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Chwong 1: Lap trinh hwong déi twong va ngén ngir C++

1. Su phat trién cia cac ky thuat lap trinh

Phan ‘mnay trinh bay vé mot s6 k¥ thuat hay phuong phap 1ap trinh dugc phét trién dé
giai quyét cac van dé trong Tin hoc ké tir khi md y tinh ra doi. Su phat trién cua cac ky
thuat lap trinh lién quan chat ché toi sy phat trlen phan cimg cua may vi tinh cung nhu
viéc ung dung may tinh vao giai quyet cac van dé trong thyc té . Chung ta c6 thé chia
cac phuong phap 1ap trinh thanh cac kiéu sau:

e Lap trinh khong c6 ciu tric

e Lap trinh hudng thu tuc

e Lap trinh theo kiéu module hoa

e Lap trinh hudng ddi tuong

Chung ta s& lan luot xem xét cac k¥ thuat lap trinh nay .

1.1Lap trinh khong c6 cAu tric (hay lap trinh tuyén tinh)

Thong thuong moi ngudi bat dau hoc 14p trinh bang cach viét cac chuong trinh nho
va don gian chi chira mot “chwong trinh chinh” . O day mét chuong trinh chinh c6
nghia la mét tap cac 1énh hoac ciu 1énh lam viéc voi cac dir liéu toan cuc trong ca
chuong trinh (cac bién dung trong chuong trinh 14 cac bién toan cuc ). Chiing ta co thé
minh hoa bang hinh vé sau day:

program

main program
cleitet

Lap trinh khong co6 ciu triac. Chuong trinh chinh
thao tac truec tiép trén cac dir liéu toan cuc

Mot s6 nhuoce diém cua lap trinh khong co céu trac:

e Lap trinh khong c6 céu tric khong c6 kha ning kiém soat tinh thiy duoc cua dir
liéu. Mot dir li¢u trong chuong trinh déu 12 bién toan cuc do d6 co thé bi thay doi
boi bt ky phan nao d6 cta chuong trinh.

e Viéc khong kiém soat dugc tinh thay duoc cua dir liéu dan dén cac kho khin
trong viéc go 16i chuong trinh, dic biét 1a cac chuong trinh 10n.

e Ky thuat lap trinh khong c6 cau triic c6 rat nhiéu bat lgi 16n khi chuong trinh du
16n. Vi du néu chung ta can thuc hién lai mot doan cau 1énh trén mot tap dir liéu
khéc thi budc phai copy doan 1énh d6 téi vi tri trong chuong trinh ma chung ta
mudn thyc hién . Diéu nay lam nay sinh y tudng trich ra cac doan 1énh thuong
xuyén can thuc hién d6 , dit tén cho ching va dua ra mot ki thuat cho p hép goi va
tra vé cac gia tri tir cac thu tuc nay.

1.2 Lap trinh thi tuc hay I4p trinh c6 cdu tric

Vi lap trinh thu tuc hay hudng thu tuc ching ta ¢6 thé nhom cac cau 1énh thuong
xuyén thuc hién trong chuong trinh chin  h lai mot chd va dat tén doan cau lénh do
thanh mot th tuc. Mot 1oi goi t6i thu tuc sé duoc sir dung dé thuc hién doan cau 1énh
d6. Sau khi thu tyc thuc hién xong diéu khién trong chwong trinh duoc tra vé ngay sau
vi tri 101 goi t6i thi tuc trong chuong trinh chinh . Véi cac co ché truyén tham s6 cho
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thil tyc chiing ta c¢6 cac chuong trinh con . Mot chuong trinh chinh bao gdm nhiéu
chuong trinh con va cac chuong trinh dugc viét mang tinh cdu trac cao hon, dong thoi
cling it 16i hon. Néu mot chuong trinh con la dl'mg dan thi két qua thyc hién tra vé ludn
dung va chung ta khong can phai quan tdm tdi cac chi tiét bén trong cta tha tuc . Con
néu c6 16i chiing ta 6  thé thu hep pham vi g& 18i trong cac chuong trinh con chua
duoc chimg minh 1a ding dén , ddy duoc xem nhu triru trong ham va 1a nén tang cho
1ap trinh thu tuc.

Mot chuong trinh chinh véi 14p trinh thu tuc ¢6 thé dugc xem la tip hop cac 161 goi
thu tuc.

main program  pmcsdure

Lap trinh thi tuc. Sau khi chwong trinh con thuc
hién xong diéu khién dwgrc tra vé ngay sau vi tri loi
goi toi chwong trinh con

Chuong trinh chinh ¢6 nhiém vu truyén cac dit liéu cho cac 10i goi  cu thé, dir liu
duoc xur ly cuc bd trong chuong trinh con sau do cac két qua thyc hién nay duoc tra vé
cho chuong trinh chinh . Nhu véy ludng dit liéu co thé duge minh hoa nhu 1a mot d6
thi phan cp, mot cay:

program

main program

ottt
a— —

[pmcedurell |pmcedurell |pmcedure_,_]

Lap trinh hwong thu tuc. Chwong trinh chinh
phoi hop cac loi goi toi cac thu tuc voi cac div
liu thich hgp la cac tham so

Lap trinh hudng th tuc 1a mot k¥ thuat 1ap trinh c6 nhiéu wu diém . Khai ni¢m
chuong trinh con 1a mdt y twd ng rat hay , né cho phép mot chwong trinh 16n cé thé
duoc chia thanh nhiéu chuong trinh con nhé hon , do d6 dé& viét hon va it 15i hon . Dé
co thé sir dung dugc cac thu tuc chung hodc mot nhom céc thu tuc trong cac chuong
trinh khac, nguoi ta da phat minh ra mét ky thuat 1ap trinh moi , do la ky thuat 1ap trinh
theo kiéu module.

1.3Lap trinh module



Trong 14p trinh module cac thu tuc c6 cung mot chirc nang chung s€ dugc nhom lai
v6i nhau tao than h mét module riéng biét . Mot chuwong trinh s& khong chi bao gom
mot phan don 1¢ . N6 dugc chia thanh mot vai phan nho hon twong tac v6i nhau qua
cac 101 goi thu tyc va tao thanh toan bo chuong trinh.

program

main program
deital

module | module 5
et +£f.'.m.£f clerte +£jr.!?.'.!2

procedute, procedn I.'C:I procedure, |

T E—
e >

Lap trinh module. Chwong trinh chinh la sw két hop
gitra cac loi goi toi cac thu tuc trong cac module riéng
biét voi cac dir liéu thich hop

M&i module c6 dit liéu riéng cua né . Diéu nay cho phép cac module co thé kiém
soat cac dit lidu riéng cua nd bang cac 101 goi t6i cac thi tuc trong module d6 . Tuy
nhién méi module chi xuat hién nhiéu nhat mot 1an trong ca chuong trinh.

Yéu diém cua 1ap trinh tha tuc va lap trinh module héa:

e Khi d6 phirc tap clia chuong trinh ting 1én sy phu thu éc ciia n6 vao céac kiéu dir

lidu co ban ma n6 xr 1y cling ting theo . Van dé trd nén rd rang rang ciu trac dir

liéu str dung trong chwong trinh cling quan trong khéng kém cac phép toan thuc
hién trén ching. Piéu nay cang 16 rd khi kich thudc chuwong trinh ting. Cac kiéu dir
liéu duoc x1r Iy nhiéu trong cac tha tuc cua mot chuwong trinh ¢6 céu tric. Do d6 khi
thay ddi cai dat cua mot kiéu dir liéu sé dan dén nhiéu thay ddi trong cac thu tuc sur
dung no.

e Mot nhuoc diém nita 1a khi can dung nhiéu nhom lam viéc dé xay dung mot

chuong trinh chung. Trong 1ap trinh ¢ cau tric méi nguoi sé dugc giao xay dung

mot s6 thu tuc va kiéu dir liéu . Nhirng 14p trinh vién xtr 1y c4c thi tuc khac nhau
nhung lai ¢6 lién quan t6i cac kiéu dir liéu dung chung nén néu mot nguoi thay doi
kiéu dir liéu thi s& lam anh hudng t6i cong viéc ctia nhiéu nguoi khac , dic biét 1a
khi ¢0 sai sot trong viéc lién lac gitra cac thanh vién cua nhom.

e Viéc phat trién cac phadm mém mét nhiéu thoi gian tip trung xay dung lai cac

cau trac dir liéu co ban . Khi xay dung mét churong trinh méi trong lap trinh c6 cau

trac 1ap trinh vién thuong phai xay dung lai cac cau trac dit liéu co ban cho phu
hop véi bai toan va diéu nay d6i khi rat mat thoi gian.

1.4 Lap trinh hwong dbi twong



Trong 1ap trinh huong d6i twong trong mdi chuong trinh ching ta c6 mot s6 cac do i
tuong (Object) c6 thé tuong tac vdi nhau |, thudc cac 1op (class) khac nhau, moi doi
tuong tu quan 1y 14y cac di liéu cia riéng chung

P[Dg.l.' dAlll
e I
obij _]ectl
data object,
\ dara
objecy
data
object
dana

N J

Lap trinh hudng dbi tugng . Cac ddi tugng twong tac
voi nhau bang cach gui cac thong diép.

Chuong trinh chinh s& bao gdm mét s6 ddi twong 1a thé hién (instance) cua céc 16p,
cac d6i twong nay tuong tac voi nhau thuc hién cic chirc ning cta chuong trinh . Céc
lop trong lap trinh huong d6i turong co thé xem nhu 1a mét sy triru twong ¢ mire cao
hon clia cac cdu trac  (struct hay record ) hay kiéu dir liéu do nguoi dung dinh nghia
trong cac ngon ngit 1ap trinh c6 ciu triic voi sy tich hop ca cac toan tr v & dit liéu trén
céc kiéu do.

Céc uu diém cia lap trinh huéng ddi tugng:

e Lap trinh hudng ddi twong ra doi da giai quyét dugce nhiéu nhuoc diém ton tai

trong 14p trinh ¢6 cau trac . Trong 1ap trinh OOP ¢4 it 16i hon va vi éc g& 15i ciing

don gian hon, dong thoi 14p trinh theo nhom c6 thé thuc hién rat hidu qua . It 15i 1a
mot trong cac uu diém chinh cia OOP vi theo thong ké thi viéc bao tri hé thong
phan mém sau khi giao cho ngudi dung chiém téi 70% gia thanh phan mém.

e Viéc thay doi cac cai dit chi tiét bén dudi trong 1ap trinh OOP khong 1am anh

huong toi cac phén khac cua chuong trinh do do viéc mo rong qui m6 cua mot

chuong trinh dé dang hon , dong thoi 1a m giam thoi gian can thiét dé phat trién
phan mém.

e Vi khai niém ké thira cac 14p trinh vién c6 thé xdy dung cac chuong trinh tir

cac phan mém sén co.

e OOP co tinh kha chuyén cao . Mot chwong trinh viét trén mot hé théng  nén

(chang han Windows ) c¢6 thé chay trén nhiéu hé thong nén khac nhau  (chang han

Linux, Unix...).

e OOP c6 hiéu qua cao. Thuc té cho thdy cac hé thong duoc xay dung bang OOP

c6 hiéu nang cao.

2. Mot s6 khai niém co ban cua lap trinh huéng ddi twong
1.1 Kiéu dir liéu truru twogng ADT(Astract Data Type)
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Mot sb nguol dinh nghia OOP 1a lap trinh v&i cac kiéu dit lidu triru twong va cac
mdi quan hé gitra chung . Trong phan nay chung ta sé xem xet cac kiéu dir  lidu truru
turong nhu la mot khai niém co ban cua OOP va su dung mot s6 vi du dé minh hoa.

Dinh nghia vé kiéu dir liéu triru twong:

Mot kiéu dir liéu triru trong 1a mot mé hinh toan hoc cua cac dbi twong dir liéu tao
thanh mot kiéu dit liéu va cac toan tir (phép toan) thao tac trén cac d6i twong d6. Chu y
1a trong dinh nghia nay cac toan tir thao tac trén cac ddi tuong dir liéu gan lién véi cac
d6i twong tao thanh mot kiéu dir liéu triru twong. Dic ta vé mot kiéu dir lidu triru tuong
khong c6 bat ky mot chi tiét cu thé nao vé cai dit bén trong cua kiéu dir liu . Viéc cai
dat mot kiu dir liéu triru twong doi hoi mot qua trinh chuyén doi tir dic ta cua no sang
mot cai dat cy thé trén mot ngdn ngit 14p trinh cu thé . Diéu nay cho phép ching ta
phan biét cac ADT voi cac thut ngir kiéu dir liéu (data type) va cdu tric dit liéu (data
structure). Thuat ngir kiéu dir lidu dé& cap toi mot cai dat cu thé (co thé 1a kiéu built in
hoac do nguoi dung dinh nghia ) cia mot mo hinh toan hoc dugc dac ta boi mot ADT .
Chu trac dir liéu dé cap t6i mot tap cac bién c6 cung kiéu dugc gin két véinh  au theo
mot cach thire xac dinh nao do.

Vidu vé kiéu dir lidu triru tuong: S6 nguyén.

Kiéu dir liéu trru tuong s6 nguyen ADT Integer:

Dir liéu: mot tap cac chir s va mot dau tién té 1a + hodc -. Chung ta ky hiéu ca s6

la N.

Cac toan tu:

constructor: khoi tao mot sé nguyén
sub(K): tra vé hiéu N — k.
add(K): tra vé tong N + k.

1.2Poi twgng (Objects) va 16p (Classes)

Trong mdt chuong trinh hudng ddi tuong chung ta co cac dbi tuong . Cac ddi tugng
nay la dai dién cho cac ddi tuong thuc trong thuc té . Co thé coi khai niém dbi tuong
trong OOP chinh 1a cac kiéu dir liéu trong cac ngdn ngir lap trinh ¢ cdu trac . Mdi mot
d6i twong co cac dit liéu riéng cia no va duoc goi 1 cac member variable hodc 1a cac
data member . Cac toan tir thao tac trén cac dir liéu nay dugc goi la cac member
function.

M&i mot d6i tuong 1a thé hién (instance) ciia mot 16p. Nhu vay 16p 1a dai dién cho
cac d6i twong co cac member function giéng nhau va cac data member ciing kiéu . Lop
12 mot sy triru tugng hoa cia khai niém ddi tuong . Tuy nhién 16p khong phai 1a mot
ADT, n6 la mét cai dat cia mot dac ta ADT . Cac dbi twong cua cung mot 16p c6 thé
chia sé cac dir liéu dung chung, dit liéu kiéu nay duoc goi 1a class variable.

1.3Ké thwra (Inheritance)

Khai niém ké thira ndy sinh tir nhu cau st dung lai cac thanh phan phan mém dé
phat trién cic phan mém mdi hodc mé rong chirc ning ciia phan mém hién tai . Ké thira
12 mot co ché cho phép cac ddi tugng ctia mot 16p ¢ thé truy cap tdi cac member
variable va function cia mot 16p da dugc xdy dung trudc d6 ma khong  can xay dung
lai cac thanh phan d6. Diéu nay cho phép ching ta c6 thé tao ra cac 16p méi 1a mot mo
rong hodc ca biét hoa ciia mot 16p sin co. Lop mai (goi 1a derived class) ké thira tir 16p



cli (goi la 16p co s¢ base class). Cac ngdn ngir 1ép trinh hudng dbi tuong co6 thé hd tro
khai niém da ké thira cho phép mot lop c6 thé ké thira tir nhidu lop co sb.

Lop ké thira derived class ¢ thé ¢6 thém cac data member mdi hodc cac member
function ma&i. Thém vao d6 10p ké thira c6 thé tién hanh dinh nghia lai mot ham cua
16p co s va trong trudong hop ndy nguoi ta noi rang 16p ké thira di overload ham
thanh vién cua 16p co s6.

1.4 Dynamic Binding (tam dich la rang bud ¢ dong) va Porlymorphism (da xa

hoic da thé)

Chung ta 1y mot vi du dé minh hoa cho hai khai niém nay . Gia st chiing ta c6 mot
16p co so 1a Shape , hai 16p ké thira tir 16p Shape 1a Circle va Rectange . Lop Shape 1a
mot 10p trir u tugng c6 mot member function truu twong la draw (). Hai 1op Circle va
Rectange thuc hién overload lai ham draw cua 16p Shape véi cac chi tiét cai dat khac
nhau ching han vé6i 16p Circle ham draw sé vé mot vong tron con voi  10p Rectange thi
s€ v€ mot hinh chir nhat. Va chung ta ¢c6 mdt doan chuong trinh chinh hop 1€ nhu sau:
int main()

{

Shape shape_list[4];

int choose;

inti;

for(i=0;i<4;i++)

{
cout << “Ngay muon ve hinh tron(0) hay hinh chu nhat(1)”;
cin >> choose;
if(choose==0)

{
shape_list[i] = new Circle();
Yelse{
shape_list[i] = new Rectange();
}
¥
for(i=0;i<4;i++)
{
shape_list[i]->draw();
¥

b

Khi bién dich chuong trinh nay thanh ma thyc hién (file .exe) trinh bién dich khong
thé xac dinh duoc trong mang shape _list thi phan tir nao l1a Circle phéan tir nao la
Rectange va do d6 khong thé xac dinh dwgc phién ban nao cia ham draw sé duogc goi
thuc hién. Viéc goi toi phién ban nao ciia ham draw dé thy ¢ hién s& dugc quyét dinh
tai thoi diém thuc hién chuong trinh , sau khi da bién dich va diéu nay dugc goi la
dynamic binding hodc late binding. Nguoc lai néu viéc xac dinh phién ban nao sé duoc
goi thyc hién twong (mg v6 i dir liéu gan véi nd duoc quyét dinh ngay trong khi bién
dich thi nguoi ta goi do6 1a static binding.

Vi du nay ciing cung cip cho chung ta mot minh hoa vé kha nang da thé
(polymorphlsm) Khai niém da thé duoc dung dé chi kha ning ciia mot thong diép co
thé duoc gui t6i cho cac dbi twong cua nhiéu 10p khac nhau tai thoi diém thuc hién
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chuong trinh. Chung ta thay rd 10i goi téi ham draw s& dugc gui toi cho cac dbi tuong
cua hai 16p Circle va Rectange tai thoi diém chuong trinh dugc thyc hién.

Ngoai cac khai niém co ban trén OOP con ¢ thém mot s6 khai niém khac chang
han nhu name space va exception handling nhung khong phai Ia cac khai niém ban
chat.

3. Ngon ngir lap trinh C++ va OOP.

Gidng nhu bat ky mot ngdn ngilt nao cia con nguwoi  , mot ngdn ngir 14p trinh la
phuong tién dé dién ta cac khai niém , y twdng. Viéc phat trién cac chuong trinh hay
phan mém 1a qua trinh md hinh hda cact rang théi tu nhién cua thé gidi thyc va xay
dung cac chuong trinh dya trén cac mé hinh do.

Céc chuong trinh thuc hién chirc ndng mo6 ta phuong phép cai dat cia mo hinh.

=
Abstraction Programming Language
Problem Modeling Implementation
Space :D’ |:[>- Solution Spoce
I
REAL WORLD FROGRAMMER COMPUTER

Céc thé hé ngdn ngit 1ap trinh: Co thé phan chia cac thé hé ngdn ngir 1ap trinh
thanh 4 the hé:

1: vao nam 1954 — 1958 (Fortran 1) véi dic diém la cac biéu thirc toan hoc

2: vao nam 1959 — 1961 (Fortran 11, Cobol) véi cac thu tuc

3: vao nhitng ndm 1962 — 1970 (Pascal, Simula) voi dic trung 1a cac khéi, cac
10p...
4: dang phat trién chua c6 dan ching thuc té.

Céc ngdn nglr nay ngay cang cach xa ngén nglt may va cac trinh bién dich cia
chung ngay cang phai lam viéc nhiéu hon.

1.1 Sw phat trién céia cac ngén ngir 1ap trinh hwéng doi twong
1967 Simula
1970 to 1983 Smalltalk
1979 Common LISP Object System
1980 Stroustrup starts on C++
1981 Byte Smalltalk issue
1983 Objective C
1986 C++
1987 Actor, Eiffel
1991 C++ release 3.0
1995 Java
1983 to 1989 Language books with OO concepts
1989 to 1992 Object-oriented design books
1992 to present Object-oriented methodology books
Cac ngon ngir 1ap trinh khac
Java
Self
Python
Perl
Prograph



Modula 3

Oberon

Smalltalk Venders

ParcPlace, Digitalk, Quasar
Prolog++

Ada 9X

Object Pascal (Delphi)

Object X, X = fortran, cobal, etc.
C#.

Nhu vay 1a ¢o rat nhiéu ngdn ngir 18p trinh hu:0'ng d6i twong da ra doi va chiém wu
thé trong s6 chung 1a C++ va Java. Mdi ngdn ngir déu c6 dic diém riéng cta no va
thich hop vdi cac linh vuc khac nhau nhung c6 18 C++ 1a ngdn ngit cai dit nhidu dic
diém ciia OOP nhét.

1.2 Ngon ngir 1ap trinh C++.

C++ 1a mot ngdn ngit 1ap trinh hudng doi tugng dugc Bjarne Stroustrup (AT & T
Bell Lab) (giai thuong ACM Grace Murray Hopper naim 1994) phat trién tir ngon ng
C.

C++ ké thura ¢t phap va mot sé ddc diém wu viét cua C  : vi du nhu xtr Iy con tro |
thu vién cac ham phong phii da dang , tinh kha chuyén cao , chuong trinh chay nhanh

.. Tuy nhién vé ban chat thi C ++ khéac hoan toan so véi C, diéu nay la do C++ 1a mot
ngoén ngir 1ap trinh hudng déi twong.

Chwong 2: Nhirng khai niém mé dau

1. Chwong trinh déu tién

1.1 Qua trinh bién dich mot chwong trinh C++

Tat ca cac ngdn ngir trén may tinh déu duoc dich tir mot dang nao d6 ma con ngudi
c6 thé hiéu duoc mot cach dé dang  (cac file ma ngudn duoc viét bang mot ngdn ngir
béc cao) sang dang c6 thé thuc hién duoc trén may tinh (cac 1énh duéi dang ngon ngir
may). Cac chuong trinh thuc hién qua trinh nay chia thanh hai dang dugc goi tén la cac
trinh thong dich (interpreter) va cac trinh bién dich (compiler).

Trinh thong dich : Mot trinh t hong dich s& dich ma ngudn thanh cac hanh dong
(activity), cac hanh dong nay c6 thé bao gdbm mot nhom céc 1énh may va tién hanh
thyc hién ngay 1ap tirc cac hanh dong nay . Vi du nhu BASIC 12 mot ngdn ngit dién
hinh cho c4 ¢ ngdn ngit thong dich . BASIC ¢ dién thong dich timg dong 1énh thuc
hién va sau d6 quén ngay lap tirc dong 1énh vira thong dich . Piéu nay lam cho qua
trinh thuc hién cd mdt chuong trinh cham vi bg thong dich phai tién hanh  dich lai cac
doan ma trung ldp . BASIC ngay nay da thém vao qua trinh bién dich dé cai thién toc
d6 ctia chuong trinh. Cac bo thong dich hién dai chang han nhu Python , tién hanh dich
toan by chuong trinh qua mot ngdn ngir trung gian sau d6 thyc hién bang mot bo thong
dich nhanh hon rat nhiéu.

Céc ngdn ngit 1am viée theo kiéu thong dich thudng co6 mot s6 han ché nhat dinh
khi x4y dung cac dy an 16n (C6 1& chi duy nhét Python 1a mot ngoai 1¢ ). Bo théng dich
can phai luén dugce luu trong bd nhé dé thyc hién cac ma chwong trinh  , va tham chi
ngay ca bo thong dich c6 téc do nhanh nhét cling khong thé cai thién duoc hoan toan
céc han ché toc d6 .Hau hét cac bo tho ng dich déu yéu cau toan bd ma ngudn can phai
duogc thong dich mot 1an duy nhat . Diéu nay khong nhitng dan dén cac han ché vé kich
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thudc cua chuong trinh ma con tao ra cac 16i rat kho g& rdi néu nhu ngon ngir khong
cung cép cac cong cu hiéu qua dé xac dinh hiéu u’ng cua cac doan ma khac nhau .

Trinh bién dich : Mot trinh bién dich dich ma ngudn truc tiép thanh ngdn ngix
assembly hodc cac 1énh may . Két qua cudi cung 1a mot file duy nhét hod ¢ cac file chira
c4c mi may. Day 1a mot qua trinh phirc tap va doi hoi mét vai bude . Qua trinh chuyén
d6i tir ma chuong trinh ban diu thanh ma thyc hién 1a twong ddi dai d6i vi mot trinh
bién dich.

Tuy thudc vao su nhay cam cia ngudi viét trinh bién dich, cac chuwong trinh sinh ra
boi mot trinh bién dich ¢6 xu hudng doi hoi it bd nhd hon khi thyc hién , va ching
chay nhanh hon rat nhiéu . Mic du kich thuoc va tdc d6 thuong 1a cac ly do hang dau
cho viéc st dung mot trinh bién dich, trong rat nhiéu truong hop day khong pha1 la cac
1y do quan trong nhat. Mot vai ngon ngir (ching han nhu C) duoc thiét ké dé cac phan
tach biét cia mot chuong trinh co thé duoc bién dich doc 1ap hoan toan vdi nhau . Cac
phan nay sau d6 tham chi c6 thé két hop thanh mot chuwong trinh thyc hién cudi cung
duy nhat boi mot cong cu 6 tén 1a trinh lién két . Quatrinh nay goi la  separate
compilation (bién dich dc lap).

Bién dich doc lap co rit nhiéu diém loi . Mot chuong trinh néu dich ngay 1ap tirc
toan b s€ vugt qua cac gidgi han cua trinh bién dich hay méi truong bién dich co thé
duogc bién dich theo ting phan . Cac chuong trinh c6 thé duoc xdy dung va kiém thir
tirng phan mot. Néu mot phin nao d6 da lam viéc ding din no ¢ thé duoc luu lai nhu
12 mot khdi da hoan thanh . Tép cac phan da lam viéc va dugc kiém thtr co thé  két hop
lai v6i nhau tao thanh cac thu vién dé cac 1ap trinh vién khac co thé sir dung . Céc dac
diém nay hd tro cho viée tao ra cac chuong trinh 16n.

Céc didc diém g 16i cua trinh bién dich da cai tién mot cach dang ké qua thoi gian.
Céc trinh bién dich dau tién chi sinh ra ma may , va lap trinh vién phai chén cac cau
1énh in vao dé xem thyc sy chuong trinh dang lam gi . Diéu nay khong phai luc nao
cling hiéu qua. Céc trinh bién dich hién dai c6 thé chén cac thong tin vé ma nguon vao
ma thue hién ctia chuong trinh . Thong tin nay sé duoc st dung bdi cac bo gd 16i cap
d6 ngudn day ning lyc dé chi ra chinh xac diéu gi dang dién ra trong mot chuwong trinh
bang cach theo dau (tracing) qua trinh thyc hién ctia né qua toan bd ma ngudn.

Mot vai trinh bién dich giai quyét van dé toc do bién dich bang cach thuc hién qua
trinh bién dich trong bo nhd  (in-memory compilation). Cac trinh bién dich theo kiéu
nay luu trinh bién dich trong bd nhd RAM . Déi véi cac chuwong trinh nhd , qua trinh
nay c6 thé xem nhu 1a mot trinh thong dich.

Qua trinh bién dich

Dé 1ap trinh bang C va C ++ chung ta can phai hiéu ¢ 4c bude va cac cong cu trong
qua trinh bién dich . M0t vai ngoén ngtr (dac biétla C va C ++) bat dau thue hién qua
trinh bién dich bang cach chay mot b tién xuly dbi voi ma nguon . Bo tién xur ly la
mot chuong trinh do n gian thay thé cac mau trong ma nguon bang cac mau khac ma
cac 1ap trinh vién da dinh nghia (su dung cac ch1 thi tién xtr ly . preprocessor
directives). Cac chi thi tién xir Iy duoc sir dung dé tiét kiém viéc g cac doa n chuong
trinh thudng xuyén str dung va ting kha nang dé doc cho ma ngudn . Tuy nhién cac chi
thi tién xir Iy nay d6i khi cling gay ra nhitng 15i rat tinh vi va kho phat hién . M sinh ra
boi bo tién xur ly nay thuong duoc ghi 1én mot file tam.

Céc trinh bién dich thuong thuc hién cong viéc ciia n6 theo hai pha . DAu tién la
phan tich ma tién xtr ly . Bo bién dich chia ma tién xtr Iy thanh cac don vi nhé va to



chtrc ching thanh mot ciu tric goi 1a cay. Vi du nhu trong biéu thic : “A+B” cac phan
tr “A”, “+”, “B” s€ dugc luu trén nat cua cdy phan tich.

Mot bo toi wu hoa toan cuc (global optimizer) d6i khi ciing duogc st dung dé tao ra
ma chuong trinh nhé hon, nhanh hon.

Trong pha thir hai , bd sinh ma duyet qua cdy phén tich va sinh ra hodc la ma
assemble hodc ma may cho cac nut cua cdy . Néu nhu bo sinh ma tao ra ma assembly ,
thi sau d6 chuwong trinh dich m assembler sé& thuc hién cong viéc tiép theo . Két qua
ctia hai trudng hop trén déu 1a mot module object  (mét file thuong co dudi 1a .o hodc
.0bj). Sau d6 mot bd tdi wu hoa nhd  (peep-hole) s& duoc sir dung dé loai bo cac doan
chtra cac cau 1énh assembly thua.

Viée str dun g tr “object” dé mé ta cac doan ma may la mot thyc té khong dung
ldm. Tu nay da duoc dung trudc ca khi lap trinh hudng d6i twong ra doi . Tir “object”
duoc sir dung c6 y nghia nhu 1a tir “goal” khi néi vé viée bién dich , trong khi d6 trong
1ap trinh huéng dbi twong nod lai c6 nghia 1a “a thing with boundaries”.

Trinh lién két két hop mot danh sach cac module object thanh mot chuong trinh
thue hién c6 thé nap vao bd nhd va thuc hién boi hé diéu hanh. Khi mot ham trong mot
module object tao ra mdt tham chiéu téi mot ham hodc mot bién trong mot module
object khac, trinh lién két s& sap xép lai cac tham chiéu ndy ; diéu nay dam bao rang tat
ca cac ham va dir lié u external duoc su dung trong qua trinh bién dich la déu ton tai
Trinh lién két cling thém vao cac module object dac biét dé thuc hién cac hanh dong
khoi dong.

Trinh lién két c6 thé tim kiém trén cac file dic biét goila cac thu vién dé Sép xép
lai tit ca cac tham chiéu toi ching . Mdi thu vién chira mot tap cac module object trong
mot file. Mot thu vién dugc tao ra va bao tri boi mot 1ap trinh vién co tén 1a librarian.

Kiém tra kiéu tinh

Trinh bién dich thuc hién kiém tra kiéu trong pha dau tién cua qua trinh bién dich
Qua trinh kiém tra nay thuc hién kiém thir viéc st dung cac tham sb cua cac ham va
ngan chan rét nhiéu 16i 1ap trinh khac nhau . Vi qua trinh kiém tra kiéu dugc thuc hién
trong qua trinh bién dich chir khong phai trong qua trinh chuong trinh thuc hién nén no
duoc goi la kiém tra kiéu tinh.

Mot vai ngdn nglr 13p trinh huong d6i twong  (Java chang han) thyc hién kiém tra
kiéu tai thoi diém chu’ong trinh chay (dynamlc type checking). Néu két hop ca viéc
kiém tra kiéu tinh va dong thi s& hiéu qua hon nhung kiém tra kiéu dong cling lam cho
chuong trinh thyc hién bi anh hwong doi cht.

C++ st dung kiém tra kiéu tinh. Kiém tra kiéu tinh bao cho lap trinh vién vé cac 15i
vé str dung sai kiéu dir liéu trong qua trinh bién dich , va do d6 toi uu héa tdc do thuc
hién chuong trinh. Khi hoc C ++ chung ta s& th Ay héu hét cac quyét dinh thiét ké cua
ngdn ngwr déu tap trung vao cung cb cac dic dlem tdc d6 nhanh, hudng ddi twong, cac
dac diém ma da lam cho ngon ngir C trd nén ndi tleng

Chung ta c6 thé khong dung tuy chon klem tra kiéu tinh ctia C ++ hodc ciing c6 thé
thue hién viée kiém tra kiéu dong - chi can viét thém ma.

Cac cong cu cho viéc bién dich doc 1ap
Viéc bién dich doc 1ap rat can thiét nhat 1a d6i voi cac dy an 1on . Trong ngdn ngi
C va C ++, mot lap trinh vién c6 thé tao ra cac doan chwong trinh nh6 dé& quan ly va
duoc kiém thir doc 14p . Cong cu co ban dé chia mot chuong trinh thanh cac phan nho
1a kha nang tao ra cac thay thé duogc dat tén hay 1a  cac chuong trinh con . Trong C va
10



C++ mot chuong trinh con duoc goi 1a mét ham , va cac ham 13 cac doan ma c6 thé
duoc thay thé trong cac file khac nhau , cho phép thuc hién qua trinh bién dich doc lap .
N6i mét cach khac ¢ 4c ham 13 cac don vi nguyén tir ciia ma ngudn , vi chung ta khong
thé dat cac phan khac nhau cia ham trong cac file khac nhau nén noi dung cuia mét
ham cén phai duoc dat hoan toan trong mét file (mic du cac file c6 thé chira nhiéu hon
1 ham).

Khi chiing ta goi dén mot ham, ching ta thudng truyén cho né mét vai tham sé , d6
la cac gia tri ma ching ta mudén ham 1am viéc véi khi né thye hién . Khi ham thuc hién
xong chung ta thuong nhan dwge mot  gi tri tra vé , mot gia tri ma ham tra lai nhu la
mot két qua. Ciing c6 thé viét cac ham khong nhan cac tham sé va khong tra vé bat ky
gia tri nao.

Dé tao ra mot chwong trinh v6i nhiéu file , cc ham trong mét file ph ai truy cép t&i
cac ham va dir li€u trong céc file khac . Khi bién dich mot file , trinh bién dich C hoac
C++ phai biét vé& cac ham va dir liéu trong cac file khac dic biét 13 tén va cach dung
ching. Trinh bién dich dam bao ¢ 4&c ham va dit liéu dugc st dung diing ddn . Qua trinh
béo cho trinh bién dich tén va nguyén mau cia cac ham va dit lidéu bén ngoai dugc goi
1a khai bao (declaration). Khi ching ta da khai bao mot ham hoic bién trinh bién dic h
s& biét cach thirc kiém tra dé dam bao cac ham va dit liéu nay dugc str dung ding dan .

Including cac file Header

Hau hét cac thu vién déu chira mot s6 luong dang ké cac ham va bién . Dé tiét kiém
cong sirc va dam bao sy nhéat quan khi khai bao ngoai cac phan tir nay, C va C++ da sur
dung mot loai file dugc goi 1a file header. Moi file header 1a mot file chira cac khai bao
ngoai cho 1 thu vién; theo qui udc cac file nay c6 phan md rong 1a .h, nhung ching ta
ciling co thé dung cac dudi file khac cho chiing chang han nhu .hpp hodc .hxx.

Lap trinh vién tao ra cac file thu vién s& cung cip cac header file . Dé khai bao cac
ham va cac bién bén ngoai thu vién nguoi dung d on gian chi can thyc hién include file
header d6. Dé include mét file header ching ta sir dung chi thi tién xtr Iy #include. Chi
thi nay s€ bao cho bd xtr Iy mo file header c6 tén twong ting va chén ndi dung cua file
d6 vao chd ma chi thi #include duoc st dung. Tén file st dung sau chi thi #include co
thé nam giita hai ddu < va > hoic giita hai dau “

Vi du: #include <header.h>

Néu chung ta str dung chi thi include theo cach trén thi bo tién xur 1y s€ tim file
header theo cach dic thu ddi voi cai dit cua ching ta , nhung thuong thi s& c6 mot vai
duong din ma chung ta chi dinh cu thé trong bién madi truong cia trinh bién dich hoic
trén dong 1énh dé st dung cho viéc tim céc file header. Co ché thiét 1ap cac duong dan
nay phu thudc vao trinh bién dich va méi trudong ma ching ta lam viéc .

Vi du: #include “header.h”

Chi thi tién x{r Iy nhu trén thuong c6 ¥ nghia 1a bao cho bd tién xtr Iy tim file tuong
g trong thu myc hién tai trudc néu khong thy thi sé tim giéng nhu trong truong hop
tén file include dugc dit gitra hai dau < va >.

N6i chung thi dbi voi cac file include chuan hodc dugc sir dung nhiéu chiing ta nén
dac no trong thu muc méac dinh la include dudi thu muc cai dat trinh bién dich va dung
chi thi theo kiéu <>, con d6i véi cac file dic thu voi tmg dung cu thé thi dung kiéu tén
file dat gitra hai dau *”.

Trong qua trinh phat trién cua C ++ cac nha cung cip cac trinh bién dich co cac qui
uGe dit tén khac nhau va cac hé diéu hanh lai ¢6 cac han ché tén khac nhau dic biét 1a
d6 dai ctia tén file . Cac van dé nay gay ra cic van dé vé tin  h kha chuyén cta chuong
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trinh. Dé khic phuc van dé nay nguoi ta di st dung mot dinh dang chudn cho phép cac
tén file header c6 thé dai hon 8 ky tw va bo di phan tén mé rong.

Dé phan biét mot chuong trinh C va C ++ d6i khi nguoi ta con dung cach thém mot
Ky tu “c” vao trudc tén cta cac file header, chi tiét nay cling dugc chap nhan d6i voi C
va C++.

Qua trinh lién két

Trinh lién két tap hop cic module object (thuong la cac file c6 phan mo rd ng la .0
hodc .0bj), duogc sinh ra bdi trinh bién dich , thanh mét chwong trinh ¢6 thé thyuc hién
duoc va hé diéu hanh c6 thé nap vao bd nhd va chay . Day la pha cudi cung trong qua
trinh bién dich.

Céac dic diém cua céc trinh lién két thay ddi phu thudc vao cac hé théng khac nhau .
N6i chung chung ta chi can chi 15 cho trinh lién két biét tén ctia cac module object va
cac thur vién ma ching ta mudn lién két , va tén ctia chuong trinh kha chay cud i cing.
Mot vai hé thong doi hoi ching ta can phai tu goi tdi cac trinh lién két . Tuy nhién hau
hét cac trinh bién dich hoan chinh déu thyc hién ho ching ta cong viéc nay .

