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Mo dau

Lap trinh hwdng doi twong

" S
Gidi thieu mon hoc

n Phan C++ da hoc chi di dé viét nhirng chwong trinh
C++ nho.

n Sinh vién gdp nhiéu khé khan khi viét mét chwong trinh
|&n hoac lam viéc trong mét nhém cung cac lap trinh
vién khac? Lam thé ndo dé ddm bao tinh théng nhét
trong chwong trinh I&n hoac gitra cac 1ap trinh vién khac
nhau?

n Trong mén hoc nay, sinh vién sé& hoc nhirng kién thirc
co ban vé Iap trinh huéng dbi twong (Object-Oriented
Programming - OOP). Muc dich I1a dé hoc cach thiét ké
va viét nhirng dw an phan mém lon.
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Lich s&r ngan gon

Cac ngon nglr 1ap trinh thoi ky dau nhw Basic, Fortran... khdng c6 cau tric va
cho phép viét nhirng doan ma roi ram (spa}ghetti code). Lap trinh vién s
dung cac lénh goto” va “gosub” dé nhay dén moi noi trong chuwong trinh.

10 k=1

20 gosub 100 «—\ |

30 if y > 120 goto 60 lenh nhay dén vi tri bat ky
40 k=%k+1 trong chwong trinh

50 goto 20

60 print k, vy

70 stop

100 y = 3*k*k + 7*k - 3

110 return

Doan trinh trén kho theo dai, kho hiéu, dé gay 16i, kho stra dbi.
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Lich s& ngan gon...

Kiéu lap trinh réi rdm trén dan int func(int j)
ti phong céach Iap trinh moi: e (R = ey
lap trinh cau truc, véi cac }
ngdn nglr Algol, Pascal, C... int main ()
{
int k =1
while (func(k) < 120)
k++;
printf ("$d\t%d\n", k, func(k));
return (0) ;
}

Déc diém cha lap trinh céu truc hay |ap trinh tha tuc (Procedural Programming
- PP) la:

n S dung cac cau tric vong 1ap: for, while, repeat, do-while

n Chuwong trinh la mdt chudi cac ham/ tha tuc

n Ma chwong trinh tap trung thé hién thuat toan: lam nhw thé nao.
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Han ché cua lap trinh thu tuc

n d@ liéu va phan x@ Iy tach biét
n d@ liéu thu dong, x& Iy chdi déng
n khéng ddm bdo dworc tinh nhat quan va cac rang
budc cta di¥ liéu
khé cAm ma (rng dung stra di liéu cla thw vién
(TR PREE L Kho bao tri code
e ijﬁéh; phan x ly cé thé nam rai rac va phai hiéu rd cau
int year; trac di¥ liéu

}i

void setDate (Date& date,
int newDay, int newMonth, int newYear)

{

date.day = newbay; o —— | Chuyén gi xay ranéu cac déi sb
T newDay, newMonth, newYear
tao thanh ngay thang nam khéng hop 1€?
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Lap trinh hwéng doi twong

n L&p trinh hwéng doi twong cho phép
ciass bate khac phuc cac han ché nai trén

public:
void setDate (int newDay, int newMonth, int newYear);
int getDay () { return day; }

private:
int day;
int month;
int year;
}i
void Date::setDate (int newDay, int newMonth, int newYear)
{

//check validity of newDay, newMonth, newYear

//set new values
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Lap trinh hwéng doi twong

Chu y: Lap trinh huwong doi twong khong tw dwng cho ta thiét ké
chwong trinh tot.

n Vidu: hai doan trinh dwdi day khéng cé gi khac nhau. Tham
chi doan chwong trinh hwéng doi twgng con toi hon.

class Date
{
public:

?truct Date int getDay { return day;}
int day; int setDay(int newDay) { day = newDay; }
int month; ..
int year; private:

}i int day;

int month;
int year;
}i
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" A
Lich str OOP

n Céac ngdn nglr 1ap trinh hwéng dbi twong khdng méi
Simula (1967) 14 ngdn nglr dau tién, co I&p, thiva ké, lién két
dong (hay con goi la ham ao)

n Nhwng cac ngdn ngr huwéng dbi twong cham hon cac

ngdn ngtr thdi ky dau
nén ching chi dwgc dung rong réi khi may tinh bat dau chay
nhanh (khoang th&i gian chiéc may Pentium dau tién ra doi)
Lwu y rang bién dich cac chwong trinh huwéng dbi twong ciing
cham
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Hwéng doi twong la gi?

n M6t s6 hé thdng “hwdng ddi twong” thei ky dau khdng co céac 1ép
chi ¢6 cac “dbi twong” va cac “théng diép” (v.d. Hypertalk)
n Hién gi®, da cé sy thdng nhét rang hwéng doi twong la:
|&p - class
thira ké - inheritance va lién két dong - dynamic binding
n Mot 36‘ dac tinh cla 1ap trinh hwéng déi twong cé thé dwoc thuc
hién bang C hoac cac ngdn ngi¥ lap trinh thu tuc khac.
n Diém khac biét sy hé tro va ép budc ba khai niém trén dwoc cai han
vao trong ngbn ngir.
n Mdrc d6 hwéng dbi twong clia cac ngdn ngir khdng gibng nhau
Eiffel (tuyét déi), Java (rat cao), C++ (nlra no ntra kia)

@ 2004 Tran Minh Chau. FOTECH. VNU 9

= S
Céac dac diém quan trong ctia OO

encapsulation

Y . Tam gia
n Céc l&p dbi twong - Classes "PAE"
Khé nang Iwu trang thai - State retention abstraction
Dinh danh dbi twong - Object identity
Cac théng dlép ) Messages inheritance polymorphism

n BDong gbi — Encapsulation
Che dau théng tin - Information/implementation hiding
Thra ké - Inheritance
n Ba hinh - Polymorphism
Lap trinh tdng quat - Genericity

S

)
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Pong goi Al

Che dau thong tin

n BDong goi: Nhédm nhirng gi co lién quan v&i nhau vao
lam mot, dé sau nay co6 thé dung mét cai tén dé goi dén
Cac ham/ tha tuc déng goi cac cau lénh
Cac dbi twong déng goi div liéu ctia ching va céac thu tuc co
lién quan
n Che dau théng tin: dong go6i dé che mot sb thong tin va
chi tiét cai dat ndi bd dé bén ngoai khéng nhin thay
muc tiéu 1a dé khach hang cua ta (thuong la cac Iap trinh vién
khac) coi cac doi twong cua ta la cac hop den
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Poi twong

n Lwu gitr trang thai- méi dbi twong co trang thai (di liéu

cla no) va cac thao tac
c6 thé néi dbi twong cé mot dang “ky re” vé qua khor
cac thao tac cta dbi twong cé thé sira trang thai cia dbi twong
do.

n Binh danh: Méi dbi twong bat ké dang & trang thai nao
déu c6 dinh danh va dwoc déi x&r nhw mot thwe thé riéng
biét.

méi déi twong cé mot handle (trong C++ 1a dia chi)

hai déi twong cé thé cé gia tri gibng nhau nhwng handle khac
nhau

ngén ngl Lisp phan biét hai phép so sanh eq va equal
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POoi tvong

n Théng diép: 1a phwong tién dé mét dbi twong A chuyén toi dbi
twong B yéu cau B thuc hién mét trong sb cac thao tac cla B.
n mot théng diép gébm 3 phan:
handle cta déi twong dich (d6i twong chi)
tén thao tac can thwc hién
cac théng tin can thiét khac (cac dbi sb)
n thwc ra 1a mot I goi ham véi mot déi sé an la dbi twong chi
n tuy nhién, khai niém théng diép c6 y nghia lén dbi véi OOP
d{ liéu tré nén chu dong
déi lap véi quan diém cii vé 1ap trinh rang
n moi hanh déng dworc diéu khién tap trung
n d liéu ludn ludn bi ddng, cac thu tuc thao tac dir liéu
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L&ép doi twong - class

n L&p: 1a khudn mau dé tao cac ddi twong (tao
cac thé hién). Méi dbi twong co6 cau trdc va hanh
vi gibng nhw 1&p dbi twong ma né dwoc tao tw
do

VD. L&p VanCd, cac van co cu thé la cac dbi twong
VanCo

n LOp la cai ta thiét ké va Iap trinh

n Dbi twong 1a céi ta tao (tr mot 16p) tai thdi gian
chay
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SHAPE
Th l‘JJa ké - color
+ draw ()
. I |
n la co ché cho phép CIRCLE RECTANGLE
~ ’ , - radius - width
mot Iop D co duoc - length

cac thudc tinh va thao tac
cda l&p C, nhu thé cac thudc tinh va thao tac do
da duwoc dinh nghia lai |&p D.

n cho phép cac phan mém st dung quan hé “a”

n giup ta thiét ké cac dich vu tbng quat réi chuyén
mon hoa chung
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Pa hinh

n Ba hinh ham - Functional polymorphism
co ché cho phép mét tén thao tac hodc thudc tinh co thé dwoc
dinh nghia tai nhiéu I&p va c6 thé c6 nhiéu cai dat khac nhau tai
maoi [&p trong cac lop do
n v.d. 16p Date cai 2 phwong thire setDate(),mét nhan tham sb 1a mot
doi twong Date, phwong thire kia nhan 3 tham so day, month, year.
n Da hinh dbi twong - Object polymorphism
cac dbi twong thudc cac 16p khac nhau c6 kha nang hiéu cung
mot théng diép theo cac cach khac nhau

n vd. khi nhan dwoc cung mét théng diép draw(), cac dbi twong
Rectangle va Triangle hiéu va thwc hién cac thao tac khac nhau
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Lap trinh tong quat — genericity

n kha ndng xay dwng mét I&p C sao cho mét hodc nhiéu
I&p dwoc str dung bén trong C sé& dwoc cung cap tai thoi
gian chay

vd. kiéu ngén xép tong quat, c6 thé diing dé chtra cac doi twong
Date, c6 thé dung cho cac string...

n Thuc té voi C++:
cai d&t bang khudn mau — template hay cac kiéu cé tham sé
Lwa chon khuén mau duwoc quyét dinh tai thoi diém bién dich
cua chwong trinh khach hang - user

n khong phai tai thoi diém bién dich clia chwong trinh clia ngudi thiét
ké - thw vién
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Bién dich

Bién dich rieng re

Lap trinh hwdng doi twong

" A
Bién dich
n Chi hwéng dan bién dich trong mai trivdng Unix, sinh
vién ty tim hiéu déi véi cac méi truong 1ap trinh khac.
n Ta sé st dung g++ dé dich cac chwong trinh C++.

g++ foo.cpp
n bién dich foo.cpp cho két qua la file chay dwoc a.out

gt++ —-o foo foo.cpp
n bién dich foo.cpp cho két qua 14 file chay dwoc foo
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Bién dich riéng ré

n VD: bién dich chwong trinh program.cpp trong dé str dung mét
|&p co tén Picture dé thao tac cac hinh vé
n Nén lwu phan cai dat cha |&p Picture trong mot file riéng, chang
han picture. cpp, dé:
tao thuan lgi cho viéc st dung I&p nay trong mét (rng dung khac
hai lap trinh vién cé thé qé dang cung lam viéc: mot nguwoi cai dat lop
Picture, ngudi kia viét chwong trinh chinh program. cpp
khi chwong trinh thay dbi, chi can dich lai file program. cpp, nhw vay,
qua trinh bién dich nhanh hon. D6i v&i cac chwong trinh Ion, diéu nay
tao sw khac biét rat lon.
n Chu y: Theo thdng 18, céc file chwong trinh C++ thwdng co kiéu mé

réng ".cpp", ".cc", ".C", hoac ".cxx".
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"
File header cua I&p: ".h"

n Néu ta khéng mudn ngudi viét program. cpp biét chi
tiét cia I&p Picture (vi d6 co thé 1a bi mat thwong
mai), ta can tach giao dién cla I&p (phan khai bao) ra
khoi cai dat caa I&p.

n Mat khac, dé co thé bién dich dwoc, chwong trinh chinh
program. cpp cling can biét vé dinh nghia cta l&p
Picture va cac phuwong thirc cua I&p do.

n Giai phap la moé ta I&p Picture tai haifile

picture.h cac dinh nghia va khai bao (giao dién)
picture.cpp cai dat
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File header cua I&p: ".h"

| File chta cai dat

/

/* picture.h */ /* picture.cpp */

class Picture #include "picture.h"

{ Picture* Picture::frame (const Picture& x)
VA {
Picture* frame (const Pictureg); //ma d& déng khung mdét hinh anh

} }

/

File header chua
giao dién /* program.cpp */
#include "picture.h"
int main ()

{

//thao t&c cac hinh anh

}
Client/user
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" I
File header cua I&p: ".h"

Nhw vay, ta c6 thé viét nhiéu chwong trinh st dung
|&p Picture cO san mot cach tién o

pix_main*.cpp

pix_main3.cpp N

pix_main2.cpp picture.h picture.cpp

L1

pix_maini.cpp

Picture class
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Bién dich riéng ré

n bién dich chwong trinh nhw sau:
1> g++ —-c picture.cpp
2> g++ -c program.cpp
3> g++ -0 program program.o picture.o
khéa chuyén —c tai dong 1 va 2 tao cac object file program.o Vé‘picture .o.
D,c‘Jng 3 tao file chay duoc cé tén program véi khdéa chuyén —o bang cach lién
két cac object file v&i nhau.
n Hoac
1> g++ -c picture.cpp
2> g++ -0 program program.cpp picture.o
n Néu program. cpp bi thay déi nhung Picture van gir nguyén, thi khi bién
dich lai, dong 1 1a khéng can thiét.
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Lién két object file

compile

filel.cpp

file2.cpp

file3.cpp

File thuc th

fileN.cpp

File ma nguén File object
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Céc dinh hwong tién x ly

n Cac dinh hwéng tién xt ly 1a cac [énh ¢6 tinh
nang dac biét

n quc thwe hién b&i trinh tién x& ly trwde khi ma
nguon dwoc bién dich.

n Trong C++, cac dinh hwéng tién x( ly bat dau
bang mét dau #

n #include

n #define, #ifndef, #endif
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DPinh hwdng tién x& ly #include

n Dinh hwéng #include doc ndi dung cua file dwgc néu tén vao noi dat dinh
hwdng
#include <standard file.h>
#include "my file.h"

n Cé&p ngo&c nhon < > dung cho cac file header chuan dwoc tim kiém trong
cac thw muc thw vién chuan.

n Cap diu nhay “ “ dung cho cac file header ctia ngwdi ding, sé dwoc tim
kiém trwdc hét trong thw muc hién tai.

