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Khi doc qua tai ligu nay, néu phét hién sai s6t hoic noi dung kem chat luong
xin hdy thong bdo de chding toi stra chira hoac thay thé bang mot tai liéu clng
chu dé cua tac gla khac. Tai li¢u ndy bao gom nh1eu tai liéu nho co cung chu
dé bén trong nd. Phan ndi dung ban can c0 thé nam 6 giira hodc & cuoi tai lidu
nay, hiy st dung chirc nang Search dé tim ching.

Ban c6 thé tham khao nguon tai liéu duoc dich tir tiéng Anh tai day:
http://mientayvn.com/Tai_lieu da_dich.html

Thong tin lién hé:
Yahoo mail: thanhlam1910 2006 @yahoo.com

Gmail: frowrthes@gmail.com

Theo yéu ciu cia khich hing, trong mdt nim
qua, ching t6i di dijch qua 16 mén hoc, 34
cubn séch, 43 bai bio, 5 sb tay (chua tinh céic
tai liéu tir nim 2010 tré vé truéc) Xem & diy

DJCH VU Chi sau moét lan hién lac, viéce

DICH dich duoc tién hanh
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A L L —
NH.ANH

NHAT VA Chat lu'(_)'ng:Te}.o dung niém tin cho

CHINH kh’éch hang bang c6ng nghé 1.Ban

XAC thay duoc tog‘tn bé ban dich: 2.Ba’n

NHAT danh gia chat luong. 3.Ban quyét
dinh thanh toan.
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Noi dung bhai giang
G
1.1  Gi6i thiéu nodi dung mon hoc
1.2  Gidi thiéu chung vé ky thuat lap trinh
1.3  Phuwong phap luan
1.4  Qui trinh phat trién phan mém
1.5  So lugc vé ngon ngit C/C++
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1.1No1 dung mon hoc

= Cac ky thuat lap trinh co ban, thuc hién trén cac
ngon ng lap trinh C va C++:
— Lap trinh ¢6 cau truc
— Lap trinh huong déi tuong
— Lap trinh thoi gian thuc
— Lap trinh tong quat

= Tai sao chon C/C++:

— Hai ngon ngtt 1ap trinh tiéu biéu nhat, da cho thye hién cac
ky thuat lap trinh quan trong

— Hai ng6n ngtt 1ap trinh quan trong nhat doi véi ky su
dién/ky su diéu khién
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= Deé cao kién thic co ban, nén tang:
— Thién vé tw duy va phuwong phap lap trinh
— Tao kha nédng dé thich ung voi cac ing dung khac nhau
— Tao kha nédng dé thich ung voi cac ngon ngw lap trinh
khac (Java, Visual Basic, C#, MATLAB...)
— Nhéan manh tinh chuyén nghiép trong lap trinh: hiéu
qua + chat lwong
* Nhiting ndi dung khong cé trong chwong trinh:
— Lap trinh hé théng (low-level system programming)
— Lap trinh d6 hoa
— Lap trinh giao tiép véi cac cong vao/ra (néi tiép, song song)
— Lap trinh co s¢ dit liéu
— Lap trinh thanh phan, lap trinh phan tan (mang, Internet)
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Phuwong phap hoc tap

= (Cach tha nhat: Nghe giang = lam th = doc tai
liéu =» thao luan =» luyén tap
= (Cach th@ hai: Doc tai liéu = lam th = nghe giang
= thao luan = luyén tap
= Nguyeén tic co ban: Chu dong hoc thuwong xuyén!
= Nhing dieu khong nén lam:
— Chép nhiéu trén lép
— Hoc thuoc long, hoc chay
— Mong doi nhiéu vao on tap
— Dua dam vao cac bai tap mau trong sach
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» May tinh PC

= (Cong cu lap trinh: Visual C++ 6.0 (Visual Studio
6.0), Visual C++ NET, Borland C++ Builder

= Nén ung dung: Win32 Console Application

= Tailiéu tham khao:

1. Stanley B. Lippman, Josée Lajoie: C++ Primer. 34 Edition.
Addison-Wesley 1998.

2. Bjarne Stroustrup: The C++ Programming Language.
3rd Edition. Addison-Wesley 1997.

3. David Musser,...:C++ Programming with Standard
Template Library. 27 Edition, Addison-Wesley 1998.

4. Bruce Eckel: Thinking in C++. www.bruceeckel.com, 2003.
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1.2 Tong quan vé ky thuat 1ap trinh

» Ky thuat lap trinh la gi: Ky thudt thue thi mot gidi phdp
phan mém (cdu tric dit lieu + gidi thudt) dwa trén nén ting mot
phuong phdp ludn (methodology) va mot hodc nhiéu ngon ngi lép
trinh phu hop vdi yéu cau ddc thi cia #ng dung.

» Ky thuat lap trinh

= Tu tuwong thiét ké + Ky thuat ma hoa

= Cau trac dwt liéu + Giai thuat + Ngon ngt lap trinh
» Ky thuat lap trinh

# Phuong phap phén tich & thiét ké (A&D)
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Viét mot ham tinh
giai thua!

Viét chuwong trinh in ra
N s6 nguyén to
dau tién!

Lap trinh giai bai toan:
"Vira ga vira cho,
vira van X con,
b6 lai cho tron,

6 lai cho tron,

ot tram chan chan\ da Y chan chan"
KHONG PHAI LA LAP TRINH! DAY LA LAP TRINH!
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= Giai dung dé bai, duoc khach hang chdp nhan
* Tin cay
— Chuong trinh chay dung

— Chay it 16i (s6 lwong 16i it, ceong do6 16i thap)
— Muc do6 16i nhe
» Hiéu suat
— Chuong trinh nhé gon, st dung it b6 nh¢
— Toc @0 nhanh, s dung it thoi gian CPU
= Hiéu qua:
— Thoi gian 1ap trinh ngén,
— Kha néng bao tri dé dang
— Gia tri st dung lai I6mn
— St dung don gian, than thién
— Nhiéu chic nang tién ich
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= Viét chuong trinh hay xay dung ham?
— Ham tinh giai thira caa mot s6 nguyén
int factorial(int N);
= (Giai thuat:
— Phuong phap dé quy (recursive)
if (N > 1)
return N*factorial(N-1);

return 1;

— Phuwong phap lap (iterative)

int kq = 1;

hil N > 1

while ( ) ©, to iterate is human,
kq *= N--;

_ to recurse is devine!“
return Kq;
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= Hoc cach tw duy va phuwong phap lap trinh
— Twu duy toan hoc, tu duy logic, tu duy cé cau tric, tu duy
huéng d6i tuong, tu duy tong quat
— Tim hiéu vé cau truc dit liéu va giai thuat
= Hiéu siu vé may tinh
— Tuwong tac gitta CPU, chuwong trinh va bé nhé
— Co ché quan 1y bé nhé
= Nam vimg ngon ngit lap trinh
— Biét ro cac kha nang va han ché ctia ngon ngi
— Ky néng lap trinh (doc théng, viét thao)
* Ty ren luyén trén may tinh
— Hiéu sau duoc cac diém néu trén
— Ren luyén ky nang lap trinh
— Thuc day sang tao
Chuwong 1: M& dau © 2005 - HMS



@ Trtu tuong hoéa
= Chat loc ra nhtimg yéu t6 quan trong, bo qua nhiimg chi
tiét kém quan trong
Déng géi
s Che giau va bao vé cac dix liéu quan trong qua mot giao
dién c6 kiém soat
Module héa
s Chia nho d6i tuong/van dé thanh nhiéu module nho deé dé
can thiép va giai quyét
Phan cap
= Phan hang hoéc sap xép trat tu doi tuong theo cac quan
hé trén dudi
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,Keep it simple:
as simple as possible,

but no simpler!*
(Albert Einstein)
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Lap trinh phan mém diéu khién (uC, PC, PLC, DCS)

Lap trinh phan mém thu thap/quan ly di liéu qua
trinh

Lap trinh phan mém giao dién nguoi-may (d6 hoa)

Lap trinh phan mém tich hop hé thong (COM,
OPC,...)

Lap trinh phan mém tinh todn, thiét ké
Lap trinh phan mém mo phong
Lap trinh phan mém t6i uvu héa




1.3 Phuong phap luan

= Phuong phap: Cdch thite tién hanh mot cong viée dé co hiéu
qua cao
* Phuong phap luan: Mot tdp hop cdc phirong phdp dwoc st
dung hodc b6 mon khoa hoc nghién cteu cdc phuong phdp do
* Phuong phap luan phuc vu:
— Phan tich hé thong
— Thiét ké hé thong
— Thuc hién
— Th® nghiém
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= Phuong phéap c6 dién nhat, bang cach liét ké cac lénh
ké tiép, muc triru tuong thap

= Kiém soat dong mach thuc hién chuong trinh bang
cac lénh ré nhanh, l1énh nhay, 1énh goi chwong trinh
con (subroutines)
= Vidu ngoén ngt dac thu:
— Ngbén ngt may,
— ASSEMBLY
— BASIC

— IL (Instruction List), STL (Statement List)
— LD, LAD (Ladder Diagram)
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Lap trinh tuan tw: Vi du tinh giai thua

|
1: MOV AX, n
2: DEC n
3: CMP n, 1
4: JMPI
5: MUL AX, n
6: JMP 2
7: MOV n, AX
8: RET
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= Uu diém:
— Twu duy don gian
— Lap trinh & muec triru tuong thap, nén dé kiém soat st dung
tai nguyén
— C6 theé co hiéu suat cao
— C6 thé thich hop véi bai toan nhd, lap trinh nhung, lap trinh
hé thong
= Nhuoc diém:
— Chuong trinh khé theo déi -> dé mac 16i
— Kho st dung lal
— Hiéu qua lap trinh thap
— Khong thich hop v6i tng dung qui mé 1ém
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Lan trinh ¢6 ¢au tric tstructured programming)

= CA4u truc héa dit lieu (xay dung kiéu dwt liéu) va cau
tric héa chuong trinh dé tranh cac 1énh nhay.

= Phan tich va thiét ké theo cach tir trén xuong (top-
down)

* Thuc hién tux dudi 1én (bottom-up)

= Yéu cau ctia chuong trinh c6 cdu truc: chi st dung cac
cau truc diéu khién tuan tu, tuyén chon ( if then
else), lap (while) va thoat ra (exit).

* Vidu cac ngén ngt dac thu:

— PASCAL, ALGO, FORTRAN, C,...

— SFC (Sequential Funtion Charts)
— ST (Structured Text)
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FUNCTION Factorial (n:

VAR X: INTERGER;
BEGIN
X = n;
WHILE (n > 1) DO
BEGIN
DEC (n) ;
X :=X * n;
END

Factorial := X;

END
END ;

Chuwong 1: M& dau
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: INTEGER
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struct Date { int Day, Month, Year; };
struct Student
{

string name;

Date dob;

int code;
};
typedef Student* Students; // cdu trac mang
Students create(int max items, int item size );
void destroy (Students lop) ;
void add(Students lop, Student sv);
void delete (Students lop, Student sv) ;
Student find(Students lop, int code);
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Lap trinh module (modular programming)

= Lap trinh module 1a mét dang cai tién ctaa lap trinh
c6 cau truc. Chuong trinh duoc cau truc nghiém ngit
hon, dung don vi cau tric la module.

= Module:

— Mot don vi cau truc doc lap, duoc chuan héa dung dé tao lap
mot hé théng.

— Mobi module bao gom phan giao dién (mé&) va phan thuc hién
(che giau)

— Cac module giao ti€p véi nhau théng qua cac giao dién duoc
dac ta rat chinh xac.
= Vi du ngén ngtt tiéu biéu:
— Modula-2, xay dung trén co s¢é PASCAL, do Niclaus Wirth
thiét ké nam 1977.
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Lap trinh hwong ddi twrony tobject-oriented programming)

= Xay dung chuong trinh ung dung theo quan diém dua

trén cac cau truc dit liéu triru tuong (16p), cac thé

nghiém cua cac cau truc d6 (doi tuong) va quan hé

gitta chung (quan hé 16p, quan hé d6i tuong).
* Ba nguyén ly co ban:

— Déng géi dix liéu (data encapsulation)

— Dan xuat/thua ké (subtyping/inheritance)

— Da hinh/da xa (polymorphism)
= Vi du ngon ngtt ho tro tiéu biéu:

— C++, C#

— Java,
— ADA,
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Vi du minh hoa: Quan ly sinh vién (C++)

class Date {

int Day, Month, Year;
public:

void setDate(int, int, int);

}i
class Student {
string name;

Date dob;
int code;
public:

Student (string n, Date d, int c);

};
class StudentList {
Student* list;
public:
void addStudent (Student¥*) ;

};
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Vi du minh hoa: Tinh toan kiéu MATLAB

Vector a(10, 1.0), b(10, 0.5);
Vector ¢ = a + b;

Vector d = a - b + 2*c;
Matrix A(4,4), B(4,2), C(2,4), D(2,2);
Vector x(4) ,u(2),y(2);

while (true) {
// doc dau vao u
y = C*x + D*u;
X = A*x + B*u;
// dua dédu ra y
}

CTFMatrix G = ss2tf(A,B,C,D);
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Lap trinh tongy quat (generic programming)

= Mot tu duy lap trinh m¢o, trén quan diém tong quat
héa tat ca nhimg gi ¢6 thé nham dua ra mot khuon
mau giai phap cho nhiéu bai toan lap trinh cu thé.
= Uu diém:
— Giam t6i da lwong ma nguon
— Tang nhiéu lan gia tri s dung lai cia phan mém
— Co thé két hop tuy y véi cac phuong phap luan khac
— Tinh kha chuyén cao
= Cac hinh thuc tong quat hoa:
— Kiéu dit lieu
— Phép toan co ban
— Cau truc du liéu
— Quan 1y bo nhg,...
Chuwong 1: M& dau © 2005 - HMS
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typedef TMatrix<double> Matrix;

typedef TMatrix<complex<double> > ComplexMatrix;
Matrix a(4,4), b(4,4);

Matrix c = a*b;

ComplexMatrix al(4,4), bl(4,4);

ComplexMatrix cl = al*bl;

typedef TPoly<double> Poly;
typedef TMatrix<Poly> PolyMatrix;
typedef TPoly<ComplexMatrix> ComplexMatrixPoly;

TRational<int> IntRational;
TRational<Poly> PolyRational;

Chwong 1: M& dau © 2005 - HMS



Y
-~ - Y ~n
-
-

* Phuong phap xay dung phan mém dua trén céc
thanh phan "IC" ¢6 sdn, hoac tao ra cac IC doé.
= Tién hoéa tix 1ap trinh huéng doéi tuwong
= Hau hét cac ung dung Windows va ung dung Internet
ngay nay duoc xay dung theo phuong phap luan nay
= Cac ngodn ngit tiéu biéu
— C/C++, C#
— Delphi, Visual Basic
— Script, HMTL, XML,...
— FBD
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Lap trinh thoi gian thue (real-time programming)

» Xay dung phan mém d4ap ung tinh nang thoi gian
thue cia hé thong, vi du cac hé théng diéu khién

= Pac thu:
— Lap trinh canh tranh (da nhiém, da ludong)
— Co ché xit 1y su kién
— Co ché dinh thoi
— Dong bo héa qua trinh
— Hiéu suat cao
= Ngoén ngit lap trinh: ASM, C/C++, ADA,...
= Can su ho tro ciia nén cai dat
— Hé diéu hanh
— Nén phan cung
— Mang truyén thong
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Phan tich a ho
Th& nghiém

MO HINH MO HINH ?é]fE%I%:
PHAN TICH THIET KE
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= Béi vi: Khach hang thuwong khong biét 1a ho muon gi,
nhung ho biét chic chan 14 ho khong muén gi

= Cho nén: Can phai cung véi khach hang lam ro
nhtimg yéu cau vé pham chuc nang, vé giao dién st
dung

= Két qua: Mo hinh déac ta (Specification Model), mot
phan cua hop dong

= Can mot ngoén ngtr mo hinh hoa dé hiéu dé trao doi
gitta khach hang va nhém phéan tich

= Tra 1oi cau hoi: Khach hang can nhung gi?
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Phan tich hé thong [System analysis)

]
= Phan tich méi lién hé ctia hé thong v6i moi truong
xung quanh

* Tim ra céu truc hé thong va cac thanh phan quan
trong

= Dinh nghia chitc ndng cu thé cua cac thanh phan

= Nhan biét cac dic diém cua tumg thanh phan

= Phan loai cac thanh phan, tong quat hoa, dic biét hoa

= Nhan biét méi lién hé gitta cdac thanh phan

= Két qua: M6 hinh hé thong (System model)

= Can mot ngon ngtt mo hinh héa dé trao doi gitta cac
thanh vién trong nhém phan tich va vi nhém thiét ké

= Tra 16i cau héi: Nhimg gi sé phai lam?
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= Duya trén mo hinh hé thong, xay dung cac moé hinh chi
tié€t phuc vu san sang ma hoa/cai dat

= Bao gom:
— Thiét ké cau truc (structured design): chuong trinh, kiéu du
liéu, d6i tuong, quan hé cau truc gitta cac doi tuong va kiéu)
— Thiét ké twong tac (interaction design): quan hé tuong tac
gitta cac doi tuong
— Thiét ké hanh vi (behaviour design): su kién, trang thai, phép
toan, phan ung
— Thiét ké chuc nang (funtional design): tién trinh hanh dong,
ham, thua tuc)
= Két qua: M6 hinh thiét ké (cac ban vé va 1oi van mo ta)
= Tra 10i cau hoéi: Lam nhw thé nao?
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= Ma héa/cai dat (Coding/Implementation): Thé hién mo
hinh thiét k& v6i mot ngon ngtt lap trinh cu thé
» Thtt nghiém (Testing, Verification): Chay th, phan tich
va kiém chuing:
— Tht don vi (Unit Test)
— Thtx tich hop (Integration Test)
» G0 roi (Debugging): Tim ra va stta cac 16i chuong trinh
chay (cac 16i logic)
» Xay dung tai liéu (Documenting): Xay dung tai liéu phat
trién, tai liéu huéng dan st dung
= Dao tao, chuyén giao
= Bao tri, bao dudng
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Chu trinh 6 dién: “Waterfall Model”
L |

Nghién ctru
kha thi }
Phan tich
yéu cau 1
Thiétké [
Ma hoa
Thdr nghiém
don vi
Th nghiém
tich hop
bao tao
Chuyén giao
Bao tri
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Xu thé hién nay: Song song va Iap
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Lap trinh 12 gi, nam o dau?
.
= Lap trinh > Ma hoa

= Lap trinh ~ Tu tuéng thiét ké + Ma hoa + Thu
nghiém + G& roi
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Méi truong/cong cu phat trién

* IDE (Integrated Development Environment)

— HOb tro toan bd cac buéce phat trién chuong trinh

— Vi du: MS Visual C++, Borland C++ (Builder), Keil-C
= CA4c cong cu tiéu biéu

— Trinh soan thao (Editor)

— Trinh bién dich (Compiler)

— Trinh lién két (Linker)

— Trinh nap (Loader)

— Trinh go roi (Debugger)

— Trinh quan ly du an (Project Manager)
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Unrkapace 'ConnectDots': 1 project|(
= @ ConnectDots files

[#] ApiMain.cpp

|#] Coordinate.cpp
[E] Coordinate.h
@ EdgeScatcus.h

kdf Goane . cpp
@ Game . h
Mowver.h

position.h
Jgquare.cpp
Square.h

Ezwinvc50. lib

[JExternal Dependencies

El:ihs#nw ] FileWiew

#include "Game.h"
using namespace s=td;
Geune  oreane ;

int ApiMain() |

game . startc ()
return 0:

int processClicki{const Position &£ p) |
game .makeF layerlove (p) ;
return 0;

[« |

Lo L

[<T» 1 svid {Debug)Find in Files T)Find in Files ZResul] ¢ | |




1.5 So luvocve C/C++

Lirgc surngon ngii

= Tién hoéa tir hai ngén ngwx lap trinh
— BCPL va B: Cac ngon ngtt “phi kiéu”

= Dennis Ritchie (Bell Laboratories, AT&T)
— B0 sung kiéu héa dit liéu va céc yéu to khac

= Ngon ngtt phat trién hé diéu hanh UNIX

= Khong phu thudc phan cing
— Tinh kha chuyén

= 1989: ANSI chuan héa (ANSI-C)

= 1990: Cong b6 chuan ANSI va ISO
— ANSI/ISO 9899: 1990
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Liroc Sirngon ngir G++

= M6 rong, tién hoa tue C

= Bjarne Stroustrup (Bell Laboratories)

— DPau nhtng nam 1980: “C with classes”
— 1984: Tén C++
— 1987: “The C++ Programming Language” 15 Edition

— 1997: “The C++ Programming Language” 34 Edition
— Chuan héa quoc té: ANSI/ISO 1996

= B0 sung cac dac tinh hé tro:
— Lap trinh huéong doéi tuong
— Lap trinh tong quat
— Lap trinh toan hoc,...