Sw dung cac thw vién

Gio day chung ta da bié t cac thuat ngir co ban , chung ta c6 thé hiéu cach thirc sir
dung mot thu vién. Dé st dung mot thu vién can phai:

e Include file header cua thu vién

e Sir dung cac ham va cac bién trong thu vién

e Lién két thu vién vao chuong trinh kha chay cudi ciing

Céc budce nay cling diing vdi cac module object khong ¢ trong cac thu vién
Including mét file header va lién két cac module object 1a cac budc co ban dé thuc
hién viéc bién dich doc lap trong C va C++.

Trinh lién két 1am thé nao dé tim mét file thw vién

Khi ching ta tao ra mot tham chiéu ngoai toi mot ham sé hodc mot bién s trong C
hoac C++, trinh lién két , khi bat gap tham chiéu nay , co thé thuc hién mot trong hai
viéc sau: néu né chua thiy phan dinh nghia cia ham hay bién nay , n6 s& thém dinh
danh vao danh sach cac tham chiéu chua duoc dinh nghia ciané . Néu nhu trinh lién
két da bat gap dinh nghia cua tham chiéu d6, tham chiéu s& duoc sip xép lai.

Néu nhu trinh lién két khong tim thay dinh nghia cua tham chiéu trong danh sach
cac module object no s& tién hanh tim kiém trong cac thu vién . Cac thu vién c6 mot
vai loai chi s6 nén trinh lién két khong can th  iét phai tim kiém hét trong cac module
objetc cuia thu vién — n6 chi can xem xét cac phan chi myc . Khi trinh lién két tim thay
mot dinh nghia trong mot thu vién , toan bd module object chit khong chi phan dinh
nghia ctia ham , s& duoc lién két vao chuong trinh thuc hién . Chu ¥ ring toan bo thu
vién s¢ khong duoc lién ket chi co phén dinh nghia ma chuong trinh tham chiéu t6i
Nhu vy néu chung ta mubn téi wru vé kich thudc cta chu:ong trinh chtn 8 ta c6 thé cho
moi ham vao mot file khi xay du:ng cac thu vién riéng cia minh . Diéu nay doi hoi cong
strc edit nhidu hon nhung cung c6 thé c6 ich.

Vi trinh lién két tim kiém céc file theo tht tu ching ta c6 thé che di sy td n tai cua
mot ham thu vién bang cach dung ham cua chiing ta véi phan dinh nghia va prototype
y hét nhu ham thu vién . Tuy nhién diéu nay ciing ¢ thé gay ra cac 16i ma chung ta
khong thé kiém soat dugc.
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Khi mot chuong trinh kha chay duoc viét bang C hodc C ++ duoc tao ra, mot s6 cac
thanh phan nhét dinh s& duoc lién két véi né mot cach bi mat . Mot trong cac thanh
phan nay chinh 1a module khoi dong  (startup), module nay chira cac thu tuc kho i tao
can phai duoc thuc hién bat cir khi nao mot chuwong trinh C hay C ++ bat dau chay. Céc
thu tuc nay thiét 14p stack va cac bién khoi tao nhét dinh trong chuong trinh.

Trinh bién dich lu6n thue hién viéc tim kiém trong cac thu vién chuén dé thyuc hién
lién két cac ham chuan ma ching ta ding trong chuong trinh nén dé dung cac ham
trong cac thu vién chuén chung ta don gian chi can include file header cua thu vién do6 .
Con dbi voi cac thu vién riéng do ching ta tao ra ching ta can chi rd tén thu vién cho
trinh lién két (chang han thu vién graphics khong phai la mot thu vién chuén).

1.2 Chwong trinh dau tién.

Cach tot nhit dé hoc 13p trinh 13 xem cic chwong trinh ciia n guwoi khac viét va
hgc tap cac ky thuit 1ap trinh cia hg . Sau day la chwong trinh HelloWorld dwgc
viét bang C++, mdt chwong trinh ma hau hét cac sach 1ap trinh déu liy lam vi du
mé dau.

// Chuong trinh HelloWorld
// File hello.cpp
// In ra man hinh xdu “Hello, World!”

#include <iostream.h> // Khai bad ludng cout dé su’
dung

int main () {

cout << "Hello, World! I am "

<< 20 << ™ today.” endl;

return 0;

}

Diéu dau tién ching ta can biét 1a mot chwong tri  nh C hodc C ++ 13 mot tip cac
ham, bién va cac 161 goi ham . Khi chuong trinh thyc hién no sé goi dén mot ham dic
biét ma bat ctr chwong trinh nao cling c6 d6 1a ham main.

V& mit thuat toan va nodi dung chuong trinh nay khéng cé gi dic biét, nd in ra man
hinh mot dong chao mimng : “Hello, World!”. Chiing ta s& lan luot kham pha cac dic
diém ciia C++ qua cac cau 1énh cta chwong trinh don gian nay.

Hai dong dau tién cua chuong trinh 1a hai dong  chi thich, gidi thiéu vé chic niang
ctia chuong trinh. C++ chp nhan kiéu viét chu thich theo kiéu cua C:

/*

cht thich ¢6 thé gém nhiéu dong

*/

Nhung dua ra mét kiéu cha thich khac tién loi hon 1a:

/ chi thich, chu ¥ 13 chu thich nay chi nam trén mot dong

Mot s6 1ap trinh vién thich dung kiéu cha thich cia C  ++ hon vi nhu thé d& dang
phén biét mot chuong trinh C véi mot chuong trinh C - ++. Mac du day khong phai la
mot qui tic bat budc song chiing ta nén dung kiéu thir hai va néu c6 dung kiéu thir nhat
thi can phai theo mot qui luat nhat dinh.

Tiép theo 1a mot chi thi tién xtir Iy #include. O day chung ta include file header
iostream chira cac dong vao ra chuan cii a C++. Thuong khi chiing ta include mot file
header ching ta nén c6 kém mét vai chu thich ngan gon vé muc dich cua file 46, chang
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han & day chung ta include file header iostream 13 vi can sir dung ddi twong cout trong
thu vién iostream.

Tiép theo 1a ham main () c¢6 kiéu tra vé 13 int va khong nhan tham s6 nao . Gidng
nhu C tat ca cac chuong trinh C  ++ déu c6 mot va duy nhat mot ham main () va néu
chung ta khong noi gi c6 nghia la ham main s tra vé m 4t gia tri co kiéu int nén dé
tranh mot vai rac rdi ching ta nén xac dinh kiéu ciia ham main 13 int va tra vé 0 trudc
khi két thiic ham . Prototype cta ham main 1a : int main() c6 nghia 13 ham nay c6 thé
nhan bat bao nhiéu tham sé tuy y.

Trong céu 1énh tiép theo chiing ta st dung dbi twong cout (console output) dé in ra
mot loat cac tham sb thong qua cac toan tir “ <<”. Chung ta d3 biét trong ngdén ngit C
toan tr “<<” la toan tu dich bit trai ‘nhung trong C++ ngoai ¥ nghia la mét toan tir dich
bit trai nd con la mot toan tr cua d6i twong  cout, d6 chinh la mot minh hoa cho kha
nang overload cac toan tu cua C ++ ma chung ta s& hoc sau nay . Cung can chu y 1a cau
1énh nay duogc viét trén nhiéu dong C++ cho phép mot cau 1énh co thé viét trén nhiéu
dong Trinh bién dich nhan biét su két thiic mot cau 1énh trong C ++ bang cach nhan
biét sy co mit cua cac dau «;”

endl 1a mot ham dac blct th udc thu vién cac ludng vao ra chuan né két thuc dong
hién tai ctia cout 1 nhay xudng dong tiép theo.

Déi tugng cout c6 kha nang xir Iy nhiéu tham s6 twong ing véi cac toan tir “ <<,
N6 xem cac tham s d6 nhu 1a mot diy ¢ 4c ky tu, néu 1a cac kiéu dir liéu khac (ngoai
kiéu xau: cac ky tu giita hai ddu “ va «) cout s& c¢6 hai cach thire xtr ly. Thir nhit néu do
1a cac kiéu co ban chung s& dugc chuyén thanh mot ddy cac ky tu gitra hai ddu <, con
néu 1a mot kiéu ty dinh nghia (16p hodc struct) thi c6 thé s& goi téi ham overload toan
tlr clia kiéu d6 “<<”.

Dong 1énh cudi cing 14 cau 1énh return 0 dé phu hop véi prototype ciia ham main
dugc khai bao ban dau.

Dé tién hanh bién dich chuong trinh trén ching ta thuc hién 1énh:

Tcc —eHello hello.cpp. Két qua nhan duoc 1a mét file kha chay c6 tén 1a hello .exe.

2. Bién, hiang va tAm hoat dong cua cac bién

2.1 Cii phap khai bao bién (variable declaration)

Y nghia ctia cum tir “variable declaration” da tirng c6 nhing ¥ nghia trai nguoc
nhau va gy nham lan trong lich sir, va viéc hiéu dung dinh nghia cta cum tir nay 1a rat
quan trong trong viéc hiéu dung ddn ma chuon g trinh. Mot khai bao bién sé bao cho
trinh thong dich biét cac dic diém ciia mot bién duogc khai bao. Mic du c¢6 thé d6 1a 1an
dau tién trinh bién dich bat gap bién d6 trong qua trinh bién dich nhung mot khai bao
bién dung dan sé dam bao rang bién d6 la ton tai  (dau do trong bd nhd ) va nd 1a mot
bién co kiéu X.

C1 phap khai bao bién hop 18 trong C++ 1a:

<kiéu bién> tén bién;

Trong d6 “kiéu bién” 1a mot kiéu dir 1iéu hop 1& va tén bi én 1a mot tén hop 18 theo
nhu dinh nghia trong C.

Vidu:int a;

Khi gap mdt khai bao nhu trén trong qua trinh bién dich, trinh bién dich s& ngay lap
tic tao ra mot ving nhd  (c6 thé co thém gia tri khoi tao ) cua bién kiéu s 6 nguyén va
gan nhén 13 a (x4c dinh hay dinh nghia bién). Tuy nhién d6i khi ching ta chi mu6n don
gian khai bao mot bién la ton tai (¢ dau do6 trong toan by chuong trinh chtr khong
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mubn ngay lap tirc dinh nghia bién d6). Dé giai quyét truong hop niy chung ta s& dung
tor khoa extern, vi du:
extern int a;
Khai bao nay sé& bao cho trinh bién dich biét ring bién c6 tén 1a a 1a ton tai va n6 da
hodc s¢€ duoc dinh nghia dau do trong chuong trinh.
Vi du:
// file: Declare.cpp
// Vi du khai bdo va dinh nghia bién
extern int i; // khai bao va khédng dinh nghia
float b; // khai bao va dinh nghia
int i; // dinh nghia bién i
int main () {
b =1.0;
i = 2;
}
Céc bién c6 thé du oc khai bao ¢ bat ky mot vi tri ndo trong chuong trinh , diéu nay
c6 do1 chut khéc biét so voi cac chuong trinh C.

2.2 TAm hoat dong cua cac bién

Khai niém tam hoat dong ciia cac bién cho chiing ta biét khu vuc (phan chuong
trinh) ma mot bién nao d6 co thé duoc st dung hop 1€ va khu vuc nao thi viéc truy cap
toi mot bién 1a khong hop 16. TAm hoat dong cia mot bién bat dau tir vi tri ma n6 duoc
khai bao cho ti dau “ }” dau tién khop vo i dau “{“ ngay trudc khai bao cua bién do .
C6 nghia 13 tAm hoat dong ctia mot bién duoc xac dinh 1a trong cip ©  {“va“}” gan
nhit bao nd. T4t nhién tim hoat dong cta cac bién co thé chong 1én nhau.

2.3Khai bao bién ngay trong cu phap cua cac ciu l1énh diéu khién

Nhu chung ta da biét trong cac chuong trinh C ++ viée khai bao bién 1a kha tu do .
Céc bién c6 thé duoc khai bao & bat ky vi tri hop 18 ndo cta chuong trinh mién 1a
ching phai la xac dinh trudc khi dugce st dung.

Trong ngdn ngir C va hau hét cac ngdn ngir thu tuc khac 1ap trinh vién bat budc
phai khai bao cac bién tai phan dau tién ctia mdi thi tuc . Do @6 khi doc cac file ma
nguon C ching ta ludn tha y mot loat khai bao cac bién sé dugc dung mdi thu tuc &
phan dau cua thu tuc. Diéu nay sé rat bat tién khi mot thu tuc c¢d nhiéu bién hoic dai vi
viée kiém soat bién (tén, gia tri khoi tao, tim hoat) s& tré nén kho khan.

Di xa hon ca viéc cho phép khai bao bat ky vi tri nao hop 1é trong chwong trinh
C++ con cho phép khai bao va khai tao cac bién ngay bén trong biéu thic diéu khién
cua cac vong lap for, while, do hodc trong cau Iénh if, switch. Vi du:

for(int i=0;i<10;i++){

}
while(char ¢ = cin.get() !=°q’){
}
if(char x =c==‘a’ || c == "b"){
}
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switch(int i=cin.get()){
case ‘A’: ...; break;

}

Mac du vay viéc khai bao nhu trén chi thuong dugc dung voica ¢ vong lap for vi
d6i khi nd gay ra mot s6 18i. Vi du cau lénh:

while( (char ¢ = cin.get()) '="q” ){

}

s€ lam chung ta ngac nhién véi két qua nhan dugc . Vi toan tir = c6 d6 uu tién cao
hon toan tir gan = nén ¢ s& nhan mot gia tri ¢6 kiéu Bool va sau d6 méi duoc convert
sang kiéu char.

2.4 C4c kiéu bién

Bién toan cuc (global variable)

Céc bién toan cuc dugc dinh nghia bén ngoai tat ca cac ham va c6 thé duoc str
dung trong tat ca cac phan ciia chuo ng trinh (tham chi ngay ca phan chuong trinh nam
trong mot file ma ngudn khac ). Cac bién toan cuc khong bi anh hudng béi cac tim
hoat dong (chung ton tai cho t&i khi chuwong trinh két thuc).

Khi can tham chiéu tdi cac bién toan cuc trong mot file ma né chua duoc khai bao
(bién nay duoc khai bao trong mét file khac ) ching ta sir dung tir khoa extern dé chi ra
rang bién d6 1a mot bién toan cuc duoc khai bao trong file khac.

Bién cuc b (hay dia phwong, local)

Céc bién dia phwong thuong duoc khai bao trong mot pham vi hay tam hoat dong
nhat dinh, thuong la trong mot ham. Cac bién dja phuong nay con dugc goi 13 cac bién
tu dong vi chung ta co thé st dung chung moét cach ty nhién trong tam hoat dong cua
chung va ban than ching cling ty dong “out of scope” bén ngoai pham vi hoat dong
Chung ta c6 thé str dung tir khoa auto dé 1am rd hon diéu nay.

Bién thanh ghi (register variable)

Céc bién thanh ghi 1a mot loai bién cuc bo . Dé khai bao cac bién thanh nghi ching
ta dung tir khoa register. Muc dich cua viéc khai bao cac bién register 1a bao cho trinh
bién dich biét dé no co thé lam cho viée truy cd  p vao cac bién nay voi toe do cang
nhanh cang t6t. Viéc ting toc do truy cap bién 1a phy thudc vao cai dit tuy nhién nhu
ngu ¥ cia tir register diéu nay thuong dugc thuc hién bang cach dit bién vao mot
thanh ghi. Khdng c6 gi dam bao 13 bién dugc khai bao 14 register s& dugc dat trong
mot thanh ghi hodc thim chi téc d6 truy cip sé nhanh hon . D6 chi 1a mét goi ¥ cho
trinh bién dich.

Khong thé thyc hién cac bién thanh ghi kiéu nay , chung ciing chi c¢6 thé 1a cac bién
dia phuong, khong thé 1a cac bién toan cuc hodc cac bién tinh va noi chung ching ta
nén tranh dung chung.

Bién tinh (static variable)

Céc bién tinh dugc khai bao bang tir khoa static . Binh thuong dbi voi mot bién
duoc khai bao cuc bd trong mot ham sb , no s& tw dong bi loai bo khoi bd nhé khi ham
dugc goi thue hién xong . Khi ham duoc goi thuc hién lai lan nita , céc bién cuc bo lai
duogc khoi tao lai va ¢ 1 thé. Tuy nhién d6i khi chiing ta mubn luu lai cAc gi tri cua
mot bién s6 da co dugce trong cac 1an goi thuc hién trudc ciia ham , khi d6 viéc dung
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bién static 1a hop ly . Cac bién static chi dugc khai tao 1an dau tién kh i ham duoc goi
t61 14n dau tién . Chung ta c6 thé bian khodn ty hoi 1a vay tai sao khong ding cac bién
toan cuc cau tra 101 1a cac bién static c6 tam hoat dong trong mgt than ham do do
ching ta co thé thu hep cac 16i lién quan t6i viée sir dung bién nay , c6 nghia kha ning
151 1a thap hon so v6i dung bién toan cuc.

Ngoai ¥ nghia trén tir khoa static thuong c6 mot y nghia khac d6 1a “khong thé st
dung ngoai mot pham vi nhit dinh” . Khi tir khoa static dugc dung de khai bao mdt tén
ham hoac mdt blen nam ngoai tat ca cac ham trong mot file ma ngudn thi 6 nghia la
bién d6 chi c6 tam hoat dong trong file d6 ma théi . Khi d6 ching ta néi la bién do co
tam hoat dong file.

2.5Lién két bién khi bién dich

Dé hiéu cach thic hoat dong cua cac chuong trinh C va C++ chung ta can phai hiéu
qua trinh lién két dién ra nhu thé nao. C6 hinh thuc lién két cac bién khi bién dich: lién
két trong va lién két ngoai.

Lién két trong c6 nghia la bd nhé (ving luu trir) duoc tao ra dé biéu dién dinh danh
chi cho file dang dugc bién dich . Céc file khac co thé sir dung dinh danh do ddi véi
lién két trong , hodc voi mot bié n toan cyc. Lién két trong thuong duoc thuc hién voi
cac bién static.

Lién két ngoai c6 nghia la mdi ving nhé duoc tao ra dé biéu dién dinh danh cho tit
ca céc file dang duogc bién dich. Cac ving nhé nay chi duoc tao ra mot 1an va trinh lién
két phai sap xép lai tat ca cac tham chiéu téi ving nhd d6 . Cac tén ham va céc bién
toan cuc co cac lién két ngoai va chiing c¢6 thé duoc truy cap trong cac file khac bang
cach khai bao bang tir k hoa extern. Cac bién dinh nghia ngoai cac ham (trtr cac const)
va cac dinh nghia ham 1a mic dinh d6i véi lién két ngoai . Chiing ta c6 thé budc chiing
thyc hién cac lién két trong bang tir khoa static va chi 1o lién két ngo  ai bang tir khoa
extern.

Céc bién cuc bd chi duoc sir dung tam thoi |, trén stack khi cac ham duogc goi toi
Trinh lién két khong biét téi chung va do d6 khong cé qua trinh lién két nao duogc thyuc
hién.

2.6 Cac hing

Trong cac trinh bién dich C ¢6 dién chung ta c6 thé khai bao cac hang bang cach str
dung chi thi tién xir 1y, vi du:

#define P1 3.14159

Khi d6 trong qua trinh tién xr ly bo tién xtr ly s& thyc hién thay thé tat ca cac ky
hiéu PI ma n6 gip trong cac file ma ngudn bang gia tri 3.14159.

Chung ta van c6 thé str dung cach nay trong C ++ tuy nhién c6 rat nhiéu van dé dbi
voi kiéu khai bao nay . Chiing ta khong thé thyc hién kiém tra kiéu déi véi PI , khong
thé 14y dia chi ciia PI (vi thé khong thé dung con tré tré vao bién ndy ). PI cung khong
thé 1a mot bién co kiéu nguoi dung dinh nghia . Ciing khong thé xac dinh duoc tim
hoat dong cua PI.

C++ sir dung tir khoa const dé khai bao cac hang, ct phap khai bao gidng nhu khai
bao bién chi khac 1a gia tri cia hang 1a khong thay doi.

Céc hing trong C ++ déu phai khoi tao trudc khi sir dung . Cac gia tri hang cho cac
kiéu built-in dwgc biéu dién nhu 1a cac s thip phén, bat phan, s6 hexa hoic cac sb dau
phiy dong (dang budn la cac s6 nhi phan duogc cho la khéng quan trong) hoic 1a cac ky
tu.
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Néu khong c6 cac chi dan khai bao nao khac cac hang duoc coi 1a cac s6 tha p phan.

Céc hang bat dau bai sé 0 dugc xem la cac hing trong h¢ bat phan , con Ox la cac
hang trong hé hexa . Cac hang diu phiy dong dugc biéu dién boi phan thép phan va
dang mii hoa vi dy: 1e4, 1.4e4. Ching ta c6 thé thém cac hau t6 f, F, L, 1 dé chi o kiéu
ctia cac hang loai nay.

Céc hang ky tu duoc biéu dién giira hai ddu * , néu la ky tu dic biét thi c6 thém dau
\ dung trudc.

Bién kiéu volatile

Trong khi tir khoa const c6 nghialabi én khong thay doi gla trj thi khai béo bién
voi tu khoa volatile ¢o nghia la chung ta khong biét bién nay s& thay dm luc nao va do
do trinh bién dich s€ khong thuc hién cac tdi wu hoa dya trén gia thiét vé su on dinh
ctia bién nay. Mot bién volatile sé duoc doc vao khi ma gia tri cua né dwoc can dén.

Mot truong hop didc biét cua cac bién volatile 1a khi ching ta viét cac chuong trinh
da ludng. Vi du khi chiing ta dang cho doi mot codn a0 d6 dang duoc xir 1y boi mot
ludng khac thi bién co d6 bat budc phai la volatile.

Cac bién volatile khong c6 anh hu0’ng gl to1 chuong trinh néu chung ta khong thyuc
hién t6i wu hoa n6 nhung s& c6 thé co cac 18i rat tin - h vi khi chiing ta tién hanh t&i uu
hoa chuong trinh.

3. Ham trong C++

Trong ng6n ngu C cd (khong phai la ngén ngu C chudn ma chung ta dung hi¢n
nay) chung ta c6 thé thyc hién viéc goi ham véi s6 hmng tham s6 cling nhu kleu tham
sO tuy y ma trinh bién dich sé khong phan nan gi ca . Tat ca duong nhu déu tét cho toi
khi chiing ta chay chuong trinh. C6 thé chiing ta s& nhan duoc cac két qua rat kho hiéu
ma khong ¢ bat cr mot dau hidu hay goi ¥ nao vé chung. Pay co 18 1a mdt trong cac
ly do lam cho C tro thanh moét ngén ngr duwoc danh gia 1a ngén ngir Assembly cap cao.

_Ngonngur C chuan va C ++ ngay nay c6 mot co ché go1 la nguyén mau hay ban
mau ham (function prototype) Vi co ché nay ching ta can khai bao kiéu cua cac
tham s cua ham, kiéu cia ham kh1 khai bao va dinh nghia chung . Su khai bao hay mo
ta r6 rang nay dugc goi 1a biéu mau ciia ham . Khi ham dugc goi trinh bién dich sé sur
dung biéu mau cta ham dé kleum tra xem cac tham sé duoc truyén co dung kiéu s
lugng cung nhu gia tri tra vé ciia ham c6 duoc xur ly dung hay khong . Néu nhu c6 cac
16i trong qua trinh kiém tra xay ra trinh bién dic h s& thong bao ngay cho lap trinh vién
biét trong qua trinh bién dich.

Cu phép khai bao mot ham nhu sau:

<kiéu tra vé ciia ham > <tén ham>(<danh sach cac kiéu tham sb va tén ngin cach
nhau boi déu phay>);

Vi du: int max(int x, int y);

Vé ban chat ching ta khong can c6 cac tén tham bién , chiing chi thyc su can khi
chung ta st dung chung trong viéc dinh nghia cac ham . Tuy nhién diéu nay cling
khong phai 1a bit budc dbi voi C++ (trong C 1a bit budc). Chiing ta c6 thé c6 mot tham
s6 nao d6 khong c6 tén va no s& khong duogc sir dung trong than ham (it nhién vi n6
khong c6 tén). Khi ching ta goi téi ham d6 chiing ta van phai truyén dung cac tham sé .
Tuy nhién tac gia cua ha m do sau d6 van c6 thé st dung tham sb & dau d6 ma khong
can thiét phai thay déi cac 161 goi ham . Diéu nay rit tién khi ching ta khong mudn co
cac 10i canh bao vé viéc khong sir dung mot tham s nao do6 trong than ham.
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C va C++ c6 hai cach khac nhau dé dinh nghia danh sach cac tham s6 . Néu chl'mg
ta c6 mot ham func(), Ct+t & hiéu 14 ham nay khong c6 tham s, C lai hiéu la ham nay
c6 thé c6 bat ky tham sé nao . Mot ham func (void) s& duoc hiéu 1a khong c6 tham sb
trong ca C va C++.

Mot trrong hop ntra xay ra la khi chung ta khong xac dinh duoc sb tham sb cling
nhu kiéu tham sé cua ham ma chung ta mudn khai bao (goi 1a mot danh sach tham
bién: variable argument list). Khi d6 chung ta sé str dung ky phap (...). Tuy nhién nén
han ché sir dung n6 trong C ++, chiing ta c6 nhiéu cach khac dé dat dugc két qua nay
ma khong can t6i ky phap do.

Cac gia tri tra Vé cua ham

Trong nguyen mau ham chung ta budc phai chi o kleu ciaham , néu mot ham
khong c6 kiéu tra vé thi kiéu cta né 1a void . Trong mdi mot than ham c6 kiéu bao gio
clng co it nhat mot cau 1énh return. Khi gap 1€nh nay trong qua trinh thyc hién, ham s¢&
két thuc. Trong cac ham khéng kiéu cling co thé dung return dé thoat khoi ham

Mot trong cac diém manh cta ngoén ngit C va C ++ 1a mot thu vién ham rit phong
phti va linh hoat . Dé sir dung chiing , 13p trinh vién ch i can thyc hién include cac file
header chira cac prototype cua ching trong chuong trinh , phan con lai sé tu do trinh
bién dich va trinh lién két thyc hién.

Chung ta c6 thé tao ra cac thu vién ham riéng cho minh dé sir dung . Tuy nhién hay
xem k¥ phan manual cua trinh bién dich trudc khi thuc hién.

4. Cac cu tric diéu khién

Céc cau lénh diéu khién 1a diéu ma moi lap trinh vién can phai biét trudc khi viét
bat cir mot chuong trinh nao . Ching ta ¢ 6 cac cau 1énh diéu khién : if-else, while, do,
do-while, for va cau 1énh Iva chon switch.

Céc cau lénh diéu kién dua trén két qua ding hodc sai ciia mot biéu thirc diéu kién
dé xac dinh duong di ciia chuong trinh . Trong C++ hai tir khoa true va false da duoc
dura vao dé biéu thi cho két qua ding hoic sai cia mot biéu thirc diéu kién , tuy nhién
cac qui ude cil van c6 thé duoc dung : mot gia tri bat ky khac 0 s& duoc coi 1a ding va
mot gia tri bang 0 c6 nghia 12 sai.

4.1 Cau lénh if-else
Cau l1énh diéu kién if — else ¢o thé duoc st dung dudi hai dang khac nhau : ¢6 hodc
khong c6 phan ménh dé else. Ct phap cta hai dang nay nhu sau:
if(expression)
statement
hoac
if(expression)
statement
else
statement
Biéu thirc expression cho mot gia tri true hodc false . Phan c4u 1énh “statement” ¢o
thé 1a mot cau 1énh don két thic bang mot dau chim phay cling ¢6 thé 1a mot cau 1énh
hop thanh, mot tap cac cau 16 nh don gilta hai ddu { va }. Chua ¥ 13 phan cau 1énh
statement cling c6 thé bao gdm cac cau lénh diéu kién if — else.

4.2Vong lap khong xac dinh while
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Cu phap:
while (expression)
statement

Biéu thirc dugc tinh toan 1an dau tién tai thoi diém bat dau cua vong lap va sau d6
duoc tinh lai mdi khi lap lai qua trinh thuc hién cu [énh . Diéu kién dé dung vong lap
khong xac dinh while 1a gia tri cua biéu thirc expression bang false.

Nhu vay diéu can cha ¥ ¢ ddy 1a cau 1énh trong than vong lip c6 thé khong duoc
thue hién trong trudong hop biéu thie diéu kién cho gia tri false ngay 1an déu tinh toan.

Doi khi ching ta khong can str dung biéu thire diéu kién dé két thuc vong lap
while, d6 ciing 1a truong hop don gian nhét cua biéu thirc didu kién.

4.3Vong lap khong xac dinh do — while

Su khac biét cua vong 1dp do — while so v6i vong 13p while 1a vong 1ap do — while
thuc hién it nhat mot lan ngay ca khi biéu thirc diéu kién cho gia tri false trong 14n tinh
toan dau tién. Cu phap cua vong lap do — while:

do
Statement
while(expression);
Vi mdt vai ly do céc 1ap trinh vién thuong it st dung vong 1dp do  — while hon so

voi vong lap while.

4.4Vong lap xac dinh for

Vong lap for thuc hién mot thao tac khi tao trudc khi thuc hién lan lip dau tién
Sau do6 thyc hién qua trinh kiém tra diéu kién thuc hién ctia vong lap , vatai cubi moi
14n thyuc hién cia vong 1ap thuc hién mot thao tac nhay qua mot so gia tr1 nao do cua
bién diéu khién. Ct phap:

for(initialization; conditional; step)

statement

Bét ky biéu thirc nao trong cac biéu thirc initialization , conditional va st ep déu co
thé 1a cac biéu thirc rng tuy nhién trong truong hop do can gitr lai cac ddu chim phay .
Biéu thirc khoi tao chi dugc thyc hién 1an dau tién trude khi vong 1ap duogc thuc hién
Biéu thirc conditional s& dugc kiém tra mdi khi vong lap thuc hién va néu né nhén gia
tri false ngay lan dau tién than cua vong 1ap s€ khong dugc thuc hién . Tai thoi diém
két thuc cta than vong lap biéu thirc step s& duge thuc hién.

Tuy c6 su khac nhau so ng vé ban chit cac vong lap for , while va do — while co su
turong ddng va chung déu ¢ thé chuyén doi cho nhau . Vong lip for duogc sir dung
nhiéu hon do mét s6 nguyén nhén sau:

Trong vong lip for c6 sy khdi tao ban dau , dong thoi nd gitr cho cac cau 1énh gan
nhau hon va dé thay tir dinh chu trinh , diic biét 1a khi ching ta ¢6 nhiéu chu trinh 16ng
nhau. Vi du:

Thuat toan sép xép Shell — sort: Y tuong ciia thuat todn nay lao m€~)i budce thay vi
s0 sanh va doi chd hai phan tir ké nhau nhu trong phuong phap sap xép don gian chung
ta s so sanh va d6i chd hai phan tir cach xa nhau . Piéu nay hu:0’ng toi viéc loai bo qua
nhiéu sy mat trat ty mot cach nhanh chong chonén o  cac giai doan sau con it cong
viéc phal lam Khoang cach gitra cac phan tr so sanh ciing dugc giam dan téi mot lac
viéc xap xép trd thanh viée ddi chd hai phan tir ké nhau.

void shellSort(int * a, int n){

int gap, i, j, temp;
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for(gap = n/2; gap > 0; gap /= 2)
for(i = gap; i <n; i++)
for(j = i-gap; j >=0 && a[i] > a[i + gap]; j -= gap){
temp = afj];
alj] = alj + gap];
a[j + gap] = temp;

}

Mot cha y thir hai 1a cac toan tir du phay cling thuong  duoc sir dung véi cac biéu
thirc trong phan diéu khién cua vong lap for vi du nhu khi dé diéu khién nhiéu bién chi
s6 chang han:

char * reverse(char *s){

intc, i, j;
for(i=0,=strlen(s) — 1; i <j; i++, J--)
' ¢ = s[i];
s[i] = s[il;
sli] =¢;
¥

¥

4.5 Cac tir khoa break va continue

Chung ta c6 thé thuc hién diéu khién viéc thuc hién trong than cac vong lap bang
cac cau 1énh break va continue. Cau Iénh break sé thoat khoi than vong 1ap va khong
thuc hién phﬁn con lai, cau Iénh continue quay tro lai thuc hién budce lap tiép theo (bd
qua phan cac ciu 1énh nam sau no trong vong lap ). Lénh break 1a can thiét dé thoat
khoi cac vong 1ap ma diéu kién thuc hién ludn ludn ding chéng han nhu while(true)....

4.6 Cau Iénh lya chon switch
Cau 1énh switch lua chon thuce hién cac ciu 1énh trong mdt nhom cac cau 1énh dua
trén gia tri cua mot biéu thirc nguyén. Ct phép ctia né nhu sau:
switch(bién lya chon)
{
case integral_valuel: statement; break;
case integral_value2: statement; break;

(...)

default: statement;

¥

Biéu thuc lya chon sau khi thyc hién s€ cho mét gia tri nguyén . Gia tri nguyén nay
dugc so sanh voi mdi gia tri hodc mot sd gid tri nguyen néu trung khop cau 1énh tuong
g s& dugc thue hién . Néu khong c6 su trung khop nao xay ra cau 1énh trong phan
default s¢ duoc thyc hién.

Chu y rang cau 1énh break ngay sau mdi phan lya chon case c6 thé khon g can sur
dung tuy nhién khi do6 cac cau 1€nh tiép sau lua chon do6 s€ duoc thuc hién cho to1 khi
gip phai mot 1énh break . Néu co 1énh break cac cau 1énh tiép sau lya chon sé khong
dugc thuc hién, chuong trinh s€ thoat khoi than 1énh switch.
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4.7 Cau Iénh goto

Cau I¢nh goto ciing la mjt cdu I¢nh co ban cua C~ ++ viné c6 trong C . Néi
chung la chung ta nen tranh dung goto tuy vay c6 mjt so trwong hop viéc dung
goto cung c6 thé chap nhin dwoc nhw khi chua ng ta mudn thoat hoan toan ra khoi
tit ca cac vong lip long nhau twr vong lip trong cung.

4.8 D¢ qui

bé qu1 1a mot k¥ thuat thuong dugc dung dé glal quyét cac Van dé c6 do phuc tap
khong xac dinh khi ma ching ta thuong k hong can phai lo ling vé kich thudc bd nhd
can str dung. Céc bai toan dé qui thudng duoc giai quyét theo chién lugc chia dé tri.

5. Céc kiéu dir liéu co ban ciia C++

Cac kleu dit lidu co ban cua C ++ hau hét déu ké thura cua C ngoai trir kiéu bool véi
hai hang s6 true va false.

Dic ta ciia ngdn ngit C chuén cho cac kiéu dit lidu built  — in khéng chi rd cu thé
cac kiéu dir liéu ndy can bao nhiéu bit . Thay vao d6 né qui dinh cac gia tri max va min
cac bit ma mdi kiéu dir liéu c6 thé chira . Khi do tuy thudc vao hé théng nén ma ching
ta str dung cac bién ctia cing mot chuong trinh sé ¢o kich thudc khac nhau khi bién
dich trén cac hé théng khac nhau . Vi du véi cac chu ong trinh chay trén DOS cac bién
kiéu int s& co kich thudc la 2 byte tirc 16 bit nhung trén Linux kiéu int s& 1a 32 bit tirc
4 byte. Cac gia tri gidi han nay dugc dinh nghia trong hai file header hé théng la
limit.h va float.h.

V& co ban ca C va C ++ déu ¢6 4 kiéu di liéu built -in 1a char, int, float va double.
Kiéu char c6 kich thudc nho nhat la 8 bit mac du thuc té ¢6 thé 1on hon . Kiéu int cd
kich thuéc nhé nhit 1a 2 byte con kiéu float va double 14 hai kiéu s6 thuc c6 d6 chinh
xac don va kép, chiing ¢ format tuan theo chuan IEEE.

Nhu di dé cap o trén kiéu bool 1a mot kiéu chuén cua ngdn ngt C ++ voi hai gia tri
1a true va false. Tuy nhién rat nhiéu chuong trinh van ding céc gia tri kiéu int thay cho
cac gia tri kiéu bool nén trong cac truong hop can dén mot gia tri bool trinh bién dich
thuong thuc hién chuyén kiéu tir int sang bool hodc ¢6 canh bao cho ching ta dé chinh
xac hoa cac truong hop nay.

Ngoai 4 kiéu trén ra chung ta co thé st dung cac tir khoa bo tro sau dé mé rong kha
nang luu trit cia chung . C++ cung cdp 4 tir khoa bo trola : long, short, signed va
unsigned.

long va short dugc dung dé chi d inh cac gia tri max va min ma mot kiéu dir liéu s&
luu gitr. Mot bién kiéu int s& co kich thude bang kich thude nho nhit ciia mot bién
kiéu short int. Céc kiéu dit liéu s6 nguyén c6 thé 1a: short int va long int.

Véi cac kiéu thyc ta c6 long float va long double , khong c6 cac kiéu s thuc véi tir
khoa short.

Céc tir khoa signed va unsigned duoc dung dé chi dinh cho trinh bién dich cach
thirc sir dung bit diu vdi cac kiéu nguyén va kiéu char . Vi mot kiéu signed bit cao
nhit dugc dung lam bit ddu , kiéu nay chi can thiét v6i char . Véi kiéu unsigned khong
can dung mot bit lam bit ddu nén s6 phan tir dwong sé tang 1én gap doi.

Kiéu con tré va tham chiéu
C6 thé c6 nhi &u cach no6i khac nhau vé cac bién con trd  , mot trong nhitng diém
manh m& va mém déo nhat cua ngdng ngtr C , dong thoi cling 1a nguyén nhan gay ra
nhiéu rac rdi voi cac chuong trinh viét bang C. Con tré 1a mot kiéu dir liéu binh thuong
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nhu cac kiéu dir liéu khac chi c6 mot didu dic biét 1a gia tri caa né la dia chi cua cac
bién khac. Chinh vi diéu dic biét d6 ma thong qua cac bién con trd chung ta cé thé
thuc hién cac thao tac d6i voi mot bién sé khac vi du nhu thay d6i gia tri ... .

