh pham vi ": :".
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#include <iostream>
using namespace std; Person

class Person — firstName: string
{ — lastName: string
—count: int=0

public:
Person( const string &, const string & ); + getFirstName(): const string{&} {readOnly}
virtual ~Person(); + getlLastName: const string{&} {readOnly}
const string & getFirstName() const + getCount(): int

{ return firstName; }
const string & getLastName() const
{ return lastName; }
// phuadng thirc thanh vién static
static int getCount(); // phuadng thirc static truy xuat dir liéu static (khong const)
private:
string firstName;
string lastName;
// dif liéu thanh vién static luu s thé hién cla I6p
static int count;
}
// dinh nghia va khdi tao di liéu thanh vién static, tam vuc tap tin
// khdng nén dit trong tap tin header vi cd th& gay nén 13p lai dinh nghia
int Person::count = 0;

// dinh nghia phuong thirc thanh vién static, khong can cé tir khda static
int Person::getCount()
{ return count; }

Person::Person( const string & first, const string & last )

firstName = first;
lastName = last;

count++; // thay ddi bién static, tdng s6 d6i tugng sinh ra
}
Person: :~Person()
{ count--; } // thay d6i bién static, gidm s8 d6i tugng sau khi hly
int main()
{
// goi phuang thifc static thong qua tén I8p, du chua khai bdo d6i tugng nao
cout << "Before instantiate: " << Person::getCount() << " person(s)" << endl;

Person *pl new Person( "Gates", "Bill" );

Person *p2 new Person( "Gosling", "James" );

// goi phuang thirc static thong qua doi tugng nhu phuang thic thanh vién thong thudng

cout << "After instantiate : " << pl->getCount() << " person(s)" << endl;
delete pl; pl = NULL;

delete p2; p2 = NULL;

// khdng con ddi tugng, goi phuong thirc static [an nita théng qua tén I6p
cout << "After destroy : " << Person::getCount() << " person(s)" << endl;
return 0;

}

MGt phuong thdc thanh vién static khong dung con tro this, vi phuang thic thanh vién d6 khong thudc mét doéi tugng cu
thé nao clia I6p. Vi vay moi tham chiéu dén con tro this trong phudng thifc thanh vién static, vi du truy xudt mot dir liéu
thanh vién khéng phai static, sé gay l0i bién dich. Ciing vGi ly do nhu vay, phuong thirc thanh vién static khéng dugc khai
bao hang (const).
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Nap chong toan tur

Operator Overloading

I. Khai niém

M6t I18p méi 1a mot kiéu di liéu triru tugng méi (ADT Abstract Data Type). DE cb thé dung ddi tu’dng cla ADT mdi vdi cac toan
tlr trong biéu thifc mot cach binh thudng nhu cac kiéu dif liéu cd sén (built-in data type) khac, ta can nap chdng todn tir. Nhu
vay todn tir dudc nap chdng sé "thao tac" dudc thém trén mét kiéu dir liéu mdi. .
NGi cach khac, ADT mai dugc lién két véi mot tAp cac toan tir d& co thé thao tdc mdt cach tu nhién nhu céc kiéu dif liéu cé san.

Complex X( 1, 2 ), Y( 3, 4);

// dé&cdng X va Y roi hién thi, thay vi goi cac phuong thirc mdt cach phiic tap va khdng quen thudc nhu sau
X.add( Y ).display();

// sau khi nap chdng toén tir cdng + va todn tir chén << trong I6p Complex ta c6 thé

// cOng va xuat hai d6i tugng cua I6p Complex cling don gian nhu cong hai s6 double

cout << X +Y;

double M = 3.2, N =5.7;

cout << M + N;

Khi nap chong toan tlr, can chu y:
- Nap chdng toan tr d& mang lai thuén tién va an toan cho ngudi st dung 18p, khdng phai 1& yéu cau b3t budc khi phat trién Ip.
- Ton trong y nghia cua toan tL’/gé'c Cac toan tur gén =, lay dia chi &, toan tr dau ph5y, ¢ tac vu dugc dinh nghia trudc vdi tirng
kiu di liéu, tac vu cac toan tlr nay thudng thay ddi tuy theo dinh nghia nap chong clia chling ta. Tac vu clia toan tir ¢ thé thay
ddi nhung khong nén sai lac nhidu so vdi tac vu ban dau clia toan tlr, vi du cong hai d6i tugng I6p MyString (md ta chudi) cd
nghia 13 n6i chudi (khong phai cong tri).
- Khéng thé dinh nghia lai todn t’ cda céc kiéu co ban. Vi du, khdng hgp 18 néu mudn nap chdng lai todn tir / d& cung cap thém
kha n&ng kiém tra phép chia cho 0 clia s& nguyén va s8 thuc.
- Khéng thé thay déi thir tur u tién va thir tu thutc hién cda todn tu'géc.
+ Th{ tu uu tién (precedence) cho biét thir tu' lva chon thuc hién céc toan tr khac nhau trong mét biéu thirc dung nhiéu
toan tlr. Vi du toan tir * dudc thuc hién trudc toan tir +.
+ Th(r tu thyc hién (order), con goi la th( tu lién két (associativity), cho biét toan tir nao sé thuc hién trudc néu cé nhiéu
todn tr cing cap uu tién trong mdt biéu thic, thudng Ia tir tréi sang phai hay tir phai sang trai.
- Khong thé thay doi s6 luong todn hang (arity) can cho mot toan tir.
- Khdng duotc tao todn t’ mdi, chi dugc nap chong cac toan tir da co san.
- Ham nap chdng toan tr khong thé khai bao ddi s6 véi tri mic dinh.
Cd s dé co thé nap chong toan ti: C++ thut hién mét todn tur tuong duong vdi mot 167 goi phuong thic.

Complex X( 1, 2 ), Y( 3, 4 );
X +Y; // tudng duang véi goi phuong thirc X.operator+( Y )
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4.1 |[&—Ttempx=| x +] cx |7
6.2 [&——tempy=| y |+| cy |;

i return temp;
return :_}_ ________________________ |
x: 4.1 x: 2.5 x: 1.6
y: 6.2 y: 3.5 y: 2.7

Nap chong toan tr tugng duong vdi IGi goi mét phuang thirc

M0t s6 toan tir khong nap chdéng dugc:

Toan tor Tén
Todn tu truy xuat thanh vién
X Dereference con tré chi dén thanh vién thong qua déi tugng
HH Toan t&r phan dinh pham vi (scope resolution)
[ Todn tU diéu kién (3 ngoi - ternary)
sizeof Toan tr lay kich thudc cla toan hang
typeid Toén tr 18y kiéu
static cast
gg:ﬂlgggiﬂ Céc toan tir ép kiéu
reinterpret cast

Chi ¢6 hai toan t: = va & dudc trinh bién dich cung cdp mac dinh cho I6p dang xay dung. Ngoai hai toan tlr néi trén, néu mudn
sir dung mét toan tir khac cho céc ddi tugng cuia I8p, cAn phai nap chdng toan tir d6. Bang sau trinh bay céc todn tir ¢ thé nap
chong:

18



http://www.codeschool.vn/

© Duong Thién T&

www.codeschool.vn

Toan tlr Tén SO toan hang | Cach nap chong
, D&u ph&y (todn tlr thir tu) mot toan hang | khdng nén nap chong
. a s bool operator! const;

! NOT logic mot toan hang | /2, tha?/ba*ng toéf(7 )td’ép kiéirbool hayvoid*)

= So sanh khac hai toan hang | friend bool operator!=(const T&, const T&);
% Lay phan du hai toéan hang | friend const T operator%(const T&, const T&);
%= Lay phan du / Gan hai toan hang | T& operator%s=(const T&);
& Bitwise AND (xr ly bit) hai todn hang | khdng nén nap chdng
& Lay dia chi mot toan hang | khdng nén nap chdng
&& AND logic hai todn hang | khdng nén nap chdng

= Bitwise AND / Gan hai toan hang | T& operator&=(const T&);

() Goi ham - nhur ham thanh vién, cho phép doi s6 mac dinf?
* Nhan hai toan hang | friend const T operator*(const T&, const T&);
* gg;(zgg?e?gecn%g,tirg dcirhelzct) mot toan hang | E& operator*() const;

*= Nhan / Gan hai toan hang | T& operator*=(const T&);
+ Cong hai toan hang | friend const T operator+(const T&, const T&);
+ Cong mot ngoi mot toan hang | const T operator+() const;
++ Tang 1 mot toan hang | T& operator++(); va T& operator++(int);
+= Cong / Gan hai toan hang | T& operator+=(const T&);
- Trir hai toan hang | friend const T operator-(const T&, const T&);
- Trir mét ngdi (d6i dau) mot todn hang | const T operator-() const;
— Giam 1 mot toan hang | T& operator--(); va T& operator--(int);
—= Trir / gan hai toan hang | T& operator-=(const T&);

-> Chon thanh vién hai toan hang | E* operator->() const;

->* gg;e;gﬁnt%zﬁﬁn\,%ﬁ chi mot toan hang | khdng nén nap chdng
/ Chia hai toan hang | friend const T operator/(const T&, const T&);
/= Chia / Gan hai toan hang | T& operator/=(const T&);
< Nhd han hai toan hang | friend bool operator<(const T&, const T&);
<< Dich trai hai toan hang | friend const T operator<<(const T&, const T&);
<< Toan tu chen hai toan hang | friend ostream& operator<<(ostream&, const T&);
<<= Dich trai / Gan hai toan hang | T& operator<<=(const T&);
<= Nho hon hodc béng hai toan hang | friend bool operator<=(const T&, const T&);
= Gan hai toan hang | T& operator=(const T&);
== So sanh bang hai toan hang | friend bool operator==(const T&, const T&);
> Lén hon hai toan hang | friend bool operator>(const T&, const T&);
>= Lén hon hodc bang hai toan hang | friend bool operator>=(const T&, const T&);
>> Dich phai hai toan hang | friend const T operator>>(const T&, const T&);
>> Toan tur trich hai toan hang | friend istream& operator>>(istream&, T&);
>>= Dich phai / Gan hai toan hang | T& operator>>=(const T&);

[] Chi s6 mang - E& operator[](int); hodcconst E& operator[](int) const;
~ Bitwise XOR hai toan hang | friend const T operator~(const T&, const T&);
= Bitwise XOR / Gan hai toan hang | T& operator™=(const T&);

| Bitwise OR hai toan hang | friend const T operator|(const T&, const T&);
|= Bitwise OR / Gan hai toan hang | T& operator|=(const T&);

[ OR logic hai todn hang | khdng nén nap chdng
~ Bu 1 (toan tur dao bit) mot toan hang | const T operator~() const;

delete | Huy cdp phat (deletel]) - void operator delete(void* ptr) noexcept;
new Cap phat (new[]) - void* operator new(size t size);

Chu y cé hai cach dlng toan tir tang 1 va giam 1: prefix va postfix. Ta cling nén nap chong doéng thdi ca hai toan tir clia cac cap
toan tr co y nghia ngugdc nhau, vi du cap toan tlr so sanh == va !=.

II. Ca phap
Dinh nghia mot toan tlr nap chong la dinh nghia mot phuang thirc (operator function), tén clia phuang thic la operator@, véi
tir khda operator, ky hiéu @ theo sau thé hién toan tir can nap chdng. S8 ddi s6 trong danh sach d6i s& clia toan tir nap chong
tuy theo:
- S0 toan hang tham gia khi thuc hién toan tdr.
- Cach dinh nghia mot toan tlr nap chéng. Cé hai cach:

+ Dinh nghia toan tir nap chdng nhu mét ham khdng phdi thanh vién (ham toan cuc — global function), cé s déi s6 bang vdi

3 Khéng duing d6i s6 mic dinh véi cac phucng thific nap chdng todan tl, ngoai trir phucng thiic nap chdng toan tir goi ham.
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s6'todn hang. Nap chdng cac toan tir nhu mot ham khéng phai thanh vién cho phép cai dit cac biéu thic cd tinh giao hoén,
sé thao luan sau trong phan phuang thic friend.

+ Dinh nghia toan ti nap chong nhu mét Aam thanh vién, co6 s6 doi s6 it hon 1 déi s6'so véi sO toan hang can cho toan tu,
vi d6i tugng goi ham 1a ddi s8 an, chinh 1a con trd this.

// dung toan tr nap chdng hai ngbi nhu ham thanh vién

if ( Box1 > Box2 ) //

toan hang bén trai 1a doi tqén hang bén phai la d(?'j s6
tugng goi phudng thirc, cua phuang thirc nap chong
cling 1a d6i s6 an *this

bool Box::operator>( ' const Box & aBox ) const

{

return ( this->Volume() > aBox.Volume() );

}

Néu mudn khong cho phép str dung mot toan tr nao do vdi I6p dang xay dung, ta khai bao toan tr dé trong phan private
va khong cai dat ching.

1. Toan t& mot ngdi (unary) ]
Todn tir mot ngdi chi thao tac trén mot toan hang. Ham nap chong toan tr nén la ham thanh vién dé bao dam tinh déng goi.
Todn t mot ngbi bao gom:

a) Toan t&r mot ngoi tién t6 dan gian

Toan tir mot ngdi tién t6 don gian & cac toan tr !, +, — (d8i du). Ching thudng dudc nap chdng nhu’ mdt ham thanh vién
khdng d&i s6. Ngoai ra, chiing déu khdng thay déi toén hang theo sau ma chi tré vé mét déi tuong mdi vé danh (nameless
temporary object).

// nap chdng todn tir - mdt ngdi (d8i ddu) nhu ham thanh vién (khdng cé déi s6)
Complex Complex::operator-() const
{
return Complex( -re, -im );
}
// goi toan tr nap chong trén
Complex Z( 2, 5 );
_Z;

b) Toan tir tang 1 (increment) va giam 1 (decrement) — prefix va postfix
Nap chbng cac toan tir ++ va - - la mot trudng hdp dac biét, can phai phan biét su' khac nhau gilta hai trudng hgp prefix va
postfix: prefix tra v& tham chiéu dén nd sau khi da tang, postfix tra vé déi tuong chira tri cli cia nd.

// prefix // postfix
a=>5; reg = a;
X = ++a; a++;
X = reg;
// x=6 a=6 // x=5 a=6

Vi todn tir ++ cd th{ tu’ uu tién cao hon todn tr =, nén trong trudng hdp postfix, mot bién thanh ghi dugc s dung dé€ luu tri a
trude khi thuc hién ++, tri luu nay sé dugc gan cho x sau. Diéu nay s€ dugc moé phdng khi nap chéng cac toan tur trén.

// prefix increment operator
const Complex & Complex::operator++()
{
++re; ++im;
return *this;
}
// postfix increment operator, d&i s6 kiéu int chi 13 d&i s6 "
Complex Complex::operator++( int )
{
Complex temp = *this; // bién "dummy"
re++; im++;
return temp;
}
// cach cai dat khac, phai dinh nghia trudc copy constructor va toan tir prefix increment
Complex Complex::operator++( int )
{
Complex temp( *this ); // bién "dummy"
++( *this );
return temp;
}
// goi toan tir nap chong trén
Complex Z( 2, 5 );
++Z; // goi operator++() — pre-increment
Z++,; // goi operator++( int ) — post-increment

gid" vd danh dé phan biét vai prefix
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¢) Toan tir ép kiéu (type casting)

Nap chdng toan tir ép ki€u nhu’ ngdn ngit C cho phép chuy&n mét kiéu bat ky thanh mét kiéu khac: kiéu co ban, ddi tugng 16p,
con tro, tham chiéu, nhung khong phai la moét mang hoac tén ham.

Phuong thirc nap chéng todn tir ép kiéu khdng chi dinh kiéu tri tra vé, do tén clia phuong thirc tu chi ra kiéu tra v&. Tén phucng
thiic nap chdng do d6 cd thé chlra nhiéu tir khda nhu unsigned short hodc const float*.

Phuang thitc nap chdng todn tlr ép ki€u phai 1a mdt ham thanh vién khdng phai static va khéng ¢ déi sb.

Thudng nap chdng toan tir ép kiéu dé chuyén mét ddi tugng UDT (User-define Data Type) thanh mot kiu cd ban, dan gian. Khi
can chuyén mdt ki€u ca ban thanh kiu UDT, thiét k& conversion constructor tugng Ung thudc I6p UDT do.

Trénh cung cép clng Iic ca hai phuang thirc: conversion constructor B: :B(A) va nap chdng toan tr ép kiéu A: :operator
B() khi muén chuyén ddi ki€u A thanh ki€u B, khién trinh bién dich khdng xac dinh dugc phuang thiic can phai goi.

#include <iostream>
using namespace std;

class Time

{
public:
Time( int m =0, int s = 0, int h = 0 )
: hths( h * 3600 + m * 60 + s )
{1
operator int() const // ép kiéu Time thanh int ¢ ban
{ return hths; } // nghia la tra vé s6 int chira trong Time
private:
int hths; // thai gian véi dan vi giay
b
int main()
{
Time t;
t = 100; // tuang ty dung conversion constructor: t = Time( 100 )
cout << ( int )t << endl; // ép kiéu int tudng minh, diing nap chdng toan tir ép kiéu
cout << t; // ép kiéu int khdng tudng minh, tuong tu trén
return 0;
}

Khi chuyén d8i mdt ki€u UDT thanh kiéu con tré hay tham chiéu, can dé phong viéc thay d6i dit liéu ctia I6p théng qua con trd
hodc tham chiéu bang tu khda const.

operator const Type * () const;
operator const Type & () const;

Khong ¢ toan tir ép kiéu tra vé kiéu bool, thay vao dd ta nap chdng toan tir ép kiéu tra vé kiéu void*, trinh bién dich s& chuyén
kiéu khéng tudng minh con tré tra vé thanh kiéu bool.

#include <cmath>
#include <string>
#include <iostream>
using namespace std;

class Number {

public:
Number( int n ) : num( n ) { }
operator const void *() const // hodc operator void const *() [const
{ return isPrime() ? this : NULL; } // kiém tra s6 nguyén t&
private:
bool isPrime() const
{

if ( num < 2 ) return false;
for ( long i = 2; i <= sqrt( num ); ++i )
if ( num % 1 == ) return false;
return true;
}
long num;

b

int main()

{
Number n( 523582853 );
cout << boolalpha << ( bool )n << endl;
return 0;

}

C++ cung cdp todn tir static cast<> thay cho ép ki€u nhu ngdn ngir C. Vi vdy, thudng tranh nap chéng toan tir ép kiéu vi
todn tr nay cé thé& lam xudt hién nhiéu trudng hgp chuyén ki€u khdng tudng minh kho ki€ém sodt dugc.
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2. Todn ti hai ngdi (binary)
Phuang thirc chi ¢ mdt déi s8, 1a todn hang bén phai, todn hang bén trai (d6i tugng goi phuang thiic) chinh la déi s6 8n *this.
Vi du sau trinh bay cl phap nap chong toan tr hai ngdi nhu mét ham thanh vién:

// Vi du nap chong toan tir hai ngdi nhu ham thanh vién (mot doi so)
Complex Complex::operator+( const Complex & right ) const
{

return Complex( re + right.re, im + right.im );

}

// tay trudng hdp, tra vé doi tugng mdi hodc tham chi€u dén toan hang bén trai
const Complex & Complex::operator+=( const Complex & right )
{
im += right.im;
re += right.re;
return *this;
}
// goi toan tr nap chong nay
Complex X( 1, 2 ), Y( 3, 4 ), W( 5, 6);
X+Y; // goi operator+()
W += X; // goi operator+=()

Chl y toén tr operator= chi cho phép nap chéng nhu mot ham thanh vién va can kiém tra trudng hap tu gan.

3. DGi s va tri tra vé clia phuong thirc nap chong toan tdr

M3c du 6 thé truyén cac d8i s6 va tra vé tri véi bat ky cach nao ta mudn, nhung nén bao dam céc quy tic sau:

- V6i bat ky d8i s6 nao clia mdt phuang thirc, néu ta chi can doc dbi s6 ma khdng cén thay déi nd, vi vdy nén truyén nhu mot
tham chiéu hang (const reference). Vi du céc toan tr s& hoc, so sanh, ... khéng thay ddi toan hang cta né, khi d6 phuang thirc
nap chdng céc todn tr nay gidng nhu mot ham thanh vién hang (const member function).

// sinh ra déi tugng la téng cla hai toan hang
Complex Complex::operator+( const Complex & right ) const

- Kiéu cla tri trd vé dudc chon tly theo y nghia ta mong dgi G toan tir. Néu két qua clia toan tlr 1a sink ra mot déi tuong mdi thi
can tra vé mot doi tuong.

// sinh ra d&i tugng la téng cla hai todn hang
Complex Complex::operator+( const Complex & right ) const

- Tat ca toan tur gan /am thay doi dbi tuong bén trai. Nhu' vay tri tra vé cho tt ca todn tir gan 1a mot tham chiéu dén doi tuong
bén trai. T khda const dé ngan nglra tdc dong ngugc vao thanh phan dir liéu riéng tu cua I6p thong qua phuong thic nay.

const Complex & Complex::operator+=( const Complex & right )

Vi du: Cac toan tr tdng 1 va gidm 1 lam thay d6i ddi tugng goi nén cac phuong thirc nap chdng tuong (ng khdng 1a ham thanh
vién hang.
o Kiéu prefix tra vé tri clia d6i tugng sau khi d& thay ddi. Nhu' vay véi prefix ta tra vé mot tham chiéu héng dén *this.
o Kiéu postfix luu d6i tugng, thay d6i dbi tugng rdi gui tra vé déi tugng dudc luu nAw mot déi tuong mdi.

// prefix increment operator

const Complex & Complex::operator++()
// postfix increment operator

Complex Complex::operator++( int )

- Nap chdng céc toan tir so sanh thudng tra vé kiéu bool.

III. Nap chong toan tir nhu ham friend (friend functions)

1. Toan tir co tinh giao hoan

Nap chdng toan t&r badng ham thanh vién khéng ¢ tinh giao hodn (symmetry), nhat |1a khi c6 sy’ chuyén ddi ki€u khdng tudng
minh trong biéu thirc. Xem vi du:

class Vector

double x, y;
public:
Vector( double = 0, double =0 );
Vector operator+( const Vector & right ) const;
Vector operator*( double k )const;
const Vector & operator=( const Vector & right );

+
// cai dat cac phuang thifc nap chong toan tlr I6p Vector
// ...
int main()
{
Vector a, b( 1.2, 3.4 ), c( 7.33, 8.0 );
double k = 2.1;

a=Db+ c; // tuong duong a = b.operator+( c)
a b + k; // OK, tuong dugng a = b.operator+(Vector( k ))
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a =k + b; // Lbi, k khong phai Ia mot d6i tugng

b =a * k; // OK, tuong ducng b = a.operator*( k )
b =k * a; // Loi, k khdng phai 1d mot ddi tugng
return 0;

}

Van dé trén dugc giai quyét nhu sau:

- Nap chdng toan tir bdng mét ham tu’ do; nghia la ham toan cuc, khdng phai 1a ham thanh vién.

- Néu can truy xudt thanh phan dif liéu private cta Idp 1a todn hang cua toan t& nap chdng nay, nap chdng toan tir bang mot
ham friend véi I&p. Dung ham friend la di ngugc lai tinh déng géi clia 16p, vi vay chi sir dung ham friend khi can thiét.

2. Nap chong toan tir dung ham friend

Cac luu y khi nap chong toan t&r nhu ham toan cuc hay ham friend:

- Toan tr nap chong la hai ng6i va hai toan hang co tinh giao hoan.

- Toan tr nap chong dugc goi tir mot I6p khac.

- Néu phuong thirc nap chdng todn tir khéng truy xudt phan private cuta I8p hién hanh, phuong thiic nay dugc cd thé cai dat
nhu mot ham toan cuc (khéng can khai bao trong I18p) thay vi cai dat nhu ham friend.

Ham friend tuy khai bdo trong Idp nhung khdng phéi la phuong thiuc thanh vién cla I6p. Vi vay ham friend khong ding con
tro this. Khi nap chong toan tir dung ham friend, cac todn hang phai khai bao day du trong danh sach d6i s6 (vi du toan tir
haitoan hang thi ham nap chong phai cé hai doi s0...).

Khi khai bdo ham friend can tir khda friend; khi cai dat ham friend, khong can tir khoa friend.

class Vector

friend Vector operator+( const Vector & V1, const Vector & V2 );
friend Vector operator-( const Vector & V1, const Vector & V2 );
friend Vector operator*( const Vector & V, double k );
friend Vector operator*( double k, const Vector & V );
public:
Vector() { }
Vector( double a, double b =0 ){ x=a; y=b; }
// ...
private:
double x, y;
};

Vector operator+( const Vector & V1, const Vector & V2 )
{ return Vector( V1.x + V2.x, V1.y + V2.y ); }

Vector operator-( const Vector & V1, const Vector & V2 )
{ return Vector( V1.x - V2.x, Vl1.y - V2.y ); }

Vector operator*( const Vector & V, double k )
{ return Vector( V.x * k + V.y * k ); }

Vector operator*( double k, const Vector & V )
{ return Vector( V.x * k + V.y * k ); }
khdng phai la phuang thirc cta I6p nhung la

int main() ham friend nén van truy xuat dugc dir
{ liéu "riéng tu™ cla I6p mot cach truc tiép
Vector V1( 2.0, 3.0 ), V2( 4.0, 5.0 );
V1 = V1l + V2;
V1l =Vl + 3.3; // gidi quyét dugc van dé giao hoan
V1 =2.1+ V2;
return 0;
}

MGt s toan tir: gan ('="), goi ham ("()"), chis6 ('[1"), truy xudt thanh vién ('->") phai dugc nap chdng nhu ham thanh vién.

3. Nap chdng toan ttr chén (insertion) va toan tur trich (extraction)

cout.operator<<( "An integer: " )
4 A N\
cout << "An integer: " << 23 << "and a double: " << 23.45

. ostream&

O ostream& )

() ostream& )

() ostream& )

0 ostream& )
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Todn tir chén << va toan tir trich >> cd chu thé goi ham (toan hang th(t nhat) thudc Idp khdc (ostream va istream) nén khi
nap chdng thudng dung ham friend. Tuy nhién, néu cac toan tr nay khong tham chi€u dén thanh vién private cla I6p,
chiing c6 thé nap chdng nhu mét ham toan cuc, khdng nhét thiét phai Ia ham friend.

L&p ostream nap chong mot loat toan tir chen, I6p istream cling nap chong mét loat toan tir trich.

D6i tugng thudc I6p con ostream va istream s& thay déi sau khi thuc hién toan tir nén dugc truydn nhu’ tham chiéu. Tham
chi€u (toan hang bén trai) tra vé bado dam viéc goi toan t(r lién ti€p nhiéu lan.

#include <iostream>
using namespace std;

class Vector

{
friend ostream & operator<<( ostream &, const Vector & );
friend istream & operator>>( istream &, Vector & );
friend Vector operator+( const Vector &, const Vector & );

public:
Vector( double a = 0, double b =0 )
s x(a), y(b) {}

private:
double x, y;

};

// dung cout << r, tuong duong vdi goi ham operator<<( cout, r)
ostream & operator<<( ostream & os, const Vector & r )

{
return ( 0s << '(' << r.x << ',' << r.y << ')');
}
istream & operator>>( istream & is, Vector & r )
{
return ( is >> r.x >> r.y );
}
Vector operator+( const Vector & vl, const Vector & v2 )
{
return Vector( vl.x + v2.x, vl.y + v2.y );
}
int main()
{

Vector a, b;
// goi ham operator>>( operator>>(cin,a ), b );

cin >> a >> b; // nhap2345
cout << "a + b="<<a+ b<<endl; // (68)
return 0;

}

IV. Cac toan tir chi nap chong nhu ham thanh vién

1. Toan tr gan va toan tir chi s6 (subscript operator)

Toan t&r gan mdc dinh dugc trinh bién dich cung cdp néu ta khong nap chdng toan tr gan. Tuy nhién toan tir gan mdc dinh chi
thuc hién viéc sao chép bé mat (shallow copy) s€ gay 10i néu I8p cd thanh phan di liéu dong.

Vi du dudi minh hoa nap chdng toan ti gan cho I&p c6 thanh phan di liéu dong, cac van dé vé toan tir kiu nay s& dugc thao
ludn trong chugng sau.

Todn t&r gan dudc thuc hién tir phai sang trai va tra vé mot tham chiéu d& c6 thé gan tiép tuc, vidua = b = c. Tham chiéu
tra vé la tham chi€u dén d6i tugng bén trdi vira gan xong.

Phugng thic nap chdng toan tir chi s6 (hai ngoi) tra v& mot tham chiéu dén phan tir né chi dén. Diéu nay cho phép toan tir chi
s8 ¢6 thé ndm & hai bén clia phép gan: vira la L-value?, vira la R-value. Khi ndm bén trai phép gan, toan i chi s6 cho phép thay
ddi thanh vién dir liéu private cia ddi tugng. Vi vy, todn tir chi s8 ciling thudc loai toan tir dot bién.

Ngoai ra can chi y céc quy tic: chi sb trao cho toan tir phai la s6 nguyén (integer), tri tra vé c6 kiéu cua dir liéu can Iay.

#include <iostream>
#include <stdexcept>
using namespace std;

class DoubleVector

{

public:
DoubleVector( int n = 10 )
{

L-value va R-value dugc phan biét tly theo vi tri clia chlng trong phép gan: bén trai (L) hay bén phai (R) phép gan. R-value
phai la mét "cho chra" dugc cap phat trudc.
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p = new double[size = n ];
for (int i = 0; 1 < size; ++i ) pli] = i;

};

// dung delete[] khi constructor c6 dung new(]

~DoubleVector() { delete [Ip; p = NULL; }

double & operator[]( int i );

/* cén than haon, cb thé dinh nghia tach riéng thanh hai toan tur
const double § operator[]( int i ) { return p[i]; }
double operator[]( int i ) €onst { return p[i]; }

*/

int ubound() { return size; }

protected:
double* p; // thanh phan dir liéu dong
size t size;
private:
DoubleVector( const DoubleVector & v )
{
p = new double[ size = v.size ];
for ( int i = 0; 1 < size; ++i ) pl[i]l = v.plil];

}

DoubleVector& operator=( const DoubleVector & v );
friend ostream& operator<<( ostream & os, const DoubleVector & r )
{

for ( int i =0; i < r.size; ++i ) 0s << r.p[i] << ' ';

return ( os << endl );

}

};

double & DoubleVector::operator[]( int i )
if (1 <0 || 1>= size ) throw out of range( "" );
return p[i]; // tra vé tham chi€u dén p[i]

DoubleVector & DoubleVector::operator=( const DoubleVector & r )

{
if ( this !'= &r ) // chitra vé *this néu tu gan
if ( r.size != size ) throw string( "Size is not equals!" );
delete[] p;

p = new double[r.sizel;
for ( int i = 0; i < size; ++1i )

pli] = r.pl[il];
return *this;
}
int main()
{

DoubleVector x( 5 ), y( 5 );
for ( int 1 = 0; 1 < x.ubound(); ++i )

x[i] =1 + i/10.0; // goi x.operator[]( i)
y = X; // 10i, goi phuang thirc private: y.operator=( x )
cout << vy; // 18p khong cho phép gan déi tugng
return 0;

}

C++11 thém phuang thirc nap chdng todn tr gan di chuyén (move assignment operator), ddi tugng bén phai la ddi tugng tam
va sé€ bi hly sau khi gan; phan biét vGi nap chong toan t gan sao chép (copy assignment operator).

Ngoai ra, giéng nhu véi constructor, C++11 cung cdp khai niém explicitly defaulted assignment operator cho viéc dinh nghia nap
chdng toan tlr gan rong va khai niém explicitly deleted assignment operator khi khdng mudn I8p c6 nap chong toan tir gan.

2. Toan tir goi ham (function call operator) va doi tugng ham (function object)
Toan tr goi ham cod thé xem la toan t hai ngoi véi doi tugng goi nhu' toan hang thdt nhat va danh sach doi sé nhu toan hang
th(r hai.

#include <iostream>
#include <cstring>
using namespace std;

class Word
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{

friend ostream & operator<<( ostream & os, const Word & r )

{

}
public:

Word( const char* );

// cho phép dung déi s6 mac dinh vé&i toan tir goi ham

Word operator()( int = 0, int =0 );
private:

char* str;

int len;

};

Word: :Word( const char* s ) {
len = strlen( s );
str = new char[len + 1];
strcpy( str, s );

}

return os << r.str << endl;

// todn tlr goi ham tra vé mot chudi con, chira n ky tu, bat dau tir vi tri i
Word Word::operator()( int i, int n )

{
i=(i<0)?20: ((i>1len) ? len : 1i);
n=(n<0)?20: ((n>1en-1)7? (len -1i) :n);
char* s = new char[n + 1];
strncpy( s, str + i, n );
s[n] = "\0";
return Word( s );

}

int main()

{
Word w = "Tester String"; // wla mot doi tugng ham
cout << w( 0, 4 ); // dung w dé& goi ham, két qua: Test
return 0;

}

Thé hién clla mdt Idp cd dinh nghia nap chdng tosn t’ goi ham goi la mdt déi tuong ham. DBi tugng ham dudc dung dé:
- goi ham, giéng nhu mot ham thong thudng.
- truyén nhu d6i s6 dén mot ham khac, rat thudng dung vdi thu vién <algorithm>.