= Ngon ngtx “lai”
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Tai sao chon G/G++

|
= Dap ung cac yéu cau:
— Gan giti v6i phan cung
— Hiéu suat cao
— Twong d6i than thién véi nguoi lap trinh
— Kha chuyén
— Chuéan héa quéc té (twong lai viing chac)

= Thé manh tuyét d6i cia ANSI-C:
— Pho bién cho hau hét cac nén vi xtt ly, vi diéu khién, DSP
— Pho bién cho “moi nguoi lap trinh” trén thé gisi
= Thé manh tuyét d6i cia ANSI/ISO C++:
— Lap trinh huéong doéi tuong
— Lap trinh tong quat (template)

— Lap trinh toan hoc (dit liéu trtru tuong va nap chong toan ti)
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Visual G++, .NET & G#

G
* Visual C++:
— Mbi truwong/cong cu lap trinh C++ ctia Microsoft
— Mo rong mot s6 yéu to

— Thu vién lap trinh Windows: Microsoft Foundation Classes
(MFC), Active Template Library (ATL)

— Cac thu vién chung: GUI, graphics, networking,
multithreading, ...

= NET (“dot net”)

— Kién truc nén tang phan mém lap trinh phan tan

— Huodng t6i cac ung dung Web, phan tan trén nhiéu chung
loai thiét bi khac nhau

— Cac ung dung trén nhiéu ngén ngtt khdac nhau cé thé giao
tiép mot cach don gian trén mot nén chung

— Phuong phap luan: Lap trinh thanh phan

Chwong 1: M@ dau © 2005 - HMS



Visual G++, .NET & G#

= C#
— Anders Hejlsberg va Scott Wiltamuth (Microsoft)
— Thiét ké riéng cho nén NET
— Nguon goc tix C, C++ va Java
— Diéu khién theo su kién, hoan toan huéng déi tuong, ngon
ngtt lap trinh hién thi
— Integrated Development Environment (IDE)
— Tuong tac gitta cac ngén ngtr
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= Biét duoc nhiing gi sé phai hoc, hoc dé lam gi va
phai hoc nhu thé nao

* Hang loat khai niém méi xung quanh k§ thuat lap
trinh va qui trinh cé6ng nghé phan mém

= Tong quan vé cac ky thuat lap trinh

* Luoc st ngon ngit C/C++, thé manh cta chiung so
v6i cac ngon ngit khac
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Chu de tiép theo: G/C++ co SO

= T6 chic chuong trinh/b6 nhé

= Dt liéu va bién

= Toan tix, biéu thic va cau lénh

= Dijéu khién chuong trinh: vong ldp, ré nhanh
= Mang va con tro

= CAau truc
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NoI dung chuong 2

2.1  To chie chuong trinh C/C++

2.2  Bién va cac kiéu dit liéu co ban

2.3  Cac kiéu dit liéu dan xuat truc tiép

2.4  Dinh nghia kiéu dit liéu méi

2.5  Dieu khién chuong trinh: phan nhanh

2.6  Diéu khién chuong trinh: vong lap

2.7 Mot s6 lénh diéu khién chuong trinh khac
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2.1T6 chitc chuong trinh G/C++

= C4u truc va cac phan tix co ban ctia mot chuong trinh
viét trén C/C++
* Qui trinh tao ra mot chwong trinh chay duoc:
— Van dé tao du an
— Qui tdc soan thao méa nguon
— Bién dich tung phan va stta céc loai 16i bién dich
— Lién két va st dung thu vién, stta 16i lién két
— Chay thtr va g6 roi (Debug)
= So luge vé to chuc bo nhaé
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#include <stdio.h> [T anp fidn xi Iy: Khai bao st dung ham thw vien |
#include <conio.h>

int factorial(int); /r Khai bao ham :l

void main() { £Chu’o’ng trinh chinh |

char ¢ = 'N'; L

int N = 1; [ Knaibaobién | Heil el iniieln j

int kq; o —

do {
printf(“\nEnter a number > 0:"); /* writing on the screen */
scanf("%d",&N) ; /* reading from keyboard to N */
kg = factorial(N); /* calling function with argument N */

printf(“\nFactorial of %d is %d", N, kq); /*write result on screen */
printf(“\nPress 'Y' to continue or any other key to stop");

c = getch(); /* reading a character from keyboard*/
} while (c=='y' || c=='Y"); /* checking loop condition */
}
int factorial(int n) {
int kq = 1; DBinh nghia ham (than ham)
while (n > 1)
kq *= n--;
return kq;

}
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Chuong trinh tinh giai thira: Phién han G++

#include <iostream.h>
#include <conio.h>

int factorial(int);

void main() {

char ¢ = 'N';
int N =1;
do {
cout << “\nEnter a number > 0:“ // writing on the screen
cin >> N; // reading from keyboard to N
int kg = factorial(N); // calling function with argument

cout << “\nFactorial of ” << N << * 1s “ << Kk(Q

cout << “\nPress 'Y' to continue or any other key to stop";

c = getch(); // reading a character from keyboard
} while (c == 'y' || == 'Y"); /| checking loop condition

}

int factorial(int n) {
int kq = 1;
while (n > 1)
kg *= n--;
return kq;
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roject Build Took Window Help

*.. C2 - Microsoft Visual C++

[A]*]\ Build { Debug % Find in Files 1 ) Find in Files 2\ Results ), SQL Deti «

-Daatuamwdnmmrtpmpctumdma

ﬂ Fles  Projects | Workspaces | Other Documents |
i W 21 ATL COM dppwizard %] Win32 Dynamic-Link Library Lome:
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Save Workspace m Custom zad Locstion: 3
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G g W Create new workspace
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new 21|
Fles | Projects | Workspaces | Other Documents | ~2 - -~ »
? o BO sung file ma nguon
]Factmialﬁng ;I < Il »
. va soan thao
A |Program
TML Page
Icon File Logatior 2 o
£°a Macto Fie [coocs\ECTURES\PROGR | Cac cong cu

Fesowce Scnpt
Lﬁlﬁemu:e Template
[ SOL Script File

[B) Text Fie

bién dich va lién kétJ '

. l (Globals) = || i globial members] || & main

::LEJ_l finelude <stdio.h>
@%ﬂrksuace i | pr::u_]ect“s‘_n-l #include <conio.h>

=& FactorialProg files |
T J?_oun'ce Files int factorial(int); /* Function declaration
|#] Program.cpp
|_] Header Filas . . =
[ Resource Files int main() { aln PIOgramm entry
4 char ¢ = "N {* A character variable with initial va
/ int N = 1 [* A integer variable with initial walus
> R Y Y - N da {
Cwra sO ban lam viéc/ . : . I
; : printf("Enter a number > 0:"}; // writing on the s«
dU’ an scanf ("Zd",&N); [/ reading from keyl
T int kg = factorial(N); f! ealling function
printf("Factorial of %d is %d"™, N, kq) // write rest
Ctlra 36 th('jng bao - printf("Press 'I' to continue or any ther key to 31_!
A > ‘n . c = getch{}; [/ reading a characiX
két qua (bién dich,...) [Fievew B N
error C20651 'prinf' 1 una|

e
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1.

Tén bién, tén ham, tén kiéu méi:

Tranh st dung cac tix khéa va tén kiéu co so

Cac ky tu dung duoc: ‘A’..7Z’, ‘a’..’z’, ‘0’..’9",
Phan biét gitta chit hoa va ch thuong: n khac N
Ngén nhung da kha néng phan biét, nhan biét

St dung tiéng Anh hoéc tiéng Viét khong dau (ké ca dong
chu thich)

Sau moi cau lénh ¢6 cham phay;

Poan { ... } duoc coi 1a nhém lénh, khong c6 dau
cham phay sau d06, trit khi khai béo kiéu

Cau truc ma nguon theo kiéu phan cap => dé doc
Bo6 sung chu thich hop ly (/* ...*/ hoac //)

Chia mot file 16n thanh nhiéu file nho
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auto
break
case
char
const
continue
default
do

double
else
enum
extern
float
for
goto
if

Chuwong 2: Cac yéu t6 co ban ctia C va C++

int

long
register
return
short
signed
sizeof
static

struct
switch
typedef
union
unsigned
void
volatile
while
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Tirkhoa trong C++

asm
case
const
delete
enum
float
friend
int
new
public
short
static_cast
this
typedef
unsigned
volatile

auto bool break
catch char class
const_cast continue default
else extern do
false double explicit
dynamic_cast export for
goto if inline
long mutable namespace
operator private protected
register reinterpret_cast return
signed sizeof static
struct switch template
throw true try
typeid typename union
using virtual void
wchar_t while

© 2005 - HMS
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= Bién dich tung file nguon riéng biét (*.c: C compiler, *.cpp: C++
compiler), két qua => *.obj
= Trong Visual C++: Goi Compile (Ctrl + F7) dé bién dich riéng
ré hoidc Build (F7) dé két hop bién dich va lién két cho toan bd
du an
= Cac kiéu 16i bién dich (compile error):
— Loi cu phap: St dung tén sai qui dinh hoéc chua khai bao, thiéu
ddu cham phay ;, dau déng }
— Loéi kiéu: Céc s6 hang trong biéu thic khong tuong thich kiéu, goi
ham véi tham s6 sai kiéu

= Cac kiéu canh béo bién dich (warning):
— Tu dong chuyén do6i kiéu lam mat chinh xac
— Ham khai béo ¢6 kiéu tra vé nhung khong tra vé
— St dung dau = trong truong hop nghi van la so sanh ==
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MyProg.obj MyLib1.0bj MyLib2.0bj XX.0Dbj yy.lib
— _—
R
MyProg.exe

= Lijén két la qua trinh ghép nhiéu file dich (*.obj,
chuong trinh chay cudi cung *.exe
= Trong Visual C++: Goi Build (F7)
= Loi lién két co6 thé 1a do:
— S dung ham nhung khong cé dinh nghia ham
— Bién hoac ham duoc dinh nghia nhiéu lan

Chuwong 2: Cac yéu t6 co ban ctia C va C++
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Chay thit va go roi (debug)

= Chay tht trong Visual C++: Execute hoac Ctrl+F5
= Tim 16i:
— Lo6i khi chay la 16i thuodc vé phuong phap, tu duy, thuat toan,
khong phai vé cu phap
— Léi khi chay binh thuong khong duoc bao
— Loi khi chay rat khé phat hién, vi thé trong da so6 truong hop
can tién hanh debug.
= Chay Debug trong Visual C++:
— Chay t6i cho dat cursor: Ctrl+F10
— Chay tung dong 1énh: F10
— Chay vao trong ham:  F11
— Chay tiép binh thuong: F5
— Xem két qua dudi ctra s6 Output hoac goi QuickWatch
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l\’ V 4 ~ Ve
To chirc ho nho

cac CT khac
Ma chwong trinh DPinh ngan xép )
D{ liéu toan cuc SP > n

Matran_A
Vung nhé ty do

t f
}

Ngan xep k
(tham bién, bién i
cuc bo) count

Vung nho ty do
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2.2 Bien va dir heu
|
= Biéu thie = dit liéu + phép toan + ...
= Biéu dién dit lieu: Thong qua bién hoic hang sé,
kém theo kiéu
= Noi dung trong phan nay:
— Cac kiéu dit liéu co ban
— Cac phép toan ap dung
— Tuong thich va chuyén d6i kiéu
— Khai b4do bién, phan loai bién
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2.2.10Cac kiéu dir liéu co ban ctia C/C++

Kiéu

char

signed char
unsigned char
int

signed int
unsigned int
short

signed short
unsigned short
long

signed long
unsigned long
float

double

long double
bool (C++)
wchar_t (C++)

Kich c& théng dung
(tinh bang bit)

(00)

8

8
16/32
16/32
16/32
16

16

16

32

32

32

32

64

80

16

Chuwong 2: Cac yéu t6 co ban ctia C va C++

Pham vi t6i thiéu

-127 to 127
-127 .. 127
0 .. 255
-32767 ..
_n-t -

0 .. 65535
-32767 ..
nt

0 .. 65535
-2147483647 ..
nt

0 .. 4294967295
Po chinh xac 6 chir s
Do chinh xac 10 chir s6
D6 chinh xac 10 chir s

32767

32767

2147483647

-32767 .. 32767

© 2005 - HMS
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Phép toan | Ky hiéu Kiéu nguyén | Kiéu s6 thuc | Kiéu bool
Gan = X X X
So hoc +, -, *, /, X X X
4=, .=, *=_ /=
%, %= X X
++, - - X X
So sanh >, <, >=, <=, X X X
== 1=
Logic &&, ||, ! X X X
Logic bit &, |, *, -~ X X
=, |=, "=
Dich bit <<, >>, <<=,>>= X X
Lwa chon ? X X X
Lay thua? Khong co!
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= Tuong thich kiéu => Tu dong chuyén d6i kiéu
— Gita cac kiéu s6 nguyén véi nhau (lwu y pham vi gia tri)
— Gitra cac kiéu s6 thuce voi nhau (luu y @6 chinh xac)
— Gitta cac kiéu s6 nguyén va s6 thuc (luu y pham vi gi4 tri va
d6 chinh xac)
— Kiéu bool sang s6 nguyén, so thuc: true => 1, false => 0
— S6 nguyén, so6 thuc sang kiéu bool: # 0 => true, 0 => false

= Néu c6 16i hodc canh bdo => khac phuc bang cach ép
chuyén do6i kiéu:
— VD:
i = int(2.2

) % 2;
i = (int)2.2 + 2

; /] C++
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N - ~ ~ A’ dl\,- k- A’

long
double
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N - ~ ~ A’ dl\,- k- A’

double
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2.2.2 Khai bao hién

char c='Nj; — 1112 o
bool b = true; — Khai bao va khéi tao gia tri
int kQ;  — Chi khai bdo, gis tri b&t dinh
double d; —

long count, i=0; «—— Khai bao két hop, chi i=0

unsigned vhexa=0x00fa;—— Dat gia tri dau hexa
unsigned voctal=082; . Dat gia tri dau octal -> 66 chi khong phai 82

= C:Toan bo bién phai khai bao ngay dau than ham
= C++: Co6 the khai bao tai chd nao can
= Phan loai bién:
— Bién toan cuc: Khai bao ngoai ham, lwu git trong vung nhé di liéu
chuwong trinh
— Bién cuc bo: Khai bao trong than ham, luu git trong ngan xép
— Tham bién: Khai bao trén danh sach tham s6 cia ham, luu git
trong ngan xép
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Bién toan cuc -int N = 1;
void main() {
char ¢c = 'N';
do {
///// printf(“\nEnter a number > 0:");
_, scanf("%d",&N) ;
Bién cuc bo int kq = factorial(N); // C++ only!
\ } while (c == 'y' || ¢ == 'Y")
Hai bién cuc bo
cung tén & hai pham "~ | ju¢ factorial(int n) {
vi khac nhau, int kq = 1;
khong lién quan gi while (n > 1)
dén nhau! kg *= n--;
return kq;
}
Tham bién
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» Bién extern: Khai bao st dung bién toan cuc da duoc
dinh nghia trong mot tap tin khac

[* filel.c */ /[* file2.c */
int x, vy; extern int x, y;
char ch; extern char ch;
void main() void func22()
{ {

[* o %/ X =y [/ 10;
} }
void funci(void) void func23()
{ {

X = 123; y = 10;
} }

= Bién static: duoc luu tri trong boé nhé da liéu CT
— Bién static cuc bo: han ché truy nhap tir bén ngoai ham
— Bién static toan cuc: han ché truy nhéap ti file khac
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2.2.3 Hang so (truc kién)

Kiéu Vi du

int 1 123 21000 -234 OxO0A 081
long int 35000L -341 -234L OxOAL 081L
unsigned int 10000U 987u 40000u

float 123.23F 4.34e-3f

double 123.23 1.0 -0.9876324 .1e-10

long double 1001.2L

char ‘A’ ‘B’ ¢
bool true false
wchar_t L’A’ L’B’

Chuwong 2: Cac yéu t6 co ban ctia C va C++
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Kiéu liet ke

Kiéu hang

Kiéu con tro

Kiéu mang

Kiéu tham chiéu (C++)

Chuwong 2: Cac yéu t6 co ban ctia C va C++
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2.3.1Kiéu liét ké (enum)

= Muc dich st dung:
— Tuong tu mot kiéu nguyén, can han ché pham vi st dung
— St dung thuan tién bang tén => hang s6 nguyén

= Vidu

enum Color {Red, Green, Blue};
enum WeekDay {

Mon = 2,
Tue, Wed, Thu, Fri, Sat,
Sun = 1 };

enum {

DI_MOTOR1_STARTED = 0x01,
DI_MOTOR1_RUNNING = 0x02,
DI_MOTOR2_STARTED = 0x04,

DI MOTOR2_RUNNING = 0x08,
DI_PUMP1_STARTED = 0x10,
DI_PUMP1_RUNNING = 0x20,

DI_OVERLOADED = 0x40,
DI_VALVE1 OPENED = 0x80

}i
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s [ k- B I- At kA

/* C version */

void main() { A
enum Color ¢ = Red; /* ¢ =0 */ C:
enum WeekDay d = Tue; /[* d =3 */ NV
int i=c, j=d; /* j=0, i=3 */ AT s LS 60
enum Color c2 = i+1; [* c2 =1 */ nguyén 8 bit
int di1 = 0xO01; /* OK, but... */ e g
int di2 = DI_MOTOR1_STARTED;/* this is better */
t*C; [* ¢ =1 */
} = )
// C++ version */ C++
void main() { Khong con nhw
enum Color ¢ = Red; // ¢ = Red mot kidu s6
WeekDay d = Tue; // OK, d = Tue ' A
int i=c, j=d; // =0, i=3 G e
Color c2 = 1i+1; // Error!
Color c¢3 = Color(i+1); // OK, c3 = Green
int di1 = 0x01; // OK, but...
int di2 = DI _MOTOR1_STARTED;// this is better
++C; /] Error!

}
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2.3.2 Kieu hang (const)

* Tac dung lam cho mot bién tré thanh khong thay doi
duoc => khai bao hang s6

void main() {
const double pi = 3.1412; // 1initializing is OK!

const int ci = 1; // initializing is OK!
clL = 2; [/ error!

ci = 1; // error, too!

int 1 = ci; // const int is a subset of int
const Color cc = Red;

cc = Green; [/ error

const double d; // potential error

}

Chwong 2: Cac yéu t6 co ban cia C va C++ © 2005 - HMS



- n? ?

= Con tré thuc chat 1a mot bién mang dia chi caa mot

0 nh¢ (moét bién khac hoac moét ham)

Chuwong 2: Cac yéu t6 co ban ctia C va C++
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int 1 =1;
int* p = &i; // p has the address of i
*P = 2; /] 1 =2
int j;
P = &j; // now p has the address of j
*n = 3; // j =3, 1 remains 2
A 4 x|
Cantest |n‘tain|:| l[ — | Ll Context: |main|;] -
Name  |Value |~ = e = Name Value
8&i 0x0012ff7¢c _| i |2
1 1
i 48p  0x00t2ff7c _| 5p  0x0012ff74
1\ Auto {Tocals »ihig E::t lm?ﬁl“ - mf Locais (T |
281  0x0012ff7c = l’“cl’;fflua
| 1 j  -858993460
Bp  0x0012ff7c & 0x0012ff74
| 1 Bp  0x0012ff74
T 550993460 I
A k] Auto £ Locals ) this D]\ Auto { Tocais X this /

|29
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void main() {
int 1 = 0;
int* p = &i;
int j = *p;
*p = 2;
p = &j;
*p = 3;
double d = 1i;
p = &d;
p = (*int)&d;

double* pd=0;
*pd = 0;

pd = &d;
double* pd2;
*nd2 = 0;

pd2 = &d;

/]
/]
/]
/'l
/]
/]
/]

/]
/]

/]
/'l
/]
/]
/]
/]

p refers to the addesss of 1

j =0

now i = 2

now p contains the addess of j

now j = 3, 1 remains 2

OK, int is compatible to double

error, int* isn’t compatible to double*

no compile error, but dangerous,
meaningles type conversion!

p contains the address O

no compile error, but fatal error

OK

p refers to an uncertain address
fatal error

OK, pd and pd2 refer to the same addr.
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Tomtatso hoveé contro

= Con trd la mot bién chwia dia chi byte dau ciia mot bién dit liéu,
duoc st dung dé truy cap gian tiép du liéu d6

= Sau khi khai bao ma khong khéi tao, mac dinh con tro mang
mot dia chi bat dinh

= Dia chi con tré mang c6 thé thay doi duoc => con tro c6 thé mobi
luc dai dién cho mot bién dit liéu khac

= Toan tx 14y dia chi cia mot bién (&) tra vé con tré vao kiéu cua
bién => thuwong gan cho bién con tro

= Toan t& truy nhap noéi dung (¥*) 4p dung cho con tré tra ve bién
ma con tro mang dia chi => ¢6 thé doc hoéac thay doi gia tri cia
bién d6

= Khéng bao gio st dung toan t truy nhap néi dung, néu con tré
chua mang mot dia chi 6 nhé ma chuong trinh ¢6 quyén kiém
soat
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2.3.4 Kiéu mang