C6 thé dung khoa chuyén -1 (g++ -I) dé thay dbi dwéng dan tim kiém. Vi du:
g++ program.cpp -I/home/tmct/my include/

trong 36, /home/tmct/my include/ la dwdng dan day du dén cac thw
muc chira cac file .h can tim
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Cac thw vién

Dé tao mét file thuc thi (executable file), trinh lién két (linker) can két ndi ma
cua cac ham dwoc khai bao trong cac file header chuan C++ (iostream.h,
string.h, v.v..) Cac doan ma twong (rng cé thé dwoc tim thay trong cac thw
vién chuan C++
Mot thw vién 1a mot tap hop cac object file.
Trinh lién két lwa chon ma object tr cac thw vién chira dinh nghia cac ham
dwoc str dung trong cac file chwong trinh va két ndi chung vao file thuec thi
(executable file).
M6t sb thw vien dwoc trinh lién két C++ tw déng st dung, chang han thw
vién chuan C++. Cac thw vién khac phai dugc chi rb trong qua trinh lién két
bang khoa chuyén -1. Vi duy, trong mét s6 mdi trwdng 1ap trinh, can Iénh
sau dé lien két voi thw vién toan hoc chuin 1ibm.a

g++ -0 myprog myprog.o —1lm
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I
#define, #ifdef, #ifndef, #endif

S

#define  dinh nghia mét dinh danh
#define MAX 100 // tr day, MAX sé c6 gia tri 100
#define DEBUG // dinh nghia DEBUG
#ifdef dinh hwédng diéu kién "néu da dinh nghia" (if defined)
#ifdef DEBUG // néu DEBUG da dwoc dinh nghia
#$ifndef  dinh hudng diéu kién "néu chwa dinh nghia" (if not
defined)
#ifndef DEBUG // néu DEBUG chwa dwoc dinh nghia
#endif két thuc khéi mé dau bang #ifndef hodc #ifdef
gan nhét
néu diéu kién tai dinh hweng mé dau khéi thda man thi bién dich doan
|Iénh nam trong khoi
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Simp@™
#define, #ifdef, #ifndef, #endif
Vé >
n Vi du s dung
#aéfine DEBUG
DEBUG duoc dinh nghia, <: #ifdef DEBUG ) _ )
doan trinh dwoc bién dich std::cerr << "Debug info: ";
#endif
})#define DEBUG
a ] N #i%def DEBUG
semeare g ||t
#enaié
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S
#define, #ifdef, #ifndef, #endif

/* program.h */ /* b.h */ /% @.la ¥/
#include "b.h" #include "a.h" #include "a.h"
#include "c.h" #include "d.h" #include "e.h"

n Do cac dinh huwéng #include c6 thé 16ng nhau, mét file header cé thé dwoc
két n6i hai lan. Hau qua 1a
file d6 dwoc x& ly nhiéu lAn & tén thoi gian,
cac hang, macro, kiéu di liéu, nguyén mau ham... duoc khai bdo nhiéu lan &
16i bién dich.
n Do vay, ta can cac dinh huéng diéu kién (conditional directive) trong moi file
header
$ifndef PICTURE H
#define PICTURE H
// céac khai bao dbi tuong, dinh nghfa 16&p, ham..
#endif //PICTURE H
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Operator Overloading

Lap trinh hwéng doi twong

- S
Tai lieu doc

n Eckel, Bruce. Thinking in C++, 2" Ed. Vol. 1.
Chapter 8: Operator Overloading

n Dietel. C++ How to Program, 4" Ed.
Chapter 8: Operator Overloading
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Operator Overloading

n Gi&i thiéu n Lam viéc v&i tinh dong goi
n Cac toan tlr ctia C++ n friend
n Ly thuyét vé operator Tai sao str dung toan tt toan

cuc

overloadin :
J Phép cheén ("<<")

n Cu phap operator overloading " R
. e s n Phép tang ("++")

n BDinh nghia cac toan t thanh . PO VPTE
vien n Cac tham so va kiéu tra ve
PhéDb a4n n Thanh vién hay ham toan cuc?

n rhepgan n Chuyén ddi kidu tw dong

n Dinh nghia cac toan tu toan
cuc
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" JE
Gidi thiéu
n Céc toan t& cho phép ta sl dung cu phap toan hoc doi voi cac kiéu di liéu
cua C++ thay vi goi ham (tuy ban chat van la goi ham).
Viduthay a.set(b.add(c)); bdnga = b + c;
gan va&i kiéu trinh bay ma con nguwoi quen ding
don gian héa méa chwong trinh
n C/C++ da lam sén cho céac kiéu cai san (int, float...)
n Db véi cac kiéu dir liéu ngwdi dung: C++ cho phép dinh nghia cac toan to
cho céac thao tac dbi véi cac kiéu div liéu ngwoi dung.
n DS la operator overload
mot toan tlr ¢ thé dung cho nhiéu kiéu di liéu
n Nhw vay, ta co tr]é tao cac kiéu dir liéu dong goi hoan chinh (fully-
encapsulated) de két hop v&i ngbn nglr nhw cac kieu dir liéu cai san
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Cac toan tr cua C++

n Cac toan t&r dwoc chia thanh hai loai theo sb toan hang né chép
nhan
Toan tr doon nhan mét toan hang
Toan tor d6i nhan hai toan hang
n Cac toan t&r don lai dwoc chia thanh hai loai
Toan tr trwwdc dat trwvdc toan hang
Toan tr sau dat sau toan hang

operators
Unary operator Binary operator
Prefix operator Postfix operator
(', & ~, ++, ——, ) (++, -=, .)
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- I
Cac toan tor cua C++.

n M6t sb toan t&r don cé thé dwoc dung lam ca toan to trwde va toan
tlr sau
Vi du phép tang ("++") va phép giam ("--")

n Mot sé toan tir cé thé dwoc dung lam ca toan tlr don va toan t&r doi
Vi duy, "*" la toan t&r don trong phép truy nhap con trd, la toan tlr doi
trong phép nhan

n Toan t&r chimuc ("[..]1") la toan t&r d6i, mac du mot trong hai toan

hang nam trong ngodc
Phép lay chi muc cé dang "argl [arg2]"

n Cac tr khoa "new" va "delete" cling dwoc coi la toan t&r va cé thé

dwoc dinh nghia lai (overload)
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Cac toan t& overload duoc

n Phan I6n cac toan t&r clia C++ déu co thé overload
dwoc, bao gom:

+ . * / 3
~& | = <
> += - *= =
~= = A= &= =
>>= <<L= == 1= <=
>= && | | ++ --
, -> —>* 0 []
new delete new|] delete[]
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" S
Cac toan tir khéng overload duoc

n Cac toan tir C++ khéng cho phép overload

L%

:?
typeid sizeof
const cast dynamic cast
reinterpret cast static_cast
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Cac han ché

doi v&i viec overload toan tir

n Khéng thé tao toan tir méi hodc két hop cac toan tlr co sdn theo
kiéu ma truéc dé chwa dwoc dinh nghia

n Khéng thé thay dbi thir tw wu tién ctia cac toan tr

n Khéng thé tao cu phap méi cho toan to

n Khéng thé dinh nghia lai mét dinh nghia cé sdn ctia mot toan tir
Vi du: khéng thé thay ddi dinh nghfa c6 sén clia phép ("+") ddi vai hai
sO kiéu int
Nhu vay, khi tao dinh nghta méi cho mét toan tlr, it nh,ét mot trong sé
cac tham so (toan hang) ctia toan t&r dé phai la mét kiéu di liéu nguwoi
dung

@ 2004 Tran Minh Chau. FOTECH. VNU 9

"
Lwu y khi dinh nghia lai toan tw

n Tén trong y nghia cla toan t&r gbc, cung cap chirc ndng ma nguoi
dung mong dgi/chap nhan
khéng ai nghi rang phép "+" sé in két qua ra man hinh ho&c thuc hién
phép chia
St dung "+" dé ndi hai xau c6 thé hoi la ddi v&i ngudi chi quen diing
"+" cho cac s0, nhwng né van tuan theo khai niém chung ctia phép céng
n Nén cho kiéu trd vé cda toan tlr khép véi dinh nghia cho cac kiéu
cai san
khéng nén tra vé gia trj int tr phép so sanh == clia mang sb, nén tra vé
bool
n Cb gang tai st dung ma nguén mét cach tbi da
Ta sé thuwdng xuyén dinh nghia cac toan ttr st dung cac dinh nghta c6
san
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Cu phap cua Operator Overloading

class MyNumber {
public:
MyNumber (int value = 0);
~MyNumber () ;

private:
int value;

n Ta sé st dung vi du trén:
Pay 14 1&6p boc ngoai (wrapper class) cho kiéu int
n Ta sé& overload cac toan tlr d& cho phép cong,
trie, so sanh, ... cac dbi twong cua l&p

@ 2004 Tran Minh Chau. FOTECH. VNU 11

- S
Cu phap cua Operator Overloading

n Khai bdo va dinh nghia toan t& thwc chat khong khac véi viéc khai
bao va dinh nghia nghia moét loai ham bét ky nao khac
n st dung tén ham la "operator@" cho toan t&r "@"
dé overload phép "+", ta dung tén ham "operator+"
n S6 lwong tham sb tai khai bao phu thudc hai yéu tb:
Toan tr la toan t&r don hay doéi
Toan t&r dwgce khai bao la ham toan cuc hay phwong thirc clia l6p

aalbb € aa.operator@ (bb) hodc operator@ (aa,bb)
Raa € aa.operator@( ) hoac operator@ (aa)
aa@ €© aa.operator@ (int) hodc operator@ (aa,int)
la phwong thirc cla lép | | la ham toan cuc
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Simpe”
Cu phap cua Operator Overloading
p > . > wan 4R A . ks MyNumber x(5);
n Vidu: S dung toan t&r "+" dé céng hai doi twong MyNumber y (10);
MyNumber va tra vé két qua la mot MyNumber .
z =x + y;
n Ta cé thé khai bao ham toan cuc sau
const MyNumber operator+ (const MyNumber& numl, const MyNumberé& num?2);
"x+y" s& dwoc hiéu 14 "operator+ (x,y)"
dung tir khoa const dé& ddm béo céac toan hang gbc khong bi thay ddi
n Hoac khai bao toan t¢ dwdi dang thanh vién clia MyNumber:
const MyNumber operator+ (const MyNumber& num) ;
déi twong chi ctia phuwong thire duwoc hiéu 1a toan hang thir nhat clia toan tir.
"x+y" s& dwoc hidu 14 "x . operator+ (y)"
@ 2004 Tran Minh Chau. FOTECH. VNU 13
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Cu phap cua Operator Overloading

n Sau khi da khai bao toan t bi overload (la phwong thirc
hay ham toan cuc), cu phap dinh nghia khéng co gi kho
Binh nghia toan t& dang phuwong thirc khdng khac véi dinh
nghia phwong thirc bat ky khac
binh nghta toan t&r dang ham toan cuc khéng khac voi dinh
nghia ham toan cuc bat ky khac
n Tuy nhién, c6 mot sd van dé lién quan dén hwéng doi
twong (dac biét la tinh déng goi) ma ta can xem xét
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Toan tw [a ham thanh vién

n Dé béat dau, xét dinh nghia toan t&r bén trong gii han I6p
n Vi du: dinh nghia phép céng:

const MyNumber MyNumber::operator+ (const MyNumber& num) {
MyNumber result (this->value + num.value);
return result;

}

Constructor cho MyNumber va dinh nghia cé san cla phép cong cho
int dwoc tai str dung
Tao mot dbi twong MyNumber st dung constructor vé&i gia tri 1a tbng hai
gia tri thanh vién cta cac tham s tinh bang phép cong da c6 san cho
kieu int.