#include <iostream>
#include <string>
#include <algorithm>
#include <vector>
using namespace std;

class Politician

{

friend ostream & operator<<( ostream &, const Politician & );
public:

Politician( const string & n = "", const string & add = "" )

name( n ), office( add ) { }
void operator()( const Politician & t ) { cout << t; }
private:
string name;
string office;

1
ostream & operator<<( ostream& os, const Politician & r )
{
0S << r.name << " [" << r.office << "]" << endl;
return os;
}
int main()
{
vector<Politician> vPolitician;
vPolitician.push back( Politician( "Barack Obama", "White House" ) );

vPolitician.push back( Politician( "Mitt Romney", "Nursing Home" ) );
// truyén mot "doi tugng ham" nhu doi s6 dén phuong thic cia thu vién <algorithm>
for _each( vPolitician.begin(), vPolitician.end(), Politician() );
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return 0;

}

3. Toan tur truy xuat thanh vién (class member access) B

C++ cho phép nap chéng hai toan tir truy xuét thanh vién: * va ->; d& ho trg cac I8p ma d6i tugng cla chling dugc diing nhu
con trd (pointerlike) chi dén d6i tugng khac. BGi tugng thude cac I6p nay thudng dung lam bo 13p (iterator) trong cac tap hgp
(collection).

Vi du: tao mét I18p X, thudng sé la d6i tugng chira trong collection.

class X
{
friend ostream & operator<<( ostream & os, X & r )
{
return os << r.value() << ' ';
}
public:
X(int a=0) :n(a) {1}

X& operator=( int i )
{

n=1i;

return *this;

}

int & value() { return n; }
private:
int n;

};

Tao mdt Idp X_ptr, 1a con trd (cursor, hay iterator — bd 18p) chi dén d6i tugng I8p X, chlfa trong collection. D& hoan thanh vai
tro pointerlike nay, can nap chong mét s toan tur sau cho I6p X_ptr, phuc vu cho "s6 hoc con trd":

*, ->: cho truy xuat thanh vién

++, +, -: cho s6 hoc con trd

class X ptr
X* ptr;
public:
X ptr( X* p ) : ptr( p ) {}
X* operator->() { return ptr; }

X& operator*() { return *ptr; }

X _ptr operator+( int k )
{ return X ptr( ptr + k ); }

int operator-( const X ptr & r )
{ return ptr - r.ptr; }

X _ptr& operator++()

ptr++;
return *this;

}
X _ptr operator++( int )
X _ptr dump( ptr );

ptr++;
return dump;

}
};
Kiém tra hoat dong ctia I6p X _ptr, chd y vai trd con trd cta nd véi Idp chlra X.
int main()
{
int i;
Xa[3] ={X( 1), X(C2), X(3) };
X ptr p = a;
for (1 =0; 1< 3; ++1 ) // phép cong con trd, dung todn tur truy xuat thanh vién
(p+ 1 )->value() += i; // cap nhat tri cho d6i tugng dudc chi bdi con trd
for (i =0; 1< 3; ++1 )
cout << *p++; // tang con tro 1én 1, roi dung toan tlr dereference
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cout << "\nNumber of element: "
<< p - a << endl; // phép trlr hai con trd, tra vé s6 phan tl gitra hai con tré
return 0;

}

4. Toan tr new va delete

Nap chong toan ti new va delete cho mét I6p thudng do nhu cau can quan ly hiéu qua viéc cap phat va thu h6i bo nhd, vi du
nhu tao "pool" quan ly s6 thuc thé cla I8p, Iuu trit thuc thé (caching) dé dung lai. DAi khi todn tir new va delete toan cuc cling
dugc nap chdng dé g& r8i (debug) khi cp phat bd nhd.

void * operator new( size t );
void * operator new[]( size t );

void operator delete( void * );
void operator delete[]( void * );

Vi du:

#include <iostream>
#include <cstdlib>
using namespace std;

class Point3D {
friend ostream & operator<<( ostream &, const Point3D & );
public:
Point3D() { x =y =2z =0; }
Point3D( int i, int j, int k) : x( 1
X =

(i), z(k) {1}
void set( int i, int j, int k) { = = k

) vOd,
i; y=13;z .
void *operator new( size t size );

void operator delete( void *p );

void *operator new[]( size t size );
void operator delete[]( void *p );

private:
int x, vy, z;

}i

ostream & operator<<( ostream & os, const Point3D & r ) {
0s << r.x << ", "<<r.y<<", " << r.z << endl;
return os;

}

void *Point3D::operator new( size t size )

{

cout << "Point3D::operator new" << endl;
void* p = malloc( size );

if ( !'p ) throw bad alloc();

return p;

}

void Point3D::operator delete( void *p )

{

cout << "Point3D::operator delete" << endl;
free( p );
}

void *Point3D::operator new[]( size t size )
{
cout << "Point3D::operator new[]" << endl;
void* p = malloc(size);
if ( !'p ) throw bad _alloc();
return p;

}

void Point3D::operator delete[]( void *p )
{

cout << "Point3D::operator delete[]" << endl;
free( p );
}

int main()

Point3D *pl, *p2;
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try {
pl = new Point3D ( 10, 20, 30 );

} catch ( bad alloc ba ) {
cout << "Allocation Point3D object error" << endl;
return 1;

}

cout << *pl;

delete pl;

try {
p2 = new Point3D[4];

} catch ( bad alloc ba ) {
cout << "Allocation Point3D array error" << endl;
return 1;

}

p2[1].set( 17, 23, 31 );

p2[3].set( -18, 24, -46 );

cout << "Contents of Point3D array: " << endl;
for( int 1 = 0; 1 < 4; ++1i )

cout << "array[" << i << "]: " << p2[il];
delete [] p2;
return 0;
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Con tro va tham chiéu
Pointer — Reference

Trong C, thao tac phurc tap va dé nham I3n nhéat 13 ding con trd. Trong C++, khai niém tham chiéu va con tré5 dé bi hiéu Ian 16n
va duing sai. Chuong nay vira én tap vira giai thich cac khai niém can nam viing khi dung con tré va tham chiéu trong C++, dac
biét khi truyén d6i s6 dén mot phuong thic hoac mét ham.

1. Con tro (Pointer)

1. Khai niém

Con tré la mot bién dic biét /uts dia chi ding d& tham chiéu dén mot bién khac hodc truy xudt mdt viing nhd nao dd. Thao tac
tao mot con trd chi dén mot bién dugc xem nhu 13y mot doi tugng dac biét dung quan ly cho bién dé. Nhu vay con trd sé khong
c6 y nghia néu khdng khdi gan bang céach chi dé€n mot bién khac hodc mét viing nhé nao dé.

: _ . a

izi*ap Z(']_"[ZG]' P [ox12FFed |—» 7

p = &a; // p cha dia chi cGa a, nhu vay p chi dén a

g = &vI[5]; // q chira dia chi ctia v[5], g quan ly mang con bat dau tur v[5]
g=vVv +5; // tuong dudng dong Iénh trén, nhung vé& phai dung dia chi

*p = 5; // abay qgit la 5, da bj thay d&i GIAN TIEP théng qua con trd p

cout << *p + *( q+ 2 ); // tuongduonga + v[7]

Nhan xét: c6 thé truy xust GIAN TIEP dén bién a thong qua con trd p chi dén né (chira dia chi ctia nd). Mudn thuc hién didu
nay ta phai dung hai toan tur:

&: todn tlr 14y dia chi cla bién, ddi tugng, ... d& "d5t" dia chi d6 vao con tro.

*: (dereference) toan t(r Idy noi dung cua bién, ddi tugng, ... ngi con trd chi dén.
Dereference (giai quy) mot con trd la thao tac /8y ndi dung clia doi tugng ndi con trd chi dén.

#include <iostream>

class Fraction

{

public:
int num, denom;
void display()

{
std::cout << num << '/' << denom << std::endl;
}
}
int main()
{
Fraction u = { 2, 3 }; // phan s6 2/3
Fraction* fp = &u; // dung con tro fp quan ly dGi tugng u I8p Fraction
(*fp).num = (*fp).denom + 1; // it dung cu phap goi thanh vién nay, phan s6 4/3
u.display(); // goi phuong thic display() TRUC TIEP
fp->display(); // goi phudng thic display() GIAN TIEP
u.num = u.denom + 1; // thay doi u TRUC TIEP
// thay doi u GIAN TIEP thong qua con tro fp bang cach dung toan tir ->
fp->num = fp->denom + 2; // phan s6 5/3
u.display();
return 0;
}

Toén tir deference * con goi la todn tur gign tiép (indirect operator), do ta dung todn tir nay dé truy xudt gidn tiép di tugng noi
con tro chi dén.

2. 56 hoc con tro (Pointer Arithmetic) va con tré vdi mang B

S8 hoc con trd thé hién rd nhat khi dung con tré truy xust mét mang hay chuoi.

- Khi duing con tré chi dén dau mdt mang, ta c6 thé gdn chi s6 cho con trd d€ truy xudt mang dé thay cho tén mang.

- Phép cdng: khi tdng con trd mot dan vi, con tré sé dich chuyén mét doan bang kich thudc cda dbi tuong ma con trd chi dén.
Nhu vay, trong trudng hgp dung mang, con tro sé chi dén phan tur ké ti€p trong mang.

- Phép trir: vGi hai con tro chi dén hai phan tr trong mang, con trd chi dén phan tr c6 chi s6 I6n han trir cho con tro chi dén
phan tlr cd chi s6 nho han s& cho biét s6' phén t'nam gitta hai con tro.

- So sanh hai con trd: c6 thé dugc thuc hién véi hai con tré cling kiéu.

#include <iostream>
using namespace std;
int main()
{

int a[1l0], i;

int *p, *q;

5 C++ goi cac kiéu cua mét ki€u cé san 1a kiéu dan xuat (derived type): con tro, tham chiéu, mang, héng, ham.
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p=q=a;
// o thé gan chi s6 cho con trd p khi p chi dén mang a
for (i =0; 1< 10; ++1i )
plil = i;
// phép cong con tro, xuat cac phan tlr mang
for (i =0; 1< 10; ++i )
cout << *p++ << ' ',
// phép trir con trd cho biét s6 phan tir cia mang
cout << "\nHas been " << p - q << " element(s)" << endl;
// so sanh con trd, xuat ngudc cac phan tir mang
for ( --p; p>=q; --p )
cout << *p << ' ',
return 0;

}

Can nhac lai mét s6 dic diém ctia mang int a[] trong C++:
Tén mang a chinh la dia chi (khong phai con trd) phan tir dau tién clia mang, tuong ducng &a[0].
( a+ 1 ) chinhladiachiphantrali] cia mang, vay *( a + i ) tudng duang a[i]®

3. Cap phat dong (Dynamic Storage Allocation)

Todn tir new dung dé cap phat cho d6i twgng mdt viing nhd trén heap va khdi tao cho ddi tugng dd. Néu thanh cong, két qua
nhén dugc |a con trd quan ly ddi tugng, con trd nay lai ndm trong stack.

C++ chi dinh cac trinh bién dich diing mdt phién ban clia new, sé& tra vé 0 khi cdp phét gap 16i:

#include <new> // khai bdo dé&i tugng nothrow, ki€u nothrow_t
double *ptr = new( nothrow ) double[ 50000000 ];

Toan tir delete dung dé& gidi phdng viing nhé cap phat cho dbi tugng nay.

class Vector

{
public:
Vector( double a, double b ) : x( a ), y(b ) {1}
private:
double x, vy;
};
void foo( int n )
{
Vector a( 2.2, 6.7 ); // bién cuc bo a tao trén stack

// ddi tuogng thudc I6p Vector dudc cap phat dong va khdi tao trén heap

// va dugc quan ly bdi con tré p trén stack

Vector* p = new Vector( 1.2, 3.4 );

// cép phét viing nhé trong heap cho con tro plong bang toan tir new, rdi khdi gan tri luu tai ving nhé do
long* plong = new long(1234567);

YV

delete plong; // giai phong ving nhd cap phat cho plong trong heap

delete p; // gidi phong vung nhé cap phat cho déi tugng do p chi dén
} // bién cuc bd p, b va a [an lugt bj hly tai day

Cling cd thé dung todn tir new[] dé cdp phat cho mét mang, nhung khdng thé ddng thdi khdi tao cho cac phan tir cla mang
dugc. Ding toan tir delete[ ] d€ gidi phong viing nhé cdp cho mét mang.

int size = 100;

Person* p = new Person[size];

// néu dung delete p d€ gidi phdng mang sé khdng biét s6 déi tugng
// nén khong goi dugc destructor cho tat ca cac doi tugng thudc mang
delete[] p;

4. MGt s6 con tro dac biét

a) Con tro NULL )

M6t dia chi hgp 18 chira trong con trd phai khac 0. Dia chi bang 0 dudc dung d& chi mét 16i. V&i con trd, héng s6 NULL dudc dinh
nghia nhu 0 trong céc tap tin header chudn. M6t con trd cha tri NULL goi I con tré NULL, biéu thi rdng con tré nay khéng chi
dé&n mot bién ndo ca. Khdng thé dung toan tir dereference (*) véi con trd NULL.

Sau khi giai phong viing nhé cép phat do mét con tré chi dén bang toan tir delete, con trd trd thanh con tro lac (stray pointer).
Nén dat con tro lac thanh con tré NULL, vi dUng todn tir delete trén con tro lac sé gay 10i, nhung dung con trd NULL thi an
toan. Con trd lac va con trd NULL déu phai khdi gan lai trudc khi str dung ti€p.

b) Con tro ki€u void*
M6t con tré ki€u void* khdng xac Ip vdi mot kiéu nao, nhu vy con troé void* dugc tham chiéu dén nhu 1a mot con 6 khdng
kiéu (typeless pointer).

6 Phat biéu sau dugc xem nhu "thanh ngif ctia C", C++ thira k& dic diém do:
al[il] =*(a+1i)=*(1i+a) =ilal]
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Khdng thé thuc hién s8 hoc con trd trén con tré kiéu void* vi khdng xac dinh dugc kich thudc dit liéu ma né chi d&n (nhung
thuc hién dugc véi con trd void**). Khéng thé deference con trd ki€u void* vi khéng xac dinh dugc kiéu dif liéu cta né. Chi
c6 thé ép kiéu tudng minh né thanh kiéu con tré khac.

Ep kidu con trd cd kidu bt ky thanh con tré co ki€u void* rdi truyén nd nhu ddi s6 dén toan tir << s& tra vé dia chi viing nhd
chira trong con trd do dudi dang hex.

#include <iostream>
using namespace std;

int main()
{
char* p = "00P with C++";
void* q;
// con trd void* cd thé chi dén di liéu co kiu bt ky, y tudng:
// luu trlr mot con trd ki€u bt ky trong con tro void*

q=p; . . .
// con tré void* q quan ly chudi "OOP with C++", c6 thé gan p bang NULL
p = NULL;

// phai ép kiéu con tro void* dé sir dung dugc di liéu nai né chi dén
p = ( char* )q;

cout << p << endl; // in chudi "OOP with C++"
cout << ( void* )p << endl; // in dia chi chifa trong p
return 0;

¥

Con tro6 void* dung xay dung cac phuang thiic, template, nap chdng toan tir new, ... trong dé can con trd chi dén mdt kiéu
chung do chua xéac dinh dudc kich thudc kiéu diF liéu chi dén.

¢) Con tro ham (function pointer - functor)

Khac vdi con trd thong thudng dung chi dén dir liéu, con tré ham la mot loai con tré dung chi dén code. Trong C++, tén mdt
ham la con tré hang chi dén ham dé. Co nhiéu cach dung con trd ham: dung goi ham thay cho tén ham, dung nhu d6i s6 truyén
dén ham khéc, luu vao mang dé truy xut theo chi s6 mdt ham trong tp cdc ham gidng nhau.

#include <iostream>
using namespace std;

int add( int a, int b ) // dinh nghia mdt s6 ham cé dic diém giéng nhau
{ return a + b; } // nhéan hai d6i s6 int va tra vé kiéu int

int mul( int a, int b )
{ return a * b; }

// khai bdo con trd ham nhén hai d&i s6 int va tra vé kiéu int
int ( *pFunc )( int, int );

// khai bao va gan mot mang cac con trd ham (cac tén ham)
int ( *apFunc[] )( int, int ) = { add, mul };

// khai bao mot ham nhéan d6i s6 la mot con trd ham (tén ham)
int caller( int, int, int ( *p )( int, int ) );

int main()
{ >
// gan cho con trd6 ham mot dia chi ham dé né Gy nhiém dén khi goi ham
pFunc = &add;
// dereference mot con trd ham nghia la Gy nhiém IGi goi dén ham can goi, trong trudng hgp nay la ham add()
cout << ( *pFunc )( 4, 5 ) << endl;

// nén dung cl phap sau, linh dong va dé str dung hon, ty nhiém dén ham mul(),
pFunc = mul; // tén mét ham xem nhu la mét con tré ham!

// dung con tré ham nhu mot ham! (Gy nhiém goi ham), tén con tré thay cho tén ham
cout << pFunc( 4, 5 ) << endl;

// dung mot con tré ham trong mang cac con tré ham
cout << apFunc[0]( 4, 5 ) << endl;

// mot phan tir cla mang con trdé ham cling la mot con tro!
cout << ( *( apFunc + 1) )( 4, 5 ) << endl;

// chuyén 16i goi ham mul() dén ham caller(), truyén con tré ham nhu ddi s&
cout << caller( 4, 5, mul ) << endl;
return 0;

}

int caller( int a, int b, int ( *p )( int, int ) )

{
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return p( a, b );

}

Dung typedef sé lam cho chuang trinh dé doc han nhiéu, xem lai vi du trén:

#include <iostream>
using namespace std;

int add( int a, int b ) { return a + b; }
int mul( int a, int b ) { return a * b; }
typedef int ( *VPE )( int, int );

VPF v[] = { add, mul }; // mang cac con tro ham

int caller( int, int, VPF ); // truyén con trdo ham nhu doi s6

int main()

{
VPF pFunc = mul; // dung tén ham nhu con tré ham
cout << pFunc( 4, 5 ) << endl; // dung con tré ham giéng nhu mot ham
cout << v[O]( 4, 5 ) << endl; // dung con tré ham trong mang cac con tré ham
cout << caller( 4, 5, mul ) << endl; // goi ham vdi daiso la con tro ham
return 0;

}

int caller( int a, int b, VPF p )

{
return p( a, b );

}

Con trd chi dén phuang thic thanh vién (pointer to member function) cling dugc sir dung trong trudng hgp I8p co nhiéu phuang
thiic thanh vién cé dic diém gidng nhau:

- Truy xuat con trd chi dén phuaong thirc thanh vién thong qua con trd chi dén ddi tugng, dung toan tir ->*

- Truy xuat con trd chi dén phuong thiic thanh vién thdng qua déi tugng, dung toan tor . *

Khi truy xuat con trd chi dén dir liéu thanh vién cling stf dung hai toan tir trén theo cach tuong tu.

#include <iostream>
#include <string>
using namespace std;

class Greetings {
public:
void hello( const string & name ) const
{ cout << "Hello, " << name << endl; }
void byebye( const string & name ) const
{ cout << "Byebye, " << name <<endl; }
}

typedef void ( Greetings::*VPF )( string ) const;

void greet( const Greetings* p, string name, VPF pFunc = &Greetings::hello )
{
( p->*pFunc )( name );

}

int main()

{
Greetings* p = new Greetings();
greet( p, "Albert Einstein", &Greetings::byebye );
return 0;

}

Con tré ham thudng dugc dung dé thuc hién cac ham callback, cd ché két néi ddng (dynamic binding), cac ('ng dung hudng su
kién, cg ché Gy nhiém (delegate), ...

II. Tham chiéu (Reference)
1. Kiéu tham chiéu

iint a = 7; a
// khai bao tham chiéu, ky hiéu & aa ----

// khéng phai la toan tir Idy dia chi chi 1a khai bao mot "tén khac"

int& aa = a; ;

cout << aa << endl; // doc GIAN TIEP tri cua a thdng qua "tén khac" aa
aa = 5; // abay git 1a 5, bi thay ddi GIAN TIEP thdng qua aa

aa la mét £én khdc cia a, mdt bi danh (alias) cua a (a goi la referent cla aa). Ta truy xudt dén aa cling giéng nhu truy xuat
dén a. Nhan xét: cé thé truy xudt GIAN TIEP dén bién a thong qua bi danh cua n6 la bién tham chiéu aa.
Tham chiéu ciing truy xuat GIAN TIEP dén mot bién nhu con trd nhung cu phap it phiric tap han. C++ c6 khuynh hudng st

33



http://www.codeschool.vn/

© Duang Thién T&r www.codeschool.vn

dung tham chiéu nhiéu han con tro.

Tham chiéu khong phai [a mot bién ridng biét, bién tham chiéu aa that su dong nhét véi bién a. Ap dung toan tir & 1én tham
chiéu gidng nhu ap dung toan tir & Ién bi€n ma nd tham chiéu dén, két qua cho ciing mot dia chi la dia chi cla bién. Viéc dinh
nghia mot tham chi€u khong t&n thém bd nhd nhu con tro.

cout << &aa << ' ' << &a; // két qua cho cung mot dia chi, vi du 0x25FDA8

Nhu vay, tham chiéu chinh la mdt tén khac cua mét bién da ton tai, nhung dung tham chi€u cd nghia la ta da truy xuat dén bién
d6 mot cach gidn tiép. Vi ban chat tham chiéu khac con tré nén tham chiéu cé rat diém khac con tro:

- Tham chiéu can dugc khdi gan tai thsi diém né dugc tao ra, sau dé khéng thé thay déi tham chiu chi d&n mét d6i tugng khac.
Nghia la khong dung mot tham chi€u cho nhiéu bién khac nhau, khong gan lai tham chiéu.

- Khong cé bién tham chi€éu NULL. Khong cé tham chi€u dén mét con tro.

- Khdng c6 dic tinh cdng trir nhu' con tro. Khdng thé gan chi s& cho tham chiéu.

- Khdng thé tao mét mang cac tham chiéu.

- Con tro dugc dereference bang toan t& * hodc -> mét cach tudng minh. Tham chiéu dugc dereference tu dong, khéng dung
toan tlr. Vi vay dung tham chiéu co6 vé "tu’ nhién" hon, gidng véi dung bién truc ti€p.

// con tré // tham chiéu // tructiép
int x; int x; int x;
int* p = &x; int& y = x;

*p = 10; y = 10; x = 10;
cout << *p; cout << vy; cout << Xx;

2. Chu y khi dung tham chiéu
Bién tham chi€u hoan toan khéng c6 y nghia cho dén khi n6 dugc khdi tao bang céch gan (attach) vSi mot referent nao do. Gan
cho aa tri cGia b, nghia la gan cho a tri ctia b, khong phai thay doi tham chi€u aa cho nd chi (két nGi - bound) dén b.

inta =2, b =3;

int& aa = a; // khdi gan tham chiéu aa la mét alias clia a

int ¢ = aa; // gan c vdi tham chiéu aa, tuong ducng gan c vdi a (ma aa la alias)
aa = b; // thay ddi a véi tri cla b, khdéng phai gan aa la alias cta b

int& bb = 10; // SAIL. Tham chi€u phai la alias cta bién hodc d6i tugng

C6 thé tham chiéu dén mét d6i tugng cp phat dong.

#include <iostream>
class Point

{
int x, vy;
public:
Point( int a =0, int b =0 )
{x=a;,y=>0b;}
void show()
{ std::cout << "( " << x << ", " <<y << " )\n"; }
};
int main()
{

// dung tham chiéu clia mét doi tugng cap phat dong
Point& p = *new Point( 3, 4 );

p.show();

// dung con tro chi dén doi tugng cap phat dong
Point* q = new Point( 5, 6 );

g->show();

return 0;

}

III. Truyén doi s6 cho mot ham
1. Truyén bdng tri (Pass By Value)

void DoubleIt( int x )

{x*=2;1}%

int main()

{
int a = 8;

DoubleIt( a );
cout << a << endl; // két qua: 8, a khdng ddi sau khi goi ham Doublelt
return 0;

}

Khi duing truyén bang tri bién a dén ham DoubleIt (), ddi sd thuc a s& dugc COPY dén déi s6 hinh thirc x: int x = a;
Ham DoubleIt () sé thao tac trén bién cuc bo x nay giéng nhu thao tac trén mot ban sao cla a.

Ham DoubleIt () khdng lam thay d6i dugc bién a do bién a & tAm vuc (scope) khac: thudc v& ham main().

Truyén mdt mang dén ham tuong duong vdi truyén con trd, ham nhan ddi s6 1a mang cé thé thay d6i cac phan tir ciia mang.
Truyén con tré hang (const con trd truyén) d& bdo vé& mang tranh thay d6i néu can.
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2. Truyén bang tham chiéu thdng qua con trd (Pointer Based Pass By Reference)
Ta hiéu la truyén bang tri mot d6i s6 ki€u con tro.

void DoubleIt( int* x )
{ *x *=2; }

int main()
{
int a = 8;
DoubleIt( &a );
cout << a << endl; // két qua: 16, a thay d6i sau khi goi ham Doublelt
return 0;

}

Dia chi ctia doi s6 thuc a dudgc COPY dén ddi s6 hinh thic la con trd *x nhu' sau: int* x = &a;

Nhu vay, ro rang x la con trd chi dén bién a. N . ] N

Ham DoubleIt () khdng thé truy xuidt TRUC TIEP bién a ciia ham main(); nhung van cé thé truy xuit GIAN TIEP va lam
thay déi dbi sb thuc a thdng qua con tré x chi dén no._ .

Ta nhan thay cl phap st dung phirc tap va dé nham lan cho ca ngudi goi ham lan ngudi cai dat ham, do dung nhiéu toan tar *
va &. Tuy nhién, day la cach ngdn nglr C dung.

Ta thuing dung con trd dé truy xuét doc va ghi dén mét déi tugng. Khi dung chi véi tac vu doc, ta c6 thé dung tir khéa const
d& gén "nhan chdng ghi" cho ddi tugng do con trd chi d&n. Con trd trong trudng hgp nay goi la con trd chi doc (read-only pointer).

#include <iostream>
using namespace std; B .
// md phdong cac ham x{r ly chudi clia C tra vé so ky tu cd trong chuoi
size t strlen( const char *str )
{
const char* p = str;
while ( *p ) ++p;
return ( p - str );
}
// so sanh len ky tu cta chudi s1 vdi s2
int strncmp( const char *sl, const char *s2, size t len )
{
if ( len > strlen( sl ) ) len
if ( len > strlen( s2 ) ) len
for ( int i = 0; i < len; ++i )
if ( s1[i] '= s2[i] ) return 1;
return 0;
¥ . i
// tim chudi s2 trong chuoi s1
char* strstr( const char *sl, const char *s2 )
{
size t len = strlen( s2 );
for ( ; *sl !'= '"\0'; ++s1 )
if ( _strncmp( sl, s2, len ) == )
return ( char * )sl;
return NULL;

_strlen( sl );
_strlen( s2 );

} .
// tra vé vi tri cac chuoi s2 trong sl
int main()
{
char* s = "hom qua qua khong qua";
char* p = s;
while ( ( p = _strstr( p, "qua" ) ) != NULL )
std::cout << p - s << ' ';
p++;
}
return 0;
}

3. Truyén bang tham chiéu (Pass By Reference)
Ta hiéu la truyén béng tri mdt d6i s6 kiéu tham chiéu.

void DoubleIt( int& x ){ x *= 2; }

int main()

{
int a = 8;
DoubleIt( a );
cout << a << endl; // kétqua: 16, a thay d6i sau khi goi ham Doublelt
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return 0;

}

Dia chi cta d6i s6 thuc a dugc COPY dén doi s6 hinh thirc la tham chiéu &x nhu sau: int& x = a;

Nhu vy, x la mét bi danh hay mét ¢én khdc cla déi s6 thuc a. . ] N

Ham DoubleIt () khdng thé truy xuidt TRUC TIEP bién a ciia ham main(); nhung van cé thé truy xuit GIAN TIEP va [am
thay déi d6i sb thuc a théng qua bi danh x cta no.

Ta nhan thay cu phap str dung don gian cho ngudi goi ham, ngugi cai ddt ham chi phai quan tdm dén danh sach déi s6.

Vi du khac: Tim phan t&f nho nhat trong mdt phdn ctia mang

#include <iostream>
#include <cstdlib>
#include <ctime>
using namespace std;

void order( int & p, int & q )
{

if (p>q)

{ int temp = p; p = q; q = temp; }
}

// truyén tham chiéu clia con trd dé todn tir new thay déi né
void createArray( int * & a, int size ) {
srand( time( NULL ) );
a = new int[ size 1;
for ( size t 1 = 0; 1 < size; ++i )
cout << ( a[i] = rand() % 201 - 100 ) << ' ';
cout << endl;

}

int getMin( int* a, int size, int left, int right )
{

if ( left < 0 ) left = 0;

if ( right > size ) right = size;

int min = a[left];

for ( size t i = left; i < right; ++i )

order( min, al[i] );
return min;

}

int main()
{
int* a;
createArray( a, 6 );
cout << "Minimum = " << getMin( a, 6, 0, 6 ) << endl;
return 0;

}

Truyén bang tham chiéu c6 thé thay ddi gian tiép d6i sG truyén cho ham. Mot s6 ham that sy can diéu nay, vi du ham tra vé
nhiéu han mot tri (returning multiple values). Nguy cd la c6 thé vo tinh thay dai tri cia d6i s6 truyén cho ham, ta giai quyét van
dé d6 bang cach dung tham chiéu hang.

4. Ap dung trong class
a) Tham chiéu hang (Const Reference)

class Big

{
public:
void Foo() { ... }
private:
// dit liéu thanh vién
};
class Client
{
public:
void valMethod( Big a ) { ... a.Foo() ... }
void refMethod( Big & b ) { ... b.Foo() ... }

// "nhan chdng ghi" cho ¢
void CrefMethod( const Big & c ) { ... c.Foo() ... }

private:
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// dit liéu thanh vién
};

Phuang thic thanh vién valMethod () truyén dGi s6 bang tri. D&i sd hinh thic a la mdt ban COPY cla ddi tugng Big. Truyén
bang tri nhu vay c6 nhiéu van dé: nd, phuang thic thanh vién trd nén khdng an toan.

Phuong thirc thanh vién CrefMethod () cling truyén ddi s6 bang tham chi€u. Nhung d6i s6 hinh thirc la tham chiéu d§ duoc
bdo vé bdi tir khda const. Bat ky moi thay ddi cd anh hudng dén di s& c trong phuang thiic thanh vién nay déu dugc canh
b4o béng 16i bién dich. Ta goi: phuong thirc dugc truyén cac déi s6 tham chidu chi doc (read-only)

Ta cling goi: Phuang thirc CrefMethod () dudc truyén mot tham chiéu héng. const Big& c khdng cd nghia d8i tugng kiéu
Big ma c tham chiéu dén I1a mét hang. N6 chi cho théy la d8i tugng dé khdng thé thay déithéng qua bi danh c.

Truyén béng tham chiéu héng cé uu thé& clia truy@n béng tri 1an truyén bang tham chiéu: ta mudn truyén béng tham chiéu cho
gon nhe (khdng cé sao chép ddi s6 kich thudc 16n) va cling khéng mudh vé tinh thay d6i d6i s6 truyén cho phuang thirc.

#include <iostream>

using std::cout;

// truyén const reference thay cho by-value

void f( double a, double & b, const double & c ) { }

int main() khéng dugc thay déi ¢
. , . trong ham thanh vién f
inti=1, j =2, k=3;
fC1i, 3, k);

OK. P3i s6 thuc cé thé L6i. Khong thé chuyén kiéu
chuyén kiéu thanh double  tham chiéu (khéng const)

double d = 4.0;

f(d+1, d+2,d+ 3);

OK. DGi s6 thuc  Li. Bdi s6 thuc
khong can la L-value phai la L-value
return 0;

}

Lap trinh vién C++:

- Phan biét const X* (con trd dén ddi tugng X hang, d6i tugng X khéng dugc thay ddi) véi Point const * (con trd héng chi
dén déi tugng X, d6i tugng X cé thé thay d6i).

- Khdng phéan biét const X & vdi X const &, déu c6 nghia lam khdng thay ddi ddi tugng X théng qua tham chiéu.

b) Phuang thic thanh vién hdng (Const Member Function)

M6t s& phudng thirc thanh vién, thudng 1a cac phuang thirc xut, thé hién trang thai cla I8p, ... khdng lam thay d6i thanh vién
cta I8p. Ta goi chlng la cac phuang thic khong dot bi€én (non-mutating) hodc phuong thiic thanh vién chi doc (read-only). Cac
phuong thiic nay thudng dudc khai bdo véi tir khda const & cudi, cho thdy day la mdt phuong thirc thanh vién hang. Trong
phuong thic thanh vién hdng, chi dugc goi cac phuaong thiic thanh vién hang khac.

#include <iostream>
class Stack

int s[100], top;

public:

Stack() { top = -1; }

bool isEmpty() const; // phuong thirc thanh vién hang
};

- Phét sinh nhiéu van dé phuc tap néu ddi tugng Big co6 thanh phan di liéu déng (sé€ thao luan trong mét chudng sau).

- Qua trinh COPY sé cham (tang overhead) va chi€ém nhiéu bo nhd néu doi tugng Big co kich thudc 16n.