Xét vi du sau day:

#include <iostream.h>

int main(int argc, char *argv[])
{
intn=29;
int * pn = &n;
cout << pn << "\n" << *pn << "\n" << &pn << "\n" << &n;
return O;

}

output nhan dugc khi chay chuong trinh trén la:

0x1491ffcO
9

0x1491ffbe
0x1491ffcO

Gia tri ciia pn ding bang dia chi ciabiénnva  *pn bang gia tri cian . Toan tir *
duoc goi 1a toan tir tham chiéu lai (dereference), né co thé dugc dung dé khai bao bién
con tro, tham chiéu t&i gia tri cuia bién ma mot bién con tro tro toi.

Hai irng dung co ban cua con tro la:

- thay dbi gia trj cta cac d6i twong bén ngoai mot ham sb . Pay la ung
dung co ban nhat cia cac bién con tro.
- céc k¥ thuat 1ap trinh tinh vi khac ma chung ta s€ hoc sau.

Tham chiéu (reference)

An tuong ban dau ciia chiing ta vé cac tham chiéu la ching khong can thiét . Chung
ta co thé viét cac chuong trinh ma khong can t&i cac tham chiéu. Piéu nay noi chung la
ding trir mot s6 trudng hop ma chiing ta sé hoc sau nay . Thyc ra khai niém truyén bién
qua tham chiéu (pass by reference) khong phai 1a mot khai niém chi c¢6 & C++, nd ciing
12 mot phan co ban trong mdt s6 ngdn ngir khac.

Khai niém vé tham chiéu ciing c¢6 sy twong dong v6i khai niém con tré : ching ta co
thé truyén dia chi cia mot tham bién (trong mot ham) qua mot tham chiéu . Tuy nhién
su khac nhau gitra con tro v a tham chiéu 1a truyén bang tham chiéu c6 vé sach s& hon
(cleaner) so véi con tro . Tham chiéu cho phép cac ham c6 thé thay doi gia tri cta cac
d6i twong ngoai nhu con tro tuy nhién trong ci phap c6 su khac nhau chut it:

Trong danh sach tham sb cua ham ching ta dung khai bao int & n dé bao rang
ching ta muén truyén béng tham chiéu va truy cap binh thuong nhu mot bién khac
(con tré can dung dau * dé truy cap toi gia tri bién ). Khi goi ham cl phap d6i véi viéc
truyén bang tham chiéu twong ty nhu truyén bang gia tri (v6i con tro can thém 1 dau &
trude tén bién).

6. Mot sb toan tir trong C++

Tt ca cac toan tir déu sinh ra mot két qua nao do tir cac toan hang cia  ching. Gia
tri nay duoc sinh ra ma khong lam thay d6i gia tri ctia cac todn hang , trir toan tr gan,
toan tir ting va giam. Thay doi gi4 tri ciia mot toan hang duoc goi la 1 hiéu ing phu.
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6.1 Toan tir gan (assignment operator)

Phép gan duogc thue hién bang toan tir  =. Toan tir gan c6 nghia 1a ldy gia tri bén
phai cua toan tr (thuong dugc goi la rvalue ) va copy gia tri do sang bén trai cua toan
tu (thu:ong duoc goi la lvalue) Mot rvalue c6 thé 1a bit ky gia tri hing, bién, hoic biéu
thirc c6 thé sinh ra mot gia tri , nhung mot Ivalue nhét thiét phai 1a mot bién duoc dat
tén phan biét (c6 nghia la phai c6 mot vung nh¢ vat Iy dé chira dir heu) Vi du chung ta
c6 thé gan mot gia tri hang s6 cho mot bién chir khong thé gan mot bién cho mot gia tri
héng.

6.2 Cac toan tir toan hoc

Céc toan tir toan hoc gém ¢ phép cong (+), phép trir (-), phép nhén (*) va phép
chia (/), phép lay phan du (%). Phép chia céac sd nguyén dugc thuc hién nhu 1a phép
div, phép ldy phan du khong thyc hién duge voi cac sé ddu phay dong.

Ca C va C++ déu c6 mot co ché viét cac ciu 1énh tit cho phép thuc hién dong thoi
mot phép gan va mot toan tir toan hoc . Piéu nay duoc thuc hién bang cach viét mot
toan tir trude mot dau =. Vi du: X += 4;

6.3 Cac toan tir quan hé

Céc toan tu quan hé thiét 1ap mot quan hé gilta cac gia tri cua toan hang . Chung
sinh ra mot gia trj c6 kiéu Boolean |, 1a true néu quan hé do la dung va false néu nhu
quan h¢ do6 la sai. Cac toan tur quan, he gbm ¢ : nho hon (<), 16n hon (>) nho hon hoac
bang (<=), 16n hon hoac bang vabing . Cac toan ti nay déu c6 thé sir dung véi cac
kiéu dix liéu built-in cua C va C++,

6.4 Cac toan tir logic

Cac toan tu logic and (&&) va hodc (|[) cho ta két qua la true hodc false dya trén
méi quan hé logic gitra cac tham s6 ctia chiing . Chal ¥ rang trong C va C ++ true ¢6
nghia 1a mot gia tri khac 0 va false ¢6 nghia 1a mot gia tri bang 0. Khi in ra man hinh
true s¢ la 1 va false sé 1a 0.

Viéc st dung cac toan tir logic nay cting khong ¢ gi dic biét chi cd n chu y dbi véi
cac s6 dau phay dong, vi du:

float t = 1.22222e12123123, f = 1.22223e12123123;

cout << (t==1);

S& cho ta mot két qua true.

6.5 Cac toan tir bitwise

Céc toan tir bitwise dugc sir dung khi chung ta muén thao tac véi ¢ ac bit cu thé cua
cac bién co kiéu s6 (do cac sb thuc ddu phdy dong cé dinh dang riéng nén cac toan tir
nay chi 1am viéc vdi cac bién kiéu char, int, va long). Cac toan tir bitwise thuc hién
cac phép tinh dai s6 Boolean trén cac bit twong (mg cua cac tham sb ctia no.

Céc toan tir bitwise gom c6 toan tir and , or, not va xor dugc dinh nghia nhu trong
dai s bool.

Céc toan tir bitwise ciing c6 thé két hop vai toan tir gan gidng nhu cac toan tir  toan
hoc.

6.6 Cac toan tir dich
C6 hai toan tu dich bit 1a toan tir dich bit phai (>>) va toan tir dich bit trai (<<). Cac
toan tr dich bit s€ thuc hién dich tuong tng sang phai hoac sang trai mot so cac bit
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bang s6 nam n gay sau toan ttr . Néu nhu sd luong cac bit can dich 16n hon s6 bit cua
toan hang thi két qua s& 1a khong xac dinh . Néu nhu toan hang bén trai 1a mot sé thudce
kiéu unsigned thi phép toan dich bit phai s& la mot phép dic h bit logic c6 nghia la cac
bit cao ctia n6 s& 1a cac bit 0. Néu toan hang bén trai 1a mot s6 c6 dau thi phép dich
phai c6 thé hodc khong thé 1a mot phep dich bit logic.

Céc ham bitwise thuong rat hiéu qua do ching thud ng duoc dich truc tiép thanh
ma assembly . P6i khi mot cau 1énh C hoac C ++ don ¢co thé sinh ra mot dong ma
assembly.

6.7 Cac toan tir mgt ngoi

Toan tir bitwise not khong phai 13 toan tir mot ngdi duy nhat. Ngoai toan tir nay con
nhiéu toan tr mot ngoi khac chang han nhu ddu  — cling dugc xem nhu 1a mot toan ti
mot ngoi.

Hai toan tu increment va decrement (-- va ++) ciling la cac toan tir mot ngdi , chung
khéc véi céac toan tr mdt ngoi khac 1a chiing ¢6 hi¢u tng phu.

Ngoai ra c6 thé thay toan tir lay dia chi cia mot bién s6 (&), toan tir tham chiéu lai
(* va ->), toan tir new va delete cling la cac toan tir mot ngoi cua C++.

6.8 Toan tir 3 ngoi

Toan tur 3 ngdi if-else thuong it dwoc su dung boi vi n6 doi hoi ¢ 3 toan hang. Pay
thye sy 1a mot toan t boi vi nd cho ta mot gia tri chir khong gidng voi cdu 1énh if -else
binh thuong. N6 bao gdm 3 biéu thirc: néu biéu thirc du tién (sau biéu thirc dau tién la
mot ddu ?) cho ta mot gia tri true thi biéu thirc ngay sau ddu ? s& dugc thuc hién va két
qua cta no trd thanh két qua sinh ra béi toan tir . Néu nhu biéu thirc dau tién cho mot
gia trj false thi biéu thtrc thir 3 (sau ddu :) s& duoc thyc hién va két qua ciia no s& 1a két
qua cua toan tu.

Vi du:

int max(int a, int b){

return (a>b)?a:b;
}

6.9 Toan tir ddu phay

D4u phay khong chi han ché str dung trong viéc khai bao cac bién , danh sach tham
s6 ctia mot ham s6 ma né con 1a mot toan tir dugce st dung dé tach b1et céc biéu thirc
Trong tru’ong hop la mot toan tr , két qua cua toan tir ddu phéy sé la két qua cua viéc
thyc hién biéu thire cudi cung . Céc biéu thirc khac cling dwoc thuc hién va c6 thé anh
hudng toi két qua cua viée thyc hién cua toan tir nay qua cac hiéu ung phu cua chung .

Thuong thi toan tir ddu phay ciing khong duoc st dung nhiéu vi moi ngudi thudng
¢6 théi quen khong xem day la mot toan tur,

6.10 Céac 16i thwong giip khi sir dung céc toan tir
Mot 16i thuong gip khi str dung cac toan tir 1a chung ta khong sir dung cac cap
dong mo ngodc thuong xuyén.
Vidu:
= b++, c++, d++;
Cau Iénh trén hoan toan khac voi ciu 1énh:
a = (b++, ct++, d++);
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Tiép theo 1a 15i khi so sanh hai toan hang bang toan tir gan ~ =. Twong tu chiing ta
cling hay nham lan khi str dung cac toan tir bitwise va cac toan tur logic tuong tu véi
chang.

6.11 Toan tir chuyén kiéu
Toan tr chuyén kiéu thuong dugc str dung khi ching ta muon thuc hi€én mot sé
toan tir cia mdt ki€u dir li€u nao d6 véi mot bién thudec mét kiéu dir li€u khac.

Vi du:
float f = 100.972;
int n = (int)f;

D6 1a cach chuyén kiéu trong ngon ngtr C . C++ cung cp cho ching ta mot cach
chuyén kiéu khac, twong dbi giéng vdi cach goi ham:

float f = 100.972;

int n = int(f);

Chuyén kiéu cung cap cho chung ta mot co' ché rdt manh dé xu ly cac bién tuy
nhién do6i khi no cung gy ra nhiéu 15i lam chung ta dau ddu . Vi dé thuc hién chuyén
kiéu d6i khi cac bién can c6 thém bd nhé dé chira dir liéu va diéu nay khong pha1 bao
gi0 cling sudn sé nhat 1a khi chung ta thuc hién chuyén kiéu cac con tré . Chuyén kiéu
thuong chi thuc hién vdi cac bién hon 1a cac hang.

Trong C ++ chungtacd 4 loai hinh chuyén kiéu 12 static _cast, const_cast,
reinterpret_cast va dynamic_cast.

6.12 Toan ti sizeof.

Toén tu sizeof cho ching ta biét s6 lugng byte duge su dung boi mot bién cu thé
N6 ciing c6 thé cho ta biét kich thudc cu thé ctia mot kiéu dir liéu . Cha y y rang sizeof la
mot toan tu chur khong phai la mét ham vi thé trir  truong hop str dung véi cac kiéu dir
liéu vdi cac bién sb chung ta khong can co cac diu dong, mo ngoic.

7. Céc kiéu dir liéu ngudi dung dinh nghia

Céc kiéu dit liéu co ban va cac bién thai ciia chung 1a can thiét tuy nhi  én néu chi
dung chung thi cting khong thé tao nén cac chwong trinh c6 y nghia dugc . C va C ++
cung cap cho chiing ta rat nhiéu co ché khac nhau dé xay dung 1én cac kiéu tich hop ¢
¥ nghia hon, phirc tap hon va phu hop v&i n hu cau cua chuong trinh hon . Kiéu dir liéu
nguoi dung dinh nghia quan trong nhat cta C la struct , va ctia C++ 1a class. Tuy nhién
cac dé nhat dé dinh nghia mot kiéu mai 1a dung tir khéa  typedef dé dit bi danh cho
mot kiéu sin co.

Thiét 1ap cac tén bi danh véi tir khoa typedef

Typedef co nghia la “type definition” nhung nhtrng gi ma tir khoa nay thyc sy lam
khong gidng nhu diing ngir nghia ctia hai tir “type definition” . Ct phap sir dung véi tir
typedef:

typedef <mét kiéu d c6 siin> <tén kiéu mudn dit>

Vi du:

typedef unsigned long ulong;

typedef struct str_list{

int data;
struct str_list * next;
Hist;
Sau khi khai bao nhur trén chung ta ¢6 thé khai bao trong chuong trinh nhu sau:
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list * aList, anotherList;

Va trinh bién dich gap tir ulong v6i mot khai bao bién no s& hiéu ring d6 chinh 1a
kiéu unsigned long. Chung ta ¢ thé cho rang diéu nay c6 thé thuc hién dé dang bang
céc thao tac thay thé trong giai doa n tién xur ly song thirc ra khong phai nhu vay vi doi
khi trinh bién dich budc phai hiéu ring ching ta mudn né x& Iy mot tén nao d6 nhu la
mot kiéu dir liéu (V1 du thyc hién so sanh hai bién chang han ) vi thé nén tir khoa
typedef 1a thuc sy can thiét. T khoa typedef thuong duoc dung khi chung ta khai bao
cac cau trac moi hogc dat bi danh cho mot kiéu con tré nao do.

Kleu dir liéu cau truc voi tir kKhoa struct

Kiéu dir liéu ciu tric la mo t cach cho phép cac 1ap trinh vién nhom mét nhom cac
bién thudc cac kiéu dir liéu khac nhau tao thanh mét ciu tric . Vi mot kiéu struct
chung ta co thé truy cap tdi cac thanh phan dir liéu qua cac toan tir tham chiéu « .” va “-
> v&i mdt con tro cAu tric. Co mot didu dic biét khi chung ta khai bao va su dung cac
ciu truc trong C++:

typedef struct{ // hodc c6 thé 1a: typedef struct list

int data;
list *next;

Hist;

main(){

list * ptr;
¥

Kleu dir liéu liét ké (enum)

Kiéu dir lidu liét ké duoc khai bao bang tir khda enum va thuong duoc dung dé lam
chuong trinh sang sua hon. Vi du:

enum Bool{true = 1, false = 0};

Thuong trong C++ kiéu enum duogc dung it hon do mot sd nguyén nh an vi du nhu
kiém tra kiéu, chang han chung ta khong thé thuc hién 1énh true++.

Kiéu hop nhét (union)

D6i khi trong chuong trinh ching ta can phai lam viéc v6i nhiéu kiéu dit liéu khac
nhau voi cung mot bién sO ., khi do chun g ta co thé thyuc hién theo hai cach : métla
dung kleu dir liéu ciu trac hoac neu c6 thé str dung kiéu hop nhat dé tiét kiém bd nhd.

Kiéu union co cach khai bao glong hét kiéu struct chi co khac & cach st dung : tai
mot thoi diém chiing ta chi c6 thé truy cap t&i mot thanh phan cua mot bién kiéu union
va kich thudc ctia mot kiéu dit liéu union chinh bang kich thudc ctia thanh phan co
kich thudc 16n nhit cua kiéu.

Vi du:

union test_type{

char c;
inti;
float f;
double d;

#include <iostream.h>

union Packed { // khai bad giéng nhu mdédt lop
char 1i;
short 73;
int k;
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long 1;

float £;

double d;

// kich thuéc bang kich thudc cua kiéu double
}; // két thuc bang dau ; gidng nhu kiéu struct

int main() {
cout << "sizeof (Packed) ="
<< sizeof (Packed) << endl;
Packed x;
X.1 = "'c';
cout << x.1i << endl;
x.d = 3.14159;
cout << x.d << endl;

}

khi d6 sizeof (test_type) s& bang 8 bang kich th udc cta kiéu double . Cha ¥ 1a sau
khi thuc hién gan gia tri cho cac thanh phan cia mot bién ¢ kiéu union thi cac gia tri
dugc gan trudc d6 cua mot thanh phﬁn khac s& bi stra dbi . Vi du chiing ta chi can thém
mdt 1énh: cout << X i << endl; vao cubi chuong trinh trén s& nhan duoc két qua 1a ‘n’
chtr khong phai ‘c

Kiéu dir liu mfmg

Mang 1a mot kiéu dir liéu tich hop rat hay dugc dung, né cho phép chiing ta két hop
nhiéu bién don 16 ¢4 cung kiéu thanh mot kiéu dir liéu tich hop . Viéc truy cip t6i cac
thanh phan cia mot mang duogc thuc hién bang cach 1dy chi muc  (index) cta né: [].
Viéc khai bao mang ¢ thé duoc thuc hién kém voi viée gan cac gia tr i cho cac thanh
phan cta noé.

Mang va con tro.

Con tro la mot cong cu tuyét voi cho phép truy cap toi cac thanh phan cua mot
mang bat ky. Pic biét 13 khi chung ta can truyén mot mang lam tham sb ctia mot ham .
Vi du:

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

void funcl (int a[], int size) {
for(int 1 = 0; 1 < size; i++)
ali] =1 * 1 - 1i;

}

void func2 (int* a, int size) {
for(int i = 0; 1 < size; i++)
alfi] =1 * 1 + 1i;

void print(int a[], string name, int size) {
for(int 1 = 0; i < size; i++)
cout << name << "[" KK 1 << "] ="
<< al[i] << endl;
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}

int main() {
int a[5], b[5];
print(a, "a", 5);
print (b, "b", 5);
// khoi tao mang:
funcl (a, 5);

funcl (b, 5);
print(a, "a", 5);
print (b, "b", 5);
func2(a, 5);
func2 (b, 5);
print(a, "a", 5);
print (b, "b", 5);

}

Mot truong hop dédc biét cua cac ham ki€u nay chinh la ban than ham main . Ham
main c6 hai tham s6 1a (int n, char * ags[]). D€ thuan tién cho viéc s dung cac tham so
nay ching ta nén dung cac ham chuyén kiéu chang han nhu : atoi(), atof(), atol().

Chuong 3: Con tré, tham chiéu va ham. (3 tiét)

1. Ham trong C++

Cac ham la cong cu chinh cho phép xay dung cac chuong trinh 16n trong C va
C++. Vi cac ham nho mot chuong trinh 16n ¢6 thé duoc chia thanh cac chwong trinh
nho hon, dé giai quyét hon . Véi cac ngdn ngir 14p trinh khac nhau ngu oi ta dung céc
thuét ngir khac nhau dé chi mét chwong trinh con , trong C va C ++ céac chuong trinh
con duogc goi la cac ham.

1.1Nguyén miu va dinh nghia ham

M{t ham trong C va C ++ thuong dwgc khai bao nguyén mau truoc khi thue
sw cai dat (dlnh nghia). Ca phap khai bao nguyen mau ctia mdt ham nhu sau:

<kiéu ctua ham> <tén ham>(<danh sach tham s6>);

Trong d6 <kiéu cia ham > 1a kiéu dir liéu ma ham tra vé , <tén ham> 13 tén ma
chung ta mudn dit cho ham  (tén nay duoc dung dé goi ham ), danh sach tham s 1a
danh sach cac tham bién va kiéu cua chung duogc st dung voi ham. Vi du:

int max(int a, int b);

Thu’(mg cac nguyén mau ham dugc dat trong cac file .h ma nguoi ta goi la ca c file
header va dé goi t6i mot ham chung ta cAn co chi thi  #include file header twong tng
voi ham ma ching ta dinh st dung . Khi do6 trong qua trinh bién dich trinh bién dich sé
tiy tim cac ham chuan (dugc coi 1a mot phan co ban clia ngdn ngir ) con voi cac ham
nguoi dung dinh nghia ching ta can chi rd dudng dan t4i cac file chita phan cai dat cua
ham (thuong la file .cpp hodc mét file thu vién tu tao nao do).

1.2Ham va cic bién

Céc bién na m trong ham ciing nhu cac bién la tham sé duoc truyén cung vi mot
ham dugc goi 1a cac bién cuc bd ciia mot ham . Cac bién ndm ngoai cac ham duogc goi
14 cac bién toan cuc.

1.3 Truyén tham s
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Viéc truyén tham s6 cho mét ham co thé dwoe tién hanh theo 3 hinh thirc khac
nhau:

Truyén theo gia tri

Pay la cach truyén cac tham s6 mic dinh ctia C va C ++. Céc bién duoc truyén theo
cach nay thyc su la cac bién cuc b ctia ham . Khi ham duoc goi thuc hién sé xuét hién
ban copy cta cac bién nay va ham s& 1am viéc v6i chung . Sau khi ham duoc thyc hién
xong cac ban copy nay s€ dugc loai khoi bo nhd cua chuong trinh . Do ham lam viéc
v6i cac ban copy cua cac tham sd nén cac bién truyén theo gia trj khong bi anh hudng.

Truyen theo dia chi

Viée truyén theo dia chi duoc thuc hién khi chiing ta mudn thay dbi cac bién dugc
truyen cho mot ham . Thay vi lam viéc V01 cac ban copy cua tham so trong trrong hop
truyén theo dia chi ham sé thao tac truc tiép trén cac bién dwogc truyén vao thong qua
dia chi ctia ching. Ngoai muyc dich 1a lam thay ddi cac bién ngoai viéc truyén theo dia
chi con dugc thyc hién khich ung ta truyén mot bién c6 kich thudc 16m (mot mang
chang han), khi d6 viéc truyen bang dia chi sé tiét kiém duoc khong gian nhod can su
dung. Tuy nhién viéc truyén tham s theo dia chi d6i khi gay ra rat nhiéu 16i khoa
kiém soat.

Tham s6 1a mang mot chiéu : trong truong hop tham sé cia mot ham 1a mang mot
chidu chung ta can dung thém mot bién kiéu int dé chi dinh s6 phan tr cua mang  , vi
du:

void sort(int * a, int); // hay

void sort(int a[] int);

Tham s6 1a mang hai chiéu : voi mang hai chiéu ching ta co thé st dung hai cach
sau day dé thuc hién cac thao tac:

void readData(int a[][5], int m. int n);

hoac

void readData(int *a, int m. int n){

for (int i=0;i<n;++1)
for (int j=0;j<m;++])

cin >> *(a+m*i+j);
return;

¥ 7

Khi d6 chung ta c6 thé goi ham nay nhu sau:

int* a_ptr = new int [n*m] ;

readdata(a_ptr,n,m);

hoac

int a[2][2];

readdata(&a[0][0],n,m);

Truyén theo tham chiéu

Viéc thay ddi cac bién ngoai cling ¢6 thé  dwogce thue hién bang cach truyén theo
tham chiéu. So véi cach truyén theo dia chi truyén theo tham sb an toan hon va do d6
cling kém linh hoat hon.

Vi du:

void swap(int &a, int &b);

1.4 Chdng ham (overload) va tham sé mic dinh ciia ham
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Chdng ham (overload)

C++ cho phép lap trinh vién c6 kha ning viét cac ham co tén gidng nhau , kha ning
nay duogc goi la chong ham (overload hodc polymorphism function mean many
formed). Vi dy chung ta c6 thé c6 cac ham nhu sau:

int myFunction(int);

int myFunction(int, int);

int myFunction(int, int, int);

Cac ham overload can thoa man mot diéu kién 1a danh sach cac tham s6 cua chung
phai khac nhau (vé sb lugng tham sd va kiéu tham sé ). Kiéu cac ham ove rload co thé
gidng nhau hodc khac nhau. Danh sach kiéu cac tham s ctia mot ham duogc goi la chiF
ky (signature) cia ham do.

Co sy tuong ty khi str dung chff)ng ham va céc tham sd mac dinh va su lya chon st
dung tuy thuoc vao kinh nghiém cua lap trinh vién . Vi cac ham 1on va phuec tap
chung ta nén sir dung chong ham, ngoai ra viéc st dung cac ham chdng nhau ciing lam
cho chuong trinh sang sua va dé g& 16i hon.

Chu ¥ 12 khong thé overload cac ham static.

Cic tham s6 mic dinh

Céc bién duoc truyén lam tham s6 khi thuc hién goi mot ham phai c6 kiéu ding
nhu n6 da dugc khai bao trong phan prototype ciia ham . Chi c6 mot trudng hop khéc
d6 1a khi chiing ta khai bao ham véi tham sb ¢6 gia trji mic dinh vi du:

int myFunction(int x=10);

Khi d6 khi ching ta thuc hién goi ham va khong truyén tham s , gia tri 10 s& dugc
dung trong than ham . Vi trong prototype khong can tén bién nén chung ta co thé thuc
hién khai bao nhu sau:

int myFunction(int =10);

Trong phén cai dit ciia ham ching ta van tién hanh binh thuong nhu cac ham khac

int myFunction(int x){

¥

Bét ky mot tham s nao ciing c¢6 thé gan cac gia tri mac  dinh chi c6 mot han ché :
néu mot tham sé nao d6 khong duoc gan cac gia tri mic dinh thi cac tham sé dimg
trude nod cling khong thé st dung cac gia tri mic dinh. Vi du v6i ham:

int myFunction(int p1, int p2, int p3);

Néu p3 khong dugc gan cac gia tri mac dinh thi cling khong thé gan cho p 2 cac gia
tri mac dinh.

Céc gia tri mac dinh cta tham s6 ham thuong dugc stir dung trong cac ham cAu tir
cua céc 16p.

1.5Cé4c van dé khac

Ham inline

Cac ham inline duoc xac dinh béng tir khoa inline. Vi du:

inline myFunction(int);

Khi chiing ta sir cac ham trong mét chuong trinh C hodc C ++ thuong thi phan than
ham sau khi dugc bién dich s€ 1a mdt tap cac 1€énh may . Mbi khi chuong t rinh goi to1
ham, doan ma cta ham s& duogc nap vao stack dé thuc hién sau d6 tra vé 1 gid tri nao
d6 néu c6 va than ham duoc loai khoi stack thyuc hién cta chuwong trinh . Néu ham duogc
goi 10 1an s& c6 10 1énh nhay twong tng v6i 10 1an nap than ham dé thyc hién. Véi chi
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thi inline chting ta mudn goi y cho trinh bién dich 1a thay vi nap than ham nhu binh
thuong hay chén doan ma ctiia ham vao dung chd ma né duoc goi tdi trong chuong
trinh. Diéu nay rd rang lam cho chuong trinh thyc hién nhanh hon binh thuong . Tuy
nhién inline chi la mot goi }'/ va khong phai bao gio cung dugc thyc hién . Voi cac ham
phure tap (chang han nhu ¢o Vong lap) thi khong nén dung inline. Cac ham inline do d6
thuong rat gan ching han nhu cac ham chi thuc hién mot vai thao tac khoi tao cac bién
(cac ham céu tir cia cac 16p ). Vi cac 16p khi khai bao cac ham inline ching ta c6 thé
khong can dung tir khoa inline ma thyc hién cai dit ngay sau khi khai béo 1a du.

Ham dé qui

D& qui 1a mét co' ché cho phép mét ham c6 thé goi toi chinh no . K§ thuét dé
qui thwong géin véi cac vin dé mang tinh dé qui hodc dwoc xac dinh dé  qui. Dé
giai quyét cac bai toan cé cac chu trinh 10ng nhau ngudi ta thwong diung dé qui
Vi du nhwr bai toan tinh giai thira, bai toan sinh cic hoan vi ciia n phan tir

Sw dung tw khoa const

D6i khi chiing ta mudn truyén mot  tham s theo dia chi nhung khong muén thay
d6i tham s d6 , dé tranh cac 13 c6 thé xay ra chung ta co thé st dung tir khoa const
Khi d6 néu trong than ham ching ta vo y thay d6i ndi dung cta bién trinh bién dich s&
bao 16i. Ngoai ra viéc st dung tir khoa const con mang nhiéu y nghia khac lién quan
tGi cac phuong thire cua 16p (chung ta sé hoc trong chuong 5).

2. Con tro, ham va mang

Mot s6 khai niém vé con tré cling da dugc nhic dén trong chuong 2 nén khoéng
nhic lai & day chung ta chi chil y mot s6 van dé sau :

Cép phat bd nhd cho bién con tré bang toan ti new:

int *p = new int[2];

va x6a bo né bang toan tir delete.

Phan biét khai bao int a[]; va int *p;

Trong truong hop thir nhat ching ta c6 thé thuc hién khoi tao cac gia tri cho mang
a con trong truong hop tht hai thi khong thé.

Can nho rang tén cia mang chinh 1a con tro trd toi phan tir du tién cua mang do d6
viéc gan:

int *pa = &al[0];

va pa = a; la nhu nhau.

Ciing do trong C va C ++ khong kiém soat sé phan tir ciia mot mang nén dé truyén
mot mang cho ham chiing ta thuong dung thém cac bién nguyén chi sé lwong phan tir
clia mang (xem lai vi du phan truyén bién).

Con tro ham

3. Ham va xir ly xau

Viéc xwr ly x4u trong C++ chinh la xir ly mang, cu thé 12 mang ky tw nén tat ca
cac ky thuat duoc ap dung véi mang va ham binh thuwong ciing ¢6 the duwge irng

dung cho viéc xir ly xau.

Chuong 4: Cac dong vao ra trong C++
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Cho t6i bay gio ching ta van dung cout dé két xuat dir liéu ra man hinh va cin dé
doc dir liéu nhap vao tir ban phim ma khong hiéu mot cach ro rang vé cach thirc hoat
dong cua chung, trong phan nay chiing ta sé hoc vé cac ndi dung sau day :

e Thé nao la cac ludng va cach thirc chung dugc st dung
e Kiém soat cac thao tac nhap va két xuét dir liéu bang cach str dung cac ludng
e Cich doc va ghi dir liéu véi cac file st dung cac ludng

1. Tong quan vé cac ludng vao ra cia C++

Vé ban chat C ++ khong dinh nghia qui cach két xuat va nhap dir liéu trong huong
trinh. Hay n6i mot cach rd rang hon cac thao tac vao ra dir liéu khong phai 1a mot phan
co ban cta ngdén ngit C ++. Chung ta c6 thé thdy rd diéu nay néu so sanh véi mot sb
ngon ngir khac chang han Pascal. Trong Pascal dé thyc hién cac thao tac vao ra dir liéu
co ban ching ta c6 thé sir dung cac 1énh ching han read hay write. Céc 1énh nay 1a mot
phan cua ngdn ngir Pascal.

Tuy nhién ngay nay dé thuan tién cho viéc vao ra dir liéu trong cac chuwong trinh
C++ nguoi ta da dua vao thu vién chuan iostream. Viéc khong coi cac thao ta ¢ vao ra
dir liéu la mot phﬁn co ban cua ngdn ngr va kiém soat ching trong cac thu vién lam
cho ngdn ngur co tinh doc lap vé nén tang cao . Mot chuong trinh viét béng C ++ trén
mot hé thong nén ‘nay co the bién dich lai va chay tt trén mot hé thong nén khac ma
khong can thay d6i ma ngudn cta chuong trinh . Cac nha cung cp trinh bién dich chi
viéc cung cap dung thu vién twong thich voi hé thdng va moi thir thé 1a 6n it nhat 1a
trén ly thuyét.

Cha y: Thu vién la mot tap cac file OBJ c6 thé lién két véi chuong trinh cua ching
ta khi bién dich dé cung cip thém mot sé chirc ning  (qua cac ham , hing, bién duoc
dinh nghia trong chiing ). Pay 1a dang co ban nhit cia  viéc st dung lai ma chuong
trinh.

Céc 16p iostream coi ludng dit liéu tir mdt chwong trinh t6i man hinh nhu 12 mét
dong (stream) dir liéu gdm cac byte (cac ky tu) ndi tiép nhau. Néu nhu dich cua dong
nay 12 mot file hodc  man hinh thi ngudn thudng 1 mot phan nao d6 trong chuong
trinh. Hodc ¢6 thé 1a dir liéu dwoc nhap vao tir ban phim , cac file va duge rot vao cac
bién dung dé chira dir liéu trong chuong trinh.

Mot trong cac muc dich chinh cua cac dong 1a bao goi cac van dé trong viée lay va
két xuat dir liéu ra file hay ra man hinh . Khi mot dong duoc tao ra chuong trinh s& lam
viéc voi dong d6 va dong s& dam nhiém tat ca cac cong viéc chi tiét cu th & khac (Iam
viéc voi cac file va viéc nhap dir liu tir ban phim).

B§ dém

Viéc ghi dir liéu 1én dia 1a mét thao tac twong ddi dét do (Ve thcn gian va tai nguyen
hé thdng). Viéc ghi va doc dit liéu tir cac file trén diach  iém rat nhiéu thoi gian Va
thuong thi cac chu’orng trinh s€ bi chdm lai do cac thao tac doc Va ghi dif liéu tryc tiép
1én dia cing. Dé giai quyet van dé nay cac ludng duoc cung cip co ché su dung dém
Dir liéu duoc ghi r a ludng nhung khong duogc ghi ra dia ngay 1ap tac , thay vao d6 bo
dém cia ludng s& duoc lam day tir tir va khi day dir liéu no s& thyc hién ghi tat ca 1én
dia mot lan.

Diéu nay giéng nhu mot chiée binh dyng nudc 6 hai va n, mot van trén va mot van
dudi. Nude duge d6 vao binh tir van trén , trong qua trinh d6 nudc vao binh van dudi
duoc khoa kin, chi khi nao nuéc trong binh di day thi van dudi méi mé va nude chay
ra khoi binh. Viéc thyc hi én thao tac cho phép nudc chay ra khoi binh ma khong can
cho cho t6i khi nude day binh duge goi 1a “flush the buffer”.
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2. Cac ludng va cac bd dém

C-++ thuc hién cai dit cac ludng va cac bd dém theo cach nhin hudng ddi tuong:
e Lop streambuf quan ly bo dém va cac ham thanh vién cua n6 cho phép thuc
hién cac thao tac quan ly bo dém: fill, empty, flush.

e Lpios la16p co s cua cac ludng vao ra , nd c6 mot ddi twong streambuf trong
vai tro cia mot bién thanh vién.

e Cic 16p istream va ostream ké thira tir 16p ios va cu thé hoa cac thao tac vao ra
tuong ung.

e Lop iostream ké thira tir hai 16p istream va ostream va co cac phuong thirc vao
ra dé thuc hién két xuét dit 1iéu ra man hinh.

e Lop fstream cung cap cac thao tac vao ra voi cac file.

3. Cic d6i twong vao ra chuin

Thu vién iostream la mot thu vién chun duoc trlnh bién dich ty dong thém vao
mdi chwong trinh nén dé str dung n6 ching tachi  can c6 chi thi include file header
iostream.h vao chuong trinh. Khi d6 ty dong co 4 doi tuong dugc dinh nghia va chung
ta c6 thé sir dung chiing cho tit ca cac thao tac vao ra cin thiét.

e cin: quan ly viéc vao dir liéu chuan hay chinh 1a ban phim

e cout: quan 1y két xuat dir liéu chuan hay chinh 14 man hinh

e cer: quan Iy viéc két xut (khong co bo dém) cac thong bao 15i ra thlet bi bao 16i

chudn (12 man hinh). Vi khong c6 co ché dém nén dit  liéu duoc két xuit ra cer s&

duogc thue hién ngay lap tiec.

e clo: quan Iy viéc két xuat (co bo dém) cac thong bao 15i ra thiét bi bao 18i chuan

(12 man hinh). Thuong duoc tai dinh hudng vao mot file log nao do trén dia.

4. Pinh hwong lai (Redirection)

Céc thiét bi chuan (input, output, error) déu c6 thé duoc dinh hudng lai t6i cac thiét
bi khac. Chang han error thuong duoc tai dinh hudng t6i mot file con cac thiét bi vao
ra chuén c6 thé s r dung co ché dudng 6ng bang cach sir dung cac 1énh cia hé diéu
hanh.

Thuét ngit tai dinh hudng cé nghia a thay doi vi mac dinh cia dir liéu vao va dir
liéu ra cua chuong trinh. Trong DOS va Unix cac toan tu nay la > va <,

Thuat nglr duong 6ng c6 nghia la sir dung output ciia mot chuong trinh lam input
cuia mot chuong trinh khac.

So vdi DOS cac hé thong Unix c¢o cac co ché linh hoat hon song vé co ban thi y
tuong 1a hoan toan gidng nhau : lay dit liéu dugc két xuat ra man hinh va ghi vao mot
file trén dia , hodc ghép ndi nd vao mot chuong trinh khac . Tuong tu dit liéu vao ua
mot chuong trinh cling ¢ thé duoo trich ra tir mot file nao d6 trén dia thay vi nhd p vao
tur ban phim.

Tai dinh hudng lai caa thiét bi vao ra chuan 1a mét chirc nang cua h¢ diéu hanh hon
12 mot chirc ning cua thu vién iostream va do d6 C ++ chi cung cdp phuong tién truy
cap vao 4 thiét bi chuan, viéc tai dinh huéng duoc thyc hién ra sao 1a tuy vao ngudi
dung.

5. Nhap dir liéu vai cin
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cin 1a mot d6i tuwgng toan cuc chiu trach nhiém nhap di liéu cho chuong trinh . Dé
stir dung cin can co chi thi tién xu ly include file header ios tream.h. Toan tir >> dwoc
dung véi ddi tuong cin dé nhap dir liéu cho mot bién nao d6 cia chuong trinh.

Trudc hét ching ta thiy cin budc phai 1a mot bién toan cuc vi ching ta khong dinh
nghia no trong chuong trinh . Toan tir >> 14 mt toan tir dugc overload va két qua cua
viée str dung toan tr nay 1a ghi tit ca ndi dung trong bd dém cua cin vao mét bién cuc
bd nao do trong chuong trinh . Do >> la mét toan tir dugce overload cta cin nén no ¢
thé dugc dung dé nhap dir liéu cho rt nhiéu bién c6 kiéu khac nhau vi du:

int someVar;

cin >> someVar;

ham toan tir sir dung twong tng s& duoc goi dén la:

istream & operator (int &);

tham bién duoc truyén theo tham chiéu nén ha m toan tir c6 thé thuc hién thao tac
tryc tiép trén bién.