Chi s6 0 1 2 N-1

dia chi dau dia chi cuoi

dia chi dau - dia chi cu6i = N * kich ¢o mot phan t

= CAau truc dix liéu véi:
— S6 luong cac phan t ¢6 dinh
— Céac phan t ¢6 cung kiéu
— Caéac phan t duoc sap xép ké tiép trong bo nho
— C6 thé truy nhap tung phan t& mot cach tu do theo chi s6 hoéc
theo dia chi
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= SO phan tt cia mang phai 1a hang s6
nguyén (trong C phai la mot truc kién,
trong C++ c6 thé 1a kiéu const ...)
= Khai bao khong khai tao:
int al[3];
enum {index = 5},
double b[index];
const int N = 2;
char C[N]; // C++ only
= Khai bdo véi s6 phan t va khai tao
gia tri cac phan ti

int d[3]= {1, 2, 3};
double e[5]= {1, 2, 3};
char f[4]= {0},

Chuwong 2: Cac yéu t6 co ban ctia C va C++

varbes g
Conteod: |muini} ﬂ
Mame I\falue
N 2
B¢ ox0012ff44 "IIIID"
[0] -52 '
[1] -52 '
Index 5
Bb 0x0012ff4c
variabies B
Context: Imain[j ﬂ
Name Value o
= Ux00 )
[0] 0"
[1] o'
(2] 0" ~
[3] o "
Be 0x0012ff10
[0] 1.0000000000000
[1] 2.0000000000000
[2] 3.0000000000000
[3] 0.00000000000000
[4] 0.00000000000000
Bd 0x0012fT38
[0] 1
[1] 2
[2] 3 -
4T Auto ), Locals (this /
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= Khai bao va khai tao gia tri cac phan
tit, s6 phan tt duoc tu dong xac dinh
int all= {1, 2, 3, 4, 5};
double b[]= {1, 2, 3};
double c[]= {0};
char s[]= {‘a’};

= Khai bdo mang nhiéu chiéu
double M[2][3];
int X[2][]={{1,2},{3,4},{5,6}};
short T[2][2]={1,2,3,4,5,6};

Chuwong 2: Cac yéu t6 co ban ctia C va C++

g
Context |ma|n[:| j
Name [Vulue |*
BM 0x0012ff50 |
B[0] 0x0012ff50
[0] -9.2559631349318e+061

[1] -9.2559631349318e+061
[2] -9.2559631349318e+061

2[1] O0x0012ff68
[0] -9.2559631349318e+061
[1] -9.2559631349318e+061
[2] -9.2559631349318e+061
B X 0Xx0012ff38
B8[0] 0x0012ff38
[0] 1
[1] 2
8[1] 0x0012ff40
[0] 3
[1] 4
8[2] 0x0012ff48
[0] 5
[1] 6
8T 0Xx0012ff30
[0] 1

[1] 2 =

m Locals { this /
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void main() {
int aj[5];

int b[5]= {1,3,5,7,9};

double c[];

/Il

a has 5 elements with uncertain values
// 5 elements with initial values
/| error, unspecified size

double x = 1.0, y = 2.0;

double d[]= {x,y,3.0};

short n = 10;
double v([n];
const int m=10;
double v2[m];
a[o] = 1;
int i= 1;
a[i] = 2;
a[5] = 6;
int k = a[5];
a = {15213:455};
a = b;
int M[2][83];
M[O][1] = O;
M[O][2] = 1;

}

/Il
/Il
/Il

/Il
/Il
/Il
/Il

// 3 elements with initial values

error, array size must be a constant!
C++ OK
C++ OK

no compile error, but fatal error
no compile error, but fatal error
error

error, cannot assign array
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M Ao 4 m N N m y 4 _.II :J
- Caontext |I'I'ltllriI:I ;I

Name ]Valua
_ Bcity3 0x0012ff60
* Trong C/C++, chuéi ky tw khong phai la - [0] 72
kiéu co ban, ma thuc chat 1a mot mang | {;{ ;32
= Phan biét chuéi ky tw thuong va chuoéi ky | (3] 78
e (4] 79
tu két 0 5] 73
(6] O
char city1[]= {'H','A','N',' ','0','I¢}; |Fcity2 0x0012ff70 "HA NOI"
: —_ I " . [ [0] 72 'H'
char city2[]= HA NOI"; (1] 65 'A’
wchar_t city3[]= L"HA NOI"; - [2] (32 '
city2[] = “HANOI”; // error [3] 78 'N'
- [4] 79 'O’
(5] 73 'I'
(6] 0 "

0x0012ff78 "HAN
OIIIAVN"

= DPa s6 cac ham trong thu vién C lam viéc

v6i chudi ky tu két 0 (0] 72 'H
= Vé6i C++, chubi ky tu dugc dinh nghia bang {;} ?g .}:‘.
16p string trong thu vién chuan, khong st (3] 32

dung byte két 0 | {;} ;g ?
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Microsoft Visual C++ , x|

? - ?
.
1 J Unhandled exception in Basics.exe: 0xC0000005: Access Violation.

void main() { - 11] 2
int a[5]; // a has 5 elements with 2] '3
// uncertain values | m ;358993460
int* p; 2p 0x0012ff80
p = a; /] p refers to a[0] - s |
p = &a[0]; // the same as above
*p =15 [/ a[0]=1
++p; // now p points to a[1]
P = 25 /] a[1]=2
pt+; // now p points to a[2]
*p = 3; /] a[2]=3
p += 2; // now p points to a[4] IR, Locals (TS
*p = 5; /] a[4] = 5
++p; // OK, no problem until we dereference it
*P = 6; // Now is a BIG BIG problem!
a = p; // error, a 1s like a constant pointer
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void main() {
a[s];

int

int*
p[O]
pl1]
pt= 2
P[O]
pl1]
pP[3]

i 1n

N — i

LI I |

(O)INF SN OV

=m \\=nm

== \=nm

- =

Q

// a has 5 elements with
// uncertain values

// p points to a[O0]

/[ a[0]=1

[/ a[1]=2

// now p points to a[2]
/] a[2]=3

/] a[3]=4

// a[5]=6, Now is a BIG BIG problem!

Chuwong 2: Cac yéu t6 co ban ctia C va C++
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= Mang la mot tap hop cac dit lieu cung kiéu, sip xép lién ké
trong bd nhé => cac phan ti cia mang

= (C6 thé truy cap cac phan tit mang véi bién mang kém theo chi
s6 hodc vé6i bién con tro (theo dia chi caa tung phan t)

= S6 phan t cia mang 1a ¢6 dinh (khi khai bao phai 1a hang so6),
khong bao gio thay d6i duoc

= Bién mang (tinh) thuc chat 14 mot con tré hang, mang dia chi
cia phan t& dau tién

= Co the dt gia tri dau cho cac phan ti ciia mang qua danh sach
khoi tao, khéng bao gio gan duge mang cho nhau. Néu can sao
chép hai mang thi phai s dung ham

= Khong bao gio duoc phép truy nhap véi chi s6 ndm ngoai pham
vi, néu N la s6 phan t thi pham vi cho phép la tir 0..N-1

= Con tro khong bao gio 1a mot mang, né chi c6 thé mang dia chi
cua mot mang va st dung dé quan ly mang (du la dong hay
tinh)
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2.3.5 Kiéu tham chiéu (C++)

= Mot bién tham chiéu la moét bién dai dién truc tiép cho
mot bién khac (thay cho con tro)

= Y nghia st dung chu yéu vé sau trong truyén tham sé

cho ham

void main() {
double d = 2.0;
double& r = d; // r represents d
double *p1 = &d, *p2 = &r;
r=1.0; // OK, d = 1.0
double& r2; // error, r has to
double& r3 = 0; // error, too
double d2 = 0;
r = d2; [/ r =0, d=0
r=1.0; [/ r=d=1, d2

}

Chuwong 2: Cac yéu t6 co ban ctia C va C++

Contect: Imalnﬂ
Name IVﬂIuB

Bp2 0x0012ff78
Bpi O0x0012ff78

d2 0.00000000000000

d 1 .0000000000000
r 1.0000000000000

Ilm. Locals / this /
be assigned to a var.

F
=l
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2.3.6 Typedef

= Tu khéa typedef tao ra mot tén maoi cho mot kiéu ¢
san, khong dinh nghia mot kiéu méi

* Y nghia: dua tén méi dé nhé, phu hop véi ung dung
cu thé, dé thay doi vé sau

typedef float REAL;

typedef int AnalogValue;

typedef int Vector[10];

typedef AnalogValue AnalogModule[8];
typedef int* IPointer;

AnalogValue avil = 4500;

Vector x = {1,2,3,4,5,6,7,8,9,10};
AnalogModule am1 = {0};

IPointer p = &avi;
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2.4 Binh nghia kiéu dir liéu meéi

= Cau truc (struct): Tap hop nhtng dit liéu hon hop,
truy nhap theo tén (bién thanh vién). Théng dung
nhat trong C, y nghia duoc mé réong trong C++

* Hop nhat (union): Mot tén kiéu chung cho nhieu d
liéu khac nhau (chiém cung cho trong b6 nhé). It
thong dung trong ca C va C++

= Lop (elass): Chi ¢6 trong C++, mé rong struct cua
thém nhtmg ham thanh vién.
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2.4.1Cau truc [struct)

* Pinh nghia ciu truc (bén trong hoac ngoai cac ham)

struct Time

Tén kiéu moi

{ ) s
int hour; // gio (khong trang lap)

int minute; // phut

int second; // giay
}s Céac bién thanh vién,
khai bao doc lap
hodc chung kiéu

struct Date { I
int day, month, year;

};

struct Student {
char name[32];

Cac bién thanh vién
c6 thé cung kiéu

——struet Date birthday; hozc khac kicu

C++

int 1id _number;
};
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void main() {

Time classTime
Time lunchTime

16,45,0};
112}

Date myBirthday, yourBirthday = {30,4,1975};

Student I = {"Nguyen Van A", {2,9,1975}};
[]...
Varibles ______ NVaribles _____ Nvariables NN veretles NN A
Context [ main() Cantext | main() Context: |main() Context: |main() ~]
Mame Value Name [Value  |Name [value Mame |Value |~
classTime {...}/®classTime {...} B classTime {...} L
hour 6 B I {...}|®BI {...} |81 {...}
minute 45 @ myBirthday {...}/EmyBirthday {...} ‘# name Ox0012ff20
second 0 yourBirthda {...}| — day -858993. "Nguyen Van A
I BB = 1unchTime {...)|Heeaid: WEEEEk] = birthday {...
myBirthday {...}/|~ hour 12 year -858993. day 2
yourBirthda {...}| [ minute 0 month 9
® lunchTime {...}|| — second 0 day 30 year 1975
I AT Locals (TS 7 PR, Locals (7| | month - id number O
year 1975 B myBirthday {...} -~
DRI, Locais (TS

Chuwong 2: Cac yéu t6 co ban ctia C va C++
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[ ans

void main() {
Time classTime = {6,45,0};
Time lunchTime = {12};
Date myBirthday, yourBirthday = {30,4,1975};
Student I = {"Nguyen Van A", {2,9,1975}};
lunchTime.minute = 15;
lunchTime.hour = classTime.hour + 6;

Student U = I; [/ in C++ also possible: Student U(I);
U.name[11] = 'B'; // "Nguyen Van B"

U.id _number++; /] 1

U.birthday.day = 30; // 30-9-1975

U.birthday.month = 4; /] 30-4-1975

U.birthday = yourBirthday; // structs can be assigned

}
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struct Time {

int hour = 0; // error, initialization not allowed
int minute, // error, use semicolon (;) instead
int second // error, missing semicolon (;)

} // error, missing semicolon (;)

[]...

void main() {
Date d;

d = {11,9,2001}; // error, {...} 1s an 1initialization
// list,not a structure

Date.hour = 0; // error, Date 1s a type, not a var.
struct Date2 { int day, month, year; };
Date2 d2 = d; // error, Date 1is not compatible to Date2
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= Két hop méng, con trd va cau tric cho phép xay dung va st
dung cac cau truc dit liéu phiic tap mot cach rat linh hoat

void main() {
[]...
Date victoryDays[]= {{19,8,1945},{7,5,1954},{30,4,1975}};
Date saigonVictory= victoryDays[2];
Date *p=&saigonVictory;
(*p).year += 30; /| good
p->year -=30; /| better
Student studentList[45];
for (int i=0; i < 45; ++1i) {
studentList[1].id number= 1i;
studentList[i].birthday=yourBirthday;
}
Student* pList = studentList,;
while (pList < studentList+45) {
pList->id number += 4800;
++plList;
}
}
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= Cau truc (struct) duoc stt dung dé nhém céc dit liéu lién quan
mo ta mot doi tuong, cac dit liéu co6 thé cung hodc khac kiéu

= Dinh nghia kiéu cdu truc bang cach khai bao tén cac bién
thanh vién. Dinh nghia kiéu cdu tric chua phai la dinh nghia
cac bién cu thé, vi thé khong duoc dit gia tri dau cho cac bién

= Kich co ciia cdu truc >= tong kich c¢o cac thanh vién

* Truy cap mot bién cau triuc thong qua tén bién, toan t (.) va tén
bién thanh vién

= Cac kiéu cau truc c6 thé long vao nhau, trong cau truc c6 thé st
dung mang, mot mang c6 thé cé cac phan tix la cau truc, v.v...

= Céc bién c6 cung kiéu cau truc ¢6 thé gan cho nhau, ¢6 thé st
dung dé khéoi tao cho nhau (khac han v6éi mang)

= (Co6 thé st dung con tro dé truy nhap di liéu cau truc thong qua
toan ti (*.) va toan tix (->)

= Hai kiéu cdu truc c6 khai bao giong nhau hoan toan van la hai
kiéu cdu tric khac nhau
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2.4.2 Hop nhat

enum SignalType {BINARY_ 8, BINARY 16, ANALOG

union SignalValue {

unsigned short word;

unsigned char byte;
float real;
double 1lreal;

i

struct Signal {
SignalType type;

};

SignalValue value;

void main() {

}

SignalValue B,W;

B.byte = 0x01;

W.word = 0x0101;

unsigned char b = W.byte;
float f = W.real,;

g
Context: |ma:n0 ﬂ
Name |"u’ulue |A
BAI2 {...} -
type ANALOG 2
= value -
- word OxOa3d
byte 0x3d '='
real -2.33147e-017
lreal 145.67000000000
DI {...}
BAI1 SR
B W {...}
T -1.06957e+008 -

A[> Buto ), Locals (this /

// OK, the lower byte

// meaningless

Signal DI1 = {BINARY 8, Ox11};
Signal AI1 = {ANALOG 1,{0}};
Signal AI2;

AI2.type = ANALOG 2;
AI2.value.lreal = 145.67,

Chuwong 2: Cac yéu t6 co ban ctia C va C++
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Tom luoc vé hop nhat

= Hop nhat (union) 1a mot tap hop (khong cé cau truc chét ché)
chia cac bién st dung chung 6 nhé, & moéi ngtt canh chi s dung
mot bién riéng biét

= Union thuong dugc st dung khi d liéu dau vao cé thé co kiéu
khac nhau

= (Ca4c thanh vién cia moét union khong lién quan dén nhau, khong
cung nhau tao thanh mot thuc thé thong nhat

= Kich ¢& ctia union bang kich ¢& ctia bién 16m nhat

= Khai bdo kiéu union tuong tu nhu khai bao struct, nhung y
nghia khac han

= Truy nhap bién thanh vién ciing tuong tu nhu struct, cé thé qua
bién truc ti€p hodc qua bién con tro.

= Union c6 thé chia struct, struct c6 thé chita union, union cé thé
chita mang, cac phan tit cia mang cé thé la union.
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= Cac kiéu phan nhanh
— if .. else: Phan nhanh lua chon moét hoac hai truong hop
— switch .. case: Phan nhanh lua chon nhiéu truong hop
— break: Lénh nhay két thuc (s6m) mot pham vi
— return: Lénh nhay va két thuc (s6m) mot ham
— goto: Lénh nhay té6i mot nhan (khéong nén dung!)
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2.5.1 Cautrucif .. else

* Lwa chon mot truong hop: st dung if
if (npoints >= 60)
cout << "Passed";
if (npoints >= 80 && npoints <= 90) {
grade = ‘A’;
cout << grade;

}

* Phan nhanh hai truong hop: st dung if .. else
if (npoints >= 90)
cout << ‘A’;
else if (npoints >= 80)
cout << ‘B’;
else if (npoints >= 70)
cout << ‘C’;
else if (npoints >= 60)
cout << ‘D’;
else
cout << ‘F’;
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int max1i(int a, int b) {

int c;
if (a > b)
C = a;
else
cC = b;
return c;
}
int max2(int a, int b) {
int ¢ = a;
if (a < b)
cC = b;
return c;
}
int max3(int a, int b) {
if (a < b)
a = b;
return a;
}

Chuwong 2: Cac yéu t6 co ban ctia C va C++

int max4(int a, int b) {

if (a > b)
return a;

else
return b;

}
int max5(int a, int b) {

if (a > b)
return a;

return b;

}
int max6(int a, int b) {
return (a > b)? a: b;
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2.9.2 Cau triac switch .. case

Signal input;
int 1 = 0;
while (i++ < 8) {
input = readInput(i); // read from input module 1
switch (input.type) {
case BINARY_ 8:
cout << 1input.value.byte; break;
case BINARY 16:
cout << 1input.value.word; break;
case ANALOG 1:
cout << input.value.real; break;
case ANALOG 2:
cout << input.value.lreal; break;
default:
cout << "Unknown signal type";

}

Chuwong 2: Cac yéu t6 co ban ctia C va C++ © 2005 - HMS



-~ - n? - -
| II
-

= Cac kiéu vong lap tront C/C++
— while (condition) { }
—do { } while (condition)
— for (init;condition;post action) { }
= Vong lap c6 thé thuc hién voi if..else + goto, song
khong bao gio nén nhu vay
» Ung dung vong lidp chii yéu trong lam viéc véi mang
va cac cau truc dit liéu tong quat khac => truy nhap
qua bién mang + chi sd, qua con tro hoac qua
iterator (sé dé cap sau nay)
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2.6.1Cau truc while..

#include <iostream.h>
void main() {
char input[32];

cout << "\nEnter your full name:";

cin.getline(input,31);
short nLetters=0, nSpaces=0;
short i=0;
while (input[i] != 0)
if (input[i] == ' ')
++nSpaces;
else
++nLetters;
++1i;

}

cout << "\nYour name has " << nLetters << " letters";

cout << "\nYou have " << nSpaces - 1 << " middle name";

cin >> 1i;

}

Chuwong 2: Cac yéu t6 co ban ctia C va C++

© 2005 - HMS



ALY

#include <iostream.h>

void main() {
char input[32], family name[16]={0};
cout << "\nEnter your full name:";
cin.getline(input,31);

short i=0;
while (input[i] != 0) {

if (input[i] =="") break;

fam11y_name[1]— input[i];

++1;

}
cout << "\nYour family name 1s " << family name;
cin >> 1i;
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2.6.2 Cau truc do while...

#include <iostream.h>
void main() {
char input[32], family name[16]={0},;
short 1i;
do {
cout << "\nEnter your full name:";
cin.getline(input,31);

1 = 0;

while (input[i] != 0 && input[i] != ' ') {
family name[i]= input[i];
++1;

}

cout << "\nYour family name is " << family name;
cout << "\nDo you want to continue? (Y/N):%;
cin >> 1,

} while (i == Y’ || 1 == ‘N’)

Chuwong 2: Cac yéu t6 co ban ctia C va C++ © 2005 - HMS



2 6 3 cA’ [ I
| | a“ tr“c 0' ] |

short i =0;
while (input[i]!= 0)
{
if (input[i]==" ")
++nSpaces;
else
++nLetters;
++1;

}

for (short i=0;input[i]!=0; ++1i)

{

if (input[i] == )
++nSpaces;

else
++nlLetters;

short i=0;
for (;input[i]!= 0;)
{
if (input[i]==" ")
++nSpaces;
else
++nLetters;

++1;

}

short 1=0;
for (;input[i]!=0; ++1i)

{

if (input[i] == ")
++nSpaces;

else
++nLetters;

Chuwong 2: Cac yéu t6 co ban ctia C va C++
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= Cac cau truc vong lap while va for tuong tu nhu
nhau, thuc ra ta chi can mot trong hai

= CAu truic do..while tuy c6 y nghia khac mot chut,
song cing c6 thé chuyén vé cau truc while hoic for

= CA4c cau truc ¢6 thé long vao nhau tuong doi tu do,
tuy nhién tranh long qué nhiéu dé con dé bao quat,
khi can c6 thé phan hoach lai thanh ham

= Diéu khién vong lap c¢6 thé nam truc tiép trén diéu
kién, hodc c6 thé két hop bén trong vong lap véi cac
lénh if..else va break, return

= Than trong trong kiém tra diéu kién vong lap (chi s6
mang, con tro, ...)
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Luyén tap o nha theo swon hai giang

= Tap tao du an méi v6i Visual C++
= Tap viét mot chuong trinh bang C (dat duoi *.c):

— tap khai bao céc loai bién, stt dung cac kiéu dt liéu co ban
— tap st dung cac phép toan da hoc

— st dung todn tit sizeof dé tim kich c& cac kiéu dt liéu, in két
qua ra man hinh

— bién dich, chay th va tim 16i
— tap s dung cong cu debugger
— do6i duoi file thanh *.cpp va thu lai
= Tap viét mot chuong trinh bang C/C++ khac dé tim
hiéu:
— Caéach khai bao va st dung kiéu hang, kiéu liét ke, kidu con
tro, kiéu mang, kiéu tham chiéu (C++), kiéu cau tric
— ban chét cta con trd va quan hé véi kiéu mang
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Bai tap vé nha cho chuony 2
c ]

1. Viét mot chuong trinh bang C, thuc hién 1an luot cac chitec niang
sau day:

— yéu cau nguoi stt dung nhap mot s6 nguyén 16n hon 0
— phan tich s6 nguyén d6 thanh hang don vi, hang chuc, ham
tram, v.v... va in két qua lan luot ra man hinh.
— hoéi nguoi st dung c6 yéu cau tiép tuc hay khong, néu cé yéu
cau thi lap lai
2. Chuyén chuong trinh thanh C++ va don gian hoéa cac cau 1énh
vao-ra bang cach st dung thu vién <iostream.h>

3. Dua vao kiéu Date trong bai giang, viét mot chuwong trinh cho
phép nguoi st dung nhéap sé liéu cho mot ngay, va sau dé:
a) Kiém tra céc s6 liéu ngay, thang va nam c6 hop 1é hay khong

b) Kiém tra xem ngay d6 c6 phai la mot ngay 1é trong nam hay
khong

c) Xac dinh ngay ti€p theo la ngay nao
d) In cac két qua théng bao ra man hinh
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1. Xay dung mot chwong trinh ¢6 chitc nang tao tin hiéu theo yéu
cau nguoi st dung vé dang tin hiéu (bac thang, tin hiéu déc,
xung vudng, hinh sin hodc 6n tridng), tham sé cta tin hiéu (tuy
theo dang tin hiéu chon nhu bién d0, tan s6, do doc, do rong
xung,...). Yéu cau nguoi st dung nhap khoang thoi gian can tao
gia tri tin hiéu cung thoi gian trich mau, sau d6 ghi cac gia tri
gian doan cua tin hiéu ra mot file v6i tén do nguoi s dung
nhap.