Phuang thic thanh vién refMethod () truyén ddi s6 bang tham chiéu. Viéc quan ly ddi tugng Big thdng qua bi danh b cia nd
tré nén nhe nhang hon. Tuy nhién nguy co tiém &n |a d6i tugng dugc tham chiu cd thé bj thay d8i théng qua bi danh b cla

bool Stack::isEmpty() const

{

return ( -1 == top ); isEmpty() khdng thé thay
} ddi *this, nghia 1a khéng
, ) thay d&i cac thanh vién cla I6p
int main()

Stack p;

std::cout << p.isEmpty();

return 0;
}

Do const trong trudng hgp dung véi muc tiéu khéng lam thay ddi *this, nén khéng ding véi phuong thiic khdng phai 1a
phuang thic thanh vién cua I6p.
Phuang thic thanh vién hang khéng lam thay déi thanh vién cla I3p, tuy nhién rang bubc nay khdng qua nghiém ngét, trong
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phudng thirc thanh vién hing van cé thé ding toan tir const cast<> dé thay ddi con tré hdng this:

#include <iostream>
using namespace std;
class X {
int times;
int value;
public:
X( int t, int v ) : times( t ), value( v ) { }
void display() const

{

chuyén ddi con tré hang this
thanh con tré X* binh thudng
const cast<X*>( this )->times++;
cout << value << '[' << times << ']' << endl;
}
}i

int main()

Xa(0, 2);

for (int i =0; 1 < 5; ++1 )
a.display();

return 0;

}

Trong phudng thitc thanh vién hang, ta cling c6 thé thay d6i cac thanh vién "c6 thé thay ddi dugc” (mutable), nghia la cac thanh
vién co dung tir khda mutable, day la cac thanh vién néu can thay doi la co thé thay doi dugc:

#include <iostream>

class X { . times la bién ¢ thé
mutable int times; thay doi dugc
int value; '
public:

X( int t, int v ) : times( t ), value( v ) { }
void display() const
{
times++;
std::cout << value << '[' << times << ']' << std::endl;
}
};

c) Tra vé mot tham chiéu . .

Tra vé mot tham chiéu s& khdng tao dbi tuiong mdi ma tao nén mot tén mdi dén mot doi tuong cd san. DGi tugng cd san cb thé
la chinh d6i tugng goi phuang thirc (*this) hay d6i tugng dudc tao trén heap (bdng cdp phat) tir trong phuong thic.

Can nhd rang ddi tugng dugc tham chiéu trong tri tré vé& phai ton tai sau khi thodt khéi phuang thirc, viéc tra vé mot tham chiéu
clia d6i tugng cuc b tao trén stack (bang khai bao cuc bd) trong phuang thirc sé& gay 16i do tham chiéu s& bi huy theo ddi tugng
cuc bo khi phuong thirc két thic. B

Khdng dung mot tham chiéu dé€ nhan tham chiéu tra vé, vi sé gdp nhiéu 16i tiém &n khi giadi phdng viing nhé cho déi tugng dugc
tham chiéu, thay vao do, ta cd thé: khai bao mét d6i tugng, diing né dé nhan tham chiéu tra vé tir phuong thiic hodc truyén né
bang tham chiéu dén phuang thirc.

#include <iostream>
#include <sstream>
using namespace std;

class Point

{
public:
double x, y;
Point( double x, double y )
{ this->x = x; this->y =vy; }

string toString()
{
stringstream ss;

ss << II( n << X << II’ n << y << n )\nll;
return ss.str();
}

Point upByVal( double dist )
{ y += dist; return *this; }

Point& upByRef( double dist )
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Point & mid( const Point & p ) const

{
return *new Point( ( x + p.x )/2, (y + p.y )/2);
}

};

khdng thé tham chiéu dén mét ddi tugng tam cuc bd trén stack;
ma can tham chi€u dén mét doi tugng dugc cap phat trén heap

// trd vé bang tri, mot d6i tugng mai (mot R-value)
Point leftmostVal( Point & p, Point & q )
{ return ( p.x <qg.x ) ?p:q; }
tri tra vé cla
leftmostVal( a, b)
(2, 10)

a b
(4, 8) (2, 10)

// tra vé bang tham chiéu dén mot déi tugng cii (mot L-value)
Point & leftmostRef( Point & p, Point & q )
{ return ( p.x <qg.x ) ?p : q; }
a b tri trd vé cua
leftmostRef( a, b )
(4, 8) (2, 10)

int main()
{
Point a( 4, 8 ), b( 2, 10 ), c( 1, 5 ), d( 1, 5);
cout << leftmostVal( a, b ).toString();
cout << leftmostRef( a, b ).toString();
leftmostRef( a, b ) = c;

// travé(2,10)
// travé (2,10)
// OK. Vi leftmostRef() la mot L-value

cout << b.toString();
a = leftmostRef( a, b );
cout << a.toString();

// travé(1,5)
// OK. Chuyén kiéu Point& thanh Point
// travé(1,5)

mot d6i tugng tam la ban sao
clia a dudc tao ra

a.upByVal( 1 ).upByvVal( 2 );

cout << a.toString();

b.upByRef( 1 ) LupByRef( 2);

// tra vé (1, 8) van tham chiéu dén dadi tugng b
cout << b.toString();

cout << a.mid( b ).toString();

return 0;

}

// travé(1,6)

// travé (1,7)

Trong vi du trén ta nhan thdy phutng thic trd vé mét tham chiéu cé thé nam & hai bén cla phép gan (vira la L-value vira 13 R-
value). Néu phuang thic tré,v‘é tham chiéu la phuong thirc thanh vién cia mot I6p, déi tugng dugc tham chi€u (thudng la chinh
ddi tugng goi *this) cd thé b/ ghi nguoc trd lai tr bén ngoai I6p.

#include <iostream>
using namespace std;
class Matrix

double m[100][100];
int deg;
public:
Matrix( int n = 0, int val =1 );
// phuadng thirc value() tra vé mot tham chi€u dén mot vi tri trong bién thanh vién mang m
double& value( int i, int j )
{ return m[i]1[j]; }
Matrix operator*( int k );
void display();
+

Matrix::Matrix( int n, int val ) : deg( n )
for ( int i = 0; 1 < deg; ++i )
for ( int j = 0; j < deg; ++j )
value( i, j ) = val;

}

Matrix Matrix::operator*( int k )
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{
Matrix a( deg

);
for (int i = 0; 1 < a.deg; ++i )
for ( int j = 0; j < a.deg; ++j )
a.value( i, j ) = k * value( i, j );
return a; A ding ham value() &
} hai bén cltia phép gan
void Matrix::display()
{
for ( int i = 0; 1 < deg; ++i )
{
for ( int j = 0; j < deg; ++j )
cout << value( i, j ) << '"\t';
cout << endl;
}
}
int main()
{

Matrix a( 4, 2 );
(a* 3 ).display();
return 0;

}

C6 thé han ché tinh "hai chiéu" nay bang tir khéa const d& co phuang thirc thanh vién an toan. Ta goi: phucng thirc thanh vién
tra vé mot tham chiéu chi doc (read-only reference).

class Point
{
public:
double x, y;
Point( double x, double y )
{ this->x = x; this->y =vy; }
const Point & upByRef( double dist )
{ y += dist; return *this; }

};

// ...

Point a( 4, 8 );

a.upByRef( 1 ); // OK.(4,9)

a.upByRef( 1 ).upByRef( 2 ); // LOi, a.upByRef( 1) tra vé mdt tham chiéu héng

Tra vé mét tham chiéu dudc dung nhiéu khi nap chong toan tir, vi dung mot toan tr nap chdong thuc chat la goi mot phuang thirc
thanh vién.
C++11 cung cap khai niém mdi goi 1a rvalue reference, ding && thay cho tham chiéu thay déi dudc L-value &.

5. So sanh cac kiéu truyén tham s8

Truyén bang ... tri (khong tham chiéu) tham chiéu tham chiéu hang
D5i $8 hinh thic I3 bién cuc bd clia ham dugc tham chiéu dén tham chiéu hang dén d6i s6
goi, sao chép tri dGi s6 thuc doi s6 thuc thuc hoac doi tugng tam

Ham dudc goi ¢ thé lam thay d&i déi . , R
s hinh thiic? co Co6 Khéng

DGi s6 hinh thirc khi thay ddi s& anh Khdng cho phép thay doi

hudng dén doi s6 thuc? Khong co ddi s6 hinh thirc
DGi s6 thuc cd thé 1a ... R-value L-value (thay d8i dugc) R-value

DGi s8 thuc ¢b thé chuyén kiéu tring ) Khong Cé

vGi dGi s6 hinh thc? (mét s6 ngoai I€) (tao bién tam)
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LAp c6 thanh phan dir liéu cap phat dong

Dynamic Members

B4t ky I6p nao ciling ¢ san bdn phudng thic do trinh bién dich tao: ham dung méc dinh (default constructor), ham huy
(destructor), ham dung sao chép (copy constructor) va toan tr gan (assignment operator).

M6t I18p ¢ thé cd thanh phdn di liéu déng (dynamic members) nhu con trd, s& dudc cap phat viing nhé khi déi tugng thudc 16p
sinh ra va hoat dong. Su' cé mdt cta thanh phan di liéu ddng nay mang dén nhiing nguy cd tiém an, nhéat 13 khi cd su sao chép
doi tupng. Khi cac phudng thic c6 san trén dugc dung q@ sao chép dobi tugng, tac vu sao chép la sao chép bé mdt, chinh la
nguyén nhan gay ra 0. D& giai quyét, phan nay hudng dan xay dung bn phuong thiic can thiét khi tao I6p cd thanh phan di
li€u dong: ham dung (constructor), ham huy (destructor), ham dung sao chép (copy constructor) va nap chong toan tr gan
(assignment operator).

C++11 dung cac con tro thdng minh (smart pointer): unique ptr<>va shared ptr<> gilp quan ly bd nhé tu dong, rat thuan
tién va an toan khi xay dung cac I8p cd thanh phan dit liéu dong.

I. Constructor

1. Khai niém

Constructor |a thanh phan d&c biét khdng thé thiéu cia mdt I8p, dugc goi ti déng khi tao d8i tugng. Constructor cd chiic nng
chinh la cdp phat ving nhdva khdi gan gia tri ban dau cho cac thanh phan dif liéu cua d6i tugng.

M6t 18p c6 thé cd mdt hodc nhiéu constructor, goi la nap chdng ham dung (constructor overloaded). Constructor c6 thé khdng
c6 dbi s (default constructor - ham dung méc dinh) hodc c6 céc dbi s6. Cac dbi s6 cla constructor cd thé dudc gan trudc, goi
la constructor cé d6i s6 mac dinh.

Quy dinh viét constructor:

- Tén cla constructor phai cung tén véi tén 16p.

- Constructor khéng tra vé bt ¢l tri nao, k& ca tra vé void.

Khong thé bt 16i constructor khi khong tao dudgc ddi tugng. Van dé nay sé dugc giai quyét bing ném exception.

#include <cstring>

#include <iostream>
#include <stdexcept>
using namespace std;

class Point

{
private:
int x, y, color;
char* label; // thanh phan dir liéu dong
public:
// Khai bao constructor cé doi s6 mac dinh
Point( int = 0, int = 0, int = 1, char* = "" ) throw();

void display() const {
cout << label << "( " << x << ", " <<y
<< ", " << color << " )" << endl;
}

};

// Dinh nghia constructor ding danh sach khéi tao (base/member initialization list)
// cdp phat va khai gan cho thanh phan dir liéu dong
Point::Point( int x1, int yl, int col, char* s ) throw()
: x(x1 ), y( yl ), color( col )
{
label = new char[strlen( s ) + 11;

StGCy( label, S ); 1 cho k)I/Ntl,IJ két thic

chuoi '\0"

Constructor dugc tw' dong goi khi:

- Tao d6i tugng tudng minh (c6 doi s6), dung constructor cé danh sach doi s6 tuang Ung.
- Tao d6i tugng khong tudng minh (khong doi s6), dung constructor mac dinh.

V6i constructor chi c6 mdt déi s6; cb thé& goi constructor dé bang phép gan.

// hai cach sau tuong dugng nhau, goi constructor mot doi s6

Year birth( 1945 );

Year birth = 1945;

// goi constructor mac dinh, I8p Year can viét trudc constructor mac dinh
Year birth;

// SAIL Day la khai bdo mét ham tra vé doi tugng ki€u Year

Year birth();

Trong constructor, khi diing todn tir new dé cp phat ma khéng dd bd nhé, xr ly new (new handler) mac dinh s& dugc goi. N6
s€ ném exception va két thidc chuaong trinh. Nhu vay khong can phai thiét k€ ma x{r ly 16i moi [an goi toan tir new. Vdi trinh bién
dich cfi, new tra vé& NULL néu khéng dl bd nhé dé cdp phat.
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2. Constructor mdc dinh phat sinh va constructor méc dinh khai bao

Néu khong dinh nghia constructor mot cach tudng minh (cé hodc khéng cé dGi s6) thi trinh bién dich sé tao ra mét constructor
mac dinh phat sinh. Tuy nhién constructor mac dinh phat sinh nay khong thuc hién cdp phat va khong thuc hién viéc khai tao
cac bién.

#include <iostream>
class Complex

double real, image;
public:
// dung constructor cd tat ca déi s6 mac dinh nhu constructor mac dinh
Complex( double a = 0.0, double b = 0.0 )
real( a ), image( b ) { }

void display()

{
std::cout << real << " + " << image << "i" << std::endl;
}
};
int main()
{

// goi constructor mac dinh cho 5 phan t&r cia mang quan ly bdi con tré a
Complex *a = new Complex[5];
// goi constructor mac dinh cho 1 phan t&r cia mang b
Complex *b = new Complex;
for ((int i =0; i <5; ++1 )
(a+ 1 )->display();
b->display();
return 0;

}

Ngugc lai, néu da dinh nghia /t nhdt mét constructor thi s& khdng tao ra constructor mdc dinh phat sinh nifa. Khi tao d6i tugng
khong dlung d6i s, constructor mac dinh khai bao (do ta tao) sé dugc goi, néu khong tim dugc trinh bién dich sé bao 10i. Vi vay
can:

- Tao mot constructor mac dinh khai bao, nghia la viét mét constructor khong doi so.

- Hoac tao constructor cd cdc doi sé déu mdc dinh, khi tat ca cac d6i s6 déu dugc dung mac dinh thi constructor dé trd thanh
constructor mac dinh.

3. Dung constructor khi khai bao déi tugng

a) Bién d6i tugng va mang doi tugng

Constructor sé dugc tw dong goi va dugdc lua chon goi tly theo danh sach ddi sé clia cac constructor trong I8p cua doi tugng
dugc khai bao, nghia la tuy theo signature clia constructor.

Khi khai bao bién dbi tugng ta dung danh sach dbi s6 clia constructor tugng (ing khéi tao cho cac thudc tinh clia doi tugng.

Date birthday( 19, 5, 1890 ); // dung constructor c6 3 d6i s6

Khi khai bao mang cac d6i tugng (con goi 1d mang I8p — class arrays) khéng thé dung d6i s§ dé khédi tao hang loat. Tuy nhién cé
thé khdi tao tirng phan tr cla mang cac doi tugng véi constructor tuGng minh.

Date holidays[2]; // dung constructor mic dinh cho mdi ddi tugng
// khdi tao cu thé cho mai déi tugng
Date holidays[] = { Date( 1, 5 ), Date( 2, 9 ) };

b) Con trd chi dén ddi tugng

Khi khai bao va cap phat mot con tré chi dén déi tuong, ta dung toan tir new vé@i constructor tuong (ng va danh sach déi s6 cu
thé& dé khdi tao cho céc thudc tinh cla dé7 tuong noi con tré chi dén, ta goi la khdi tao ddi tugng théng qua con tro.

V& mang cac con trd chi dén doi tugng, ta cling khdi tao theo cach tucng tu.

Date* holidays = new Date( 30, 4 );
Date* holidays[] = { new Date( 1, 5 ), new Date( 2, 9 ) };

c) bdi tugng tam
DO tugng tam, con goi la doi tugng vo danh (nameless objects), thudng xuat hién khi tao va tra mot doi tugng trd vé tir mot
ham. Dé thé hién doi tugng tam ngudi ta dung cach viét:

ClassName( arguments list )

Vi du:
Point Point::operator+ ( const Point & right )
{
return Point( x+right.x, y+right.y, color + right.color );
}
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II. Destructor

1. Khai niém

Destructor dugc goi tw dong khi:

- Thoat khdi ham hoac phuaong thirc, khi dé cac bién cuc bo sé bi hily. Néu bién cuc bo la d6i tugng ciia mot I6p thi destructor
cua Idp do sé dudgc goi.

- Khi két thic viéc thuc hién cac toan tir nap chong co toan hang la déi tugng, diéu nay tuang duang vdi IGi goi ham.

- Khi giai phéng ddi tugng dugc cap phat bang toan tir delete.

#include <iostream>
using namespace std;

class Point
{
private:
int x, y, color;
string label;
public:
// ...
Point( int a =0, int b =0, int ¢ =1, string s = "" )
: x(a), y(b), color( c ), label( s ) { }

~Point()
{

cout << "Point::destructor()" << endl;

}
void display()

cout << label << "( " << x <<

n n
’

<<

<< ", " << color << " )" << endl;
}
};
int main()
{

Point* a = new Point( 3, 5 );

Point b( 4, 7 );
} // destructor ctia déi tugng b dudc goi, do b ra ngoai tam vuc
delete a; // destructor cua doi tugng a dugc goi, do con trd quan ly a bi hay
}

Chu y véi toan tir de'lete:
- Khong dung delete hai [an véi cuing mét doi tugng.
- Khéng dung delete dé& giai phdng bién cip phat tinh.

2. Destructor mdc dinh va destructor tuGng minh

Néu khong cé destructor tudng minh trinh bién dich sé cung cap mét destructor mac dinh. Néu I18p khdng dung thanh phan dir
li€u dong thi destructor mac dinh du giai quyét van dé giai phdng bd nhd.

Khi 16p c6 thanh phan dir liéu dong, can viét destructor tuGng minh. Mai I8p chi cé mot destructor tudng minh (khéng nap chong).
Nhiém vu cha yéu cua destructor tudng minh la gidi phong vung nhé cho thanh phan dir liéu dong cua I6p.

Can phai c6 destructor trong cac Idp c6 thanh phan dif liéu dong, nhdm bao dam du cac cdp new/delete tuong ¢ng. Diéu nay
gilp d6i tugng cla I8p gidi phdng bo nhd chiém dung khi ra khéi pham vi (scope) clia nd, tranh tinh trang bo nhd heap bi phan
manh (memory leakage) do chiém dung khong hgp ly.

Quy dinh viét destructor tudng minh:

- Tén clia destructor phai cung tén véi tén I16p, cé dau ~ dau tén.

- Destructor khdng tra vé bat c( tri nao, ngay ca void.

- Destructor khong cé danh sach doi s6 nén khoéng cé destructor nap chong.

- Destructor phai public

III1. Shallow copy va Deep copy B

Véi d8i tugng thudc I8p ¢ thanh phan dif liéu ddng, viéc sao chép (copy) d8i tuogng cé thé gay 16i tiém &n.

Sao chép mot doi tugng sé xay ra khi: B

- Khéi tao mot d6i tugng tir mét d6i tugng co san, khong tudng minh.

- Thut hién toan tir gan mot déi tugng cho mot déi tugng khac, tuGng minh.

- Truyén bang tri mot d6i tugng dén mot ham, nghia 1a cd su' sao chép tir ddi s6 thuc dén ddi sd hinh thirc, khéng tudng minh.
- Trd v& mét d&i tugng tir ham, nghia 1a cd su sao chép tir ddi tugng cuc bd dén d6i tugng tam dé tra vé, khdng tudng minh.
Chul y st dung toan tir nap chong tucng dudng vdi IGi goi ham thanh vién, nghia la cling c6 su tra vé mot doi tugng.

Khi thuc hién cac qua trinh sao chép noi trén, su’ sao chép bé mat dugc st dung nén sé nay sinh van dé ca hai doi tugng (goc
va sao chép) dung chung thanh phén dir liéu déng néu co, lam cho cac doi tugng nay khong tach biét nhau.

Ta dling cd ché sao chép sau dé giai quyét van dé nay.
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s size S size
p > p >
d size d size viing nhé méi
p p »{ dugc cap phat
shallow copy deep copy

Sao chép bé mat (shallow copy): khi sao chép ddi tuong s sang do6i tugng d, moi thanh phan dir liéu cta d6i tugng s sé dudc
sao chép sang ddi tugng d. Chl y rang dia chi chiia trong con tré p (thanh phan dit liéu ddng) cla s cling dudc sao chép giéng
vay dén con tro p cla d. K&t qua la ca hai d6i tugng s va d dung chung mét vung nhd'vi p cla ching chia chung mét dja chi,
nhu vy dua dén 16i tiém an:

- Thay d6i thanh phan dir liéu dong clia mot ddi tugng sé lam ddi tugng kia thay déi theo.

- Hiy mét déi tugng bang destructor s& anh hudng dén déi tugng kia. Ving nhé cdp phat chung bi hily theo mét d6i tugng lam
con trd cua ddi tugng con lai bi lac (hay bi "treo") (stray pointer hay dangling pointer).

Sao chép sau (deep copy): giai phap cho van dé dung chung ving nhd la phai thuc hién viéc sao chép sau gom cac budc sau:

- Sao chép cac thanh phan dir liéu tinh.

- Cap phat ving nh& mdi cho cac thanh phan di liéu dong.

- Sao chép dir liéu tir vung nhd cli sang vung nhd mdi.

Nhu vay hai d6i tugng sé tach rgi nhau ra.

#include <iostream>
#include <stdexcept>
using namespace std;

class DoubleVector

{

friend ostream & operator<<( ostream &, const DoubleVector & );
private:

double* p; // thanh phan dir liéu dong cua I&p

size t size;
public:

DoubleVector( int = 10 ) throw( bad alloc );

~DoubleVector()

{ delete p; } // giai phdng cap phat trong destructor

int ubound() const { return size - 1; }
double & operator[]( int i ) throw( out_of range );

};

DoubleVector:: DoubleVector( int n ) throw( bad alloc )
: size( n ) {

if (( n <0 ) throw bad alloc();

p = new double[ size ]; // céap phattrong constructor

}
double & DoubleVector::operator[]( int i ) throw( out of range )
{
if (1<0 || 1>= size)
throw out of range( "::operator[]" );
return p[i];
}

ostream & operator<<( ostream& os, const DoubleVector& right )

for ( int i = 0; 1 < right.size; ++i )
0s << right.p[i] << ' *; néu khodng truyén bang tham chiéu, copy
return os << endl; constructor mic dinh s& dugc goi tv ddng &
} day, do dbi so thuc s dugc COPY dén doi s

DoubleVector & foo( DoubleVector & dv ) hinh thifc d (co suf sao chép doi tuong)
{
for ( int 1 = 0; 1 <= dv.ubound(); ++1 )
dv[i] = 1 + 1/10.0;

} return dv; néu khong tra vé mot tham chiéu, copy constructor
sé dudc goi tu dong & day, do doi tugng cuc bo dv
int main() dugc COPY dén doi tugng tam dé tra vé
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{
DoubleVector s( 10 ), b;

foo( s ); goitodn tr gan méc dinh & day va
b =-s; khong tach biét dugc s vdi b do
return 0;  dung cd ché sao chép bé mat

}

DaGi vai cac I18p ¢d thanh phan dir liéu dong: constructor thuc hién viéc cap phat, destructor thuc hién viéc gidi phong, copy
constructor va toan tlr gan phai duoc xdy dung trén co ché deep copy vi copy constructor mac dinh va toan tir gan mac dinh chi
thuc hién co ché& shallow copy). Muc dich 1a tao mét d6i tugng hoan toan ddc 18p vai ddi tugng cii bdng co ché deep copy.

IV. Ham du'ng sao chép (copy constructor)

1. Khai niém

Copy constructor dudc fu’' ddng goi trong cac tinh huéng sau:

- Can tao doi tugng mdi co ndi dung tuong tu doi tugng da co.

Complex cl( 2, 3 );
Complex c2 = c1;
Complex c3( c2 ); // thuc chat chinh la truyén bang tri d6i tugng dén constructor

- Khi truyén mot ddi tugng dén mét ham theo co ché truyén béng tri (pass by value). Khi d6 s& co sy sao chép tir ddi s6 thuc
dén dGi so hinh thirc.

PE tranh dling copy constructor trong trudng hdp nay, ta thudng dung tham chiéu d€ truyén déi tugng. Khi dé ta lam viéc truc
ti€p vdi dbi tugng ngudn, khdng phai véi ban sao cua nd.

- Tra v& mét d6i tugng tir ham (tra vé bang tri), khi d6 mdt d6i tugng mdi s& dugc sao chép tir mot d6i tugng cuc bd bén trong
ham hay tur chinh d6i tugng goi ham (*this) ra bén ngoai.

Complex Complex::operator+( const Complex & right )

{

return Complex( real + right.real, image + right.image );

}

Complex Complex::operator=( const Complex & right )

{
if ( this !'= &right )

{
real = right.real;
image = right.image;
}
return *this;

}

Copy constructor khac phép gan (goi toan tir gan) & cac diém cc ban sau:
- Phép gan thuc hién viéc sao chép ndi dung tir d6i tugng nay sang doi tugng khac, do d6 ca hai dbi tugng clia phép gan déu dd
ton tai.

Complex cl( 2, 3 );
Complex c2;
c2 = cl; // goi toan tir gan

- Copy constructor dong thai thuc hién hai nhiém vu: cdp phat mdi d6i tugng va sao chép ndi dung tir déi tuogng da c6 vao doi
tugng mai.

Complex cl( 2, 3 );
Complex c2 = cl; // goi copy constructor, viét khac: Complex c2( c1);

2. Ham dung sao chép tudng minh

Néu khdng dinh nghia copy constructor mét cach tudng minh thi trinh bién dich cung cdp mot copy constructor mac dinh, con
goi 1& copy constructor chuén. Copy constructor mdc dinh chi don thuan tao ddi tugng mdi va céc gia tri thanh phan trong déi
tugng mdi bang cac gia tri thanh phan trong déi tugng cii (shallow copy). DGi véi cac I6p khdng cd cac thanh phan dit liéu dong
(con tré hodc tham chiéu) chi can ding copy constructor méc dinh la du.

Khi 16p c6 thanh phan dif liéu dong thi copy constructor mdc dinh chua du dap Ung yéu cau vi gay ra tinh trang dung chung vuing
nhé véi ddi tugng cli. Do d6 gay ra 16i tiém an.

Khai bao va dinh nghia copy constructor tuGng minh theo cl phap:

ClassName ( const ClassName & ); |

- D&u & bat budc dung. Nghia la phai truyén bang tham chi€u ma khéng phai bang tri, vi co ché truyén bang tri (co COPY) s& gay
ra dé quy khi trinh bién dich x{r ly ki€u dif liéu mdi.

- Do truyén bang tham chiéu, nén cé thém tir khda const nhdm ngén ngira viée thay ddi ddi s6 truyén cho ham.

Copy constructor dung sao chép dif liéu tir doi tugng dugc truyén dén doi tugng goi (*this) dugc xay dung theo cac budc cua
cd ché deep copy nhu sau:

- Sao chép thanh phan dif liéu tinh.

- Cap phat vung nhé mdi cho cac thanh phan dir liéu dong.

- Chuyén dif liéu tir nai cap phat cli sang nai cAp phat mdi.

Vi du: copy constructor cho I6p DoubleVector trén:

#include <cstring>
using namespace std;
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class DoubleVector
{
// xem vi du phan III
private:
double* p;
int size;
public:
// copy constructor
DoubleVector( const DoubleVector & ) throw( bad alloc );
// xem vi du phan III
b

// Copy constructor dung deep copy copy constructor & dudc goi tu dong

DoubleVector:: DoubleVector( const DoubleVector & dv ) & day (tao d6i tugng tir ddi tugng)
throw( bad alloc ): size( dv.size ) ’ ’ ’

{

p = new double[size];

sao chép dif liéu tinh bang danh
sach khdi tao chi co & constructor,
ké ca copy constructor

cap phat vung nhd mdi cho
thanh phan dir liéu déng
memcpy( p, dv.p, size * sizeof( double ) );
sao chép dir liéu tir noi cap
phat cli sang noi cap phat mgi

// Ham toan cuc dung kiém tra copy constructor

copy constructor sé dudc goi tu
DoubleVector boo( DoubleVector dv ) by oo C 901 T

dbng & day (truyén bang tri)

for( int i = 0; i < dv.ubound(); ++i )
dv[i] = i + 1/10.0;
return dv;
} copy constructor sé dugc goi tu
dong & day (tra vé doi tugng tam)
int main()
{
DoubleVector a( 10 );
DoubleVector b = a;
boo( a );
return 0;

}

V. Toan tir gan (Assignment Operator)

1. Khai niém

Toan tr gan dung dé gan mot ddi tugng nay cho mdt d6i tugng khac. Theo nguyén téc, toan t&r gan chi dugc ap dung cho cac
ddi tugng cung kiéu va ds ton tai.

Néu khong dinh nghia toan tr gan tudng minh, trinh bién dich s€ dung toan tir gan mac dinh. Thuc chat la sao chép cac thanh
phéan dif liéu tir déi tugng nay sang doi tugng kia theo cd ché shallow copy.

D3&i vai 18p ¢ cac thanh phan dif liéu ddng thi phai viét toan ti gan tuding minh (dung cg ché deep copy) dé tranh viéc hai d6i
tugng cli va mdéi dung chung thanh phan dit liéu dong do.

2. Toan tir gan tudng minh B

Toan tir gan tudng minh dung sao chép dir liéu tir d6i tugng dugc truyén nhu doi s6 dén dobi tugng goi (*this) dé cd san (toan
hang bén trai), dong thdgi tra vé tham chi€u chi dén toan hang bén trai.

Cu phap:

[const] ClassName & operator=( const ClassName & )

Xay dung toan tr gan tuGng minh theo cac budc sau:

- Khi thuc thi toan tir gan cé giai phdng viing nhéd. Vi vay dé tranh tu’ hly, can kiém tra dé€ tranh viéc tu’ gan bang so sanh dia
chi, khong phai so sanh d6i tugng (vi lai phai viét nap chong toan tlr so sanh).

- Giai phong vung nhé cla doi tugng bén trai phép gan (viét giong destructor). Can nhd la ddi tugng bén trai nay da ton tai.

- Sao chép céac thanh phan dif liéu theo cac budc clia cd ché deep copy (viét gidng copy constructor).

- Phai cd kiéu tra vé dé c6 th€ gan lién tiép, vidu a = b = c. Kiéu trd vé thudng |3 mdt tham chiéu dén ddi tugng bén trai
(return *this).

Vi du:

#include <cstring>
//
class Person
{
char *name;
int age;
public:
// nap chong toan tir gan
const Person & operator=( const Person & );
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const Person & Person::operator=( const Person & right )
{
// so sanh 2 dia chi xem co phai truGng hgp tu’ gan hay khéng, nham tranh tu hiy
if ( this == &right ) return *this;
// gidi phdng vung nhé thanh phan dir liéu déng cua doi tugng bén trai
delete []name;
// chuyén dit liéu tir d6i tugng vé& phai sang theo co ché deep copy
age = right.age;
name = new char[ strlen( right.name ) + 1 1;
strcpy( name, right.name );
// trad vé mot tham chiéu dén doi tugng Ve trai, nghia la *this
return *this;

}

3. Phan biét toan tr gan va ham dung sao chép

Chl y khong phai moi cau Iénh cd ddu "=" déu goi toan tir gan. Can phan biét 3 truGng hgp sau:

- Cau lénh "= new" c8p phat vliing nh& cho mét d6i tugng méi bang todn tir new, khéi tao cho déi tugng bang céch goi constructor
mac dinh hodc c6 tham sg, tra vé mot con tro quan ly doi tugng do.

Point *p = new Point( 3, 5, 14 );

- Cau lénh khai bao va khai tao mot déi tugng tir mot d6i tugng c6 san s& goi copy constructor.

Point pl = *p;
// tuong duong Point pl( *p );

- Cau lénh gan s€ goi toan tir gan.

Point p2; // goi constructor mac dinh
p2 = *p; // goi toan tr gan nap chbng

DE kiém tra hoat dong clia copy constructor va toan ti gan tudng minh, sinh ra céc cip d6i tuong gbc va sao chép, thay d6i mot
ddi tugng dé& xem cp d6i tugng dé b dung chung thanh phan di liéu nao khéng.

Padi khi ta cling mudn ngén can ngudi ding sao chép hodc gan cac déi tudng clia I6p. D& thuc hién diéu nay, dua khai bao copy
constructor va nap chong toan tr gan vao phan private hodc protected, khong can cai dat ching.
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Ldp bao va Iép thanh phan

Composed class — Embedded class

Co6 hai cach ti€p can khi xay dung mét I6p mai:

- T6ng hgp: (composition) k&t hgp mét hay nhiéu I6p da co dé tao I6p méi, d6i tugng cla cac I6p da cé trd thanh thanh vién cla
I6p mdi. Ta nhan dugc IGp bao hay I8p phic hgp (composed class).

- Thua ké: (inheritance) thira k€& cac 16p da co dé& tao |8p mai, nghia 1 I6p méi dudc tao ra &rén co' s'18p da cb. Ta nhan dudc
I6p dan xuat (derived class).

Thuc t& mot I6p dugc tao ra béng cach phdi hgp ca hai cach trén.

I. Khai niém

Mot I6p cd cac dir liéu thanh vién la cac doi tugng thudc cac I16p khac goi la I6p bao (hay IGp phiic hgp — composed class).

Mot I8p cb cac doi tugng la dif liéu thanh vién cla I8p bao dugc goi la I6p thanh phan (hay I6p nhing — embedded class), cac
doéi tugng dugc nhung trong I8p bao goi la dbi tugng con (subobject).

Quan hé giita 2 18p trén & quan hé k&t hgp (association). Quan hé k&t hdp co thé hai chiu, mdt chidu hodc dé quy.