Cac xau (Strlngs)

cin cling c6 thé lam viéc véi cac bién x4u, hay cac mang ky tu, vi du:

char stdName[255];

cin >> stdName;

Néu chung ta gd vao chang han : hoai thi bién str s& la mot mang cac ky tu : h, 0, a,
I, \0. Ky tur cudi cung la mét ky tu rong (null), cin tu dong thém ky tu ndy vao cudi xau
dé danh dau vi tri két thuc . Bién khai bao cin c6 du chd dé chira cac ky tw dwoc nhd p
vao (ké ca ky tu két thac xau).

Tuy nhién néu ching ta g vao mot tén diy da ching han  : Phan Phi Hoai thi két
qua lai c6 thé khong gidng nhu mong doi, xau stdName sé ¢6 ndi dung la: P, h, a, n, \0.
C6 két qua nay 1a do c4 ch thirc 1am viéc cua toan tir >>. Khi thdy mét ky tuy dau cach
hoic mot ky ty xudng dong duoc gd vao thi nd sé xem nhu viéc nhap tham sb da két
thic va thém ngay mot ky tu két thiic xu vao vi tri d6 . Cha y 1a chun g ta c6 thé thuc
hién nhap nhiéu tham sé mot lac vi duy:

cin >> intVar >> floatVar;

Diéu nay 1a vi toan tr >> tra vé mot tham chiéu t&i mot ddi tuwong istream , ban than
cin cling 1a mot dbi twong istream nén két qua tra vé s au khi thuc hién mot toan tir >>
lai c6 thé 1a input cho toan tir tiép theo.

(cin >> intVar) >> floatVar;

6. Cac ham thanh vién khac cia cin
Ngoai viéc overload toan tir >> cin con ¢6 rat nhiéu ham thanh vién khac c6 thé
duoc st dung dé nhap dir liéu.
Ham get
Ham get c6 thé st dung dé nhap cac ky tw don , khi do6 chung ta goi toi ham get ()
ma khong can c6 dbi s0, gia tri tra vé 1a ky tu duge nhap vao vi du:
#include <iostream.h>

int main ()

{

char ch;
while ( (ch = cin.get()) != EOF)
{

cout << "ch: " << ch << endl;
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}

cout << "\nDone!\n";
return 0;
}

Chuong trinh trén s& cho phép ngudi dung nhap vao cac xau c6 do dai bat ky va in
ra 1an luot cac ky tu ciia xau d6 cho t&i khi gip ky tu diéu khién Ctrl-D hoic Ctrl-Z.

Chu ¥ 12 khong phai tat ca cac cai dit cua istream déu hd tro phién ban nay cia
ham get().

C6 thé goi t6i ham get() dé nhap cac ky tu bang cach truyén vao mot bién kiéu char
vi du:

char a, b;

cin.get(a).get(b);

N6i chung thi chiing ta nén dung toan tir >> néu can thiét phai bo qua dau cach va
ding get() v6i tham s6 1a mot bién kiéu char néu cin thiét phai kiém tra tit  ca cac ky
tir ké ca ky tu ddu cach va khong nén dung get khong c6 tham sd.

Nhu ching ta da biét dé nhap mot xau khong c6 du cach co thé dung toan tr~ >>,
nhung néu mudn nhap cac xau co cac dau cach thi khong thé dung  toan tir nay duoc
thay vao do chung ta c6 thé sir dung ham get v6i 3 tham sb: tham s thi nhét la mot
con tro tro toi mot mang ky ti , tham sé thir hai 1a s6 ti da cac ky tu c6 thé nhap vao
cong thém 1, va tham s6 thtr 3 13 ky tu bao hiéu két thuc x4u . Tham s thir 3 ¢6 gia tri
mic dinh 1a ky hiéu xudng dong ¢ \n’. Néu nhu ky hiéu két thiuc xau dugce nhap vao
trude khi dat toi sb t6i da cac ky tu c6 thé nhap vao thi cin s& thém vao  xudi cdu mot
ky tu null va ky tu két thuc xau van s& con lai trong bd dém.

Ngoai cach nhap xau bang cach st dung ham get () ching ta c6 thé dung ham
getline(). Ham getline hoat dong twong ty nhu ham get () chi trir mot dié u 1a ky tu két
thuc s€ duoc loai khoi bd dém trong truong hop nd dugc nhap trudc khi dﬁy xau.

Sw dung ham ignore

Poi khi chiing ta mudn bo qua tat ca cac ky tu con lai cia mot dong dit lidu nao do
cho t4i khi gip ky t u két thuc ding (EOL) hoac ky tu két thic file (EOF), ham ignore
ctia doi tuong cin nham phuc vu cho muc dich ndy . Ham nay c6 2 tham s6, tham sb
thir nhat 1a sb t6i da cac ky tu sé bo qua cho t6i khi gip ky tu két thic ~ duoc chi dinh
boi tham s thtr hai . Chang han voi cau 1énh cin .ignore(80, *\n’) thi t6i da 80 ky tu s&
bi loai bo cho téi khi gip ky tu xubng dong , ky tu ndy s& duoc loai bo trude khi ham
ignore két thiic cong viéc cta no. Vi du:

#include <iostream.h>

int main ()

{
char stringOne[255];
char stringTwo[255];

cout << "Nhadp x&u thu nhat:"
cin.get (stringOne, 255) ;
cout << "XAau thu nhat" << stringOne << endl;

cout << "Nhdp xdu thu hai: ";
cin.getline (stringTwo, 255);
cout << "XA&u thu hai: " << stringTwo << endl;
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cout << "\n\nNhép lai...\n";
cout << "Nhdp x&u thu nhat: ";
cin.get (stringOne, 255) ;

cout << "X&au thu nhat: " << stringOne<< endl;

cin.ignore (255, '\n");

cout << "Nhap x&u thu hai: ";
cin.getline (stringTwo, 255);
cout << "XAu thu hai: " << stringTwo<< endl;

return 0O;
}
cin co hai phuong thirc khac la peek va putback voi myc dich lam cho cong viée
tro nén dé dang hon . Ham peek () cho ta biét ky tu tiép theo nhung khong nhap chung
con ham putback() cho phép chen mét ky tu vao dong input. Vi du:
while ( cin.get(ch) )

{
if (ch=="1)
cin.putback('$");
else
cout << ch;
while (cin.peek() =="#")
cin.ignore(1,'#);
¥

Céc ham nay thuong duoc ding dé thyc hién phan tich cc xau hay cac dir liéu
khéc chdng han trong cdc chuong trinh phan tich cti phap cua ngdn ngit chang han .

7. Két xuét dir liéu voi cout

Chung ta d3 ting st dung d6it wong cout cho viéc két xuat dir liéu ra man hinh |
ngoai ra chiing ta ciing co thé sir dung cout dé dinh dang dit liéu , can 1é cac dong két
xuat dir liéu va ghi dir liéu kiéu sé dudi dang s6 thap phan hay hé hexa.

Xo6a b¢ dém ouput

Viéc x0a bd dém output duoc thuc hién khi chung ta goi toi ham endl . Ham nay
thuc chat 1a goi toi ham flush () cuia doi tuong cout . Chung ta c6 thé goi trire tiep toi
ham nay:

cout << flush;

Cac ham lién quan

Tuong ty nhu cin ¢ cac ham get () va getline () cout co cac ham put () va write ()
phuc vu cho viéc két xuit dit liéu . Ham put() duoc dung dé ghi mot ky tu ra thiét bi
output va cling nhu ham get() cua cin chung ta c6 thé dung ham nay lién tiép:

cout.put(‘a’).put(‘e’);

Ham write 1am viéc giéng hét nhu toan tir chén chi trir mot diéu 1a n6 cac hai tham
sO: tham s thir nhét 1a con tro xau va tham s thir hai 1a s6 ky tu sé in ra, vi dy:

char str[] = “no pain no gain”;

cout.write(str,3);
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Cac chi thi dinh dang, cac co va cac thao tac véi cout

Dong output ¢6 rat nhidu c& duoc sir dung vao cac muc dich khac nhau chang han
nhu quan 1y co s cua cac bién sé dugc két xuat ra man hi nh, kich thudc cua cac
truong... Mdi co trang thai la mot byte co cac bit duoc gan cho cac y nghia khac nhau ,
cac co ndy co thé dugc dit cac gia tri khac nhau bang cach sir dung cac ham .

Str dung ham width cta ddi teong cout

D0 rong mac dinh khi in ra cac bién 1a vira du dé in dit liéu cua bién d6 , diéu nay
d6i khi lam cho output nhan dwgc khong dep vé mat thim my . Dé thay doi diéu nay
chung ta c6 thé dung ham width, vi du:

cout.width(5);

Néu nhu d6 rong thiét 1ap bang ham width nho hon d6 rong cta bién trén thuc té
thi n6 s€ khong c6 tac dung.

Thiét 1ap cac ky tw 1ap chd trong

Binh thuong cout lap cac chd trong khi in ra mot bién nao d6  (voi do rong duoc
thiét 1ap bang ham width) bang cac dau tréng, nhung ching ta c6 thé thay doi diéu nay
bang cach goi tdi ham fill, vi du:

cout.fill(“*”);

Thiét 1ap cac co

Céc d6i tuong iostream quan 1y trang thai cua ching ban g cach s dung cac co .
Chung ta co thé thiét 1ap cac cd nay bang cach sir dung ham setf () v6i tham sb 1a mot
hing kiéu liét ké da dugc dinh nghia trudc Chang han véi mot bién kiéu float c6 gia
tri 1a 20.000, néu chung ta su dung toan tox >> dé in ra man hinh két qua nhan dugc sé
1a 20, néu chung ta thiét 1ap co showpoint két qua s& 1a 20.000.

Sau day la mot sd cd thuong dung:

Showpos dau cua cac bién kiéu so
Hex In ra s6 dudi dang hexa
Dec In ra s6 dudi dang co s6 10
Oct In ra s6 dudi dang co so 8
Left Cin 1€ bén trai
Right Can 1¢ bén phai
Internal Can ¢ gilra
Precision Ham thiét 1ap do chinh xac cua cac bién thuc:
cout.precision(2);

Ngoai ra con p hai ké dén ham setw () ciing c6 thé dwoc ding thay cho ham
width.

Chu ¥ 12 cac ham trén déu can c6 chi thi include file header iomanip .h.

Cac ham width, fill va precision déu c6 mét phién ban khong c6 tham sé cho phép
doc cac gia tri duoc thiét 1ap hién tai (mic dinh).

8. Cac dong vao ra va ham printf

Hau hét cac cai dit cua C ++ déu cung cip cac thu vién C chuan , trong d6 bao gdm
1énh printf(). Mic du vé mit nao d6 ham prinf dé sir dung hon so  véi cac dong cua
C++ nhung né khong thé theo kip dwoc cac dong : ham printf khong c6 dam bao vé
kiéu dir liéu do d6 khi chung ta in ra mot ky ty lai co thé la mot sb nguyén va nguoc
lai, ham printf ciing khong hd trg cac 16p do d6 khong thé overload dé lam viéc véi cac
16p.
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Ngoai ra ham printf ciing thuc hién viéc dinh dang dit liéu dé dang hon, vi du:

printf(“%15.5f”, tf);

C6 rat nhiéu lap trinh vién C ++ c6 xu hudng thich dung ham printf () nén can phai
chu y ky t61 ham nay .

9. Vao ra dir liéu véi cac file

Céc dong cung cap cho chung ta mot cach nhat quan dé lam viée voi dit lidu duoc
nhap vao tir ban phim cling nhu dit liéu duoc nhap vao tir cac file . Dé lam viéc véi cac
file chung ta tao ra cac ddi tuong ofstream va ifstream.

ofstream

Céc d6i tuong cy thé ma chung ta ding dé doc dit liéu ra hodc ghi dit lidu vao dugc
goi 1a cac dbi tu’ong ofstream. Chung duoc ké thira tir cac dbi tuong iostream.

De lam viéc voi mét file trude hét ching ta can tao ra mot d6i twong ofstream |, sau
do gan no voi mot file cu thé trén dia , va dé tao ra mot doi tuong ofstream ching ta
can include file fstream.h.

Cic trang thai diéu kién

Céc d6i twong iostream quan 1y cac cd bao hiéu trang thai sau khi chung ta thuc
hién cac thao tac input va output chung ta co thé kiém tra cac co nay bang cach st
dung cac ham Boolean chang han nhu eof (), bad(), fail(), good() Ham bad() cho gia tri
TRUE néu mét thao tac 1a khong hop 16, ham fail () cho gia tri TRUE néu nhu ham
bad() cho gia tri TRUE hodc mét thao tac nao do that bai . Cubi cung ham good () cho
gia tri TRUE khi va chi khi tit ca 3 ham trén déu tra vé FALSE.

Mo file

Pé mo moét file cho viéc két xuét dir liéu chung ta tao ra mot dbi tuong ofstream:

ofstream fout(“out.txt”);

va dé mo file nhap dit liéu ciing twong ty:

ifstream fin(* 1np txt”);

Sau khi tao ra cac ddi tuo’ng nay chung ta c6 thé dung chang giéng nhu cac thao tac
van duoc thuc hién véi cout va cin nhung can chi y ¢6 ham close () trude khi két thic
chuong trinh.

Vi du:

ifstream fin(“data.txt”);

while(fin.get(ch))

cout << ch;

fin.close();

Thay déi thudc tinh mic dinh khi mé file

Khi chung ta mo mét file dé két xut di liéu qua mot dbi tuong ofstream néu file
d6 da ton tai ndi dung cta nd sé bi x6a bo con néu noé khong ton t ai thi file maoi sé
duoc tao ra. Néu ching ta mudn thay doi cac hanh dong mic dinh nay c6 thé truyén
thém mot bién tudng minh vao cau tir ctia 16p ofstream.

Céc tham s6 hop 18 6 thé 1a:

i0s::app — append, mo rong ndi dung mot file néu no6 da co san.

ios:ate -- dt vi tri vao cudi file nhung c6 thé ghi 1én bat ¢t vi tri nao trong file

j0s::trunc -- mac dinh

ios::nocreate -- néu file khong c6 sin thao tac md file that bai

ios::noreplace -- Néu file di c6 sin thao tac mo file thét bai.

Cha y: nén kiém tra khi thuc hién mo mot file bitky . Nén sir dung lai cac ddi
tuong ifstream va ofstream bang ham open ().
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10. File text va file nhi phin

Mot sO hé diéu hanh chang han DOS  phan biét cac file nhi phan va cac file text
Céc file text luu trr dit li¢u dudi dang text chrflng han mot sb s& duge luu thanh mot
Xau, viéc luu trir theo kiéu nay c6 nhiéu bét loi song chung ta ¢ thé xem ndi dung file
bang cac chuorng trinh rat don gian.

De giup phan biét giua cac file text va nhi phan C ++ cung cip co ios ::binary. Trén
mot sb hé thdng co nay thuong dugc bo qua vi thuong thi dit liéu dugc ghi dudi dang
nhi phan.

Céc file nhj phan khéng chi luu cac sé va ky tu ching c6 thé duoc st dung dé luu
cac cau triic. D& ghi mot bién c4u trac 1én mot file nhi phan chung ta dung ham write (),
vi du:

fout.write ((char*) &Bear,sizeof Bear);

Dé thyc hién viée doc nguoc lai ching ta dung ham read.

fin.read((char*) &BearTwo, sizeof BearTwo);

Lam viéc voi may in

Lam viéc v6i mdy in trong d6i gidng voi lam viée véi cac file:

ofstream prn(“PRN”);

11. Tim kiém trong cac dong vao ra

C6 hai cach tiép can dé giai quyét van dé nay, cach thir nhit sir dung vi tri tuyét d6i
cua dong goi la streampos , cach tha hai 1a st dung ham c6 céch thue lam viéc giong
nhu ham fseek() cua ngon ngir C.

Céch tiép can streampos doi h 61 ching ta trudc tién can phai st dung mét ham chi
chd (tell) tellp() cho mot d6i twong ostream va tellg () mot dbi tuong istream. Ham chi
chd nay sé tra vé mot gla tri streampos ma sau doc chung taco thé st dung voih  am
seekp() dbi voi mot dbi tuong ostream va seekg () doi voi mot dbi twong istream khi
ching ta muon nhay tdi vi tri d6 cua file.

Céch tiép can thtr hai sir dung cac phlen ban overload cua cac ham seekp () va
seekg(). Tham s6 t hir nhat duoc truyén Vao 1a s6 byte di chuyén , do c6 thé 1a mot sb
nguyén am hoic nguyén duong.. Tham s thir hai 1a huéng tim k1em.

ios::beg Tur dau dong
10s:.cur Tur vi tri hién tai
ios::end Tu cudi dong

Vi du minh hoa:
//: C02:Seeking.cpp
// Seeking in iostreams
#include <iostream.h>
#include <fstream.h>

int main(int argc, char* argv([]) {
ifstream in(argv[1l]);
in.seekg (0, ios::end); // Cudi file
streampos sp = in.tellg(); // kich thudc file
cout << "file size = " << sp << endl;
in.seekg(-sp/10, ios::end);
streampos sp2 = in.tellg();
in.seekg (0, ios::beg); // vi tri bdt dau file

40



cout << in.rdbuf(); // in ra ca file
in.seekg(sp2); // di chuyén tol vi tri’

Streampos
// in ra phan con lai cua file
cout << endl << endl << in.rdbuf () << endl;

Y /)~

Vi kiéu cua streampos duoc dinh nghia 1 long nén tellg () s& cho ta biét kich thudc
ctia file. Ham rdbuf() tra vé con tré streambuf() cua mot ddi twong iostream bt ky .

12. stringstream
Trude khi c6 cac d6i twong stringstream ching ta dd c6 cac dbi twong co ban hon la
strstream. Mic du khong phai 1a mot phan chinh thic cia C  ++ song vi da ting duoc
st dung trong mot thoi gian dai cac trinh bién di  ch déu hd tro strstream . Tuy nhién
chung ta nén dung cac ddi turong stringstream thay cho strstream vi cac 1y do sau day :
mot d6i tuong strstream lam viée truc tiép voi bo nhd thay vi voi cac file hay
output chuan. N6 cho phép chiing ta sir dung cic ham doc va dinh dang dé thao tac véi
cac byte trong bd nhé . Dé lam viée voi cac ddi twong strstream chung ta cin tao ra cac
d6i twong ostrstream hodc istrstream twong tng.
Céc d6i twong stringstream ciing 1am viéc voi bd nhé song don gian hon nhiéu va
do chinh la ly do nén dung ching thay vi strstream .
Vén dé cp phat b nho
Céch tiép can dé nhat dé hiéu van dé nay la khi nguoi ding can phai cip phat bo
nhé cho cac ddi tuong can xtr dung . Di véi cac ddi tuong istrstream chiing ta c6 mot
cach tiép can duy nhat v6i hai ciu tir:
istrstream::istrstream(char * buf);
istrstream::istrstream(char * buf, int size);
Céu tir thir nhit cho mot d6i tuong st rstream voi mot xau ¢ ky tu két thic , chung
ta ¢ thé trich ra cac ky tu cho toi khi gip ky tu két thic , cdu tir thir hai cho mot ddi
tugng strstream ma ching ta co thé trich ra s ky tu bang ding gia tri ciia tham sé  tha
hai.
Vi du:
//: C02:Istring.cpp
// Input strstreams
#include <iostream.h>
#include <strstream.h>

int main() {
istrstream s("47 1.414 This is a test");
int 1i;
float f£f;
s >> 1 >> f;
char buf2[1007];
s >> buf?2;

cout << "i = " << 1 << ", £ =" << f;

cout << " buf?2 = " << buf2 << endl;

cout << s.rdbuf(); // in ra phén con lai...
Yy /S e~
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Vi cac doi tugng ostrstream ching ta co hai cach tiép can  , cach thir nhét thong
qua mot ciu tu cua 1op:

ostrstream::ostrstream(char *, int, int = ios::out);

Tham s6 th(r nhat 1a mot bo dém chira cac ky tu , tham s thir hai 1a kich thudc bo
dém, va tham sb tha 3 1a ché d6 1am viéc , néu thiéu tham s nay , cac ky tu dugc dinh
dang bt dau tir dja chi ci  abd dém . Néu tham sb thr 3 1a ios ::ate hay ios :app thi
chuong trinh s& gia thiét nhu 1a ky ty bo dém da chira mot xau co ky tu két thiic 1a ¢ \0’
va bat ky ky tu méi ndo ciing s€ dugc thém vao bét dau tir ky tu két th c d6. Tham s6
thir 2 duge dung dé dam bao rang khong xay ra truong hop ghi de 1én cudi mang .

Mot diéu quan trong can phai nhd khi lam viéc VO’l mot ddi tuong ostrtream la ky
tur két thic xau khong dugc tu dong thém vao cu 6i xau, khi dinh dang xong can cing
end] dé thuc hién diéu doé.

Vi du:

#include <iostream.h>
#include <strstream.h>

int main() {

const int sz = 100;

cout << "Nhap vao 1 sé nguyén, 1 sb& thuc va
mét xau:"

int 1i;

float £;

cin >> i >> f;
cin >> ws; // bd di cac diu céach
char bufsz];
cin.getline (buf, sz); // LAy phédn con lai cua
cin
ostrstream os (buf, sz, ios::app);
os << endl;
0os << "integer = " << i << endl; // chu y néu
khéng co’ // tham s6 thu 3 ios::app thi dong
lénh sau se ghi de
// 1én néi dung cua dong lé&nh truoc
0s << "float = " << f << endl;
os << ends;
cout << buf;
cout << os.rdbuf () ;
cout << os.rdbuf () ;
Y~
Céch tht hai dé tao ra mot ddi tuong ostrstream:
ostrstream a;
Céch khai bao nay linh hoat hon, chiing ta khong can chi dinh kich thudc ciing nhu
bd dém cta mot ddi tuong ostrstream tuy nhién cung rac r6i hon .
Vi du lam thé nio chiing ta c6 thé 1ay dia chi ciia ving nhd ma cack  y tw ciia ddi
tugng a da duogc dinh dang:
char *cp = a.str();
Tuy nhién van con van dé nay sinh & ddy . Lam thé ndo néu chiing ta muén thém
cac ky tu vao a. Didu nay co thé dé dang thyc hién néu ching ta biét trudc 1a a d & duoc
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cung cép du dé thuc hién thém vao . Thong thuong a sé hét bd nhd khi chung ta thém
vao cac ky tu va no s& ¢d ging xin cap phat thém vung nhé  (on the heap) dé lam viéc.
Piéu nay thuong doi hoi di chuyen cac khdi ¢ 0a b nhd. Nhung cac ddi tuong stream
lam viéc thong qua dia chi khdi nhé ctia chiing nén chiing c6 vé khong tai ning lam
trong viéc di chuyen cac khéi do, vi chiing ta hy vong ching tap trung vao mot chd.

Céch giai quyét cu a cac dbi twong ostrstream trong trudng hop nay la ty lam dong
bang ching. Ching nao ma chuong trinh chua goi téi ham str () thi ching ta co thé
thém bao nhiéu ky tu vao tuy thich , ddi tuong ostrstream sé xin thém bd nhé heap  dé
lam viéc va khi do6i tuong khong dugc st dung nira vung nhéd do sé tu dong duoc giai
phong.

Sau khi ham str () dugc goi toi chung ta khong thé thém bt ctr ky t nao vao mot
d6i twong ostrstream , diéu nay thuc té khong duogc kiém tra nhung d6i twong
ostrstream tuong ung sé khong chiu trach nhiém don dep vung nhd ma chung ta da xin
thém.

Dé ngan chin mot sé truong hop ro ri bd nhé ¢6 thé xay ra chiing ta co thé goi t6i
toan tur delete:

delete []a.str();

Cach thir hai, khéng phd bién Iim 1a chiing ta c6 thé giai phong bd nhé da chiém
dung bang cach goi téi ham freeze (). Ham freeze () 1a mét thanh vién cua 16p
ostrstream, n6 c6 mot tham s6 mic dinh bang mot du ng dé dong bang nhung néu tham
sO ¢o gia tri bang 0 thi tac dung ctia ham lai la giai phong bd nhd.

Sau khi giai phong bd nhd chiing ta c6 thé thém cac ky tu vao dbi tuong Vua duoc
giai phong tuy nhién diéu nay thuong gay ra cac di chuyen cac khoi nhd nén tbt nhat 1a
khong str dung cac con tro tdi dbi twong nay trudc d6 ma ching ta di co bang cach
dung ham str().

Vi du;

#include <iostream.h>
#include <strstream.h>

int main() {
ostrstream s;
s << "'The time has come', the walrus said,";
s << ends;
cout << s.str() << endl;
s.seekp (-1, ios::cur);
s.rdbuf () ->freeze (0) ;

s << " 'To speak of many things'" << ends;
cout << s.rdbuf();
Y~

Va chti ¥ ham rdbuf () cho phép ta 1dy ndi dung phan con lai, hoic toan b ciia mot
d6i twong iostrstream (giéng nhu voi file).

Con rat nhiéu chi tiét vé cac co va dbi tuong iostream khac , néu mudn tham khao
day du co thé tham khao trong cac sach tham khao .

Mot s6 cau hoi:

Khi nao sur dung cac toan tr  >>, << va khi nao dung cac ham thanh vién cho cac
thao tac vao ra dur liéu?

Su khac nhau gitra cerr va clog?

Tai sao lai sit dung cac dong vao ra thay cho ham printf()?
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Chuong 5: Di twong va lop. (9 tiét)

1. Trwu twong dir liéu

C++ 13 mot cong cy ning suat . Tai sao chiing ta lai phai ¢6 ging (mot cb gang, du
cho d6 1a mot ¢b ging d& dang ) dé chuyén tir mot ngdn ngit ma chung ta di biét va
hiéu qua san g mot ngdn nglt méi kém hiéu qua hon trong mdt khoang thoi gian nao
d6, cho t&i khi ma chiing ta thyc sy nam duoc né . D6 1a boi vi chung ta da b thuyét
phuc rang chiing ta ¢ thé dat dugc nhitng két qua 16n nhd vao vié ¢ sir dung cong cu
moi nay.

Hiéu suat, noi theo ngon ngir tin hoc c6 nghia la it ngudi hon co thé tao ta cac
chuong trinh & an tuong va phirc tap hon trong thoi gian ngan hon . Tit nhién la con c6
cac yéu t khac khi ching ta  can lya chon mot ngdn ngit nao d6 chang han nhu tinh
hiéu qua (ban chit cia ngdn ngit c¢6 1am cho chwong trinh chdm hay kho g& 16i hay
khong), tinh an toan (ngdn ngi c6 gitip ching ta dam bao rang né sé thuc hién nhirng
gi ma chung ta yéu cau) va van van.

Tuy nhién thyc sy nang suét co nghia la mot chuong trinh trudc day 3 nguoi lam
mat mot tuan gio day mot nguoi co the viét trong mot hai ngay . Diéu nay mang lai
nhiéu loi ich cho ca nhitng ngudi viét chwong trinh va khach hang cia ho. Va cach duy
nhit dé c6 duge diéu d6 1a sir dung lai , tdn dung lai ma chwong trinh cua nguoi khac |
d6 chinh la sur dung thu vién.

Mot thu vién don gian 1a mot tap hop cac do an ma ngudn ma mot ai d6 da viét va
dong goi chung lai voi nhau . Thuong thuong mdi thu vién 1a mét file ¢ cau tric dic
biét dé trinh lién két c6 thé tim t6i ding cac doan ma ham dugc goi trong chuong trinh
str dung chung Céc thu vién nay thuong dugc cung cap dudi dang di dugc dong goi
nhung ciing c6 thé 1a co ca ma ngudn , diéu nay thuong thich hop voi nhitng hé thong
hoat dong trén nhiéu nén tang khac nhau chang han Unix.

Nhu vay thu vién o 18 1a cach quan trong nhat dé cai tién tinh hiéu qua  , va mot
trong cac muc tiéu chinh cua C ++ 1a lam cho viéc stt dung céc thu vién trd nén dé
dang hon, va diéu nay ciing c6 nghia 14 viéc sir dung cac thu vién trong C c6 mot diéu
gi d6 kho khan.

Vi du 1: M6t thu vién theo kiéu ngon ngfr C

Mot thu vién thuong la mot tap hop cac ham , nhung néu chung ta da tung str dung
mot thu vién duoc cung cap boi mot bén thir 3 nao d6 thi chung ta co thé hiéu rang
khong chi don gian 1a tap hop cac ham ma thu vién con c¢6 nhiéu hon thé , d6 chinh 1a
céc thudc tinh hay ddc diém cua dir lidu . Khi ching ta bat dau phai lam viéc v6i mot
tap hop cac thugc tinh trong C chiing ta thuong hay sir dung mot kiéu di liéu dic biét ,
d6 1a kiéu dir liéu cdu trac : struct, kiéu dir liéu minh hoa cho tu tudng lap trinh ciu
trac: chuong trinh = dir liéu + thuét toan.

Start here

Khi chiing ta tié p cAn mot Van dé trong mot ngén ngwr 14p trinh hudng d6i tugng
chung ta s€ khong tim céach chia Van dé can gidi quyet thanh cadc ham con , cac chuong
trinh con nhu trong l4p trinh c¢6 cAu trac ma didu can thiét 13 chia no th anh cac d6i
tuong.

Suy nghi theo kiéu cac ddi turong thay vi cac ham ¢ mot anh hudng rat 16n dén
viéc thiét ké chuong trinh . Vi thé gi61 thuc bao gff)m cac ddi tuong va ¢ mot su lién
quan mat thiét giita cac d6i twong trong mot chuong trinh véi cac dbi tuong trong thé
gioi thyec.

1. Thé nao la mdt ddi twong?
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Rét nhiéu cac dbi twong trong thé gidi thwe 6 hai dic tinh sau : ching c6 mét
trang thai (state) (cac thudc tinh cé thé thay ddi ) va cac ning lwc (cong viéc ma
chiing c6 thé thuc hién).

Doi tuong thuc = Trang thai (cac thude tinh)+ Céc nang lyc (hanh vi)

DPbi tuong lap trinh = Dur li€éu + Cac ham

Két qua cua viéc triru tuong hoa cac dbi tuong ciath & gidi thuc thanh cac dbi
tuong 1ap trinh 1a sy két hop gitra dir liéu va cac ham.

2. Ciac 16p va cac doi twong

L6p 1a mot kiéu dix liéu méi dwoc dung dé dinh nghia cac dbi twong . Mét 16p
¢6 vai tro nhu mot ké hoach hay mét ban miu . N6 chi rd dir liéu nao (cac thudc
tinh - trang thai) va cic ham (cac ning lwe) nao sé thudce vé cac ddi twgng cia 16p
d6. Viéc viét hay tao ra mot 16p moi khong sinh ra bit cir mot ddi twong nao
trong chwong trinh.

Mot 16p la sy triru twong hoa , tong quat hoa cac dbi tuong co cac thudce tinh gidng
nhau va cac déi turong la thé nghiém cua cac 16p.

Vi du 1: L6p point dinh nghia cac diém anh trong mot chwong trinh db hoa.

MG&i diém phai c6 hai trang thai la hoanh d6 va tung 46 , chung ta c6 thé dung hai
bién kiéu int dé biéu dién chung.

Trong chwong trinh ctia ching ta cac diém phai co cac kha ning sau :

e Céc diém c6 thé di chuyén trén ma n hinh: diéu nay dugc thyc hién qua ham

move

e Cic diém co thé in ra cac toa do ciia chung 1én man hinh: ham print

e Céc diém co thé tra 15i cAu hoi xem chung c6 dang & vi tri goc tao do hay

khong: ham isZero()

class Point{ // khai bao 16p Point

int X, y; // hoanh d¢ va tung do
public:
void move(int,int);
void print();
bool isZero();
K 7 : . ‘

O day co hai quan diém trong vi¢c khai bao mot 16p : quan diém thir nhat cho rang
nén khai bao cac bién va phuong thirc priv  ate trudc, quan diém thir hai lai cho ring
nén khai bao cac phuong thirc va bién public truoc vi day chinh 1a phéan giao dién cho
pheép cac d6i twong cua 16p thue hién cac giao tlep vo1 bén ngoai qua cac thong diép va
d6i voi 1ap trinh vién thi chi can quan tdm téi phan nay .

Céac ham va céc bién trong mot 16p duoc goi 1a cac thanh vién cua 16p . Trong vi du
nay chi c6 cac nguyén mau ham duogc dit trong khai bao 16p , phan cai dat sé dugc dat
& cac phan khac (c6 thé trong mot file khac) ciia chuong trinh.

Néu nhu phan dinh nghia hay cai dit cia mot ham dugc dit ngay trong phan khai
bao cua 16p thi ham d6 duoc goi la mot ham inline (macro).

M@t s6 chia y vé ham inline:
Chung ta c6 thé st dung tir khoa inline dé chi dinh mot ham 13 inline:
inline void Point::move(int newX, int newY){
I
HI
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Khong phai lac nao ham inline cting dugc thye hién : ¢6 2 truong hgp ma trinh bién

dich s& tir ¢ hbi chip nhan mot ham 1a ham inline trudng hop thir nhat 1a khi ham d6
qua phtrc tap, truong hop thur hai la nd goi tdi mot ham co dia chi khong xac dinh
du:
class Forward {
int i;
public:
Forward () : 1(0) {}
// goi toil ham chua duoc khai bao:
int f£() const { return g() + 1; }
int g() const { return i; }

b

int main () {
Forward frwd;
frwd.f () ;

Y /I~

, Vi

Céc ham inline thudng thay chinh la cac cAu tir va cac huy te , trong than cac ham

nay ching ta hay thuc hién mot sé thao tac khéi tao va don dep 4n.
// ham di chuyén t&i vi tri méi
void Point::move(int new_x, int new_y)
{
X = NEW_X;
y = new_y;
by
// in toa d0 ra man hinh
void Point::print()
{

by
// kiém tra xem co trung voi goc toa d6 khong (0,0)
bool Point::is_zero()

{
¥

cout << "X="<<x<<" Y="<<y<<endl

return (x == 0) && (y == 0); // if x=0 AND y=0 returns true

Vay la chiing ta da c6 mot kiéu dir liéu méi dé xay dung cac ddi trong diém  ching

ta co thé tao ra cac ddi twong nay trong chuong trinh khi can thiét:

int main()

{ ,
Point pointl, point2; // khai bao 2 d6i twong: pointl and point2
point1.move(100,50); // di chuyén t6i diém (100,50)
pointl.print(); // in toa dd ra man hinh
pointl.move(20,65); // pointl di chuyén t4i diém (20,65)
pointl.print(); // in toa d0 ra man hinh
if(pointl.is_zero()) // kiém tra xem c6 trung véi gbc toa do khong

cout << "pointl is now on zero point(0,0)" << endl;

else
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cout << "pointl is NOT on zero point(0,0)" << endl;
point2.move(0,0); // point2 moves to (0,0)
if(point2.is_zero()) // is point2 on (0,0)?

cout << "point2 is now on zero point(0,0)" << endl;
else

cout << "point2 is NOT on zero point(0,0)" << endl;
return O;

L .

Nhac lai mdt s0 khai niém va thuat ngtr:

Lop: mot lcrp 1a két qua cta viéc gom dir liéu va cac ham . Khai niém 10’p rat giéng
voi khai niém cau truc duogc su dung trong C hay khai niém ban ghi duoc sur dung
trong Pascal, n6 1a mét kiéu dir liéu duoc dung dé tao ra cac bién c6 thé duoc dung
trong mot chuong trinh nao do.

Dbi twong: Mot dbi tuong 1a mot thé nghiém ciia mot 1op , diéu nay twong tu nhu
d6i voi mot bién duoc dinh nghia la mot  thé hién ciia mot kleu dtr liéu , n6é mang tinh
cu thé va xac dinh.

Phuong thuc (Method) (member function) 1a mot ham dugc khai bao trong mot
1op.

Thong di¢p: day la khai niém tuong d6i gidng voi viée goi toi mot ham tuy nhié  n
¢6 sy khac nhau vé co ban ¢ hai diém sau day:

o Mot thong diép phai dugc gui toi cho mot ddi twong nao dé du c6 thé 1a tuong

minh hay cu thé goi la receiver.

e Hanh dong duogc thuc hién dé dap lai thong di¢p duoc quyét di nh boi receiver

(d6i twong nhan thong diép ), céc receiver co thé ¢6 cac hanh dong khac nhau doi

voi cung mot thong diép.

Vi du:

anObject.doSomething(....);

Nhiéu nguoi méi hoc C++ cho rang hai khai niém goi ham va guri thong di ép trong
cac chuong trinh 13 gidng nhau hoan toan.

Két luan:

Sau phan nay chung ta can ch y cac diém sau:

Céc chuong trinh duoc xay dung theo kiéu hudng ddi trong bao gdm cac dbi
tuong, va viéc ndy thudng duoc bit ddu b dng viée xay dung va thiét ké cac 16p . Thay
vi céc 101 goi ham trong mot chuong trinh huéng dbi tuong chiing ta thuc hién giri cac
thong diép t6i cho cac ddi twong dé bao chiing thuc hién mét cong viée nao do .