n Ta sé lay mét vi du thuworng gap khac la phép gan

@ 2004 Tran Minh Chau. FOTECH. VNU 15

" J
Phép gan "="

n M®ét trong nhirng toan tlr hay dwoc overload nhét
Cho phép gan cho ddi twong nay mét gia tri dwa trén mot déi twong
khac
Copy constructor cling t’hl_J’C hién viéc twong tw, cho nén, dinh nghia
toan tr gan gan nhw giong hét dinh nghia ciia copy constructor

n Ta cé thé khai bao phép gan cho I&p MyNumber nhw sau:

const MyNumberé& operator=(const MyNumber& num);

Phép gan nén luén ludn tra vé mét tham chiéu téi dbi twong dich (d6i
twong dwoc gan tri cho)

Tham chiéu duoc trd vé phai |a const dé tranh trwéng hop a bi thay
ddibanglénh " (a = b) = c;" (I&nh d6 khéng twong thich véi dinh
nghia gbc ctia phép gan)
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Phép gan "="
const MyNumber& MyNumber::operator=(const MyNumberé& num) {
if (this != &num) {
this->value = num.value;
}
return *this;
}
n Dinh nghia trén cé thé dung cho phép gan
Lénh if dung dé& ngan chan cac van dé cé thé nay sinh khi
mot dbi twong dwoc gan cho chinh né (thi du khi st dung bo
nhé déng dé lwu trir cac thanh vién)
Ngay cé khi gan mét dbi twong cho chinh né 1a an toan, 1énh if
trén dam bao khong thuwc hién cac céng viéc thira khi gan
@ 2004 Tran Minh Chau. FOTECH. VNU 17
|

S
Phep gan "="

n Khi ndi vé copy constructor, ta da biét rang C++ ludn
cung cap mot copy constructor mac dinh, nhwng né chi
thwe hién sao chép don gian (sao chép néng)

n DA&i v&i phép gan ciing vay

n Vay, ta chi can dinh nghia lai phép gan néu:

Ta can thwc hién phép gan gitra cac ddi twong
Phép gan nbng (memberwise assignment) khong du dung vi
n ta can sao chép sau - chang han st dung bd nhé déng

n Khi sao chép doi hdi ca tinh toan - chang han gan mét sb hiéu cé
gia tri duy nhat hoac tang s6 dém
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Toan t&r [a ham toan cuc

n Quay lai v&i vi du vé phép cdng cho MyNumber, ta c6 thé khai bao ham
dinh nghia phép céng tai mwc toan cuc:

const MyNumber operator+ (const MyNumberé& numl,
const MyNumberé& num?2) ;

n Khi do, ta co the dinn ngnia toan w do nhw sau:

const MyNumber operator+ (const MyNumberé& numl,
const MyNumberé& num2) {
MyNumber result (numl.value + num2.value);

return result; ‘\\\\\////’
}

U UUYy LU VUL UL truy nhép cac thanh
vién private value
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"
Lam viéc voi tinh dong goi

n Rac rdi: ham toan cuc mudn truy nhap thanh vién
private cua lop
thdéng thweng: khéng dwoc quyén
doi khi bat budc phai overload bang ham toan cuc
khdng thé hy sinh tinh déng géi clia huéng doi twong
dé chuyén cac thanh vién private thanh public
n Giai phap la dang cudi cling cta quyén truy nhap:
friend
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friend

n Khai niém friend cho phép mét I&p cap quyén truy
nhap t&i cac phan ndi bd cla I&p d6 cho mét sb cau tric
dwoc chon

n C++cod 3 kiéu friend

Ham friend (trong do6 cé cac toan tr dwoc overload)
Lop friend
Phuwong thirc friend (ham thanh vién)
n Cac tinh chat clia quan hé friend
Phai dwoc cho, khdong tw nhan
Khéng déi xirng
Khéng bac cau
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I
Ham £friend

n Khi khai bao mét ham bén ngoai la £riend cia mét I&¢p, ham dé
dwoc cAp quyén truy nhap tuong duong quyén clia cac phwong
thtrc cta lop do

Nhw vay, mot ham friend co thé truy nhap ca cac thanh vién
private vaprotected claldp do

n D& khai bdo modt ham la £riend cla mét I&p, ta phai khai bao ham
do bén trong khai bao 16p va dét tir khod friend I&n dau khai bao.
Vi du:

class MyNumber {
public:
MyNumber (int value = 0);
~MyNumber () ;

friend const MyNumber operator+(const MyNumber& numl,
const MyNumberé& num?2) ;

}i
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Ham friend

n Lwu y: tuy khai bao cia ham friend dwoc dat trong khai
bao I&p va ham dé cd quyén truy nhap ngang véi cac
phwong thirc cua l&dp, ham dé khéng phai phuong thirc
cua lép

n Khéng can thém stra déi gi cho dinh nghia cta ham da
dwoc khai bao la £riend.

Dinh nghia trwéc cha phép cdng van gitr nguyén

const MyNumber operator+(const MyNumberé& numl,
const MyNumber& num2) {
MyNumber result(numl.value + num2.value) ;
return result;
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"
Tai sao dung toan tw toan cuc?

n DAbi voi toan tr dwoc khai bao 1a phuong thire caa 1op, doi twong
chu (xac dinh béi con tré this) lubn dwoc hieu la toan hang dau
tién (trai nhat) cla phép toan.

Néu muon diing cach nay, ta phéi dugc quyén bd sung phwong thire
vao dinh nghia cua I&p/kieéu cua toan hang trai

n Khéng phai lic nao ciing cé thé overload toan t&r bang phwong thirc

phép cong gilra MyNumber va int can ca hai cach
MyNumber + int va int + MyNumber

cout << obj;

khong thé sira dinh nghia kiéu int hay kiéu clia cout

lwa chon duy nhét: overload toan t&r bang ham toan cuc
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Toan tir chén (‘<<f)

prototype nhw thé nao?  xét vi du:
cout << num; // num 1a dbi twong thudce I6p MyNumber
Toan hang trai cout thudéc I6p ostream, khéng thé stra dinh nghia I1&p
nay nén ta overload bang ham toan cuc
Tham sb th& nhat : tham chiéu t6i ostream
Tham sé th& hai : kiéu MyNumber,
const (do khéng cé ly do gi dé stra dbi twong dwoc in ra)
gid tri tré vé: tham chiéu t6i ostream
(dé thwe hién dwoc cout << numl << num2;)

Két luan:
ostream& operator<<(ostream& os, const MyNumberé& num)

@ 2004 Tran Minh Chau. FOTECH. VNU 25

Toan t& chen ("<<")

n Khai bao toan t&r dwgc overload la £riend cua I&p MyNumber

class MyNumber {

public:
MyNumber (int value = 0);
~MyNumber () ;

friend ostreamé& operator<<( ostream& os, const MyNumberé& num) ;
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Toan t chén ("<<")

n Dinh nghia toan tw

ostreamé& operator<<(ostream& os, const MyNumberé& num) {
os << num.value; // Use version of insertion operator defined for int
return os; // Return a reference to the modified stream

}i

n Tuy theo dd phirc tap cta I&6p dwoc chuyén sang chudi ky tw, dinh
nghia clia toan tir nay co thé dai hon
n Toan t&r tach (">>") dwgc overload twong tw, tuy nhién, dinh nghia
thwong phire tap hon
do co thé phai x( ly input dé kiém tra tinh hop 1€ tuy theo cach ta quy
dinh nhw thé nao khi in moét doi twong ra thanh mét chudi ky tw
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" J
Phép tang ("++")

@aa € aa.operator@() hodac operator@(aa)
aa@ ¢ aa.operator@(int) hoac operator@(aa,int)

n Khi gap phép tang trong mét Iénh, trinh bién dich sé sinh mét trong
4 1&i goi ham trén, tuy theo toan tr la toan t& trwdc (prefix) hay
toan tlr sau (postfix), la phwong thirc hay ham toan cuc.

n Gia s ta overload phép tang dwéi dang phwong thirc cla
MyNumber va overload ca hai dang dat trwéc va dat sau

Néu g&p biéu thirc dang "x++", trinh bién dich sé sinh |&i goi
MyNumber: :operator++ ()

Néu g&p biéu thirc dang "++x", trinh bién dich sé sinh |&i goi
MyNumber: :operator++ (int)

Tham sb int chi danh dé phan biét danh sach tham sé cia hai dang
prefix va postfix
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Phép tang ("++")

n gia tri tra vé

tang trwéc ++num
n trd vé tham chiéu (MyNumber &)
n gia tri trai - value (c6 thé dwoc gan tri)

tang sau num++
n trd vé gia tri (gia tri ci trwdc khi tang)
n trd vé dbi twong tam thoi chira gia tri ca.
n gia tri phai - rvalue (khdng thé lam dich cia phép gan)

n prototype
tang trwdc: MyNumber& MyNumber: :operator++ ()

tang sau: const MyNumber MyNumber: :operator++ (int)
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"
Phép tang ("++")

n Nhé& lai rdng phép tang trwde tang gia tri trwde khi tra két qua, trong
khi phép tang sau tra lai gia tri trwdc khi tang
n Ta dinh nghia tirng phién ban cia phép tang nhw sau:

MyNumbers& MyNumber: :operator++() { // Prefix
this->value++; // Increment value
return *this; // Return current MyNumber

}

const MyNumber MyNumber::operator++(int) { // Postfix
MyNumber before (this->value); // Create temporary MyNumber
// with current value

this->value++; // Increment value
return before; // Return MyNumber before increment

} T~
N

before la mot dbi twong dia phwong cla phwong < S -
‘ | Khoéng the tra veé tham chieu

thirc va sé& cham dirt ton tai khi i goi ham két thuc
Khi d6, tham chiéu t&i né tré thanh bat hop &
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Tham s va kiéu tra vé

n Clng nhuv khi overload cac ham khac, khi
overload mét toan t, ta cling cé nhiéu Iwa chon
vé viéc truyén tham sb va kiéu tra vé

chi c6 han ché rang it nhat mét trong céc tham so
phai thubc kiéu nguwdi dung tw dinh nghia

n O day, ta cé mot sb 101 khuyén vé cac Iwa chon
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Tham sb va kiéu tra vé

n Cac toan hang:
Nén str dung tham chiéu méi khi cé thé (dac biét la khi lam viéc
v@i cac doi twong lon)
Luén ludn st dung tham sb 1a hang tham chiéu khi d6i s6 sé
khong bi stra doi
bool String::operator==(const String &right) const
n Dbi v&i cac toan tlr 1a phwong thire, diéu dé cé nghia ta nén khai
bao toan tlr la hang thanh vién néu toan hang dau tién sé khéng bij
stra doi
n Phan 16n cac toan t& (tinh toan va so sanh) khong stra ddi cac toan
hang cua no6, do do ta sé rat hay dung den hang tham chiéu

@ 2004 Tran Minh Chau. FOTECH. VNU 32




|
Simpo—'IWered Version - http://www.simpopdf.com

>

Tham sb va kiéu tra vé

n Gia trj tra vé
khéng c6 han ché vé kiéu tra vé déi véi toan tlr dwoc
overload, nhwng nén cb gang tuan theo tinh than cda
cac cai dat co san cua toan tir
n Vi du, cac phép so sanh (==, I=...) thuwong tra vé gia tri kiéu
bool, nén cac phién ban overload ciing nén tra vé bool

la tham chiéu (t&i dbi twong két qué hodc mot trong
cac toan hang) hay mét vung Iwu trlr moi
Hang hay khéng phai hang
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Tham sb va kiéu tra vé

n Giatritrave ...

Céc toan tir sinh mot gia tri méi can co két qua tra vé 1a mot gia
tri (thay vi tham chiéu), va la const (d& dam béo két qua dé
khéng thé bi stra d6i nhw moét I-value)

n Hau hét cac phép toan sb hoc déu sinh gia tri moi

n ta da thdy, cac phép tang sau, gidm sau tuan theo hwéng dan trén
Céc toan tir trd vé mot tham chiéu téi dbi twong ban dau (da bi
stra dbi), chang han phép gan va phép ting trwdc, nén tra vé
tham chiéu khéng phai la hang

n dé két qua co thé dwoc tiép tuc stra ddi tai cac thao tac tiép theo

const MyNumber MyNumber: :operator+ (const MyNumberé& right) const

MyNumberé& MyNumber: :operator+=(const MyNumber& right)
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Tham s6 va kiéu tra vé

n L&i khuyén cubi cung:
Xem lai cach ta da dung dé tra vé két qua cda toan
tor:

const MyNumber MyNumber::operator+ (const MyNumber& num)
{

MyNumber result(this->value + num.value) ;

return result;
}

Céch trén khéng sai, nhwng C++ cung cap mét cach
hi€u qua hon
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Tham sb va kiéu tra vé

\ PN z ~ 1. Goi constructor dé tao
n Trinh tw thuwc hién cach cu: 351 trong result
const MyNumber MyNumber::operator+ St MyNumber& num)

{ 2. Goi copy-constructor
MyNumber result(this->value + num.value) ; dé tao ban sao danh
return result; <« cho gia tri tra vé khi ham
- @000 T

3. Goi destructor @& huy
doi twong result

n Cach tét hon:

const MyNumber MyNumber::operator+ (const MyNumberé& num)

{
return MyNumber (this->value + num.value) ;

}
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Tham so6 va kiéu tra vé

return MyNumber (this->value + num.value) ;

n Cu phap cla vi du truéc tao mét dbi twong tam thdi (temporary
object)

n Khi trinh bién dich gdp doan ma nay, né hiéu dbi twong dwoc tao chi
nham muc dich lam gia tri trd v&, nén né tao thdng mét déi twong
bén ngoai (dé tra vé) - bd qua viéc tao va huy dbi twong bén trong
l&i goi ham

n Vay, chi cé mét 1&i goi duy nhat dén constructor clia MyNumbe r
(khéng phai copy-constructor) thay vi day 101 goi trvéc

n Qua trinh nay duoc goi la téi wu hoa gié tri tra vé

n Ghi nh& rang qua trinh nay khéng chi ap dung dwoc dbi v&i cac
toan tlr. Ta nén st dung mbi khi tao mot dbi twong chi dé tra vé
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S
Phwong thiec hay ham toan cuc?