Person House Person House
House dugc dung trong I8p Person House ¢ trong IGp Person va ngugc lai
// quan hé lién két mot chiéu
class Person class House
{
House* theHouse; public:
public: House();
Person(); ~House() ;
~Person; +;
};
// quan hé lién két hai chiéu
class Person class House
{
House* theHouse; Person* the Person;
public: public:
Person(); House() ;
~Person; ~House() ;
}; };

II. Quan hé giira I6p bao va Iép thanh phan

1. Quan hé phu thudc (dependency)

Quan hé phu thudc cling la quan hé két hgp gilra hai I6p nhung chi la quan hé mét chiéu, chi ra mot I6p phu thudc vao I16p khac.
Quan hé nay cho thdy mdt I18p tham chiéu dén mét 16p khac. Do vay, néu I8p dudc tham chiéu thay d6i s& anh hudng dén I6p
st dung no. Subobject duing trong trudng hgp nay thudng la bién toan cuc, bién cuc bo clia ham thanh vién hodc déi s6 clia ham
thanh vién.

Person House

>

Person c6 tham chi€u dén House khi tao IGp

class Person

{
public:
void buyHouse( House* theHouse );

};

2. Quan hé tu hgp (aggregation)

Quan hé tu hgp la hinh thic manh cta quan hé két hgp. Quan hé két hap gilta hai I6p cho thdy chung cung mirc, khéng cé I6p
nao quan trong han. Quan hé tu hdp la quan hé gilfa toan thé va bd phan trong dé mét I8p biéu dién cai I6n hon (t8ng thé, 16p
bao), con I8p kia bi€u dién cai nho hon (bd phan, 16p thanh phan).

C6 2 loai quan hé tu hgp:

- Néu téng thé va thanh phan dudc hinh thanh va hly bd vao céc thdi diém khac nhau, ta goi la quan hé tu hgp bdi tham chiéu
hodc quan hé két tap.

Company Department

>—

Company cé mot hay nhiéu Department

class Company

{
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vector<Department*> departments;
public:

Company () ;

~Company () ;

bool addDepartment();
+

- Néu téng thé va thanh phan dugc hinh thanh va hiy bd clng thdi diém, ta goi Ia quan hé gdp hodc quan hé hgp thanh
(composition), day la hinh th&fc manh hon cta quan hé tu hgp, con goi la quan hé tu hgp bdi tri.

Window Frame

*>—

Window c6 mot hay nhiéu Frame

class Window

Frame AboutFrame;
public:

Window();

~Window();

};

II1. Cac phucng thirc cua I6p bao

1. Constructor

Khi xdy dung constructor cta I&p bao, ngoai viéc khdi gan dir liéu riéng cuia I6p bao, con phai khdi gan cho dir liéu la cac subobject.
Céc phuong thic cta I8p bao khbng thé truy cdp dudc dén di liéu ndi tai clia subobject, do d6 phai sif dung cac phuang thirc
clia I8p thanh phan tuong (ing dé€ khdi gan cho cac suboject:

- Bang constructor hodc copy constructor clia Idp thanh phan. Trinh bién dich can clr vao danh sach ddi s6, chon constructor
thich hdp trong I8p thanh phan tuang (ing d& khdi gan cho cac subobject. Cong viéc nay dudc thuc hién trong danh sach khdi
tao, thong qua tén cua cac subobject (khong phai tén I6p thanh phan) tuong Ung. Cac subobject khong liét ké trong danh sach
khdi tao sé& dudc khdi tao tu ddng bang constructor mdc dinh (khéng tham s8) cla I6p thanh phan tucng (ng.

composed class ( argument values )
: sub object i ( argument values i ),

{
// céc phat biu khdi gan cac thanh phan di liéu riéng cla I6p bao,
// khdng ké dit liéu la cac subobject.

}

- Bdng toan tir gan cda IGp thanh phan (xem vi du).

#include <iostream>
#include <cmath>

class Point // md tad mdt diém trong hé toa dd Cartesian
{
public:
Point( double xval = 0.0, double yval = 0.0 )
: x( xval ), y( yval ) { }
// cac accessor cua lép thanh phan
double getX() const { return x; }
double getY() const { return y; }
private:
double x, y;
};

class Line // mb td mdt dudng xac dinh bdi hai diém hoéc toa dd hai diém
{
public:

Line( const Point & pl, const Point & p2 );

Line( double plx, double ply, double p2x, double p2y );

operator double() const;

private:
Point ptl, pt2; // subobject
double length;

}i

// dung tén cla subobject dé khdi tao
Line::Line( const Point & pl, const Point & p2 )
: ptl( pl ), pt2( p2 )
khai tao tir copy constructor
mac dinh cla I8p thanh phan
length = (double) (*this);
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}

/* hoac
Line::Line( const Point& pl, const Point& p2 )
{ . N

ptl khgi tao tu toan tu gan mac

= 1,
pt2 & Bz; dinh I8p thanh phan
= (double) (*this);
}
*/
Line::Line( double plx, double ply, double p2x, double p2y )

© ptl( plx, ply ), pt2( p2x, p2y )
khdi tao tlr constructor I8p thanh phan

length = ( double )( *this );
}

Line::operator double() const
{
// 16ép bao dung cac accessor cua lép thanh phan
double dx = pt2.getX() - ptl.getX();
double dy = pt2.getY() - ptl.getY();
return sqrt( dx * dx + dy * dy );
}

int main()
{
Point p( 3, 2 ), q( -1, 4 );
Line pg( p, q ); // hoac Line pq( Point( 3, 2 ), Point( -1, 4 ) );
std::cout << (double)pq << std::endl;
Line pql( 3, 2, -1, 4 );
std::cout << (double)pgl << std::endl;
return 0;

}

Cac constructor dugc goi theo thu tu khai bao clia subobject trong I6p bao, khong phai theo thif ty clia cac subobject trong danh
sach khai tao. Th{r tu goi cac destructor thi ngugc lai.

D6i s6 trao cho constructor ctia cac subobject khdng nhét thiét phai la tri cu thé ma cd thé la biéu thirc. Nhu vy, cé kha ning
quy dinh dac trung clia d6i tugng vao lic chay chuang trinh.

M6t s6 ddi sd clia constructor 16p bao c6 thé khéng can ding trong than ham ma c6 mét dé ding trong danh sach khdéi tao, diing
khi khdi gan cac subobject. Nghia la d6i s6 ctia constructor I6p bao gom: cac dGi s6 dung khdi tao dit liéu thanh vién cla I6p bao
va cac doi sO dung khéi tao cac subobject cta I8p bao.

Lép bao chira mang cac d6i tugng thudc I6p thanh phan: constructor cua cac ddi tugng trong mang ludn dugc goi mét cach tu
dong, I8p cua cac doi tugng nay phai cd san constructor mac dinh.

L8p bao chira con tro chi dén d6i tugng thudc I8p thanh phan: constructor I6p bao chdp nhan con tré chi dén déi tugng thudc
cac I6p dan xuat tir I6p thanh phan vi ching cling dudc xem la déi tugng thudc I&p thanh phan. Phan nay sé xem xét trong cac
chugng sau.

// co thé "cdm" vao ddi tugng I6p Composed cac subobject kiéu khdc nhau dan xuét tur kiéu Base
class Base { };
class Derivedl : public Base {}; Composed Based
class Derived2 : public Base {};
class Composed

{
Base* p0;

public: f K
Composed ( Base *p ) { p0 = p; }

}; Derived1 Derived2

int main()
{
Derivedl d1;
Derived2 d2; B
// khai gan cho constructor ciia Compose cac dan xuat tur Base
Composed cl( &d1 );
Composed c2( &d2 );
return 0;

};
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2. Copy constructor, destructor va nap chong toan t&r gan cua I&p bao

Néu I8p bao khong chlra thanh phan dir liéu dong thi khong nhat thiét xay dung cac phugng thiic copy constructor, destructor
va nap chong toan tir gan tudng minh, chi sir dung cac phudng thdc tugng ing mac dinh la du.

Né&u I3p bao chira cac thanh phan dif liéu dong thi can thiét phai xdy dung cac ham trén theo nguyén tac sau:

- Khi I8p bao thuc hién toan tir gan, ngoai dif liéu thanh phan cac subobject cling dugc gan. Vi vay toan tr gan clia cac I6p thanh
phan phai dugdc xay dung tudng minh hodac méc dinh, tuy theo I&p thanh phan co dif liéu dong hodc khong.

- Destructor cta I6p bao cling can dugc xdy dung nhdm hiay bd cac thanh phan dif liéu ddng co trong 13p bao, con cac thanh
phan dif liéu dong co trong I&p thanh phan sé dugc tu dong hly bo nhd cac destructor tudng minh co trong I16p thanh phan.

- Copy constructor trong I&p bao dugc xay dung theo hai cach sau:

Cach 1: Copy constructor trong I6p bao dugc xay dung dua trén toan tir gan tuGng minh clia cac IGp thanh phan.

const composed class ( const composed class & A )

{
sub_object 1
sub object 2

A.sub _object 1;
A.sub object 2;

sub object k = A.sub object k;
// cac phat biéu dé khdi gan cac thudc tinh ctia A cho cac thudc tinh clia dé7 tuong mdi this
}

Cach 2: Copy constructor trong IGp bao dugc xay dung dua trén copy constructor tudng minh ctia cac I6p thanh phan, dung danh
sach khai tao.

const composed class ( const composed class & A )
sub object 1 ( A.sub object 1 ),
sub object 2 ( A.sub object 2 ),

sub_object k ( A.sub object k )
{
// céc phat bi€u dé khdi gan cac thudc tinh ctia A cho céc thudc tinh
// cla d6i tugng mdi this, khdng k& cac subobject trong I8p bao.
}

3. Truy cap dén dir liéu riéng cuta IGp thanh phan

Dung thanh vién clia cac I8p thanh phan dé thuc hién cac chiic néng cla I8p bao goi la ty nhiém (delegation). Két qua la hiéu
sudt (performance) hoat dong cua I6p bao bi anh huGng do viéc khdi tao va huy déi tugng cla cac I6p thanh phan.

L8p bao tuy chira cac subobject thudc I6p thanh phan nhung KHONG dugc phép truy cap dén dir liéu riéng cla cac subobject
nay. D& truy xuét dén can phai:

- V& phia 18p bao: cac phuang thiic cta I8p bao ding céc phuang thifc public cla I6p thanh phan dé truy xuét dén céac thanh
phan dif liéu cua subobject can dung.

- V& phia I6p thanh phan: can xay dung san cac phuang thlc truy xudt (cac accesor) public dé co thé 18y cac gid tri tir dir liéu
riéng ra, cho phép I6p bao goi cac phuang thirc truy xuét nay. B

M6t phuong an khac 1a dan xuét kiéu private tir mét I16p cd s. Khi d6, quan hé gitra I16p co s& va 16p dan xuét khong phai la
quan hé IS-A. L8p dan xuat giéng nhu I8p bao chta mot thé hién cla I6p ca s3, ngoai ra I6p dan xudt cé thé truy xuat thanh
vién protected cla I8p cd s6. Tuy nhién, néu can nhiéu hon mot thé hién cua 16p cd s, phai diing cach compostion.
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Thua ké

Inheritance

St dung lai (reusability) 1a mét d3c diém quan trong clia OOP, thira k& la co ché gilip tao ra mét I6p mdi tir nhitng thudc tinh va
phuaong thic ctia nhitng IGp da ton tai.

I. Khai niém

Thira k& cho phép ta dinh nghia thém mét I6p m&i, goi 1a /dp dén xuét (derived class, hodc IGp con - subclass) trén cd s cua I6p
da ton tai, goi la /dp co' sd (base class, hodc I6p cha - superclass).

L&p dan xuat sé:

- Thira ké mot s6 thanh vién (thudc tinh, phuong thirc) cla I8p ca sG.

- Bugc phép md rong I6p cad s& bang cach thém vao cac thanh vién méi.

- bugc phép dinh nghia lai (overridden) nhiing phugng thirc ma I8p cd sG chua lam tot hoac khong con phu hgp.

C6 ba cach thuc hién thira k€ trong chuang trinh, thudng dung phéi hgp nhau:

- Thira k€ don (simple inheritance): mét I6p la I8p cd s cia mot hodc nhiéu 16p dan xudt khac. B

- Thira k€ nhiéu mdc (multiple level inheritance): khi mot IGp dan xudt lai tré thanh I18p ca sG clia mot I6p dan xuat khac ta co sy
thira k& nhiéu mirc. Tap cac I6p ca s truc tiép hodc gian ti€p ciia mot I6p goi la cac I6p to tién (ancestor classes).

- Pa thira k& (multiple inheritance): mét I6p dan xuét co thé dudc dan xudt tir nhiéu Idp co' sd, goi la da thira ké.

List Ordered
+ first(): Node + search(int): Node
+ next(): Node + sort()

+ insert(item: int)
+ delete(): int

N

OrderedList

PE xac dinh méi quan hé thira k&, ta chi y kiém tra:

- Quan hé /ién két giita hai I16p la mot quan hé HAS-A (c6 moét...), nghia la I8p nay cé tham chi€u dén I6p khac khi xay dung I6p.
L&p nay chira thé hién ctia I8p kia nhu’ mét thanh vién trong 16p.

- Quan hé thua k€ gilra hai I6p la mot quan hé IS-A (la mét..., la mot loai cda...), nghia la I&p nay thira k& IGp khac khi xay dung
I6p.

Trong mdt I8p cé thé xuét hién ca hai loai quan hé nay.

Thira k& cé mét s6 Igi ich quan trong cho ngudi phat trién phan mém:

- Trlu tugng héa dif li€u (data abstraction): cac tinh chat va hanh vi chung c6 thé& x(r ly trong I8p cd s8. Sau dé cu thé hda thanh
mot hé phan cap céac I6p dan xuat. Diéu nay dua dén viéc dé quan ly cac d6i tugng phuic tap cé quan hé véi nhau.

- Kha n&ng dung lai (reusability): Cac I6p da dinh nghia va da kiém tra cé thé dudc dung lai va phdi hgp véi nhau dé thuc hién
tac vu mdi. Khi dung lai, khdng can biét dén cai dit cu thé trong I8p co s6, chi can biét giao dién cua I8p.

Khai quat hda (generalization) va chuyén biét hda (specialization) la hai cach nhin ngugc nhau cta su phan cap I8p (hierarchy
inheritance):

Employee
# name: String
# socialSecurityNumber: String
+ earnings(): double

/A

Generalization
Specialization

HourlyEmployee SalariedEmployee
— wage: double — baseSalary: double
- hours: int
+ earnings(): double + earnings(): double

- Khai quat héa cho phép tir tap cac I8p con ¢ nhitng ddc diém chung khai quat Ién thanh 18p cha chung mang tinh khai niém,
md ta cac thudc tinh va hanh vi chung cho cac I6p con. Ldp cha chung nay gilp quan ly cac I6p con don gian va hiéu qua, nhat
la dugc ho trg bdi kha nang da hinh, sé dugc dé cap trong chuong sau.

- Chuyén biét hda cho phép thu thap thém cac dic trung cu thé clia tap cac d6i tugng méi. TUr I8p cha dang ton tai, cac ddc tinh
nay gilp ma rong thanh 16p mdi, 16p con. B

C++11 cho phép danh dau mot Idp la final nham ngan can khdng cho dan xuét cac I3p khac tir I6p dé.

I Pinh nghia I6p dan xuét )
Trong dinh nghia I6p dan xudt phai liét ké tén cua cac I8p co sd truc ti€p cta nd. CG phap khai bao I16p dan xudt nhu sau:
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| khai bao
: B Sare LI

¥ |
[ |
[ 1
[ 1
Il - Y s !
¥ virtual tén IGp ca sd |——>|_T_| !
¥ > :
[ 1
L

Chi dinh kiéu truy xuat (access specifier) bao gom: public, protected va private. Néu bd qua chi dinh kiéu truy xuat thi
ngam hiéu 1a dan xuat kiéu private. Vi du: Ldp D da thira k&, dan xuét ki€u public tir I6p B1 va dan xut kiéu private tir
I6p B2, ta viét: class D : public B1l, B2

1. Thia ké thudc tinh

L&p dan xudt ¢ cac thude tinh sau:

- Cac thudc tinh thira ké tur I18p cgd s6.

- Céc thudc tinh bé sung, méi dugc khai bao trong I6p dan xuét.

Khi xay dung cac thudc tinh cho I8p dan xudt, cho phép dat trung tén thudc tinh (cung ki€u hodc khac kiéu) cla I8p cd s6. Trong
pham vi I6p dan xuat, moi truy cap dén thudc tinh triing tén nay sé dan dén truy xudt thudc tinh cta I8p dan xuat, néu mudn
truy cap dén thudc tinh cung tén trong I8p cd sG phai ding toan t& phan dinh pham vi.

2. Thua k€ phuong thirc
Ldp dan xuat co cac phuong thirc sau:
- Cac phuong thirc thira k€ tir I8p cd s, ngoai trir'cac phuong thirc dac biét: constructor, destructor, toan tir gan.
- Da s6 cac toan tr nap chong la ham thanh vién dugc thira k€. Cac toan tir dinh nghia thém va cac phugdng thic friend khong
dugc thira ké.
- Cac phuagng thic mdi derc xay dung trong I6p dan xudt. Cac phuong thic nz‘ay 6 thé truy cdp dén céc thudc tinh (thira ké
hodc bd sung) cta I8p dan xuét, dbng thdi cling s dung (triéu goi - invoke) cac phuong thic (thira k& hodc bS sung) cua 16p
dan xuat. Cac phuong thirc nay cling c6 thé goi phutng thit Idp co sd'nhd toan tur phan dinh pham vi.
- C4 thé cai dat phuong thirc I6p dan xuat trung tén véi phuang thirc I6p co sd. Diéu nay goi la dinh nghia lai (redefined), tir choi
thira ké (overridden) hay che ham thanh vién cua I8p cd sé. Pay la cd s cho viéc cai dat tinh da hinh. Dinh nghia lai khac co
ban véi nap chong ham (function overloading):
+ Dinh nghia lai chi dugc xét khi noéi dén thira k€, két qua la hai ham thanh vién gi6ng nhau vé tén, danh sach d6i s6 va tri
trd vé; nhung khac nhau vé vi tri, nam trong hai I6p c6 quan hé thira ké.
+ Nap chong ham dién ra trong mot I&p. Hai ham thanh vién giéng nhau vé tén; khac nhau vé danh sach ddi s6.
Mot s6 chd y khi dinh nghia lai mot phuong thic:
- Dinh nghia lai mét phuang thirc nap chong (overloaded): khi dinh nghia lai mt phuang thirc nap chong, trinh bién dich s& an
(hiding) cac phudng thirc nap chdng con lai, nghia & 16p dan xut s& khdng goi dugc cac phuang thirc nap chdng con lai. D&
tranh tinh huéng nay, nén dinh nghia lai {4t cd cac phuong thirc nap chéng.
- Binh nghia lai phudng thic private hodc protected: cac phuong thic nay thuGng la phudng thic cong cy, dugc goi bai
cac phudng thirc public cua I6p g sg. Khi dinh nghia lai ching trong I6p dan xudt, phudng thirc public thira k€ dugc trong
I6p dan xuat sé goi cac phién ban méi nay. .
- Dinh nghia lai phuong thic static: do phuong thic static la phuong thirc cap 16p, viéc dinh nghia lai ching trong I6p dan
xudt thuc chat la tao ra mét phuong thiic static mdi cho I6p dan xuat.
C++11 cho phép danh dau phuang thirc final, cac phuang thic nay khong cho phép dinh nghia lai.
LSp cg sg:

class Student

{

public:
// fresh: mdi, sophomore: nam hai, junior: ndm ba, senior: nam cudi, graduation: tot nghiép
enum Year { fresh, soph, junior, senior, grad };
Student( const string &, int, double, Year );
virtual string toString() const;

protected:
string name;
int studentID;
double gpa; // diém trung binh (grade point average)
Year year;

};

Student::Student( const string & nm, int id, double g, Year y )
name( nm ), studentID( id ), gpa( g ), year( y )

{1
string Student::toString() const
{
stringstream ss;
ss << "\nStudent: " << name << ", " << studentID
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n n
’

<< << year <<
return ss.str();

}

n n
’

<< gpa << endl;
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L3p dan xuat:

class GradStudent : public Student
{
public:
enum Support { ta, ra, fellowship, other };
GradStudent( const string &, int, double,
Year, Support, const string &, const string & );
string toString() const;

protected: toString() dugc phl quyét
Support s; thira ké (overridden) hodc dinh
string dept; nghia lai (redefined)
string thesis;

b

GradStudent::GradStudent( const string & nm, int id, double g,
Year x, Support t, const string & d, const string & th )
: Student( nm, id, g, x ), s( t ), dept( d ), thesis( th )
{} goi constructor cuia
I6p ca sG

string GradStudent::toString() const
{

stringstream ss;
ss << Student::toString() // goitoString cla I6p cd sd

<< dept << ", thesis: \"" << thesis << "\"" << endl;
return ss.str();
¥
SUr dung 2 I6p:
int main()
{

Student s( "Bill Gates", 101, 6.3, Student::junior );

GradStudent g( "James Gosling", 201, 9.8, Student::grad, GradStudent
"Computer Science", "Java language" );

cout << s.toString();

cout << g.toString();

return 0;

}

::other,

IIL. Diéu khién truy xuét trong thira k& _
1. Truy xuat cac thanh vién I8p cd sd tir I8p dan xuat

X Y
friend class Y
private
-- fx1 -- data 4----- fyl
L, RN gy BT
,~" protected o ,><\\

| f>|<2 | | data |:} fy2

I x
E 4 i \\\ \\\ friend cta X
i Z : public X i | glol\aal function

! friend ciia X

fz1 p----------

o o — — — — —————————————

-~ flzz |--» data |

i Mii tén khong lién nét la cac truy xuat cho phép thuc hién giita cac I6p
M3c du I8p dan xuét thira k& tit ca cac thanh vién cla I8p co s6, nhung I8p dan xudt khéng thé truy nhdp dén tat ca nhiing

thanh vién nay:

- Thanh vién private cla I6p cd s§ chi dugc truy xudt bdi cac phuang thirc thanh vién chung I6p cd s6 va bai cac phuong thic
friend, khbng truy xuat truc tiép dugc tir I6p dan xudt. Néu khong, thira ké s€ pha vd tinh dong goi (encapsulation); bai vi chi

can thira k& mdt I8p, ngudi dung cé thé truy xuat dén cac chi tiét thuc thi 16p do.

- Thanh vién protected cla I6p cd s§ co thé& dugc truy xuét bdi phuong thirc thanh vién chung I8p cd s6, bdi cac phuong thirc
friend va tv'cdc I6p dan xuédt. Nhu vay thanh vién protected la mét md rong cla thanh vién private, nghia ching la khong
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truy xuét dugc tir bén ngoai I8p, nhung cd thé truy xuédt bdi cac Idp dén xuét.

2. Céc kiéu dan xudt

Két qua dan xuét dudc diéu khién bai cac chi dinh truy xuét, la cc tir khda mo ta kiéu dan xuét:

a) Dan xuét kiéu public

www.codeschool.vn

class B class D : public B
éublic: éublic:
publD;
protected: protected:
protD;
private: private:
privB; privD;
}; };

Dan xuét kiu public thudng dugc sir dung, thé hién mot quan hé ki€u con, con goi 1a quan hé "la mot" (IS-A) / "Ia mét loai
cua" (is-a-kind-of), hodc con goi la su thua k€ giao dién (interface inheritance).

class D : public B { ... };

D Ia mét loai clia B, D la mdt ki€u con cla B. MGt ddi tugng D cd thé dugc dung nhu mét déi tugng B.
Ngoai thanh vién private, cac thanh vién con lai cta I6p cd sd dugc thira k€ trong I&p dan xuat véi pham vi truy xuat tuong
ng trong I&p ca sé.

b) Dan xuat kiéu private

class B class D : private B
{ {
public: public:
publB; 1 publD;
protected: ' protected:
Coro: 3 | proto;
private: V private:
prive; i '-4--»( publB;
privD;
I

Dan xuét kiéu private sif dung khi ta nhan thdy mot s6 kiéu dif liéu I6p dan xuét d& dudc dinh nghia trong I6p cd sé. LSp co
sG chi don gian cung cdp phan bd sung cho I6p dan xu&t. N6i cach khac, 16p dan xuét chita MOT thuc thé I3p cd s8. Diéu nay
lam cho quan hé gilra I6p dan xuat va I6p cd sg gidng nhu’ quan hé két hgp (composition).

Khi thira k& kiu private ta tao ra mdt I6p dan xuét ch(a tat ca dif liéu va phuang thirc cla I8p cd s&, nhung nhitng phuang
thirc nay déu dugc an gidu, trd thanh moét phan cai dét bén trong cta I6p dan xuét. Ngudi dung 16p dan xuét khong truy cap
dugc dén cac phuang thiric bén trong nay.

class D: private B { ... }; |

hodc khai bao mac dinh:

class D: B { ... }; |

Khi dan xudt private, tat ca cac thanh vién public cla I6p cd s trg thanh private trong IGp dan xuat. Néu mudn si dung
mot thanh vién nao d6, phai goi tén thanh vién dé (khong tham s6 va khong tri tra vé) trong phan public cta I&p dan xuat:

#include <iostream>
using namespace std;

class Pet

{

public:
Pet(
void

const string & s ) name( s ) {}
eat() const { cout << "Pet::eat" << endl; }

void speak() const { cout << "Pet::speak" << endl; }
void sleep() const { cout << "Pet::sleep" << endl; }
protected:
string name;
b
class GoldFish : private Pet
{
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using Pet::name;
private

GoldFish( const string & s )

using Pet::eat;
void sleep() const

}

int main()

{
GoldFish bob(

"Nemo"

www.codeschool.vn

// "cong khai" (public access) mdét dit 1iéu thanh vién thira ké

Pet( s ) {}

// "cong khai" mdt phuong thic thanh vién thira k& private

// goi phuong thic sleep lép Pet
{ Pet::sleep(); cout << name << endl; }

cout << bob.name << endl;

bob.eat();
return 0;

}

// do phuong thirc eat da "cdng khai" nén goi dugc

c) Dan xut kiéu protected

(orote; 3--

class B class D : protected B
{ {

public: public:

Gorota 34+ | pusio;

protected: i protected:

protD;
private: private:
privB; privD;
b ks
class D: protected B { };

Dan xuat kiéu protected dua cac thanh vién I3p cha thanh protected & I6p con.

Dan xuat kiéu protected va private khong dugc xem nhu méi quan hé IS-A ma giéng quan hé HAS-A han, nén dé tranh
nham lan, ngudi ta thudng tranh cac dan xuét kiéu nay. )

Hinh sau m6 ta cac thanh vién I6p cg s6 (véi pham vi truy xudt khac nhau) dudc thira k€ trong I6p dan xudt, si dung cac kiéu
dan xuat khac nhau:

class B
Private |—— khong thira ké dugc
Protected
Public
class D1 : public B class D2 : private B
Private > Private [«
™ Protected Protected
Public | Public
class X : public D1, protected D2
Private
» Protected |3
> Public

K&t qua thira k& véi cac kiu dan xust khac nhau

IV. Cac phuong thirc cia I6p dan xuat

1. Constructor cla I8p dan xuat .
Constructor cta déi tugng dugc tu dong goi theo thir ty cac I6p cd sé (trong khai bao da thira k€), réi dén cac I6p dan xudt, cubi
cuing la I8p dan xudt sinh déi tugng (goi la I6p most-derived). Destructor dugc tu déng goi theo th(r ty ngudc lai, tir I6p dan xuat
sinh ddi tugng, ngudc Ién cac I6p dan xuat trén, réi dén IGp ca sG.

L&p dan xuat khong thira ké cac constructor, destructor va toan tr gan cua I8p cd s nén ta phai tu xay dung ldy. Hon nifa, cac
constructor clia I6p dan xudt phai chlfa thong tin khdi tao, lam ddi s& d€ chuyén cho cac constructor cla Idp cd sd trong danh
sach khdi tao.

Trong I8p dan xuét cé thé cd ba nhém thudc tinh sau:

- Cac thudc tinh 1a d6i tugng thudc I6p khac (subobject): khdi gan thong qua danh sach khdi tao, dung tén cua subobject.

- Cac thudc tinh ké thtra tir I8p cd sa6: khai gan thdng qua danh sach khdi tao, dung #én cua Idp co so'tuang Uing.

Cac tri can truyén cho constructor cla I8p cd s& hodc 18p thanh phan dudc chuyén tir danh sach tri-d8i sd cua constructor 16p
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dan xuat. i )

- Cac thudc tinh riéng cla I6p dan xuat: cac thudc tinh nay cé thé truy nhap truc ti€p bén trong I6p dan xuat. Vi vay dugc khai
gan bang cac phat biéu truc ti€p trong than constructor hodc trong danh sach khdi tao.

<D class> :: <D class>( [argument values list] )
<B class 1>( <argument values list 1> )],
[<B class_k>( <argument values list k> )],

danh séach khéi tao
(initialization list)

[<subobject 1>( <argument values list 1> )],
[<subobject n>( <argument values list n> )],
{ .

// khdi gan cac thudc tinh mdi clia I6p dan xuat
}

Néu I6p ca s& hodc I6p thanh phan khong can khdi tao véi constructor c6 déi s8 thi ching cling khéng can c6 mat trong danh
sach khai tao, nhung van dugc khdi tao bang constructor mdc dinh. Vi du:

class Base

{ Base
public: + pubB: int

int pubB; i

Base( int b =0 ) : pubB( b ) {} + Base(int)
} 4&
class Sub
{ " Sub Derived
public: . ot

double pubs; + pubS: double i (c)lbjsst.rlggb
}-Sub( double s = 0.0 ) { pubS =s; } + Sub(double) + Derived(int, double, int)
class Derived : public Base
{

int* a;

Sub objs;
public:

Derived( int, double, int );
}
Derived::Derived( int bl, double sl, int n ) : Base( bl ), objS( sl )
{

a = new int[n]; ) N
} goi constructor  tén cua

I6p ca sG subobject

/* hodc:
Derived::Derived( int bl, double sl, int n ) : Base( bl ), objS( sl ), a( new int[n] )
%

2. Ham hay cua 18p dan xudt

Khi hiy ddi tugng thudc I8p dan xuat, cac subobject va cac d6i tugng thira k€ dugc tir I8p cd s& chira trong n6 s& tu giai phdng
V@i destructor tugng (ng. Vi vay khi xay dung destructor cla I8p dan xudt, chi can quan tam dén cac thudc tinh khai bao thém
trong I16p dan xuat, gidi phong ving nhd cac thudc tinh nay chiém néu cé.

3. Toan t{r gan cua I8p dan xuét

Khi 16p dan xuét cd thanh vién dif liéu ddng, k& ca thanh vién dugc thira k& tir I18p ca s6, thi khdng dugc dung toan tir gan mac
dinh ma phai xay dung toan tir gan tudng minh cho né. Ta can lam nhu sau:

- Xay dung toan tir gan cho cac I6p ca s va cac I6p thanh phan néu cd.

- Trong dinh nghia toan tir gan clia I6p dan xuét, dung toan tir gan clia Idp cd s& dé thuc hién phép gan trén cac ddi tugng nay.
- Trong dinh nghia toan t{r gan cua I6p dan xuat, con cd cac phép géan cac subobject (dung toan tur gan clia cac I8p thanh phan),
va phép gan cac thudc tinh b8 sung ctia I16p dan xuét. Vi du:

#include <string>
using std::string;

class Base

{
public:

const Base & operator=( const Base & )
{ /* code */ }

}i

class Sub

{
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public:
const Sub & operator=( const Sub & ) Base
{ /* code */ }
}; + operator=(const Base &)
: const Base &
class Derived : public Base
{
string d;
Sub objs; Sub Derived
public: ) ) # d: string
const Derived & operator=( const Deriv|+ operator=(const Sub &) # objS: Sub
b  const Sub & + operator=(const Derived &)
const Derived & Derived::operator=( const Derived & objD ) : const Derived &

{
d = objD.d; // céc phat biéu gan cac thudc tinh riéng clia 16p dan xuét
objS = objD.objS; // cac phét biu gan cac subobject
Base: :operator=(objD); // gan cac thudc tinh ma Derived thira ké tir Base
return *this;

}

4. Copy constructor cua I6p dan xuat

Khi I6p dan xuét co6 thanh vién dif liéu dong, k& ca thanh vién dugc thira k& tir I8p co s6, thi khéng dugc duing copy constructor
maéc dinh ma phai xay dung copy constructor tudng minh cho no.

Ta can thuc hién mot trong cac cach sau: }

- SUr dung copy constructor clia I8p cd sG va toan tf gan cla I6p thanh phan dé& dinh nghia copy constructor cua I6p dan xuét.

Derived::Derived( const Derived & objD )

: Base( objD ), d( objD.d ), objS( objD.objS )
{ goi copy constructor

) cla I8p co sé

- SUr dung todn ttr gan clia I8p co sd va cua I6p thanh phan dé dinh nghia copy constructor ctia I6p dan xuét.

Derived::Derived( const Derived & objD )
: d( objD.d ), objS( objD.objS )
{
*( Base* )( this ) = *( Base* )( &objD ); // goitoan tlrgan Idp cd sd
}

- SU dung toan ti gan cda Iép dan xuét, todn tir ndy phai dugc xay dung trudc nhu' phan trén trinh bay. Sau dé copy constructor
cla I8p dan xuat viét theo mau sau:

Derived::Derived( const Derived & objD )
{

*this = objD;
}

Chu y réng cach nay khong thuc hién dugc néu toan tir gan cua I8p dan xuét co hiy ving nhé cap phat dong cla d6i tugng bén
trai.

V. Pa thira ké va Iép co sé ao

1. Da thira ké (Multiple Inheritance) .

Thira ké tr nhiéu 16p cd sG goi la su da thira k€. Ldp dan xuat s€ thira k€ tat ca thudc tinh va phuong thic (thira k€ dudc) tir cac
I6p cd s&. Quan hé IS-A van la quan hé cta 16p dan xut véi cac 16p co s6.