3. Con tr6 va mang cac doi twong

Cic 16p c6 thé dwoc dung dé khai bao cac bién gidng nhw cac kiéu dir liéu co
ban khac, ching han ching ta co thé khai bao cac con tro tré téi cac doi twong:
int main()

{ , ,
Point *ppl = new Point; // cap phat bo nhd cho 1 doi tugng, ppl tro toi
Point *pp2 = new Point; // cip phat b nhd cho 1 ddi tuong, pp2 trd t6i
ppl->move(50,50);
pp1->print();
pp2->move(100,150);
if(pp2->is_zero())
cout << " Object pointed by pp2 is on zero." << endl;
else
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cout << " Object pointed by pp2 is NOT on zero." << endl;
delete ppl; // giai phong bo nhd
delete pp2;
return O;

¥
Hoic chung ta ciing c¢6 thé khai bao mang cac dbi twong  (c6 thé 1a mang tinh hodc
mang dong):
int main()
{ ‘
Point array[10]; // khai bao 1 mang c6 10 phan tu
array[0].move(15,40);
array[1].move(75,35);

for (inti=0; 1< 10; i++)
array[i].print();
return O;

4. Khai bao cac lop voi cac file header
Vi du:

File stack.h

#ifndef Stack H

#define Stack_H

class Stack {
I/l LIFO objects
public:
Stack(int MaxStackSize = 10);
~Stack() {delete [] stack;}
bool IsEmpty() const {return top ==-1;}
bool IsFull() const {return top == MaxTop;}
int top() const;
void push(const int & X);
int pop();
private:
inttop; // chi sb phan tir & dinh
int MaxTop; // gi4 tri 16p nhét ciia bién top
int *stack; // dir liéu cua stack
¥
#endif

file stack.cpp:

Stack::Stack(int MaxStackSize)

{// chu tr cua 16p Stack
MaxTop = MaxStackSize - 1;
stack = new int[MaxStackSize];
top = -1;

b
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int Stack::top() const
{// tra vé phan tir ¢ dinh
if (IsEmpty()){
cout << “OutOfBounds”; // stack rong
return —1;

¥

else return stack[top];

}

void Stack::push(const int& X)
{// Add x to stack.
if (IsFull()) {
cout << “NoMem”; // hét bd nhd
return;
}

stack[++top] = X;

¥

int Stack::pop()
{// 1oai bo phan tir & dinh
if (IsSEmpty()){
cout << “OutOfBounds”; // delete fails
return —1;

¥
¥

Viéc st dung cac file header dé khai bao cac 16p va cac ham nhdm muc dich chinh
13 tach biét phan giao dién va phan cai dat ciia cac 10p , cac ham. Nhu ching ta da biét
cac chuong trinh hién nay thudng dugc viét theo nhém lam viéc . Trong nhom mdi
nguoi dugc giao viét mot phan cua chuong trinh va do dé can dung phan chuong trinh
ctia nguoi khac , va viée str dung cac file header ciing 1a mot phan giai phap dé dat
duoc diéu d6. Khi mét lap trinh vién thay dbi cac cai datbén  dudi ciia mot ham hay
mot 16p nao do thi viée thay d6i nay khong lam anh hudng t6i phan chuong trinh do
nguoi khac viét dua trén cac 10p va ham ma anh ta dua ra.

Céu triic cia mot file header thuong ¢ 3 chi thi tién xir 1y chinh, chi thi dau tién 1a
chi thi kiém tra sy ton tai ciia mot ¢ dinh danh , nd ¢6 tac dung kiém tra xem ndi dung
cua file dd dugc include vao mot file ndo d6 hay chwa , néu r6i thi phan noi dung tiép
theo cua file s€ dugc bo qua. Chi thi thir hai 1a chi thi dinh nghia , xac dinh mot dinh
danh dung cho viée kiém tra dugc thyuc hién trong qua trinh bién dich.

Chi thi cudi cung 1a chi thi két thuc ndi dung cua file.

Néu khong c6 cac chi thi nay ching ta s& gip ric rdi to véi van dé include cac file
header trong cac chuong trinh.

Néu mudn tim hiéu k¥ hon vé cac chi thi va ciu trac cua file header chiing ta co thé
tham khao noi dung céc file haeder chuan duoc cung cip véi trinh bién dich.

Viéc bién dich chuong trinh ddi vdi cac chuong trinh stir dung 16p Stack duogc thuc
hién nhu sau:

Trong chuong trinh c6 str dung 16p Stack chung ta cén include file header stack .h.
Pé thir xem c6 16i k hong nhan t6 hop phim ALT -C dé kiém tra cac 15i bién dich . Viéc
dich tiép theo (phan build file .exe) c6 thé duoc thyc hién theo hai cach : cach thi nhat
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1a tao mot project va dich nhu cac chwong trinh chi cé 1 file .cpp ma chiing ta di biét;
cach thir hai la tao mot file .bat dé thyc hién bién dich, vi du vé1 mot chuong trinh gé)m
cac file: main.cpp, stack.h, stack.cpp thi néi dung file build.bat sé c6 thé 1a:

tcc —c main.cpp

tcc —c stack.cpp

tcc —e<tén file.exe> main.obj stack.obj

Hodac gon hon ntra la:

tcc —c *.cpp

tcc —e<tén file.exe> *.0bj

del *.obj

Hoic chung ta ciing c6 thé thyuc hién truc tiép cac 1énh nay trén dong 1énh trong cac
ctra sO gia 1ap DOS.

5. Kiém soat viéc truy cip téi cac bién va phwong thirc cuia 16p

Chung ta c6 thé chia cac lap trinh vién thanh hai nhém  : nhém tao cac 16p (nhom
gdm nhirng nguoi tao ra cac kiéu dir liéu méi ) va céc 14p trinh vién khach  (cac lap
trinh vién st dung ¢ 4c kiéu dir liéu do nhom thir nhit tao ra trong chuong trinh cua
ho).

Muc dich ctia nhom thur nhat 1a xay dung mot 16p bao gom tat ca cac thudc tinh va
kha nang can thiét. Lop nay sé cung cap cac ham giao dién can thiét , chi nhiing gi can
thiét cho cac lap trinh vién st dung chiing va gitr bi mat cac phan con lai.

Muc dich cua cac 1ap trinh vién khach la tap hop mot hép cong cu véi day cac 1op
dé nhanh chong st dung phat trién xay dung chuong trinh ing dung cta minh.

Ly do dau tién cho viéc kiém soat truy cap nay 1a dam bao cac 1ap trinh vién khach
khong thé tho tay vao nhitng phan ma ho khong nén tho tay vao . Phan duoc an di la
phan can thiét cho cA u triic bén trong cuia 10p va khong phai 1a phan giao dién ma
nguoi dung can dé giai quyét van dé cua ho.

Ly do thir hai 12 néu nhu viéc kiém soat truy cap bi an di thi cac 1ap trinh vién
khach khong thé sir dung n6, c6 nghia l1a ngudi tao ra cac 16p co thé thay doi cac phan
bi 4n ma khong can phai lo ling s& anh huong toi bat ky ai.

Su bao vé nay cling ngin chin cac thay doi ngoai y mudn ddi voi cac trang thai cua
cac dbi tuong.

Pé phuc vu cho viéc kiém soat truy cap cac thanh vién ciia mot 16p C ++ cung cap 3
nhén: public, priavte va protected.

Céc thanh vién dtng sau mot nhin s& dugc gan nhan d6 cho t6i khi nhin méi xut
hién.

Céc thanh vién duoc ga n nhan private (mic dinh) chi c6 thé dugc truy cap tdi boi
cac thanh vién khéc cua 16p.

Muc dich chinh ctia cac thanh vién dugce gan nhén public 13 cung cép cho cac client
danh sach cac dich vu ma 16p d6 hd trg hay cung ¢ 4p. Téap cac thanh vién ndy tao nén
phan giao dién cong cong ctia mdt 16p.

Chung ta c6 thé thiy rd qua 16p Point trong vi du & phan dau  , viéc truy cip vao
bién thanh vién ching han x 1a bat hop 18.

Céc ciu triic trong mot chuong trinh C++ ¢6 ché do truy cap mic dinh 1a public.
Tt khoa protected ¢ y nghia gidng hét y nghia cua tir khoa private ngoai trir mot
didu 1a cac 16p ké thira co thé truy cap vao cac thanh vién protected cia 16p cos @ ma

n6 ké thra.
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6. Cac ham ban va cac l6p ban
Mot ham hodic mot thye thé 16p ¢6 thé dwoe khai bao 1a mét ban bé ciia mot
16p khac.
Mot ban bé ctia mot 16p cd quyén truy cdp vao tat ca cac thanh vién (private,
protected, public) cta 16p. Vi du:
class A{
friend class B;
priavte:
int i
float f;
public:
void fonk1(char *c);
b
class B{
int j;
public:
void fonk2(A &s){ cout << s.i:} // 16p B ¢6 thé truy cap t6i moi thanh
I/ vién ciia A nhung nguoc lai thi khong thé vi A khong 14 ban cua B
I3
Mot ham ban cé quyén truy cip vao tat ca cac thanh vién cia 16p
class Point{
friend void zero(Point &);
int x,y;
public:
bool move(int x, int y);
void print();
bool is_zero();
b
void zero(Point & p){
pxX=p.y=0;
by

Hoic chang ta ciing c¢6 thé khai bao mot ham thanh vién cua mét 16p nao d6 1a ham
ban cua mot 16p:
class X;

class Y {
void f(X*);
b

class X { // Definition

private:
inti;

public:
void initialize();
friend void g(X*, int); // ham ban toan cuc
friend void Y::f(X*); // ham ban cua 16p khac
friend void h();
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Trong vi du ndy chung ta thay 16p Y c¢6 mot ham thanh vién f (), ham nay s& lam
viée V0’1 mot ddi tuong thude lop X. Diéu nay hoi phirc tap vi trinh bién dich C ++ yéu
cdu tat ca moi thr déu phai dugc khai bao trudc khi ching ta tham chiéu tdi ching |, vi
thé 16p Y phai khai bao thanh vién cia né laham Y ::f(X *) trudc khi c6 thé khai bao
ham nay 1d mot ham ban cua 16p X . Nhung ham Y :f(X *) c6 truy cip t6i ddi twong
thudc 10p X vi thé nén 16p X cling phai dugc khai bao trudc do.

Diéu nay kha nan giai , tuy nhién chiing ta cht y téi ham f (), tham s truyén vao
cho ham 1a mot bién con tro c6 nghia la ching ta sé truyén mot dia chi va that may
man 14 trinh bién dich ludn biét cach lam viéc véi cac bién dia chi du cho d6 la dia chi
cia mot dbi tuong thud c kiéu gi chang ntra du cho no khong biét chinh xéac Ve dinh
nghia hay don gian la kich thudc cua kiéu d6 . Diéu nay ciing c6 nghia 1a néu ham
thanh vién chiing ta can khai bao 16p X mot cach day du trude khi mudn khai bao  mot
ham chang han nhu Y::g(X).

Béng cach truyén theo dia chi trinh bién dich cho phép chung ta thyc hién mét dac
ta kiéu khong hoan chinh (incomplete type specification ) vé 16p X trudc khi khai bao
Y::f(X *). Biéu nay duoc thuc hién bang cach khai bao:

class X;

Khai bao nay don gian bao cho trinh bién dich biét Ia c6 mot 1op co ténla X , va vi
thé viéc tham chiéu toi 16p d6 sé 1a hop 1é mién 1a viéc tham chiéu d6 khong doi hoi
nhiéu hon 1 cai tén.

Mot diéu nita ma chiing ta can chuy la trong trué’ng hop khai bao cac lé’p 16ng
nhau, 10’p ngoai cung khong ¢ quyén truy cap vao cac thanh phan private cua 16p
trong, dé dat duoc diéu nay chung ta ciing can thuc hién tuong ty nhu trén, vi du:

#include <iostream.h>

#include <string.h> // memset()

const int sz = 20;

class Holder {
private:
int a[sz];
public:

void initialize();

class Pointer;

friend Pointer;

class Pointer {

private:
Holder* h;
int* p;
public:
void initialize(Holder* h);
// Move around in the array:
void next();
void previous();
void top();
void end();
/I Access values:
int read();
void set(int i);
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}
}
void Holder::initialize() {
memset(a, 0, sz * sizeof(int));

void Holder::Pointer::initialize(Holder* rv) {
h=rv;
p =rv->g;

b

void Holder::Pointer::next() {
if(p < &(h->a[sz - 1])) pt+;

b

void Holder::Pointer::previous() {
if(p > &(h->a[0])) p--;
}

void Holder::Pointer::top() {
p = &(h->a[0]);
}

void Holder::Pointer::end() {
p = &(h->a[sz - 1]);
}

int Holder::Pointer::read() {
return *p;
}

void Holder::Pointer::set(int i) {
}

int main() {
Holder h;
Holder::Pointer hp, hp2;
inti;
h.initialize();
hp.initialize(&h);
hp2.initialize(&h);
for(i=0;i<sz;i++) {
hp.set(i);
hp.next();
¥
hp.top();
hp2.end();
for(i=0;i<sz;i++) {
cout << "hp =" << hp.read()
<< " hp2 =" << hp2.read() << endl;
hp.next();
hp2.previous();
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Céc ham friend khong phai 1a thanh vién ctia 16p nhung ching budc phai xuat hién
trong khai bao 16p va do d6 tat ca moi ngudi déu biét d6 1a mot ham wu tién va didu
nay thuc su la khong an toan . Ban than C ++ khong phai la mot ngon ngu hu’ong doi
tuong hoan toan va viéc str dung cac 16p va ham friend 1a nham glal quyet cac van dé
thue té ddng thoi cling lam cho tinh huéng déi tuong cia ngdn ngir giam di dang ké.

7. Con tro this

M&i dbi twong c6 khong gian dir liéu riéng ciia né trong bd nhé ctia may tinh
Khi mdi d6i twong dwge  dinh nghia, phan b nhé dwoe khoi tao chi danh cho
phan lru dir liéu cua dbi twong do.

M3 ctia cic ham thanh vién chi dugc tao ra mot lan . Céc ddi tuong cua cung mot
10p s€ su dung chung ma cua cac ham thanh vién.

move

print

isZero

Vay lam thé nao dé trinh bién dich c¢6 thé dam bao duoc rang viéc tham chiéu nay
1a dung din. Dé dam bao diéu nay trinh bién dich duy tri mot con tré dugc goi la con
tré this. Vi mdi dbi twong trinh bién di ch déu sinh ra mot con tro this gin voi né . Khi
mot ham thanh vién duge goi dén , con tro this chira dia chi cua d6i twong sé duoc st
dung va chinh vi vay cdc ham thanh vién s& truy cp t6i dung cac thanh phan dit liéu
ctia ddi trong thong qua dia chi ctia ddi twong . Chiing ta ciing c6 thé sir dung con tro
this nay trong cac chuong trinh mét cach ro rang, vi du:

Point *Point::far_away(Point &p)

{
unsigned long x1 = x*x;
unsigned long y1 = y*y;
unsigned long X2 = p.x * p.x;
unsigned long y2 = p.y * p.y;
if ((x1+yl) > (x2+y2) ) return this; // tra vé dia chi cta d6i tuong
else return &p; // tra vé dbi tuong dang duoc tao ra
b

8. Khoi tao cac débi tu’(rng cua lop thong qua cac ham clu tir

Nhu chiing ta di biét cac d6i twong trong mdi chuong trinh C  ++ déu c6 hai loai
thanh vién: cac dir li¢u thanh vién va cdc ham thanh vién. Cac ham thanh vién lam viéc
dia trén hai loai dir liéu : mot loai dugc 13y tir bén ngoa i thong qua viéc goi cac thong
diép, loai kia chinh la cac dir liéu bén trong thugc vé moi d6i twong va mudn sir dung
cac dir lidu bén trong nay thong thuong ching ta can phai thuc hién mot thao tac goi la
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khoi tao dbi voi chung. Viée nay c6 thé duoc thuc hién bang cach viét mot ham public
riéng biét va sau d6 ngudi dung cé thé goi chung nhung diéu nay s& pha v& cac qui tic
vé su tach biét giira cac lap trinh vién tao ra cac 16p van  hiing ngudi dung chiing hay
n6i mot cach khac day 1a mot cong viée quan trong khong thé giao cho cac lap trinh
vién thudc loai client dam nhiém.

C++ cung cdp mot loai ham dic biét cho phép chung ta thuc hién diéu nay , Cac
ham d6 dugc goi 1a cac ham ciu tir (constructor). Néu nhu 16p ¢6 mot ham cau tir trinh
bién dich s& ty dong goi tdi n6 khi mot ddi twong nao do cua 16p dugc tao ra , trude khi
cac 1ap trinh vién client c6 thé sir dung chun g. Viée goi toi cac cAu tr nay khong phu
thudc vao viée str dung hay khai bao cac ddi tugng , né duoc thuc hién bai trinh bién
dich vao thoi diém ma ddi tuong dugc tao ra.

Céc ham cau tir ndy thuong thuc hién cac thao tac gan céc gid tri khéi tao cho cac
bién thanh vién , mo cac file input , thiét 1ap cac két ndi tdi cac may tinh khac trén
mang...

Tén cua cac ham cau tir 1a tén cua 16p , chung budc phai 1a cac ham public , vi néu
khong trinh bién dich s& khong thé goi téi chiing . Cac ham cau tir c6 thé c6 cac tham
sd néu can thiét nhung n6 khong tra vé bat ctr gia tri nao va cling khong phai 1a ham
kiéu void.

Dua vao cac tham sb dbi voi mot cau tr ngud 1 ta chia ching ra thanh mét sé loai
ham céu ti:

e Céhu tir mic dinh (default constructor)

Cau tr mic dinh 1a cdu tir ma moi tham sb déu 1a mic dinh hoic khong ¢ tham sb |
cAu tor mic dinh co thé duoc goi ma khong can bt ky tham sé nao.

Vi du:

#include <iostream.h>

class Point{ // Khai bao 16p Point
int x,y; // Properties: x and y coordinates
public:
Point(); // Declaration of the default constructor
bool move(int, int); // A function to move points
void print(); // to print coordinates on the screen

¥

Point::Point()

{
cout << "Constructor is called..." << endl:
x = 0; /] Assigns zero to coordinates
y=0;

}

bool Point::move(int new_x, int new_y)

{

if (new_x >=0 && new_y>=0){
X = new_x; // assigns new value to x coordinat
y =new_y; [/ assigns new value to y coordinat
return true;
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¥

return false;

}
void Point::print()

cout << "X="<<x<<" Y="<<y<<endl

}
int main()
{
Point p1,p2; // Default construct is called 2 times
Point *pp = new Point; // Default construct is called once
pl.print(); // p1's coordinates to the screen
p2.print(); Il p2's coordinates to the screen
pp->print(); /I Coordinates of the object pointed by pp to the screen
return O;
}

e CAu tir c6 tham sb

Gidng nhu cac ham thanh vién , cac cau tir ciing c6 thé c¢6 cac tham sd , khi st cac
16p voi cac cau tir ¢6 tham sb cac 1ap trinh vién cin cung cdp cac tham sb can thiét .

Vi du:

class Point{ // Declaration Point Class

int x,y; I/ Properties: x and y coordinates
public:
Point(int, int); /I Declaration of the constructor
bool move(int, int); // A function to move points
void print(); /1 to print cordinates on the screen
I3
Point::Point(int x_first, inty_first)
{
cout << "Constructor is called..." << endl;
if (x_first<0) /' If the given value is negative
x=0; Il Assigns zero to x
else
X = x_first;
if (y _first<0) /' If the given value is negative
y=0; Il Assigns zero to x
else
y =y _first;
}

CAu tir Point(int, int) co nghia 1a chiing ta can c6 hai tham s6 kiéu int khi khai bao
mot ddi tuong cua 16p Point. Vi duy:

Point p1(20,100), p2(-10,45); // Constructor is called 2 times

Point *pp = new Point(10,50); // Constructor is called once

e Cau tw voi cac tham so co gia tri mac dinh
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Gidng nhu cac ham khac, cac tham sb clia cac cdu tir ciing ¢ thé co cac gia tri mic
dinh;
Point::Point(int x_first=0, int y_first=0)

{
cout << "Constructor is called..." << endl;
if (x_first<0) /I If the given value is negative
X =0; Il Assigns zero to X
else
x = x_first;
if (y_first<0) /I If the given value is negative
y=0; Il Assigns zero to x
else
y =y first;
}

Khi d6 ching ta c6 thé thuc hién khai bao cac déi twong cua 16p Point nhu sau:

Point p1(19, 20); // x=19,y =20

Point p1(19); // x =19,y =0

Va ham cau tur trong do tat ca cac tham sb déu c6 thé nhan cac gia tri mac dinh c6
thé duogc sur dung nhu mot cAu tor mac dinh:

Point p3; //x=0,y=0

o Chong ham ciu tir
Mot 16p co thé c¢6 nhiéu ciu tir khac nhau bang cach chdng ham ciu t:
class Point{
public:
Point(); // Cau tir mic dinh
Point(int, int); / Cau tir c6 tham s

1

e Khoi tao mang cac dbi tuwgng

Khi mét mang cac doi tuong dugc tao ra , cau tr mac dinh cua 16p s& dugc goi d6i
v6i mdi phan tr (1 mot dbi twong) cua mang. Vi dy:

Point a[10]; // CAu tir mic dinh s& dugc goi t&i 10 1an

Cén cha y 1a néu 16p Point khéng c6 ciu tir mic dinh thi khai bao nhuw trén sé
1a sai.

Chung ta ciing c6 thé goi tdi cac cdu tir o tham sb cua 16p bang cach sir dung mot
danh sach cac gia tri khoi tao, vi du:

Point::Point(int x, int y=0);

Point a[] = {{20}, {30} Point(20,40)}; // mang c6 3 phan tir

Néu nhu 16p Point ¢6 thém mot cu tir mic dinh ching ta ciing ¢ thé khai bao nhur
sau:

Point a[5] = {{20}, {30}, Point(20,40)}; // Mang c6 5 phén tir

e Khéi tao dir liéu véi cac ciu tir
Cac ham cau tr c6 thé thuc hién khoi tao cac thanh phén dr li€u trong than ham
hoic bang mot co ché khac , co ché nay dic biét duoc st dung khi khdi tao cac thanh
phan 1a hang sb. Vi du:
Chung ta xem xét 16p sau day:
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class C{

const int ci;
int x;
public:
C{
X = 0; // d@ing vi x khong pha1 la hing ma 1a bién
= 0; // Sai vi ci 1a mot hang s6
}
h
Tham chi vi du sau day cting khong dung:
class C{
const int ci = 0;
int x;
h

va giai phap ctia chiing ta 1a sir dung co ché khéi tao  (constructor initializer) cia
cau tu:

class C{
const int ci;
int x;
public:
C():ci(0}{
X =0;
¥
hoo 9 7 ‘
Co ché nay cting co thé dugc sur dung dé khoi tao ca ¢ thanh phan khong phai la
hdng cua 16p:
class C{
const int ci;
int x;
public:
C():ci(0).x(0){}
9. Huy twr

Y tudng va khai niém vé huy tir rat giéng véi cAu tir ngoai trir viée huy tir duoc tu
dong goi dén khi mot d6i tw ong khong dugce st dung nira (out of scope) (thudng la cac
d6i twong cuc bo ) hodc mot ddi twong dong (sinh ra boi viée str dung toan tir new ) bi
x6a khoi bo nhé bang toan tir delete.

Trai nguoc voi cac ham ciu tir cac ham  huy tir thudng dugc goi dén nham muc
dich giai phong ving nhé dang bi mot d6i tuong nao do st dung  , ngat cac két ndi |
dong cc file hay vi du trong cac chuong trinh do hoa 1a x6a nhiing gi ma ddi tugng da
v€ ra trén man hinh.

Huy tir ctia mdt 16p cling c6 tén trung voi tén 16p nhung thém mot ky tur * ~” dung
trudc tén 1op. Mot ham huy tu khong co kleu tra vé (khong phai 1a ham kiéu void ) va
khong nhan tham sd, diéu nay c6 nghia 1a mdi 16p chi c6 mot huy tir khac vi cau tir.

Vi du:

class String{

int size;
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char *contents;

public:
String(const char *); // Constructor
void print(); /[l A member function
~String(); /] Destructor

Thuyc té thu viéc chuan cia C ++ c6 xay dung mot 16p string . Cac 1ap trinh vién
khong can xay dung 10p string riéng cho minh . Chiing ta xdy dung 16p String trong vi
du trén chi dé minh hoa cho khai niém vé ham huy tr.

String::String(const char *in_data)

{
cout<< "Constructor has been invoked" << endl;
size = strlen(in_data);
contents = new char[size +1]; // +1 for null character
strcpy(contents, in_data); // input_data is copied to the contents
}
void String::print()
{
cout<< contents << " " << sjze << endl;
}

// Destructor
/l Memory pointed by contents is given back to the heap
String::~String()

{
cout << "Destructor has been invoked" << endl;
delete[] contents;
}
H-=---- Main Function -------
int main()
{
cout << M--mmmmee- Start of Blok 1 ------ " << endl;
String string1(*'string 1");
String string2("string 2');
{
cout << "'--m-moeo- Start of Blok 2 ------ " <<endl;
stringl.print();
string2.print();
String string3("string 3");
cout << Memmmmmeem End of Blok 2 ------ " << endl;
}
cout << "M-mmmmeeee End of Blok 1 ------ " << endl;
return O;
}
Vi du:
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/ Listing 11.13
/Il Linked list simple implementation
#include <iostream.h>
// object to add to list
class CAT
{
public:
CAT() {itsAge=1;}
CAT(int age):itsAge(age){}
~CATOLS:
int GetAge() const { return itsAge; }
private:

int itsAge;
I3
// manages list, orders by cat's age!
class Node
{
public:
Node (CAT?);
~Node();
void SetNext(Node * node) { itsNext = node; }
Node * GetNext() const { return itsNext; }
CAT * GetCat() const { return itsCat; }
void Insert(Node *);
void Display();
private:
CAT *itsCat;
Node * itsNext;
2

Node::Node(CAT* pCat):itsCat(pCat),itsNext(0){}
Node::~Node()
{
cout << "Deleting node...\n";
delete itsCat;
itsCat = 0;
delete itsNext;
itsNext = 0;
}

//************************************

/I Insert

// Orders cats based on their ages

I/ Algorithim: If you are last in line, add the cat

// Otherwise, if the new cat is older than you

// and also younger than next in line, insert it after
/I this one. Otherwise call insert on the next in line

//************************************

void Node::Insert(Node* newNode)
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{

if (titsNext)
itsNext = newNode;
else
{
int NextCatsAge = itsNext->GetCat()->GetAge();
int NewAge = newNode->GetCat()->GetAge();
int ThisNodeAge = itsCat->GetAge();
if ( NewAge >= ThisNodeAge && NewAge < NextCatsAge )
{
newNode->SetNext(itsNext);
itsNext = newNode;
}
else
itsNext->Insert(newNode);
¥
}
void Node::Display()
{
if (itsCat->GetAge() > 0)
{
cout << "My cat is ";
cout << itsCat->GetAge() << " years old\n";
}
if (itsNext)
itsNext->Display();
¥
int main()
{

Node *pNode = 0;
CAT * pCat = new CAT(0);
int age;
Node *pHead = new Node(pCat);
while (1)
{
cout << "New Cat's age? (0 to quit): ";
cin >> age;
if ('age)
break;
pCat = new CAT(age);
pNode = new Node(pCat);
pHead->Insert(pNode);
b
pHead->Display();
delete pHead;
cout << "Exiting...\n\n";
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return O;

}

10. Chu tir copy

Céu tir copy la mot ciu tir diic biét va né dwoge dung dé copy ndi dung cua mot
dabi tuong sang mot dbi twong moi trong qua trinh xay du’ng doi tuong moi do.

Tham s6 input cta no la mot tham chiéu tdi cac ddi tuong cung ki éu. N6 nhan tham
s6 nhur 1a mot tham chiéu t6i dbi twong s& duoc copy sang dbi twong mai.

Céu tir copy thuong duoc ty dong sinh ra boi trinh bién dich néu nhu tac gia khong
dinh nghia cho tac pham twong tng.

Néu nhu trinh bién dich sinh ra nd , cau tir copy sé& lam viéc theo kiéu hoc may , nd
s¢ copy tung byte ting byte mot . Dbi voi cac 16p don gian khong c6 bién con trd thi
diéu nay la du, nhung néu c6 mot con tré 1a thanh vién cia 16p thi vi éc copy theo kiéu
hoc may nay (byte by byte) s& 1am cho ca hai dbi twong (modi va cii) cing tré vao mot
dia chi. Do d6 khi chiing ta thay d6i dbi twong méi s¢ lam anh huong toi déi tuong cu
va nguoc lai. Day khong phai 1a diéu chung ta mubn , diéu chung ta mubn la thay vi
copy dia chi con tro cau tur copy s€ copy noi dung ma bién con tro tro toi va dé dat
duoc didu do6 ching ta budc phai tuy xay dung ciu tir copy ddi voi cac 10p co cactha  n
vién 1a bién con tro.

Vi du:

#include <iostream.h>

#include <string.h>

class String{
int size;
char *contents;
public:
String(const char *); Il Constructor
String(const String &);  // Copy Constructor
void print(); Il Prints the string on the screen
~String(); // Destructor

}

/I Constructor
/Il copies the input character array to the contents of the string
String::String(const char *in_data)

{
cout<< "Constructor has been invoked" << endl;
size = strlen(in_data);
contents = new char[size +1]; // +1 for null character
strcpy(contents, in_data); /l input_data is copied to the contents
}
Il Copy Constructor
String::String(const String &object_in)
{

cout<< "Copy Constructor has been invoked" << endl;
size = object_in.size;
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contents = new char[size + 1]; /I +1 for null character
strcpy(contents, object_in.contents);

¥
void String::print()

cout<< contents << " " << sjze << endl;

}

// Destructor
/l Memory pointed by contents is given back to the heap
String::~String()
{
cout << "Destructor has been invoked" << endl;
delete[] contents;

Hf-=ee-- Main Function -------
int main()

{

String my_string("string 1');

my_string.print();

String other = my_string; /I Copy constructor is invoked
String more(my_string); /I Copy constructor is invoked
other.print();

more.print();

return O;

¥

11.Poi twong hing va cac ham thanh vién hing

Chung ta c6 thé st dung tir khoa const dé chi ra rang mot dbi twong 14 khong thé
thay d6i (not modifiable) hay la ddi twong hing . Tat ca cac cd ging nham thay doi noi
dung cua cac d6i tuong hiang déu gy ra cac 18i. Vi du:

const ComplexT cz(0,1);

C++ hoan toan ngin cam viéc goi téi cic ham thanh vién ciia  cac d6i twong hang
trir khi cac ham thanh vién d6 1a cac ham hang , c6 nghia 1a cac ham khong thay do6i
céc thanh phan bén trong ciia ddi tugng.

Dé khai bao mot ham nhu vy chiing ta cling str dung tir khoa const:

Vi du:

class Point{ I/ Declaration Point Class

int x,y; // Properties: x and y coordinates
public:

Point(int, int); // Declaration of the constructor

bool move(int, int); // A function to move points
void print() const;  // constant function: prints coordinates on the screen

}
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Khi d6 ching ta c6 thé khai bao cac ddi trong hing cua 16p Point va goi toi ham
print cua no.

12. Cac thanh vién tinh cida l6p

Thong thuong mdi dbi twong cua mot 16p déu coé mot ban copy riéng ta tca cac
thanh vién dit lidu cua 16p . Trong cac truong hop cu thé d6i khi ching ta mudn 1a tat
ca cac ddi twong ctia 10p s& chia sé cting mot thanh vién dit liéu nao d6 . Va @6 chinh 1a
1y do ton tai ciia cac thanh vién dit liéu tinh hay con goi 1a bién cua 16p.

Object p Object g

[stutlc o ]
_ char ¢
Inti

char ¢

——

-

char ¢
Object r
class A{
char c;
static int i;
Y
int main(){
Ap,q,r;
}

Céc thanh vién tinh ton tai ngay ca khi khong c6 ddi tugng nao cia 16p dugc tao ra
trong chuong trinh. Chung ciing c6 thé 1a cac thanh phan public hodc private.
Dé truy cap vao cac thanh phan di liéu tinh  public cua mot 16p khi khong c6 ddi
tugng nao cua lop ton tai ching ta s& sir dung tén 16p va toan tir “::”, vi du: Az = 5;
DPé truy cap vao cac thanh phan du: liéu tinh private ctia mot lop khi khong c6 dbi
tuong nao cua 1op ton tai, chung ta can c6 mot ham thanh vién tinh public.
Cac bién tinh bat budc phai duoc khai tao mot 1an (va chi mét 1an) trudce khi chung
dugc su dung.
#include <iostream.h>
class A{
char c;
static int number; /I Number of created objects (static data)
public:
static void setNum(){number=0;} // Static function to initialize number
A(){number++; cout<< "\n"<< "Constructor "<< number;} //Constructor
~A(){number--; cout<< "\n"<< "Destructor "<< number;} //Destructor

Y

int A::number; // Allocating memory for number
// Cha y néu khong c6 doan nay chwong trinh sé bao 16i
I ----- Main function -----
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int main()

{
cout<<"\n Entering 1. BLOCK............ "
A::setNum(); Il
The static function is called
Aab,c;
{
cout<<"\n Entering 2. BLOCK............ "
Adge;
cout<<"\n Exiting 2. BLOCK............ "
}
cout<<"\n Exiting 1. BLOCK............ "
return O;
}

13. St dung cac ddi twong trong vai tro 1a tham sb ciia ham

Céc d6i twong nén duoc truyén va tra vé theo kiéu tham chiéu trir khi co cac ly do_
dic biét doi hoi chung ta phai truyén hodc tra vé chung theo kiéu truyén bién va tra vé
theo kiéu gia tri. Viéc truyén tham bién va gia tri cua ham dic biét khoéng hiéu qua khi
lam viéc véi cac d6i tuong . Chung ta hay nhé lai dbi tuong duoc truy €n hodc tra lai
theo gia tri phai duoc copy vao stack va dit liéu c6 thé rit 1on, va do d6 c6 thé 1am lang
phi bo nhé. Ban than vi¢e copy nay ciing ton thoi gian . Néu nhu 16p chira mot cau tir
copy thi trinh bién dich s€ sur dung ham nay dé copy dbi tuong vao stack .

Chung ta nén truyén tham s theo kiéu tham chiéu vi chiing ta khong mudn c6 cac
ban copy duogc tao ra. Va dé ngan chan vi¢c ham thanh vién c6 thé vo tinh lam thay doi
d6i trong ban dau chung ta sé khai bao tham s hinh thirc c6 kiéu 1a hing tham chiéu
(const reference).

Vi du:

ComplexT & ComplexT::add(constComplexT &z){

ComplexT result;

result.re = re + z.re;

result.im =im + z.im;

return result; // Sai cac bién cuc bo khong thé tra vé& qua tham chiéu.

b

Vi du trén c6 thé stra lai cho dung nhu sau:

ComplexT ComplexT::add(constComplexT &z){

ComplexT result;

result.re = re + z.re;

result.im =im + z.im;

return result; // Sai cac bién cuc bo khong thé tra vé qua tham chiéu.

¥

Tuy nhién do c6 mot ddi trong tam thoi duoc tao ra nhu vay cac ham huy tir va cdu
tir s& duoc goi dén. Pé tranh viéc tao ra mot ddi trong tam thoi (dé tiét kiém thoi gian
va bd nhd) ngudi ta c6 thé lam nhu sau:

ComplexT ComplexT::add(constComplexT &z){

double re_new, im_new;
re_new =re + z.re,
Im_new =1im + z.im;
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return ComplexT(re_new, im_new);
¥
Chi c6 ddi tuong tra ve trén stack 1a dwoc taora  (la thir ludn can thiét khi tra vé
theo gia tri).
Pay co thé la mot cach tiép can tot hon : ching ta s€ tao ra va hiy bo cac phan tir
du li€u riéng biét , cach nay s€ nhanh hon la tao ra va huy bé ca mot doi twong hoan
chinh.

14. Cac dbi twong chong nhau: Cac 16p 1a thanh vién ciia cac 16p khac.

Mot 16p c6 thé sir dung cac dbi tuong cua 1op khac nhu la cac thanh vién dir ligu
cua nd. Trong vi du dudi day chung ta s thiét ké mot 16p (ComplexFrac) dé biéu dién
cac s6 phirc. Cac thanh vién dit liéu cua 16p nay 13 cac phan sb va 1a cac ddi tuong cia
16p Fraction.

Fraction ComplexFrac

numerator w /re( \\

denominator 1 numerator

denominator

constructor \ im .
print() ~N [ )

I~ | numerator
denominator )

constructor
print()

/

M&i quan hé gitra hai 16p Fraction va ComplexFrac duoc goi 1a “has a relation”. O
day 1op ComplexFrac co mot (thu:c ra 1a hai d6i twong cfla lép Fraction).

Trong lop ComplexFrac tac gia cua 16p phai cung cap cac tham bién can thiét cho
cac cAu tir cua cac ddi tuong cua 16p Fraction (d01 tugng ma no co).

Viéc xay dung cac ddi twon g trong mot 10p sé€ thuc hién theo thir tu xuat hién cua
cac dbi tuong va trude dau “{ bat dau cia ham cdu tr cia 16p chira.

Vi du:

#include<iostream.h>

class Fraction{  // A class to define fractions
int numerator,denominator;
public:
Fraction(int, int);
void print() const;

j3

Fraction::Fraction(int num, int denom) // CONSTRUCTOR
{

numerator=num;
if (denom==0) denominator=1;
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else denominator=denom;
cout << "Constructor of Fraction" << endl;

}
void Fraction ::print() const
{
cout << numerator << "/" << denominator << endl;
}
class ComplexFrac{ /[ Complex numbers: has two fractions
Fraction re,im; /[ member objects
public:
ComplexFrac(int,int); // Constructor
void print() const;
+H

I/ Constructor
/I first, constructors of the member objects must be called
ComplexFrac::ComplexFrac(int re_in,int im_in):re(re_in,1),im(im_in,1)

{
k

// Prints complex numbers on the screen
/I print function of the member objects are called
void ComplexFrac::print() const

{

cout << "Constructor of ComplexFrac" << endl;

re.print();
im.print();
b

H----- Main Function -----

int main()

{
ComplexFrac cf(2,5); /I A complex number is created
cf.print(); /I Complex number is printed on the screen
return O;

}

Khi dbi teong khong con can nira  (go out of scope ) thi cac huy tir cia ching s&

duogc goi theo thir tu nguoc lai voi cac huy tr: hay tir cia cac ddi tugng thude 16p chira
s€ dugc goi tdi trude sau d6 maéi 1a hiy tur cia cac doi tugng bén trong 1op do.

15. Chéng toan tir .
Chung ta da biét rang c6 the thuc hién chong ham , ban than cac toan tir cling 1a céc

ham va vi thé nén hoan toan c6 thé thuc hién chong cac toan tir  (hay cac ham toan tir )
chang han nhu cac toan te  +, -, *, >= hay ==, khi d6 ching s€ goi tdi cac ham khac
nhau tuy thudc vao cac toan hang cua ching . Vi du véi toan tir +, biéu thtca + b sé

67



goi t61 mot ham cong hai sO nguyén néu a va b thuoc kié  u int nhung s& goi t6i mot
ham khac néu ching 1a cac dbi tuong cia mot 16p nao d6 ma ching ta mdi tao ra.

Chdng toan tir (operator overloading) 1a mot dic diém thuén tién khac ctia C ++ 1am
cho cac chuong trinh dé viét hon va cling dé hiéu hon.