Khi Iwva chon overload toan t tai I&p hoac tai mirc toan
cuc, tredng hgp nao nén chon kiéu nao?
n Mot sb toan tlr phai la thanh vién:
ll:ll’ n [ ] ll’ n ( ) Il’ Vé "_>ll’ Il_>*ll phéi Ié thénh Vién
n Cac toan t& don nén la thanh vién(dé dam bao tinh
dong goi)
n Khi toan hang trai c6 thé dwoc gan tri, toan tlr nén la
thanh vién ("+=", "-=", "/=",...)
n Moi toan t&r déi khac khéng nén la thanh vién
Trir khi ta mudn céc toan t&r nay la ham &o trong cay thira ké
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Phwong thiec hay ham toan cuc?

n Cac toan tlr la thanh vién nén Ia hang ham méi khi co

thé
Diéu nay cho phép tinh mém déo khi lam viéc v&i hang

n Néu ta cdm thdy khéng nén cho phép sir dung mot toan
t&r nao dé véi Iop cua ta (va khdng mudn cac nha thiét
ké khéac dinh nghia no),
ta khai bao toan t&r d6 dang private (va khdng cai dat
toan t&r do)
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Vi du: Kiéu Date

n Date class

Overload phép tang
n thay déi ngay, thang, ndm
Overloaded +=
ham kiém tra ndm nhuan
ham kiém tra xem mot ngay cé phai cudi
thang
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// Fig. 8.10: datel.h

3 #ifndef DATEl H

4 4#define DATEl H

5 #include <iostream>

6

7 using std::ostream;

8

9 class Date {

10 friend ostream &operator<<( ostream &, const Date & );

11

12 public:

13 Date( int m = 1, int d = 1, int y = 1900 ); // constructor
14 void setDate( int, int, int ); // set the date

15 Luuy su khac nhau gitratang
16 Date &operator++(); ‘/////77/;:;: truéc vatang sau.

17 Date operator++( int ); // postincrement operator
18

19 const Date &operator+=( int ); // add days, modify object
20

21 bool leapYear( int ) const; // 1s this a leap year?
22 bool endOfMonth( int ) const; // is this end of month?
23

24 private:

25 int month;

26 int day;

27 int year;

28

29 static const int days[]; // array of days per month
30 void helpIncrement () ; // utility function

31

32 }; // end class Date

33

34 #endif
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// Fig. 8.11: datel.cpp
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3 #include <iostream>

4  #include "datel.h"

5

6 // initialize static member at file scope;

7 // one class-wide copy

8 const int Date::days[] =

9 { o0, 31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31 };
10

11 // Date constructor

12 Date::Date( int m, int d, int y )

13 {

14 setDate( m, d, y )7

15

16 } // end Date constructor

17

18 // set month, day and year

19 void Date::setDate( int mm, int dd, int yy )

20 {

21 month = ((mm >= 1 && mm <= 12 ) ? mm iLg

22 year = ( yy >= 1900 && yy <= 2100 ) ? yy 1900;

23

24 // test for a leap year

25 if ( month == 2 && leapYear( year ) )

26 day = (dd >= 1 && dd <= 29 ) ? dd ig

27 else

28 day = ( dd >= 1 && dd <= days[ month ] ) ? dd 1g
29

30 } // end function setDate

31

32 // overloaded preincrement operator

33 Date &Date::operator++ ()

34 {

35 helpIncrement () ;

36

37 return *this; // reference return to create an lvalue
38 o 18 R A 2 o

39 } // end function operator++ Luuy:menlntkhongcoten

40

41 // overloaded postincrement/operatord Phéptang sau sira giatri caaddi twong vatra vé mot ban
42 // integer parameter does Aot have d saochaddi twong ban dau. Khéng tra vé tham sb t6i bién
43 Date Date::operator++( int ) tam vi d6 1a mot bién dia phuong va sz bi huy.
44 {

45 Date temp = *this; d current state of object

46 helpIncrement () ;

47

48 // return unincremented, saved, temporary object

49 return temp; // value return; not a reference return
50

51 } // end function operator++




53 // add specified number of days to date
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55 {

56 for ( int i = 0; i < additionalDays; i++ )
57 helpIncrement () ;

58

59 return *this; // enables cascading

60

61 } // end function operator+=

62

63 // if the year i1s a leap year, return true;
64 // otherwise, return false

65 bool Date::leapYear( int testYear ) const

66 {

67 if ( testYear % 400 == |

68 ( testYear % 100 !'= 0 && testYear % 4 == ) )

69 return true; // a leap year

70 else

71 return false; // not a leap year

72

73 } // end function leapYear

74

75 // determine whether the day is the last day of the month
76 bool Date::endOfMonth( int testDay ) const

77 {

78 if ( month == 2 && leapYear( year ) )

79 return testDay == 29; // last day of Feb. in leap year
80 else

81 return testDay == days[ month ];

82

83 } // end function endOfMonth

84




85 // function to help increment the date
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87 {

88 // day 1s not end of month
89 if ( !'endOfMonth( day ) )
90 ++day;

91

92 else

93

94 // day 1s end of month and month < 12
95 if ( month < 12 ) {

96 ++month;

97 day = 1;

98 }

99

100 // last day of year

101 else {

102 ++year;

103 month = 1;

104 day = 1;

105 }

106

107 } // end function helpIncrement
108

109 // overloaded output operator
110 ostream &operator<<( ostream &output, const Date &d )
111 {

112 static char *monthName[ 13 ] = { "", "January",
113 "February", "March", "April", "May", "June",
114 "July", "August", "September", "October",
115 "November", "December" };

116

117 output << monthName[ d.month ] << ' !

118 << d.day << ", " << d.year;

119

120 return output; // enables cascading

121

122 '} // end function operator<<




1 // Fig. 8.12: £ig08 12.cpp
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3 #include <iostream>

4

5 using std::cout;

6 using std::endl;

7

8 #include "datel.h" // Date class definition
9

10 int main ()

11 {

12 Date dl; // defaults to January 1, 1900
13 Date d2( 12, 27, 1992 );

14 Date d3( 0, 99, 8045 ); // invalid date
15

16 cout << "dl is " << dl << "\nd2 is " << d2
17 << "\nd3 is " << d3;

18

19 cout << "\n\nd2 4= 7 is " << ( d2 += 7 );
20

21 d3.setDate( 2, 28, 1992 );

22 cout << "\n\n d3 is " << d3;

23 cout << "\n++d3 is " << ++d3;

24

25 Date d4( 7, 13, 2002 );

26

27 cout << "\n\nTesting the preincrement operator:\n"
28 << " d4 is " << d4 << '"\n';

29 cout << "++d4 is " << ++d4 << '\n';

30 cout << " d4 is " << d4;

31

32 cout << "\n\nTesting the postincrement operator:\n"
33 << " d4 is " << d4 << '\n';

34 cout << "d4++ is " << d4++ << '"\n';

35 cout << " d4 is " << d4 << endl;

36

37 return 0;

38

39 } // end main




dl is January 1, 1900
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d3 is January 1, 1900
d2 += 7 is January 3, 1993

d3 is February 28, 1992
++d3 is February 29, 1992

Testing the preincrement operator:
d4 is July 13, 2002

++d4 is July 14, 2002
d4 is July 14, 2002

Testing the postincrement operator:
d4 is July 14, 2002

d4++ is July 14, 2002
d4 is July 15, 2002

"
Dai kieu tw dong
Automatic type conversion

n Ta da ndi vé nhiéu céng viéc ma ddi khi C++ ngam thuwc
hién
n M6t trong nhivng viéc do 1a thwe hién dbi kiéu tw dong
Vi du, néu ta goi mdt ham doi hdi mot kiéu div liéu cé sdn nhwng
ta cho ham mot kiéu hoi khac, C++ doi khi sé tw dbi kiéu tham
sO truyén vao
void foo (double x);
e s s , ~ Iﬂ.x;(z); ~ X
n DOi v&i cac Iép dir lieu nguwot aung, C++ cling cung cap
kha nang dinh nghia cac phép chuyén dai ty dong
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Paoi kieu tw dong

n C6 hai cach dinh nghia phép dbi kiéu tw dong
Khai bao \{é dinh nghia mét constructor lay mot tham
sO duy nhat

class MyNumber ({

public:
MyNumber (int wvalue = 0);

| Doi tlr int sang MyNumber o
Khai bao va dinh nghia mot toan w aac piet (special
overloaded operator)

class MyOtherNumber ({

public:
MyOtherNumber (..) ;
Doi tlr MyOtherNumber oo
sang MyNumber operator MyNumber () const;
@ 2004 Tran Minh Chau. FOTECH. VNU 53

Poi kiéu tw ddng - constructor

n Céch 1: dinh nghta mét constructor lay mét tham so6 duy
nhat (gia tri hoac tham chiéu) thuéc mot kiéu nao do,
constructor dé sé dwgc ngam goi khi can doi kieu.

class MyNumber { void foo (MyNumber num) {
public: .
MyNumber (int value = 0); }
int x = 5;
foo(x); // Automatically converts the argument
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Pai kiéu tw ddng - constructor

Néu ta mubn ngan chan déi kiéu tw dong kiéu nay, ta co thé
dung tr khoa explicit khi khai bao constructor

class MyNumber (
public:
explicit MyNumber (int value = 0);

Két qua la viéc dbi kiéu chi xay ra khi dwoc goi mét cach twong
minh

int x = 5;

Foo(x); // This will generate an error
Foo (MyNumber (x)); // Explicit conversion - ok
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Poi kiéu tw ddng — toan tr

n Cach 2: dinh nghia phép dbi kiéu st dung
mot toan t&r dac biét
Tao mét toan t 1a thanh vién cla I&p can doi,
toan to nay sé chuyen thanh vién cua |&p nay
sang kiéu mong mudn

Toan t&r nay hoi dac biét: khéng co kiéu tra vé
n Thuc ra, tén cla toan t& chinh l1a kiéu tra vé
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Pbi kiéu tw ddng — toan tr

n Gia st can mot phép chuyén déi tw dong tir kiéu
MyOtherNumber sang kiéu MyNumber
khai bao mét toan tlr ¢ tén MyNumber :
class MyOtherNumber {
public:

MyOtherNumber (...) ;

;perator MyNumber () const;
Than toan t& chi can tao va tra vé mot thé hién cla I&p dich

n Nén la ham inline

operator MyNumber () const { return MyNumber(..); }

'\

Cac tham s6 can thiét
dé tao thé hién m&i

@ 2004 Tran Minh Chau. FOTECH. VNU
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Paoi kiéu tw dong - doi kiéu an

class Fee { -
public: 4— / 3. Khdéng c6 copy constructor dé
Fee (int) {} tao Fee tlr Fee,
Vi nhwng lai coé copy constructor mac
dinh do trinh bién dich ty sinh
class Fo { (phép gan mac dinh)
int i;
public:
Fo(int x = 0) : i(x) {}
operator Fee() const { return Fee(i); }
i
int main() {
Fo fo;

Fee fee = fo; 2. Tuy nhién, c6 phép

boA e chuyén d6i tw dong tr Fo
sang Fee

1. Khdng co constructor
tao Fee tlr Fo
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Paoi kieu tw dong

n Noi chung, nén tranh dbi kiéu tw ddng, do chuing
c6 thé dan dén céac két qua nguoi dung khéng
mong doi

Néu co constructor lay ding mét tham s0 khac kieu
|&p chu, hién twong doi kiéu tw déng sé xay ra

Chinh sach an toan nhét la khai bao cac constructor
la explicit, trir khi két qua cua chung dung la cai
ma nguwoi dung mong doi
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Template

Lap trinh hwdng doi twong

- S
Tai lieu doc

n Eckel, Bruce. Thinking in C++, 2n? Ed. Vol. 1.
Chapter 16: Introduction to Templates

n Dietel. C++ How to Program, 4" Ed.
Chapter 11: Templates
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Gidi thiéu vé khudén mau
n Gi¢i thiéu
n Lap trinh tdng quat (generic programming)
n Lap trinh tdng quat trong C
n C++ template
n Khudén mau ham
n Khuén mau lop
n Cac tham sb template khac
n Template sir dung template
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Gioi thiéu

n Trong sudt khoa hoc, ta da noi vé phwong phap huwdng
dbi twong nhw 1a mét co ché cho viéc trivu twong hoé
Nhom céac dbi twong c6 cung tap hanh vi ve,‘a thudbc tinh lai voi
nhau, va twong tac v&i chung theo cung kieu
n V@i da hinh va thira ké, ta co thé biéu dién mbi quan hé
gitra cac 1&p dbi twong twong tw va twong tac véi chung
mot cach théng nhat
Ta c6 thé 1énh cho mét chiéc xe chay bang may thuwc hién viéc
"d,rive", va hanh vi thich hgp sé dwoc goi tuy theo loai xe dang ndi
déen

n Dé& két thuc, ta sé gidi thiéu mot kiéu triru twong hod khac

@ 2004 Tran Minh Chau. FOTECH. VNU 4




Sim?;oWered Version - http://www.simpopdf.com
Lap trinh tong quat

n Ta da tap trung vao viéc triru twong hod cac chi tiét dé
tao dwoc cac [&p doi twong - gdom nhirng thr co cung
tap thudc tinh va hanh vi

n Moiy twdng dwoc ban dén déu xoay quanh dbi twong -
biéu dién khai niém hoéc biéu dién trong C++

n Bay gi®, ta ndi vé mot phqug phap lap trinh ma triru
twong hoa chinh cac I¢p doi twong.

n Day la mirc tiép theo trong qua trinh logic phat trién cta
triru tweng hoa.