Goi y: sit dung thu vién <fstream.h> cho viéc thao tac véi file.

2. Xay dung mot chuong trinh d8é tinh tich phan cta tin hiéu (hay
tinh dién tich duéi duong cong) bang phuong phap x4p xi hinh
thang véi cac gia tri gian doan caa tin hiéu dua vao tu file tao
ra theo chuwong trinh 1.

3. Suy nghi phan hoach chwong trinh 1 va 2 thanh cac ham dwa
vao thu vién. Viét lai cac chuong trinh d6 theo thiét ké mai.

Chwong 2: Cac yéu t6 co ban cia C va C++ © 2005 - HMS
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= Bai tap 16m c6 thé thuc hién riéng hoac theo nhom tu chon (t6i
da 3 nguoi/mhom)
= Bai tap 16n 1 ndp vao cudi tuan 7, bao gom:

— Mo ta theo mau trén it nhat 1 trang gidy vé cac tu tudng
phéan tich, thiét ké va thuc thi.

— Toan b thu muc du an (file du 4n, ma nguon va chuong
trinh chay) can nén lai dudi dang *.zip va g vé dia chi
email ctia gido vién: hmson-ac@mail.hut.edu.vn. Qui dinh
tén file zip: bat dau bang “P1_7, tiép theo la tén day du caa
nguoi dai dién nhém, vi du “P1_NguyenVanA.zip”. Luu y
truéc khi nén can xéa tat ca cac file phu trong thu muc
“Debug”, chi tru file *.exe.

= Hoan thanh bai tap 16n khong nhing la diéu kién du thi hoc ky,
ma diém bai tap l6n con duge tinh vao diém cudi hoc ky theo mot
hé s6 thich hop

Chwong 2: Cac yéu t6 co ban cia C va C++ © 2005 - HMS
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3.1 Ham va lap trinh huéng ham

3.2  Khai bao, dinh nghia ham

3.3  Truyén tham s6 va tra vé két qua

3.4 Thiét ké ham va thu vién

3.5 Thu vién chuan ANSI-C

3.6 Lam viéc véi tép tin st dung thu vién C++
3.7 Nap chong tén ham C++

3.8 Ham inline trong C++
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Lap trinh ¢6 cau truc c6 thé dua trén mot trong hai phuong phap:

» Lap trinh huéng ham (function-oriented), con goi la hwéng nhiém
vu (task-oriented), huéong thu tuc (procedure-oriented)

i

» Lap trinh huéng d@ liéu (data-oriented)

DL 1

DL 3

DL 2

Chuwong 3: Ham va thw vién

-

DL 1

DL 3
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Hamla gi?

*= Tiéng Anh: function -> ham, chic néang

= Mot don vi to chitc chuong trinh, mot doan ma
chuong trinh c6 cau tric dé thuc hién mot chae
nang nhat dinh, c6 gia tri s dung lai

= Cac ham c6 quan hé v6i nhau thong qua 1oi goi, cac
bién tham s6 (dau vao, dau ra) va gia tri tra vé

= Cach thuc hién cu thé mot ham phu thuoc nhiéu vao
dit kién (tham sé6, doi sO6 caa ham):

— Thong thuong, két qua thuc hién ham moi 1an déu giong
nhau néu cac tham so dau vao nhu nhau

— Mot ham khong c6 tham s6 thi gia tri st dung lai rat thap
* Trong C/C++: Khong phan biét gitta tht tuc va ham,
ca doan ma chuwong trinh chinh cting la ham

Chwong 3: Ham va thw vién © 2005 - HMS
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= Yéu cau bai toan: Tinh tong mot day s6 nguyén (lién
tuc) trong pham vi do nguoi st dung nhéap. In két qua
ra man hinh.

» Cac nhiém vu:

— Nhéap s6 nguyén thi nhat:
Yéu cau nguoi st dung nhap
Nhap s6 vao mot bién

— Nhap s6 nguyén tha hai
Yéu cau nguoi stt dung nhap
Nhap s6 vao mot bién

— Tinh tong véi vong lap

— Hién thi két qua ra man hinh

Chwong 3: Ham va thw vién © 2005 - HMS



Phirong an4 trong 1

#include <iostream.h>
void main() {
int a, b;
char c;
do {
cout << "Enter the first integer number: ";
cin >> a;
cout << "Enter the second integer number: ";
cin >> b;
int Total = 0;
for (int 1 = a; 1 <= b; ++1i)
Total += 1;
cout << "The sum from " << a << " to " << b
<< " 1s " << Total << endl;
cout << "Do you want to continue? (Y/N):";
cin >> C;
} while (c == 'y' || ¢ == "Y");
}

Chwong 3: Ham va thw vién © 2005 - HMS 6
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#include <iostream.h>

int ReadInt();
int SumInt(int,int);
void WriteResult(int a, int b, int kq);

void main() {

char c;

do {
int a = ReadInt();
int b = ReadInt();
int T = SumInt(a,b);
WriteResult(a,b,T);
cout << "Do you want to continue? (Y/N):";
cin >> c;

} while (¢ == "'y' || ¢ == "Y");

Chwong 3: Ham va thw vién © 2005 - HMS
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int ReadInt ()}

cout << "Enter an integer number: ";

int N;
cin >> N;
return N;

J

Khong c¢6 tham so6,
Gia tri s dung lai?

} /
Khong thé tot hon!

int SumInt(int a, int b) {

OK,

int Total = O;

for (1nt 1 = a; 1 <= b; ++1)
Total += 1;

return Total;

}

void WriteResult(int a, int b, int kq)

Qua nhiéu tham so,

Hiéu nang?

{

cout << "The sum from " << a << " to "

<< " is " << kg << endl;

}

Chuwong 3: Ham va thw vién
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* Chuong trinh dé doc hon => dé phat hién 16i
* Chuong trinh dé mé rong hon

» Ham SumlInt c6 thé st dung lai tot

= M4 nguon dai hon

* Ma chay lén hon

= Chay cham hon

S Khong phai ci phan hoach thanh nhiéu ham la t6t,
ma van dé nam & cach phan hoach va thiét ké ham
lam sao cho toi uwu!

Chwong 3: Ham va thw vién © 2005 - HMS L9
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#include <iostream.h>

int ReadInt(const char¥*);
int SumInt(int,int);

void main() {

char c;

do {
int a = ReadInt("Enter the first integer number :");
int b = ReadInt("Enter the second integer number:");
cout << "The sum from " << a << " to " << D

<< " is " << SumInt(a,b) << endl;

cout << "Do you want to continue? (Y/N):";
cin >> C;

} while (¢ == "'y' || ¢ == "Y");
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int ReadInt(const char* userPrompt) {

cout << userPrompt;
int N;
cin >> N;

return N; OK,
1 Da tot hon!
int SumInt(int a, int b) {
int Total = 0;
for (1nt 1 = a; 1 <= b; ++1)
Total += 1;
return Total;

}

Chwong 3: Ham va thw vién © 2005 - HMS
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* Dinh nghia ham: tao méa thuc thi ham

Kiéu tra Yé Tén ham Tham bién (hinh thiic)

} } }
int SumInt(int a, int b) {

int Total = O;

for (i1nt 1 = a; 1 <= b; ++1)
Total += 1;

return Total,;

}

* Khai bdao ham thuan tuy: khong tao ma ham

int SumInt(int a, int b);
t 1 1 1

Kiéu tra vée Tén ham Kiéu tham bién

* Tai sao va khi nao can khai bao ham?

Chwong 3: Ham va thw vién © 2005 - HMS




Khai hao ham va loi goi ham
* Y nghia ctia khai bdao ham:

— Khi can st dung ham (goi ham)

— Trinh bién dich can 16i khai bao ham dé kiém tra 16i goi ham
dung hay sai vé cu phap, vé s6 luong cac tham sé, kiéu cac
tham s6 va cach st dung gia tri tra ve.
int SumInt(int a, int b);

— Co thé khai bdao ham doc lap véi viéc dinh nghia ham (tat
nhién phai dam bao nhat quan)

= Goi ham: yéu cau thuc thi ma ham véi tham s6 thuc
té (tham tri)
int x = 5;
int k = SumInt(x, 10);

Khi bién dich chua can
phai c6 dinh nghia
ham, nhung phai c6

! P khai béo ham!

Tén ham Tham s6 (goi ham) V 4

Chwong 3: Ham va thw vién © 2005 - HMS




Khai hao ham G/C++ o dau?

= O pham vi toan cuc (ngoai bat ctt ham nao)
= Mot ham phai duogc khai bdo trude 1oi goi dau tién
trong mot tép tin ma nguon
= Néu st dung nhiéu ham thi sé can rat nhiéu dong ma
khai bdo (mat cong viét, dé sai va ma chuong trinh
16m 1én?):
— Néu nguoi xay dung ham (dinh nghia ham) dua san tat ca

phan khai bdo vao trong mot tép tin => Header file (*.h,
*hx,...) thi nguoi sit dung chi can bo sung dong lénh

#include <filename>
— Ma chuong trinh khong 16m 1én, béi khai bao khéng sinh ma!

= Mot ham c6 thé khai bao nhiéu lan tuy y!

Chwong 3: Ham va thw vién © 2005 - HMS
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= O pham vi toan cuc (ngoai bat ctt ham nao)
= (C6 thé dinh nghia trong cung tép tin véi ma chuong trinh chinh,
hoac tach ra mot tép tin riéng. Trong Visual C++:
*.C => C compiler,
*.cpp => C++ compiler
= Mot ham da ¢6 1oi goi thi phai duge dinh nghia chinh xac 1 lan
trong toan bo (du an) chuong trinh, trude khi goi trinh lién két
(1énh Build trong Visual C++)
= Pua tép tin ma nguon vao du an, khong nén:
#include “xxx.cpp”
= Mot ham ¢6 dugce dinh nghia bang C, C++, hop ngit hoéc bang
mot ngéon ngtt khac va dung trong C/C++ => S dung ham
khéng can méa nguon!
= Mot thu vién cho C/C++ bao gom:
— Header file (thuong duéi *.h, *.hxx, ..., nhung khong bt budc)
— Teép tin m& nguon (*.c, *.cpp, *.CXX,...)hodacma dich
(*.0bj, *.0, *.lib, *.dll, ...)
Chwong 3: Ham va thw vién © 2005 - HMS
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= Truyén tham s6 va tra vé két qua la phuong phap co ban dé to
chtic quan hé gitta cac ham (gitra cac chic nang trong hé théng)

Tham so

(dau vao) —

= Ngoai ra, con c¢6 cac cach khac:

—

—

a

b
c

Ham A

[

Gia tri tra
vé hoac
tham s0 ra

Tham so6

(dau vao)
—

Ham B
d Gid tri tra
L, Gia tri tra
vé hoéc
€ € — tham s6 ra

— St dung bién toan cuc: n6i chung la khong nén!
— St dung céac tép tin, streams: du sao van phai st dung tham sé dé

noi ro tép tin nao, streams nao
— Cac co ché giao tiép hé thong khac (phu thuoc vao hé diéu hanh,

nén tang va giao thic truyén théng) => néi chung van can cac tham

s6 bo sung

= Truyén tham s6 & tra vé két qua 1a mot van deé cot 16i trong xay
dung va st dung ham, moét trong nhtmg yéu t6 anh huéng quyét

dinh t6i chat luong phan mém!

Chuwong 3: Ham va thw vién
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Tham hién hinh thitc va tham sé thuc té

int SumInt(int

'

} \

int x = 5; TS, )
int k = SumInt(x, 10);

a, int b)

T

Tham bién
(hinh thuc)

-

’f

.

Tham so6
(thue té)

int a = 2;

k = SumInt(a,x);

Chuwong 3: Ham va thw vién
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{

\ SumInt
\\\\\\‘X N P
5 —b

Két qua tra ve
(khong tén)

~

— K

I

Bién duoc gan
két qua tra ve

Tham bién
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3.3.1Truyen gia tri

int SumInt(int, int);

// Function call
void main() {

int x = 5;
int k = sumInt(x, 10);— 5P b = 10
> e a =>5
1 SP K = 45
. . . . X = 5
// Function definition Ngén xép

—int SumInt(int a, int b) {

}—

Chwong 3: Ham va thw vién © 2005 - HMS
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#include <iostream.h>

void ReadInt(const char* userPrompt, int N) {
cout << userPrompt;
cin >> N;

}

void main() {
int x = 5;
ReadInt("Input an integer number:", Xx);
cout << "Now x 1is " << X;

}

= Két qua: x khong he thay doi sau do.

Chwong 3: Ham va thw vién © 2005 - HMS
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= Truyeén gia tri la cach thong thuong trong C

= Tham bién chi nhan duoc ban sao ciia bién dau vao
(tham s6 thuc té)

= Thay doi tham bién chi lam thay d6i vung nhé cuce bo,
khong lam thay doi bién dau vao

= Tham bién chi c6 thé mang tham s6 dau vao, khong
chtta duoc két qua (tham so ra)

= Truyén gia tri kh4 an toan, tranh dwoc mot sé6 hiéu
ung phu

= Truyén gia tri trong nhiéu truong hop kém hiéu qua
do mat cong sao chép di liéu

Chwong 3: Ham va thw vién © 2005 - HMS



3.3.2 Truyen dia chi

int SumInt(int* p, int N);
// Function call

void main() {
int a[] = {1, 2, 3, 4};

int k = SumInt(a,4); —

»
»

}

// Function definition
— int SumInt(int* p, int N) {
int *p2 = p + N, k = 0;
while (p < p2)
K += *p++;
return K,

i

Chuwong 3: Ham va thw vién
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int SumInt( int N);
// Function call

void main() {
int a[] = {1, 2, 3, 4};
int k = SumInt(a,4);

Ban chat nhu
trong vi du trude:
Truyén dia chi!

}

.
// Function definition

int SumInt( int N) {
int *p2 = p + N, k = 0;
while (p < p2)
K += *p++;
return k;

}

Chwong 3: Ham va thw vién © 2005 - HMS
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#include <iostream.h>

void ReadInt(const char* userPrompt, int* pN) {
cout << userPrompt;
cin >> *pN;

void main() {
int x = 5;
ReadInt("Input an integer number:", &x);
cout << "Now x 1is " << X;

}
= Két qua: x thay doi gia tri sau d6 (cting la 1y do tai sao ham
scanf() lai yéu cau kiéu tham bién la con tro!)

Chwong 3: Ham va thw vién © 2005 - HMS
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= Khi can thay doi "bién dau vao" (truy nhap truc tiép
vao 6 nhé, khong qua ban sao)

= Khi kich ¢ kiéu dit liéu 16n => tranh sao chép dit liéu
vao ngan xép

= Truyén tham s6 14 mot mang => bat buoc truyén dia
chi

* Luu y: St dung con tré dé truyén dia chi cia vung
nho di liéu dau vao. Ban than con tré co6 thé thay doi
duoc trong ham nhung dia chi ving nhé khong thay
doi (noi dung cua vung nhé d6 thay doi duoce): xem vi
du bién p trong ham SumlInt trang 21.

Chwong 3: Ham va thw vién © 2005 - HMS



3.3.3 Truyén tham chiéu (C++)

#include <iostream.h>

void ReadInt(const char* userPrompt, int& N) {
cout << userPrompt;
cin >> N;

void main() {
int x = 5;
ReadInt("Input an integer number:", Xx);
cout << "Now x 1is " << X;

}

= Két qua: x thay doi gi4 tri sau do

Chwong 3: Ham va thw vién © 2005 - HMS
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#include <iostream.h>

void swap(int& a, int& b) {
int temp = a;
a =Db;
b = temp;

void main() {
int x = 5, y = 10;

swap(x,Y);
cout << "Now x is " << x << ", y is " << y;

Chwong 3: Ham va thw vién © 2005 - HMS
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* Chi trong C++

= Khi can thay doi "bién dau vao" (truy nhap truc tiép
vao 6 nhé, khong qua ban sao)

= Mot tham bién tham chiéu ¢6 thé déng vai tro la dau
ra (chia két qua), hoac co6 thé vira 1a dau vao va dau
ra

= Khi kich c¢& kiéu dit liéu 16n => tranh sao chép dit liéu
vao ngan xép, vi du:
void copyData(const Student& sv1, Student& sv2) {

sv2.birthday = svi.birthday;

Chwong 3: Ham va thw vién © 2005 - HMS
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= Kjéu tra vé: gan nhu tuy y, chi khong thé tra vé truc
ti€ép mot mang
= Vé nguyén tac, c6 thé tra vé kiéu:
— Gia tri
— Con tré
— Tham chiéu
= Tuy nhién, can rat than trong véi tra ve dia chi hoac
tham chiéu:
— Khong bao gi¢ tra vé con tro hodc tham chiéu vao bién cuc
bo
— Khong bao gi¢ tra vé con trd hoidc tham chiéu vao tham
bién truyén qua gia tri
= Vé6i nguoi lap trinh it ¢6 kinh nghiém: chi nén tra vé
kiéu gia tri
Chwong 3: Ham va thw vién © 2005 - HMS
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int SumInt(int a, int b) {

int k = 0;

for (int 1=a; 1 <= b; ++1)
K +=1;

return k; SP

}_

void main() { SP

int x = 5, k = 0;

» kK = SumInt(x,10);

Chuwong 3: Ham va thw vién
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= Viét ham tra vé dia chi cta phan t 16n nhat trong mot mang:

int* FindMax(int* p, int n) {

int *pMax = p;
int *p2 = p + n;
while (p < p2) {

if (*p > *pMax)

pMax = p;

+t+p;

}

return pMax;,

}

void main() {
int s[5] = {1, 2, 3, 4, 5};
int *p = FindMax(s,5);

}

Chwong 3: Ham va thw vién © 2005 - HMS
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* Twong tu nhu ly do truyén dia chi hodc truyén tham
chiéu:
— Tranh sao chép dit liéu 16n khong can thiét
— Deé c6 thé truy cap truc tiép va thay doi gia tri dau ra
= Co6 theé tra vé con tré hoiac tham chiéu vao dau?
— Vao bién toan cuc
— Vao tham s6 truyén cho ham qua dia chi hodc qua tham
chiéu
— Noi chung: vao ving nhé ma con tiép tuc ton tai sau khi két
thic ham

= Con tro lai phtc tap thém mot chut?

Chwong 3: Ham va thw vién © 2005 - HMS



2 ” 2 ~ 2
I [ |
-

int* f(int* p, int n) {
int Max = *p;
int *p2 = p + n;
while (p < p2) {
if (*p > Max)
Max = *p;
+t+p;

}

return &Max;

}

void main() {
int s[5] = {1, 2, 3, 4, 5};

int *p = FindMax(s,5); // get invalid address

Chuwong 3: Ham va thw vién
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int* f1(int a) { int f5(int *pa) {
return &a,; return *pa,;

} }

int& f2(int &a) { int& f6(int *pa) {
return a; return *pa,;

} }

int f3(int &a) { int& f7(int a) {
return a, return a;

} }

int* f4(int *pa) { int *pa;
e int* f8() {
return pa; e

} return pa;

}

Chwong 3: Ham va thw vién © 2005 - HMS
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= Viét mot chuwong trinh chay tét da kho, viét mot thuw

vién ham tot con khé hon!
= Mot thu vién ham dinh nghia:

— mot tap hop cac ham (c6 lién quan theo mot chu dé chue

nang)
— nhiing kiéu dit liéu st dung trong cac ham
— mot sO bién toan cuc (rat han ché)
= Mot thu vién ham tot can phai:
— Thuyc hién nhting chitc nang htru ich
— Don gian, dé st dung
— Hiéu suat va do tin cay cao
— Tron ven, nhat quan va dong bo

Chuwong 3: Ham va thw vién
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= Phan tich yéu cau:
— Lam ro cac du kién (dau vao) va két qua (dau ra)
— Tim ra céc chic ndng can thuc hién
= Dit tén ham: ngdn gon, y nghia xac dang, tu miéu ta
— Ham chi hanh dong: Chon tén ham 1a mot dong tu két hop véi kiéu

doi tuwong chu thé, vi du printVector, displayMatrix,
addComplex, sortEventQueue, filterAnalogSignal,...