Thuc chit chong toan tir khong thém bat ctr mot kha ning méi nao vao C ++. Tét ca
nhimg gi chung ta c6 thé thuc hién v&i mot toan tir chdng déu co thé thuc hién dugce
v6i mot ham nao d6 . Tuy nhién viéc chdng cac toan tir 1am cho chuong trinh dé viét |
dé doc va dé bao tri hon.

Chdng toan tur 1a cach duy nhét dé goi mot nao d6 ham theo cach khac véi cach
thong thuong. Xem xét theo khia canh nay chung ta khong c6 ba t ¢t Iy do nao dé thuc
hién chéng mét toan tir nao d6 trir khi né lam cho viéc cai dit cac 16p trong chuong
trinh dé dang hon va dic biét 1a dé doc hon (ly do ndy quan trong hon ca).

Cic han ché ciia chong toan tir

Han ché thtr nhit la ching ta khong thé thuc hién cai dat cac toan t khong co trong
C++. Chang han khong thé cai ham toan tir ** dé thyc hién iy luy thira. Ching ta chi
6 thé thue hién chong cac toan tir thudc loai built-in ciia C++.

Tham chi mot sé cac toan tir sau ddy : toan tir du chim (.), toan tir phan giai tim
hoat dong (::), toan tir diéu kién (?:), toan tir sizeof cling khong thé overload.

Céc toan tir cia C ++ c0 thé chia thanh hai loai 1a  toan tir mot ngdi va toan tir hai
ngdi. Va néu mot toan tir thudc kiéu binary thi toan tir duoc chong cta né ciing 13 toan
ttr hai ngdi va tuong tu ddi voi toan tir mot ngdi . PO uu tién cta toan tir ciing nhu s6
lugng hay ¢t phép cila cac toan hang 1a khong d6i doi vi ham chong toan tir . Vi dy
nhu toan tr * bao gio cling c6 do wu tién cao hon toan tir +. Tét ca cac toan ti duoc sur
dung trong biéu thtrc chi nhan cac kiéu dir liéu built -in khong thé thay doi. Chang han
chung ta khong bao gio chong toan tir + dé biéu thirca = 3 + 5 hay 1<< 4 c6 ¥ nghia
khac di.

ft nhat thi mot toan hang phai thudc kiéu dir liéu nguoi dung dinh nghia (16p).

Vi du:

class ComplexT{

double re,im;
public:
ComplexT(double re_in=0,double im_in=1);  // Constructor
ComplexT operator+(const ComplexT & ) const; // Function of operator +
void print() const;

¥
ComplexT ComplexT::operator+(const ComplexT &c) const
{
double re_new, im_new;
re_new=re+c.re;
Im_new=im+c.im;
return ComplexT(re_new,im_new);
}
int main()
{

ComplexT z1(1,1),22(2,2),z3;
z3=z1+z2; I/ like z3 = z1.operator+(z2);
z3.print();
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return O;

}

Chdng toan tir gan (=)

Viéc gan mot d6i twong nay cho mot d6 i twong khac cung kiéu  (cing thude mot
16p) 1a mot cong viéc ma hau hét moi ngudi (céac 1ap trinh vién) déu mong muén 1a c6
thé thyc hién mot cach d& dang nén trinh bién dich s& ty dong sinh ra mot ham dé thuc
hién diéu nay déi voi mdi 16p duoc ngudi dung tao ra néu ho khong ¢ y dinh cai dat
ham do:

type::operator(const type &);

Ham nay thyuc hién theo co ché gan thanh phan , c6 nghia 12 n6 sé& thuc hién gan
tirng bién thanh vién cu a dbi twong nay cho mot ddi twong khac co cung kiéu  (cung
16p). Néu nhu d6i voi cac 16p khong co gi dic biét, thao tac nay la du thi ching ta cling
khong can thiét phai thuc hién cai dat ham toan tir ndy  , ching han vi éc cai dit ham
toan tir gan ddi v6i 16p ComplexT 1a khong can thiét:

void ComplexT::operator=(const ComplexT & z){

re =z.re;
im=z.im;

¥ , ,

Noi chung thi ching ta thuong c6 xu hudng tu cai dit lay ham todn tir gan doi voi
cac 16p duoc st dung trong chuong trinh va dic biét 14 véi cac 16p tinh vi hon chang
han:

class String{

int size;
char *contents;
public:
String(); //default constructor
String(const char *); /I constructor
String(const String &); // copy constructor
const String& operator=(const String &); // assignment operator
void print() const ;
~String(); // Destructor

¥

Chu ¥ 13 trong truong hop trén ham toan tir = ¢6 kiéu 1a void do d6 ching ta khong
thé thyuc hién cac phép gan ndi tiép nhau kiéu nhu (a=b = c;).

const String& String::operator=(const String &in_object)

{

cout<< "Assignment operator has been invoked" << endl;
size = in_object.size;

delete[] contents;  // delete old contents

contents = new char[size+1];

strcpy(contents, in_object.contents);

return *this; // returns a reference to the object

¥

Sy khac biét gifta ham toan tr gan va ciu tir copy la & chd cau tir copy sé thuc sy
tao ra mot dbi twong mai trude khi  copy dir liéu sang cho nd con ham toan tir gan thi
chi thyc hién viéc copy dir li¢u sang cho mot ddi twong c6 san.
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Chong toan ti chi s []

Cac qui luat chung chung ta da trinh bay dugc ap dung d6i voi moi toan tir . Vi thé
chung ta khong can thiét phai ban luan vé timg loai toan tr . Tuy nhién chiing ta s&
khao sat mgt vai toan tr dugc nguoi ta cho la thii vi. Va mot trong céac toan tir dé chinh
13 toan tir chi sb.

Toan tir nay c6 thé duoc khai bao theo hai cach nhu sau:

class C{

returntype & operator [](paramtype);
hoac:
const returntype & operator[](paramtype)const;

b

Céch khai bao thtr nhat duoc st dung khi viée chdng toan tir chi sb 1am thay ddi
thudc tinh ciia ddi twong. Céach khai bao tht hai dugc st dung dbi voi mot ddi tuong
hang; trong truong hop nay , toan tir chi sé duoc chong cé thé truy cap nhung khong
thé lam thay d6i cac thudc tinh cta dbi tuong.

Néu ¢ la mot déi turong cua 16p C, biéu thic

cli]

s€ duoc dich thanh

c.operator[](i)

Viduy: chung ta s€ cai dac ham chong toan tr chi s6 cho 16p String . Toan tir s&
duoc st dung dé truy cap vao ky tu thir i cia xdu . Néu inho hon 0 va lén hon do dai
ctia xau thi ky tu dau tién va cudi cing s& duoc truy cap.

char & String::operator[](int 1)

{
if(i<0)
return contents[0]; I/ return first character
if(i >=size)
return contents[size-1];  // return last character
return contents[i]; /l return i th character
b

Chong toan tir goi ham ()
Toan ttr goi ham 1a duy nhét , n6 duy nhét & chd cho phép c6 bat ky mot s6 lwgng
tham sb nao.
class C{
returntype operator()(paramtypes);
I3

Néu ¢ 1a mot ddi twong cua 16p C, biéu thire

c(i,j,k)

s€ dugc thong dich thanh:

c.operator()(i,j,k);

Vi du toan tir goi ham duoc chdng dé in ra cac sd phirc ra man hinh . Trong vi du
nay toan tir goi ham khong nhan bét cir mot tham sé nao.

void ComplexT::operator()()const

{
¥

cout <<re << “, “<<im << endl;
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Vi du: toan tr goi ham dugc chéng dé copy mot phén ndi dung cua mot xau tdi mot
vi tri bd nhé xac dinh.

Trong vi du ndy toan tir goi ham nhén hai tham s6 : dia chi cta bo nhé dich va s6
luong ky tu can sao chup.

void String::operator()(char * dest, int num) const

{
// numbers of characters to be copied may not exceed the size
if (num>size) num=size;
for (int k=0; k< num; k++)
dest[k]=contents[K];
}
int main()
{
String s1("Example Program");
char *c=new char[8]; /[ Destination memory
s1(c,7); // Function call operator is invoked
c[7]=\0"; // End of String (null)
cout << ¢ << endl;
delete[] c;
return O;
}

Chéng cac toan tir mot ngdi

Céc todn tir mot ngdi chi nhan mot toan hang dé lam viéc | mot vai vi du dién hinh
vé chung chang han nhu: ++, -, - va I,

Céc toan tir mot ngdi khong nhan tham sé , chiing thao tac trén chinh déi twong goi
t6i chung. Thong thuong toan tir nay xuat hién bén trai ciia ddi twong ching han nhu —
obj, ++obj...

Vi du: Chung ta dinh nghia toan tir ++ cho 16p ComplexT dé ting phan thuc cua sd
phuc 1én 1 don vi 0,1.

void ComplexT::operator++()

{
¥

int main(){
ComplexT z(0.2, 1);
++7;

re=re+0.1;

}
Dé ¢6 thé thyc hién gan gia tri dugc ting 1én cho mot ddi twong méi , ham toan tir
can tra vé mot tham chiéu toi mot ddi twong nao do:
const ComplexT & ComplexT::operator++()
{
re=re+0.1;
return this;

}

int main(){
ComplexT z(0.2, 1), z1;
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z1 = ++z;
} ‘ q
Chung ta nh¢ lai rang cac toan tor  ++ va - - ¢6 hai dang sir dung theo ki€u ding
trudce va dung sau toan hang va chiung co cac y nghia khac nhau . Viéc khai bao nh u
trong hai vi du trén s& chdng toan tir & dang dung trude toan hang . Céac khai bao c6
dang operator(int) s& chong dang dtng sau cia toan tir.
ComplexT ComplexT::operator++(int)

{
ComplexT temp;
temp=*this; // saves old value
re=re+0.1;
return temp;  // return old value
}
Lop String:

enum bool{true =1, false = 0};
class String{
int size;
char *contents;
public:
String(); //default constructor
String(const char *); /[ constructor
String(const String &); // copy constructor
const String& operator=(const String &); // assignment operator
bool operator==(const String &); // assignment operator
bool operator!=(const String &rhs){return !(*this==rhs);}; // assignment
operator
void print() const ;
~String(); I/ Destructor
friend ostream & operator <<(ostream &, const String &);
I3
I/ Creates an empty string (only NULL character)
String::String(){
size =0;
contents = new char[1];
strcpy(contents, ");
¥
String::String(const char *in_data){
size = strlen(in_data); /I Size of input data
contents = new char[size + 1];  // allocate mem. for the string, +1 is for
NULL
strcpy(contents, in_data);
}

String::String(const String &in_object){
size = in_object.size;
contents = new char[size+1];
strcpy(contents, in_object.contents);

¥
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/I Assignment operator
const String& String::operator=(const String &in_object){
size = in_object.size;
delete[] contents;
// delete old contents
contents = new char[size+1];
strcpy(contents, in_object.contents);
return *this; // returns a reference to the object
}
bool String::operator==(const String &rhs){
if(size == rhs.size){
for(int i=0;i<=size&&(contents[i]==rhs.contents[i]);i++);
if(i>size)
return true;

¥

return false;
}
/l This method prints strings on the screen
void String::print() const{
cout<< contents << " "
}

//Destructor
String::~String(){

delete[] contents;
}

ostream & operator <<(ostream & out, const String & rhs){
out << rhs.contents;
return out;

<< size << endl;

}
Chuong 6: K& thira. (6 tiét)

K& thura 1a mot cach trong lap trinh hudng d6i tuong dé c6 thé thuc hién duoc
kha nang “str dung lai ma chuong trinh” . St dung lai ma chuong trinh co nghia la
dung mét 16p sin c6 trong mot kh ung canh chuong trinh khac . Bang cach st dung lai
céc 16p chung ta c6 thé 1am giam thoi gian va cong strc can thiét dé phat trién mot
chuong trinh dong thoi lam cho chuong trinh phan mém c6 kha ning va qui mé 16n
hon cung nhu tinh tin cay cao hon.

1. St dung lai ma chwong trinh

Céch tiép can dau tién nham muc dich sir dung lai ma chuong trinh don gian 1a viét
lai cac doan ma da c6 . Chung ta c6 mot doan ma chuong trinh nao d6 da su dung th t
trong mot chuong trinh cii nao d6 , nhung khong thuc su dap tng dugc yéu ciu cia
chung ta trong mét du an mai.

Chung ta s& paste doan ma cii d6 vao mot file ma ngudn méi , thyc hién mot vai sta
d6i dé n6 phu hop v6i mé i truong moi . Tt nhién chung ta lai phai thuc hién g& 15i
doan ma d6 tir dau va thuong thi ching ta lai thiy tiéc 1a tai sao khong viét hin mot
doan ma chuong trinh moi.
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De lam glam cac 15 c6 thé ¢o khi thay stra d0 i ma chuong trinh, cac 1ap trinh vién
c¢b géng tao ra cac doan ma co thé duogc st dung lai ma khong can ban khoin vé kha
ning gy 16i cuia chung va dé duogc goi 1a cac ham.

Céc ham thu vién 1a mot budc tién nita nham sir dung lai ma chuong trinh tuy
nhién cac thu vién c6 nhuoc diém la chung mé hinh héa thé gidi thuc khong dugc tdt
13m vi chiing khong bao gdm cac dir liéu quan trong . Va thudng xuyén ching ta can
thay d6i chung dé c6 thé phu hop véi méi truong moi va tat nhién sy thay doi nay lai
dan dén cac 15 c6 thé phat sinh.

2. Suw dung lai ma chu’(mg trinh trong (010) 4

Mot cach tiép can day sitc manh dé st dung lai ma chuong trinh trong 1ap trinh
huong dbi tuong la thu vién 16p. Vi céac 16p mé hinh héa cac thuc thé cua thé gi6i thyuc
kha sat nén chiing can it cac thay doi hon cac ham dé c6 thé phu hop v6i hoan canh
moi. Khi mét 16p da duoc tao ra va kiém thr can than |, nd s& 1a mot don vi mi ngudn
¢6 ich. Vano cé thé duoc st dung theo nhiéu cach khac nhau:

Cach don gian nhat dé st dung lai mot 16p la stir dung mot d6i tuong cua 16p d6
mdt cach tryc tiép. Thu vién chuin cuia C++ c6 rat nhiéu ddi twong va 16p co ich ching
han cin va cout 1a hai déi tuong kiéu do.

Céch thtr hai 1a dat mot dbi tuong cua 16p d6 vao trong mot 16p khac . biéu nay
duoc goi 1a “tao ra mot dbi twong thanh vién”.

Lép méi c6 thé duoc xay dung bang cach st dung s lugng bit ky cac dbi tuong
thudc cac 16p khac theo bit ky cach thirc két hop nao dé dat dwoc cac chirc ning ma
chung ta mong mudn trong 16p mai. Vi chung ta xay dung 1én 1 65p méi (composing) tir
cac 16p cii nén ¥ tuong nay dugc goi 1a composition va né ciing thudng duge dé cap
to1 nhu la mot quan hé “has a”.

Céch thtr ba dé sir dung lai mot 16p 1a ké thira . K& thura 1a mot quan hé kiéu “is a”
hoac “a kind of”.

3. Cii phap ké thira

OOP cung cap mot co ché dé thay d6i mot 16p ma khong lam thay d6i ma ngudn
ctia n6. Diéu nay dat duoc bang cach dung ké thira dé sinh ra mot 16p moi tir mot 16p
cii. Lop cli duge goi la 16p co so sé khong bi sira d6i , nhung 10p méi (duoc goi 1a 16p
dan xuit) co thé sir dung tat ca cac dic diém cua 16p cii va cac dic diém thém khac cua
riéng nd. Néu c6 mot quan hé cung loai (kind of) gitra hai d6i twong thi chiing ta c6 thé
sinh mot dbi tuong nay tir d6i twong kia bang cach sir dung ké thira.

Vi du chung ta déu biét Lop Animal bao gdm tit ca cac loai dong vat , 10p Fish 1a
mot loai dong vat nén cac ddi tuong cta lop Fish co thé duoc sinh ra tr mot doi tuong
cua l6p Animal.

Vi du ké thira don gian nhat doi hoi phai c6 2 16p: mot 16p co so va mot 1op dan
xuét. Lop co so khong co yéu cau gi dic biét , 10p dan xuat nguoc lai can chi 13 né
duoc sinh ra tir 16p co so va diéu nay duoc thyc hién bang cach st dung mot dau  : sau
tén 16p dan xuét sau d6 tdi mot tir khoa chiang han public va tén 16p co s6':

Vi du: chung ta cAn md hinh hoa cac gido vién va  hiéu trudng trong truong hoc .
Trude hét gia sir rang ching ta c6 mot 16p dinh nghia cac giao vién, sau d6 ching ta co
thé sir dung 16p nay dé mo hinh hoa hiéu trudng vi hidu trudng ciing 1a mot giao vién :

class Teacher{

protected:
String name;
int age, numOfStudents;
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public:
void setName(const String & new_name){name = new_name;}
h
class Principal: public Teacher{
String school_name;
int numOfTeachers;
public:
void setSchool(const & String s_name){school_name =s_name;}
h
int main(){
Teacher t1,
Principal p1;
pl.setName(“Principal 17);
tl.setName(“Teacher 17);
pl.setSchool(“Elementary School”);
return O;

P VY ‘

Mot ddi tegng dan xuat ké thira tat ca cac thanh phan dir liéu va cac ham thanh
vién clia 16p co so. Vi thé ddi tugng con (dan xuat) pl khong chi chira cac phan tir dir
liéu school _name va numOfTeachers ma con chira ca cac thanh phan di liéu name
age va numOfStudents.

Déi tugng p 1 khong nhitng c6 thé truy cdp vao ha m thanh vién riéng cua né la
setSchool() ma con c6 thé stir dung ham thanh vién ciia 16p co s& ma n6 ké thira 1a ham
setName().

Céc thanh vién thudc kiéu private cta 16p co sé ciing duoc ké thira boi 16p din xuét
nhung ching khéong nhin thiy ¢ 16p ké thura . Lop ké thura chi c6 thé truy cap vao cac
thanh phan nay qua cac ham public giao dién ctia 16p co so.

4. Pinh nghia lai cac thanh vién
Mot vai thanh vién (ham hodc di liéu) cua 16p co so ¢ thé khong phu hop voi lop
dan xuat. Cac thanh vién nay nén duoc dinh nghia lai trong lop dan xuat . Chang han
16p Teacher c6 mdt ham thanh vién in ra cac thudc tinh cua cac giao vién 1én man
hinh. Nhung ham nay 1a khong & @ ddi véi 16p Principal vi cac hiéu trudng c6 nhiéu
thudc tinh hon cac gido vién binh thudng. Vi thé ham nay s& dugc dinh nghia lai
class Teacher{
protected:
String name;
int age, numOfStudents;
public:
void setName(const String & new_name){name = new_name;}
void print() const;
b
void Teacher::print() const{
cout << “Name: “ << name << “ Age: “ << age << endl;
cout << “Number of Students: “ << numOfStudents << endl;

Y

class Principal: public Teacher{
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String school_name;

int numOfTeachers;

public:
void setSchool(const & String s_name){school_name =s_name;}
void print() const;

¥

void Principal::print() const{
cout << “Name: “ << name << “ Age: “ << age << end];
cout << “Number of Students: “ << numOfStudents << endl,
cout << “Name of the school: *“ << school name << endl;
b
Ham print () cta 16p Principal override (hoac hide) ham print () cta 16p Teacher .
Lép Principal gio ddy c6 hai ham print (). Ham print() ciia 16p co s& ¢6 thé dugc truy
cap bang cach st dung toan tir “::”.
void Principal::print() const{
Teacher::print();
cout << “Name of the school: “ << school name << endl;
b
Chu y: overloading khac véi overriding . Néu ching ta thay di signature hodc kiéu
trd vé cia mot h am thanh vién thue 16p co s¢ thi 16p dan xuét s& cé hai ham thanh
vién c6 tén giéng nhau nhung d6 khong phai la overloading ma 1a overriding .
Va néu nhu tac gia ciia 16p dan xuat dinh nghia lai mot ham thanh vién , thi diéu d6

c¢6 nghia 1a ho mudn thay d6i giao dién ciia 16p cosd . Trong trudng hop nay ham
thanh vién cua l6p co so s€ bi che di.
Vi du:
class A{ // Base class
public:
intial,ia2;
void fal();
int fa2(int);
b
class B: public A{ // Derived class
public:
float ial,; Il overrides ial

float fal(float); // overloads fal

¥}
void A::fal(){

cout << "fal of A has been called" << endl;
}

int Az:fa2(int i){
cout << "fa2 of A has been called" << endl:
return i;

}

float B::fal(float f){
cout << "fal of A has been called" << endl:
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return f;

}
int main(){
B b;
int j=b.fa2(1); Il A::fa2
b.ial=4; /I float fal of B
b.ia2=3; /lia2 of A. If it is public
float y=b.fal(3.14); /Il OK, fal of B is called
//b.fal(); /l ERROR! fal of B needs a floar argument
b.A::fal();
b.A::fal();
b.A:ial=1;
return 0;
¥

5. Kiém soat truy cap

Hay nhé rang khi chua sir dung ké thira, cac ham thanh vién cia 16p c6 thé truy cap
vao bét ctr thanh vién nao cua 16p cho du d6 1a public, private nhung cac ddi tuong cla
16p d6 chi co thé truy cap vao cac thanh phan public.

Khi ké thira duoc dua ra cac kha nang truy cap tdi cac thanh vién khac da ra doi
Céac ham thanh vién cta 16p din xudt  c6 thé truy cap vao cac thanh vién public va
protected ctia 16p co s&, trir cac thanh vién private. Cac doi tugng cta 16p din xuét chi
c6 thé truy cép vao cac thanh vién public ctia 16p co so.

Chung ta c¢6 thé xem rd hon trong bang sau dau:

Truy cap tr | Truycaptu | Truycap tu
chinh 16p | 10p dan xuat | ddi twong cua
do lop
public Yes Yes Yes
protected Yes Yes No
private Yes No No

Chung ta c¢6 thé dinh nghia lai hai 16p Teacher va Principal nhu sau:
class Teacher{
private:
String name;
protected:
int age, numOfStudents;
public:
void setName(const String & new_name){name = new_name;}
void print() const;
b
void Teacher::print() const{
cout << “Name: “ << name << “ Age: “ << age << endl;
cout << “Number of Students: “ << numOfStudents << endl;

}
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class Principal: public Teacher{
private:
String school _name;
int numOfTeachers;
public:
void setSchool(const & String s_name){school_name =s_name;}
void print() const;
int getAge() const{return age;}
const String & getName(){return name;}
h
int main(){
Teacher t1;
Principal p1;
t1.numOfStudents = 100; // sali
tl.setName(“Ali Bilir”);
pl.setSchool(“Istanbul Lisesi™);
return O;

b

Sw khac nhau gitra cac thanh vién private va cac thanh vién protected

N6i chung dit liéu cta 16p nén 1a private . Cac thanh vién dit liéu public c¢6 thé bi
stra d6i bat ky liic nao trong chwong trinh nén duoc tranh st dung . Céc thanh vién dix
lidu protected c6 thé b sira d6i boi cac ham trong bét ky 16p ké thira nao . Bat ky nguoi
ding ndo ciing co thé ké thira mot 16p nao dé va truy cap vao cac thanh vién dit liéu
protected cua 10p co s0. Do d6 s& an toan va tin ciy hon néu cac 16p ké thura kh 6ng thé
truy cap vao cac dir liéu cua 10p co s6 mét cach truc tiép.

Nhung trong cac hé thong thoi gian thyc , noi ma téc d6 1a rat quan trong , cac 1oi
goi ham truy cép vao cac thanh vién private c6 thé 1am cham chuong tri nh. Trong cac
hé théng nhu vay dir liéu co thé dugc dinh nghia 1a protected dé cac 16p ké thua c6 thé
truy cp toi chung truc tiép va nhanh hon.

Vi du:
class A{
private:
inti;
public:
void access(int new_i){
if( new_i >0 && new_i <=100)
I = new _i;
b
h
class B: public A{
private:
intk;
public:
void set(int new_1i, int new_k){
A::access(new_i); // an toan nhung cham
b
2
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class A{

protected:
inti;
public:
b
class B: public A{
private:
int k;
public:
void set(int new_i, int new_Kk){
i =new _i; // nhanh
}
2
6. Cac kiéu ké thira
Ké thira public ,
Day la kiéu ké thira ma chung ta hay dung nhat :
class Base{
o
class Derived: public Base{
I3

Kiéu ké thura nay duoc goi 1a pubhc inheritance hay public derivation . Quyen truy
cip cua cac thanh vién cta 16p co sé khong thay doi . Cac dbi twong cua 16p dan xuit
c6 thé truy cap vao cac thanh vién public ctia 16p co so . Cac thanh vién public cta 16p
co sO cling s& 1a cac thanh vién public cta 16p ké thura.

K& thira private

class Base{

b

class Derived: private Base{

b

Kiéu ké thira nay co tén goi 1a private inheritance . Cac thanh vién public cua 16p co
so tro thanh cac th anh vién private cta lop dan xuat . Cac ddi tuong cia 16p din xuét
khong thé truy cap vao cac thanh vién cua 1op co so . Cac ham thanh vién ctia 16p dan
xudt c6 thé truy cap vao cac thanh vién public va protected cta 16p co so.
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Class A

private

Class C: private A

Class B: public A ) S—
private II.IIl private
protected ‘i‘ protected

public “\ \iihc_j

.
Not allowed,,
~‘h
~<{ ObiC
7. Pinh nghia lai cac dic ta truy cip

Céc dic ta truy cap cta cac thanh vién public cta 16p co so ¢ thé duoc dinh nghia
lai trong 16p ké thira . Khi ching ta ké thira theo kiéu private , tit ca cac thanh vién
public cua 16p co s6 s& trd thanh private. Néu ching ta muén ching vén 1a public trong
16p ké thira chiing ta sé str dung tir khoa using (cht y 1a Turbo C++ 3.0 khong hd tro tir
khoa nay) va tén thanh vién d6 (khong cé danh sach tham s va kiéu tra vé) trong phan
public cta 16p ké thira:

class Base{

private:
int k;
public:
inti;
void f();

h

class Derived: public Base{

private:
int m;

public:
using Base::f;
void fb1();

h

int main(){

Base b:
Derived d;
b.i=5;
d.i=0;// Sai
b.f();

d.f(); // Ok
return O;
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8. Cac ham khong thé ké thira

Mot vai ham sé can thyc hién cac céng viéc khac nhau trong 16p co so va 16p dan
xudt. Chung 14 cac ham toan tir gan =, ham hiy tir va tat ca cac ham cdu tir . Chung ta
hay xem xét mot ham cu tir , dbi voi 16p co s& ham cdu tir cia nd co trach nhiém khoi
tao cac thanh vién dit liéu va cdu tir cta 16p dan xuat c6 trach nhiém khoi tao cac thanh
vién dir liéu cta 16p din xut. Va bai vi cac cau tir cua 16p dan xudt va 16p co so tao ra
cac dir liéu khac nhau nén ching ta khong thé str dung ham céu ttr cua 16p co sd cho
16p dan xuét va do d6 cac ham cau tir 1a khong thé ké thira.

Tuong ty nhu vay toan tr gan cua 16p dan xudt phai gan cac gia tri cho dit liéu cta
16p dan xudt, va toan tir gan cua 16p co sé phai gan cac gia tri cho dit liéu cua 16p co
s0. Chung lam cac cong viée khac nhau vi thé toan tir nay khong thé ké thira mot cach
tu dong.

9. Cac ham céu tir va ké thira
Khi ching ta dinh nghia mot ddi tuong ciia mot 10p dan xut , ciu tr cua 16p co s
s& duoc goi t6i trude cau ty cua 16p dan xudt. Pidu nay la boi vi ddi tuong cua 16p co
so 1a mot doi tugng con - mot phan - ciia d6i twong 16p dan xuat , va chiing ta can xay
dung né ting phan trude khi xay dung toan bo ndi dung cia né. Vi du:
class Parent
{
public:
Parent(){ cout << endl<<" Parent constructor"; }
h
class Child : public Parent
{
public:
Child(){ cout << endl<<" Child constructor"; }
h

int main()
{

cout << endl<<"Starting";

Child ch; /I create a Child object

cout << endl<<"Terminating";

return O;
}, , , ‘
Néu nhu cau tu cua 16p co so la mot ham c6 tham s6 thi nd ctingean phai dugc goi

t6i trude cau tir cua 16p dan xuat:

class Teacher{

String name;

int age, numOfStudents;

public:

Teacher(const String & new_name): name(new_name){}

o
class Principal: public Teacher{

int numOfTeachers;
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public:
Principal(const String &, int);
2
Principal::Principal(const String & new_name, int numOT):Teacher(new_name){
NumOfTeachers = numOT,;
¥

Hay nh ¢ lai réng toan tir khoi tao ciu tir cling c6 thé duoc dung dé khéi tao cac
thanh vién:
Principal::Principal(const String & new_name, int numOT)
:Teacher(new_name),NumOfTeachers(numOT){
}

int main(){

Principal p1(“Ali Baba”, 20);
return O;

Néu 16p co so o mot cau tur va ham cau tu nay can co cac tham so thi 16p dan xuat
phai c6 mot cdu tir goi toi cau tir d6 véi cac gia tri tham sb thich hop.

Céc ham hay tir duoc goi téi mot cach tu dong. Khi mot dbi tuong cua 16p dan xuit
ra ngoai tim hoat dong cac cdu tir sé dugc goi ti theo thir ty nguoc lai voi thir tu cla
cac ham céu tir. Di tuong dan xuat s& thuc hién cac thao tac don dep trudce sau do la
d6i twong co s6.

Vi du:

class Parent {

public:
Parent() { cout << "Parent constructor" << endl; }
~Parent() { cout << "Parent destructor" << endl; }

¥}

class Child : public Parent {
public:

Child() { cout << "Child constructor" << endl; }
~Child() { cout << "Child destructor" << endl; }

I3

int main(){
cout << "Start" << endl;
Child ch; /[ create a Child object
cout << "End" << endl;
return O;

}

10. Composition va Inheritance

Moi khi chiing ta dat mot thé nghiém (instance) dtr liéu vao trong mot lérp la chung
ta da tao ra mot mbi quan hé « . Néu c6 mot 16p Teacher va mot trong cac phan tr
dir liu trong 16p nay la tén cua g1a0 vién thi ching ta c6 thé noi rang mdt d6i tugng
Teacher co mot tén. Mdi quan hé nay dugc goi 1a mbi quan h¢ téng hop (CompOSItlon)
vi mdi dbi twong cua 16p Teacher duge tao thanh tir cac bién khac . Hoic 1a chiing ta co
thé nhd lai rang mdi d6i tugng thudc 16p ComplexFrac déu c6 hai thanh vién thud ¢ 16p
Fraction.
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Quan h¢ tong hop trong OOP mo hinh héa mdi quan hé trong thé gidi thyc trong d6
cac d6i twong duoc xay dung tir t6 hop cua cac dbi twong khéc.

Ké thira trong OOP la sy anh xa y twéng ma ching ta goilatdé  ng quat hoa
nnngthéghﬁthwc \h(hlnéuchungtalnohuﬂlhoacaccongnhan ,quanlyva
nha nghlen ciru trong mot nha may thi ching ta cé thé néi rang cac kiéu cu thé
nay déu thudc vé mot kiéu ngum mang tinh chung ho nla “ngu’o’l lam thué”
Trong do moi nguwoi lam thué co cac dic diém cu the sau didy : dinh danh (ID),
tén, tudi va van van Nhlrng mot nha quan ly chang han ngoai cac thugc tinh
chung do con co them mdt s6 thudc tinh chuyén bi¢  t khac ching han nhw tén
phong ban ma anh ta quéan ly... Nha quén ly 1a mot nguwoi lam thué va giira hai
16p (kiéu) nguwoi “nha quan 1y” va “nguwoi lam thué” c6 mét quan hé ké thira.

Chiing ta c6 thé sir dung ca hai kiéu quan h¢ nay trong chwong trinh dé thue
hién muc dich st dung lai ma chwong trinh. Quan hé téng hop hay té hop thwong
hay dwoc st dung khi ma ching ta mudn st dung cac thudc tinh ctia mot 16p
trong mdt lop khac chir khong phail a giao dién cia lop d6 . Khi do 1op mai s€ sw
dung cic thudc tinh ciia 16p co sé dé xAy dung nén giao dién ciia né va nguoi sir
dung 16p méi sé lam viéc véi giao dién ma ching ta tao ra cho 16p méi nay. Vi du:

class Engine {

public:
void start () const {}
void rev () const {}
void stop () const {}

ti
class Wheel {
public:
void inflate (int psi) const {}
}s

class Window {

public:
void rollup () const ({}
void rolldown () const {}

b

class Door {

public:
Window window;
void open () const {}
void close () const {}

s
class Car {
public:
Engine engine;
Wheel wheel[4];
Door left, right; // 2-door
i
int main() {
Car car;
car.left.window.rollup();
car.wheel[0].inflate (72);
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11.Pa ké thira
Pa ké thira 1a truong hop ma mot 16p ké thira cac thudc tinh tir hai hodc nhiéu hon
cac 16p co s0, vi du:
class Basel{ // Base 1
public:
int a;
void fal(){cout << "Basel fal" << endl;}
char *fa2(int){cout << "Basel fa2" << endl;return 0;}

o

class Base2{ // Base 2

public:
int a;
char *fa2(int, char){cout << "Base2 fa2" << endl;return 0;}
int fc(){cout << "Base?2 fc" << endl;return 0;}

o

class Deriv : public Basel , public Base2{

public:
int a;
float fal(float){cout << "Deriv fal" << endl;return 1.0;}
int fb1(int){cout << "Deriv fb1" << endl;return 0;}

2

int main(){
Deriv d;
d.a=4; /IDeriv::a
d.Base2::a=5; //Base2::a
float y=d.fal(3.14); /l Deriv::fal
int i=d.fc(); I/ Base2::fc
/[char *c = d.fa2(1); /l ERROR
return O;

¥

Chu y 1a cdu Iénh char * ¢ = d.fa2(1); 1a sai vi trong ké thira cac ham khong dugc
overload ma chung bi override ching ta can phai viét la : char * ¢ = d.Basel::fal(1);
hoac char * ¢ = d.Base::fa2(1,”Hello™);

12. Lap lai 16p co sé trong da ké thira va 16p co s6 ao

Chung ta hay xét vi du sau:

class Gparent{};

class Mother: public Gparent{};

class Father: public Gparent{};

class Child: public Mother, public Father{};

Ca hai 16p Mother va Father déu ké thira tir 16 p Gparent va 16p Child ké thira tir hai
16p Mother va Father . Hay nh¢ lai rang mdi dbi tuong dugc tao ra nhd ké thira déu
chtra mot d6i twong con cua 16p co so . Mdi d6i tuong cua 16p Mother va Father déu
chira cac dbi twong con ctia 16p Gparent va mot ddi twong cua 16p Child sé chira cac
d6i twong con cua hai 16p Mother va Father vi thé mot dbi twong ctia 16p Child sé chira
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hai d6i tuong con cta 16p Gparent , mot dugc ké thira tir 16p Mother vam 6t tir 10p
Father.
Pay 1a mot trudng hop la vi ¢6 hai d6i twong con trong khi chi nén c6 1.
Vi du gia str 6 mot phan tir dir liéu trong 16p Gparent:
class Gparent{
protected:
int gdata;
h ‘
Va chiing ta s€ truy cap vao phan tir dur liéu nay trong 16p Child:
class Child: public Mother, public Father{
public:
void Cfunc(){
int item = gdata; // Sai
¥

g

Trinh bién dich s& phan nan rang viéc truy cap toi phan tir dit liéu gdata 1a map mo
va 16i. N6 khong biét truy cap toi phan tir gdata nao : ciia d6i twong con Gparent trong
d6i twong con Mother hay cta ddi trong con Gparent trong ddi trgng con Father .

Dé giai quyét truong hop nay ching ta s& st dung mot tir khéa méi , virtual, khi ké
thura Mother va Father tu 1op Gparent:

class Gparent{};

class Mother: virtual public Gparent{};

class Father: virtual public Gparent{};

class Child: public Father, public Mother{};

Tt khoa virtual bao cho trinh bién dich biét 1a chi ké thir a duy nhat mot ddi tuong
con tir mot 10p trong cac 16p dan xuat . Viéc st dung tir khoa virtual giai quyét duoc
van dé nhap nhang trén song lai lam nay sinh rat nhiéu van dé khac .

N6i chung thi ching ta nén tranh dung da k & thira mic du c¢6 thé ching ta d 1a mot
chuyén gia lap trinh C ++, va nén suy nghi xem tai sao lai phai ding da ké thira trong
cac truong hop hiém hoi thuc su can thiét.

Dé tim hiéu k¥ hon vé da ké thira chiing ta ¢6 thé x  em chuong 6: da ké thira cua
sach tham khao: ”Thinking in C++, 2" Edition”.

13.Con tré va cac dbi twong

Céc d6i twong duoc luu trong bo nhé nén cac con tro ciing ¢ thé tro toi cac doi
tuong gidng nhu ching c6 thé tro ti cac bién c6 kiéu co ban.

Céc toan tir new va delete dugc cling dugc sir dung binh thuong ddi voi cac con tro
trd tGi cac dbi tuong cua mot 16p . Toan tir new thyc hién cép phat by nh¢ va tra vé
diém bt dau cta ving nhd néu thanh cong, néu that bai n6 tra vé 0. Khi chung ta dung
toan tir new nd khong chi thuc hién cap phat bo nhd ma con tao ra d6i tugng bang cach
g0i t6i cau tir ciia 16p twong ting. Toan tir delete dugc dung dé giai phong ving nhd ma
mot con tro trd tdi chiém gi.