@ 2004 Tran Minh Chau. FOTECH. VNU 5
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Lap trinh tong quat

n Lap trinh tdng quat 14 phwong phap 1ap trinh doc
|ap v&i chi tiét biéu dién di liéu
Tw twdng la ta dinh nghta mot khai niém khong phu
thycf)c moOt biéu dién cu thé nao, vé’ sau dé ma&i chira
kieu dir liéu thich hgp lam tham s6
n Qua cac vi dy, ta sé thay day Ia mét phwong
phap tw nhién tuan theo khuén mau hwéng dbi
twong theo nhiéu kiéu
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Lap trinh tong quat

n Ta da quen voi y twdng co mét phwong thire dwoc dinh
nghia sao cho khi s&r dung v&i cac I&p khac nhau, n6 sé
dap rng mét cach thich hop

Khi néi vé da hinh, néu phwong thirc "draw” dwo'c goi cho mét
doi twong bat |§y trong cay thira ké Shape, dinh nghia twong trng
sé duoc goi de doi twong dwoc vé dung

Trong trwdng hop né){, méi hinh doi héi mét dinh nghia phuwong
thrc hoi khac nhau dé dam bao sé vé ra hinh dung

n Nhwng néu dinh nghia ham cho cac kiéu di liéu khac
nhau nhwng khéng can phai khac nhau thi sao?

@ 2004 Tran Minh Chau. FOTECH. VNU 7
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Lap trinh tong quat

n Vidu, xét ham sau:

void swap (int& a, inté& b) |
int temp;
temp = a; a = b; b = temp;
Ham ' . _
Néu ta mudn thwe hién viéc twong tw cho mét kieu div liéu khac, chang
han float?

void swap (floats a, floats b) {
float temp;
temp = a; a = b; b = temp;

}
Co thl_J’C S Cdln aen ca nal prien pan Knong s
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Lap trinh tong quat

class Stack {

n Vi du khac: ta dinh nghia mét 16p B 0,

bieu dién cau truc ngan xép cho kiéu int ~Stack () ;
void push (const ints i) ;
void pop(int& 1)
bool isEmpty() const;

}i

n Ta thay khai bao va dinh nghia ctia Stack phu thudc tai mét mirc dd nao do
vao kiéu di¥ liéu int
M6t sé phwong thire 1ay tham sé va tra vé kiéu int
Néu ta mudn tao ngan xép cho mét kiéu div liéu khac thi sao?
Ta c6 nén dinh nghia lai hoan toan 1ép Stack (két qué sé tao ra nhiéu I&p chang
han IntStack, FloatStack, ...) hay khéng?
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Lap trinh tong quat

n Ta thay, trong mét sb trworng hop, dwa chi tiét vé kiéu dir liéu vao
trong dinh nghia ham hoac I&p la dieu khéng co loi
Trong kh’i ta gén cac dinh nghia khac nhau cho "draw" cua Point hay
Circle, van dé khac han véi trudng hop mét ham chi c6 nhiém vu hoan
déi hai gia tri
n Thwc ra, khai niém Iap trinh téng quat hoc theo sy str dung mot
phwong phap cua lop co sé cho cac thé hién cua cac |dp dan xuat
Vi dy, trong cay thira ké khi, ta muon ctng mét phwong thirc
eatBanana() dwoc thwce thi, bat k& con tréd/tham chiéu dang chi t&i mot
Monkey hay LazyMonkey
n V&ilap trinh tdng quat, ta tim cach mé rong s triru twong hod ra
ngoai dia hat clia cac cay thira ké
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Lap trinh tbng quat trong C

S dung trinh tién xt ly ctia C
Trinh tién x& ly thwe hién thay thé text truwdc khi dich

Do d6, ta c6 thé dung #define dé chi ra kiéu di liéu va thay dbi tai chd
khi can

#define TYPE int

void swap (TYPE & a, TYPE & Db) {

TYPE temp; Teee—

} temp = a; a = b; b = temp; Trinh tién x@ Iy s& thay
moi "TYPE" bang "int"
trwdc khi thwe hién bién dich

Hai han ché:

nham chan va dé 16i
chi cho phép dung mét dinh nghia trong mét chwong trinh

@ 2004 Tran Minh Chau. FOTECH. VNU 11

C++ template

n Template (khuon mau) la mét co ché thay thé ma cho phép tao cac
cau truc ma khdéng phai chi ro kieu di liéu

n TU khoa template dwgc dung trong C++ dé bao cho trinh bién dich
rang doan ma theo sau sé thao tac mét hoac nhiéu kieu dir liéu
chuwa xac dinh

Tw khoa template dwgc theo sau bg’yi mét cap ngoac nhon chira tén cua
cac kieu dir liéu tuy y dwoc cung cap

template <typename T> Cha y:
// Declaration that makes reference to a data type "T" A
Mbt IEénh template
chi c6 hiéu qua déi
v@i khai bao

ngay sau no

template <typename T, typename U>
// Declaration that makes reference to a data type "T"
// and a datatype "U"
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C++ template

n Hai loai khuén mau co ban:
Function template — khuén mau hém cho phép dinh
nghia cac ham tong quat dung dén cac kiéu di liéu
tuy y
Class terpplate — khuén n]éu [0 cpo phép dinh nghia
cac |l&p tong quat dung dén cac kieu dir liéu tuy y

n Ta s& md ta trng loai trwdre khi di ban dén

nhirng phirc tap cua lap trinh khuén mau

@ 2004 Tran Minh Chau. FOTECH. VNU 13
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Khudn mau ham

n Khudn mau ham |1a dang khuén méau don giadn nhét cho
phép ta dinh nghia cac ham dung dén céac kiéu di liéu
tuy y

n Dinh nghia ham swap () bang khuén mau:

template <typename T>
void swap(T & a, T & b) {
T temp;
temp = a; a = b; b = temp;

n Phién ban ’[FEil uuny Kid Yoy vuil piién ban swap ()
bang C sir dung #define, nhwng né manh hon nhiéu
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Khuon mau ham

n Thwc chat, khi st dung template, ta da dinh nghia mét
tap vé6 han cac ham chéng nhau v&i tén swap ()

n D& goi mét trong cac phién ban nay, ta chi can goi nd
voi kieu dir liéu twong trng

int x =1, y = 2;
flocat a = 1.1, b = 2.2;

swap (%, y); // Invokes int version of swap ()
swap (a, b); // Invokes float version of swap()
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Khudn mau ham

n Chuyén gi xay ra khi ta bién dich ma?
Trwdce hét, sw thay thé "T" trong khai bao/dinh nghia
ham swap () khéng phai thay thé text don gian va
cling khédng dwoc thwe hién bdi trinh tién xd Iy
Viéc chuyén phién ban mau clia swap () thanh cac
cai dat cu thé cho int va float dwoc thwe hién bdi
trinh bién dich
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Khuon mau ham

n Hay xem xét hoat dong cua trinh bién dich khi gap 10 goi
swap () thir nhat (v&i hai tham s6 int)
Trwéc hét, trinh bién dich tim xem cé mét ham swap () dwoc
khai bao v&i 2 tham sé kiéu int hay khéng
n N6 khong tim thay mét ham thich hop, nhung tim thay mét template
co thé dung dugc
Tiép theo, n6 xem xét khai bao cta template swap () d& xem cé
thé khép dwoc véi I&i goi ham hay khéng
n L&i goi ham cung cép hai tham sé thudc cung mét kiéu (int)
n Trinh bién dich thay template chi ra hai tham s6 thudc cuing kiéu T,
nén no két luan rang T phai la kiéu int
n Do d4, trinh bién dich két luan rang template kh&p véi 1&i goi ham

@ 2004 Tran Minh Chau. FOTECH. VNU 17
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Khudn mau ham

n Khi da xac dinh dwgc template khép voi 1&0 goi ham,
trinh bién dich kiém tra xem da cé mét phién ban cla
swap () v&i hai tham sb kiéu int dwoc sinh ra t
template hay chwa

Néu da cd, 16i goi dwoc lién két (bind) vi phién ban da dwoc
sinh (lvu y: khai niém lién két nay giong voi khai niém ta da noi
dén trong da hinh tinh)

Néu khong, triph bién dich sé sinh mot cai dat cua swap () Ié’y
hai tham s6 kiéu int (thwc ra la viet doan ma ma ta sé tao néu
ta tw minh viét) — va lién két 1&i goi ham v&i phién ban vira sinh.
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Khuén mau ham

n Vay, dén cubi quy trinh bién dich doan ma trong vi du,
sé co hai phién ban cua swap () dwoc tao (mot cho hai
tham sb kiéu int, mét cho hai tham sb kiéu float) vOi
cac & goi ham cla ta dwoc lién két vai phién ban thich
hop

Vay, ta c6 thé doan rang cé chi phi phu vé th&i gian bién dich déi
v&i viéc str dung template

Ngoai ra con c6 chi phi phu vé khdng gian lién quan dén mdi cai
dat cua swap () dwoc tao trong khi bién dich

Tuy nhién, tinh hiéu qua cla cac cai dat dé cling khéng khac v&i
khi ta tw cai dat chung.

@ 2004 Tran Minh Chau. FOTECH. VNU 19

Khudn mau ham

n Can ghi nhé rang tuy trinh bién dich da tao cac phién ban cla
swap() cho cac tham sb int va float, khéng ton tai cac ham
swap(int,int) hay swap(float, float)

Thay vao do, cé mot ham swap<>() dwoc dung dé tao hai ham
swap<int>() va swap<float>()

n Khi dwoc dung véi mét cau tric template, cdp ngodc nhon dwoc
dung dé chi rd kiéu di liéu can dén

n Thuec té, ta co thé sira doan ma trwdc dé goi cac ham trén mot cach
twdng minh:

int x =1, y = 2;
float a = 1.1, b = 2.2;

swap<int>(x, v); // Invokes int version of Swap ()
swap<float>(a, b); // Invokes float version of Swap ()
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Khudén mau |&p
n Twong tw v&i khuén mau ham véi tham sb thude
cac kiéu tuy y, ta cling co thé dinh nghia khuon
mau lop (class template) st dung cac thé hién
cua mét hoac nhiéu kiéu dir liéu tuy y
Ta ciing c6 thé dinh nghia template cho struct va
union
n Khai bao mét khuén mau |&p cling twong tw vOi
Khuén mau ham
@ 2004 Tran Minh Chau. FOTECH. VNU 21
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Khudn mau 1&p

Vi du, ta s& tao mdt cAu tric cap déi gitr mot cap gia tri thudc kiéu tuy y

X struct Pair {
n Trwdc hét, xét khai bao Pair int firsté1
~ w e . « R . t :

cho mot cap gia tri kidu int: | ane secon

n Ta co thé stra khai bao trén thanh T
mot khuén mau lay kiéu tuy y: S {
Tuy nhién hai thanh vién first va second T second;
phai thuéc cung kiéu bi
n Hoac ta cd thé cho phep hai template <typename T, typename U>
.  n n , .2 - struct Pair {
thanh vién nhan cac kiéu dir T first;
liéu khac nhau: U second;

}i
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Khudén mau |&p

n Dé tao cac thé hién clia template Pair, ta phai dung ky
hiéu cap ngoac nhon
Khac voi khudn mau ham khi ta c6 thé bé qua kiéu di liéu cho
cac tham so, doi véi khudn mau class/struct/union, chting phai
dwgc cung cap twdng minh

Pair p; // Not permitted
Pair<int, int> g; // Creates a pair of ints
Pair<int, float> r; // Creates a pair with an int and a float

n Tai sao doi hdi kiéu twdng minh?
Céc lénh trén |am gi? - cap phat bd nhé cho déi twong

Néu khéng biét cac kiéu dir liéu dwoc sir dung, trinh bién dich lam thé
nao dé biét can dén bao nhiéu bd nhé?
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Khudn mau 1&p

n Cing nhw khudn mau ham, khéng cé struct Pair ma chicd cac
struct c6 tén Pair<int, int>, Pair<int, float>,
Pair<int, char>, ..

n Quy trinh tao cac phién bdn struct Pair t& khuén mau cling
gibng nhw dbi véi khuén mau ham

n Khi trinh bién dich lan dau gap khai bao dung Pair<int, int>,
nod kiém tra xem struct dé da tén tai chwa, néu chwa, nd sinh mot
khai bao twong wng.