— Ham truy nhap thuoc tinh: C6 thé chon 1a dong tir hodc danh tu két
hop kiéu d6i tuong chu thé, vi du length, size, numberOfColums,
getMatrixElem, putShapeColor

— Trong C++ nhiéu ham c6 thé giong tén (nap chong tén ham), c6 thé
chon tén ngén, vi du sort, print, display, add, putColor, getColor =>
nguyén tic da hinh/da xa theo quan diém huéng d6i tuong

— Trong C++ con c6 thé dinh nghia ham toan ti dé c6 thé st dung cac
ky hiéu toan t& dinh nghia sdn nhu *, /, +, - thay cho 101 goi ham.
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= Chon tham s6 dau vao (=> tham bién)

— Dactaynghia: Theé hién ro vai tro tham so
— Dat tén: Ngén gon, ty mo ta
— Chon kiéu: Kiéu nhé nhat ma du biéu dién

— Chon cach truyén tham s6: can nhéc gitta truyén gia tri hay truyén
dia chi/tham chiéu vao kiéu hing

= Chon tham s6 dau ra (=> tham bién truyén qua dia chi/qua

tham chiéu hoac st dung gia tri tra vé)
— Daic ta y nghia, dat tén, chon kiéu tuwong tu nhu tham sé dau vao

= Dinh nghia bo sung cac kiéu dit liéu méi nhu can thiét

= Mo ta ro tién trang (pre-condition): diéu kién bién cho cac tham
s6 dau vao va cac diéu kién ngoai canh cho viéc goi ham

= Mo ta ro hau trang (post-condition): tac dong ctia viéc st dung
ham té6i ngoai canh, cac thao tac bat budc sau nays,...

= Thiét ké than ham dua vao cac chuc niang da phéan tich, st dung
luu d6 thuat toan véi cac cau truc diéu kién/ré nhanh (ké ca
vong lap) => c¢6 thé phan chia thanh cac ham con néu can
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Bai toan: Xay dung ham tim N s6 nguyén t6 dau tién!
* Phan tich:

— Dt kién: N - s6 s6 nguyén t6 dau tién can tim

— Két qua: Mot day N s6 nguyén t6 dau tién

— Caéc chuc ndng can thuc hién:
Nhap da lieu? KHONG!
Kiém tra dit kién vao (N)? Co/khong (Néu kiém tra ma N nhé
hon 0 thi ham lam gi?)
Cho biét k s6 nguyén t6 dau tién, xac dinh s6 nguyén t6 tiép
theo
Luu tri két qua moéi lan tim ra vao mot cdu truc dit liéu phu
hop (day s6 can tim)
In két qua ra man hinh? KHONG!
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= Pat tén ham: findPrimeSequence

= Tham s6 vao: 1
— Y nghia: s6 cdc s6 nguyén t6 cAn tim
— Tén: N
— Kiéu: s6 nguyén dualén (int/long)
— Truyén tham s6: qua gia tri
* Tham séra: 1
— Y nghia: day N s6 nguyén t6 dau tién tinh tir 1
— G4 tri tra vé hay tham bién? Tham bién!
— Tén: primes
— Kiéu: mang sd nguyén (caa int/long)
— Truyén tham s6: qua dia chi (int* hodc long*)
= Tién trang:
— Tham s6 N phai la s6 khong am (c6 nén chon kiéu unsigned?)
— primes phai mang dia chi cia mang s6 nguyén cé6 it nhat N
phan t

= Hau trang: khong c6 gi dac biét
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= Khai bao ham:

void findPrimeSequence(int N, int* primes),

= Thiét ké than ham [ Start ]
— Luu d6 thuat toan nhu
hinh vé false -
) >
— Phan chia, b6 sung mot
ham mdi: findNextPrime true
= Lip lai qui trinh thiét ké At
ham cho findNextPrime 4
Bai tap vé nha! fal |
( AP ) ‘ ase4//?;N
true
primes[k]=findNextPrime
++k

[ Stop ]
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* Thu vién vao/ra (nhap/xuat) <stdio.h>

= Xttly ky tu va chuoi ky tu <string.h>, <ctype.h>

= Thu vién ham toan <math.h>, <float.h>

» Thoi gian, ngay thang <time.h>, <locale.h>
= Cap phat b6 nhé dong <stdlib.h>

* Cac ham ky tu rong <wchar.h>,<wctype.h>
= Cac ham khac <stdlib.h>,
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3.6 Lamviéc voiteptintrong C++

#include <iostream.h>
#include <fstream.h>
= Khai bdo mot bién:
ifstream fin; // input
ofstream fout; /[ output
fstream fio; // i1nput and output

= Moéd/tao mot tép tin:
fin.open("filel.txt");
fout.open("file2.dat");
fio.open("file3.1inf");

= Két hop khai bao bién va md/tao mot tép tin
ifstream fin("filel.txt"); // input

ofstream fout("file2.inf");// output
fstream fio("file3d.dat"); // input and output
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* (Ghi d@ liéu ra tép tin
— Tuong tu nhu st dung cout
— Tép tin c6 thé chua dit liéu kiéu hon hop, vi du:
fout << "Nguyen Van A" << endl;
fout << 21 << endl << false;

* Doc dix liéu t mot tép tin
— Twong tu nhu s dung cin
char name[32];
int age, married,;
fin.getline(name,32);
fin >> age >> married;
* Déng mot tép tin:
— Tw dong khi két thuc pham vi { },
— Hoac goi ham thanh vién close():
fin.close();
fout.close();
fio.close();
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Vi du: lam viec voi tep tin
#include <iostream.h>
#include <fstream.h>
void main() {
{

ofstream fout("filel.dat");// output
fout << "Nguyen Van A" << endl << 21 << endl << false;

ifstream fin("filel.dat"); // input
char name[32];
int age;
int married;
fin.getline(name,32);
fin >> age >> married,;
cout << "Name:\t" << name << endl;
cout << "Age:\t" << age << endl;
cout << "Married:" << (married ? "Yes" : "No");
}
char c;
cin >> c;

}
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3.7 Nap chong tén ham trong C++

* Trong C++ c6 thé xay dung nhiéu ham cé cung tén, vi
du:
int max(int a, int b);
double max(double a, double b);
double max(double a, double b, double c);
double max(double *seq, int n);

* Muc dich cta nap chong tén ham la:

— Don gian héa cho nguoi xay dung ham trong viéc chon tén
(thay vi maxInt, maxDouble, maxDouble3,
maxDoubleSequence,...)

— Don gian héa cho nguoi st dung ham, chi can nhé 1 tén quen
thuoc thay cho nhiéu tén phiec tap
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int max(int a, int b) { [/ (1)
return (a > b)? a : b;

}

double max(double a, double b) { [/ (2)
return (a > b)? a : b;

}

double max(double a, double b, double c); { /] (3)
if (a < b) a = b;
if (a < c) a = c;
return a,
}
double max(double *seq, int n) { /] (4)
int i = 0, kq = seq[0];
while (i1 < n) {
if (kq < seq[i])kq = seq[1];
++1;
}

return kq;

}
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int max(int a, int b);
double max(double a, double b);

double max(double a, double b, double c);

double max(double *seq, int n);

void main() {
int k = max(5,7);
double d = max(5.0,7.0);
double al ] {1,2,3,4,5,6};
d = max(d, a[1], al2]);

d = max(a, 5);
d = max(5 7);
d = max(d, 5);

}

2 Day trach nhiém kiém tra va tim ham phu hop cho

compiler!

Chuwong 3: Ham va thw vién

/] call (1)
/] call (2)

// call (3)
/] call (4)
/] ?
/] ?

[ (1)
I (2)
/1 (3)
/1 (4)
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= Cac ham cung tén duoc dinh nghia cung trong
mot file/ trong mot thw vién hoac st dung trong
cung mot chuwong trinh phai khac nhau it nhat veé:
— S6 luong cac tham s6, hoéc
— Kiéu ctua it nhat mot tham s6 (int khac short, const int
khac int, int khac int&, ...)
2 Khong thé chi khac nhau & kiéu tra vé

= Tai sao vay?
— Compiler can c6 co s& dé quyét dinh goi ham nao
— Dua vao cu phap trong 10i goi (s6 luong va kiéu cac tham sé
thuc té) compiler sé chon ham ¢6 cu phap phu hop nhat
— Khi can compiler ¢6 thé tu dong chuyén doi kiéu theo chiéu
huong hop ly nhat (vd short=>int, int => double)
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3.8 Ham inline trong C++

G
= Vian de: Ham tién dung, nhung nhiéu khi hiéu suit khéng cao,
dac biet khi ma thue thi ham ngan
— Cac tha tuc nhuw nhé lai trang thai chuwong trinh, cap phat bo nhé
ngian xép, sao chép tham so, sao chép gia tri tra ve, khoi phuc trang
thai chuong trinh mat nhiéu thoi gian
— Néu ma thuc thi ham ngén thi su tién dung khong bo so voi su
lang phi thoi gian
= Giai phap trong C: S dung macro, vi du
#define max(a,b) a>b?a:b
— Van deé: Macro do tién xtt ly chay (preprocessor), khong c6 kiém tra
kiéu, khong c6 phan biét ngtt canh => gay ra céc hiéu ung phu
khong mong muén
Vi du dong 1énh l=max (k*5-2,1);
sé duogc thay thé bang 1=k*5-2>k?k*5-2:1; // OOPS!
— Nhing cach giai quyét nhu thém dau ngoéc chi lam ma kho doc,
khong khéc phuc triét dé cac nhuoc diém
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Giai phap ham inline trong C++

= Diéu duy nhat can lam la thém tir khéa inline vao
dau dong khai bédo va dinh nghia ham

int max(int a, int b) {
return (a > b)? a : b;
}
* Ham inline khac gi ham binh thuong:

— "Ham inline" thuc chat khong phai la mét ham!

— Khi goi ham thi loi goi ham duoc thay thé mot cach thong
minh bdi ma nguén dinh nghia ham, khong thuc hién
cac thu tuc goi ham

Vi du:
l1=max (k*5-2,1);

Duoc thay thé bang cac dong 1énh kiéu nhu:
int x=k*5-2; // bién tam trung gian
1=(x>1)?x:1; // OK
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Khi nao nen dung ham inline
» Uu diém ctia ham inline:
— Tién dung nhuw ham binh thuong

— Hiéu suat nhu viét thang ma, khong goi ham
— Tin cay, an toan hon nhiéu so véi st dung Macro

= Nhuoc diém cta ham inline:

— Né&u goi ham nhiéu lan trong chwong trinh, ma chuwong trinh
c6 thé 16m 1én nhiéu (m4a thuc hién ham xuat hién nhiéu lan
trong chuong trinh)

— Ma dinh nghia ham phai dé mé& => dua trong header file
* Luwa chon xay dung va st dung ham inline khi:

— Ma dinh nghia ham nho (mot vai dong 1énh, khong chita
vong lap)
— Yéu cau ve toc do dat ra truéec dung lwong bo nhé
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Bai tap ve nha
. ]
= X4y dung ham tim N s6 nguyén t6 dau tién
— Hoan thién thiét ké ham
— Dinh nghia ham
= Viét chwong trinh minh hoa cach st dung
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Noi dung chuong 4

4.1
4.2
4.2
4.3

Cau truc dw liéu la gi?

Mang va quan ly bo nhé dong
Xay dung cau triuc Vector
Xay dung cau truc List

Chuwong 4: Khai quat vé cau trac di liéu
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4.1 Gio1 thieu chung

= Phan 16n céc bai toan trong thuc té€ lién quan té6i cac
dt liéu phice hop, nhtng kiéu dw liéu co ban trong
ngon ngtt lap trinh khong du biéu dién

= Vidu:
— Dt liéu sinh vién: Ho tén, ngay sinh, qué quan, ma s6 SV,...
— M6 hinh ham truyén: Da thuc t s6, da thic mau s6
— M6 hinh trang thai: Cac ma tran A, B, C, D
— Dt liéu qua trinh: Tén dai luwong, dai do, gia tri, don vi, thoi
gian, cap sai s0, nguong gia tri,...
— D61 tuong d6 hoa: Kich thudce, mau sic, duong nét, phong
chi, ...
= Phuong phéap biéu dién dit liéu: dinh nghia kiéu dit
liéu mabi s dung ciu truc (struct, class, union, ...)
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Van de: Bieu dien tap hop dir liéu
= Da s6 nhing di liéu thudc mét tng dung c6 lién quan
v6i nhau => can biéu dién trong mot tap hop cé cau
truc, vi du:
— Danbh s4ch sinh vién: Céc dit liéu sinh vién duoc sip xép theo
thi tu Alphabet
— Mo hinh tong thé cho hé théng diéu khién: Bao gom nhiéu
thanh phan tuong tac
— Ditliéu qua trinh: Mot tap da liéu c6 thé mang gia tri cia
mot dai luong vao cac thoi diém gian doan, cac dit liéu dau
vao lién quan toi dit liéu dau ra
— Déi tuong do hoa: Mot ctra s6 bao gom nhiéu d6i tuong do
hoa, mot ban vé ciing bao gom nhiéu déi tuong d6 hoa
» Thong thuong, cac dix liéu trong mot tap hop cé cung
kiéu, hodc it ra 1a tuong thich kiéu véi nhau

* Kiéu mang khong phai bao gio ciing phu hop!
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= St dung két hop mot cach khéo 1éo kiéu cau truc va
kiéu mang du dé biéu dién cac tap hop dw liéu bat ky
= Cac giai thuat (ham) thao tac véi dit liéu, nham quan
ly d&t liéu mot cach hiéu qua:
— B0 sung mot muc dit liéu mdi vao mot danh sach, mot bang,
mot tap hop, ...
— X6a mot muc dix liéu trong mot danh sach, bang, tap hop,..

— Tim mot muc d@ liéu trong mot danh sach, bang tap hop,...
theo mot tiéu chuan cu thé

— Sap xép mot danh sach theo mot tiéu chuan nao dé6
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= Tiét kiém bo nhé: Phan "overhead" khong dang ké so
v6i phan d liéu thuc

* Truy nhap nhanh, thuan tién: Thoi gian can cho bo
sung, tim kiém va x6a bo cac muc dit liéu phai ngin

= Linh hoat: S6 luong cac muc dw liéu khong (hoac it)
bi han ché c¢6 dinh, khong can biét trudce khi tao cau
tric, phu hop véi ca bai toan nhoé va 16m

» Hiéu qua quan ly d@ liéu phu thudc vao

— Cau trac dit liéu duoc s dung

— Giai thuat duoc ap dung cho bo sung, tim kiém, sap xép, x6a
bo
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= Mang (nghia rong): Tap hop cac dix liéu c6 thé truy
nhép tuy y theo chi so

= Danh sach (list): Tap hop cac dit liéu duwoc moée noi doi
mot vii nhau va c¢o thé truy nhap tuan tu

= Cay (tree): Tap hop cac dwt liéu duge moéc noi véi nhau
theo cau truc cay, c¢6 thé truy nhap tuan tu tu goc

— Néu moi nut ¢6 t6i da hai nhanh: cay nhi phan (binary tree)

= Bia, bang (map): Tap hop cac dix liéu cé sap xép, cé
thé truy nhap rat nhanh theo méa khéa (key)

= Hang doi (queue): Tap hop céc dit liéu co6 sdp xép
tuan tu, chi bo sung vao tir mot dau va lay ra tx dau
con lai

Chwong 4: Khai quat vé cAu truc div liéu © 2005 - HMS



- -

= Tap hop (set): Tap hop cac dit lieu duoc sdp xép tuy y
nhung c6 thé truy nhap mot cach hiéu qua

= Ngan xép (stack): Tap hop cac dit liéu duoc sdp xép
tuan tu, chi truy nhap duoc tix mot dau

= Bang hash (hash table): Tap hop cac dit liéu duoc sap
xép dua theo mot ma s6 nguyén tao ra tr mot ham
dac biét

= B nhé vong (ring buffer): Tuwong tu nhu hang doi,
nhung dung luong c6 han, néu hét ché sé dugc ghi
quay vong

= Trong toan hoc va trong diéu khién: vector, ma tran,
da thice, phan thic, ham truyeén, ...
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= Mang cho phép biéu dién va quan ly di liéu mot cach
kha hiéu qua:

— DPoc va ghi dit liéu rat nhanh qua chi s6 hoéac qua dia chi

— Tiét kiém bo nhé

= Cac van dé cta mang tinh:

VD: Student student 1ist[100];

— S6 phan ti phai la hang s6 (biét trude khi bién dich, nguoi st
dung khong thé nhap s6 phan t, khong thé cho s6 phan tu
la mot bién) => kém linh hoat

— Chiém cho cung trong ngan xép (doéi vé6i bién cuc bo) hoac
trong bé nhé dit liéu chuong trinh (d6i véi bién toan cuc) =>
st dung bé nhé kém hiéu qua, kém linh hoat
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» Mang dong la mot mang duoc cap phat bo nhé theo
yéu cau, trong khi chuong trinh chay
#include <stdlib.h> /* C */
int n = 50;

float* pi1= (float*) malloc(n*sizeof(float)); /* C */
double* p2= new double[n]; /] C++
= St dung con tré dé quan ly mang dong: Cach st dung
khong khac so véi mang tinh

p1[0] = 1.0f;
p2[0] = 2.0,
» Sau khi st dung xong => giai phong bd nhé:
free(pl); /[* C */
delete [] p2; /] C++
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= C:

— Ham malloc () yéu cau tham s6 la sé byte, tra vé con tro
khong kiéu (void*) mang dia chi ving nhé méi duoc cap
phat (ndm trong heap), tra vé 0 néu khong thanh cong.

— Ham free() yéu cau tham s6 la con tré khong kiéu (void*),
giai phong vung nhé ¢6 dia chi dua vao

= C++:

— Toan tix new chap nhan kiéu dit liéu phan t kém theo s6
luong phan ti cia mang can cap phat bd nhé (trong vung
heap), tra vé con tro ¢ kiéu, tra vé 0 néu khong thanh cong.

— Toan tx delete[] yéu cau tham s6 la con tro cé kiéu.

— Toan t new va delete con c6 thé ap dung cho cap phat va
giai phong bo nhé cho mot bién don, mot doi tuwong chu
khong nhat thiét phai mot mang.
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= Con tré cé vai tro quan ly mang (dong), chi con tré khong phai
la mang (dong)

= Cap phat bo nhé va giai phéng bo nhé chi khong phai cap phat
con tré va giai phéng con tré

= Chi giai phéng bo nhé mot 1an

int* p;

p[0] = 1; // never do it
new(p); // access violation!
Pp = new int[100]; /] OK

p[0] = 1; /] OK

int* p2=p; /] OK

delete[] p2; // OK

p[0] = 1; // access violation!
delete[] p; /] very bad!

Pp = new int[50]; // OK, new array
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= Y nghia: Cac d6i tuong c6 thé duoc tao ra déng, trong khi
chuong trinh chay (b6 sung sinh vién vao danh sach, vé thém
mot hinh trong ban vé, bo sung mot khau trong hé thong,...)
= (Cu phap
int* p = new int;
p = 1;
p[0]= 2; // the same as above
p[1]= 1; // access violation!
int* p2 = new int(1); // with initialization
delete p;
delete p2;
Student* ps = new Student;
ps->code = 1000;

delete ps;
= Mot bién don khac v6i mang mot phan ti!
Chuwong 4: Khai quat vé cau trac di liéu © 2005 - HMS
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= Hiéu suat:
— B0 nhé duoc cdp phat da dung luong theo yéu cau va khi
duoc yéu cau trong khi chuong trinh da chay
— B0 nhé duoc cdp phat ndm trong vung nhé tu do con lai caa
may tinh (heap), chi phu thuoc vao dung luwong b6 nhé ctia
may tinh
— B0 nhé c6 thé duoc giai phéng khi khong st dung tiép.

= Linh hoat:
— Thoi gian "séng" cta bo nhé duoc cdp phat dong c6 thé kéo
dai hon thoi gian "séng" ctia thuc thé cap phat no.
— Co6 thé mot ham goi 1énh cap phat bo nhé, nhung mot ham
khac giai phéng bo nhé.
— Su linh hoat cting dé dan dén nhtng 16i "ro ri bé nhé".
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Date* createDateList(int n) {
Date* p = new Date[n];

return p;
}
void main() {
int n;
cout << "Enter the number of your national holidays:";
cin >> n;
Date* date list = createDateList(n);
for (int 1=0; 1 < n; ++1i) {
}
for (....) { cout << ....}
delete [] date list;
}
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void createDatelList(int n, Date* &p) {
p = new Date[n],;
}
void main() {
int n;
cout << "Enter the number of your national holidays:";
cin >> n;
Date* date list;
createDatelList(n, date list);
for (int i=0; i < n; ++i) {

}

for (....) { cout << ....}
delete [] date list;
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4.3 Xay dung cau truc Vector

= Van dé: Biéu dién mot vector toan hoc trong C/C++?
= Giai phap chan phuwong: mang dong thong thuong, nhung...