Khi dinh nghia mot I3p dan xuét tir da thira k& (Multiple-Derived class), chi dinh truy xuat (private, protected, public) phai
dugc dinh nghia day du, tach biét cho tiing I6p cd sG. Néu chi dinh truy xudt khong cd thi méc dinh la thura k€ private.

class MotorHome : public Car, Home // dan xudt Home I3 private, khong phai public

{ ... %

ba thlra ké cd khuynh huéng thu hep céy phan cap, la mét van dé phtc tap trong C++. Vai tinh hu6ng da thlra ké nhu sau:

- Muén Id_p mdi bao gém cac ddc diém cuda hai Idp cd s@ khac nhau, thudng cé thé trdnh bang thiét k€ t6t han.

- Duing dan xuét public dé tao quan hé IS-A va dan xuét private (hodc protected) dé& tao quan hé HAS-A, xay dung cac
IGp tir cic dan thé (component-based class). Nhu trinh bay trong phan trén, nén tranh dan xuét private.

- Tao cac I8p mix-in. Nhiéu I8p trén cy thira k&, ngoai dan xuét chinh thiic trong cy thira k&, con dan xuét tir cac I16p mix-in dé
thém nhanh cac phuang thirc can thiét. Java co khai niém interface tuang tu cac I6p mix-in nay.

2. Nhitng van dé cla da thira ké

a) Trung tén phugng thirc

van dé trung tén phuang thirc nay sinh khi cac I8p cg s c6 cac phuang thifc cé tén gidng nhau.

DE giai quyét, ta cdn dung todn tr phan dinh pham vi : : chi cu thé tén I8p cd s& clia phuong thirc dugc goi nhdm tranh tinh
trang ma hd (ambiguous) khi trinh bién dich chon phuong thic dé goi.
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myPackage.Box: :show(); // goi phuang thirc show() thira ké tir I8p cha Box
myPackage.Contents: :show(); // goi phuadng thic show() thira k€ tur I6p cha Contents

Container

1

Box Contents

+ show() + show()

N/

Container

b) L3p cd sG ao (virtual base class)

Xét truong hop thlra k€ mo ta trong sd do cla vi du bén dudi, goi la thira k€ "hinh thoi" (diamond inheritance) hodc thlra ké
nhiéu dudng (multi path inheritance): I6p Graduate da thira ké hai I6p Student va Staff, hai I6p nay lai cing thira k€ I6p
Person; nhu vay trong I6p Graduate cd hai phién ban (dir liéu va phugng thirc thira k€) cla I6p ca sd gian ti€p Person.

Person

# name: String
# address: String
# age: Integer
# gender: integer

+ getAge(): Integer

< R

«virtual» «virtual»
VA AN
Student Staff
# gpa: Double # salary: Double
+ getGpa(): Double + getSalary(): Double
Graduate
Van dé nay sinh:
Graduate* g = new Graduate();
int s;
s = g->getAge(); // khong dugc, co hai phién ban getAge()
s = g->Person::getAge(); // khdng dudc, co hai phién ban Person
// cach sau dugc, nhung cho két qua la cac tri truy xuat tai vi tri khac nhau trong bd nhé (khdng nhat quan)
s = g->Staff::age(); // dung di liéu I6p Person ma Staff thira k€ dugc
s = g->Student::age(); // dung dif liéu I6p Person ma Student thira ké dugc

Giai phap cho van dé nay la dung I6p ¢ sG ao (virtual base class): mét I6p cd s§ truc ti€p dugc khai bdo la virtual khi cac I6p
dan xut dudc dinh nghia, tir khda virtual dugc ding ngay trudc tén I8p cd s& (virtual va public cd thé dbi thir tu). Lp
Person trd thanh I&p cd s& do cua I8p Student va I6p Staff.

#include <iostream>
using namespace std;

class Person

{

protected:
string name;
string address;
int age;
bool gender;
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public:
Person( const string & s1 = "", const string & s2 = "", int a = 0, bool s = true )
: name( sl ), address( s2 ), age( a ), gender( s )
{}
int getAge() const { return age; }
b
class Student : wvirtual public Person
{
protected:
double gpa;
public:

Student( double d = 0.0 ) : gpa( d ) {}
double getGPA() const { return gpa; }

b
class Staff : virtual public Person
{
protected:
double salary;
public:

Staff( double d = 0.0 ) : salary( d ) {}
double getSalary() const { return salary; }

};
class Graduate : public Student, public Staff
{
public:

Graduate( const string & s1 = "", const string & s2 = "", int a = 0,

int s = 1, double g = 0.0, double sal = 0.0 )
: Person( sl1, s2, a, s ), Student( g ), Staff( sal )

{}

};

int main ()

Graduate p( "Arnold", "Hollywood", 30 );
cout << p.getAge() << endl;
return 0;

}

Can chay:

- MOt I8p ca s6 do van duy tri cho cac I8p dan xudt tir no, cac I&p dan xuat tir Student van xem I6p Person nhu mot I8p cg s6
ao.

Khong thé thay doi khai béo clia mét I6p ¢ s§ gian tiép thanh virtual.

- Khi tao d6i tugng tir mot I6p dan xudt da thira k€, constructor cla cac I8p cd sd sé dugc goi trudc tién. Trong trudGng hgp co
I6p cd sd o, constructor cla /dp co sG do gan nhét trong cdy phan cap sé dugc thuc thi &rvGc constructor cla cac I6p co s@
khdng do.

Graduate( const string & sl = "", const string & s2 = "", int a = 0, bool s = true )
: Person( sl1, s2, a, s )

{}
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Pa hinh

Polymorphism

I. Tuong thich giira I6p dan xuéat va I6p co sé B

Vi ddi tugng thudc 16p dan xudt chira bén trong nd giao dién ctia 16p ca s, nén mét ddi tugng I6p dan xudt cd thé dugc dung
nhu mét ddi tugng co ki€u clia chinh né hodc nhu' mét ddi tudng co kiéu /a Idp co' s dan xuét ra nd. Hon nifa, c6 thé truy cép
dén ddi tugng thudc I6p dan xudt thdng qua con tro hodc tham chi€u dén I6p ca s6. Ta goi day la su tuong thich gilta I6p dan
xuat va I8p cd s@. Biéu nay cho phép quan ly cac doi tugng cla cac I8p dan xudt khac nhau nhu 1a cac doi tugng ciia mot I6p co
sG chung.

1. Tu‘dng thich gilta d6i tugng thudc I6p dan xudt va déi tugng thudc 16p co s§

C6 thé gan mot ddi tugng thudc 16p dan xudt cho mot ddi tugng thudc I8p ca sd. Do tugng két qua clia phép gan s& bi xén bét
(sliced), nghla la chi chlra cac thanh vién cuta I6p ca sd, khong chifa cac thanh vién do 16p dan xu&t bd sung.

Trong phép gan trén, trinh bién dich da dung phép chuyén kiéu khdng tudng minh (implicit type conversion) d& chuyén ddi tugng
tlr kiéu 16p dan xuét 1&n kiéu I8p cd sd, goi la chuyén kiéu 18n (upcasting).

#include <iostream>
using namespace std;

class Instrument
{
protected:
string artist;
public:
enum note { middleC, Csharp, Cflat };
Instrument( const string & s = "" ) : artist( s ) {}
void play( note ) const
{ cout << "Instrument::play " << artist << endl; }

};

// nhac cu th6i Wind "la mot loai" Instrument
class Wind : public Instrument

{

public:
Wind( const string & s = "" ) : Instrument( s ) {}
void play( note ) const // cai dat lai phugng thac play
{ cout << "Wind::play " << artist << endl; }

};

int main()

{

Wind saxophone( "Kenny G" );
Instrument clarinet;

clarinet = saxophone; // upcasting Wind thanh Instrument
clarinet.play( Instrument::Csharp ); // s€ goi Instrument::play
return 0;

}

2. Tuong thich giira con trd I6p dan xudt va con tro I6p cd s& ) )

Hién tugng xén bét d6i tugng khi chuyén kié’q I&n mdt ddi tugng 18p dan xuat nhu trén thudng gay 16i. Thay vao dd, khi chuyén
ki€u Ién, ta thuting chuyén con tro ki€u I6p dan xudt thanh con trd ki€u 16p cd s& dé sir dung kha ndng da hinh.

M4t con trd kiéu I3p co s& ¢ thé dung chi dén doi terng cla I8p dan xuét, nghia la:

- Con tro clia I8p cd sd cd thé dung dé chira dia chi cac d6i tugng cla I6p dan xuét.

- C4 thé gan mot con trd I3p dan xudt vao mot con trd 13p cd s6.

Khi dé, tir con tro Idp cd s@ chi cd thé truy xuét giao dién 16p cd s dudc thira ké tai I6p dan xuét, khong truy xudt dugc cac
thanh vién dugdc bd sung tai I6p dan xuét.

int main()

{
Instrument* instr[2]; // mang cac con tro Instrument*
Wind trumpet( "Louis Amstrong" );
instr[0] = new Wind( "Kenny G" ); // chlra mot con tré Wind*
instr[l] = &trumpet; // ch(ra dia chi mét doi tugng Wind
for (int 1 =0; 1 < 2; ++1i )

instr[i]->play( Instrument::Cflat ); // goi Instrument::play

return 0;

}

T vi du trén ta cling thdy c6 thé quan ly nhidu déi tuong thudc céc Idp khdc nhau trong mdt mang chia cac con tro kiéu Idp co
G chung cla chung.
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3. Tuong thich gilra tham chiéu I8p dan xut va tham chiéu 18p cd s& B

Gidng nhu su tugng thich gitta con trd kiéu I8p dan xuat va con tro ki€u IGp cd sG, co thé dung tham chiéu kiéu I6p dan xuat tai
vi tri tham chiéu kiéu I6p ca sa.

void tune( const Instrument & obj )

{

/] ...

obj.play( Instrument::middleC ); // goi Instrument::play
}

int main()

Wind flute( "Ron Korb" );
tune( flute ); // OK. Vi I8p Wind thira ké I8p Instrument
return 0;

}

II. Két nai tinh (static binding) va két n6i dong (dynamic binding)

1. Két nGi tinh

Két ndi (binding) thé hién mdi quan hé két ndi gilta phucong thirc dugc goi véi phuong thiic tuong (ng dudc thuc hién, nghia la
giai quyét viéc phuaong thic thudce I6p nao sé thuc hién.

Két ndi tinh (static binding), con goi la két ndi sdm (early binding) la kiéu két ndi dudc xac dinh trudc khi chuong trinh chay,
nghia 13 trong qua trinh bién dich va lién két. Trinh bién dich s& xac dinh cu thé phuong thiic nao dudc st dung tuong ('ng Vi
kiu d6i tugng nao nhan théng diép trudc khi chay chudng trinh. Viéc xéc dinh nay dua theo cac quy tic sau:

- Néu phuang thic dugc goi kem theo tén cua /dp nao thi phuong thirc tugng ng cla I6p doé s€ dugc thuc hién. Pay la cach goi
cac phuaong thic static hodc goi phuang thirc public vdi tén IGp tuGng minh (dung toan tr : :).

- Néu phuang thic dugc goi kém theo déi tuong thudc Idp nao thi phucng thirc cla I6p dd sé dugc thuc hién. Day la cach goi
phuang thic thong qua doi tugng cua I6p.

- Néu phuang thirc dugdc goi kém theo con tro thudc IGp nao thi phuang thirc clda I6p dé sé dugc thuc hién. Chl y phuang thirc
ap dung dudgc xac dinh tir kiéu cua con trd, khdng phai tir ki€u clia d6i tugng dugc con trd chi dén.

- Néu phuang thic dugc goi khdng thdy trong I6p, trinh bién dich sé& xac dinh két nGi bang cach tim phuang thirc cling tén trong
cac I6p ca sd, uu tién cac I6p co quan hé gan vdi I6p dang xét. Qua trinh truy tim nay s€ di ngugc Ién dan trén cay phan cap.

#include <iostream>
#include "student.h" // chira cac khai bao I8p Student va GradStudent chuang trudc
int main()
{

Student s( "Bill Gates", 100, 3.425, Student::fresh );

GradStudent gs( "Linus Tovarld", 200, 3.2564, Student::grad,

GradStudent::ta, "Operating System","Linux 0S");
Student* ps = &s; // con tré ps chi dén Student
GradStudent* pgs;

cout << gs.Student::toString(); // Student::toString (quy tac 1), du doi tugng goi la GradStudent

cout << gs.toString(); // GradStudent::toString (quy tac 2)

cout << ps->toString(); // Student::toString (quy tac 3)

ps = pgs = &gs; // hai con tré ps va pgs déu chi dén GradStudent

cout << pgs->toString(); // GradStudent::toString (quy tac 3) )

cout << ps->toString(); // Student::toString !!! Do ki€u clia con tro ps van la Student
return 0;

}

2. Phuang thirc do

Phuang thic 4o la can thiét do né dudc xay dung cho /dp mang tinh khai niém, vi vay ta khong biét dugc nd sé hoat dong nhu
thé& nao cho dén khi ki€u clia ddi tugng goi né dugc xac dinh trong thdi gian chay. Néi cich khac, ta khai bdo mét phuang thirc
la do khi mudn no trd thanh phugng thic da hinh.

Phuang thiic do giéng cac phuang thic théng thudng & nhiéu mét, chi khac & cac diém sau:

- Phdi Ia phudng thirc thanh vién cua mét 18p va cd tur khoa virtual. Khong thé 13 thanh vién static.

- Thudng dudc cai dit sa bd (hodc rong) & I3p ca s roi cai dit cu thé lai (overridden) & I6p dan xut.

- C6 thé dudc s dung trong ca hai hinh thiic két néi: két ndi tinh va két ndi dong, tuy theo tinh hudng cu thé (xem phén sau).
Dinh nghia phuang thirc 4o bang mdt trong hai cach sau:

- Thém tur khdéa virtual vao dau dong khai bao phuang thifc dé bén trong dinh nghia I6p cg sG cao nhat cé chira nd. .
- hoac thém tir khoda virtual vao dau dong khai bao phuang thic dé bén trong dinh nghia cua tat ca cac I8p cd sd va I8p dan
xudt cé chua né. Cach nay it khi dung, vi chi can chi dinh & I6p cd s& cao nhét la du, cac phién ban mdi clia phuong thirc ao
trong I8p dan xuét la ty dong do.

#include <iostream>
#include <cmath>

using namespace std;

const double PI = 3.14159;
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class Shape

{

public:
Shape() : x( 0.0 ), y( 0.0 ) {}
void setPos( double nx, double ny )

{ x=nx; y=ny; } // chung cho moi hinh
virtual double getArea() const = 0; iﬁflcnéhcr;]?:r']aljséérfrcoliﬂnf:g
virtual string getName() const = 0; , , 9
protected: I3p turong tng
double x, y; // chung cho moi hinh
}i
class Rectangle : public Shape
{
public:

Rectangle( double h, double w ) : height( h ), width( w ) {}
double getArea() const { return ( height * width ); }
string getName() const { return ( " RECTANGLE " ); }

private:
double height, width;
b
class Circle : public Shape
{
public:

Circle( double r ) : radius( r ) {}
double getArea() const { return ( PI * radius * radius ); }
string getName() const { return ( " CIRCLE " ); }
private:
double radius;

b phuong thic 4o (virtual) dan xuat
class Polygon : public Shape thanh cac phugng thurc cu thé
getArea() va getName()

public:

Polygon( int n, double s J: number( n ), side( s ) {}

double getArea() const

{ return ( side * side * number / ( 4.0 * tan( PI / number ) ) ); }

string getName() const { return ( " POLYGON " ); }
private:

int number; // sO6 mat

double side;

};

Kiéu tra vé clia mét phugng thirc ao phai giéng nhu khi khai bao chung trong I8p cd s8, hodc phai la mét covariant (hiép bién).
Trong I8p dan xuét, kiéu tra vé covariant la con trd hodc tham chiéu dén mot kiéu 16p dugc dan xuét tir ki€u tra vé cta phuong
thirc ao I8p ca 6. Vi du, phuong thic ao clone() I6p cha tra vé kiéu Shape*, phuong thirc 4o clone() I8p con tra vé Circle*
(Circle dan xudt tir Shape); chl y covariant khong nhat thiét phai tuong (ng I8p chlra phuang thitc do.

3. K&t ndi dong va quy téc goi phueng thirc do B

K&t ndi dong (dynamic binding), con goi la két ndi tré (late binding) 1a ki€u két ndi chua dugc xac dinh rd rang trong qua trinh
bién dich. Chuang trinh chua xac dinh dugc phuong thic thudc I6p nao sé dudc goi cho tdi khi thuc sy nhan déi tugng cu thé.
Déc tinh cg ban cla két nGi dong la kha nang tri hoan thuc hién (tré): cho dén khi thuc thi mdi quyét dinh déi tuong thudc Idp
naova phuong thuc thudc Idp nao d€ goi va tham khao dén déi tugng do.

Phuang thic do dugc dung trong ca hai cach: két noi tinh va két ndi dong. Khi thuc hién, chuong trinh sé xac dinh phuong thic
a0 nao sé két ndi véi d6i tugng nhan thong diép. Viéc lua chon phuong thirc dua trén cac nguyén tac:

- Néu phugdng thic o dudc goi kém theo tén cua I8p nao thi phudng thirc clia I6p do6 sé dugc thuc hién. Cach goi phuang thirc
40 nay dudc thuc hién theo kiéu két néi tinh.

- Néu phuang thic ao dugc goi kém theo d6i tugng thudc I8p nao thi phudng thic cla I16p d6 sé dudc thuc hién. Két ndi tinh.

- Néu phudng thiic do dudc goi kém theo con trd kil Idp co' s, Néu con trd kiéu I8p co s6 chi dén ddi tugng thudc I6p con nao
thi phuang thirc thuc su cla cta I8p con do s& dudgc thuc hién. Trudng hgp nay két néi thuc hién theo ki€u két néi ddng. Mot
[an nira chd y rdng phuang thic ap dung dudc xac dinh tir kiél thit su ca déi tuong duoc con tré chi dén (ki€u ddng), khdng
phai tir kiu ctia tré quan ly ching (kiu khai bao).

- Néu phuang thirc ao dudc goi khdng thay trong I6p, trinh bién dich sé xac dinh két ndi bang cach tim phucong thirc do clng tén
trong cac I&p co sd, uu tién cac I6p cd quan hé gan vdi I6p dang xét. .

Trong vi du sau ta dung mang kiéu con trd kiéu I3p cd s& Shape dé quan ly cac con tro kiéu I6p dan xuét (Circle, Polygon,
Rectangle). Thong qua c4c con tr6 clia mang nay ta goi cac phuang thirc ao getName () va getArea(); thay vi phuong thirc
clia I8p Shape dudc goi, két néi dong gilip phuong thirc do cai dét cho I6p dan xuét cu thé sé dudc goi.

int main()

{
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// con trd chi dén céc d6i tugng khac nhau dudc quan ly bdng mang con trd kiéu I6p ca s
Shape* shps[] = { new Circle( 2.2 ), new Polygon( 14, 1.3 ), new Rectangle( 5.2, 3.0 ) };

for( int 1 = 0; 1 < 3; ++1i )
cout << shps[i]->getName() << "area ="
<< shps[i]->getArea() << endl;

return 0; o
} SHAPE* phuang thutc ao

Nhu vay ta nhan thay cd ché két nGi dong sé dugc ap dung khi goi hanh vi da hinh:

- goi mét phuong thuc o cia mot doi tugng,

- thdng qua con tr0 kiél Idp co’ sé dang quan ly d6i tugng do.

Trong vi du trén, néu ta quan ly truc tiép cac déi tugng I6p dan xuét (khdng quan ly gian tiép thdng qua con trod kiu I3p ca s6)
hodc phuang thic goi khong phai la phuang thiic 4o, ca ché két ndi tinh dugc thuc hién, ta khong dat dugc hiéu qua da hinh.
Ciling c6 thé goi hanh vi da hinh thdng qua tham chiéu kiéu I6p ca sa:

int main()

{
const Shape& rr = Rectangle( 5.2, 3.0 );
cout << rr.getName() << "area = " << rr.getArea() << endl;
return 0;

}

4. Ca ché goi phuang thic do B

Trinh bién dich tao ra mét thanh vién dit liéu &n cho moi déi tugng cla I8p con, goi la con trd &o vptr hay v-pointer chi dén mot
bang phuong thiic do (v-table). Bang phudng thirc do chira cac con tré ham chi dén cac phuang thic do dugc cai dat & I6p con.
Trinh bién dich s& dung con tré &o trong bang phuang thirc do clia mét I6p dé goi phuang thiic do trong thdi gian thuc thi.
Trong hinh dudi, vi du goi phuong thic do getArea() tir d6i tugng do con trd Circle* chi dén, con trd do v-pointer clia dGi
tugng do sé chi dén v-table cua I6p Circle, tir bang nay con trdo ham chi dén phuang thiic getArea() cua I6p Circle sé
dugc dung dé& goi ham.

v-table clia Shape v-table clia Circle v-table clia Polygon v-table clia Rectangle
NULL &[Circle: :getName()] &[Polygon: :getName()] &[Rectangle: :getName() ]
NULL &[Circle: :getArea()] &[Polygon: :getArea()] &[Rectangle: :getArea()]
v-pointer ) v-pointer ¢ v-pointer ¢
X=y =20 X=y =0 X=y =0
radius = 2.2 number = 14 height = 5.2
side = 1.3 width = 3.0
&[Shape: :setPos] &[Shape: :setPos] &[Shape: :setPos]
\ A /
Shape*[] Cirzle* Pol;}'gon* Recta'r(mgle*

Dai tugng vai phuong thifc ao phai duy tri mot bang v-table, vi vay thdi gian goi phuang thic sé tang vdi phuong thirc ao’.

5. M6t s6 phuong thirc can xay dung ao

C++ khdng cho phép constructor o, vi llic dé chua cd ddi tugng nén chua cd con trd do v-pointer. Cling khong ¢ ham static
va ham friend (tu do) ao.

Phuang thirc o ctia mdt I8p c6 thé dugc khai bao 1a phuang thirc ban (friend) clia mét I18p khac.

Khi xay dung mot I8p ca s, nhat la khi I6p cd sG nay cé phuang thirc do, can thiét dinh nghia mot destructor ao cho n6, mac du
I6p d6 khong can destructor.

Gia st ta dung mang cac con trd ki€u I8p cha dé€ quan ly cac con trd chi dén d6i tugng thudc cac I6p con. Khi hily mang nay, do
k&t ndi tinh nén chi ¢ destructor cua 16p cha dugc goi. D& cac phan t ctia mang cd thé huy theo cach khac nhau (da hinh khi
huy), destructor cta I8p cha (I6p cg s&) phai lubn dugc khai bdo nhu' mot ham ao.

#include <iostream>
using namespace std;

class Base
{
public:
Base()
{ cout << "Constructor of class Base\n"; }

virtual ~Base()
{ cout << "Destructor of class Base\n"; }

}'

7 Trong thuc hanh, khuyén khich chuyén cac phuang thic nghiép vu khéng static thanh do. Cac phuong thirc khéng static
clia Java déu la phuang thirc o.
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class Data
{ .
private:
string name;
public:
Data( const string & n )
{
cout << "Constructor of class Data\n";
name = n;

}

~Datal()
{
cout << "Destructor of class Data for "
<< "object: " << name << endl;
}

}

class Derived : public Base
{
private:
string data;
public:
Derived( const string & n ) : data( n )
{ cout << "Constructor of class Derived\n"; }

~Derived() // khong can destructor nay

{ cout << "Destructor of class Derived\n"; }
+
int main()

Base *bPtr = new Derived( "DEMO" );

cout << "\nCall to the virtual Destructor!\n";
delete bPtr;

return 0;

}

Vi du trén dung con trd kiéu 18p cd s dé quan ly ddi tuong 16p dan xuét, vi vay destructor ao tuong Ung véi I6p dan xuét dé sé
dugc goi khi giai phdng con tré quan ly. Do I6p cd s¢ da xay dung destructor 4o, IGp dan xuat thira ké destructor nay nén khong
can phai viét destructor cho cac I6p dan xuat nira, ngoai trir I6p dan xuat c6 thém thanh phan dir liéu dong can giai phéng khi
huy.

III. Pa hinh (polymorphism)

1. Pa hinh

Cac I8p cd lién quan vdi nhau dugc khai quat hda thanh I6p cd sG chung, chifa it nhat mot phuang thic ao, goi la cac I6p da hinh
(polymorphic8). Khi chua khai quat hda, han ché cla két ndi tinh la budc phai x(r ly riéng ré hanh vi chung clia cac déi tugng
khac nhau thudc cac I6p cd lién quan véi nhau, lam cho code trd nén phic tap.

Tinh da hinh Ia kha ndng x{r ly cdc déi tugng thudc cac I8p da hinh theo mdt cch thirc t8ng quat, song khi x(r ly dén tiing ddi
tugng thi cach thirc tdng quét do trd nén cu thé cho tirng I8p cu thé. Kha ndng ndy c6 dudgc bang céch thut thi théng qua phuong
thifc o dé cd thé két ndi dong.

Cac budc ap dung da hinh ndi chung nhu sau:

- Khi thiét k&, khai quat hda cac I6p c6 déc diém gan giéng nhau thanh I6p cd s chung, dua vao dé cac phuong thiic do. L3p co
s& chung c6 thé nang cdp thanh IGp tritu tugng béng cach khai bao mét s6 phuang thiic do thanh phuang thirc thuén o.

- Khi cai dét, dan xuét I8p cd s@ thanh cac I8p cu thé, trong dé cai dét cho cac phuang thiic do, hanh vi clia chling tucng (g
Vvéi I6p cu thé.

- Quéan ly cac thé& hién cua cac I6p cu thé thdng qua mang con trd hodc con trd ki€u I8p co sd. Khi goi phuong thirc do trén cac
thé hién I8p cu thé thdng qua con trd ki€u I6p co s& ta s& dat dugc hiéu qua da hinh.

2. L8p co sé triru tugng (Abstract Base Class)

L8p cd sG cao nhat clia cac I6p da hinh thuGng chi mang tinh khai niém, vi vay ta cé khuynh hudng xay dung I8p nay thanh I6p
CG sd truru tugng.

Ldp cd s6 triru tugng la mét I8p chi dugc dung lam co' so' khdi niém cho viéc tao cac 16p khac, dung dé& dinh nghia mot sé khai
niém téng quat cho cac I6p dan xuét. Vi vy 16p cd sd tritu tugng KHONG tao ra bt ky mot thé hién nao.

L8p cd sé tritu tugng thudng cha nhitng phuong thirc do, tdng quéat cho moi I6p dan xuét. B cac phuong thiric nay mang tinh
khai niém, ta dinh nghia ching nhu cac phuong thuc thuan ao.

Phuang thic thuan ao (pure virtual method) la mot phuang thic ao ma trong dinh nghia cta I8p, nd dudc dinh nghia la "khong

8 Cac I8p da hinh thé hién da hinh kiéu (type polymorphism), C++ con hd trg da hinh tham s& (parametric polymorphism) thong
qua template.
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cb gi". Trong v-table, con trd ham chi dén phucng thirc thuan o la mét con tréd NULL.

virtual return type function name( arguments ) = 0;

Nhu vay, 18p triru tugng 13 18p c6 chlra phuong thirc thuan do. Cac I8p dan xudt tir I3p triru tugng phai khai béo lai tat ca cac
phuong thirc thuan do ma né thira k€, dinh nghia lai tat ca cac phudng thirc thuan ao ma né thira k€ véi cai dat cu thé. Khi do
I6p dan xudt dugc goi 1a I6p cu thé (concrete class). ; . .

Néu van chua dinh nghia lai tat ca cac phuong thlc thuan 4o, I6p dan xuét van la I6p dan xudt tritu tugng (deriving abstract
class). L8p dan xuét tir I6p cu thé cling cd thé Ia I6p triru tugng, néu ta khai bao thém phucng thic thuan ao cho né.

Ban cd thé cai dét phuang thirc thudn o clia IGp triru tugng, thudng lam co s& d€ cac I6p dan xudt goi khi cai dat lai phucng
thdc nay. Ldp cd cai ddt cho phuong thirc thuan o van la I18p triru tugng do co khai bao phuang thic thuan do.

Phuong thiic thuin do cd thé duc goitir cac phudng thitc khéng thuin do khéc trong I8p triru tugng.

#include <iostream>
using namespace std;

class Shape
{
public:
Shape( const string & s = "" ) : name( s ) {}
virtual double getArea() const = 0;
virtual double getPerimeter() const = 0;
virtual void draw() const = 0;
protected:
string name; // chung cho moi hinh
}
// cai dat cho phuang thic thuan ao, thuc hién bén ngoai khai bao I6p triru tuogng
void Shape::draw() const

{
cout << name << endl;
}
class Rectangle : public Shape
{
public:

Rectangle( const string & s, double w, double h )
: Shape( s ), width( w ), height( h ) { }
double getArea() const { return width * height; }
double getPerimeter() const { return 2 * ( width + height ); }
void draw() const;
private:
double width;
double height;

b
void Rectangle::draw() const
{
cout << name << " (" << width << ", " << height << ")" << endl;
}

// tham chiéu kiéu I8p ca s6 triru tugng, ding nhu ddi s6 clia ham toan cuc
void display( const Shape & shape )

¢ shape.draw();

}

int main()

{ >
Shape* pShape; // con tré kiéu I8p cd s¢ triu tugng
pShape = new Rectangle( "Rectangle", 3, 4 ); // dung chidoi tuong I6p dan xuat cap phat dong
cout << pShape->getArea() << endl; // da hinh, getArea() cla I6p Rectangle dugc goi
return 0;

}

Méc du khong thé tao cac thé hién cho Idp trlfu tugng, ta van cé thé khai bao con trd va tham chiéu kidu I6p tritu tugng dé sir
dung kha nang da hinh.

LSp cd s6 khong tao ra bat ky mot thé hién nao cling khdng nhét thiét phai chira phuong thirc thuén &o. Vi du I8p cd s co
constructor v6i pham vi truy xudt protected, nén constructor cta né chi c6 thé& goi tir cdc phuang thirc trong 16p dan xuét, 16p
cd s& chi gép phan khdi tao cho viéc sinh thé hién cta I6p dan xuét.

3. Giao dién da hinh (Polymorphic Interface) B

Cac phuong thirc thudn o xac dinh giao dién chira cac tac vu chung can phai cai dét trong cac I6p dan xuét cu thé. Vi vay, 16p
trlru tugng dudgc goi la giao dién da hinh clia céc I8p dan xuét. Lép triru tugng cb thé dudc sir dung dé dinh nghia mét I8p thuén
giao dién (pure interface), trong dé cac phudng thirc déu thuan ao va khdéng cé dir liéu thanh vién.
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IV. Chuyén ki€u tudng minh

1. Toan t&r static cast<>

Chuyén kiéu Ién (upcasting) trong cdy phan cap I6p ludn thuc hién dugc mot cach an toan du chuyén kiéu khéng tudng minh.
Chuyén kiéu xudng (downcasting) trong ciy phan cdp chi c6 thé thuc hién tudng minh béng toan tir ép kiu (nhu’ C) hodc ding
toan tr static cast<>.

// PassCar va TruckCar 1a cac I8p dan xuét tir I6p cd s& Car
PassCar cabrio( "Spitfire", true, 1001, "Triumph" );

Car* carPtr = &cabrio; // upcasting PassCar thanh Car

( (PassCar*) carPtr )->display(); // OK. P&i tugng do carPtr chi dén c6 kiéu PassCar
static cast<PassCar*>( carPtr )->display(); // OK. D8i tugng do carPtr chi dén cé ki€u PassCar
static cast<Truck*>( carPtr )->setAxles(); // 16i run-time, do carPtr chi dén d6i tugng kiéu Truck

Chuyén kiéu xudng, bang toan tir ép kiéu hodc toan tr static_cast<>, cling chi an toan khi ddi tugng dugc chi dén bdi con
tro 18p ¢ s@ thut su’ cd kiéu 13 Idp dan xudt chi dinh khi ép ki€u; néu khdng s& gay 10i thdi gian chay. Diéu ndy cling ap dung
vGi tham chiéu I8p cd sa.

2. Toan t&f dynamic_cast<>

C++ cung cap toan tir dynamic_cast<> dung chuyén ki€u xudng an toan trong cac I6p da hinh. Toan tr nay sé kiém tra trong
thdi gian chay, xem yéu cau chuyén kiéu xudng c6 hdp |é hay khéng.

DGi s clia toan tir s& dude chuyén sang kiu muc tiéu, trong cdp <>. Kiéu muc tiéu phai 1a con tré hodc tham chiéu dén mot Idp
da hinh hodc con tré void. Néu kiu muc tiéu 1a con tro, d6i s6 cla toan tr cling phai 13 con trd. Néu ki€u muc tiéu 1a tham
chiéu, ddi s6 cla toan tr phai chi dén mét dbi tugng trong b nhd.

// PassCar va TruckCar 1a cac I8p dan xuét tir I6p cd sa Car
PassCar cabrio( "Spitfire", true, 1001, "Triumph" );

Car* carPtr = &cabrio; // upcasting PassCar thanh Car

PassCar* passPtr = dynamic cast<PassCar*>( carPtr );

if ( PassCarPtr != NULL ) passPtr->display(); // chuyén kiéu xudng thanh céng

Truck* truckPtr = dynamic cast<Truck*>( carPtr );

if ( truckPtr !'= NULL ) truckPtr->display(); // downcasting that bai, truckPtr la con trd NULL

// chuyén kiéu &p dung cho tham chiéu

Car& r_car = cabrio;

PassCar& passRef = dynamic cast<PassCar&>( r car ); // chuyén kiéu xuéng thanh cong
TruckCar& truckRef = dynamic cast<PassCar&>( r_car );// ném ra exception kiéu bad_cast

Toén tr dynamic cast con dung vdi muc dich xac dinh théng tin lién quan dén I8p cla ddi tugng, con goi la xac dinh kiéu cla
doi tugng trong thc‘fi gian chay (RTTI — Run-Time Type Information).
Mot cach khac dé xac dinh RTTI la dung toan tr typeid thudc thu vién <typeinfo>.