Déi v&i cac khudn mé‘u cho,cliass, trinh bién dijch sé sinh ca cac dinh
nghia phwong thiee can thiét dé khdp véi khai bao class.
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Khudén mau |&p

n Mot khi da tao dwoc mét thé hién clia mot khudn mau
class/struct/union, ta co6 thé twong tac véi né nhw thé no
la thé hién ciia mét class/struct/union théng thwdng.

Pair<int, int> qg;
Pair<int, float> r;
g.first = 5;
g.second = 10;
r.first = 15;
r.second = 2.5;

n Tiép theo, ta sé tao mot template cho I&p Stack da duwoc
md ta trong cac slice trvéc

@ 2004 Tran Minh Chau. FOTECH. VNU 25

- S
Khudn mau 1&p

n Khi thiét k& khuén mau (cho I&p hodc ham), théng
thworng, ta nén tao moét phién ban cu thé trwédce, sau dé
m&i chuyén n6 thanh mot template

Vi du, ta sé bat dau bang viéc cai dat hoan chinh Stack cho sb
nguyén

n Diéu d6 cho phép phat hién cac van dé vé khai niém
trwdc khi chuyén thanh phién ban cho st dung téng quat

khi do, ta co thé test twong doi day dd Iop Stack cho s6 nguyén
de tim cac Ig‘)i tong quat ma khdéng phai quan tdm dén cac van de
lién quan dén template
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Stack cho s6 nguyén

n Khai bdo va dinh nghia I&p Stack cho kiéu int
Bat dau bang mét ngan xép don gian

class Stack {
public:
Stack () ;
~Stack () ;
void push(const int& i) throw (logic_error);
void pop(int& 1) throw (logic error);
bool isEmpty () const;

bool isFull () const;
private:
static const int max = 10;

int contents[max];
int current;

@ 2004 Tran Minh Chau. FOTECH. VNU

27

Stack::Stack () { this->current = 0; }

Stack::~Stack () {}

void Stack::push(const int& i) throw(logic error) {
if (this->current < this->max) ({
this->contents|[this->current++] = i;

}

else {
throw logic error (“Stack is full.”);

void Stack::pop(inté& i) throw(logic error) {
if (this->current > 0) {
i = this->contents[--this->current];

} else {
throw logic_error (“Stack is empty.”);

}

bool Stack::isEmpty() const { return (this->current == 0;) }

bool Stack::isFull() const { return (this->current == this->max); }

@ 2004 Tran Minh Chau. FOTECH. VNU
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Template Stack

ban tdng quat:

Chuyén khai bao va dinh nghia trwéc thanh mét phién

public:
Stack () ;
~Stack () ;

void push (const T& i) throw

void pop(T& 1) throw (logic error);
bool isEmpty () const;
bool isFull() const;

private:

static const int max 10;
T contents[max];
int current;

}i

template <typename T>
class Stack { *-*_—-__—-—_—““——————______

(logic_error);

Thém lénh template dé
néi rang mét phan cla kiéu
sé dwoc chird sau
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‘ template <typename T>< 
Stack<T>::Stack() { this->current = 0; }
template <typename T>
Stack<T>::~Stack() {}

M6i phwong thikc can mot
Iénh template dat trudc

template <typename T>
void Stack<T>::push(const T& i) {
if (this->current < this->max) ({
this->contents[this->current++]

= i;
}

else {
throw logic error (“Stack is full.”);

M@i khi dung toan tlr pham vi,
can mot ky hiéu ngodc nhon kém
theo tén kiéu

Ta dang dinh nghia moét I6p
Stack<type>, ch¥r khéng dinh
nghia I&p Stack

}

template <typename T>
void Stack<T>::pop(T& i) {
i = this->contents[--this->current];
} else {

throw logic_error (“Stack is empty.”);

@20

if (this->current ;_6T_T_—“‘—*—————__________

Thay thé kiéu ctia doi twong
duorc Iwu trong ngan xep
(trwde la int) bang kiéu tuy

y T
} y
template <typename T>
bool Stack<T>::isEmpty () const { return (this->current == 0;) }
template <typename T>
bool Stack<T>::isFull() const { return (this->current == this->max); }
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Template Stack

n Sau do, ta c6 thé tao va st dung cac thé hién cla cac
|&p dwoc dinh nghia bdi template cua ta:

int x = 5, y;
char ¢ = 'a', d;

Stack<int> s;
Stack<char> t;

s.push (x) ;
t.push(c);
s.pop (y) 5
t.pop(d) ;
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-
Cac tham s6 khudn mau khac

n Ta m&i néi dén cac l1énh template v&i tham sb
thudc "kiéu" typename
n Tuy nhién, con cé hai "kiéu" tham sb khac
Kiéu thwec sw (vi du: int)
Cac template
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Cac tham s6 khudn mau khac

n Nh¢ lai rang trong cai dat Stack, ta c6 mét hang max quy dinh sb
lwong t6i da cac dbi twong ma ngan xép cé thé chira
Nhw vay, mbi thé hién sé& c6 cung kich thudc dbi véi moi kiéu cha déi
twong dwoc chira
n Néu ta khdng mudn doi hdi moi Stack déu cé kich thwdce ti da nhw
nhau?

n Ta co thé thém mot tham sb vao 1énh template chira motsd int
(gia tri nay sé duwoc dung dé xac dinh gia tri cho max)

template <typename T, int I>
// Specifies that one arbitrary type T and one int I
// will be parameters in the following statement

Lwu y: ta khai bao tham sb int giéng nhw trong cac khai bao khac
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T ——
Cac tham s6 khudn mau khac

n Stra khai bao va dinh nghia trwéc dé sir dung tham sé maéi:

template <typename T, int I>
class Stack { ‘h-“““——————_____________
public:
Stack () ;
~Stack () ;
void push(const T& i) throw (logic_error);
void pop(T& i) throw (logic error);

Khai bao tham sé mdi

bool isEmpty () const; . X . -z

bool isFull () const; Su’dgngthan1sorn0!de
rivates ! xac dinh gia tri max cla
& ' mét I6p thudc mot kidu

static const int max = I; . ,
nao do

T contents[max];
int current;

}i
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Cac tham s6 khudn mau khac

Stack<T,

Stra tén lop Stac

}

else {

}

template <typename T, int I>
I>::~Stack() {1}

| StackRT? I>::
dung cho cac
toan tlr pham vi template pename T, int I>

void Stack<T, I>::push(const T& 1) {
if (this->current < this->max) {
this->contents[this->current++]

template <typename T, int I>

I>::Stack() { this—>gazzgﬁf“5‘ﬁf—#_~

= i;

throw logic_error (“Stack is full.”);

Stra cac lénh
template
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Cac tham s6 khudn mau khac

n Gi® ta c6 thé tao cac thé hién cla céac I&p Stack

v&i cac kiéu dir liéu va kich thwéc da dang

Stack<int, 5> s; //

//
Stack<int, 10> t; //
//
Stack<char, 5> u; //
//

Creates an instance of
class of ints with max
Creates an instance of
class of ints with max
Creates an instance of
class of chars with max =

o))

I o

[\

Stack

5

Stack

10

Stack
5

Lwu y rang cac lénh trén tao thé hién cua 3 1&6p khac

nhau
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Cac tham s6 khudn mau khac

n Cac rang budc khi st dung céac kiéu thuc
sw lam tham s6 cho |1&énh template:
Chi c6 thé dung cac kiéu s6 nguyén, con trd,
hoac tham chiéu
Khéng duoc gan tri cho tham s hoac lay dia
chi cua tham so6
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P ——
Cac tham s6 khudn mau khac

n Loai tham sb thi ba cho I1énh template chinh la mét
template
n Vi du, xét thiét k& khuén mau cho mét I&ép Map (anh xa)
anh xa cac khoa t&i cac gia tri
Lé’p nay can Iqu cac anh xa tr khoa t&i gia tri, nhung ta khc}ng
muon chi ra kiéu cua cac doi twong dwoc lwu trir ngay tr dau
Tq sé& tao Map 1a mot khudn mau sao cho co thé st dung cac
kieu khac nhau cho khoa va gia tri
Tuy nhié’n, ta can chira l&p chira (container)’lé mot template, dé
né co thé Iwu trir cac khoa va gia tri la cac kiéu tuy y
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Cac tham s6 khuébn mau khac

n Ta c6 thé khai bao 16p Map:

template< typename Key, typename Value,
template <typename T> Container>

class Map {
ééivate:
Container<Key> keys;
Container<Value> values;
}i
n Sau do cé thé tao cac thé hién clia Map nhw sau:

Map< string, int, Stack> wordcount;

Lénh trén tao mot thé hién cla I6p Map<string, int, Stack> chira cac
thanh vién la mot tap cac string va mét tdp cac int (gid str con cé cac doan
ma thwc hién anh xa méi tlr t&i mot s6 int biéu dién so6 lan xuat hién cua tir do)
Ta da dung template Stack dé lam container Iwu trir cac théng tin trén
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T ——
Cac tham s6 khudn mau khac

Nhuw vay, khi trinh bién dich sinh cac khai bao va dinh
nghia thwc sy cho cac Ip Map, né sé doc cac tham
sb md ta cac thanh vién dir liéu

Khi d6, n6 sé stir dung khudn mau Stack dé sinh ma
cho hai I&p Stack<string>va Stack<int>

DPén day, ta phai hiéu rd tai sao container phai la mét
khudén mau, néu khéng, lam thé nao dé cé thé dung
no dé tao cac loai stack khac nhau?
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Ter C dén C++

Lap trinh hwéng doi twong

" I
Tai liéu doc

n Eckel, Bruce. Thinking in C++, 2nd Ed. Volume 1.
Chapter 3: The C in C++
Chapter 8: Constants
n Up to p. 352: Classes
Chapter 10: Name Control
n Up to p. 423: Static members in C++
Chapter 13: Dynamic Object Creation
n Up to p. 566: Overloading new & delete
Chapter 11: References and the Copy-Constructor
n Up to p. 452: References in Functions
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Khac biét doi voi C

n Cac khac biét dbi véi C (ngoai cac dac diém
hwéng doi twong)
Chu thich
Cac kiéu dir lieu
Kiém tra kiéu, dbi kiéu
Canh bao cua trinh bién dich
Pham vi va khai bao
Khéng gian tén
Hang
Quan Iy bd nhé
Tham chiéu

@ 2004 Tran Minh Chau. FOTECH. VNU

- SN
Chu thich

n Bén canh chd thich kiéu C (nhieu dong),
C++ cho phép kieu chu thich dong don

C C++

/* This is a variable */ // This is a variable
int x; int x;

/* This 1is the variable // This 1s the variable
* being given a value */ // being given a value
x = 5; x = 5;
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Chu thich

n C++ cho phép kiéu chu thich /* */ bao
ngoai cac chu thich dong don.