— St dung khong thuan tién: Nguoi stt dung tu goi cac l1énh cap phat
va giai phong bo nhg, trong cac ham luon phai dua tham so 1a so

chiéu.
— St dung khong an toan: Nham 1an nhé dan dén hau qua nghiém
trong
int n = 10;

double *vi1,*v2, d;

vl = (double*) malloc(n*sizeof(double));

v2 = (double*) malloc(n*sizeof(double));

d = scalarProd(vi,v2,n); // scalar_prod da cé

d = vl * v2; // OOPS!
vi.data[10] = 0; // OOPS!
free(vl);
free(v2);
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= Tén file: vector.h
= (CaAu trac di liéu:
struct Vector {
double *data;
int nelem,;
¥
= Khai bao cac ham co ban:
Vector createVector(int n, double init);
void destroyVector(Vector);
double getElem(Vector, int 1);
void putElem(Vector, int i, double d);
Vector addVector(Vector, Vector);
Vector subVector(Vector, Vector);
double scalarProd(Vector, Vector);
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= Tén file: vector.cpp

#include <stdlib.h>

#include "vector.h"

Vector createVector(int n, double init) {
Vector v,
v.nelem = n;
v.data = (double*) malloc(n*sizeof (double));
while (n--) v.data[n] = init;
return v;

}

void destroyVector(Vector v) {
free(v.data);

}

double getElem(Vector v, int i) {
if (1 < v.nelem & i >= 0) return v.data[i];
return O;

}

Chwong 4: Khai quat vé céu truc di liéu © 2005 - HMS



void putElem(Vector v, int i, double d) {
if (1 >=0 && 1 < v.nelem) v.data[i] = d;
}
Vector addVector(Vector a, Vector b) {
Vector ¢ = {0,0};
if (a.nelem == b.nelem) {
c = createVector(a.nelem,0.0);
for (int 1=0; 1 < a.nelem; ++1)
c.data[i] = a.data[i] + b.data[1i];
}
return c;
}
Vector subVector(Vector a, Vector b) {
Vector ¢ = {0,0};

return c;

}

Chwong 4: Khai quat vé céu truc di liéu © 2005 - HMS
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#include "vector.h”

void main() {
int n = 10;
Vector a,b,c;
a = createVector(10,1.0);
b = createVector(10,2.0);
c = addVector(a,b);
[]...
destroyVector(a);
destroyVector(b);
destroyVector(c);

Chwong 4: Khai quat vé céu truc di liéu © 2005 - HMS



4.4 Xay dumg cau truc List

= Van deé: Xay dung mot cau tric dé quan ly mot cach
hiéu qua va linh hoat cac d@ liéu dong, vi du:
— Hop thu dién t
— Danh sach nhitimg viéc can lam
— Cac do6i tuong do6 hoa trén hinh veé
— Céac khau dong hoc trong so d60 mo phong hé théng (tuong tu
trong SIMULINK)
= Cac yéu cau dic thu:
— S6 luong muc dit liéu trong danh sach c6 thé thay doi thuong
xuyén

— Caéac thao tac bo sung hodc x6a dit liéu can duoc thuc hién
nhanh, don gian

— St dung tiét kiém bo nhé

Chwong 4: Khai quat vé céu truc di liéu © 2005 - HMS
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= SO phan t trong mot mang thuc chat khong bao gio
thay d6i dugc. Dung luong bé nhé vao thoi diém cap
phat phai biét trudce, khong thuc su co gidn duogc.

= Néu khong thuc su st dung hét dung lwong da cap
phat => lang phi b6 nhé

= Néu da st dung hét dung luong va muén bo sung
phan t thi phai cap phat lai va sao chép toan bo di
liéu sang mang méi => can nhiéu thoi gian néu so
phan tit lon

= Néu muén chén mot phan ti/x6a mot phan ti & dau
hoéac gitta mang thi phai sao chép va dich toan b6
phan di liéu con lai => rat mat thoi gian

Chwong 4: Khai quat vé céu truc di liéu © 2005 - HMS



pHead
Item A / Dt liéu A
Item B / / Dw liéu B
Item C / , Dt liéu C
Item X / Dw lieu X
Item Y /OXOO Dw lieu Y
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pHead pHead
/
/ Dw liéu T / Dw liéu A
/ Dit lieu A /7 D ligu B
// Dt lieu B [, Dt lieu T
/ Y, Dt liéu C y Y, Dt liéu C
/ D liéu X / Dw liéu X
/OXOO Dw liéu Y /OXOO Dw lieu Y
Bo sung vao dau danh sach B0 sung vao giira danh sach

Chuwong 4: Khai quat vé cau trac di liéu
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pHead

/
/, Dir liéu A
l/ / Dt liéu B
/ Y, Dt liéu C
/ Dw liéu X
/OXOO Du lieu 'Y

Koa dit liéu dau danh sach

Chuwong 4: Khai quat vé cau trac di liéu

pHead
/ Dw lieu A
A Dw liéu B
/]
/ Y, D liéu C
/ Dw liéu X
0x00 D lieu Y

xl I~ I-A -~ I I - I
- g
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= Uu diém:
— St dung rat linh hoat, cdp phat bo nhé khi can va x6a khi
khong can
— B0 sung va x6a bo mot dix liéu duwoc thue hién théng qua
chuyén con tré, thoi gian thuc hién 14 hang s6, khong phu
thuodc vao chiéu dai va vi tri
— Co thé truy nhap va duyét cac phan tt theo kiéu tuan tu
= Nhuoc diém:
— Mobi dit lieu b6 sung méi déu phai duoc cdp phat bo nhé dong
— Mobi dit liéu x6a bd di déu phai duoc gidi phong bé nhé tuong
ung
— Néu kiéu dit liéu khong 1on thi phan overhead chiém ti 1é 16n
— Tim kiém d liéu theo kiéu tuyén tinh, mat thoi gian

Chwong 4: Khai quat vé céu truc di liéu © 2005 - HMS
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#include <string>
using namespace std;

struct Messageltem {
string subject;
string content;
Messageltem* pNext,;
s
struct MessagelList {
Messageltem* pHead;
}s
void initMessagelList(MessagelList& 1);
void addMessage(MessagelList&, const string& sj,
const string& ct);
bool removeMessageBySubject(MessagelList& 1,
const string& sj);
void removeAllMessages(MessagelList&);

Chwong 4: Khai quat vé céu truc di liéu © 2005 - HMS



#include "List.h"

void initMessagelList(MessagelList& 1) {
l.pHead = O;

}

void addMessage(MessagelList& 1, const string& sj,

const string& ct) {

MessageItem* pItem = new Messageltem;

pItem->content = ct;
pItem->subject = sj;
pItem->pNext = 1l.pHead;
l.pHead = pItem;
}
void removeAllMessages(MessagelList& 1)
Messageltem *pItem = 1l.pHead;
while (pItem != 0) {

MessageItem* pItemNext = pItem->pNext;

delete pItem;
pItem = pItemNext;

}
l.pHead = O;

}

Chuwong 4: Khai quat vé cau trac di liéu
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bool removeMessageBySubject(MessagelList& 1,
const string& sj) {
Messageltem* pItem = 1l.pHead;
Messageltem* pItemBefore;
while (pItem != 0 && pItem->subject != sj) {
pItemBefore = pIltem;
pItem = pItem->pNext;
}
if (pItem != 0) {
i1f (pItem == 1l.pHead)
l.pHead = 0;
else
pItemBefore->pNext = pItem->pNext;
delete pltem;
}

return pItem != 0;

Chwong 4: Khai quat vé céu truc di liéu © 2005 - HMS
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#include <iostream>
#include "list.h"
using namespace std;
void main() {
MessagelList myMailBox;
initMessagelList(myMailBox) ;
addMessage (myMailBox, "Hi", "Welcome, my friend!");
addMessage (myMailBox, "Test","Test my mailbox");
addMessage (myMailBox, "Lecture Notes", "Programming Techniques");
removeMessageBySubject(myMailBox, "Test");
Messageltem* pItem = myMailBox.pHead;
while (pItem != 0) {
cout << pItem->subject << ":" << pItem->content << '\n';
pItem = pItem->pNext;
}
char c;
cin >> c;
removeAllMessages (myMailBox) ;

Chwong 4: Khai quat vé céu truc di liéu © 2005 - HMS
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]
= Xay dung kiéu danh siach moée néi chia cac ngay 1é
trong ndm va y nghia ctia moi ngay (string), cho
phép:
— B0 sung mot ngay 1é vao dau danh sach
— Tim y nghia cia mét ngay (dwa ngay thang la tham so6)
— X6a bo di mot ngay 1é & dau danh sach
— X6a bo di mot ngay 1€ & gitta danh sach (dua ngay thang la
tham so0)
— Xoa bé di toan by danh sach

= Viét chuong trinh minh hoa cach st dung

Chwong 4: Khai quat vé céu truc di liéu © 2005 - HMS
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G
5.1 Khai niém
5.2 T cau trac sang 16p
5.3 Bién thanh vién
54  Ham thanh vién
5.5 Kiém soat truy nhap

Chwong 5: Lép va dbi twong
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9.1 Khai niem

Doi twong la gi?

= Thuc thé phan mém

= Mo hinh/dai dién ctia mot déi tuong vat ly:
— Tank, Heater, Furnace
— Motor, Pump, Valve

— Sensor, Thermometer, Flowmeter
— Control Loop, Control System

= Hoidc mot doi twong logic ("conceptual object):
— Trend, Report, Button, Window
— Matrix, Vector, Polynomial

Chwong 5: Lép va déi twong © 2005 - HMS
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Hanh vi
< Cac thuoc tinh (attributes) sua, can, chay 9
o Trang thai (state) chay khi gap nguy hiém
* D liéu Trang thai
* Quan hé twr thé
2 Hanh vi (behavior) suc khoe
* Cdcphép toan Thuoc tinh
* Déc tinh phan ung Can cudc mau long: vang
2 Can cudc (identity) Tén: Rex giong: Berge
2 Ngit nghia/trach nhiém ID: 007
(semantic/responsibilities)
Ngtt nghia
Cho gitt nha

Chwong 5: Lop va ddi twong © 20U5 - HMS
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Mot 16p la thuc thi cia cac doi tuong c6 chung

— Ngtt nghia

— Thudc tinh

— Quan hé

— Hanh vi

Lép = Pong géi [CAu trac dit liéu + ham thao tac]

— Lép cac vector, 16p cac ma tran (dit liéu phan t + cac phép truy
nhap va phép toan co ban)

— Lo6p cac hinh ch@ nhat (cac di liéu toa do + phép vé, x6a,...)
— Loép cac mo hinh ham truyén (cac hé s6 da thic t/mau, cac phép
toan xac dinh tinh 6n dinh, xac dinh cac diém cuc,...)

Cac dit liéu cta mot 16p => bién thanh vién

Cac ham ctia mot 16p => ham thanh vién

Cac bién ciia mot 1op => mot doi tuong, mot thé nghiém

Chwong 5: Lép va déi twong © 2005 - HMS



Lap trinh huong ddi tuong
[object-oriented programming, 00P)

» Truu tuong hoa (abstraction): giup don gian hoa van de, dé st
dung lai

= Doéng goi dir liéu/che dau thong tin (data encapsulation/
Information hiding): nang cao gia tri s& dung lai va do tin cay
cia phan mém

* Dan xuat/thtra k€ (subtyping/inheritance): giup dé st dung lai
ma phan mém va thiét ké

= DPa hinh/da xa (polymorphism): gitup phan anh trung thuc thé
gioi thue va nang cao tinh linh hoat ctia phan mém

Phuwong phdp ludn hwong doi tuong cho phép tw duy ¢ mikc
triru tuong cao nhung gan voi thé gioi thuc!
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9.2 Tir cau truc sang lép

struct Time {
int hour; // gio
int min; // phut
int sec; // giay
}s
void addHour (Time& t, int h) {
t.hour += h;
}
void addMin(Time& t, int m) {
t.min += m;
if (t.min > 59) {
t.hour += t.min/60;
t.min %= 60;
}
else if (t.min < 0) {
t.hour += (t.min/60 - 1);
t.min = (t.min % 60) + 60;
}
}

Chwong 5: Lép va dbi twong

void addSec(Time& t, int s) {

t.sec += s;

if (t.sec > 59) {
addMin(t, t.sec/60);
t.sec %= 60,

}

else if (t.sec < 0) {
addMin(t, t.sec/60 - 1);
t.sec = (t.sec % 60) + 60;

}
}

void main() {
Time t = {1, 0, O};
addMin(t,60) ;
addMin(t,-5);
addSec(t,25);

© 2005 - HMS
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* Truy nhap dit liéu truc tiép, khong c6 kiém soat c6 thé dan dén
khéng an toan

Time t1 = {1, 61, -3}; /] ??!

Time t2; // Uncertain values
int h = t2.hour; /] ??!

int m = 50;

t2.min = m + 15; [] 77|

= Khéng phan biét gitta “chi tié€t bén trong” va “giao dién bén
ngoai”, mot thay doi nho & chi tiét bén trong ciing bat nguoi st
dung phai thay d6i méa s dung theo!
Vi du: cau tric Time duoc stta lai tén bién thanh vién:
struct Time {
int h, m, s;

s

DPoan ma cua sé khong bién dich dwoc:
Time t;
t.hour = 5;

Chwong 5: Lép va déi twong © 2005 - HMS [ &



class Time {

ini Eiﬂ?’ ;; S;St Bién thanh vién
int sec; // giay (member variable)
public:
Time() {hour=min=sec=0;}
Ham tao (constructor)

¥oid setTime(int h, int m, int s) \

hour = h;

min = sec = 0;

addSec(s);

addMin(m) ;
} >_

{ return hour;
{ return min;
{ return sec;

int getHour ()
int getMin()
int getSec()

void addHour(int h)

Chwong 5: Lép va dbi twong

}
}
}

{ hour += h;

Ham thanh vién
(member functions)

}
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void addMin(int m) { void main()

min += m;
if (min > 59) { {
hour += min/60; Time t;
, == 60; t.addHour (1) ;
else if (min < 0) { t.addMin(60) ;
hqur += (min/60 - 1); t.addMin(-5);
} min = (min % 60) + 60; t.addSec (25)
} t.hour = 1; // error
t.min = 65; // error
sec += s- t.sec = -3; // error
if (sec > 59) { t.setTime(1, 65, -3);
addMin(sec/60) ; : _ :
seC %= 60 %nt h t.getH?ur(),
} int m = t.getMin();
else if (sec < 0) { int s = t.getSec();
addMin(sec/60 - 1);
sec = (sec % 60) + 60; }
}
}

s
Chwong 5: Lép va déi twong © 2005 - HMS
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= Khai bao bién thanh vién cia mot 16p tuong ty nhu cau truc
class Time {
int hour, min, sec;

}s
= Mac dinh, cac bién thanh vién ctia mot 16p khéng truy nhap
duoc tix bén ngoai (bién riéng), duong nhién cing khong khai
tao duoc theo cach c6 dién:
Time t = {1, 0, 0}; /| error!
t.hour = 2; /| error!
= (Co6 thé lam cho mot bién thanh vién truy nhap duoc tit bén
ngoai (bién cong cong), tuy nhién it khi c6 ly do can lam nhu thé:
class Point {
public:
int x,Vy;

s
Chwong 5: Lép va déi twong © 2005 - HMS



= Kiém soat viéc truy nhap cdc bién riéng thong qua ciac ham
thanh vién
= Cach duy nhat dé khai tao gia tri cho cac bién thanh vién 1a st
dung ham tao:
class Time {

public:

Time() {hour=min=sec=0;}
¥
Time t; // t.hour = t.min = t.sec = 0;

= Mot s6 bién thanh vién c6 vai tro luu trit trang thai bén trong
cua do6i tuong, khong nén cho truy nhap tit bén ngoai (ngay ca
gian tiép qua cac ham)

class PID {
double Kp, Ti, Td; // controller parameters
double I; // internal state

}s

Chwong 5: Lép va déi twong © 2005 - HMS
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Dinh nghia cau tric & ham Dinh nghia lop
struct Time { class Time {
int hour, min, sec int hour,min,sec;
b | |
void addHour , int h) { void addHour(int h) {
<:>hour += h; hour += h;
} }
}s
Goi ham véi bién cau truc Goi ham thanh vién caa DT
Time t; Time t;
addHour (t,5); t.addHour (5);

Q )
O day c6 su khac nhau vé cach viét,
nhung chwa cé sy khac nhau co ban

Chwong 5: Lép va déi twong © 2005 - HMS
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» Thoéng thuong, 16p cung cac ham thanh vién dwoc khai bao

trong tép tin dau (*.h). Vi du trong tép c6 tén “mytime.h”:
class Time {

int hour,min,sec;
public:

void addHour(int h);

void addMin(int m);

void addSec(int s);

};

= Cac ham thuong dugc dinh nghia trong tép tin nguon (*.cpp):

#include “mytime.h”

void Time::addHour(int h) {
hour += h;

}
Chwong 5: Lép va dbi twong © 2005 - HMS



= (C6 thé dinh nghia mot ham thanh vién trong tép tin dau duéi dang
moOt ham inline (chi nén ap dung v6i ham don gian), vi du:
inline void Time::addHour(int h) { hour += h;}

= Mot ham thanh vién cting c¢6 thé duoc dinh nghia trong phan khai
bao lé6p => mac dinh tré thanh ham inline, vi du
class Time {
int hour,min,sec;
public:
void addHour(int h) { hour += h; }
}s
= Khi dinh nghia ham thanh vién, c6 thé st dung cac bién thanh
vién va goi ham thanh vién khac ma khéng can (tham chi khong
thé duoc) dua tén bién do6i tuong, vi du:
void Time::addSec(int s) {

addMin(sec/60) ;

}

Chwong 5: Lép va déi twong © 2005 - HMS
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class Time {
int hour,min,sec;
public:
Time() { hour=min=sec=0; }
void addHour(int h) {
this->hour += h; /| con tré this chinh la dia chi caa
} /| @6i tuong g8i ham thanh vién

};...

void main() {

Time t1,t2; // Tw dong goi ham tao Time () otl va t2
t1.addHour (5); // Co6thé hiéunhula addHour (&t1,5);
t2 = t1; /] OK

t2.addHour (5); /| C6 thé hieu nhwla addHour (&t2,5);

Chwong 5: Lép va déi twong © 2005 - HMS
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= public: Cac thanh vién cong cong, c¢6 thé st dung duoc tit bén
ngoai
= private: Cac thanh vién riéng, khong thé truy nhap duoc tix bén
ngoai, ngay ca trong lép dan xuat (sé de cap sau)
class Time {
private:
int hour,min,sec;

};

= Mac dinh, khi da khai bao class thi cac thanh vién la private.

= protected: Cac thanh vién duoc bao vé, khong thé truy nhap
duoc tir bén ngoai, nhung truy nhap duoc cac 16p dan xuéat (sé dé
cap sau)

Chwong 5: Lép va déi twong © 2005 - HMS



9.6 Con tro déi twong

#include "mytime.h"
void main() {

Time t; /]
t.addHour (5);

Time *pt = &t; [/
pt->addSec(70);

pt = new Time; [/

pt->addMin(25) ;

delete pt;

pt = new Time[5]; //

for (int 1=0; 1 < 5;
pt[i].addSec(10);

delete [] pt;

Chwong 5: Lép va dbi twong

call constructor Time()
pt 1s identical to this pointer

call constructor Time()

call constructor 5 times
++ 1)

© 2005 - HMS
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= Dua trén cau tric Vector va cac ham lién quan da thuc hién
trong chuong 4, hay xay dung lop d6i tuong Vector véi cac ham
thanh vién can thiét.

Chwong 5: Lép va déi twong © 2005 - HMS
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6.1 Tao va huy doi tuong

6.2 Xay dung cac ham tao va ham huy
6.3 Nap chong toan t

6.4 Khai bao friend

6.5 Thanh vién static (tu doc)

Chwong 6: Lép va ddi twong |l © 2005 - HMS



6.1Tao va huy doi tuong
G
Co6 bao nhiéu cach dé tao/huy déi tuwong?
= Tao/huy tu dong: Dinh nghia mot bién thudoe mot 1op
— B0 nhé cua d6i tuong (chia cac dit liéu bién thanh vién) duoc tu
dong cap phat giong nhu véi mot bién thong thuong
— B0 nhé caa d6i tuong duoc giai phong khi ra khéi pham vi dinh
nghia

class X {
int a, b;

};...
void f( X x1) {

if (..) {

. Doi tugng duogc tao ra trong ngan xép
X X2; <

‘. _— Thoi diém bo nhé cho x2 duoc giai phéng
} Thoi diém bo nhé cho x1 duoc giai phéong

X Xj «——— DPsi tuong duoc tao ra trong viung di liéu chuong trinh

Chwong 6: Lép va ddi twong |l © 2005 - HMS



= Tao/hty d6i tuong dong bang toan tix new va delete:

X* pX = 0;
void f(...) {
if (..) { Doi tuong duoc tao ra
pX = new X; *

trong vung nh¢ tu do

}
void g(...) {

if (pX 1= 0) { B0 nhé cuia d6i twong trong
delete pX; ~ heap dugc giai phong
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Van dé 1: Khoi tao trang thai déi tuvong

= Sau khi duoc tao ra, trang thai ctia doi tuong (bao gom dit liéu
bén trong va cac méi quan hé) thuong la bat dinh => st dung
kém an toan, kém tin cay, kém thuéan tién

X X; /] x.a =7, Xx.b =72

X *px = new X; /] px->a = ?, px->b = ?;
class Vector { int n; double *data; ... };
Vector v, // v.n = 7?7, v.data = ?