#include <typeinfo>
PassCar cabrio( "Spitfire", true, 1001, "Triumph" );
Car* carPtr = &cabrio; // upcasting PassCar thanh Car
if ( typeid( *carPtr ) == typeid( PassCar ) )
cout << "Object of " << typeid( *carPtr ).name() << endl;

3. Toan tf reinterpret cast<>

Toén tr reinterpret cast<> dudc dung khi mudn xir ly mét ddi tugng theo mét ki€u muc tiéu nao d6, trong khi ddi tugng
d6 khdng lién quan dén kiéu muc tiéu.

Vi du, minh hoa sau ghi 100 ban ghi luu thdng tin khach hang cé kiéu di liéu ClientData vao tp tin nhi phan. Do ddi s6
phuong thlic write clia ofstream Ia const char*, ta phai chuyén kiéu con tro chi dén déi tugng can luu trif thanh kiéu
const char*, néu khong trinh bién dich sé khong bién dich IGi goi ham write. B

Todn tr reinterpret cast<> dugc thuc hién trong thdi gian bién dich, nd yéu cau trinh bién dich dién dich /ai (reinterpret)
dir liéu truyén cho toan tir thanh kiéu dif liéu muc tiéu trong cip <>.

ofstream outCredit( "credit.dat", ios::binary );
if ( 'outCredit )
{
cerr << "File could not be opened." << endl;
exit( 1 );
}
ClientData client;
// ghi 100 record (trdng) dén tap tin nhi phan
for ( i~nt 1i=0; 1< 100; ++i )
// dién dich lai kiéu dif liéu ClientData thanh kiéu dif liéu const char*
outCredit.write( reinterpret cast<const char *>( &client ), sizeof( ClientData ) );
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Stream
Stream

I. Cac IGp stream

Stream dugc ydtmg dé tritu tugng hda thao tac nhap/xuat: i

- Nhap co th§§ tién hanh tur cég thuc thé: ban phim (ngé phép chuan), tap tin, socket, b6 dém nhap.
- Xuat cd thé dén cac thuc thé: man hinh (ngd xudt chuan), tap tin, socket, b6 dém xudt, may in. i
Stream la d&i tugng "cdm" vao cac thuc thé dd, stream c6 cac phuong thic ho trg nhap/xudt dir liéu vdi cac thuc thé ma no
"cam" vao.

NGi cach khac, mudn nhép/z(ué’t véi cac thuc thé, ta goi cac phuang thirc clia ddi tugng stream "cdm" vao thuc thé dé.

C++ c6 mot tap cac I8p thé hién cac stream, cung cap nhitng thao tac nhap/xuat da dang:

<ios> <istream> <iostream> <fstream>

| ios base | istream ifstream

ANl

| 10s | iostream
I

S

fstream

cout
cerr
clog

ostream ofstream

an

<ostream>

iostream: nhap/xuét can ban.

fstream: nhap/xuat tap tin.

strstream: nhap/xudt chudi; dung van chuyén, dinh dang dir liéu trong bd nhd.

Ngoai ra con cd Idp streambuf quan ly vung dém, ta khong lam viéc truc ti€p vdi ching.

Céc d6i tugng stream chun thudc thu vién <iostream> néi véi cac thiét bi méc dinh: nhap chuin cin (nhu stdin), xudt
chudn cout (nhu stdout), ngd 16i chudn cerr, clog (nhu stderr). cin, cout, clog I3 cic stream cé viing dém, cerr
khong c6 ving dém.

Cac toan tr xuat nhap: toan tur trich (extraction) >>, toan tir chén (insertion) <<. Cac toan tlr nay la két qua cla viéc nap chong
cac toan tlr dich bit.

II. Nap chong toan tir chén va trich
Xem lai phan nap chdng toan tir (operator overloading) va ham ban (friend function).

#include <iostream>
using namespace std;

class Star
{
friend ostream & operator<<( ostream &, const Star & );
private:
int n;
public:
Star( int k=0 ) { n=k; }
+

ostream & operator<<( ostream & os, const Star & r )
{
int i, j;
for (1 =1; i <=r.n; ++i)
{
for (j =
os << (
0os << endl
}
return os;

}

int main()

1; j<=r.n+1-1; ++j )
(j<rn-41i+1)72" """,

Star a( 5 );
cout << a;
return 0;

}

II1. Cac c6 dinh dang stream
binh dang dugc thuc hién tu dong bdi IGp ca sG ios, chi phoi bdi trang thai dinh dang trong I8p nay. Trang thai dinh dang gom:
- Chiéu rong cla trugng.
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- Ky tu 1ap cac khoang trong (fill character, thudng la space).
- Can chinh truGng.

- Cd s6 (base) cho s6 nguyén (decimal, octal, hexadecimal).

- Dang thirc s6 c6 dau cham dong (fixed, scientific, general).
- C6 hay khong co dau + cho s6 duaong.
- Viét hoa hay viét thudng cho cac s6 cd E, 0x, cac s6 hexadecimal.
Céc trang thai trén cd thé thay d8i bang hai cach:
- DUng céc phuong thic dinh dang cla I8p ios: cadc ham nay tra vé tri cli cla tham s6 da thao tac, ¢ thé luu cac tri néu can.

cout.fill( '0");
cout.width( 10 );

- Dung bd dinh dang (manipulator): phai khai bao thu vién <iomanip>

cout << seftfill( '0' ) << setw( 10 );

Bang dudi mé ta cac bo dinh dang va phuang thirc thanh vién cla I6p ios tucng Ung:

B0 dinh dang (manipulator)

Phuang thifc thanh vién I6p ios

setfill( char )

char fill( char )

setw( int )

int width( int )

setprecision( int )

int precision( int )

setiosflags( long )

long setf( long )

resetiosflags( long )

long unsetf( long )

long flags( long )

setbase( int )

hex

oct

dec

endl

ends

flush

WS

Cac cg dinh dang stream goi la fmtflags, dugc dung trong cac phuong thic dinh dang thanh vién cta I6p ios. Bang sau so
sanh cac cG dinh dang stream (khai bao trong I6p io0s) vdi chuoi dinh dang cta C (khai bao trong stdio.h):

C3 dinh dang | Nhém Hiéu qua stdio Mac dinh
adjustfield | Thém cac ky tu chén khi xut dé can chinh: left
left trai - canh trai vdi s6
right phai 0 canh phai véi text
internal cho phép dung ky tu dém khéng cé
basefield _Chuyen fflm sO integer nhap vao hay xuat s6 oi dec
integer 6 dang d, o, h
dec nhap/xuat cc s6 10 %d, %u
oct nhap/xuat cc s6 8 %0
hex nhap/xuat cc s6 16 %X
floatfield S|nh ra cac so dau cham dong nhu fixed, %g %G fixed
scientific
fixed hién thj tri c6 ddu chdm ddng & dang binh of
thung (c6 6 s6 sau dau cham thap phan). °
scientific ghi chNu ki€u khoa hoc, vi du: 8.888000e+1 %e %E
cho s6 88.88
boolalpha Pinh dang nhap/xuét véi kiéu bool 0
showpos hién thi dau + trudc s6 ducng tai ngd xuét + 0
. dau chdm thap phan va cac s6 0 theo sau thé | .n (n: s8 cac s
showpoint hién day du khi xuat theo sau dau chdm) 0
showbase cd sO c_]ufc_ic i‘:he hlenNro vGi 0x cho sb # 0
hexadecimal va 0 cho s6 octal
skipws bo cac ky tu’ space & dau khi nhap khong co 1
unitbuf suc vung dém xudt sau khi két xuat khong cé 0
thay thé ky tu thudng (trong céc s6 hex, X | oy or o
uppercase hoéc e) thanh ky tu hoa tai ngd xuat X %E %G 0

1V. Cac Iép File Stream

C++ cung cap cac I6p chun dé thao tac véi tap tin, goi 1a cac I6p file stream. Thay vi nghi dén tp tin trén dia, chi cin nghi dén
doi tugng file stream va nhitng thao tac trén nd. Poc dir liéu cla tap tin chinh la trich d liéu tur file stream, ghi di liéu vao tap
tin chinh la chén dir liéu vao file stream.

Tap tin tiéu dé <fstream> khai bdo cac I8p file stream quan trong nhat: fstream, ifstream, ofstream

#include <fstream>

M6t ddi tugng [io] fstream la mdt mét dbi tugng [1o]stream dugc mé rong chirc ndng. Do dé ta cd thé dung t&t ca cac
phuang thic clia [io]stream véi cac doi tugng [io] fstream.
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Stream ifstream (input file stream) cho phép mé tap tin d& doc, stream ofstream (output file stream) cho phép mé tap tin
dé ghi.

1. MG tap tin
Thao tac md tap tin (tao mot "file handle"), chinh 1a khai bao mét ddi tugng file stream. Constructor cla file stream sé tu dong
thuc hién, lién két file stream véi mot ddi tugng filebuf (ving dém tap tin).

ofstream handle( filename, ios::model | ios::mode2 )

Ngoai tén tap tin ta c6 thé cung cdp thém cd ché dd ma tap tin (file access mode), dinh nghia trong 16p ios. C6 thé két hgp

nhiéu ché& d6 bdng toan tlr bitwise OR ( | ).

ios::in md dé doc mot tap tin cd san

ios::out ma dé& ghi, ngdm dinh két hop véi ios: : trunc néu khdng
két hgp vGi ios::in, ios: :app hodc ios:app

ios::app ma@ tap tin d& ghi ndi ti&p (append) thém phia sau tap tin

ios::trunc néu tap tin d3 ton tai s& bi xda (cat di)

ios::ate ma@ va di chuyén con tro tp tin dén cudi tap tin ngay, khéng diing cd nay, vi tri con tré 1a dau tap tin
ios::binary md tap tin & ché do nhi phan

ios::noreplace tap tin m& phai khong ton tai, néu khong tac vu sé bi bo qua (khong dugc thay thé)
ios::nocreate tap tin m& phai ton tai, néu khong tac vu sé bi bo qua (khong dugc tao mai)

Sau khi thao tac véi tap tin xong, goi phucong thlc close() cla file stream. Phucng thirc ndy ngat lién két gitra file stream vdi
doi tugng filebuf va dong file stream.

Dung phuong thiic is open () cla file stream dé xac dinh file stream c6 dang ma khdng. File stream d& ddng c6 thé ma lai véi
phuong thirc open () d& dung cho d6i tugng khac.

handle.open( filename, ios::out | ios::app )
handle.close()

LOi c6 thé xay ra khi md tap tin, truy van trang thai cua file stream dé nhan biét diéu nay:

if ( !'file ) // hoacif ( file.fail() )

2. Tap tin van ban (text file)

Méc dinh mt tap tin dugc md& nhu mét tap tin van ban, cé dinh dang: tp hop cac ky tu ASCII chia thanh nhigu dong, mdi dong
két thic bang mot ky tu’ sang dong mdi (new line, tly hé nén). Vi vay doc/ghi tap tin vén ban chinh la thao tac doc/ghi tung
dong véi stream.

DE doc dif liéu tir tAp tin van ban, ta tao file stream va trich di liéu tir file stream nay.

#include <iostream>
#include <fstream> // phai co tap tin tiéu dé dinh nghia ifstream
using namespace std;

int main()
{
ifstream file ( "test.txt" ); // khditao stream vdi tén tap tin
if ( !'file )
{
cerr << "Open file error!" << endl;
return -1;

}
while ( file )

{
string s;
getline( file, s ); // thao tac trén tap tin chinh la thao tac trén stream
cout << s +'\n';

}

return 0;

}

DE biét trang thai cua file stream ta cd hai cach:
- Poc cac cg trang thai.

ios::badbit
ios::failbit
ios::eofbit
ios::goodbit

tri 1 néu c6 13i vat ly

tri 1 néu co loi logic nhu sai dinh dang

tri 1 néu da dén cudi stream

tri 1 néu khdng c6 cd trang thai nao dung lén

- Nhan tri tra vé tir cac phuang thirc thanh vién I8p ios, chdng ciing truy cap cac cd trang thai.

handle.bad()

handle.fail()
handle.eof ()

handle.good()
ios::rdstate()
handle.reset()
handle.clear()

tra vé true néu stream c6 16i vat ly

tra vé true néu stream c6 16i logic nhu sai dinh dang

tra vé true néu da dén cudi stream

tra vé true néu stream doc t6t, tra vé false néu cac trudng hgp trén tra vé true
doc trang thai ctia stream, vidu: if ( f.rdstate() & ios::failbit )

khéi phuc trang thai good cho stream khi muén doc ti€p sau khi bi bad/fail

dat trang thai 6i hodc xda céc bit 16i (m3c dinh)
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Ciling c6 thé dung chinh d6i tugng stream, chuyén kiu nhu int. Vi du 2 cach kiém tra sau day la nhu nhau:

if ( f.fail() ) ... // coldi
if ('f)

D& ghi dif liéu vao tap tin van ban, ta tao ofstream va chén dir liéu vao stream nay.

#include <iostream>
#include <fstream>
using namespace std;

int main()
{
ifstream inf ( "test.txt" ); // mac dinh: ché do cap nhét, tuang ducng ios::in | ios::out
ofstream outf ( “"copy.txt" ); // tao ofstream dé ghi
if ( 'inf || 'outf ) // nap chdng toan tir ! kiém tra d6i tugng stream c6 ton tai khdng
{
cout << "Open file error!" << endl;
return -1;

}
while ( inf && outf )

{
string s;
getline( inf, s ); // getline() khong nhan ky tu "\n'
outf << s +'\n'; // thao tac trén tap tin chinh la thao tac trén stream
}
cout << "Copy completed ..." << endl;
return 0;

3. Tap tin nhi phan (binary file)
Tap tin nhi phan phai dugc ma véi ché do nhi phan:

ifstream f ( "test.txt", ios::binary ) |

D{I liéu clia tp tin nhi phan khéng cé dang thirc ddc biét nén phai doc va ghi tiing ky tu’ bdng cac phuong thic get () va put()
cla stream hoac doc ghi theo khdi vdi cac phugng thic read () vawrite() cla stream.
Khi thao tac theo khdi can mét viing dém (buffer) dé chuén bi dif liéu ghi vao tap tin ho&c nhan khdi di liéu doc tir tap tin.

handle.write( char* buffer, size t size )
handle.read( char* buffer, size t size )

size la kich thudc khéi dir liéu can thao tac, tinh bang byte.
Cac phudng thic read/write chi chap nhan viung dém char*. VGi d6i tugng dif liéu phlc tap, dung toan tor
reintepret cast<>:

#include <string>
#include <iostream>
#include <fstream>
using namespace std;

class Account
{
friend ostream & operator<<( ostream &, const Account & );
private:
int code;
string name;
double balance;
public:
Account( int ¢ = 0, const string & n = "", double b =0 )
: code( ¢ ), name ( n ), balance ( b ) { }
int getCode() const { return code; }
ostream & write( ostream & ) const;
istream & read( istream & );

};
ostream & Account::write( ostream & os ) const

os.write( reinterpret cast<const char *>( this ), sizeof( Account ) );

return os;

}

istream & Account::read( istream & is )

{
is.read( reinterpret cast<char *>( this ), sizeof( Account ) );
return is;

}
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ostream & operator<<( ostream & os, const Account & r )

{
0s << "[" << r.code << "] " << r.name <<
return os;

}

($" << r.balance << ")";

int main()
{
Account* accounts[] = { new Account( 1, "Whitney Elizabeth Houston", 2500 ),
new Account( 2, "Michael Joseph Jackson", 3400 ) };
fstream outf ( "data.bin", ios::out | ios::app | ios::binary );
for ((int i =0; 1 < 2; ++1 )
if ( ! accounts[i]->write( outf ) )
cerr << "Error in writing!" << endl;
outf.close();

cout << "Account #2" << endl;

Account temp(2);

fstream inf ( "data.bin", ios::in | ios::binary );

inf.seekp( ( temp.getCode() - 1 ) * sizeof( Account ) );

if (! temp.read( inf ) ) cerr << "Error in reading!" << endl;
else cout << temp << endl;

inf.close();

return 0;

}

3. Con tro stream (stream pointer) i
Vi tap tin nhi phan dugc thao tac nhu’ mét stream ch(a cac byte lién tuc nhau, ta dung con tro stream dé truy xudt tai cac vi tri
ngau nhién trong stream. Vi tri (position) clia con tro stream, mét s6 ki€u long, dugc tra vé bang cac phuong thic:

handle.tellg() tra vé vi tri con tro stream hién tai khi doc tap tin (get pointer)
handle.tellp() tra vé vi tri con tro stream hién tai khi ghi tap tin (put pointer)

Dua con tro stream dén mot vi tri trong khi doc/ghi tap tin:

// doc (get)

handle.seekg( position )
handle.seekg( offset, direction )
// ghi (put)

handle.seekp( position )
handle.seekp( offset, direction )

offset la s6 byte can vugt qua, direction dugc dinh nghia trong I6p ios nhu sau:

ios::beg bat dau tur dau stream
ios::cur bat d&u tir vi tri hién tai clia con tro stream
ios::end bat dau tur cudi stream

C6 thé dung ham ignore() d& bé qua mot sd byte trén stream hodc duyét trén stream cho dén khi gap mét ky tu’ nao dé.
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Bai tap

Céc vi du minh hoa c¢6 trong phan ly thuyét khdng di thé hién dugc hét ki thudt Iap trinh Hudng ddi tugng dung véi ngdn ngir
C++. B0 bai tAp sau dudc chon loc va sap x&p hdp ly d& mang dén cho cac ban tu duy 1ap trinh Huéng déi tugng va ky néng st
dung ngén ngif C++ chuan.

Cac ban nén ty giai bai tép, so sanh vdi dap an; tham khao va phan tich dap an song song vdi viéc doc phan ly thuyét.

Do ti€t kiém trang in dap an khong dugc kem theo sach.

[Structure] Khai bao structure Mat rix luu mét ma tran cap phat dong cé r dong va c cbt, chlfa cac tri nguyén.

Cac phuang thic cla structure Matrix:

- Phuong thuc create(int row, int col, bool flag): cdp phat dong cho ma tran, row dong va col cét. Néu c§ flag
la false, tri cac phan tir ciia ma tran déu bang 0; néu cd flag la true (mdc dinh), tri cac phan tir clia ma tran 18y ngau nhién
trong doan [-10, 10].

- Phuong thirc print (const string & message): in ma trén, message ding dé chu thich v& ma trén trudc khi in.

- Phuong thirc Matrix mul(const Matrix & a, const Matrix & b): hai matran a va b dugc truyén nhu doi so, tra vé
ma tran két qua la tich cta hai ma tran a va b nay. Chd y diéu kién nhan ma tran.

- Phuang thic void destroy(const string & message): giai phdng ving nhg dugc cap phat cho ma tran, message dlng
dé bao da giai phdng viing nhé cap phat cho ma tran.

Thir chuyén structure Matrix thanh I16p Matrix.

[Class] Ldp Element triru tugng héa mot nguyén t6 hda hoc trong bang tuan hoan Mendeleev, chlra cac thong tin: s6 hiéu
nguyén tr (number), ky hiéu nguyén t6 (symbol), tén nguyén t6 (name), nguyén tr khoi (weight).
47 79

Ag Au

107.868 196.967

Silver Gold
Element
— number: int
— symbol: string
— name: string

— weight: double

— trim(string): string {readOnly}
+ getName(): string {readOnly}
+ accept(): bool

+ display() {readOnly}

Ldp Element cd cac phuang thirc sau:

- Phuong thirc bool accept(): nhéc va nhap thong tin tir ngd nhdp chuan. Néu nhap sai kiéu dir liéu hodc nhap chudi rong,
yéu cau nhap thdng tin lai tir ddu. Nhap s6 hiéu nguyén tlr bang 0 d& ngirng nhap.

- Phuong thic void display() const: hién thj thdng tin ciia mét nguyén té.

Chuang trinh cho phép nhdp dén 110 nguyén td. Hién thi thdng tin cdc nguyén td dudc nhap vao.

Két qua:

[--- Element Information ---]
Enter element number: 79
Enter symbol: Au

Enter full name: Gold

Enter element weight: 196.967

Enter element number: 47
Enter symbol: Ag

Enter full name: Silver
Enter element weight: 107.868

Enter element number: 29
Enter symbol: Cu

Enter full name: Copper
Enter element weight: 63.546

Enter element number: 0

No Symbol Name Weight

79 Au Gold 196.967
47 Ag Silver 107.868
29 Cu Copper 63.546
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[Class] Lép Triangle triru tugng hda mot tam giac nhu sau:

Triangle

—a: double
— b: double
— c: double

«constructor»

+ Triangle(a: double = 1, b: double = 1, c: double = 1)
«accessor»

+ setEdge(a: double, b: double, c: double)

«business»

+ getKind(): enum Kind

+ getPerimeter(): double

+ getArea(): double

Phuong thiic setEdges thiét 1ap tri cho ba canh tam gidc mdt cach hop 18: chiéu dai cdc canh phai I16n hon 0, tdng 2 canh bét
ky phai I6n han canh con lai. Néu tri thiét 1dp sai thi dung tri mac dinh.

Phuong thic getKind cho biét loai tam giac bang cach tra v& enum Kind md ta cac loai tam giac: tam giac thudng (scalene),
tam giac can (isosceles), tam giac déu (equilateral), tam gidc vudng (right) va tam giac vudéng can (right isosceles).

Phuang thiic getPerimeter tra vé chu vi tam giac.

Phuong thic getArea tra vé dién tich tam gidc, tinh bang cdng thirc Heron.

Test driver:

#include "triangle.h"
#include <iostream>
using namespace std;

int main() {
Triangle triangle;
string s[] = {"scalene", "isosceles", "equilateral", "right", "right isosceles"};
triangle.setEdges(3, 4, 5);
cout << "This is the " << s[triangle.getKind()] << " triangle" << endl;
return 0;

}

Két qua:

This is the right triangle

[Class] Lép Account triru tugng hda mot tai khoan ngan hang nhu sau:

Account

— balance: double
- log: vector<string>

«constructor»

+ Account(init: double = 0.0)
«accessor»

+ getBalance(): double {readOnly}
«utility»

— time2Str(time_t): string {readOnly}
«business»

+ credit(amount: double)

+ debit(amount: double &)

+ viewLog() {readOnly}

+ toString(): string {readOnly}

Phuong thiic credit (gui thém tién vao tai khoan) can kiém tra sao cho s6 tién gl vao I6n hon 0. N&u khdng hop 18, ném
exception théng bao l0i.
Phuong thirc debit (rdt tién khoi tai khoan) can kiém tra sao cho s tién rit ra nho hon hodc bang balance hién cd. N&u s8
tién rdt I16n hon balance thi chi rit dugc s6 tién bang balance hién c6. SG tién rit cling khdng dugc la s6 am.
Moi giao dich guri tién hodc rdt tién déu ghi nhan bang mét chudi van ban trong vector log. Phuong thic viewLog ding xem
thong tin giao dich luu trong vector 1og nay.
Phuaong thdfc toString trd vé chudi cho thdy s6 tién cd trong tai khoan hién tai.
Test driver sé tao menu nhu sau:

1. Deposit

2. Withdraw

3. View balance

4. View transactions

5. Quit

Your choice?
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[Class] Lép Clock triru tugng hda mot déng ho nhu sau:

Clock

— hour: int

— minute: int

— seconde: int

«constructor»

+ Clock(h: int, m: int, s: int)

+ Clock(s: const string{&})

+ Clock(n: long)

+ Clock(o: const Clock{&})

«accessor»

+ setTime(h: int, m: int, s: int)

+ getTime(h: int{&}, m: int{&}, s: int{&}) {readOnly}
«business»

+ incrementSeconds()

+ incrementMinutes()

+ incrementHours()

+ print() {readOnly}

+ equals(o: const Clock{&}) {readOnly}
«utility»

— tokenize(s: string, d: char): vector<int>

LSp Clock c6 nhiéu constructor nap chdng cho phép tao céc instance bang nhiéu cach khac nhau:

- khdi tao Clock tir cac tri gid, phut, gidy chi dinh. .

- khéi tao Clock tir mot chuoi co dinh dang hh:mm:ss. Phuong thirc cong cu tokenize dung tach chuoi nay thanh cac tri
nguyén giG, phut, gidy; luu trong mot vector va tra vé vector nay.

- khdi tao Clock tir mot tri Long, chinh la so giay.

- khdi tao Clock tir mot d6i tugng Clock khac, day la copy constructor.

Getter/setter 4p dung cho mét bd (hour, minute, second). Setter can kiém tra d& cac thudc tinh chira tri thich hgp:

0 < hour < 24,0 <minute < 60, 0 < second < 60. Néu tri thiét lap sai thi dung tri 0.

Phuaong thi'c incrementSeconds tang second Ién 1, néu second tdng dén 60 thi second trd vé 0 va minute ting lén 1.
Phugng thifc incrementMinutes tdng minute Ién 1, néu minute tang dén 60 thi minute trg vé 0 va hour tang lén 1.
Phugng thif'c incrementHours tédng hour lén 1, néu hour tdng dén 24 thi hour trg vé 0.

Phuang thic print cho két xuat cé dinh dang nhu sau: hh:mm:ss, vi du: 09:24:05.

[Operator overloading] Xay dung I&6p Date sau:

Date

— day: int {short}
— month: int {sort}
— year: int {sort}

«constructor»

+ Date(d: int, m: int, y: int)

«accessor»

+ setDate()

+ setDate(r: const Date{&})

+ setDate(d: int, m: int, y: int)

+ getDay(): int {readOnly}

+ getMonth(): int {readOnly}

+ getYear(): int {readOnly}

«operator»

+ operator++(): const Date{&}

+ operator++(int): Date
«utility»

— isLeapYear(y: int): bool {inline}

—isValid(d: int, m: int, y: int): bool {inline}
«business»

+ toString(): string{&} {readOnly}

+ isLess(d: const Date{&}): bool {inline}{readOnly}
Phugng thirc setDate khong tham s6 thiét 1ap cho dir liéu thanh vién tir thdi gian hién tai.
Nap chdng toan tur ++ (prefix va postfix) tang d6i tugng Date thanh ngay ké tiép.
Phuang thirc cong cu isLeapYear tra vé true néu nam cta Date la nam nhuén, theo giai thuat: year la bbi s6 cla 4 va khong
chia hét cho 100, hoac year la boi s6 cta 400.

Phuong thirc cdng cu isValid kiém tra tinh hgp 1€ clia ngay, thang, ndm I8p Date; tra vé true néu hop 18, theo giai thuat:

1 < day < s6 ngay nhi€u nhat trong thang, 1 < month < 12, 1970 < year
Phugng thifc toString tra vé chuoi chira thong tin cta déi tugng Date.

Phuang thic isLess tra vé true néu doi tugng Date hién hanh gan hién tai han véi dbi tugng Date so sanh (dGi sO).
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[Case study] ISBN (International Standard Book Number, phat am "is-ben") la ma s6 duy nhat cho sach xuat ban trén th€ gidi.
Hién c6 ISBN-10 va ISBN-13, bai nay chi yéu cau x{r ly ISBN-10.

ISBN-10 cho phép 13 ky tu (0 — 9, ky tu ndi — (hyphen) va X) chia thanh 4 thanh phan:

- Binh danh ving (Area): 1 dén 5 ky tu, dinh danh qudc gia, vung, ngdn ngilr tham gia hé théng ISBN.

- Dinh danh nha xudt ban (Publisher): 1 dén 7 ky tu, moi Area c6 nhiéu ddy (Range) va dinh danh Publisher phai ndm trong mét
day thudc Area.

- Binh danh sach tua sach cla nha xudt ban (Title): 1 dén 6 ky tu, s6 ky tu bdng 9 — s6 ky tu’ Area — s6 ky tu’ Publisher.

- S8 kiém tra (Check Digit): chi chira mét ky tu’ (0 dén 9, X thay cho 10).

:| Publisher
7] Check Digit

:| Area
]TMe

ISBN 81 7525766 -0

M6t ISBN-10 hagp [& phai cé 10 ky tu’ (khdng tinh ky tu' néi) va cé s6 kiém tra ding. S6 kiém tra dugc dung két hgp vdi cac s6
khéc trong mdt thudt toan kiém tra tinh hop 18 clia s6 ISBN nhu sau:
L4y tiing s clia ISBN nhén véi s6 thir ty chi vi tri ciia nd (b3t dau tir 1, tinh tir phai sang tréi, khdng tinh d&u néi -). Tng
céc tich nhan dudc néu chia hét cho 11 thi s6 ISBN dudc kiém tra la hop 1. Vi du:
ISBN 8 1 7 5 2 5 7 6 6 0
Vitri 10 9 8 7 6 5 4 3 2 1
Tich 80 + 9 + 56 + 35 + 12 + 25 + 28 + 18 + 12 + 0 = 275
T6ng cac tich 1a 275 chia hét cho 11, vy s& ISBN trén hgp 1&.
M6t ISBN-10 hgp 18 chua chéc 1a mdt ISBN-10 ¢ déng ky. Kiém tra ISBN-10 ¢ déng ky bang cach tra cltu prefix (Area va
Publisher) trong tap tin chira cac prefix tai dia chi:
https://cs.senecac.on.ca/~btp200/pages/assignments/prefixRanges.txt
MGt dong clia tap tin nay cé dinh dang: [dinh danh Area] [can dudi clia Range] [can trén cla Range]
Do m6t nhédm c6 nhiéu Range nén nhiéu dong cé dinh danh Area giéng nhau.
Xac dinh cac thanh phan cia mdt ISBN 1 phiic tap vi s6 lugng ky tu trong mdi thanh phan bién dong, trong Ilc tong s6 ky tu
clia ba thanh phan 1a 9. Trudc tién can kiém tra dinh danh Area c6 trong tap tin, tiép theo kiém tra dinh danh Publisher c6 n&m
trong mét Range thudc Area khong.
Vi du: ISBN 8175227660 hdp 1& va d3 dang ky khi kiém tra dén dong: 81 7000 8499. Pinh danh Area 81 c6 ton tai (nhung Area
8 khong ton tai) va dinh danh Publisher 7522 thuéc Range [7000, 8499].
Chu y réng, dinh danh Publisher c6 thé c6 hai ky tu nhu 00 03, khi d6 dinh danh nhu 0, 1, 2, 3 s& khdng thudc Range.
Viét chuong trinh nhan cac chubi ISBN-10 va kiém tra xem c6 déng ky hay khdéng, néu c6, in thdng tin vé chudi ISBN-10 do. T6
chirc cac I6p:

ISBN Prefix
—isbn: string — area: string
— lines: map<string, Prefix{*}> — ranges: vector<struct Range>
+ ISBN(const string{&}) + Prefix(const string{&})
+ getInfo(): string + getArea(): string {readOnly}
—isISBN(): int + getRanges(): vector<Range>{&}
— getArea(string{&}): Prefix{*}
— isPub(string{&}, string, Prefix{*}): bool
— loadFile(const char{*}): map<string, Prefix{*}>

- Prefix: chifa thong tin chudi dinh danh Area va vector cac Range thudc Area dé. B
- ISBN: chira cu tric dif liéu théng tin luu trong tap tin prefixRanges.txt, c6 cac phuang thic ki€m tra tinh hgp 1& ctia chudi
ISBN. Né&u hgp 18, dung cac phuaong thic cla I6p dé ki€ém tra va tach cac dinh danh: Area, Publisher va Title.

Két qua:

[----- ISBN Processor ----- 1
ISBN (0 to quit): 8175257660
Area : 81
Publisher 1 7525
Title : 766

ISBN (0 to quit): 817525766
Incorrect number of digits. Try again.

ISBN (0 to quit): 817525766X
Invalid check digit. Try again.

ISBN (0 to quit): 9995500000
This ISBN does not have a registered prefix

ISBN (0 to quit): 0O
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[Operator overloading] L8p Fraction triru tugng hda mot phan sd nhu sau:

Fraction

—num: int

— denom: int

«constructor»

+ Fraction(num: int = 0, denom: int = 1)

«operator»

+ operator—(): Fraction

«utility»

— normalize()

«friend»

— operator+(x: const Fraction{&}, y: const Fraction{&}): Fraction
— operator—(x: const Fraction{&}, y: const Fraction{&}): Fraction
— operator*(x: const Fraction{&}, y: const Fraction{&}): Fraction
— operator/(x: const Fraction{&}, y: const Fraction{&}): Fraction
— operator+=(x: Fraction{&}, y: const Fraction{&});

— operator—=(x: Fraction{&}, y: const Fraction{&});

— operator*=(x: Fraction{&}, y: const Fraction{&});

— operator/=(x: Fraction{&}, y: const Fraction{&});

— operator==(x: const Fraction{&}, y: const Fraction{&}): bool
— operator<(x: const Fraction{&}, y: const Fraction{&}): bool

— operator>(x: const Fraction{&}, y: const Fraction{&}): bool

— operator<<(os: ostream{&}, right: const Fraction{&}): ostream{&}

Phuong thiic cong cu normalize dung chuén héa phan s6: don gian phan s8, ca trudng hdp tir s6 (mau s6) 1a s& am. Néu tir
s6 clng ddu vGi mau s6, ca hai cing duong; néu khac dau thi tir s6 cd dau am.

Cac toan tr nap chong cd y nghia nhu cac phép toan trén phan sg that.