Danh sach lién két cac déi twong
Mot 16p c6 thé chira mdt con tro tdi cac dbi tuong cua chinh 16p d6 . Con tro nay c6
thé duoc st dung dé xay dung cac cu truc dit liéu ¢ hang han nhu mot danh sach lién
két cac ddi tugng cua mot 16p:
class Teacher{
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friend class Teacher_list;

String name;

int age, numOfStudents;

Teacher * next;  // Pointer to next object of teacher
public:

Teacher(const String &, int, int); // Constructor

void print() const;

const String& getName() const {return name;}

~Teacher() { // only to show that the destructor is called

cout<<" Destructor of teacher" << endl;

}

g

Teacher::Teacher(const String &new_name,int a,int nos){
name = new_name;
age=a;
numOfStudents=nos;
next=0;
}
void Teacher::print() const{
cout <<"Name: "<< name<<" Age: "<< age<<endl,
cout << "Number of Students: " <<numOfStudents << endl;

b
class Teacher_list{ // linked list for teachers
Teacher *head;
public:
Teacher_list(){head=0;}
bool append(const String &,int,int);
bool del(const String &);
void print() const ;
~Teacher_list();
}.

/I Append a new teacher to the end of the list
/[ if there is no space returns false, otherwise true
bool Teacher_list::append(const String & n, int a, int nos){
Teacher *previous, *current, *new_teacher;
new_teacher=new Teacher(n,a,nos);
if ('new_teacher) return false; // if there is no space return false
if(head) /I if the list is not empty
{
previous=head;
current=head->next;
while(current) I/ searh for the end of the list
{
previous=current;
current=current->next;

}

previous->next=new_teacher;
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else /I if the list is empty
head=new_teacher;

return true;
}
I/ Delete a teacher with the given name from the list
/1 if the teacher is not found returns false, otherwise true
bool Teacher_list::del(const String & n)
{

Teacher *previous, *current;

if(head) /I if the list is not empty

{
if (n==head->getName()) //1st element is to be deleted
{
previous=head;
head=head->next;
delete previous;
return true;
}

previous=head;
current=head->next;
while( (current) && (n!=current->getName()) ) // searh for the end of the

{

list

previous=current;
current=current->next;
¥
if (current==0) return false;
previous->next=current->next;
delete current;
return true;
} //if (head)
else /I if the list is empty
return false;
}

// Prints all elements of the list on the screen
void Teacher_list::print() const
{
Teacher *tempPtr;
if (head)
{
tempPtr=head,;
while(tempPtr)
{
tempPtr->print();
tempPtr=tempPtr->next;

else
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cout << "The list is empty" << endl;

}

/] Destructor
// deletes all elements of the list
Teacher_list::~Teacher_list()
{
Teacher *temp;
while(head) /I if the list is not empty
{
temp=head,
head=head->next;
delete temp;

¥

I =---- Main Function -----

int main()

{

Teacher_list theL.ist;

theList.print();

theList.append("Teacherl",30,50);
theList.append("Teacher2",40,65);
theList.append("Teacher3",35,60);

theList.print();

if ('theList.del("TeacherX")) cout << " TeacherX not found" << endl;
theList.print();

if (theList.del(*Teacherl™)) cout << " Teacherl not found" << endl;
theList.print();

return O;

¥ , ,

Trong vi du trén 16p Teacher phai c6 mot con tro tro toi doi tuong tiép theo trong
16p danh sach va 16p danh sach phai duoc khai bao nhur 1a mot 16p ban , dé nguoi dung
ctia 16p nay cps thé xay dung 1én cac danh sach lién két . Néu nhu 16p nay dugc viét
boi nhitng nguoi lam vige trong mot nhom thi chiang co van dé gi nhung thuong thi
ching ta mudn xay dung danh sach cac dbi tuong da du  oc xdy dung chang han cac
danh sach cac d6i twong thudc cac lop thu vién chiang han , va tat nhién la cac lop nay
khéng c6 cac con tro toi dbi tuong tiép theo cung 16p véind . Dé xay dung cac danh
sach nhu vy chung ta s & xay dung cac 16p 14, mdi ddi tuong cfla nut la sé luu gitr cac
dia chi cua mot phan tr trong danh sach:

class Teacher_node{

friend class Teacher _list;

Teacher * element;

Teacher_node * next;

Teacher_node(const String &,int,int);  // constructor
~Teacher_node(); /I destructor
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Teacher_node::Teacher_node(const String & n, int a, int nos){
element = new Teacher(n,a,nos);
next = 0;

¥

Teacher_node::~Teacher_node(){
delete element;
}

I/ *** class to define a linked list of teachers ***
class Teacher_list{ // linked list for teachers
Teacher_node *head;
public:
Teacher_list(){head=0;}
bool append(const String &,int,int);
bool del(const String &);
void print() const ;
~Teacher_list();
3
I/ Append a new teacher to the end of the list
/I if there is no space returns false, otherwise true
bool Teacher_list::append(const String & n, int a, int nos){
Teacher_node *previous, *current;
if(head) /I if the list is not empty

{
previous=head;
current=head->next;
while(current) /] searh for the end of the list
{
previous=current;
current=current->next;
b
previous->next = new Teacher_node(n, a, nos);
if (1(previous->next)) return false; /[ 1f memory is full
b
else /[ if the list is empty
{
head = new Teacher_node(n, a, nos); /l Memory for new node
if ("head) return false; /I If memory is full
b

return true;
b
I/ Delete a teacher with the given name from the list
/I if the teacher is not found returns false, otherwise true
bool Teacher_list::del(const String & n){
Teacher_node *previous, *current;
if(head) /I if the list is not empty

{
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if (n==(head->element)->getName()) //1st element is to be deleted

{
previous=head;
head=head->next;
delete previous;
return true;

}

previous=head;
current=head->next;
while( (current) && (n !'= (current->element)->getName()) )
I/ searh for the end of the list
{ |
previous=current;
current=current->next;
}
if (current==0) return false;
previous->next=current->next;
delete current;
return true;
} //if (head)
else /[ if the list is empty
return false;
}

I/ Prints all elements of the list on the screen
void Teacher_list::print() const{
Teacher_node *tempPtr;
if (head){
empPtr=head;
while(tempPtr){
tempPtr->element)->print();
empPtr=tempPtr->next;

¥

}else

¥

I/ Destructor
I deletes all elements of the list
Teacher_list::~Teacher_list(){
Teacher_node *temp;
while(head) /1 if the list is not empty

ut << "The list is empty" << endl;

{
temp=head,
head=head->next;
delete temp;

}
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14. Con tré va ké thwra

Néu nhu mét 16p dan xuat Derived c6 mot 16p co so public Base thi mét con trd
ctia 16p Derived co thé dugc gan cho md t bién con tro cta 16p Base ma khong can c6
cac thao tic chuyén kiéu tudong minh nhung thao tic nguoc lai can phai dugc chi rd
rang, tuong minh.

Vi du mot con tré ciia 16p Teacher ¢ thé trd ti cac ddi tugng cua 16p Prin  cipal.
Mot dbi twong Principal thi ludn 1a moét d6i twong Teacher nhung diéu nguoc lai thi
khong phai luén dung.

class Base{};

class Derived: public Base{};

Derived d;

Base * bp = &d; // chuyén kiéu khong tudong minh

Derived * dp = bp; // 16i

dp = static_cast<Derived *>(bp);

Néu nhu 1a ké thira private th1 chung ta khong thé thyc hién viéc chuyén kiéu
khong tu:0‘ng minh tir 16p dén xuat vé 16p co s6 vi trong truong hop d6 mot thanh phan
public cta 16p co s chi co thé duge truy cap qua mot con tro 16p co sé chir khong thé
qua mot con tro 16p dan xuat:

class Base{

int ml;
public: int m2;

b

class Derived: public Base{};

Derived d;

d.m2 =5: // Ldi

Base * bp = &d:; // chuyén kiéu khong tuong minh, 16i

bp = static_cast<Derived *>(&d);

bp->m2 = 5;

Viéc két hop con tro voi ké thira cho phép chiing ta c6 thé xdy dung cac danh sach
lién két hon hop co kha ning luu gitr cac doi tuong thude cac 16p khac nhau |, ching ta
s& hoc k¥ phan nay trong chuong sau.

Chuwong 7: Dynamic Binding va Polymorphism. (6 tiét)

Dynamic Binding

1. M@t sé dic diém cua rang budc dong

- Khi thiét k& mot hé théng thuong cac nha phat trién hé thong gip mot trong sb
cac tinh hubng sau day

- Hleu 10 vé cac giao dién lop ma ho mudn ma khong hiéu biét chinh xac
vé cach trinh bay hop ly nhat.

- Hiéu rd vé thuat toan ma ho muén str dung song lai khong biét cu thé cac
thao tac nao nén duoc cai dat.

Trong ca hai truong hop thuong thi cac nha phat trién mong mudn tri hoan mét sb
cac quyét dinh cuy thé cang lau cang tot . Muc dich 13 giam cac c6 gang doi hoi dé thay
d6i cai dat khi da c6 du thong tin dé thuc hién mot quyét dinh c6 tinh chinh xac hon.

Vi thé sé& rit tién loi néu ¢6 mot co ché cho phép trtru tuong hoa viée “dat chd
truoc”.
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- Che dau thong tin va triru teong dit liéu cung cap cac kha ning “place —
holder” phu thudc thoi dié m bién dich va thoi diém lién két . Vi du: cac
thay ddi vé viéc representation doi hoi phai bién dich lai hodc lién két lai .

- Rang bugc dong cho phép thyc hién kha nang “place — holder” mot cach
linh hoat. Vi du tri hodn mot s quyet dinh cu thé cho toi th0’1 diém
chuong trinh dugc thyc hién ma khong lam anh hudng téi cau tric ma
chuong trinh hién tai.

- Rang budc dong khéng manh bang cac con tréd ham nhung né mang tinh téng hop
hon va 1am giam kha nang xuét hién 16i hon vi mét s6 1y do chang han trinh bién dich
s& thyc hién kiém tra kiéu tai thoi diém bién dich.

- Rang budc dong cho phép cac tmg dung c6 thé goi téi cac phuong thirc mang tinh
chung chung qua cac con trd t&i 16p co s& . Tai thoi diém chwong trinh thue hién cac
101 goi ham nay s& duogc chi dinh t6i cac phuong thirc cu thé duoc cai dit tai cac 16p
dan xuét thich hop.

Polymorphism

Trong 1ap trinh hudng ddi tuong c¢6 3 khai niém chinh 1a:

e Cacldp

e Kéthua

e Da thé, duoc cai dit trong ngdn ngit C++ bang cac ham ao.

Trong cudc song thuc t&, thuong co6 mét tip cac ddi twong khac nhau co cac chi thi
(instruction) (message) gidng nhau, nhung lai thuc hién cac hanh dong khac nhau . Vi
du nhu 13 hai 16p cac dbi tuong gido vién va hiéu truong trong mot truong hoc.

Gia st ong bo truong bo g1a0 duc mudn giri mot chi thi xudng cho tt ca cac nhan
vién “In thong tin ca nhan cua 6ng ra va gui cho t6i” . Cac loai nhan vién khac nhau
cua bd gido duc (gido vién binh thuong va hiu truong ) s€ in ra cac th6ng tin khac
nhau. Nhung 6ng bo tru’0’ng khong can gui cac thong diép khac nhau cho cac nhom
nhan vién khac nhau cta 6ng ta. Chi can mot thong diép cho tat ca cac nhan vién vi tat
ca cac nhan vién déu biét in ra thong tin hay 1y lich ca nhan ctia minh nhu thé nao .

Pa thé (polymorphism) c6 nghia 1a “take many shapes” . Cau Iénh hay chi thi don
ctia bo truong chinh 13 mot trudng hop da thé vi nd s& ¢ dang khac nhau dbi voi cac
loai nhan Iuc khac nhau.

Thuong thuong da thé xay ra trong cac 16p o méi lién hé ké thira 13n nhau . Trong
C++ da thé c6 nghia la mot 161 goi t6i mot ham thanh vién sé& tao ra mot ham khac
nhau dé thyc hién phu thudc vao loai dbi twong c6 ham thanh vién duoc goi t6i.

Diéu nay nghe c6 vé giéng nhu 1a overload ham , nhung thuc ra khong phai, da thé
manh hon 13 chdng ham vé mat ky thuat . Mot su khac nhau giita da thé va chdng ham
d6 1a cach thirc lya chon ham dé thyc hién.

Vi chong ham sy Iya chon duoc thuc hién béi trinh bién dich vao thoi  diém bién
dich. Véi da thé viéc Iya chon ham dé thyc hién duoc thyuc hién khi chuong trinh dang
chay.

1. Céac ham thanh vién binh thwong dwgce truy cap qua cac con tré
Vi du diu tién sé cho chiing ta thiy diéu gi sé xay ra khi mdt 16p co sé va cac
16p din xuit déu cé cac ham co cung tén va cac ham nay dwoc truy cip thong qua
cac con tré nhung khong sir cic ham do (khdng phai da thé).
class Teacher{ // Base class
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String *name;
int numOfStudents;
public:
Teacher(const String &, int); // Constructor of base
void print() const{
cout << "Name: "<< name << endl;
cout << " Num of Students:"<< numOfStudents << endl;

1

void Teacher::print() const  // Non-virtual function{
cout << "Name: "<< name << endl;
cout << " Num of Students:"<< numOfStudents << endl;

¥

class Principal : public Teacher{ // Derived class
String *SchoolName;
public:
Principal(const String &, int, const String &);
void print() const{
teacher::print();
cout << " Name of School:"<< SchoolName << endl;

}3

void Principal::print() const  // Non-virtual function{
Teacher::print();
cout << " Name of School:"<< SchoolName << endl;

¥

int main()
{
Teacher t1("Teacher 1",50);
Principal p1("Principal 1",40,"School™);
Teacher *ptr;
char c;
cout << "Teacher or Principal "; cin >> c;
if (c=="t') ptr=&t1,
else ptr=&p1;
ptr->print(); // which print ??
}

Lép Principal ké thira tir 16p co so Teacher . Ca hai 16p déu c6 ham thanh vién
print(). Trong ham main () chuong trinh tao ra cac ddi twong cua hai 16p Teacher va
Principal va mot con tro tro toi 16p Teacher . Sau d6 né truyén dia chi cua ddi tugng
thudc 10p dan xuét vao con tro cua 16p co so bang lénh:

ptr = &p1; // dja chi cua 16p din xuit trong con tro tro tdi 16p co so.

Hay nh¢ rﬁng hoan toan hop 1€ khi thyc hién gan mdt dia chi ctia mét dbi tuong
thudc 10p dan xuat cho mot con tro cta 16p co so , vi cac con tro tdi cac dbi tuong cia
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mot 16p dan xuat hoan toan twong thich vé kiéu véi cac con tro téi cac dbi twong ciia
10p co so.

Bay gio cau hoi dat ra la khi thyc hién cau 1énh:

ptr->print();

thi ham nao s& dugc goi téi ? La ham print () cua 16p dan xué t hay ham print () cia
10p co so.

Ham print() cta 16p co s¢ s€ dugc thuc hién trong ca hai truong hgp . Trinh bién
dich s& bo qua ndi dung ciia con trd ptr va chon ham thanh vién khép véi kiéu cua con
tro.

2. Cac ham thanh vién ao dwgc truy cip qua cac con tro
Bay gid chung ta sé thay d6i mot chut trong chwong trinh : dat thém tir khoa virtual
truede khai bao cua ham print() trong 16p co so.
class Teacher{
// Base class
String name;
int numOfStudents;
public:
Teacher(const String & new_name,int nos){ // Constructor of base
name=new_name;numOfStudents=nos;

¥
virtual void print() const; I print is a virtual function
2
void Teacher::print() const / virtual function
{
cout << "Name: "<< name << endl;
cout << " Num of Students:"<< numOfStudents << endl;
b
class Principal : public Teacher{ // Derived class
String SchoolName;
public:
Principal(const String & new_name,int nos, const String & sn)
‘Teacher(new_name,nos)
{
SchoolName=sn;
b
void print() const;
2
void Principal::print() const // Non-virtual function
{
Teacher::print();
cout << " Name of School:"<< SchoolName << endl;
b
int main()
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Teacher t1("Teacher 1",50);
Principal p1("Principal 1*,40,"School");
Teacher *ptr;
char c;
cout << "Teacher or Principal "; cin >> c;
if (c=="t") ptr=&t1;
else ptr=&pl;
ptr->print(); // which print compare with example e81.cpp
return O;
¥
Gio thi cac ham khac nhau sé duoc thuc hién , phu thudc vao ndi dung cua con tro
ptr. Cac ham duoc goi dua trén ndi dung cua con tré ptr , chir khong dua trén kiéu cua
con trd. D6 chinh 1a cach thirc 1am viéc cuia da thé . Chung ta dd 1am cho ham print ()
tr& thanh da thé bang cach gan cho nd kiéu ham ao.

3. Rang bugc dong

Rang budc dong hay rang budc mudn 1a mot khai niém gan lién v6i khai niém da
thé. Chiing ta hiy xem xét cau hoi sau : 1am thé nao trinh bién dich biét dwoc ham nao
dé bién dich ? Trong vi dy trudc trinh bién dich khong ¢ van dé gi khi nd gap cau
1énh:

ptr->print();

Cau 1énh nay sé dugc bién dich thanh mot 101 goi toi ham print () cualdp coso .
Nhung trong vi du sau (7. 1) trinh bién dich s&€ khong ndi dung cua 16p nao dugc ptr tro
t61. DO ¢o thé 1a ndi dung ciia mot ddi twong thude 16p Teacher hoac 16p Principal
Phién ban nao cua ham print () s€ dugc goi tGi ? Trén thuc té tai thoi diém bién dich
chuong trinh trinh bién di ch s& khong biét lam thé nao vi thé n6 sé sip xép sao cho
viéc quyét dinh chon ham nao dé thuc hién duoc tri hoan cho téi khi chuong trinh thuc
hién.

Tai thoi diém chuong trinh dugc thuc hién khi 161 goi ham dugce thue  hién ma ma
trinh bién dich dit vao trong chuong trinh s& tim ding kiéu cta ddi trong ma dia chi
ctia n6 dugc luu trong con tro ptr va goi toi ham print () thich hop cia 16p Teacher hay
ctia 16p Principal phu thudc vao 16p cta d6i tuong.

Chon lya mot ham dé thyc hién tai thoi diém chwong trinh thuc hién dugc goi 1a
rang budc mudn hodc rang budc dong  (Binding c6 nghia 1a két ndi 161 goi ham véi
ham). Két ndi cac ham theo cach binh thu dng, trong khi bién dich , dugc goi 1a rang
budc trudc (early binding) hodc rang budc tinh (static binding). Rang budc dong doi
hoi ching ta can xai sang hon mdt chut (lor1 goi ham doi hoi khoang 10 phén trim ma
ham) nhung n6 cho phép ting nang lyc cung nhu sy linh hoat cua cac chuong trinh 1én
gap boi.

4. Rang budc dong 1am viéc nhw thé nao

Hay nhé lai rang, luu trit trong bd nhd, mot dbi twong binh thudng — khong ¢6 ham
thanh vién ao chi chta cac thanh phan dit lidu cua chinh nd ngoai ra khong c6 gi khac .
Khi mot ham thanh vién duoc goi toi voi mot d6i twong nao dé trinh bién dich sé
truyén dia chi cta dbi tuong cho ham . Dia chi nay l1a ludn sin sang d6i v& i cac ham
thong qua con tro this , con tré dwgc cac ham st dung dé truy cip vao cac thanh vién
dir lidu cua cac ddi tugng trong phan cai dit cia ham . Dia chi nay thuong duoc sinh
boi trinh bién dich moi khi mot ham thanh  vién duogc goi toi ; né khong dugc chia
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trong ddi twong va khong chiém bd nhd . Con tro this 1a két ndi duy nhét gitra cac ddi

turong va cac ham thanh vién binh thuong cua no.

Vi cac ham a0, cong viée ¢ vé phirc tap hon d6 i chut. Khi mot 16p din xuét voi
cac ham 4o dugc chi dinh, trinh bién dich s€ tao ra mdt bang — mot mang — céac dia chi
ham duoc goi 13 bang 0. Trong vi du 71 céc 16p Teacher va Principal déu c6 cac bang
ham 4o cta riéng chung. C6 mot entry (16i vao) trong mdi bang ham ao cho mdi mot
ham 4o ctia 16p . Cac ddi twong cua cac 16p v6i cac ham ao chira mot con tro t6i bang
ham 4o cta 16p. Cac ddi trong nay 16n hon déi chut so voi cac ddi teong binh thuong.

Trong vi du khi mét ham ao duoc goi tdi voi mot dbi twong cia 16p Teacher hodc
Principal trinh bién dich thay vi chi dinh ham nao s& duoc goi sé tao ra ma trudc hét
tim bang ham 4o cta ddi two ng va sau d6 st dung bang ham ao d6 dé truy cp vao dia
chi ham thanh vién thich hop . Vi thé d6i véi cac ham 4o ddi twong tw n6 quyét dinh
xem ham nao dugc goi thay vi giao cong viéc nay cho trinh bién dich .

Vi du: Gid str cac 16p Teacher va Principal chira hai ham do:
class Principal : public Teacher{ // Derived class

tring *SchoolName;
public:
void read(); // Virtual function
void print() const; // Virtual function

b

class Teacher{ // Base class
String *name;
int numOfStudents;
public:

virtual void read(); // Virtual function
virtual void print() const; // Virtual function

h

Khi d0o ta co cac bang ham ao sau:

Bang ham 4o cua l6p Teacher | Bang ham 4o cua 16p Principal
&Teacher::read &Principal::read
&Teacher::print &Principal::print

Cic dbi twong ciia 16p Teacher va Principal sé chira mét con troé téi cac bang
ham 4o caa ching.
int main(){

Teacher t1("Teacher 1", 50);
Teacher t2("Teacher 2", 35);
Principal p1("Principal 1", 45, "School 1");
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5.

Virtual Table of Teacher
vpir &Teacher::read
tl | Teacher 1 &Teacher: :print
50
votr
t2 | Teacher 2 Virtual Table of Principal
35 &Principal: :read
/ &Principal: :print
vptr
Principal 1
pl a5
Schoal 1

Don’t try this with object

Can ghl nho rang ky thuat ham ao chi lam viéc voi cac con tré tré toi cac doi
twong va voi cac tham chiéu, chir khong phai ban than cac débi twgng.
int main()

{

¥

Teacher t1("Teacher 1",50);

Principal p1("Principal 1*,40,"School™);
t1.print(); // not polymorphic

pl.print(); // not polymorphic

return O;

Viéc goi toi cac ham ao hoi mat thoi gian doi chut vi do thuce chat la viée goi gian
tiép thong qua bang ham ao. Khéng nén khai bao cac ham la ao néu khong can thiét.

6.

Danh sach lién két cac déi twong va da thé

Céc cach thirc chung nhét dé sir dung cac ham 4o 1 véi mot mang cac con tro tro
ti cac d6i twong va cac danh sach lién két cac d6i tuong.

Chung ta xem xét vi du sau day:

Vidu 7.3:

class Teacher{

// Base class

String name;

int numOfStudents;

public:

Teacher(const String & new_name,int nos){ // Constructor of base
name=new_name;numOfStudents=nos;

b

virtual void print() const; // print is a virtual function
b
void Teacher::print() const /I virtual function
{

cout << "Name: "<< name << endl;
cout << " Num of Students:"<< numOfStudents << endl;
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class Principal : public Teacher{ I/ Derived class
String SchoolName;
public:
Principal(const String & new_name,int nos, const String & sn)
:Teacher(new_name,nos)
{

}

void print() const;

SchoolName=sn;

}

void Principal::print() const // Non-virtual function
{

Teacher::print();

cout << " Name of School:"<< SchoolName << endl;

¥

/I *** A class to define nodes of the list ***
class List_node{

friend class List;

const Teacher * element;

List_node * next;

List_node(const Teacher &); Il constructor
3
List_node::List_node(const Teacher & n){

element = &n;

next = 0;
b

I/ *** class to define a linked list of teachers and principals ***
class List{ // linked list for teachers

List_node *head;

public:

List(){head=0;}

Bool append(const Teacher &);

void print() const ;

~List();
b

/I Append a new teacher to the end of the list
/I if there is no space returns False, otherwise True
Bool List::append(const Teacher & n)
{
List_node *previous, *current;
if(head) /I if the list is not empty
{

previous=head;
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current=head->next;
while(current) /[ searh for the end of the list
{ -

previous=current;

current=current->next;

b
previous->next = new List_node(n);
if (!(previous->next)) return False; /Il If memory is full
b
else /[ if the list is empty
{
head = new List_node(n); // Memory for new node
if ("head) return False; /I If memory is full
}

return True;

¥

/Il Prints all elements of the list on the screen
void List::print() const
{
List_node *tempPtr;
if (head)
{
tempPtr=head,;
while(tempPtr)
{
(tempPtr->element)->print(); /[ POLYMORPHISM
tempPtr=tempPtr->next;

¥

else
cout << "The list is empty" << endl;
¥

// Destructor
I deletes all elements of the list
List::~List()
{
List_node *temp;
while(head) /I if the list is not empty

{
temp=head,
head=head->next;
delete temp;
}
}
/] ----- Main Function -----
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int main()
{
Teacher t1("Teacher 1",50);
Principal p1("Principal 1",40,"Schooll1");
Teacher t2("Teacher 2",60);
Principal p2("Principal 2",100,"School2");
List theL.ist;
theList.print();
theList.append(tl);
theList.append(pl);
theList.append(t2);
theList.append(p2);
theList.print();
return 0;

¥

7. Cac 16p triru twgng

Pé viét cac ham da thé chiing ta can phai c6 cac 16p dan xuat. Nhung d6i khi ching
ta khong can phai tao ra bat ky mot ddi tugng thude 16p co sd nao ca . Lop co so ton tai
chi nhu 12 mot diém khoi ddu cho viée ké thira ciia cac 16p khac . Kiéu 16p co sé nhu
thé duoc goi 1a mét 10p triru twong , cd nghia 1 khong c6 mot dbi twong thuc su nao
cua lép duoc tao ra tur 16p do.

Céc 16p triru tugng 1am ndy sinh rat nhiéu tinh huéng méi . Mot nha may rat nhiéu
xe thé thao hodc mot xe tai hodc mot xe clru thwong , nhung no khoéng thé tao ra mot
chiéc xe chung chung nao do. Nha may phai biét loai xe ndo ma nd can tao ra trude khi
thye sy tao ra no . Tuong ty chung ta co thé thay sparrow  (chim s¢), wren (chim hong
tudc), robin (chim két c6 @6 ) nhung ching ta khong thé thdy mot con chim chung
chung nao do.

Thuc té mot 16p s& 1a mot 16p ao chi trong con mét cta con ngudi . Trinh bién dich
s& bo qua cac quyét dinh ctia chung ta vé viéc bién mot 16p nao d6 thanh 16p ao.

8. Cac ham do thyuc su

S& 14 tot hon néu , da quyét dinh tao ra mot 16p triru tuong co s& , chung ta co thé
(hudng dan) (instruct) chi thi cho trinh bién dich ngan chin mot cach linh dong bat cir
ngudi nao sao cho ho khong thé tao ra bat ctr ddi twong nao cua lop d6 . Diéu nay sé
cho phép chung ta ty do hon trong viéc thiét ké 10p co so vi chung ta s¢ khong phai 1ap
ké hoach cho bat ky ddi tugng thuc sy ndo cia 16p d6 , ma chi can quan tam toi cac dur
lidu va ham s& duogc str dung trong cac 16p dan xuit. Cé mot cach dé bao cho trinh bién
dich biét mot 16p 1a triru tuong : ching ta dinh nghia it nh 4t mot ham ao thuc su trong
khai bao 10p.

Mot ham ao thyc sy 1a mt ham ao khong c6 than ham . Than cua ham ao trong 16p
co s0 s€ duoc loai bo va ky phap =0 sé duoc thém vao khai bao ham:

9. Vidul

class generic_shape{ // Abstract base class
protected:
int x,y;
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public:
generic_shape(int x_in,int y_in){ x=x_in; y=y_in;} // Constructor
virtual void draw() const =0; //pure virtual function

o
class Line:public generic_shape{ // Line class
protected:
int x2,y2; // End coordinates of line
public:
Line(int x_in,int y_in,int x2_in,int y2_in):generic_shape(x_in,y_in)
{
X2=X2_in;
y2=y2 in;
¥
void draw() const { line(x,y,x2,y2); } // virtual draw function
2

/Nine 1a mot ham thu vién vé mot dudng thing 1én man hinh
class Rectangle:public Line{ // Rectangle class
public:
Rectangle(int x_in,inty_in,int Xx2_in,int
y2_in):Line(x_in,y_in,x2_in,y2_in){}
void draw() const { rectangle(x,y,x2,y2); } // virtual draw

3
class Circle:public generic_shape{ // Circle class
protected:
int radius;
public:
Circle(int x_cen,int y_cen,int r):generic_shape(x_cen,y_cen)
{
radius=r;
b
void draw() const { circle(x,y, radius); } // virtual draw
b

/lrectangle va circle la cac ham thu vién vé cac hinh chtr nhat va hinh tron 1én man

hinh
int main()
{

Line Line1(1,1,100,250);

Circle Circle1(2100,100,20);

Rectangle Rectangle1(30,50,250,140);

Circle Circle2(300,170,50);

show(Circlel); // show function can take different shapes as argument

show(Linel);

show(Circle2);

show(Rectanglel);
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return O;

}

// ham v€ cac hinh khac nhau
void show(generic_shape &shape)
{ // Which draw function will be called?

shape.draw(); // It 's unknown at compile-time
¥
Néu ching ta viét mot 10p cho mdt hinh mdi bang cach ké thira n 6 tir cac 16p da co
ching ta khong can phai thay d6i ham show . Ham nay c6 thé thuc hién chirc nang véi
cac 16p méi.

10.Vidu 2

Trong vi du nay chung ta s€ xem xét mot “May trang thai htru han”  (Finite State
Machine) FSM.

Chung ta co cac trang thai: {1, 2, 3}

Input: {a, b}, x dé thoat

Output: {x, y}

Céc trang thai cia FSM dugc dinh nghia bang cach sir dung mét cau tric lop . Mbi
trang thai s& dugc ké thira tir 16p co s.

a/

/I A Finite State Machine with 3 states
#include<iostream.h>

/[ *** Base State (Abstract Class) ***

class State{

protected:
State * const next_a, * const next_b; // Pointers to next state
char output;

public:
State( State & a, State & b):next_a(&a),next_b(&b){}
virtual State* transition(char)=0;

Y

[[ *** Statel ***
class Statel:public State{
public:
Statel( State & a, State & b):State(a,b){}
State* transition(char);
b
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[l *** State2 ***

class State2:public State{

public:
State2( State & a, State & b):State(a,b){}
State* transition(char);

}

[*** State3 ***/

class State3:public State{

public:
State3( State & a, State & b):State(a,b){}
State* transition(char);

o
State* Statel::transition(char input)
{
cout << endl << "Current State: 1";
switch(input){
case 'a": output="y";
cout << endl << "Output: "<< output;
cout << endl << "Next State: 1";
return next_a;
case 'b'": output="x",
cout << endl << "Output: "<< output;
cout << endl << "Next State: 2";
return next_b;
default : cout << endl << "Undefined input™;
cout << endl << "Next State: Unchanged";
return this;
¥
¥
State* State2::transition(char input)
{

cout << endl << "Current State: 2":

switch(input){

case 'a": output="x’
cout << endl << "Output: "<< output;
cout << endl << "Next State: 3";
return next_a;

case 'b": output="y’;
cout << endl << "Output: "<< output;
cout << endl << "Next State: 2";
return next_b;

default : cout << endl << "Undefined input™;
cout << endl << "Next State: Unchanged";
return this;
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¥
¥

State* State3::transition(char input)

{

cout << endl << "Current State: 3";

switch(input){

case 'a": output="y",
cout << endl << "Output: "<< output;
cout << endl << "Next State: Statel";
return next_a;

case 'b': output="x";
cout << endl << "Output: "<< output;
cout << endl << "Next State: 2";
return next_b;

default : cout << endl << "Undefined input";
cout << endl << "Next State: Unchanged";
return this;

k
k

/[ *** Finite State Machine ***

I/ This class has 3 State objects as members

class FSM{
Statel s1;
State?2 s2;
State3 s3;
State * current;

public:
FSM():s1(s1,s2),52(s3,52),53(s1,52),current(&s1)
G

void run();

¥}

void FSM::run()
{
char in;
cout << endl << "The finite state machine starts ...";
do{
cout << endl << "Give the input value (a or b; x:EXIT) *;
cin >>in;
if (in 1="X")
current = current->transition(in);
else
current = 0; Il EXIT
while(current);

cout << endl << "The finite state machine stops ..." << endl;;
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int main()

{
FSM machinel;
machinel.run();
return O;

¥

Ham transition cua modi trang thai xac dinh hanh vi cia FSM . N6 nhan gia tri 1nput
nhu 1a tham s, kiém tra input sinh ra gia tri output tuy thudc vao gia tri input va tra vé
dia chi cua trang thai tlep theo.

Ham chuyén doi (transition)cua trang thai hién tai dugc goi . Gia tri tra vé ctia ham
nay sé& xac dinh trang thai tiép theo cia FSM.

11. Chu tit 40 va hay tir 40

Khi ching ta tao ra mot ddi tuong chung ta thuc‘mg la da biét kiéu cua dbi tuong
dang dugc tao ra va chung ta c6 thé chi dinh diéu nay cho trinh bién dich . Vi thé chung
ta khéng can co cac cau tir ao

Ciing nhu vy mot ham cu tir ciia mot ddi twong thiét 14p co ché do ciand  (bang
ham 40) trude tién. Chiing ta khong nhin thdy doan ma chuong trinh ndy , tit nhién,
cling nhu chung ta khong nhin thay doan ma khai tao ving nhd cho mot ddi tuong.

Céac ham 4o khong thé tham chi ton tai trir khi ham céu tir hoan thanh cong viéc cua
n6 vi thé cac ham cau tir khong thé 1a cac ham ao.

Ham huy tr 4o:

Vi du:

/I non-virtual function used as base class destructor

#include <iostream.h>

class Base{
public:
~Base() { cout << "Base destructor” << endl; } // Destructor is not
virtual
b
class Derived : public Base{
public:
~Derived() { cout << "Derived destructor” << endl; } // Non-virtual
2
int main()
{
Base* pb; // pb can point to objects of Base ans Derived
pb = new Derived; // pb points to an oject of Derived
delete pb;
cout << "Program terminates” << endl;
return O;
¥

Hay nh¢ lai rang mot dbi twong cu a 16p din xuat thuong chira dir lidu tur ca 10p co
s0 va 16p dan xuat. Bé dam bao rang cac dur liéu nay dugc goodbye mot cach hoan hao
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c6 thé can co nhimng 10i goi téi ham hity tir cho ca 16p co sé va 16p dan xuat . Nhung
output cua vi du trén la:

Base Destructor

Program terminates

Trong chuong trinh nay bp la mot con tro cua 16p co so  (kiéu Base). Vi thé né co
thé trd toi cac dbi tuong thude 16p Base va Derived. Trong vi du trén bp trd téi mot ddi
tuong thudc 16p Derived nhung trong khi x0a con tro nay chi ham huy tu cua 16p Base
la duogc goi téi.

Vén dé tuong tu cling da duoc bit gip voi cac ham binh thuong trong phan trude
(cac ham khong 1a ham huy tir ). Néu nhu mot ham khong phai 1a ham ao chi ¢6 phién
ban cua 16p co s¢ 1a dugce goi téi tham chi néu noi dung cua con tré 1a mdt dia chi cua
mot ddi twong cua 16p dan xuat. Vi thé trong vi dy trén ham huy tir cia 16 p Derived sé
khéng bao gio duoc goi t6i. Diéu nay ¢ thé la mot tai hoa néu nhu ham nay thuc hién
mot vai cong viée cao thu nao d6 . Dé stra chita chung ta chi can lam cho ham huy tir
nay trd thanh ham ao va thé 1a moi thir s& trd lai binh thuong.

12. Ham toan tir 40

Nhu chiing ta da thiy khai niém vé rang budc dong c6 nghia la kiéu dong
(dynamic type) ctia ddi twong thwe su sé quyét dinh ham nao sé dwoc goi thue
hién. Neéu chang han ching ta thyc hién 10 goi : p->f(X) trong do p 1a mot con tro
x la tham so6 va fla mgt ham ao , thi chinh la kiéu ciia doi twgng ma p tro tdi sé
xac dinh bién thé (varlant) nao cia ham f sé dwoc goi thwe hién . Cac toan tu cing
12 cac ham thanh vién néu nhw ching ta c6 mdt biéu thirc:

axXXhb

Trong d6 XX 1a mot ky hiéu toan tir thi diéu nay cling gidng nhu ching ta ¢ cau
Iénh sau:

a.operatorXX(b);

Néu nhu ham toan tir operatorXX duoc khai bao 13 mot ham ao thi chung ta s& thuc
hién 1oi goi ham nhu sau:

(*p) XX (*0);

Trong do p va q la hai con tr6 va khi d6 kiéu cua dbi tuong ma p tro toi s€ xac dinh
bién thé nao cua ham toan tir operatorXX s& duogc goi toi d & thyuc hién. Viée con trd q
tro t6i d6i tugng thude 16p nao la khong quan trong nhu:ng C++ chi cho phép rang
budc dong dbi voi toan tir du tién . Diéu nay co thé lam nay sinh ric roi néu chung ta
mubn viét cac toan tir d6i xang v6i hai tham sb c6 cung kiéu . Chéng han gia sit ching
ta mubn xay dung toan tr > dé so sanh hai d6i tuong cung thudc kiéu Teacher  (c6
nghia 13 c¢6 thé 1a thudc 16p Teacher hodc 16p Principal ) trong cac vi du trud ¢. Néu
ching ta c6 hai con tro t1 va t2:

Teacher *t1, * t2;

Chung ta muén réng c6 thé thuc hién so sanh bﬁng cau lénh sau:

if(*t1 > *t2)

C6 nghia la ching ta muén thuc hién rang budc dong dbi v6i ham toan tr > sao cho
c6 thé goi t6i cac bién thé khac nhau ctia n6 tuy thudc vao kiéu cua cac ddi trong ma
hai controt 1 vat2 tro tdi. Vi dunéu chung cing tro tdi cac d6i twong thude 16p
Teacher chung ta c6 thé so sanh theo hai diéu kién | a tén va sé sinh vién quan Iy , con
néu ching cung tro toi hai d6i twong thudc 16p Principal ching ta sé so sanh thém tiéu
chi thtr 3 1a tén truong.
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Pé c6 thé thyc hién diéu nay theo nguyén tic cta rang budc dong ching ta's & khai
bao ham toan tir > 1a ham ao & 16p co s¢ (Teacher):
class Teacher{

pubic:
virtual Bool operator > (Teacher & rhs);
o
Sau d6 trong 16p dan xuat ching ta c6 khai bao tiép nhu sau:
class Principal: public Teacher{

pubic:
Bool operator > (Principal & rhs);

b

Theo nguyén ly thong thuong vé cac ham ao chiing ta mong mudn 1a toan tir > s&
hoat dong tt vi cac ddi twong thudc 16p Principal  (hay chinh xac hon 1a cac con tro
tré vao cac dbi tugng thudc 10p d6). Tuy nhién that khong may day lai 1a mot 16i , dinh
nghia 16p nhu thé s& khong thé bién dich duogc , tham chi ngay ca trong truong hop ma
c6 thé bién dich duogc thi chung ta cling khong thé sinh bét cir dbi tuong na o thudc 16p
Principal vi s& 1am xuét hién 15i bién dich . Ly do 1a vi trinh bién dich hiéu rang 16p
Principal 1a mot 16p triru twong va nguyén nhén 1a & tham sé trong khai bao ctia ham
toan tir >. Piéu nay l1a vi khai bao ham toan t trong 16p Principal khong khdp véi kiéu
tham so trong khai bao ctia 16p co so Teacher do d6 ham toan tir > cua 16p co sO
Teacher s& khong dugc ké thira hay bi 4n di va diéu nay c6 nghia la 16p Principal van
c6 mQt ham toan tir > 1a ham do thyc su do d6 n6 1a 16p 4o.