= Lam sao dé ngay sau khi dugc tao ra, déi tuong c6 trang thai
ban dau theo y muén ctia chuong trinh?
X x = {1, 2}; // Error! cannot access private members
= Lam sao dé tao mot d6i tuong 1a ban sao ciia mot d6i tuong cé
kiéu khac?
class Y { int ¢, d; };
Yy =x; [/ Error, X and Y are not the same type,
// they are not compatible

Chwong 6: Lép va ddi twong |l © 2005 - HMS
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=  Poi voi cac d6i tuong st dung bo nhé dong, viée cap phat va giai
phong bo nhé dong nén thuc hién nhw thé nao cho an toan?
class Vector {

int nelem;
double *data;
public:
void create(int n) { data = new double[nelem=n];}
void destroy() { delete[] data; nlem = 0; }

void putElem(int i, double d) { data[i] = d; }
};

Vector vi1, v2;
vi.create(5);
/| forget to call create for v2

v2.putElem(1,2.5); // BIG problem!
// forget to call destroy for vi, also a BIG problem

= Vin de tuong tu xay ra khi stt dung tép tin, cong truyén thong,
va cac tai nguyén khac trong may tinh
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= Mot ham tao luén duoc tu dong goi moi khi doi twong duoc tao,
ham huy luén duwoc goi moi khi doi twong bi huy:
class X { int a,b;
public:
X() {a=Db=0; } // constructor (1)
X(int s, int t) { a = s; b = t;} // constructor (2)
~X() {} // destructor

if (..) { sO (ham tao mac dinh)
X x2(1,2); +——— Goi ham tao (2)
X x3(x2);
Goi ham
hiy cho x1 S Goi ham huy
\} cho x2, x3 Goi ham tao ban sao

X *px1 = new X(1,2), *px2 = new X;
delete px1; delete px2;

~—

Goi ham huy cho *px1 va *px2
Chwong 6: Lép va ddi twong |l © 2005 - HMS
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= Ham tao la co hoi dé khoi tao va cdp phat tai nguyén
= Ham huy 1a co hoi dé giai phéong tai nguyén da cap phat
= Mot 16p c6 thé c6 nhiéu ham tao (khac nhau & s6 luong cac
tham s6 hoéc kiéu cac tham so)
= Mac dinh, compiler tu dong sinh ra mot ham tao khong
tham s0 va mét ham tao ban sao
— Thong thuong, ma thuce thi ham tao mac dinh do compiler sinh
ra la rong
— Thong thuong, ma thuce thi ham tao ban sao do compiler sinh
ra sao chép di liéu caa do6i tuong theo tung bit
— Khi xay dung mot 16p, néu can cé thé bo sung cdc ham tao méc
dinh, ham tao ban sao va cac ham tao khéc theo y muén
= Moi 16p ¢6 chinh xdc mot ham hay, néu ham huy khong
duogc dinh nghia thi compiler sé tu sinh ra moét ham huy:
— Thong thuong, ma ham huy do compiler tao ra la rong
— Khi can c¢6 thé dinh nghia ham huy dé thuc thi méa theo y muén

Chwong 6: Lép va ddi twong |l © 2005 - HMS [ &



Vi du: Lép Time cai tién

class Time {
int hour, min, sec;
public:
Time() : hour(0), min(0), sec(0) {}
Time(int h, int m=0, int s=0) { setTime(h,m,s); }
Time(const Time& t)
hour(t.hour),min(t.min),sec(t.sec) {}

.

void main()
Time t1;
Time t2(1
Time t3(1
Time t4(1
Time t5(t
Time t6=t2
Time* pt1

{ (@ )
Ham tao ban sao va
ham huty thuc ra
khong can dinh

a nghia cho 16p nay!

~—- 000 —+0

delete pti;
}
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= Yéu cau tir nguoi stt dung:
— Khai bao don gian nhu vdéi cac kiéu co ban

— An toan, nguoi st dung khong phai goi cac ham cap phat va giai

phoéng b6 nhé
* Vidu ma st dung:
Vector vi; // vl has 0 elements

Vector v2(5,0); // v2 has 5 elements init. with O

Vector v3=v2; // v3 1s a copy of v2
Vector v4(v3); // the same as above
Vector f(Vector b) {

double a[] = {1, 2, 3, 4};

Vector v(4, a);

return v,
}

// Do not care about memory management

Chwong 6: Lép va dbi twong |
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class Vector {

int nelem;
double* data;
public:
Vector() : nelem(0), data(0) {} - )

Vector(int n, double d =0.0);
Vector(int n, double *array),;

Cac ham thanh vién
const khong cho phép

Vector(const Vector&); thay do6i bién thanh
~Vector(); vién cua d6i tuong!

int size() const { return ng;gm;,&——C§ )

double getElem(int i) const { return data[i];}

void putElem(int i, double d) { data[i] = d; }
private:

void create(int n) { data = new double[nelem=n]; }

void destroy() { if (data != 0) delete [] data; }

s
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Ham huy: don dep, giai phong tal nguyen
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Vector::Vector(int n, double d) {

create(n);
while (n-- > 0)
data[n] = d;
}
Vector::Vector(int n, double* p) {
create(n);

while (n-- > 0)
data[n] = p[n];

}

Vector::~Vector() {
destroy();

}
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= Ham tao ban sao duwoc goi khi sao chép d6i tuong:
— Khi khai béao céc bién x2 - x4 nhu sau:

X x1;
X x2(x1);
X x3 = x1;

X x4 = X(x1);
— Khi truyén tham s6 qua gia tri cho mot ham, hoéc khi mot ham tra
vé mot doi tuong
void f(X x) { ... }
X g(..) {
X x1;
f(x1);

return xi;

}
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class X {
int a, b;
public: (1) Tr\uyén tham s6 qua gia tri
X() : a(0), b(0) {} yéu cau sao chép x1 sang x!!!
X(X X); [ (1) ) (2) Nhu (1)
X(const X x); [/ (2) 2
X(X& X) ; Il (3) . (3) Khong sao chép tham so,
X(const X& x); // (4) nhung x c6 thé bi vo tinh thay
. doi trong ham
}s y
. . (4) Khong sao chép tham so, an
Vo)td T?ln 01 toan cho ban chinh => cu phap
X1 chuan!
X x2(x1);
}
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= Khinao ham tao ban sao méic dinh khong dap ung duoc yéu cau.

* Viduy, néu ham tao ban sao khong dugc dinh nghia, ma do

compiler tu dong tao ra cho 16p Vector sé c6 dang:

Vector::Vector(const Vector& b)

nelem(b.nelem), data(b.data) {}
= Van de: Sao chép con tré thuan tuy, hai d6i tuong cung st dung

chung bd nhé phan t
Vector a(5);
Vector b(a);

a.nelem : 5

a.data\

b.nelem : 5
b./data

N—

0

0

0

010

= Truong hop nay, phai dinh nghia lai nhu sau:

Vector::Vector(const Vector& a) {

create(a.nelem);

for (i1nt 1=0; 1 < nelem; ++1i)

data[i] = a.data[i];

}
Chwong 6: Lép va dbi twong |
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Nhiéu ham tao nhung chi ¢6 mot ham hay => ham huy phai
nhat quan véi tat ca ham tao
— Trong vi du 16p Vector, c6 ham tao cap phat bo nhé, nhung ham tao
méc dinh thi khong => ham hay can phan biét ré cac truomg hop

= Khinao ham tao cé cap phat chiém dung tai nguyén thi cing
can dinh nghia lai ham huy

= Trong mot 16p ma cé dinh nghia ham hay thi gan nhu chéic chin
cing phai dinh nghia ham tao ban sao (néu nhu cho phép sao
chép)

= Mot 16p c6 thé cAm sao chép bang cach khai bao ham tao ban
sao trong phan private, vi du:

class Y { int a, b; Y(const&);

A &
void main() { Y yi;
Y y2=y1, /] error!
}
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= Mot trong nhtmg k¥ thuéat lap trinh hay nhat caa C++
= Cho phép ap dung cac phép toan vaéi s6 phic hodc véi vector st
dung toan t +, -, *, / tuong tu nhw véi cac sé6 thue. Vi du:
class Complex {
double re, im;
public:
Complex(double r = 0, double i =0): re(r),im(1) {}

};

Complex z1(1,1), z2(2,2);
Complex z = z1 + z2; [ 2?7

= Ban chat ctia van dé? Dong ma cubi cung thuc ra cé thé viét:
Complex z = z1.operator+(z2);

Ham toan t c6 thé thuc
hoac hién 14 ham thanh vién

Complex z = operator+(z1,z2); hodc ham phi thanh vién
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class Complex {
double re, im;
public:
Complex(double r = 0, double 1 =0): re(r),im(1i) {}
double real() const { return re; }
double imag() const { return im; }
Complex operator+(const Complex& b) const {
Complex z(re+b.re, im+b.im);
return z;
}
Complex operator-(const Complex& b) const {
return Complex(re-b.re,im-b.im);
}
Complex operator*(const Complex&) const;
Complex operator/(const Complex&) const;
Complex& operator +=(const Complex&);
Complex& operator -=(const Complex&);

s
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#include “mycomplex.h”

Complex Complex::operator*(const Complex& b) const {
...// left for exercise!

}

Complex Complex::operator/(const Complex& b) const {
...// left for exercise!

}

Complex& Complex::operator +=(const Complex& b) {
re += b.re; im += b.1im;
return *this;

}
Complex& operator -=(const Complex&) { ... }

bool operator==(const Complex& a, const Complex& b) {
return a.real() == b.real() && a.imag() == b.imag();
}
void main() {
Complex a(1,1), b(1,2);
Complex ¢ = atb;
a=c¢+=b; // a.operator=(c.operator+=(g));

if (c==a) { ...} - ~
} return ?
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= Hau hét cac toan tit c6 trong C++, vi du
--4 - * / % += -=
1 & &= | |=

> < >= <=

— Cac toan t s6 hoc:

— Cac toan ttr logic, logic bit:
— Cac toan t so sanh:

— Cac toan t thao tac bit:

— Cac toan t khac:

++
&&

<<

[]

>> >>= <<=

()

-> %

= Chi ¢6 4 toan tr khong nap chong duoc:
— Toan ti truy nhap pham vi (ddu hai cham dup)

J

— Toéan tt truy nhap thanh vién cau truc (dau cham)

— Toan tix goi ham thanh vién qua con tré

— Toan tu diéu kién

Chwong 6: Lép va dbi twong |
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C6 thé thay doi ngtt nghia ctia mot toan ti cho cac kiéu mai,
nhung khong thay d6i duogc cu phap (vi du s6 ngoi, trinh ty vu
tién thuc hién,...)
= Trong mot phép toan dinh nghia lai, phai ¢6 it nhat mot toan
hang ¢6 kiéu méi (struct, union hoac class) => khong dinh nghia
lai cho cac kiéu di liéu co ban va kiéu dan xuét truc tiép duoc!
— Vi du khong thé dinh nghia lai toan t& ~ la phép tinh liy thua cho
cac kiéu s6 hoc co ban (int, float, double,...)
= Chi nap chong duoc c4ac toan tix c6 san, khong dwa thém duoc
cac toan t moi
— Vi du khong thé bo sung ky hiéu toan tk ** cho phép toan lay thua
= Nap chong toan t& thuc chat 1a nap chong tén ham => can luu y
cac qui dinh vé nap chong tén ham
= DPa s6 ham todn t ¢6 thé nap chong hoac duéi dang ham
thanh vién, hoac dudi dang ham phi thanh vién
= Mot s6 toan ti chi co thé nap chong biang ham thanh vién
= Mot s6 toan tit chi nén nap chong bang ham phi thanh vién
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= Yéu cau: truy nhap céac phan t& ciia mot doi tuong thudoc 16p
Vector véi toan ti [] giong nhu do6i véi moét mang
Vector v(5,1.0);
double d = v[0]; // double d = v.operator[](0);
vi1] = d + 2.0; // v.operator[](1) =d + 2.0;
const Vector vc(5,1.0);
d = vc[1]; // d = operator[](1);

» Giai phap
class Vector {

public:

double operator[](int i) const { return data[i]; }
double& operator[](int 1) { return data[i]; }
}s
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= Giong nhu ham tao ban sao, ham toan t gan duoc compiler tu
dong bo sung vao moéi 16p d6i tuwong => ma ham thuc hién gan
timg bit di liéu
= Cu phap chuan cia ham toan t& gan cho mot lop X tuong tu cu
phéap cac phép tinh va gan:
X& operator=(const X&);

= Khinao can dinh nghia lai ham tao ban sao thi cting can (va
cting méi nén) dinh nghia lai ham toan tx gan

* Vidu, néu ham toan t gan khong duoc dinh nghia, ma do
compiler tu dong tao ra cho lép Vector sé c6 dang:

Vector& Vector::operator=(const Vector& b) {
nelem = b.nelem;
data = b.data
return *this;

}
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= Van dé tuong tu nhu ham tao ban sao méc dinh, tham chi con
toi té hon

Vector a(5), b(3), c;
b = a;
C = a;
} // calling destructor for a, b and c¢ causes

// 3 times calling of delete[] operator for the
// same memory space

a.nelem : 5 b.nelem : 5 c.nelem : 5
a.daj:a b.dailsa c.data
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Vector& Vector::operator=(const Vector& b) {

1f (nelem != b.nelem) {
destroy();
create(b.nelem);

}

for (int i=0; i < nelem; ++i)
data[i] = b.data[1i];
return *this;

}
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6.4 Khai bao friend

= Vin de: Mot s6 ham phi thanh vién thue hién bén ngoai, hodc
ham thanh vién ciia mot 16p khac khong truy nhap dwoc truc
ti€p vao bién riéng ctia mot déi tuong => thuc thi kém hiéu qua
= (Giai phap: Cho phép mot 16p khai bao friend, c6 thé 14 mot ham
phi thanh vién, m6t ham thanh vién ciia mot 16p khac, hoéac ca
mot 16p khac
= Vidu
class Complex {
friend bool operator==(const Complex&,const Complex&);
friend class ComplexVector;
friend ComplexVector Matrix::eigenvalues();

}

bool operator==(const Complex& a, const Complex& b) {
return a.re == b.re && a.im == b.im;

}
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= Hoan chinh 16p Vector v6i nhting phép toan cong, trir, nhan/chia
v6i s6 vo huéng, nhan vé huéng va so sanh bang nhau

»= Dua trén cau truc List va cac ham lién quan da thuc hién trong
chuong 4, hay xay dung l6p d6i tuong List véi cac ham thanh
vién can thiét.
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Noi dung chuong 7

7.1 Quan hé l6p

7.2  Dan xuat va thua ké

7.3 Ham ao va nguyén ly da hinh/da xa
7.4  Vidu thu vién khoi chtic nang
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1.1Phan loai quan he lop

= Vi du minh hoa: Cac 16p biéu dién cac hinh vé trong mot chuong
trinh do hoa
— Rectangle
— Ellipse -
— Circle /
— Line ©
— Polygon
— Polyline /\O
— Textbox

Textbox

— Square
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Quan hé dan xuat

\

= | Shape
Line ShapeGroup J
Polygon P
¢ Polyline
Ellipse |o
T X
Circle ]\
\ Point

Rectangl
ectang eq \\

Textbox

|

Quan hé chia

Chwong 7: Quan hé I6p
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Class relationship

/\

Generalization

Chwong 7: Quan hé I6p

Association

Dependency

-

Aggregation

A

Composition
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* Vidu xay dung cac l6p: Rectangle, Square va Textbox (st

dung 16p Point) U559 G
Rectangle ~— _

LineSize : int R _ Point
LineColor : Color 1 5 X: int
FillColor : Color Y :int
draw() move(in dx : int, in dy : int)
move(in dx : int, in dy : int) operator*=(in r : int)
resize(inrx : int, in ry : int)
area() : double L )

A — | Lop dan xuat

/ //

Square Textbox

resize(inrx :int)| |[Text: string
Align : AlignType
idraw()
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Thue hien trong G++: Lop Point

class Point

{
int X,Y;
public:
Point() : X(0), Y(0) {}
Point(int x, int y): X(x), Y(y) {}
int x() const { return X; }
int y() const { return Y; }
void move(int dx, int dy) {
X += dx;
Y += dy;
}
void operator*=(int r) {
X *=r,;
Y *= r;
}
i

Point operator-(const Point& P1, const Point& P2) {
return Point(P2.x()-P1.x(),P2.y()-P1.y());

}
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Thue hien trong G++: Lop Rectangle

#include <iostream>
#include <string>
#include "Point.h"
typedef int Color;
class Rectangle
{
Point TL, BR;
Color LineColor, FillColor;
int LineSize;
public:
Point getTL() const { return TL; }
Point getBR() const { return BR; }
void setTL(const Point& tl1l) { TL = tl1; }
void setBR(const Point& br) { BR = br; }
Color getLineColor() const { return LineColor; }
void setLineColor(Color c) { LineColor = c; }
int getLineSize() const { return LineSize; }
void setLineSize(int s) { LineSize = s; }
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Rectangle(int x1=0, int x2=10, int y1=10, int y2=10)
: TL(x1,y1), BR(x2,y2), LineColor(256),FillColor(0) {}

Point& tl, const Point& br, Color 1lc, Color fc)
: TL(tl), BR(br), LineColor(lc), FillColor(fc) {}
void draw() {
std::cout << "\nRectangle:\t[" << TL << BR << ']';
}
void move(int dx, int dy) {
TL.move(dx,dy);
BR.move (dx,dy) ;
draw() ;

}

void resize(int rx, int ry) {
TL *= rx;
BR *= ry,;
draw();

}

double area() const {
Point d = BR - TL;
int a = d.x()*d.y();
return a >0 ? a : - a;

}i
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Thue hien trong G++: Lop Square

#include "Rectangle.h"
class Square : public Rectangle

{
public:

Square(int x1=1, int y1=0, int a=10)
: Rectangle(x1,y1,x1+a,y1+a) {}

void resize(int r) {
Rectangle::resize(r,r);
}
}i
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Thuc hien trong G++: Lop Texthox

#include "Rectangle.h"
enum AlignType { Left, Right, Center},
class TextBox : public Rectangle
{
std::string Text;
AlignType Align;
public:
TextBox(const string& text = "Text")
: Text(text), Align (Left) {}

TextBox(const Point& tl, const Point& br, Color 1lc, Color fc,
const string& text):

Rectangle(tl,br,1c,fc), Text(text), Align(Left) {}

void draw() {
Rectangle::draw();
std: :cout << Text << '\n';
}
}i
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#include
#include
#include
#include

"Rectangle.h”
"Square.h"

"TextBox.h"

<conio.h>

void main ()

{

Rectangle rect(0,0,50,100);

Square square(0,0,50);

TextBox text("Hello");

std::cout << "\t Rect area: " << rect.area();
square.draw() ;

std::cout << "\t Square area: " << square.area();
text.draw();

std::cout << "\t Textbox area: " << text.area();
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getch();

std::cout << "\n\nNow they are moved...";
rect.move(10,20);

square.move(10,20);

text.move(10,20);

getch();

std::cout << "\n\nNow they are resized..."
rect.resize(2,2),;

square.resize(2);

text.resize(2,2);

getch();

cv C:\docs\lectures\Programming \Sar

Rectangle:

Rectangle: >¢10.,18) JHello Texthox

Now they are moved...

Rectangle: [{18.20><{60,128) ]
Rectangle: [{168,28><{68,78> 1]
Rectangle: [{10,28><(268,.38>1]

Now they are resized...

Rectangle: [{20.48><128,248> 1]
Rectangle: [(20,.408><128,148)> 1
Rectangle: [{20.48><40.,.60>1_

[{8.8><(508,188>]1 Rect area: 18060
Rectangle: E(g,E}CEB,EB}] Square area: 25608
(8.0

area:

)
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Truy nhap thanh vien

= Cac ham thanh vién cta 16p dan xuét c6 thé truy nhap thanh
vién "protected" dinh nghia & 16p co sd, nhung ciing khong thé
truy nhap cac thanh vién "private" dinh nghia & 16p co sé&
Phan vi du:

Rectangle rect(0,0,50,100);
Square square(0,0,50);
square.TL = 10;

» Ldp dan xuéat duoc "thita ké" cau truc dit liéu va cac phép toan
da duoc dinh nghia trong 16p co sé, nhung khong nhat thiét cé
quyén st dung truc tiép, ma phai qua cac phép toan (cac ham
cong cong hoac ham public)

= Quyén truy nhap cua cic thanh vién "public" va "protected” &
16p dan xuat duoc gitt nguyén trong lop co s&
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= Trong qua trinh lién két, 16i goi cac ham va ham thanh vién
thong thuong duogc chuyén thanh cac 1énh nhay téi dia chi cu
thé ctia mé thuc hién ham => "lién két tinh"

= Van de thuc té:

— Cac d6i tuong da dang, méc du giao dién giong nhau (phép toan
giong nhau), nhung cach thuc hién khac nhau => thuc thi nhu thé
nao?

— Mot chuong trinh ing dung chia nhiéu kiéu d6i tuong (d6i tuong
thuoc cac 16p khac nhau, c6 thé c6 cung kiéu co s¢) => quan ly cac
doi tuong nhu thé nao, trong mot danh sach hay nhiéu danh sach
khac nhau?
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= Xem lai chuong trinh truée, ham Rectangle::draw déu in ra tén
"Rectangle" => chua hop 1y nén can duoc dinh nghia lai ¢ cac 16p
dan xuat

std::cout << "\nSquare:\t[" << getTL() << getBR() << ']';
}

void TextBox::draw() {
std::cout << "\nTextbox:\t[" << getTL() << getBR() << ' '
<< Text << '1';
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GChuong trinh minh hoa 1

void main()

{
Rectangle rect(0,0,50,100);
Square square(0,0,50);
TextBox text("Hello");

rect.draw();
square.draw();
text.draw();

getch(); std::cout << "\n\nNow they are moved...";
rect.move(10,20);

square.move(10,20);

text.move(10,20);

getch(); std::cout << "\n\nNow they are resized...";
rect.resize(2,2);

square.resize(2);

text.resize(2,2);

getch();
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Rectangle: [(
Square: [ (
Textbox: [ (

0,0)(50,100)]
0,0)(5O 50)]
0,0)(10,10) Hello]
Now they are moved...

Rectanqgle: [(10,20) (60,120) ]

Rectangle: [ (10,20) (60,70) ]
Rectangle: [ (10,20) (20,30) ]

Now they are resized...