Test driver:

#include "fraction.h"
#include <iostream>
#include <iomanip>
using namespace std;

int main() {
Fraction a(1, 4), b(3, 2), c, d;
cout << "a = " << a << endl;
cout << "b = " << b << endl;

cout << "-b = " << -b << endl;
c =5+ a;
cout << "c =5+ a =" << c << endl;
d=1 - b;
cout << "d =1 - b =" << d << endl;
c=17%*a;
cout << "c =7 * a =" << c << endl;
d =2/ b;
cout << "d =2/ b =" << d << endl;
C += 3;
cout << "c += 3, c = " << c << endl;
d *= 2;
cout << "d *= 2, d = " << d << endl;
cout << "a < 5: " << boolalpha << (a < 5) << endl;
cout << "1 < b: " << boolalpha << (1 < b) << endl;
cout << "d * b - a==1c - 1: " << boolalpha << (d * b - a == c - 1) << endl;
return 0;

}

Két qua:

a=1/4

b =3/2

-b = -3/2

c=5+a=21/4

d=1-Db=-1/2

c=7*a=7/4

d=2/b=4/3

c += 3, ¢ = 19/4

d *= 2, d = 8/3

a < b5: true

1 < b: true

d *b -a===c- 1: true
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[Operator overloading] Cai dat I6p Complex triru tugng hda s6 phiic va cac phép toan trén no.

Complex
- real: double
— imaginary: double
«constructor»
+ Complex(re: double = 0.0, im = 0.0)
«operator»

+ operator+(right: const Complex{&}): Complex {readOnly}
+ operator—(right: const Complex{&}): Complex {readOnly}
+ operator*(right: const Complex{&}): Complex {readOnly}
+ operator=(right: const Complex{&}): Complex{&}

+ operator==(right: const Complex{&}): bool {readOnly}

+ operator!=(right: const Complex{&}): bool {readOnly}
«friend»

— operator<<(os: ostream{&}, right: const Complex{&}): ostream{&}
— operator>>(is: istream{&}, right: Complex{&}): istream{&}
«accessor»

+ setReal(re: double)

+ getReal(): double {readOnly}

+ setImaginary(im: double)

+ getImaginary(): double {readOnly}

Cac toan tr nap chong cd y nghia nhu cac phép toan trén s phuc that.
Biét: néu z = a +bivaw = c + di la hai s6 phurc, thi:

Zz+w=(a+c)+ (b+d)i
z-w=1(a-c¢c)+ (b-di
zw = (ac - bd) + (ad + bc)i
Test driver:
#include "complex.h"
#include <iostream>
#include <iomanip>
using namespace std;
int main() {
Complex x(4.3, 8.2);
Complex y(3.3, 1.1);
Complex z;
cout << "Enter real part and imaginary part of z: ";
cin >> z;
cout << "x = " << x << endl;
cout << "y = " << y << endl;
cout << "z = " << z << endl;
cout << "x +y =" << (x +y) << endl;
cout << "x - y: " << (x - y) << endl;
cout << "x * y: " << (x * y) << endl;
cout << "z = x =" << (z = x) << endl;
cout << "z == x: " << boolalpha << (z == x) << endl;
cout << "z !=y: " << boolalpha << (z !=y) << endl;
return 0;
}
Két qua:
Enter real part and imaginary part of z: 3.2 4.6
x =4.3 + 8.2i
y = 3.3+ 1.1i
z=3.2 + 4.61
X+y=7.6+9.31
X -y: 1+ 7.11
x * y: 5.17 + 31.79i
z=x=4.3 + 8.2i
z == X: true
z I=y: true
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[Dynamic members] Xay dung I&p MyString sau, dya trén thu vién <ctring>:

MyString

—s: char{*}
— lenght: int

«constructor»

+ MyString(s: const char{*} const = "")

+ MyString(o: const MyString{&})

«destructor»

+ ~MyString()

«operator»

+ operator=(right: const MyString{&}): const MyString{&}
+ operator+(right: const MyString{&}): MyString

+ operator+=(right: const MyString{&}): const MyString{&}
+ operator!(): bool {readOnly}

+ operator!=(right: const MyString{&}): bool {readOnly}

+ operator==(right: const MyString{&}): bool {readOnly}
+ operator<(right: const MyString{&}): bool {readOnly}

+ operator<(right: const MyString{&}): bool {readOnly}

+ operator<(right: const MyString{&}): bool {readOnly}

+ operator<(right: const MyString{&}): bool {readOnly}

+ operator[](i: int): char{&}

+ operator[](i: int):char {readOnly}

+ operator()(i: int, n: int = 0): MyString {readOnly}

+ operator char*() {readOnly}

«friend»

— operator<<(os: ostream{&}, right: const MyString{&}): ostream{&}
— operator>>(is: istream&, right: MyString{&}): istream{&}
— operator+(0: const char{*}, right: const MyString{&}): const MyString

operator+(const MyString &): tra vé tham chiéu dén chudi két qua, 1a két qua cla viéc ndi chudi hién hanh va chudi
right. B B -

operator! (): tra vé tri bool cho biét chudi hién hanh c6 rong hay khéng (true: rong).

operator[](i): trd vé ky tu tai vi tri i cGa chuoi hién hanh. Toan tlf nay phai vira la Ivalue, vira la rvalue, vi du: s2[0] =
s2[7]

operator(i, n):tra vé chuoi con n ky tu b3t d8u tur vi tri i cdia chubi hién hanh.

operator char*(): ép ki€u chudi hién hanh thanh char*.

Test driver:

#include "mystring.h"
#include <iostream>
using namespace std;

int main() {
MyString s1, s2("Computer ");
MyString s3("Science");
if (!sl) cout << "sl is empty" << endl;
else cout << "sl: \"" << sl << "\"" << endl;
cout << "s2: \"" << 52 << "\"" << endl;
cout << "s3: \"" << s3 << "\"" << endl;
cout << "sl = s2 + s3: \"" << (sl = s2 + s3) << "\"" << endl;
cout << "s1(0, 8): \"" << s1(0, 8) << "\"" << endl;
s2[0] = s2[7];
cout << "s2[0] = s2[7]: \"" << s2 << "\"" << endl;
cout << "sl += \" \" + sl: \"" << (sl +=" " + sl) << "\"" << endl;
cout << "s2 < s3 is " << boolalpha << (s2 < s3) << endl;
MyString *p = new MyString(s3);
cout << "p -> s3: \"" << *p << "\"" << endl;
return 0;

}

Két qua:

sl is empty

s2: "Computer "

s3: "Science"

sl = s2 + s3: "Computer Science"

s1(0, 8): "Computer"

s2[0] = s2[7]: "romputer "

sl += " " + sl: "Computer Science Computer Science"
s2 < s3 is false

p -> s3: "Science"
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[Dynamic members] Xay dung I6p FloatArr sau:

FloatArr

— arrPtr: float{*}
— max: int
—count: int

«constructor»

+ FloatArr(n)

+ FloatArr(n: int, val: float)

+ FloatArr(o: const FloatArr{&})

«destructor»

+ ~FloatArr()

«operator»

+ operator[](i: int): float{&}

+ operator[](i: int): float {readOnly}

+ operator=(right: const FloatArr{&}): FloatArr{&}

+ operator+=(val: float): FloatArr{&}

+ operator+=(right: const FloatArr{&}): FloatArr{&}

+ operator==(right: const FloatArr{&}): bool {readOnly}

+ operator!=(right: const FloatArr{&}): bool {readOnly}
«business»

+ length(): int {readOnly}

— append(val: float): bool

— append(right: FloatArr): bool

+ insert(val: float, pos: int): bool

+ insert(right: FloatArr, pos: int): bool

+ remove(pos: int): bool

«friend»

— operator<<(os: ostream{&}, right: const FloatArr{&}): ostream{&}
— operator>>(is: istream&, right: FloatArr&): istream{&}
arrPtr 1a mang céc con tro kiéu float, max la s§ phan tir t6i da cia mang va count 13 s& phan t hién c6 cia mang.
Phuong thi'c FloatArr(int n, float val) la constructor cdp phat n phéan t&r va khdi gdn moi phan tir véi tri val.
operator[](int i) la nap chdng toan tr Idy phan tir theo chi s6 i.

operator+=(float val) la nap chong toan tr +=, thém sau mang phan tur cé tri val.

operator+=(const FloatArr& r) la nap chdng todn tr +=, thém sau mang hién tai mot mang r (r cé thé 1a chinh mang
hién hanh).

length() tra vé kich thudc that ciia mang (s6 phan t hién cé trong mang).

Phuang thic append(float val) thém tri val vao cudi mang.

Phuang thitc append (FloatArr r) thém mang r vao cudi mang (r c6 thé Ia chinh mang hién hanh).

Phuang thirc insert(float val, int pos) chén tri val vao mang tai vi tri pos.

Phuang thiic insert (FloatArr r) chén mang r vao mang tai vi tri pos (r cd thé Ia chinh mang hién hanh).
Phuang thic remove (int pos) loai bo phan tr clia mang tai vi tri pos.

Phuong thirc expand (int) ding d& md rong mang hién hanh (cdp phat thém) khi mang khdng du kich thudc.

Két qua:

Total of elements in v: O
Total of elements in w: 15
v after appending:

-5 -3.3 -1.6 0.1 1.8 3.5 5.2 -5 -3.3 -1.6 0.1 1.8 3.5 5.2
cv is the copy of v:

-5 -3.3 -1.6 0.1 1.8 3.5 5.2 -5 -3.3 -1.6 0.1 1.8 3.5 5.2
w after assigning:

-5 -3.3 -1.6 0.1 1.8 3.5 5.2 -5 -3.3 -1.6 0.1 1.8 3.5 5.2

-5 -3.3 -1.6 0.1 1.8 3.5 5.2 -5 -3.3 -1.6 0.1 1.8 3.5 5.2
w after removing the odd postion:

-5 -1.6 1.8 5.2 -3.3 0.1 3.5

insert w into w at position 2

-5 -1.6 -5 -1.6 1.8 5.2 -3.3 0.1 3.5 1.8 5.2 -3.3 0.1 3.5
Enter 14 integers: 12 3456 7 89 10 11 12 13 14
w after insert the new values

1 2 3 4 5 6 7 8 9 10 11 12 13 14
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Node

— date: Date
— amount: double

«constructor»

+ Node(d: Date, a: double)

«accessor»

+ getDate(): const Date{&} {readOnly}
+ setDate(r: const Date{&})

+ getAmount(): double {readOnly}

+ setAmount(a: double)

Date

+ getNext(): Node{*} {readOnly}
«friend»
— operator<<(os: ostream{&}, node: const Node{&}): ostream{&}

>—

«friend»

— next |

List

— first: Node{*} = NULL

— last: Node{*} = NULL

«constructor»

+ List(o: const List{&})

«destructor»

+ ~List()

«accessor»

+ head(): Node{*} {readOnly}

+ tail(): Node{*} {readOnly}

«operator»

+ operator=(r: const List{&}): List{&}
«business»

+ insertLast(d: const Date{&}, a: double)
+ removeFirst()

«friend»

— operator<<(os: ostream{&}, list: const List{&}): ostream{&}

L&p Node mé phdng dif liéu luu théng tin thay ddi tai khoan, bao gdm date: ngay thay d8i va amount: s6 tién giao dich. L&p
Node cd cau tric dé quy, c6 mot dir liéu thanh vién next la con trd Node* chi dén mot dbi tugng Node ngay sau no.

Lép List cd:

- Phuong thirc List(const List&) la copy constructor, tao mot List tir mét d6i tugng List khac.
- Phuang thiic ~List la destructor, sé giai phdng tat ca cac Node cta danh sach.
- Phuang thifc nap chong toan tir gan List& operator=(const List&).

- Phuong thic insertLast chén mot Node vao cudi danh sach.
- Phuong thiic removeFirst xéa mot Node dau danh sach.
Két qua:

Hint: type invalid input to quit

Date format Day-Month-Year: 30-04-1975
Account change: 12000
Date format Day-Month-Year: 29-02-2000
Account change: 27000
Date format Day-Month-Year: 11-09-2001

Account change: 34000
Date format Day-Month-Year: q

Content of the list:

[30-04-1975 Amount: 12000.00]
[29-02-2000 Amount: 27000.00]
[11-09-2001 Amount: 34000.00]

Removing the first node of the list:
Content of the list:

[29-02-2000 Amount:
[11-09-2001 Amount:

27000.00]
34000.00]

Increasing date of the first node:

Content of the list:
[01-03-2000 Amount:
[11-09-2001 Amount:

27000.00]
34000.00]
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[Case study] Xay dung hé thong I6p sau:

Student

— code: string

— name: string
— address: string
— mark: double

«constructor»

+ Student(name: const string{&}, address: const string{&})
+ Student(o: const Student{&})

«destructor»

+ ~Student()

«accessor»

— setCode()

+ setName(name: const string{&})

+ setAddress(address: const string{&})

+ setMark(mark: double)

+ getCode(): string {readOnly}

+ getName(): string {readOnly}

+ getAddress(): string {readOnly}

+ getMark(): double {readOnly}

«friend»

— operator<<(os: ostream{&}, r: const Student{&}): ostream{&}
— operator<(a: const Student{&}, b: const Student{&}): bool

Manager

— students: vector<Student{*}>

«business»

+ add()

+ update()

+ remove()

+ findByName(): vector<Student{*}>

«utility»

— sortByName();

— findByCode(vector<Student{*}>::iterator{&}): Student{*}
— trim(s: string): string

— inputStr(p: const string{&}, e: const string{&}): string
«friend»

— operator<<(os: ostream{&}, r: const Manager{&}): ostream{&}

Mot s6 phuang thirc clia I6p Student:

- Phudng thiic setCode dung sinh ma tu' dong khi tao mét sinh vién, ma tu dong gém: ba ky tu dau tén sinh vién viét hoa (ky
tu space thay bang X) va 4 ky tu' s6 1dy tir 4 ky tu’ cudi trong chudi thdi gian hién tai (s6 gidy tinh tir 1/1/1970).

LSp Manager thao tac trén mot vector chifa cac d6i tugng I6p Student. Ldp Manager c6 thé:

- Thém mét ddi tugng mdi thudc I6p Student vao vector do nd quan ly bang phuong thic add, d6i tugng mdi chi can cac thong
tin (name, address), diém (mark) s& cdp nhat sau va code sé& sinh tu dong.

- Loai mot d6i tugng Student chi dinh bang code khoi vector do né quan ly bang phucong thic remove.

- Cap nhat mét ddi tugng Student chi dinh bdng code trong vector do né quan Iy bang phuaong thirc update. Khi cap nhét, dé
tién dung, cac théng tin khdng can thay déi chi can nhan Enter dé€ bo qua.

- DUng phuang thitc findByName dé& tim cac d6i tugng Student trong danh sach sinh vién bang cach nhap mét phan cua tén.
Két qua la vector luu cac ddi tugng Student ma tén c6 mot phan gidng vai tir khda sé dugc chon.

- Xuét danh séch sinh vién bang cac nap chdng toan tur <<.

- S3p x&p lai danh sach theo tén (alphabet) moi khi danh sach thay ddi (chén, xda, cap nhat). N&u tén giéng nhau thi s3p x&p
theo code.

Khi nhép liéu cho mét ddi tugng Student mdi, dé kiém tra dif liéu nhap, dung:

- Phuong thuc trim loai bo cac ky tu space thira dau chuoi, cudi chuoi va gitra cac tur., .

- Phuang thirc inputStr canh bdo néu chuoi nhap rong va yéu cau nhap lai cho dén khi dugc chuoi nhap hop Ié.

- Khi c8p nhét diém cling yéu cau kiém tra diém nhap phai la s thuc va hgp 1é (0 = mark = 10).

Test driver diing menu hién thj cac chirc ning cta chuong trinh. K&t qua chay mau nhu sau:

---------- MENU ----------
C Create a student

R Retrieve a student

U Update a student

D Delete a student

S Show student list

Q Quit
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Your choice: c

Name? Lionel Messi
Address? Argentina
Create successful!

---------- MENU ----------
C Create a student

R Retrieve a student

U Update a student

D Delete a student

S Show student list

Q Quit

Your choice: u

Code? LI04430

Hint: use old value, press Enter
New name?

New address?

New mark? 8.6

Update successful!

---------- MENU ----------

C Create a student

R Retrieve a student

U Update a student

D Delete a student

S Show student list

Q Quit

Your choice: r

Name? e

[LI04934] Lionel Messi (Argentina): 8.6

---------- MENU ----------

C Create a student

R Retrieve a student

U Update a student

D Delete a student

S Show student list

Q Quit

Your choice: s

[LI04934] Lionel Messi (Argentina): 8.6

---------- MENU ----------
C Create a student

R Retrieve a student

U Update a student

D Delete a student

S Show student list

Q Quit

Your choice: d

Code? LI04430

Remove successful!

---------- MENU ----------
C Create a student

R Retrieve a student

U Update a student

D Delete a student

S Show student list

Q Quit

Your choice: q

Bye bye!
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[Composition class] Viét chudng trinh mé phdng tro chai Black Jack nhu sau:

Player Card Deck
— name: string — face: unsigned: 4 . — top: int
— size: int > — suit: unsigned: 2 «friend> | _ deck: Card[52]
- cards: Card[0..16] + getFace(): usigned {readOnly} + Deck()
+ Player(const string{&}) + getSUIt() USigned {readOnly} — shuffle()
+ addCard(const Card{&}, bool) + toString(): string + draw(): const Card{&}
+ display() {readOnly}
+ getHold(): int {readOnly}
+ isOver(): bool {readOnly}

Lép Card triu tugng hoa mot 14 bai tay (poker) chira thong tin: nudc (face: Ace, 2, 3, 4, 5, 6, 7, 8, 9, 10, Jack, Queen, King)
va chat (suit: hearts, diamonds, spades, clubs). 3

LSp Deck triru tugng hda mét bd bai co 52 1a bai. Khi khdi tao, bd bai dudc khéi gan va trdn ngau nhién bang phuong thirc cong
cu shuffle. L8p Deck cé phucong thitc d raw dung dé rit bai, phucng thirc nay tra vé |4 bai dau tién trong phan con lai ctia bd
bai da tron va dang chia. B

L3p Player triu tugng hda ngudi chai bai, moi ngudi chai bai c6 tén name. Ldp Player ¢ phuang thiic addCard dé nhén 13
bai dugc chia tir phuang thirc d raw thudc I6p Deck, luu la bai nay trong mang cac la bai dugc chia cards. Phugng thifc addCard
cling cho phép hoéc khdng cho phép hién thi 1& bai dudc chia. Sau mbi van, titng ngudi chai s& md bai (hién thi cac 14 bai dudc
chia) béng phudng thic display. Phuong thirc getHold dung tinh tdng diém nhén dugc, bang cach tinh téng s6 nit (face)
trén cac 14 bai. Chu y:

- Cac la bai: Jack, Queen va King déu cd tri 10.

- L4 bai Ace ¢6 hai cach tinh tri: bdng 1 hodc bang 11.

Phuang thitc isOver cla I8p nay cho biét téng diém nhan dudc cé vugt 21 diém hay khdng.

Ham toan cuc main dung I6p Player va I8p Deck dé tién hanh trd chdi gilta hai ngudi chai nhu sau:

- Dealer (nha cdi) rat hai & bai, mot gidu kin va mét ma bai. Ngudi chai cling rit hai la bai.

- Ngudii chai quyét dinh rdt ti€p mdt s6 1& bai sao cho téng diém nhan dudc cang 16n cang tdt nhung khéng vugt qué 21 diém.
- Dealer rdt mot s8 14 bai theo chién lugc gibng nhu’ ngudi chai. Dealer c6 mot hé s8 an toan dé dimg rdt bai tiép.

- Téng s6 14 bai mdi bén dang gitr khong vugt qué 5 14 bai. N&u rat qud 5 1& bai, canh bao 16i nhung van tinh diém.

Piém dugc tinh nhu sau:

- Néu hai bén hoda diém hodc cling vugt qua 21 diém thi dealer thang.

- Dealer thang: néu delear cé tdng diém khéng vugt qua 21 diém va tng diém cua dealer 16n hon hodc bang tdng diém cua
ngudi chai. Néu ngudi chai vugt quéa 21 diém, dealer van thang theo luat hoa.

- Ngudi chai thdng: néu ngudi chai co tdng diém khdng vugt qua 21 diém va tng diém cla ngudi chai I6n hon t8ng diém cla
dealer hodc dealer c6 t&ng diém vugt qua 21 diém.

Két qua:

[----- Black Jack ----- ]
Dealer drew: ??

Dealer drew: Jack of diamonds
You drew: four of hearts

You drew: Ace of spades

Draw? y

You drew: six of clubs

Draw? n

Dealer: ten of clubs, Jack of spades [20]

You : four of hearts, Ace of hearts, six of clubs [21]

Dealer lost, you win!
[Computer: O - Human: 1]
Another game? y

[----- Black Jack ----- 1
Dealer drew: ??

Dealer drew: four of hearts
You drew: two of diamonds
You drew: two of spades

Draw? y

You drew: ten of hearts
Draw? y

You drew: five of diamonds
Draw? n

Dealer drew: King of spades

Dealer: six of diamonds, four of hearts, King of spades [20]

You : two of diamonds, two of spades, ten of hearts, five of diamonds [19]
[Computer: 1 - Human: 1]

Another game? n
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[Composition class] Xay dung hé thong I6p sau:

Vector2D
— vx: double A
—vy: double Point
«constructor» — x: double
+ Vector2D(const Point {&}, const Point {&}) «friends» — y: double
«business» —————{ + Point(x: double = 0.0, y: double = 0.0)
+ getModule(): double {readOnly} + setPoint(x: double, y: double)
«friend» + getX(): double {readOnly}
— operator< <(ostream{&}, const Vector2D{&}): ostream{&} + getY(): double {readOnly}
— operator*(const Vector2D{&}, const Vector2D{&}): double — operator< <(ostream{&}, const Point{&}):
— operator|(const Vector2D{&}, const Vector2D{&}): double ostream{&}
Triangle Circle
—a: Point = (0, 0) - radius: double
— b: Point = (0, 0) — center: Point
— c: Point = (0, 0) «constructor»
«constructor» + Circle(double = 0, const Point{&} = (0, 0))
+ Triangle(const Point{&}, const Point{&}, const Point{&}) «business»
«business» + getCenter(): const Point{&} {readOnly}
+ getKind(): enum Kind {readOnly} + setCenter(x: double, y: double): void
+ getPerimeter(): double {readOnly} + getPerimeter(): double {readOnly}
+ getArea(): double {readOnly} + getArea(): double {readOnly}
«friend» «friend»
— operator< <(ostream{&}, const Circle{&}): ostream{&} — operator<<(ostream{&}, const Circle{&}): ostream{&}

Lép Vector2D md ta mét vector, hinh thanh tir 2 diém (I6p Point 2D), ¢ cac thanh phan vector vx va vy:

- Nap chong toan tir operator* cho két qua la tich vd hudng cla hai vector lam d6i s6.

- Nap chong toan tir operator| cho két qua la tich hitu hudng cla hai vector lam ddi so.

Ldp Circle md ta hinh tron véi tam center va ban kinh radius:

- Phuong thirc getPerimeter tra vé chu vi hinh tron, tinh bang cong thic: P = 27R

- Phuong thirc getArea tra vé dién tich tam gidc, tinh bang cong thirc: S = nR?

L8p Triangle mo ta tam giac vdi ba dinh a, b va c:

- Phuaong thirc getKind cho biét loai tam giac bang cach tra vé enum Kind mo ta cac loai tam gidc: tam giac thudng (scalene),
tam giac can (isosceles), tam giac déu (equilateral), tam gidc vudng (right) va tam gidc vuéng can (right isosceles).

- Phuong thiic getPerimeter tra vé chu vi tam giac.

- Phuang thiic getArea tra vé dién tich tam giac, tinh hitu huéng clia hai vector canh.

Céc phuang thic trong I6p Triangle dung I8p Vector2D dé tinh toan, vi du ding tich vo huéng clia hai vector dé xét hai canh
¢6 vudng géc véi nhau khong.

Test driver:

#include "circle.h"
#include "triangle.h"
#include <iostream>
using namespace std;

int main() {
Circle circle(4.5, Point(2.1, 5.2));

cout << "Circle: " << circle << endl;
cout << " Perimeter: " << circle.getPerimeter() << endl;
cout << " Area: " << circle.getArea() << endl;
string s[] = {"scalene", "isosceles", "equilateral", "right", "right isosceles"};
Triangle triangle(Point(0, 7), Point(7, 0));
cout << "Triangle: " << triangle << " -> " << s[triangle.getKind()] << " triangle" << endl;
cout << " Perimeter: " << triangle.getPerimeter() << endl;
cout << " Area: " << triangle.getArea() << endl;
return 0;
}
Két qua:

Circle: Radius: 4.5; Center: (2.1, 5.2)
Perimeter: 28.2743
Area: 63.6173
Triangle: [(0, 7), (7, 0), (0, 0)] -> right isosceles triangle
Perimeter: 23.8995
Area: 24.5
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[Inheritance] Xay dung cay phan cdp I8p sau:

Product

# barcode: long
# name: string

+ Product(b: long, n: const string{&})

+ getBarCode(): long {readOnly}

+ setBarCode(long)

+ getName(): const string{&} {readOnly}
+ setName(n: const string{&})

+ scanner()

+ printer() {readOnly}

/X

PrepackedFood FreshFood

— pcePrice: double — weight: double
— IbsPrice: double

+ PrepackedFood(p: double, b: long, n: const string{&})

+ getPrice(): double {readOnly} + FreshFood(w: double, p: double, b: long, n: const string {&})
+ setPrice(double) + getPrice(): double {readOnly}

+ scanner() + setPrice(double)

+ printer() {readOnly} + getWeight(): double {readOnly}

+ setWeight(double)

+ scanner()

+ printer() {readOnly}

L8p Product cd cac phuang thirc tritu tugng dugc nap chong trong cac I6p dan xudt:

- Phuong thiic scanner cho phép nhap thong tin ctia doi tugng (barcode, name, ...) tir ban phim.

- Phuang thirc printer in cac thong tin nay.

Ldp PrepackedFood cd thém thudc tinh pcePrice (gia tinh theo don vi).

Ldp FreshFood cé thém thudc tinh weight (trong lugng) va lbsPrice (gia tinh theo trong lugng).
Test driver:

#include "product.h"
#include <vector>
using namespace std;

int main() {
vector<Product*> products;
products.push back(new PrepackedFood(0.52, 12345, "Salt"));
products.push back(new FreshFood(1.2, 1.45, 56789, "Grapes"));
Product* p = new PrepackedFood();
p->scanner(); // nhan thong tin nhap
products.push back(p);

cout << "\n\nList of products:";
for (unsigned int i = 0; i < products.size(); ++i)
products[i]->printer();

return 0;
}
Két qua:
Barcode : 13579
Name : Sugar

Price/piece: 1.7

List of products:

[12345]

Name : Salt
Price/piece: 0.52
[56789]

Name : Grapes
Price/lbs : 1.45
Weight 1 1.20
Total : 1.74
[13579]

Name : Sugar

Price/piece: 1.70
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[Polymorphism] Xay dung hé thdng cac IGp sau:

Customer Account
— name: string # name: string
— accounts: vector<Account{*}> # code: string
+ Customer(n: const string{&}) . # balance: double
+ getName(): string {readOnly} <>0_ «constructor»
+ setName(n: const string{&}) + Account(c: const string{&}="N/A", b: double = 0.0)
+ getAccounts(): vector<Account{*}> {readOnly} «accessor»
+ addAccount(a: Account{*}) + getName(): const string{&} {readOnly}
+ display(ostream{&}) {readOnly} + setName(n: const string{&})

0..* + getCode(): string {readOnly}

+ setCode(c: const string{&})
+ getBalance(): double {readOnly}
+ setBalance(b: double)

Bank «business»
— name: string + withdraw(a: double)
— customers: vector<Customer{*}> + dgposit(a: double)
+ Bank(n: const string{&}) + display(ostream{&}) {readOnly}
+ addCustomer(c: Customer{*})
+ display(ostream{&}) {readOnly}
SavingsAccount CheckingAccount
— rate: double — fee: double
«constructor» «constructor»
+ SavingsAccount(const string{&}, double, double) + CheckingAccount(const string{&}, double, double)
«accessor» «accessor»
+ getRate(): double {readOnly} + getFee(): double {readOnly}
+ setRate(r: double) + setFee(f: double)
«override» «override»
+ display(ostream{&}) {readOnly} + withdraw(a: double): boolean
+ display(ostream{&}) {readOnly}

L&p Bank chifa danh sach cac khach hang (I6p Customer), mdi khach hang cd nhiéu tai khoan (I8p Account).

C6 hai loai tai khoan:

- Tai khoan tién guri tiét kiém (I6p SavingsAccount): tién gui tiét kiém dugc tinh I3i theo 13i suat (rate), cong thirc dung tinh
l3i: balance = balance + (rate * balance).

- Tai khoan tién gri thanh toan (I6p CheckingAccount): tién guri thanh toan phai tinh phi (fee) khi rdt tién, nghia 13 mbi [an
rut tién tai khoan sé giam: s6 tién mudn rut (amount) + phi (fee).

Két qua:

AGRIBANK

+ Account #1
Owner: Mickey Mouse

[SAV1234]---------------"~--~-~-----
Balance : $15000.00

Interest rate : 3.50
[CHK1357]-------------~-“-~---------
Balance : $21000.00

Fee : 0.50

+ Account #2
Owner: Donald Duck

[CHK5678]------------ccmcmmee oo
Balance : $24000.00

Fee 1 4.20

[SAV2468] -------------cmcmmee oo
Balance : $18000.00

Interest rate : 0.20
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[Polymorphism] Xay dung cay phan cap I6p nhu sau, dan xudt tir [8p triru tugng Employee:

Employee

# name: string
# ssn: string

+ print() {readOnly}

+ earnings(): double = 0 {readOnly}

A

/

SalariedEmployee
— weeklySalary: double
«override»
+ print() {readOnly}
+ earnings(): double {readOnly}

CommissionEmployee

— grossSales: double
— commissionRate: double

3

HourlyEmployee

— wage: double
— hours: double

«override»
+ print() {readOnly}
+ earnings(): double {readOnly}

BasePlusCommissionEmployee

— baseSalary: double

«override»
+ print() {readOnly}
+ earnings(): double {readOnly}

«override»
+ print() {readOnly}
+ earnings(): double {readOnly}

www.codeschool.vn

Trong test drive, khai bdo mét vector employees kiéu Employee chira ca 4 loai subclass trén (heterogenous array). Duyét mang
va thuc hién phuong thlic earning va print dé thay két qua cla x{ ly két néi dong (dymanic binding).
Tim trong vector employees d6i tugng thudc I6p BasePlusCommissionEmployee (dung dynamic cast) va tang

baseSalary cta ching thém 10%.

HUy cac ddi tugng khi chdm dit chuang trinh bang cach dung toan tir delete vdi vector employees.

Két qua:

Salaried employee:

[111-11-1111] Mike Tyson
Weekly salary: 800
earned $800

Hourly employee:

[222-22-2222] David Hayes
Hourly wage: 28.5; Hours worked: 40
earned $1140

Commission employee:

[333-33-3333] Muhammad Ali
Gross sales: 10000; Commission rate: 0.06
earned $600

Base-salaried:
Commission employee:
[444-44-4444] Wladimir Klitschko

Gross sales: 5000; Commission rate: 0.04; base salary:

old base salary: $300
new base salary with 10% increase is: $330
earned $530

Deleting
Deleting
Deleting
Deleting

object
object
object
object

of 16SalariedEmployee

of 14HourlyEmployee

of 18CommissionEmployee

of 26BasePlusCommissionEmployee

300
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[Polymorphism] Xay dung hé thong cac I6p nhu sau:
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Room

— name: string
— width: double
- length: double

House

— address: string

— rooms: vector<Room*>

«friend»

— operator< <(ostream{&}, const House{&}): ostream{&}
— operator>>(istream{&}, House{&}): istream{&}

+ operator double() {readOnly}

+ operator double() {readOnly}
+ accept(istream{&})
+ display(ostream{&})readOnly}

/ B

Bedroom RoomWithThings
— closet: double — things: int

+ operator double(){readOnly} — style: Kind{Bathroom, Kitchen}
+ accept(istream{&}) + setStyle(Kind)

+ display(ostream{&}){readOnly} | | + accept(istream{&})

+ display(ostream{&}){readOnly}

L8p Room trltu tugng héa mét phong trong nha, chira cac thong tin: tén phong (name), chiéu rong (width) va chiéu dai
(length). L8p Room cé cac phuang thirc triru tugng (virtual) dé€ phuc vu cho da hinh:

- Nap chong toan tir ép kiéu double: tra vé dién tich cta phong.

- accept(istream&): nhan thong tin vé phong do nguGi diing nhap tir stream nhép chi dinh (thuGng la cin).

- display(ostream&): xudt thong tin vé phong ra stream xuat chi dinh.

L8p Bedroom dan xudt tur I6p Room, ngoai dién tich cia phong c6 tinh thém dién tich ta chura d6 (closet).

Ldp RoomWithThings cling dan xudt tr I6p Room, cd ki€u (style) Ia phong tdm (Bathroom) hodc nha bép (Kitchen).
RoomWithThings cling chira thong tin vé s6 d6 vat co trong phong (things).

Xay dung day du cac phuang thic: constructor, copy constructor va nap chong toan ti gan cho cac I6p Room, Bedroom va
RoomWithThings.

L&p House triru tugng hda mot nha, chlra thong tin: dia chi nha (address) va danh sach cac phong trong nha (rooms). Cac
phuang thic cua I6p:

- Nap chéng toan tur trich >>: héi ngusi dung dia chi, s6 lugng phong clia nha, loai phong; sau dé dung phudng thitc da hinh
accept dé& nhap théng tin cho cac phong, dua ching vao danh sach rooms.