Dé stra chira 16i nay chung ta s& thuc hién khai bao lai nhu sau:

class Principal: public Teacher{

pubic:
Bool operator > (Teacher & rhs);
h
Bay gio thi trinh bién dich khong kéu ca phan nan gi nita va chiing ta xem xét phan
cai dat ham:
Bool Principal::operator > (Teacher & rhs){
if(name > rhs.name)
return True;
else if((name == rhs.name) && (numOfStudents > rhs.numOfStudents))
return True;
else if((name == rhs.name) && (numOfStudents == rhs.numOfStudents) &&
(schoolName > rhs.schoolName))
return True;
return False;
b i ‘
Tuy nhién o day chung ta lai gap phai 16i bién dich . Trinh bién dich s€ kéu ca rang
thanh vién schoolName khong phai 1a mo t thanh vién cta 16p Teacher . Diéu nay la
chinh x4c va dé khic phuc n6 ching ta can thuc hién mot thao tac chuyén ddi kiéu
(casting) cho tham sé truyén vao cua ham toan tir >:

Bool Principal::operator > (Teacher & rhs){
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Principal & r = Dynamic_cast<Principal&>(rhs);
if(name > r.name)
return True;
else if((name == r.name) && (numOfStudents > r.numOfStudents))
return True;
else if((name == r.name) && (numOfStudents == r.numOfStudents) &&
(schoolName > r.schoolName))
return True;
return False;
g ,
Chung ta cling thuc hién hoan toan tuong tu véi cac todn tir khac hay cac doi tuong
khac ¢ vai tro tuong tu nhu 16p Principal.

Chwong 8: Ban miu (Template)

I. C4c bian miu l6p

Khi viét cac chwong trinh ching ta luén ¢ nhu cau str dung cac ciu triic ¢6 kha
nang luu trir va xir Iy mot tap cac ddi tuong nao 46 . Cac ddi tuong nay cé thé cing
kiéu — khi d6 chl'mg ta co tap cac dbi twong déng nhit , hodc ching c6 thé c6 kiéu khac
nhau khi do ta co cac tap doi tuong khong dong nhat hay hénhop . Dé xay dyng lén
cac ciu triic d6 ching ta co thé sir dung mang hay céc cau tric dit liéu chang han nhu
danh sach, hang doi, hodc 1a cdy . Mot 16p co thé dugc dung dé xay dung nén céc
collection object dugc goi 1a mot 16p chira . Cac 16p Stack, Queue hodc Set déu la cac
vi du dién hinh vé 16p chtra. Van dé vdi cac 16p chira ma chiing ta da biét nay 1a chiing
duoc xay dung chi dé chira cac dbi twong kiéu coban  (int, char *, ...). Nhu vay néu
chung ta mudn xay dung mot hang doi chang han dé chta cac ddi twong thudc 16p
Person chéng han thi 16p Queue nay lai khong thé sir dung dwoc , giai phap 1a chung ta
lai xay dung mot 16p moi chang han 1a Person _Queue. Pay 1a mot phuong phap khong
hiéu qua va né doi hoi chiing ta phai xay dung lai hoan toan cac ciu truc méi voi cac
kiéu dir liéu (16p) moi.

C++ cung cap mot kha nang cho phép chung ta khong phai lap lai cong viéce tao
moi nay bang cach tao ra cac 10p chung . Mot ban mau sé duoc viét cho 16p , va trinh
bién dich s& ty dong sinh ra cac 16p khac nhau can thiét tir ban ma u nay. Lop chira can
st dung s& chi phai viét mot 1an duy nhat . Vi du néu chiing ta c6 mot 16p ban mau la
List da dugc xdy dung xong thi trinh bién dich co thé , bang cach str dung thong tin
nay, sinh ra 16p List<int> va List<Person>, tuong ng la mot danh sach cac sd nguyén
va danh sach cac d6i tuong cua 16p Person.

Chung ta cling c6 the xay du:ng 1én cac ham chung . Néu ching han chung ta mudn
viét mot ham dé sép xep mot mang, chung ta c6 thé xdy dung mot ban mau ham. Trinh
bién dich s& sir dung cac thong tin nay dé sinh ra cac ham khac nhau c6 kha ning sip
xép cac mang khac nhau.

Cac ban miu khong ludn 1a mot phan ciia C - ++. K& thira dugc s dung dé dé xay
dung cac object collection. Néu ching ta mudn xay dung mot danh sach cac dbi twong
Person chung ta sé triru tugng hoa cho 16p Person 1a mét 16p dan xuat cia mot lop
dugc dinh nghia trudc Listable . Lop Person sau do s¢ ké th tra kha nang co thé 1a mot
phan cta danh sach . Nhu’ng chung ta se co Van dé néu nhu 16p Person can mot vai
thudc tinh cta riéng né . C6 thé chung ta mudn 13 n6 sé& chira trong mot cau tric cay
nao do6 hodc c6 thé xuat cic thong tin ra man hinh qua téan tir << clia cout chang han.
Dé giai quyét cac van dé nhu kiéu trén khai niém da ké thua d3 dugc duara  , dayla
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mdt khai niém c6 thé mang lai rat nhiéu kha ning manh mé nhung cting lam nay sinh
rat nhidu van dé ric rdi . Mot trong nhirng kho khan khi st dung ké thira dé xay dung
cac objetc collection d6 1a chung ta can phai quyét dinh trudc cach thirc hoat dong va
céc tai nguyén cua mét 16p cu thé nao d6 . Vi du nhu v6i 16p Person chiang han chiing
ta cin pha1 biét 1a chiing ta sé str dung né trong cac danh sach hay cac cdy , co kha nang
io nhu thé nao. Ngoal ra cac 1ap trinh vién cin phai biét r5 chi tiét vé cach thirc ké
thira cua cac 1op dé co thé biét duoc cac thudc tinh ma no s€ ¢o.

Va hoa ra viéc st dung cac 16p chung la mot cach tdt , tot hon so voi viée str dung
ké thira trong viée xay dung cac object collection . Viét cac chuong trinh hudng d6 i
tuong khong phai c6 nghia 1a lac nao ching ta cling phai stt dung ké thira . Piéu nay rat
16 rang néu chung ta xem xét tinh hudng x4y dung mot 16p Person va mét 16p danh
sach co s, 10p Person ké thira tur 10p danh sach co s0 d6 (nhu vi du trong chuong 6 vé
phan ké thu:a) nhung sé 1a ty nhién néu ching ta xay dung mot lop danh sach riéng dé
chura cac dbi tuong thudce lop Person . Va voi khai niém ban mau chung ta c6 mot 1op
List chung, dé chira cac d6i twong thudc 16p Person ching ta chi can khai bao mot doi
tuong thudc 16p List<Person>.

Khai niém ban mau dugc dua vao kha mudn trong ngon ngit C ++. C6 rat nhidu 16p
chtra trong ban phac thao chuan . Ching déu la ca ¢ 16p chung str dung cac ban mau
Céc 16p chira déu khong sir dung khai niém ké thira . Ngoai ra con c6 mot tap cac ham
chung trong ban phac thao chuin c6 thé thuc hién cac thuit toan trén cac object
collection. Chang han nhu cac ham tim kiém va cac ham sip xép.

Trong chuong nay chﬁng ta s& xem xét cach thic cac ban mau duoc st dung dé
xdy dung cac lop chung va cac ham . That khong may la cu phap cua ban mau khong
dugc d& hiéu va dep 14 m trong C++ mic du vy vé ban chat cac ban mau la nhing thi
rat co ich.

1. Cac bian miu va thé nghiém
Chung ta xem xét 16p Matrix thé hién cac ma tran khong sir dung ban mau nhu sau ;
class Matrix{
public:
Matrix(int i=0, int j=0):r(i), c(j), a(new double[r*c]){}
Matrix(const Matrix &m):a(0){*this = m;}
~Matrix(){delete []a;}
int num_row() {return r;} // cho biét s6 hang ciia ma tran
int num_col() {return c;} // cho biét s6 cot cia ma tran
Matrix & operator = (const Matrix &); // toan tir gan
double & operator()(int i, int j); // toan tir chi s6
private:
intr,c;
double *a;
b , o
Nhu ching ta da biét ma trin la mot bang cac hang va cac ¢c6t . Moi phan tu riéng
biét cua ma tran trong 16p Matrix trén co kiéu  1a double . Pé biéu dién cac phan tir
cia 1 ma trdn co r hang va c cot chung ta su dung mot mang mot chiéu c6 (r * ¢) phan
t0r va mot con tro a dé quan ly mang mot chiéu nay . Céc phén tr ciia ma tran duoc luu
trong mang mot chiéu nay theo nguyen téc hang 1 trude, sau d6 dén hang 2 ... Lop
Matrix co hai cau tir, 1 cau tir v6i hai tham sé khoi tao hang va cot, phan dit lidu khong
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c6 gi, mot ciu tir copy binh thuong. Con lai cac phwong thirc khac c6 18 khong can giai
thich nhiéu.
Matrix & Matrix::operator = (const Matrix & m){
if(this 1= &m){
r=m.r,
C=m.c;
delete [] a;
a = new double[r*c];
for(int i=0; i< r*c; i++)
a[i] = m.afi];
}

return *this;

}

double & Matrix::operator () (int i, int j){
If(i<1 | i>r || j<1 ] j>c)
return O;
return a[(i-1)*c + j-1];

ks

L&p Matrix nay tat nhién c6 thé hoat dong tét nhung chi voi cac ma trin ma cac
phan tir ¢6 kiéu double . Vi thé ching ta c6 thé viét lai 16p Matrix dé né tro thanh mot
ban mau:

template <class T>

class Matrix{

public:
Matrix(int i=0, int j=0):r(i), c(j), a(new T[r*c]){}
Matrix(const Matrix &m):a(0){*this = m;}
~Matrix(){delete []a;}
int num_row() {return r;} // cho biét s6 hang ciia ma tran
int num_col() {return c;} // cho biét s6 cot cia ma tran
Matrix & operator = (const Matrix &); // toan tir gan
T & operator()(int i, int j); // toan ttr chi sd

private:
intr,c;
T *a;

b q ‘

Co6 hai thay doi trong cai ddt cua chiing ta so vdi 16p Matrix trudce . Pau tién 1a dong
trudc khai bao 16p Matrix . Tir khoa template bao cho trinh bién dich biét rang 16p
Matrix 1a mot ban mau va khong phai la mot 16p binh th u’ong Céc tham s6 ban mau
(template parameters) hay cac tham s6 chung dugc dat gitra hai ddu < va >. Trong
truong hop nay chi c6 mot tham sé ban mau va nd dugc dattén1a T . Tu khoa class
cling chi ra rang T 12 mot kiéu dit  liéu bat ky nao d6 . (cht y 1a T cling c6 thé 1a mot
kiéu dir liéu built -in ching han nhu int hodc char * mic du tir khoa class van dugc sir
dung).

Thay dbi thr hai la chiing ta thay moi chd nao c6 tir khoa double bang T . Vi du
bién thanh vién a s& c¢6 kiéu la T * thay vi double *

Viéc su dung 16p Matrix cung hoi khac chut it:

Matrix<int> mi(2,3); // khai bao mot ma tran cac sb kiéu int c6 kich thudc la 2 x 3
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Matrix<Person> mp(10,3); // khai bao mdt ma tran cac sb kiéu int c¢6 kich thudc la
10x 3

Trinh bién dich d3 str dung ban mau Matrix dé sinh ra hai 16p thuong chtra cac kiéu
dix liéu khac nhau. Chung ta goi d6 13 hai thé nghiém cua 16p Matrix (c6 thé dung thuét
nglr cac 16p sinh hodc la cac dat ta ) Trong tru’omg hop thu’ nhit duong nhu kiéu tham
s6 T s& dugc thay bang kiéu int ¢ bat ky vi tri nao nd xuat hién , va trong trudng hop
thir hai 1a kiéu Person . Cach d& nhét dé giai thi ch la trinh bién dich s€ tu dong sinh ra
cac doan mi tuong ung thay thé kiéu tham sb 16p va bién dich nhu mot 16p thuong
(thuc té thi cong viée nay phirc tap hon nhiéu nhung c6 18 1a nhitng gi ma trinh bién
dich ty minh thyc hién). Mdi méot khai bao Matrix <X>, trong d6 X 1a mét kiéu nao do
s€ twong ung va4i 16p méi dugce trinh bién dich sinh ra . Tén 16p nay dugc su dung binh
thuong nhu cac tén 16p khac va cac tham s6 ham cling nhu cac biénc  ta 1op c6 thé
duoc khai bao mét cach binh thuong.

Trong 16p Matrix ching ta ¢6 hai ham thanh vién operator = va operator () dugc
dinh nghia riéng ré . Do 16p Matrix 1a mot ban mau nén cac ham thanh vién cta nd
cling 1a cac ban mau.

template <class T>

Matrix<T> & Matrix<T>::operator = (const Matrix & m){

if(this 1= &m){
r=m.r;
c=m.c;
delete [] a;
a=new T[r*c];
for(int i=0; i< r*c; i++)
a[i] = m.a[i[;
b

return *this;

}

template <class T>
T & Matrix<T>::operator () (int i, int j){
if(i<l[i>r[|j<1 || j>c)
return O; //return a[0];
return a[(i-1)*c + j-1];
¥
Chung ta thdy rang ca hai khai bao nay déu bat dau bang dong <template class T >
gidng nhu khai bao 16p Matrix ban dau . Vi tit ca cac thé nghiém cta 16p ban mau déu
¢6 cac thé nghiém riéng cta cac ham thanh vién ctia n6 nén chung ta budc phai viét 1a
Matrix<T>:: trudc tén ham khi ching ta mudn chi ra tén day du cua mot ham thanh
vién. Néu chung t a muén chi 1 tén ciia ban mau 16p trong dinh nghia ctia n6 (1op)
ching ta khong can viét ca <T> va tén 16p ma chi can tén 16p 1a du. C6 thé thay rd chii
¥ nay v6i tham sb ctia ham toan tr = chiing ta chi can viét 1a M atrix & chtr khong can
Matrix<T>, tuy nhién v&i phién ban 3.0 chung ta can chi rd tham s6 1a Matrix <T> thi
moi bién dich duoc.
Két luan:
template <class T>
class C{
return_type f(parameters);
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.

template <class T>
return_type C<T>::f(parameters){

¥

T la mot tham s kiéu va duoc dung nhu mét kiéu binh thudng trong 16p.

Ca dinh nghia 16p va dinh nghia ham ctia mot 16p ban mau nén dat trong mot file
header cua 16p do.

Céc thé nghiém ctia mot 16p ban mau duoc tao ra khi khai bao:

C<type_name> khi d6 T sé duoc thay bang type_name.

Biéu thirc C<type_name> duoc dung nhu mot tén 16p binh thuong.

Véi mot 16p bat ky ching ta nén c¢6 hai file tuong tng . mot file khai bao  (.h)
(header) va mét file dinh nghia (.cpp). Chuing ta cling dugc hoc rang dinh nghia 16p
nén dat trong file header va dinh nghia ham nén dét trong file  .cpp. Véi cac 16p ban
mau chiing ta ¢ d6i chit thay dbi trong khuyen caonay . Vitrinh bién dich phai tu
dong sinh ra mot 16p nao do tu lop ban mau nén no phai truy cap toi toan bo dinh
nghia va cai dat cua 16p ban mau . Chinh vi thé chung ta dat tat ca cai dat cia mot 16p
trong file header . Piéu nay c6 nghia la khong ¢ file dinh nghia .cpp. Thuc chat cac
trinh bién dich khac nhau giai quyet van dé nay theo cac cach khac nhau nhung
khuyén cdo nay c6 the lam viéc voi moi trinh bién dich.

Gia su chung ta can co mot ham c6 kha nang cong hai ma trén trong truong hop
chung chira cac sb nguyen ching han . Dé giai quyét vin dé nay voi 16p ban miu
Matrix chiing ta ¢ thé cai dat mot ham add nhu sau:

Matrix<int> add(Matrix<int> a, Matrix<int> b){

if((a.num_row()!=b.num_row()) || (a.num_col()!=b.num_col()))
return Matrix<int>(0);
Matrix<int> c(a);
for(int i=1;i<=c.num_row();i++)
for(int j=1;j<=c.num_col();j++)
c(i.j) +=b(ij);
return c;

¥

Va day 1a mot doan chuwong trinh hoan chin h doc vao mot ma tran kiéu int va nhan
do1i no.
int main(){
intx,y;
cout << "Number of rows:"; cin >> X;
cout << "Number of columns:"; cin >>vy;
Matrix<int> mi(x,y);
for(int i=1;i<=mi.num_row();i++)
for(int j=1;j<=mi.num_col();j++)
cin >> mi(i,j);
= add(mi,mi);
for(i=1;i<=mi.num_row();i++){
for(j=1;j<=mi.num_col();j++)
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cout << setw(4) << mi(i,j) ;
cout << endl;

¥

return O;

}

2. Cac thanh phin tinh

Cling nhu cac 16p thuong khac mot 16p ban mau cﬁng c6 cac thanh v ién dur liéu va
ham thanh vién tinh . Chang han chung ta co thé thém vao lop ban mau Matrix mot
bién thanh vién tinh mn dé kiém soat s cac ma tran ¢ cac phan tir thudc mot kiéu nao
d6 va mot ham thanh vién tinh dé do ¢ gid tri nay. (B1nh thuong cac ham ciu tir va hiy
tr s& thay doi dé chung c6 thé dém va thay d6i gia tri cua blen thanh vién tinh nay
nhung ching ta sé khong xem xét cu thé 0 day , tit ca cac cdu tr duoc stir dung cli ng
nhu cac huy tu).

template <class T>

class Matrix{

public:

static int num_matrices();
private:

static int mn;

3 s ,

D061 v6i cac 16p thuong chung ta biét rang cac thanh vién tinh la chung doi véi cac
d6i twong cua mot 16p, nd chi c6 mot ban (edition) duy nhat. Pbi voi cac 16p ban mau,
mdi 16p thé nghiém cua 16p ban miu sé c6 mdt ban riéng cua bién thanh vién tinh
Chang han néu ching ta c6 3 16p thé nghiém cua 16p Matrix 1a Matrix <int>,
Matrix<double>, Matrix<float> chiing ta s& c6 3 bién tinh, mdi bién cho mot 16p thé
nghiém.

Céc ham thanh vién tinh dugc dinh nghia twong tu nhu véi cac ham khong tinh vi
du:

template <class T>

int Matrix<T>::num_matrices(){

return mn;
¥

Céc bién thanh vién tinh pha1 dugc dinh nghia bén ngoai l6p , diéu nay ciing dung
vi cac bién thanh vién tinh cua mot 16p ban mau . Vi s€ c6 mot the nghiém cuia bién
thanh vién tinh cho tat ca cac thé nghié m cta 15p ban mau nén dinh nghia cua bién
thanh vién tinh ciing phai 1a mot ban mau:

template <class T>

int Matrix<T>::mn = 0;

Chuy vé cac thanh vién tinh cia cac 1op ban mau:

Ton tai dudi dang mot ban d6i voi mdi thé nghiém cuia 16p

Céc ham thanh vién tinh dugc dinh nghia nhu cac ham binh thudng cta 16p ban
mau.

Céc bién thanh vién tinh 1a cac ban miu va phai duoc dinh nghia riéng biét , vidu
d6i voi mot thanh vién tinh v cta 16p ban mau C s& duge dinh nghia nhu sau:

template <class T>
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type C<T>::v = gia tri khdi tao;

Néu c6 mot ham thanh vién tinh f ciia mét 16p thuong C | thi f co thé dugc goi theo
2 cach: x.f() hodc C::f() trong d6 x 1a mot dbi twg ng thude C. Vi du véi 16p Matrix ta
c6 thé goi nhu sau:

cout << "Num of int matrices:" << mi.num_matrices();

hoac:

cout << "Num of int matrices:" << Matrix<int>::num_matrices();

3. Cac lép ban va lép trog giup
Néu chiing ta di c6 mot 16p non-generic, né ¢6 thé dugc chuyén thanh mot 16p ban
mau bang mot cach twong d6i dé dang.
Vi du: 16p Stack:
template <class T>
class Stack{
public:
Stack():first(0){};
~Stack();
void push(T d);
T pop();
Bool isEmpty();
Bool isFull();
private:
Element<T> *first;
Stack(const Stack &){};
Stack & operator=(const Stack &){};
g
Dé cai dat 16p Stack ching ta sir dung mot 16p tro giup 1a 16p Element  , 16p dinh
nghia cac phan tir riéng biét trong mot danh sa ch lién két . Lop Element ciing 1a mot
16p ban mau vi cac phan tir ciia danh sach sé chira cac phan tir dit liéu c6 kiéu khac
nhau d6i v6i mdi 16p thé nghiém cua 16p Stack . Nhu vay trong khai bao cua 16p
Element chiing ta s& st dung mot tham sé ban mau khac chang han U , nhung do trong
khai bao 10p Stack bién first c6 kiéu 1a Element <T> nén Stack thé nghiém tuong ung
s& van chira dir liéu co kiéu T , ¢o  nghia la kiéu dir liéu cua Stack 12 do n6 quy ét dinh
mac du Element la mot 1op ban mau trg giup.
template <class U>
class Element{
friend class Stack<U>;
Element *next;
U data;
Element(Element *n, U d):next(n),data(d){}
b
Chu ¥ rang 16p Stack phai diéu khién duoc cac thanh p han dir liéu trong 16p
Element nén né phai la mot 16p ban cua Element . Thir hai 1a twong thich vé kiéu nén
trong khai bao 10p Element Stack sé la Stack <U>, néu khong trinh bién dich sé khong
hiéu.
Bay gio chung ta sé€ thuc hién cai dat cac phuong thirc cua 16p Stack:
template <class T>
void Stack<T>::push(T d){
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first = new Element<T>(first,d);

}

template <class T>

T Stack<T>::pop(){
Element<T> * p = first;
T d = p->data;
first = first->next;
delete p;
return d;

¥

template <class T>
Stack<T>::~Stack(){
while(tisEmpty()){
Element<T> * p = first;
first = first->next;
delete p;
¥
¥

template <class T>
Stack<T>::~Stack(){
while(lisEmpty()){
Element<T> * p = first;
first = first->next;
delete p;
b
}

Va day la doan chuong trinh chinh sur dung 16p Stack trén:
int main()
U
int n;
cout << "Ngai muon xem dang nhi phan cua so:";
cin>>n;
Stack<int> stkint;

while(n){
stkint.push(n%2);
n/=2;

}

cout <<"Ket qua:";
while(!stkint.isEmpty())
cout << stkint.pop();
/* can include “mstring.h”
Stack<String> stks;
stks.push(*ajg ajgd");
stks.push(" a 128");
while(!stks.isEmpty())
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cout << stks.pop() << endl;
*/
return O;

¥

4. Cac tham s6 ban miu

Céc 16p ban mau ma chiing ta xem xét tir ddu téi gio chi  c6 mot tham sé ban miu
nhung trén thyc té mot 16p ban mau hodc mot ham ban mau c6 thé ¢ sb tham sb ban
mau bét ky Chung ta chia cac tham s6 ban méu ra lam hai phan cac kiéu tham s6 ban
mAu va cac gia tri tham s ban mau. Cac kiéu tham s6 ban mau dugc chi ra bot tur khoa
class dung trude va co thé 1a bat ky kiéu nao con cac gla tri tham sb giéng nhu cac
tham s ham binh thuong nhung c6 thé khong phai 1a kiéu ddu phay dong .

Chung ta s& xem xét vi du sau : cai dit mot stack bang mang , ¢0 hai tham sd ban
mau duoc dung, ngoai trir T con c6 mot tham sé int dé chi dinh s6 phan tir 16n nhat ma
stack c6 thé chira:

template <class T, int size>

class Stack{

public:
Stack():n(0){};
~Stack();
void push(const T & d){s[n++] = d};
T pop(){return s[n--];};
Bool isEmpty(){return (n<=0)?True:False;};
Bool isFull();
private:
T s[size];

}; 7 3 ‘ :

Khi chung ta tao ra mot thé nghiém cua 16p ban mau nay chiing ta can cung cap cac
gia tri cho c hai tham s6 ban mau:

Stack<int, 200) x; // ngin xép c6 t6i da 200 phan tir

Khi gia trj dwgc gan cho tham s gia tri cAn phai c6 mot biéu thie hing chi ra rang
¢6 1 gié tri ¢6 thé tinh tai thoi diém bién dich chuong trinh.

Chu y: Cac tham sb ban mau

template <param 1, param 2, param 3, ...>

Trong d6 param N ¢6 thé c6 dang:

class T hoac

type_name V

Mot tham sb gid tri c6 thé khong phai 1a kiéu s6 ddu phay dong

Co thé str dung cac tham s6 mic dinh.

Gidng nhu cac tham sb ham binh thuong cac tham s6 ban mau cling c6 thé nhan
cac gia tri mac dinh vi du chung ta c6 thé chuyén khai bao Stack trén thanh :

template <class T=double, int size = 100>

class Stack{

5
Néu mdt tham sé ban mau ¢o gia tri mac dinh thi cac tham s6 ban mau sau do cling
bat budc phai c6 gia tri mac dinh. Néu 16p ban mau c6 tham s6 ban mau mac dinh ta co
thé bo qua cac tham s6 do khi tao ra cac thé nghiém 16p chang han:
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Stack<Person> sp;// mdt ngin xép Person co kich thuwéc max la 100
Stack<> sf; //ngin xép double co max phan tw la 100.

5. Cac lép thudc tinh
Khi chiing ta tao ra mot thé ngh iém cia mot 10p ban mau nao d6 co mot tham sb
kiéu T, kiéu T s& dugc thay théd tat ca cac vi tri trong 16p . Viéc thay thé nay co thé lam
viée t6t voi tat ca cac kiéu ddi voi mot 16p ban mau nao d6 nhung khong pha i tat ca
cac 1op ban mau déu nhu vay. D& minh hoa ching ta s& 14y vi du vé 16p ban mau Tree :
#include <iostream.h>
#include <bool.h>
template <class T>
class Node{
friend class Tree<T>;
T data;
Tree<T> * left, * right;
Node(T d):data(d), left(new Tree<T>), right(new Tree<T>){};
~Node(){delete left; delete right;};
h

template <class D>
class Tree{
public:
Tree():root(0){};
Tree(D d){ root = new Node<D>(d);};
Tree(const Tree & t){copy(t);};
~Tree(){delete root;};
Bool empty()const{return (root==0)?True:False;};
D & value() const{return root->data;};
Tree & |_child() const {return *root->left;};
Tree & r_child() const {return *root->right;};
Tree & operator =(const Tree & t);
Bool operator==(const Tree & t) const;
void inorder() const;
void put_in(D d);
D* search(D d);
private:

Node<D> *root;
void copy(const Tree & t);

o

template <class D>
void Tree<D>::copy(const Tree<D> & t){
if(t.empty())
root = 0;
else{
root = new Node<D>(t.value());
|_child().copy(t.l_child());
r_child().copy(t.r_child());
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¥
¥

template <class D>
Tree<D> & Tree<D>::operator=(const Tree<D> & t){
if(root!=t.root){
delete root;
copy(t);
}

return *this;

¥

template <class D>
Bool Tree<D>::operator==(const Tree<D> & t)const{
if((empty()&&t.empty())||
(Tempty()&&!t.empty()&&I_child()==t.I_child()&&r _child()==t.r_child()))
return True;
else

¥

template <class D>
void Tree<D>::inorder() const{
if(fempty()){
|_child().inorder();
cout << value() << ™ ";
r_child().inorder();

return False;

¥
¥

int main()
{ |
Tree<int> t;
t = Tree<int>(10);
t.1_child() = Tree<int>(20);
t.1_child().r_child() = Tree<int>(12);
t.r_child() = Tree<int>(30);
t.inorder();
return O;
¥ , q
Tuy nhién néu ching ta c6 thém mot 16p Person chang han dugc khai bao nhu sau:
class Person{
private:
char pno[10];
char name[30];
public:
char * getPno() const;
char * getName() const;
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h

Va trong chuong trinh chinh chung ta khai béo:

Tree<Person> tp;

Thi 1ap tirc trinh bién d ich s& bao 15i , 1y do 1a do trong cac ham ctia 16p ban mau
Tree ching ta d3 dung mot s6 ham méc dinh c6 véi kiéu int nhung chwa co véi 16p
Person:

Person(char * PNO, char *n){strcpy(pno,PNO);strcpy(name,n);};

Bool operator>(const Person &);

Bool operator<(const Person &);

Bool operator==(const Person &);

friend ostream & operator <<(ostream & out, const Person &);

Sau khi cai dat cac ham nay moi viéc lai tro lai nhu xua.

O day didu cAn chi y 14 : binh thudng véi ca c kiéu dit liéu built -in mot sé ham
(ching han cac ham toan tr , ciu tir copy ) mic dinh c6 nén viéc chuong trinh dnng
chung la khong sao , nhu:ng véi cac kiéu dur liéu do nguoi dung dinh nghia khong co
cac ham nay nén can phai cai dit chiing néu chuong trinh c6 dung dén.

6. Caclop chira (ban méu) chuén

Trong dic ta chudn cua ngdbnngr C  ++ ¢6 rat nhiéu cac 16p chira da duge chuan
hoa, hay duoc coi la chuin (1 phan co ban clia ngdn ngu) Chang han nhu cac 16p List,
Set, Queue, Stack .... Tt ca chung déu la cac 16p chira va sur dung cac iterator . Tuy
nhién do thoi gian va dleu kién ching ta khong thé xem xét hét cac 16p chuan nay . Néu
sinh vién nao mudn tim hiéu thém v & céc 16p chira c6 thé lién hé vdi gido vién dé
photo tai liéu hodc xem phan help vé cac 16p chira di kém véi ban Turbo C  ++ 3.0 for
Dos cua hang Borland.

I1. Cac ban miu ham

1. Cac dinh nghia va thé nghiém

Céc 16p khong phai 14 nhiing thtr duy nhat c6 thé 1am ban mau . Cac ham ciing c6
thé 1a cac ban mau, khi d6 chiung dugc goi 1a cac ham ban méu.

Vidu 1: Trong cac chuwong trinh chung ta thiong hay phai thuc hién viéc so sanh
hai bién thudc cing mot kiéu xem bién nao 16n hon |, thay vi thyc hién mot cau Iénh if
ching ta c6 thé viét mot ham tra vé phﬁn tir nho hon vi du:

int min(int a, int b){

return (a<b)?a:b;
b

Viéc dung ham min nay khong co6 gi dang n01 nhung néu chiing ta mudn st dung
ham min v6i hai bién khong phai kiéu int thi ric rdi to . Va trong trudng hop dé ching
ta mudn str dung ban miu ham:

template <class T>

const T & min(const T & a, const T & b){

return (a<b)?a:b;
b

cung gidng nhu cac lop ban miu trong cac ham ban mau cling ¢ su thay thé kiéu
khi str dung chung véi cac tinh hubng cu thé:

inta,y;

long int m, n;
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cout << min(x,y);

cout << min(m,n);

twong Gmg voi dong thir nhét trinh bién dich sé sinh ra mot thé nghiém cuia ham va
thay thé T boi kiéu int, dong thir hai 1a mot thé nghiém véi T dugc thay bang long int.

Mot thé nghiém cuia mot ban mau ham khong nhét thiét phai dugc tao ra mot cach
tuong minh. N6 s& dugc ty dong sinh ra khi c6 mot 161 goi ham . Trinh bién dich s& ch
gang khop cac tham s thyc sy ciia ham v6i cac tham sé hinh thire va xac dinh kiéu ma
cac tham sb kiéu chung s& nhan . Néu chung co thé khop , trinh bién dich s& kiém tra
xem da co mot thé nghiém nao cho cac tham s6 thuc su chua . Néu chua co thi méi
sinh ra mot thé nghiém méi.

Dé diéu nay co thé thuc hién duoc tat ca cac tham sb kiéu chung déu phai xut hién
trong dic ta kiéu it nhat 1 1an cta cac tham sé thuong cua ham. Vi du trong ham min T
xudt hién ca trong dic ta kiéu cho tham s a va tham s6 b . Khi cac thé nghiém cua cac
ban mau ham dugc tao ra s& khong c6 nhiéu chuyén kiéu ty  dong nhu so vdi cac ham
binh thuong ma su khép giita cac tham s thuc su v6i cac tham sb hinh thirc con doi
hoi ngat nghéo hon vi du viéc goi ham min nhu sau:

cout << min(m,y) s& 1ap tirc sinh 16i.

Trén thyc té trong mot 101 goi ham c6 thé chi dinh mot cach tudng minh kiéu ma
céc tham sb kiéu chung c6 thé nhan va ct phap thuc hién diéu nay ciling giong nhu véi
cac thé nghiém cua cac 16p ban mau:

cout << min<double> (m, y);

Viéc chuyén d 6i kiéu s& duogc thyc hién vi min ~ <double> 13 mot ham cu thé |, c6
nghia 1a khong c6 thao tac kiém tra khép kicu ¢ day , doan ma tuong ung voi
min<double> s& dugc sinh ra.

Ham thtr hai ma ching ta xem xét 1a mot ham hoén vi g i4 tri cho hai bién kiéu bét
ky:

template <class T>

void swap(T &a, T &b){

T temp = a;
a=bhb;
b = temp;

}
Diéu can cha y véi ham swap nay 1a cac kiéu stir dung voi chiing can ¢6 ham toan
tu gan.
Cac ban mau ham dic biét hay  duoc sir dung vdi cac thao tac hay dung voi cac
mang vi du:
template <class T>
T & min_element(T f[], int n){
intm=0;
for(int i=1;i<n;i++)
if(f[i] < f[m]
m=i;
return fim];
}
Ham sap Xep cung 1a mot ham hay dung vithé sér At tién loi néu chung ta c6 mot
ham c6 kha nang sap Xep cac mang cé kiéu bat ky:
template <class T>
void sort(T f[], int n){
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for(int i=0;i<n;i++)
swap(f[i],min_element(&f[i], n-k);

}

Khi mot thé nghiém cia ham sort dugc tao ra v 6i mot kiéu dit liéu cy thé T, cac thé
nghiém cua cac ham swap va min_element ciing tu dong dugc sinh ra voi cung kiéu.

Téng két: cac ban miu ham

template <class T1, class T2>

return_type f(parameters)

{.} , 7

trong d60 T 1 va T2, ... 1a cac tham s0 va dugc stir dung nhu cac ki€u binh thuong
khac trong than ham . T4t ca cac tham sb kiéu phai xuat hién trong dic ta trong danh
sach tham sd.

Céc thé nghiém ctia ban mau ham duoc goi téi mot cach tu dong khi c6 cau 1énh:

f(cac tham sd thuc su);

trinh bién dich s€ khop cac tham s6 thuc su voi cac tham sb hinh thtrc va xac dinh
kiéu nao sé thay thé cho T.

Chung ta c6 thé chi dinh tudng minh kiéu coa T:

f<type>(cac tham sb thuc su);

Mot thé nghiém dic biét dbi voi mot kidu cu thé V ¢b thé duoc tao ra . Than ham s&
duoc viét lai va T sé duoc thay thé bang V.

Ciing gidng nhu cac ban mau 16p chung ta c6 thé tao ra mot thé nghiém dic biét
ctia ban mau ham véi mot kiéu dic biét nao d6 . Ham min_element sé khong lam viéc
ching han trong truong hop ching ta c6 mot mang cac xau, khi d6 chung ta cdn c6 mot
phién ban dic biét ciia ham nay dé lam viéc voi cacma  ng ma cac phan tir mang co
kiéu char *:

char * & min_element(char * f[], int n){
intm=0;
for(int i=1;i<m;i++)
if(stremp(f[i],ffm])<0)
m=i;
return f[m;

¥

Moi vi tri ciia T bay gid dugc thay bang char *. Khi gip mot 101 goi tdi thé ngh1em
ham c6 kiéu 1a char * thay vi sinh ra mét thé nghiém tir ban mau trinh bién dich s& truc
tiép bién dich doan ma dugc viét riéng dé lam viéc voi kiéu nay .

T4t nhién ciing giéng nhu cac ban mau 16p ching ta cd  thé st dung nhiéu tham sb
ban miu véi ban mau ham , dong thoi co thé dung cua cac tham sé ban mau kiéu va
tham sb ban mau gia tri.

2. Cac ham chuén chung — thu vién thuit toan

Ciing nhu cac 16p ban mau c6 rat nhiéu ha m ban miu trong dic ta chuin cta ngdn
ngtr C++. Chung c6 kha nang thyc hién mot sb cac thao tac khac nhau trén cac 16p
chira va cac data collection khac . Chang han chung ta c6 thé thyc hién tim kiém , sép
Xép va thuc hién céc thay ddi dit liéu khac . Cac ban mau ham nay dugc dinh nghia
trong file header algorithm.

T4t ca cac ham ban mau nay déu st dung cac iterator dé quan ly dir liéu .
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Thu vién STL 1a thu vién ban miu chuan dang duoc st du  ng rong rai nhat hién
nay.
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