C C++
/% Ve
/* This is a variable */ // This 1is a variable
int x; int x;
/* This 1s the variable // This 1s the variable
* being given a value */ // being given a value
x = 5; x = 5;
*
b */

Chu thich co 16i

@ 2004 Tran Minh Chau. FOTECH. VNU 5

" A
Kieu dr liéu
n Kiéu gié tri Boolean: bool

Hai gia tri: true hoac false
Céc toan tr logic (!, &&, ...) lay/tao mot gia tri bool

Cac phép toan quan hé (==, <, ...) tao mdét gia tri
bool

Céc lénh diéu kiéu (if, while, ...) doi hdi mot gia tri
bool

n Dé twong thich nguwoc vai C, C++ ngam chuyén
tr int sang bool khi can
Giatri0 — false
Gia tri khac 0 — true
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Kiém tra kiéu dir liéu
n C++ kiém soat kiéu di¥ liéu chat ché hon C
n C++ doi hoi ham phai dwoc khai bao trwéc khi st dung

(moi 1& goi ham dwoc kiém tra khi bién dich)

n C++ khbng cho phép gan gia tri nguyén cho cac bién
kieu enum
enum Temperature {hot, cold};
enum Temperature t = 1; // Error in C++

n C++ khdng cho phép cac con trd khdng kiéu (void*) str
dung trwc tieép tai bén phai Iénh gan hoac mét Iénh khoii

tao
void * vp;
int * ip = vp; // Error: Invalid conversion
@ 2004 Tran Minh Chau. FOTECH. VNU 7

" B
Pébi va ép kiéu di liéu

n C++ cho phép nguoi dung dbi kiéu dir liéu mot cach kha
réng rai
n Trinh bién dich tw ddng thwc hién nhiéu chuyén déi dé
thay:
Gan mét gia tri thudc kiéu sb hoc nay cho mét bién thudc kiéu
khac
Cac kiéu sb hoc khac nhau cung cé trong cac biéu thirc
Truyén dbi sé cho cac ham
n Néu hiéu ré khi ndo cac chuyén dbi nay xay ra va trinh
bién dich dang lam gi,ta cé thé giai thich dwoc cac két
qua khéng mong doi
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R u ALY V 4 u R ~ .\
POoi va ep kieu dir lieu

n Tw ddng chuyén dbi tir cac dbi twong nhé thanh cac dbi
twong I&n thi khédng cé van dé gi, chiéu nguoc lai co thé
co van dé

short — long (~16 bits — ~32 bits) khéng ¢c6 van dé

long — short (~32 bits — ~16 bits) c6 thé mét di¥ liéu
Khi chuyén tir cac kiéu chdm ddng sang cac kiéu nguyén co thé
lam giam d6 chinh xac cua di liéu

n Trinh bién dich sé& sinh canh bao (warning) dbi v&i cac
chuyén dbi tw ddong co thé gay méat di liéu.
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" JE
Pé&i va ép kiéu di lidu

n C++ cho phép ngudi dung ép kiéu mét cach twérng minh bang nhiéu

cach
Epk@uldéJC: myInt = (int) myFloat;
Epk@uldéuhén1C++: myInt = int(myFloat) ;

n D& han ché ép kiéu qua mrc va loai trir cac 16i do ép kiéu, C++
cung cap mét cach mai siv dung 4 loai ép kiéu twdng minh
static_cast
const_cast
reinterpret cast
dynamic_cast
n Cu phap myInt = static_cast<int>(myFloat)
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Pham vi va cac Khai bao

n Trong C, cac bién phai dwoc dinh nghia tai dau file hoac
tai bat dau cia mét khoi {...}
n C++ cho phép khai bao sau va pham vi clia cac bién
duwoc gidi han chinh xac hon
Cg’c khai bao co thé dat tai cac cau Iénh |ap for va cac cau lénh
diéu kién
Pham vi gi&i han bén trong vong lap hodc khbi diéu kién
n C++ con bb sung hai pham vi méi:
Pham vi khéng gian tén - Namespace scope
Pham vi l&p - Class scope

@ 2004 Tran Minh Chau. FOTECH. VNU 11

" I
Namespace - Khong gian tén

n Khong gian tén duoc b sung vao C++ dé biéu dién cau
trdc logic va cung cap kha nang quan ly pham vi tot hon

n Khdng gian tén cung c4p mét co ché twérng minh dé tao
cac vung khai bao

n Cac tén khai bao trong mét khéng gian tén

khoéng xung dot voi cac tén duoc namespace Frog {
khai bao trong cac khong gian tén khac double weight;

, R i, . . double jump () {..}
Tranh xung dét tén bién, tén ham }

Nghiém nhién c6 thé duwoc

. a X .. . K
lién két ra ngoai (external linkage) namespace Kangaroo {

int weight;
void jump () {..}
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Namespace

n Vi du
weight trong namespace

namespace Frog { F 2 i
rog va weight tron
double weight; /7 nam?es ace g y déc
double jump () {..} : AngREee

} Iap va khéng bi xung dét

namespace Kangar {
int weight;
void jump () {..}

}

int main() Khi st dung dinh danh,
{ di n |
) ung tén namespace va
Trogs sueishit — 57 Sl -G pham vi
Kangaroo: :jump () ; -
}
@ 2004 Tran Minh Chau. FOTECH. VNU 13

" I
Namespace

n C++ cung cap hai co ché dé don gian hoa
viéc str dung cac namespaces: cac khai
bao using va cac dinh huwdng using.

n khai bao using (using-declaration) cho
phép truy nhap mét dinh danh cu thé trong
vung khai bao tam thoi

using <namespace>: :<name>;
Tir day, ta cd thé st dung tén ma khong can
moi lan déu phai chi rd namespace chira né.
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Namespace

n Vi du str dung khai bao using

namespace Frog {

double weight; Khai bao using cho dinh
double jump () {..} danh weight trong
} namespace Frog.

int main () k//////,///////
{

using Frog::weight;
int weight; // Error eady declared locally)
weight = 5; // Sets Frog::weitght to 5

}

T day, weight duoc
hiéu la Frog: :weight

@ 2004 Tran Minh Chau. FOTECH. VNU 15

" I
Namespace

n Khai bao using danh cho 1 tén, dinh huédng
using cho phép truy nhap moi dinh danh trong
namespace
using namespace <namespace>;

n Dinh hwédng using thwdng dwoc dat tai mire
toan cuc.

#include <iostream>

using namespace std;
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Quan ly bo nh&

n Cap phat bd nhé déng trong C trong rbi rdm va dé 16i
myObj* obj = (myObj*)malloc (sizeof (myObj)) ;

n Cac nha thiét ké C++ thay rang:
M6t ngén nglr str dung class sé hay phai str dung bé nhé dong.
Khéng cé Iy do gi dé tach cap phé’g bé nhé& ddng ra khai viéc
khd&i tao doi twong (hay tach thu hoi b nhé dong ra khoi viec
hay doi twong)

n malloc va free da dugc thay bang new va delete

@ 2004 Tran Minh Chau. FOTECH. VNU 17

"
Quan ly bé nho

n Loi thé cla new so v&i malloc:
Khéng can chi ra lwong bd nhé can cap phat
Khéng can dbi kiéu
Khéng can dung 1&nh if d& kiém tra xem bd nhé da hét chua
Néu bd nh¢ dang dwoc cap cho mét doi twgng, ham khdi tao
(constructor) cla doi twgng sé dwoc goi tw dong (twong tuw,
delete sé tw ddng goi ham huy (destructor) ctia doi twong)

n Vidu:
myObj* obj = new myObj; //mét dbéi tuong
delete obj;
myObj* obj = new myObj[1l0]; // mang dbéi tuong

delete[] obj;
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Tham chiéu — Reference

n Tham chiéu t&i mét dbi twong 1& mot biét danh toi doi
twong do

n C6 thé coi moi thao tac trén tham chiéu déu duoc thuc
hién trén chinh déi twong ngudn.

int x = 5;

int& y = x;

cout << “"x = VW <K< x << Ny =V"N<ky<<“A\n”; // x=5y=25

X =x + 1;

cout << "X = W <K< x << Ny =Y"N<Ky<<“ “\n”; // x=6y=6

y=y +1;

cout << “"x = W <K<K x << Ny =Y"N<K<y<<“MA\n” //x=Ty-=171

int *p = &y;

*p = 9;

cout << "X = W <K<K x << Ny =Y"N<K<y<<“ Y\n’; // x=9y=09
@ 2004 Tran Minh Chau. FOTECH. VNU 19

Tham chiéu — Reference

n Tham chiéu c6 thé dwoc dung ddc 1ap nhung thwdng hay dwoc
dung lam tham sé cho ham
n C truyén moi dbi s cho ham bang gia tri (truyén trj - call by value)
Khi gén, taco thé truyén mot con trd t¢i déi twong (chinh né ciing dwoc
truyén bang gia tri)
void myFunction (myObij* obj) {..}
n C++ cho phép cac dbi sé ham dworc truyén bang tham chiéu (call by
reference)
void myFunction (myObjé& obj) {..}
tham chiéu t&i myob3j”

~_

myOb3j& cé nghia

dbi voi cac dbi sb 1a cac déi twong 16, truyén bang tham chiéu dé& tén
kém hon truyén bang gia tri (do chi truyén dia chi bd nhé)
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Tham chiéu — Reference

n Vi du: tham chiéu lam dbi sé cho ham

int f(int &i) { ++i; return 1i; }

int main() {
int 3 = 7; cout << f(j) << endl; cout << J <<
endl;

}
n Bién ila mot bién dia phwong ctia ham £. i thudc kiéu tham chiéu
int va dwoc tao khi £ dwoc goi.
n Trong I&igoi £(3), i dwoc tao twong tw nhw trong Iénh
int &i = j;
n Do dotrong ham £, i s&la mét tén khac cla bién j va sé luén nhu
vay trong suot thoi gian ton tai cla i

@ 2004 Tran Minh Chau. FOTECH. VNU 21

Tham chiéu — Reference

n Tham chiéu phéi dwoc khéi tao
int& x; // Error
n Gia tri clia tham chiéu khéng dwoc thay dbi sau khi da khéi tao
khéng thé “chiéu” lai mét tham chiéu téi déi twong khac
chd y phan biét gitra khi tao tham chiéu va gan tri cho tham chiéu
n Truy nhap t&i tham chiéu chinh Ia truy nhap t&i dbi twong nguén
ap dung cho ca toan t&r & va phép gan
n cout << “The address of x is: “ << &x << “.\n”;
n cout << “The address of y is: “ << &y << “.\n”;
n Output:
n The address of x is 0x0056dc13.
n The address of y is 0x0056dc13.
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Tham chiéu — Reference

n Vay tai sao dung tham chiéu thay cho con tré?
n Tham chiéu sach hon, khdng dé gay 16i nhw con trd, ddc biét khi
dung trong ham
tham chiéu dam bao khéng chiéu téi null
n S& dung tham chiéu trong nguyén mau ham gitp cho viéc goi ham
dé hiéu hon
khéng can dung toan ti dia chi

void funcl (int *pi) { (*pi)++; }
void func2 (int &ri) { ri++; }

int main () {
int 1 = 1;

funcl (&i); // call using address of i
func2(i); // call using i
}
@ 2004 Tran Minh Chau. FOTECH. VNU 23

« I
Const

n Trong C, hang dwoc dinh nghia bang dinh hwéng tién
X ly #define
#define PI 3.14
Bién dich cham hon (trinh tién x ly tim va thay thé)
Trinh debug khéng biét dén cac tén hang
S& dung #define khong gan dwoc kiéu di¥ liéu véi gia tri hang
(v.d. 15’ l1a int hay float?)
n Const cia ANSI-C it dung hon va c6 nghia hoi khac:
ANSI-C const khéng duoc trinh bién dich chdp nhan la hdng
n Khéng dung dé khai bao mang duoc
n In C++, const values can be used when declaring arrays:
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Const

Hang clia ANSI-C va C++ cé cac quy tac pham vi khac
nhau

n CAac gia tri #define c6 pham vi file (do trinh tién x{r ly
chi thuc hién tim va thay thé tai file d6)

n const ctia ANSI-C dworc coi la cac bién cé gia tri khéng
dbi va cé pham vi chwong trinh

Do d6 ta khéng thé cé cac bién trung tén tai hai file khac nhau

n Trong C++, cac dinh danh const tuan theo cac quy tac

pham vi nhw cac bién khac

Do d6, ching c6 thé c6 pham vi toan cuc, pham vi khéng gian
tén, hoac pham vi khoi
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const va con tro

n Ba loai:

1. const int * pi; // con trd téi hing

2. int * const ri = &i; // h3ng con trd

3. const int * const ri = &i; //h3ng con trd tdéi hing
n Cac khai niém can ghi nhé:

n Néu mot doi twong la hang

Khong thé stra dbi twong do
Chi ¢6 con tré t&i hang méi dwoc dung dé tré téi hang, con trd
thwdng khdng dung dugc
n  Néu PI dwoc khai bdo la con tré t&i hang:
C6 thé thay d6i PI, nhwng *PI khong thé bi thay dbi.
PI c6 thé tré dén hang hoac bién thuong
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const va con tro

n Khi st dung mét con tré, cé hai dbi twong cd lién quan: chinh con
trd do va déi twong noé trd téi
n  Cu phap cho con tré t&i hdng va hang con tré rat d& nham Ian
n  Quy tic: trong 1&nh khai béo, tir khoa const bén trai dau * co
nghia dbi twong dwoc tré téi la hang, tr khoa const bén phai dau
* ¢4 nghia con trd la hang
n Céch dé hon: doc cac khai bao tir phai sang trai
char ¢ = 'Y'; //[clachar
char *const cpc = &c; //cpc la hang con tré t&i char
const char *pcc; // pecla con trd téi hdng char

const char *const cpcc = &c; [/ cpecla hdng con tré toi
hang char
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hang tham chiéu lam tham s6 ham

C6 hai ly do dé truyén tham bién, nhwng néu ham dwoc
truyén khoéng can stra déi twong dwoc truyén thi ta
nén khai bao tham bién 1a const. Cé hai ich loi:

1. Néu trong ham, ta 1& stra d6i tham sé thi trinh bién
dich sé& bat 16i.

ngdn chan dwoc mot sé 16i lap trinh vién c6 thé pham

2. Ta co thé truyén cac dbi sb 1a hang hoac khéng phai

hang cho ham cé hang tham bién
Nguoc lai, p’éi v&i cac ham c6 tham bién khéng phai Ia hang,
ta khdong thé truyén hang lam doi so.
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hang tham chiéu lam tham so
hém o N
n V|’ du L3i: Lo la hang

nén khéng
dwoc swra dbi

void non constRef (LargeObj &Lo) { Lo.height +=lO;{4 // Fine

void constRef (const LargeObj &Lo) { Lo.height +=10; }

// Error

void non constRef (LargeObj &Lo) { cout Lo.height; }

void constRef (const LargeObj &Lo) { cout Lo.height; }

int main {
LargeObj dinosaur; const LargeObj rocket;

non_constRef(dinosaur);
constRef (dinosaur) ;

non constRef (gocket) ; // Error
constRef (rOCk‘:\ L3i: rocket 14 hing,
} nén khong thé 1am

déi sé khong phai hang
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I
const: Ham thanh vién

DPbi v&i ham thanh vién khéng stra di liéu clta dbi twong
chd, ta nén khai bao ham d6 14 hang ham
Boi voi cac doi twong duoc khai bao la hang, C++ chi cho phép
goi cac ham thanh vién la hang ma khéng cho phép goi cac
ham thanh vién khéng phai la hang cua doi twong doé.

class Date
{
int year, month, day;
public:
int getDay () const { return day; }
int getMonth () const { return month; }
void addYear (int y) // Non-const function

}i
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Const - Tom tat

Nén khai bao hang dbi vai:
n Cac dbi twong ma ta khong dinh stra dbi
const double PI = 3.14;
const Date openDate(18,8,2003);
n Céac tham sb clia ham ma ta khéng dinh cho ham d6 stra ddi

void printHeight (const LargeObj &LO)
{ cout << LO.height; }

n Cac ham thanh vién khéng thay dbi dbi twong cha
int Date::getDay() const { return day; }

Lwu y: cac yéu cau trén ap dung cho tat ca cac bai tap, bai thi cia mén hoc.
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On tap vé Con tré

Lap trinh hwdng doi twong

On tap con tré

n Cap phat dong (Dynamic Allocation)
new, delete

n Con trd lac (Dangling pointers)

n RO ri bd nhéd (Memory leakage)

n Con tréd mang (Array Pointer)

n Cac phép tinh trén con tré (Pointer Arithmetic)
n Con tro t&i ban ghi

n Cap phat dong mang
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int x = 361;

Con tré e fy - o
. |

M6t con tré hay mét bién con trd 1a:
mot bién chiéu dén mét 6 nho.

nd lwu vj tri/dia chi ctia 6 nhé& do. i 127h P—

-
s & B B

n Hai rng dung chinh:
Truy nhap gian tiép ! .
I -
Bd nhé déng ) =
n Vén d‘é ky thUét \\“ L
Néu P Ia mét bién con tré T
by X by 2 > X ~ ~ ’ by z ! .-.(]I
Lam thé nao dé tré P dén mot 6 nhd nao do? '
Lam thé nao dé truy nhap dén 6 nhé P tré dén? .
L ]
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Thao tac con tro
n CacKky hiéu, tr khdéa: &, *, new, delete
int X, Y;
int* P; // P is an integer pointer variable

n Lénh th& hai khai bao mot bién con tré P cé gia tri chwa xac dinh nhwng
khac Null. Bién con trd nay cé thé chi trd t&i mot 6 nhé chira mét sbé nguyén

P = &Y; // tréd P t&iY (P Iwu dia chicuaY)
*P = X; // ghi gia tri cGa bién X vao vung bd nhé tré béi P
n Vidu
Y = 5; // variable Y stores value
P = &X; // P points to memory location of X
*P = Y; // same as writing X = Y

Sauvidutrén, X=5,Y =5, va P tré t&i X
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Vi du

#include <iostream>

int main ()

{ int x = 10; int y = 20;
int *pl, *p2; = = 10

y = 20
pl = &x; *pl = 10
p2 = &y; *p2 = 20
cout << "x = " << x << endl;
cout << "y = " << y << endl; % = 50
cout << "#*pl = " << *pl << endl; y = 90
cout << "*p2 = " << *p2 << endl << endl; *pl = 50
* =

*pl = 50; = 70
*p2 = 90; x = 50
cout << "x = " << x << endl; y = 90
cout << "y = " << y << endl; *pl = 90
cout << "*pl = " << *pl << endl; *p2 = 90
cout << "*p2 = " << *p2 << endl << endl;
pl = p2;
cout << "x = " << x << endl;
cout << "y = " << y << endl;
cout << "#*pl = " << *pl << endl;
cout << "#*p2 = " << *p2 << endl << endl;

}
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Ky hiéu
n Doc *P |a bién ma P tré t&i
n Doc &X |la dia chi cua X
n & latoan tr dia chi (address of operator)

n * |a toan tir tham nhap (dereferencing operator)
n GiasrPl = &XvaP2 = &Y, thiPl tro t&éi Xva P2 tré toi Y

Pl = P2
Khéng twong dwong voi
*Pl = *P2

n Pl = P2 co hiéu qua trd P1 t&i Y, 1énh d6 khong thay dbi X
n Lénh *P1 = *P2; twong dwong véi X = Y;
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St dung typedef

n L&i hay gap khi str dung con trd. Phan biét hai dong sau:
int* P, Q; // P is a pointer and Q an int
int *P, *Q;// P and Q are both pointers

n Mot cach tranh I6i I1a sir dung Iénh typedef dé dat tén kieu mai. Vi du:
typedef double distance; //distance is a new name for double

distance miles;
Gibng nhw
double miles;
Cé nghia rang, thay vi viét
int *P, *Q;
Ta c6 thé viét

typedef int* IntPtr; // new name for pointers to ints
IntPtr P, Q; //P and Q are both pointers
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I
Cap phat bd nhé tinh va déng
(Static and Dynamic Allocation Of Memory)

Poan trinh

int X,Y; // X and Y are integers

int *P; // P is an integer pointer variable
Cép phat bé nhé cho X, Y va P tai thoi diém bién dich
Do 1a cap phat tinh (static allocation)

n B® nhé& ciling c6 thé dwoc cAp phat tai thoi gian chay. D6 goi la Cap
phat déng (dynamic allocation). Vi du:
P = new int;
Cap phat mét 6 nhéd mai c6 thé chira mét sb nguyén, va trd P t&i 6 nhé
dé
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Vi du

//Program to demonstrate pointers

//and dynamic variables *pl = 10

#include <iostream> *p2 = 10

int main ()

{ *pl = 30
int *pl, *p2; *p2 = 30
pl = new int;

*pl = 10; *pl = 40
p2 = pl; *p2 = 30
cout << "#*pl = " << *pl << endl;

cout << "*p2 = " << *p2 << endl << endl;

*p2 = 30;

cout << "#*pl = " << *pl << endl;

cout << "*p2 = " << *p2 << endl << endl;

pl = new int;

*pl = 40;

cout << "#*pl = " << *pl << endl;

cout << "*p2 = " << *p2 << endl << endl;

}
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" A0
Cap phat - thu hdi bd nhé dong

n heap: viing bd nhé dac biét danh riéng cho cac bién’dc}ng. DPé tao mét bién
dong mai, hé thdng cap phat khong gian tlr heap. Néu khong con bd nho,
new khong thé cap phat bdé nhé thi no tra veé gia tri Null

n Trong lap trinh thwe thu, ta nén ludn ludn kiém tra 16i nay

int *p;
P = new int;
if (p == NULL) {

cout << "Memory Allocation Error\n";

exit;

n Thwc ra, NULL la gia tri 0, nhwng ta coi n~<’) la mot gia tri dac biét vi con st
dung cho trwdng hop dac biét: con tré "rong".
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Cap phat - thu hdi bd nhé dong

n Hé thc“')ng chi c6 mét lwgng bd nhé gidi han,

can tra lai cho heap phan bd nhé ddng khéng con st
dung.

n Lénh
delete P;

tra lai vang bd nhé tré béi P, nhwng khéng stra gia tri
cua P.

Sau khi thyc thi delete P, gia tri cia P khdng xac
dinh.
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"
Con tro lac — Dangling Pointer

n khi delete P, ta can chu y khéng xoa vung bd nhé ma
mét con tré Q khac dang tro toi.

int *P;
int *Q; tao
P = new int;
Q = P;

iﬂ

sau do

delete P;

o = i, lam Q bi lac

E{i
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A > Nn 1 4
RO ri b6 nho

n Mot van dé lién quan: méat moi con tré dén mét ving bd nho duoc
cap phat. Khi d6, vung bé nh& dé bi mat dau, khdéng thé tra lai cho
heap duoc.

Tnt B |
int *Q; tao

Q = new int;

sau do

lam mét ving ]

lo =& nh¢ da tirng

duoc Qtrotei [0 — E
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"
Mang va con tro

Tén mang dwoc coi nhw mdt con tré t&i phan t&r dau tién ctia mang.

int A[6] = {2,4,6,8,10,12}; // defines an array of inegers
int *P;
P = A; // P points to A

A[0] Al A[2]  A[3] A[4] A[9]
Al 2] 4] 6| 8| 10]12)]

Do t&n mang va con tré 1a twong dwong, ta ¢ thé dung P nhw tén

mang. Vi du:
P[3] = 7; twong duong v&iA[3] = 7;
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A0] A[1] Al2] A[3] A4 A3

Bdt dau
Al 2] 4] 6| 8| 10]12)]
A[0] ANl A2l A[3] A[M4] Al5]
Thuc hién P = &A[2] A | 2 | 4 | 6 | 8 | 10 | 12 |
Bay gio, P[0] la A[2], P[O] P[1] P[2] P[3]

pll] 1a A[3],...
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"
Cac phép tinh trén con tro

P = A; P =A+ 2;
A[0] Al A2l A[3] A[4] A5] A[0] A1l A2l  A[3] A[M4] A9]
Al 2| 4] 6] 8] 10]12] A 2 4 6 8 10 | 12

f i

Pt xp = *(P+1) + 2;
A[0] A1l A2l  A[B] A4l A[5] A[0] A1l A[2]  A[B] A[4] A[5]
Al 2| 4] 6| 8| 10]12] Al 2] 4 10] 8 | 10]12)]
P P
P=P+2; *(P-1) = *(P+2)
A[0]  AMM] A2l  A[B] A4l A[5] A[0] A[1] A[2] A[3] AM4] A[5]
Al2 46 |8 |10]12] Al 2 10]10] 8| 10]12)]
P P
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Con tro t&i ban ghi: bé nhd don
ghi: g
#ifndef IQ1 H #include <iostream>
#define IQ1 H #include "igl.h"
#include <iostream> int main ()
{
class 1IQ IQ *x = new IQ("Newton",b200);
{ IQ *y = new IQ("Einstein",250);
private:
char name[20]; x=->print () ;
int score; y=>print () ;
public:
IQ (const char s, int k) { return;
strcpy (name, s); }
score = k;
}
void smarter (int k) { score += k;} % Newton
void print() const { I
cout << " (" << name << ", " 200
<< score << ")" << endl;
} y Einstein
—
#endif 250
@ 2004 Tran Minh Chau. FOTECH. VNU 17
|

Mang cap phat ddong

n new T[n] cap phat mét mang gém n ddi twong kiéu T va tra vé

mot con trd t&i dau mang

n delete [] phuymang map tro t¢i va tra ving bé nh¢ dé cho
heap. P phai trd t&i dau mang dong, Néu khong, két qua cla
delete sé phu thudc vao trinh bién dich va loai d¥ liéu dang st
dung. Ta cé thé nhan dworc 16i runtime error hodc két qua sai.

n Kich thwéc cia mang dong khong can 14 hang sé ma co thé co gia
tri dwoc quyét dinh tai thdi gian chay

#include <iostream>
int main ()
{

int size;

cin << size;

delete [] A;

}

int* A = new int[size]; // dynamically allocate array
A[Q] = 0; A[l] = 1; A[2] = 2;
cout << "A[l] = " << A[l] << endl;

// delete the array
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Huy mang ddng bat hop 1&

P khong tré téi
dau mang A

Huy khong hop 16 |

Két qua
phu thudc
trinh bién dich

#include <iostream>

int main ()

// dynamically allocate array

int* A = new int[6];
A[0] = 0; A[1l] = 1; A[2] = 2;
A[3] = 3; A[4] = 4; A[5] = 5;
e int *p = A + 2;
cout << "A[l] = " << A[l] << endl;
|, delete [] p; // illegal!!!
// results depend on particular compiler
P4 cout << "A[l] = " << A[l] << endl;
}
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Cap phat déng mang da chiéu
n Cap phat ddng mang )
hai chiéu (N+1)(M+1) " (T°) a[0]
2 Y (T*) a - #e-{a[0][0]] a(0] 1] al0M]
gom cac doi twong 1Q: al1]
a+] - S ERI | BRI al1]M]
-_
IQ **a = new (IQ*) [N+1]; D ———
for (int i=0; i<N+1; i++) . = =
al[i] = new IQ[M+1];
[ ] L) L]
L a a
- - ]
L » a
a[N]
a+N = {2 M] [0 alMI[1] MM
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