- Nap chdng toan tlr chén <<: duyét danh sach rooms va ding phuong thic da hinh display hién thi théng tin clia cac phong.
- Nap chdng toan tir ép ki€u double: duyét danh sach rooms va goi phuang thiic da hinh nap chdng toan tir ép kiéu double
dé tinh toan tdng dién tich cla cac phong trong nha.

Két qua:

House Listing Preparation
Address : White House
No of rooms 4

Enter the type of room (r,b,w,k): r

Name of Room : Living
Width of Room : 3.5
Length of Room : 4.5

Enter the type of r<-)om (r,b,w,k): b

Name of Room : Master
Width of Room : 3.5
Length of Room : 3
Closet space 1.25

of

Enter the type room (r,b,w,k): w
Name of Room : Bathroom

Width of Room : 1.2

Length of Room : 2.1

No of Pieces 4

Enter the type of room (r,b,w,k): k
Name of Room : Kitchen

Width of Room 1 2

Length of Room : 3.5

No of Appliances: 3

Address:

Room Information
White House

Living (
Master (
Bathroom (1.

3.5
3.5

Kitchen (2 x 3.

X 4
x 3
2 X

.5)

)
5

2.
),

Closet space: 1.25

1), Number of Pieces: 4
Number of Appliances: 3
Total Floor Area: 37.02 sq m
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[Polymorphism] Xay dung hé thdng cac I6p nhu sau:
Order

— orderNumber: int
— orderDate: string
— tax: double

— customer

Customer

# code: string
# name: string
# address: string

+ Order(int, const string &,Customer*,double)
— getSubTotal(): double {readOnly}

— getCredit(): double {readOnly}

— getTax(): double {readOnly}

+ getTotal(): double {readOnly}

— setCode()
+ toString(): string = 0 {readOnly}

J R

www.codeschool.vn

+ addItem(Product{*}, int)
+ createlnvoice(): string {readOnly}

Corporate

Personal

— creditRate: double
— creditLimit: double

— creditCard: string

+ toString(): string {readOnly}

Product

«friend» + toString(): string {readOnly}
—items | *
. — code: string
OrderLine — name: string
— quantity: int —product | _ price: double

— OrderLine(Product{*}, int)
+ getExtendedPrice(): double {readOnly}
+ toString(): string {readOnly}

+ Product(const string{&}, double)
+ toString(): string {readOnly}
— setCode()

Mdi don hang (Order) cé s0 hiéu dan hang (orderNumber) va ngay lap don hang (orderDate). Mbi don hang thudc vé mot
khach hang (Customer). Moi khach hang cd thong tin: ma khach hang (code), tén khach hang (name) va dia chi khach hang
(address). Ngoai ra cd thong tin riéng tuy theo loai khach hang:

- Khach hang ca nhan (Personal) cd thong tin vé thé tin dung (creditCard).

- Khach hang cong ty (Corporate) c6 thong tin vé chiét khdu hoa hdng (creditRate) tinh bang % trén tdng gia tri don hang.
Chiét khadu tinh bang phuong thirc getSubtotal, chiét khdu khéng dudc vugt qua gidi han chiét khdu (creditLimit).

Thué tiéu dung (tax) tinh bang % trén tdng gia tri don hang (da trir chiét khau néu cd). Gia tri thanh toan don hang dudc tinh
tlr phuong thic getTotal, bang tdng gia tri dan hang + thué. )

MOi don hang chita mdt danh sach cac muc dét hang (OrderLine), moi muc chifa théng tin san phdm (product) va s6 lugng
d&t mua (quantity). Téng gid tri mét muc hang dugc tinh tir phuong thic getExpendedPrice. Cac muc ddt hang dugc thém
vao don hang nh& phudng thiic addItem. Chd y phuong thic ndy tao ra muc d&t hang cho moi san pham trudc khi dua vao
mang items; ndi cach khac, constructor I6p OrderLine cé pham vi truy xuat private dudc goi tir phucng thirc addItem cla
I6p friend la Order.

MO6i san phdm (Product) cé thdng tin: ma san phdm (code), tén san pham (name) va giad san phdm (price).

Khéch hang va san phdm dugc tao ma tu dong (phuong thifc setCode) gém: ba ky tu' dau cua tén (name) viét hoa (ky tu space
thay bang X) va 4 ky tu s8 18y tir 4 ky tu’ cudi trong chu6i thdi gian hién tai (s6 gidy tinh tir 1/1/1970).

Phuang thifc createInvoice ding d& xudt mot dan hang don hang cu thé cho loai khach hang cu thé.

Két qua:

INVOICE #100 Date: [21 Dec 2012]
Customer : Bill Gates [BIL6014]
Credit Card: 1234-5678-9123-4567

Code Name Price Qty Total Line
[IPH6014] iPhone 5 15.2 4 60.8
[KIN6O14] Kindle Fire 3.4 7 23.8
Subtotal : 84.6
Tax 2.115
Total 86.715
INVOICE #101 Date: [24 Dec 2012]
Customer : Apple Inc. [APP6014]
Credit Rate: 8.5%
Code Name Price Qty Total Line
[IPH6014] iPhone 5 15.2 4 60.8
[KIN6014] Kindle Fire 3.4 7 23.8
Subtotal : 84.6
Credit 7.191
Tax : 1.93522
Total 1 79.3442
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[Case study] Xay dung hé thGng cac I6p nhu sau:

Part PartNode PartsList
—num: int — data: Part* — head: PartNode*
+ getNum(): int - next: PartNode* - count: int
+ display() = 0 {readOnly} + getNext(): PartNode* + iterate(void(Part:: *f)() {readOnly}
+ getData(): Part* + find(int&, int): Part* {readOnly}
+ setNext(PartNode*) + getFirst(): Part* {readOnly}
+ insert(Part*);
+ operator[](int): Part* {readOnly}
+ getCount(): int {readOnly}
Student
— name: string «private»
+ display()
PartCatalog

+ insert(Part*)

+ exists(int): int

+ get(int): Part*

+ showAll() {readOnly}

D{ liéu luu trir dugc tritu tugng hda trong I8p triru tugng Part, I16p nay cé dif liéu la num, s6 hiéu cia mét ban ghi dif liéu. D&
dung hé théng I6p, ta chi don gian thira k& I6p Part va cai dat ham ao display, nhu trong truGng hgp I16p Student trén.
M@t danh sach lién két don dugc triru tugng hoa trong I6p PartsList, danh sach nay dugc tao tur cac node dugc triru tugng
hda trong I&p PartNode. Mo6i PartNode chira: con trd data chi dén dit liéu Part (goi tit, con trd dif liéu) va con trd next chi
dén PartNode ngay sau no.

L8p PartsList cd cac phuong thic:

-Part* find(int& pos, int n) tim node cd s6 hi€u n, tra vé con tro dif liéu clia node dd va vi tri clia node do tinh tir dau
danh sach. Vi tri dugc tra vé bang tham s6 pos. Néu khdng tim thdy node co6 s6 hi€u chi dinh, tra vé NULL va pos bang 0.

- Part* getFirst() tra vé con trd dif liéu clia node dau tién. Néu danh sach rong, tra vé NULL.

-void insert(Part* p) chén node chira con tro dif liéu p vao danh sach lién két sao cho cac node clia PartList co tho
tu tang dén theo s6 hiéu num cla dir liéu luu tri.

- Nap chong toan tir 1dy chi s6 operator[] (int offset), trd vé con trd dif liéu tai node cé chi s offset trong danh sach lién
két, tra v& NULL néu chi s6 chi dinh khéng hgp |€.

- int getCount() tra vé s6 node co trong danh sach.

- iterate((void(Part::*f)()) nhan con trd chi dén ham thanh vién cta I6p Part, cho phép thuc hién ham nay trén cac
node clia danh sach.

Lép PartCatalog thira k& I6p PartsList theo kiu private, xem PartsList nhu mét ddi tugng bén trong PartCatalog
(quan hé composition). L8p PartCatalog cé cac phuong thic: B

-void insert(Part* p) chén node chifa con trd dif liéu p vao PartsList, bao Ioi néu s6 hi€u num ctia node nhap da co.
-int exists(int n) tra vé vi tri tinh t&r dau danh sach cla node chilra con tro dir li€u cd so6 hi€u n;

- Part* get(int n) trd vé con tré di liéu ciia node, s hiéu cua dir liéu la n.

- Phuong thirc showA1l1() duyét tat ca cac node clia PartsList, st dung phuong thifc iterate cla I6p PartsList.

Két qua:

----- MENU -----

1. Create student

2. Show students

3. Quit

Your choice: 1

Code? 101

Name? Johann Wolfgang Goethe

----- MENU -----

1. Create student

2. Show students

3. Quit

Your choice: 2

[101] Johann Wolfgang Goethe

----- MENU -----
1. Create student
2. Show students
3. Quit

Your choice: 3
Goodbye!
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[Challenge] Xay dung hé thdng IGp mo ta hoat dong cuia thu vién nhu sau:

Person
# code: string
# name: string

— setCode()
+ toString(): string =0

I

Author Member Librarian
— books: vector<Book*> — borrows: vector<Loan*>| |— books: map<string, BookCopy*>
+ addBook(Book*) + addLoan(Book*) — authors: vector<Author*>
+ toString(): string " — members: map<string, Member*>
— trim(string): string
* [ -authors | * <>{ — inputStr(string, string): string
<>| — tokenize(string, char): vector<string>
* — addAuthors(string, Book*)
Book + addBookCopy()
—ISBN: string Loan + addMember()
— title: string — loanID: string + findByCode(string): BookCopy*
— year: int — mCode: string + findMember(string): Member*
— publisherNo: int — bCode: string + findByAuthor(string): vector<Author*>
+ addAuthor(Author*) — outDate: time_t + showAuthors()
+ toString(): string — dueDate: time_t + createLoan()
— duration: int + showBorrowers()
— book — time2Str(time_t): string
+ getOutDate(): string
BookCopy + getDueDate(): string
— copyNum: int + isOverDue(): bool
— bookShelfNo: int + toString(): string
+ isAvailable(): bool
+ toString(): string *

Thanh vién cua thu vién (Member) c6 mot danh sach cac phi€u mugn (borrows), théng tin sdch mugn dugc thém vao danh
sach nay bang phuong thic addLoan.

Tac gia sach (Author) cé mot danh sach cac sach cua tac gia dé co trong thu vién (books).

Tac gia (Author), thanh vién (Member) va tha thu (Librarian) déu cé thudc tinh chung la ma s6 (code) va tén (name), ma
s6 dugc tao tu dong tlr tén nhd phuong thirc setCode: ba ky tu dau cla tén (viét hoa, ky tu space thay thé bang ky tu’ X)
ghép vdi 4 ky tu cudi cta chudi thdi gian hién tai.

MOt cudn sach dugc triru tugng hoa trong I8p Book, chlfa cac thong tin: ma ISBN, tua sach (title), nam xuat ban (year), [an
xudt ban (publisherNo). Mot cudn sach cé mét hodc nhiéu tac gia, Iuu trong danh sach authors, mot tac gia dugc thém vao
danh sach bdng phuang thi'c addAuthor. .

MOt cudn sach (book) cua thu vién cd nhiéu ban sao (I6p BookCopy), moi ban sao cé s6 lugng ban sao (copyNum) va s6 hiéu
ké chira ban sao (bookShelfNo). Phuang thiic isAvailable cho biét sach con dd ban sao cho mugn khong. .

L&p Loan luu thong tin phi€u mugn sach, bao gom: ma phiéu mugn (LoanID, ghép tir mCode va 4 ky tu cudi clia chudi thdi gian
hién tai), ma clia thanh vién mugn sach (mCode), ma sach (bCode), ngay xudt sach (outDate), thdi gian mugn (duration,
tinh bang ngay, méc dinh la 10 ngay), ngay tra (dueDate). Ngay xudt sach Idy tir thai gian hién tai, ngay tra sach tu dong tinh
tlr ngay xuét sach va thdi gian mugn; ca hai luu bang ki€u dir liéu time t, nén viét phuong thiic time2Str chuyén time t
thanh chuoi d€ dé hién thi. Phuong thlic isOverDue so sdnh thdi gian hién tai véi dueDate d€ xac dinh phiéu mugn cé qué
han hay khong.

Lép Librarian (tha thu) quan ly books (danh sach sach cla thu vién), authors (danh sach tirng tac gid) va members (danh
sach cac thanh vién).

Menu clia ham main goi cic phuong thirc cla I8p Librarian (tha thu) d€ quan ly thu vién:

- Tao mét thanh vién mdi bang phuong thirc addMember.

- Thém sach mdi bang phudng thi'c addBookCopy, néu da cd tua sach dé thi tang s6 lugng ban sao. Tao mét d6i tugng sach
(Book) mdi kéo theo tao mét dGi tugng ban sao (BookCopy), vi thé constructor clia hai I6p nay dugc goi trong phuang thirc
addBookCopy. Khi thém mét sach mdi, danh sach cac tac gia (tach biét bsi ddu phay) dudc tach ra roi luu vao authors (dung
phuang thifc cong cu addAuthors cla I6p Librarian); tac gia méi dugc thém vao authors con tac gia cii thi thém tham
chiéu ctia sach mdi vao danh sach sach cla tac gia dé (phuong thirc addBook cuta I8p Author).

- Cho mét thanh vién (véi ma thanh vién mCode) mugn mot cudn sach (véi ma sach bCode), dung phuong thi'c createlLoan.
Ldp Librarian khdng can luu danh sach phi€u mugn, do da luu danh sach thanh vién members nén cd thé tham chiéu thdng
tin cac phi€u mugn tir danh sach nay. B

- Phuang thitc showBorrowers hién thi danh sach cac thanh vién dang ng sach, vdi moi thanh vién hién thi danh sach phiéu
mugn.

- Tim theo tén tac gia, chi cn nhap mét phan tén. V&i mdi tac gid trong danh sach két qua, hién thi tat ca sach cla tac gia do
c6 trong thu vién, dung phuong thirc showAuthors.

Mot s6 chu y khi xay dung cac I6p:
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- Viét day du cac getter/setter can thiét. Bao vé& cac tham chiéu cin than béng const.

- CAc théng tin lién quan, k€& ca danh séch va bang bdm, nén cé ki€u dir liéu hodc ki€u dif liéu thanh phan 1a con tré dé tranh
khai bdo dé quy hodc tinh hudng trinh bién dich khdng thé tinh dugc kich thudc ki€u dir liéu méi. .

- Viét phuong thirc toString cho céc I6p dé dé dang hién thj théng tin cho d6i tugng moi I6p. Xem mau xuét bén dudi.

Két qua:

—————————— MENU ----------

1. Create member

2. Add book

3. Loan book

4. Show borrowers

5. Find by author name

6. Quit

Your choice: 1

Name? Pierce Brosnan

Create Successful: Pierce Brosnan [PIE0297]

---------- MENU ----------

1. Create member

2. Add book

3. Loan book

4. Show borrowers

5. Find by author name

6. Quit

Your choice: 1

Name? Daniel Craig

Create Successful: Daniel Craig [DAN0O306]

---------- MENU ----------
1. Create member

2. Add book

3. Loan book

4. Show borrowers

5. Find by author name

6. Quit

Your choice: 2

ISBN? 1111531005

Number of copy? 10

Title? A First Book of C++
Author? Gary Bronson, Paul Deitel
Publisher number? 4
Publisher year? 2012
Bookshelf number? 101

---------- MENU ----------
1. Create member

2. Add book

3. Loan book

4. Show borrowers

5. Find by author name

6. Quit

Your choice: 2

ISBN? 0132662361

Number of copy? 12

Title? C++ How to Program
Author? Paul Deitel, Walter Savitch
Publisher number? 8
Publisher year? 2012
Bookshelf number? 101

---------- MENU ----------
1. Create member

2. Add book

3. Loan book

4. Show borrowers

5. Find by author name

6. Quit
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Your choice: 3
Member Code? PIE0297
ISBN? 1111531005

---------- MENU ----------
1. Create member

2. Add book

3. Loan book

4. Show borrowers

5. Find by author name

6. Quit

Your choice: 3

Member Code? DANO306

ISBN? 0132662361

---------- MENU ----------

1. Create member

2. Add book

3. Loan book

4. Show borrowers

5. Find by author name

6. Quit

Your choice: 4

1. Pierce Brosnan [PIE0297]

(1) [1111531005] A First Book of C++
Due date: 30-10-2012 (pending)

2. Daniel Craig [DANG306]

(1) [0132662361] C++ How to Program
Due date: 30-10-2012 (pending)

---------- MENU ----------

1. Create member

2. Add book

3. Loan book

4. Show borrowers

5. Find by author name

6. Quit

Your choice: 5

Author name? Paul Deitel

Book Information
Gary Bronson, Paul Deitel
"A First Book of C++", Fourth Edition (2012)
ISBN: 1111531005

Book Information
Paul Deitel, Walter Savitch
"C++ How to Program", Eighth Edition (2012)
ISBN: 0132662361

---------- MENU ----------
1. Create member

2. Add book

3. Loan book

4. Show borrowers

5. Find by author name

6. Quit

Your choice: 6

Bye bye!
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[Challenge] Xay dung hé thdng I&p sau:

Course
— courseNo: string
— courseName: string
— prerequisites | — credits: double — representedCourse
% | + addPrerequisite(c: Course*) 1

Person + hasPrerequisites(): bool

+ addSection(s: Section*)

+ scheduleSection(d: char, t: string, r: string, c: int): Section*
+ toString(): string {readOnly}

# name: string
# ssn: string

* Section
— sectionNo: int

o enrolledStudents

+ toString(): string {readOnly} » e dAssect
ﬁ K g — attends — offeredAsSection | *

Professor Student — dayOfWeek: char
— title: string — major: string — timeOfDay: string
— department: string — degree: string — room: string

— seatingCapacity: int

+ enroll(s: Student*): EnrollmentStatus

+ drop(s: Student*): bool

+ getGrade(s: Student*): string

+ postGrade(s: Student*, g: string): bool
+ isSectionOf(c: Course*): bool
TranscriptEntry + toString(): string {readOnly}

— grade: string * | —teaches * | — sectionOffered
+ validateGrade(grade: string): bool
assingGrade(grade: string): bool

+ agreeToTeach(s: Section*) | | + addSection(s: Section*)

+ dropSection(s: Section*)

+ isEnrolledIn(s: Section*): bool

— studentOwner | jsEnrolledInSimilar(s: Section*): bool
1 |+ getEnrolledSections(): vector<Section*>|*

1 | —instructor

sapelopaubisse —

— transcriptEntries | * — offeredIn
) — transcript Schedule
- Transcript — semester: String
~ transcript + addSection(s: Section*)

+ findSection(se: string): Section*
+ isEmpty(): bool
+ toString(): string {readOnly}

+ Transcript(s: Student*)

+ addTranscriptEntry(te: TranscriptEntry*)
+ verifyCompletion(c: Course*): bool

+ toString(): string {readOnly}

Mot mdn hoc (Course) dudc day nhidu [an trong cac khda hoc (Section) khac nhau. Mbi khda hoc do mét gido vién
(Professor) day va chim mot muc trong thdi khda biéu (Schedule) clia mdt hoc ky chi dinh, véi thdi gian va vi tri phdng hoc
cu thé.

Sinh vién (Student) sé déng ky tham du cac khoa hoc (Section). K&t qua hoc mét khda hoc cla sinh vién thé hién nhu mét
muc trong hoc ba (TranscriptEntry) sé dugc luu vao hoc ba (Transcript).

MO ta chi tiét:

- L8p Person thé& hién mot ca nhan cd thdng tin chung 13 name va ssn (Social Security Number).

- L8p Professor thé hién mot gido vién, ngoai nhitng thdng tin ca nhan con c6: title (chdc danh), department (khoa dang
day); va théng tin lién két khdc nhu teaches (danh sach céac khda hoc dang day). Phuong thiic agreeToTeach dung dé thém
khda hoc vao danh sach cac khoa hoc dang day teaches, dong thai cling ghi nhan nguGi day (instructor) cho khda hoc do6
trong I6p Section.

- Ldp Student thé& hién mét sinh vién, ngoai nhiing thdng tin ca nhan con cd: major (chuyén nganh), degree (hoc vi); va céc
thong tin lién két khac nhu transcript (hoc ba), attends (cac khda hoc dang tham du).

M6t Student cé thé tham du nhiéu khéa hoc (addSection), bd mdt khda hoc dang tham du (dropSection) va cé phucng
thirc kiém tra xem c6 déng ky mét khda hoc nao dé khdng (isEn rolledIn), hodc ki€m tra xem da déng ky mén hoc day trong
khda hoc hién hanh trudc day chua (isEnrolledInSimilar). Moi sinh vién dugc tao ra sé co mét hoc ba (Transcript); néi
cach khac, constructor clia Transcript dugc goi tir constructor clia Student.

- L8p Course thé hién mdt mén hoc, mét Course ¢d courseNo (md mdn hoc), courseName (tén mén hoc), credits (s6 tin
chi); va céc thdng tin lién két nhu: prerequistes (danh sach cdc mén hoc tién quyét, bat budc phai qua mon trude khi hoc
mon nay), offeredAsSection (danh sach cac khda hoc dang day mén hoc nay).

C6 thé thém mot mén hoc tién quyét vao danh sdch mdn hoc tién quyét (addPrerequisite), thém mdt khda hoc vao danh
sach cac khda hoc day mén nay (addSection). Phuong thirc scheduleSection sinh ra mdt khda hoc véi thdng tin cu thé va
dua nd vao danh sach offeredAsSection; ndi cach khac, ta khong goi truc ti€p constructor clia I6p Section ma goi thong
qua phuang thic nay.

L8p Course ciing ¢ phuang thiic hasPrerequisites dé& kiém tra xem mén hoc chi dinh cd mén hoc tién quyét hay khéng.

- L8p Section thé hién mét khda hoc, chira cac thong tin: ma khéa hoc cé dinh dang courseCode-sectionNo, courseCode
la ma mén hoc, sectionNo la s6 lan day mén hoc nay (tinh tir of feredAsSection), dayOfWeek (th(f trong tudn clia ngay
hoc), time0OfDay (thdi gian hoc), room (s6 hiéu phong), seatingCapacity (s6 lugng hoc vién t6i da); va cac thong tin lién
két nhu: instructor (gido vién dam nhan khda hoc), representedCourse (mdn day), of feredIn (thudc vé thdi khda biéu
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nao). Ldp Section ciing cé danh sach sinh vién ding ky mdn hoc (enrolledStudents) va danh sach diém d3 dat cla sinh
vién (assignedGrades).

Ldp Section chifa cac phuang thic enroll (ddng ky sinh vién hoc), drop (loai bo sinh vién ddng ky), getTotalEnrollment
(xem s8 lugngsinh vién dang ky), postGrade (ghi di€m cho mét sinh vién chi dinh), getGrade (l&y diém hoc cla mét sinh vién
chi dinh), isSection0f (xem c6 phai khda hoc dang day mon chi dinh).

Phuang thitc enroll ki€m tra xem sinh vién thudc trang thai d&ng ky (enum EnrollmentStatus) nao sau day:

+ prevEnroll: sinh vién da dang ky khda hoc hodc da hoan thanh mon hoc, khéng dugc dang ky hoc lan nira.

+ prereq: sinh vién chua hoan tat cac mon tién quyét cia moén hoc chi dinh nén khong dugc dang ky mén hoc.

+ secFull: khoéa hoc da du hoc vién nén khong nhan dang ky thém.

+ success: sinh vién du diéu kién dang ky mon hoc, ti€n hanh dang ky cho sinh vién

- L8p Schedule thé hién thai khda biéu, cé thudc tinh semester (hoc ky), section0ffered (danh sich céc khda hoc thudc
hoc ky) va c6 cac tac vu: addSection (thém khéa hoc vao danh sach khéa hoc thudc hoc ky), findSection (tim mét I6p
trong danh sach cac khda hoc thudc hoc ky), isEmpty (kiém tra danh sach cac khéa hoc thudc hoc ky cé rong khdng).

- L8p TranscriptEntry md td mot muc trong hoc ba, 1a k&t qud hoc mét I8p cu thé cla mét sinh vién cu thé.
TranscriptEntry chita cac thdng tin: student (sinh vién cé tén trong hoc ba), grade (diém, 1ay tir khéa hoc), section
(khéa hoc) va transcript (hoc ba chifa muc nay); né cling chifa cac phuong thic dung kiém tra diém nhap hop 1&
(validateGrade) va xac dinh diém I8p hoc d6 cua sinh vién da du qua mdn chua (passingGrade). Biém nhdp hap 1€ 13 A,
B, C, D vdi diém thém bdt nhu' B+, C-; va cac diém rdt |a F (Failed), I (Ignored, bd mdn). Diém qua mdn tGi thiéu phai dat D.

- L8p Transcript thé hién hoc ba cua sinh vién, chira transcriptEntries (cdc muc nhap, moi muc nhap tuang (ing mot
khda hoc sinh vién da hoc), studentOwner (tén sinh vién ¢ hoc ba). Ngoai ra c6 cac phuang thirc: addTranscriptEntry
(thém mdt muc nhap vao hoc ba) va verifyCompletion (kiém tra xem d& hoc mdt mdn hoc nao do6 chua).

Mot s chd y khi xay dung cac I6p:

- Viét day du cac getter/setter can thiét, viét thém cac phuong thirc cong cu, cac constructor nap chong, cac phuang thic public
khac néu thay can thiét. Bao vé cac tham chiéu can than bang const.

- Viét phudng thifc toString cho cac I8p dé dé dang hién thi thdng tin cho d6i tugng mbi I6p. Xem mau xuét bén dudi.

Test driver:

#include "section.h"
#include <iostream>
using namespace std;

int main() {
// Tao Schedule (th&i khéa biéu) cho hoc ky
Schedule* sc = new Schedule("Summer 2012");
// md Course va thém cac Course tién quyét d€ déng ky dudc Course do
Course* cl = new Course("I2C101", "Introduction to Computing", 1.5);
Course* c2 = new Course("00P102", "Object-Oriented Programming", 3.5);
c2->addPrerequisite(cl);
Course* c3 = new Course("CJV103", "Core Java Programming", 2.0);
c3->addPrerequisite(cl);
c3->addPrerequisite(c2);
// thém cac Professor tham gia giang day cac Section
Professor* pl = new Professor("Greg Anderson","123-45-7890","Adjunct Professor","Information Technology");
Professor* p2 = new Professor("Bjarne Stroustrup", "135-24-7908", "Full Professor", "Computer Science");
Professor* p3 = new Professor("James Gosling", "490-53-6281", "Full Professor", "Software Engineering");
// thém cac Student dang ky hoc cac Section
Student* sl new Student("Barack Obama", "123-12-4321", "IT", "Ph.D.");
Student* s2 new Student("Vladymir Putin", "246-13-7985", "Math", "M.S.");
Student* s3 new Student("Francois Hollande", "135-78-2460", "Physics", "M.S.");
// tU Course tao Section day Course dé
Section *sel cl->scheduleSection('M', "07:00-10:15 AM", "302", 24);
Section *se2 c2->scheduleSection('T', "02:15-05:30 PM", "405", 30);
Section *se3 c3->scheduleSection('F', "08:45-12:00 AM", "507", 22);
// mdi cac Professor day cac Section
pl->agreeToTeach(sel);
p2->agreeToTeach(se2);
p3->agreeToTeach(se3);
// dua cac Section da thiét 1ap vao Schedule
sc->addSection(sel);
sc->addSection(se2);
sc->addSection(se3);
// dang ky cac Student vao cac Section trong Schedule
sel->enroll(sl);
sel->enroll(s2);
sel->enroll(s3);
sel->postGrade(s2, "A"); // sl vas2da hoc sel, sl va s2 cd thé déng ky se2
sel->postGrade(s3, "B");
se2->enroll(s2);
se2->enroll(s3);
se2->postGrade(s3, "A+"); // s2 da hoc se2, s2 co thé hoc se3
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se3->enroll(s3);

cout << cl->toString() << endl;
cout << c2->toString() << endl;
cout << c3->toString() << endl;
cout << pl->toString() << endl;
cout << p2->toString() << endl;
cout << p3->toString() << endl;

cout << sel->toString() << endl;
cout << se2->toString() << endl;
cout << se3->toString() << endl;

www.codeschool.vn

cout << sc->toString() << endl;
cout << sl->toString() << endl;
cout << s2->toString() << endl;
cout << s3->toString() << endl;
return 0;

¥

Két qua:

[Course Information]
Course No. : I2C101
Course Name: Introduction to Computing
Credits : 1.5
Prerequisite Courses: [none]
Offered As Section(s): I2C101-1

[Course Information]
Course No. : 00P102
Course Name: Object-Oriented Programming
Credits : 3.5
Prerequisite Courses:
Introduction to Computing
Offered As Section(s): 00P102-1

[Course Information]
Course No. : CJV103
Course Name: Core Java Programming
Credits 12
Prerequisite Courses:
Introduction to Computing
Object-Oriented Programming
Offered As Section(s): CJV103-1

[Person Information]
Name : Greg Anderson
SS Number : 123-45-7890
Professor-Specific Information:
Title : Adjunct Professor
Department : Information Technology
Teaching Assignments for Greg Anderson:
Introduction to Computing (M, 07:00-10:15 AM)

[Person Information]
Name : Bjarne Stroustrup
SS Number : 135-24-7908
Professor-Specific Information:
Title : Full Professor
Department : Computer Science
Teaching Assignments for Bjarne Stroustrup:
Object-Oriented Programming (T, 02:15-05:30 PM)

[Person Information]

Name : James Gosling

SS Number : 490-53-6281
Professor-Specific Information:

Title : Full Professor

Department : Software Engineering
Teaching Assignments for James Gosling:

Core Java Programming (F, 08:45-12:00 AM)

[Section Information]
Semester : Summer 2012
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Course No. : I2C101
Section No.: 1

Offered : M, 07:00-10:15 AM
In Room 1 302
Professor : Greg Anderson

Total of 3 students enrolled, as follows:
Barack Obama
Francois Hollande
Vladymir Putin

[Section Information]
Semester : Summer 2012
Course No. : 00P102
Section No.: 1

Offered : T, 02:15-05:30 PM
In Room : 405
Professor : Bjarne Stroustrup

Total of 2 students enrolled, as follows:
Francois Hollande
Vladymir Putin

[Section Information]
Semester : Summer 2012
Course No. : CJvVi1e3
Section No.: 1

Offered : F, 08:45-12:00 AM
In Room : 507
Professor : James Gosling

Total of 1 students enrolled, as follows:
Francois Hollande

[Schedule Information]
Schedule for Summer 2012
F, 08:45-12:00 AM [Room: 507] Core Java Programming (James Gosling)
M, 07:00-10:15 AM [Room: 302] Introduction to Computing (Greg Anderson)
T, 02:15-05:30 PM [Room: 405] Object-Oriented Programming (Bjarne Stroustrup)

[Person Information]
Name : Barack Obama
SS Number : 123-12-4321
Student-Specific Information:
Major : IT
Degree : Ph.D.
Course Schedule for Barack Obama
M, 07:00-10:15 AM [Room: 302] Introduction to Computing (Greg Anderson)
Transcript for Barack Obama
[no entries]

[Person Information]
Name : Vladymir Putin
SS Number : 246-13-7985
Student-Specific Information:
Major : Math
Degree : M.S.
Course Schedule for Vladymir Putin
T, 02:15-05:30 PM [Room: 405] Object-Oriented Programming (Bjarne Stroustrup)
Transcript for Vladymir Putin
Introduction to Computing (A)

[Person Information]
Name : Francois Hollande
SS Number : 135-78-2460
Student-Specific Information:
Major : Physics
Degree : M.S.
Course Schedule for Francois Hollande
F, 08:45-12:00 AM [Room: 507] Core Java Programming (James Gosling)
Transcript for Francois Hollande
Introduction to Computing (B)
Object-Oriented Programming (A+)
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Tai liéu tham khao
(Theo nam xuat ban)

(1]

[2]
(3]

[4]
[5]
(6]

[7]
(8]

(9]
[10]

[11]
[12]

Ulla Kirch-Prinz, Peter Prinz — A complete guide to programming in C++ — Jones and Bartlett Publishers, Inc., 2002.
ISBN: 0-7637-1817-3

Ray Lischner — C++ in a Nutshell — O'Reilly Media, Inc., 2003. ISBN: 0-596-00298-X

Trevor Misfeldt, Gregor y Bumgardner, Andrew Gray — The Elements of C++ Style — Cambridge University Press,
2004. ISBN: 0-511-18532-4

Jesse Liberty, Bradley Jones — Teach Yourself C++ in 21 Days, Fifth Edition — Sams, 2005. ISBN: 0-672-32711-2

Marius Vasiliu — Le language C++ — Pearson Education France, Inc., 2005. ISBN: 2-7440-7098-X

E Balagurusamy — Object Oriented Programming with C++, Fourth Edition — McGraw-Hill, 2008. ISBN 0-07-
066907-9

Walter Savitch — Problem Solving with C++, Seventh Edition — Pearson Education, Inc., 2009. ISBN: 0-321-53134-5
D.S. Malik — C++ Programming: From Problem Analysis to Program Design, Fifth Edition — Cengage Learning,
2011. ISBN: 0-538-79808-4

Marc Gregoire, Nicholas A. Solter, Scott J. Kleper — Professional C++, Second Edition — John Wiley & Sons, Inc.,
2011. ISBN 978-0-470-93244-5

Stephen Prata — C++ Primer Plus, Sixth Edition — Pearson Education, Inc., 2012. ISBN: 0-321-77640-2

Paul Deitel, Harvey Deitel — C++: how to program, Eighth Edition — Prentice Hall, 2012. ISBN: 978-0-13-266236-9
Gary Bronson — A First Book of C++, Fourth Edition — Cengage Learning, 2012. ISBN: 1-111-53100-5
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