Rectangle: [ (20,40) (120,240) ]
Rectangle: £(20,40) (120,140) ]
Rectangle: [ (20,40) (40,60) ]

Goi ham draw() ctia Rectangle!
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Chuong trinh minh hoa 2

void main()

{ Quan ly cac doi tuong
const N =3; chung trong mot danh sach
Rectangle rect(0,0,50,100); nho co ché dan xuat!

Square square(0,0,50);
TextBox text("Hello");
Rectangle* shapes[N] = {&rect, &square, &text};

for (int 1 = 0; i < N; ++1)
shapes[i]->draw();
getch();
}

~” 2 ” - - - a 2 ” 4 ~n”
|
T k | ﬂ -

Rectangle: [ (0,0)(50,100) ]
Rectangle: [ (0,0)(50,50)]
[(O 0)(10,10)]

Rectangle:
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class Rectangle {
public:
virtual void draw();

}
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Rectangle: [ (0,0)(50,100) ]
Square: [ (0,0)(50,50)]
Textbox: [ (0,0)(10,10) Hello]

Chuong trinh 1 FRGEVEERCRUNZ: B
Rectangle: [(10,20) (60,120) ]

Square: [(10,20) (60,70)]
Textbox: [ (10,20) (20,30) Hello]

Now they are resized...

Rectangle: [ (20,40) (120,240) ]
Square: [ (20,40) (120,140) ]
Textbox: [ (20,40) (40,60) Hello]

Rectangle: ) (50,100) ]
Chuong trinh 2 ELTEIRCE ) (50,50) ]
Textbox: ) (10,10) Hello]
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= Bai toan:

— Xay dung mot thu vién cac khoi chic néang phuc vu tinh toan va

mo phéng twong tu trong SIMULINK

— Viét chuong trinh minh hoa st dung don gian

= Vidu mot so do khoi

O ——1{ Sum

» StaticGain

Limiter

"Integrator

Chwong 7: Quan hé I6p
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StaticGain

-K : double

FunctionBlock
+inout(in i1 : double, in i2 : double) : double
N
Integrator
-Inc : double

+inout(in i1 : double, in : double) : double

+inout(in i1 : double, in : double) : double

Sum

Limiter

-HI : double

-LO : double

+inout(in i1 : double, in i2 : double) : double

Chwong 7: Quan hé I6p

+inout(in i1 : double, in : double) : double
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8.1 Datvan de

8.2  Gidi thiéu vi du chuong trinh mo6 phong
8.3 Tuduy "rat" co dién

8.4 Tuduy huéng ham

8.5  Tu duy dua trén doi tuong (object-based)
8.6 Tu duy thuc sw huéng doi tuong

Chwong 8: Tién t&i tw duy hwéng dbi twong © 2005 - HMS
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,2Designing object-oriented software is hard, and designing reusable
object-oriented software is even harder...It takes a long time for
novices to learn what object-oriented design is all about. Exprienced
designers evidently know something inexperienced ones don't...

One thing expert designers know not to do is solve every problem from
first principles. Rather, they reuse solutions that have worked for
them in the past. When they find a good solution, they use it again
and again. Such experience is part of what makes them experts.
Consequently, you'll find recurring patterns of classes and
communicating objects in many object-oriented systems. These
patterns solve specific design problems and make object-oriented
design more flexible, elegant, and ultimately reusable...”

Erich Gamma et. al.: Design Patterns: Elements of Reusable Object-
Oriented Software, Addison-Wesley, 1995.
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1(t) —— Sum

» StaticGain

Limiter

1Integrator

Scope

Nhiém vu:

Xay dung phan mém dé ho tro mo phong thoi gian thye mot
cach linh hoat, mém déo, dap ung duoc cac yéu cau cua tung
bai toan cu thé

Trudc mat chua can hd tro tao ing dung kiéu kéo tha bang

cong cu do hoa

Chwong 8: Tién t&i tw duy hwéng dbi twong
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// SimProgi.cpp
#include <iostream.h>
#include <conio.h>
#include <windows.h>
void main() {
double K =1,I=0, T1i = 5
double Hi = 10, Lo = -1
double Ts = 0.5;
double r =1, y=0, e, u, ub;
cout << "u\ty";
while (!kbhit()) {

3
0;

e = r-y; // Sum block

u = K*e; // Static Gain

ub = max(min(u,Hi),Lo); // Limiter

I += ub*Ts/T1,; // Integrator state
y = 1; // Integrator output

cout << '\n' << u << "\t' << y;
cout.flush();
Sleep(long(Ts*1000));
}
}
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= Phan mém duéi dang chuong trinh, khong c¢6 gia tri
st dung lai

= Rat kho thay d6i hodc mé rong theo yéu cau cu thé
cua tung bai toan

* Toan bd thuat toan duoc géi trong mot chwong trinh
=> kho theo doi, dé gay 16i, khong bao vé duoc chat
xam

Chuwong 8: Tién t&i tw duy hwdng déi twong © 2005 - HMS 6 J



8.4 Tu duy hwong ham

// SimProg2.cpp
#include <iostream.h>
#include <conio.h>
#include <windows.h>
#include "SimFun.h"
void main() {

double K = 5.0, double Ti = 5.0;
double Hi = 10, Lo = -10;
double Ts = 0.5;

double r =1, y=0, e, u, ub;
cout << "u\ty";
while (!kbhit()) {

e = sum(r,-y); // Sum block

u = gain(K,e); // Static Gain

ub= limit(Hi,Lo,u); // Limiter

y = integrate(Ti,Ts,ub); // Integrator output

cout << '\n' << u << "\t' << y;
cout.flush();
Sleep(long(Ts*1000));

}
C}hucrng 8: Tién t&i tw duy hwdng dbi twong © 2005 - HMS




// SimFun.h

inline double sum(double x1, double x2) { return x1 + x2; }
inline double gain(double K, double x) { return K * x; }
double limit(double Hi, double Lo, double x);

double integrate(double Ti, double Ts, double Xx);

// SimFun.cpp

double limit(double Hi, double Lo, double x) {
if (x > Hi) x = Hi;
if (x < Lo) x = Lo;
return Xx,;

}

double integrate(double Ti, double Ts, double x) {
static double I = O;
I += x*Ts/T1i,;
return I,

Chuwong 8: Tién t&i tw duy hwdng déi twong © 2005 - HMS [ &
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= Van chua du tinh linh hoat, mém déo can thiét

= Thay d6i, mé rong chuong trinh moé phong rat kho
khan

= Cac khau c6 trang thai nhu khau tich phan, khau tré
kho thue hién mot cach "sach sé" (trang thai luu tri
duwéi dang nao?)

= R4t kho phat trién thanh phan mém c6 ho trg do hoa
kiéu kéo tha

Chuwong 8: Tién t&i tw duy hwdng déi twong © 2005 - HMS 9 J



8.9 Tu duydua déi tuong

// SimClass.h
class Sum {
public:
double operator() (double x1, double x2) {
return x1 + x2;

}
¥
class Gain {
double K;
public:
Gain(double k = 1) : K(k) {}
double operator() (double x){ return K * x; }
¥

class Limiter {
double Hi, Lo;
public:
Limiter(double h=10.0, double 1= -10.0);
double operator() (double x);
}s
Chuwong 8: Tién t&i tw duy hwdng déi twong © 2005 - HMS



class Integrator {
double Ki, Ts;
double I;
public:
Integrator(double ti = 1.0, double ts = 0.5);
double operator() (double x);

};

class Delay {
double* bufPtr;

int bufSize;
double Td, Ts;
public:

Delay(double td = 0, double ts = 1);

Delay(const Delay&);

Delay& operator=(Delay&);

~Delay () ;

double operator() (double x);
private:

void createBuffer(int sz);

b
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#include <math.h>
#include "SimClass.h"

Limiter::Limiter(double h, double 1) : Hi(h), Lo(l) {
if (H1 < Lo) Hi = Lo;
}

double Limiter::operator() (double x) {
if (x > Hi) x = Hi;
if (x < Lo) x = Lo;
return Xx;
}
Integrator::Integrator(double ti, double ts)
: Ts(1), Ki(1), I(0) {
if (ts > 0)
Ts = ts;
if (ti > 0)
Ki = ts/ti;
}
double Integrator::operator() (double x) {
I += Xx*Ki;
return I;

}
Chuwong 8: Tién t&i tw duy hwdng déi twong © 2005 - HMS



Delay::Delay(double td, double ts) : Td(td), Ts(ts) {
if (Td < 0) Td = 0;
if (Ts < 0) Ts = 1;
createBuffer((int)ceil(Td/Ts));
}

double Delay::operator() (double x) {
if (bufSize > 0) {
double y = bufPtr[O0];
for (int 1=0; i < bufSize-1; ++i)
bufPtr[i] = bufPtr[i+1];
bufPtr[bufSize-1] = Xx;
return vy;

}

return X;

}

void Delay::createBuffer(int sz) {
bufSize = sz;
bufPtr = new double[bufSize];
for (int 1i=0; i < bufSize; ++1i)

bufPtr[i] = 0.0;
}

Chuwong 8: Tién t&i tw duy hwong ddi twong © 2005 - HMS



// SimProg3.cpp
#include <iostream.h>
#include <conio.h>
#include <windows.h>
#include "SimClass.h"

void main() {
double Ts = 0.5;
Sum sum;
Gain gain(2.0);
Limiter limit(10,-10);
Integrator integrate(5,Ts);
Delay delay(1.0);
double r =1, y=0, e, u, ub;
cout << "u\ty";
while (!kbhit()) {

e = sum(r,-y); // Sum block

u = gain(e); // Static Gain

ub= limit(u); // Limiter

y = integrate(ub);// Integrator output
y = delay(y);

cout << '\n' << u << "\t' << y;
cout.flush();
Sleep(long(Ts*1000));

}
Chirong 8: Tién t6i tw duy hwéng déi tuong © 2005 - HMS
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= Khi s6 luong cac khoi lon 1én thi quan ly thé nao?

= Khi quan hé gitta cac khoi phite tap hon (nhiéu vao,
nhiéu ra) thi to chic quan hé gitta cac déi tuong nhu
thé nao?

= Lam thé nao dé tao va quan ly cac do6i tuong mot cach
dong (trong lic chuong trinh dang chay)?

= Lap trinh dua d6i twong méi mang lai vu diém vé
méat an toan, tin cay, nhung chua mang lai vu diém
vé tinh linh hoat can thiét cia phan mém => gia tri
st dung lai chwa cao.
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8.6 Tu duy huong doi tuong

class FB {

public:
virtual void execute() = O;

private:
virtual double* getOutputPort(int 1i=0) = O;
virtual void setInputPort(double* pFromOutputPort,

int 1=0)= 0;
friend class FBD;
};
Chiéu dit liéu
i =" T
PX _ yo B
0X2 y1 px1=&y0

Chieu lién két
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class Sum : public FB {
public:
Sum(bool plus _signi = true, bool plus sign2 = false);
void execute();
private:
bool sign[2];
double *px[2];
double vy;
double* getOutputPort(int 1i=0);
void setInputPort(double* pFromOutputPort, int i=0);
}s
Sum: :Sum(bool plus signil, bool plus _sign2): y(0) {
px[0] = px[1] = O;
sign[0] = plus_signi;
sign[1] = plus_sign2;

}

void Sum::execute() {
if (px[0] != 0) y = sign[0] ? *(px[0]) : - *(px[0]);
if (px[1] !=0) y += sign[1] ? *(px[1]) : - *(px[1]);

}

double* Sum::getOutputPort(int) {
return &y;

}

void Sum::setInputPort(double* pFromQutputPort, int 1) {
if(i < 2)

px[1] = pFromOutputPort;



class Limiter: public FB {
public:
Limiter(double h=10.0, double 1 = -10.0);
void execute();
private:
double Hi, Lo;
double *px;
double vy;
double* getOutputPort(int 1=0);
void setInputPort(double* pFromOutputPort, int i=0);
s
Limiter::Limiter(double h, double 1) : Hi(h), Lo(l), y(0), px(0) {
if (Hi < Lo) Hi = Lo; }
void Limiter::execute() {
if (px != 0) {

y = *pX;
if (y > Hi) y = Hi;
if (y < Lo) y = Lo;
}
}
double* Limiter::getOutputPort(int) {
return &y;
}

void Limiter::setInputPort(double* pFromOutputPort, int i) {
px = pFromOutputPort;

}
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#include <vector>
#include <windows.h>
class FBD : public std::vector<rFB*> {
double Ts;
bool stopped;
public:
FBD(double ts = 0.5): Ts (ts > 0? ts : 1), stopped(true) {}
void addFB(FB* p) { push_back(p); }
void connect(int i1, int i2, int oport=0, int iport = 0) {
FB *fb1= at(i1), *fb2= at(i2);
fb2->setInputPort(fb1->getOutputPort(oport),iport);
}
void start();
~FBD () ;
}s
FBD: :~FBD() {
for (int 1=0; 1 < size(); ++1)
delete at(1);
}
void FBD::start() {
while(!kbhit()) {
for (int 1=0; i < size(); ++1)
at(i)->execute();
Sleep(long(Ts*1000));
}
}
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#include <iostream>

#include "SimFB.h"

void main() {
double Ts=0.5;
FBD fbd(0.5);

fbd.addFB(new Step(1.0)); /] O
fbd.addFB(new Sum); [/ 1
fbd.addFB(new Gain(5.0)); /] 2

fbd.addFB(new Limiter(10,-10)); /] 3
fbd.addFB(new Integrator(5,Ts)); // 4
fbd.addFB(new Delay (0.0, Ts)); /] 5
fbd.addFB(new Scope(std::cout)); // 6

for(int i=0; i < fbd.size()-1; ++i)
fbd.connect(i,i+1);

fbd.connect(5,1,0,1);

fbd.connect(3,6,0,1);

std::cout << "y\tu';
fbd.start();

}
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Luyén tap lai trén may tinh cac vi du tit phan 8.3 — 8.5

Dua trén cac vi du 16p da xay dung & phan 8.6 (Limiter, Sum),

bo sung céc 16p con lai (Step, Scope, Gain, Integrator, Delay)

Chay thit lai chuong trinh & phan 8.6 sau khi da hoan thién cac
16p can thiét.

B6 sung 16p Pulse dé mo phéng tac dong ctia nhiéu qua trinh
(dang xung vuong bién d6 nhé, chu ky dat duoc). Mé rong

chuwong trinh moé phong nhu minh hoa trén hinh vé.

Pulse
Step—1 Sum — Gain Limiter piIntegrator— Delay —| Sum Scope
Chuwong 8: Tién t&i tw duy hwdng déi twong © 2005 - HMS
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9.1 Khuén mau ham
- Vai tro cia khuén mau ham
- Dinh nghia khuén mau ham
- St dung khuoén mau ham
9.2 Khuén mau lép
- Dinh nghia khuén mau 16p
- Dan xuat khuén mau 16p
- Vi du khuon mau 16p Vector

Chwong 9: Khuén mau ham va khudn mau 16p © 2005 - HMS
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= Van dé: Nhiéu ham chi khac nhau vé kiéu dt liéu tham s6 ap
dung, khong khac nhau vé thuat toan
= Vidu:
int max(int a, int b) {
return (a > b)? a : b;

}
double max(double a, double b) {

return (a > b)? a : b;

}

= (Cac vi du khac: cac ham swap, sort, find, select,...

= Ban chat cta van dé? Nam & ngon ngtt 1ap trinh con thap, chua
gan voi tu duy ctia con nguoi!

= Giai phap: Tong quat héa cac ham chi khéac nhau ve kiéu di
lieu ap dung thanh khuén mau ham.

Chwong 9: Khuén mau ham va khudn mau 16p © 2005 - HMS
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= Vi du tong quat héa ham max dé c6 thé ap dung cho nhiéu kiéu
dt liéu khac nhau:
template <typename T>
T max(T a, T b) {
return (a > b)? a :

}
= Vi du tong quat héa ham swap:
template <class.X> St dung tir khéa typename

void (X& a, X& b) {——__hotic class dé khai bdo tham
X temp = a;

s60 khuon mau
a = b;

b = temp;
}
= Mot khuon mau ham inline:
template <typename T>
inline T max(T a, T b) { return (a > b)? a : b;}

Chwong 9: Khuén mau ham va khudn mau 16p © 2005 - HMS
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* Vidu st dung khuéon mau ham max Khuon mau ham
template <class T> T max(T a, T b);“/i::;////
template <class T> void swap(T&, T&);

void main() { . - ~
int N1 = 5, N2 = 7; Ham khu6én mau

double D1 = 5.0, D2 = 7.0; M//

int N = max(N1,N2); /] max<ji int,int)
char ¢ = max('c','a'); // max< p>(char, char)
double D = max(D1,D2); // max< ble>(double, double)

swap(N1,N2) ; [/ swap<ipt>(1int&,int&)
swap(D1,D2) ; // swap<double>(double&,double&)
D = max(D1,A1); [/ error: ambiguous

N = max('c',Al); [/ error: ambiguous

D = max<double>(D1,A1);// OK: explicit qualification
N = max<int>('c',A); [/ OK: explicit qualification

}
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» Kha nang 4p dung mot khuén mau ham la vé tan, nhung khong
phai ap dung duoc cho tat ca cac d6i s6 khuon mau
Vi du: Diéu kién rang budc doi véi kiéu dit lieu c6 thé ap dung
trong khuon mau ham max la phai c6 phép so sanh 16n hon (>):
template <class T>
inline T max(T a, T b) { return (a > b)? a : b;}
=> D6i voi cac kiéu dit liéu méi, muoén ap dung duoc thi can phai
nap chong toan tr so sanh >
= Tuy nhién, kha niang ap dung duoc chua chic da c6 y nghia
» Vi du: Xac dinh chuoi ky tu ding sau trong hai chuoi cho truée
theo van ABC
char city1[] = "Ha Noi", city2[] = "Hai Phong";
char* city = max(cityl,city2); // ???
// max<char*>(char*,char?*)

Chwong 9: Khuén mau ham va khudn mau 1op © 2005 - HMS 6
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= Mot khuon mau ham cé thé duoc nap chong bang ham cung tén...

char* max(char* a, char* b) { if (strcmp(a,b))... }
void f() {
char ¢ = max('H', 'K"); // max<char>(char,char)

char city1[] = "Ha Noi", city2[] = "Hai Phong";
char* city = max(cityl1,city2); // max(char*,char¥*)

}

= .._.hoic bang mot khuén mau ham cung tén (khac s6 luong cac
tham so hoéc kiéu ctia it nhat mot tham so6), vi du:
template <class T> T max(T a, T b, T c) {...}
template <class T> T max(T* a, int n) {...}
nhung khong dugc nhu thé nay:
template <class X> X max(X a, X b) {...}
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Tham s6 khuon mau ham cé thé 1a mot kiéu co ban hodc mot
kiéu dan xudt, nhung khong thé 14 mot bién hoidc mot hang s6:
template <class T> max(T a, Tb) { ... } [/ OK

template <int N> max(int* a) { ...} [/ error

Mot khuon mau ham c6 thé ¢6 hon mot tham s6 kiéu:
template <class A, class B> void swap(A& a, B& b) {
At a;

a =Db; // valid as long as B is compatible to A
t

b =t; // valid as long as A is compatible to B
}
void () {

double a = 2.0;

int b = 3;

swap(a,b); /| swap<double,int>(double&,int&)

swap(b,a); /| swap<int,double) (int&, double&)
}

Chwong 9: Khuén mau ham va khudn mau 1op © 2005 - HMS 8



= Thong thuong, tham s6 khuéon mau xuéat hién it nhat mot lan la
kiéu hoac kidu dan xuat truc tiép cua cac tham bién:
template <class X> void f1(X a, int b) {...}
template <class X> void f2(X* b) {...}
template <class X,class Y> void f3(Y& a, X b) {...}
= Theo chuan ANSI/ISO C++, tham s6 khuon mau khong bat buoc
phai xuat hién trong danh sach tham bién, nhung can luu y khi
st dung. Vi du
#include <stdlib.h>
template <class X> X* array alloc(int nelem) {
return (X*) malloc(nelem*sizeof(X));

}

void main() {
double* p1 = array_alloc(5); [/ error!
double* p2 = array_alloc<double>(5); // OKl!
free(p2);

}
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» Khuon mau ham chi dwa ra cach thice thuce hién va st dung mot
thuat toan nao d6 mot cach tong quat

= Trong khi bién dich khuon mau ham, compiler chi kiém tra vé
cd phap, khong dich sang ma dich

= M4 ham khuon mau duogc compiler tao ra (dua trén khuén mau
ham) khi va chi khi khuoén mau ham duoc stt dung véi kiéu cu
thé

= Néu mot khuon mau ham duoc stt dung nhiéu lan voéi cac kiéu
khac nhau, nhiéu ham khuén mau sé duoc tao ra tuong ung

= Néu mot khuon mau ham duoc st dung nhiéu lan voi cac kiéu
tuong ung giong nhau, compiler chi tao ra mét ham khuén mau.
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Tiét kiém dugc ma ngudon => dé bao quat, dé kiém soat 16i, nang
cao hiéu qua lap trinh

= DPam bao duoc tinh chat ché vé kiém tra kiéu manh trong ngon
ngit 1ap trinh (hon han s dung macro trong C)

= Tinh md, nang cao gia tri st dung lai cia phan mém: thuat toan
viét mot 1an, st dung vo s6 lan

= Pam bao hiéu suat tuong duong nhu viét tach thanh tung ham
riéng biét

= Cho phép xay dung cédc thu vién chuan rat manh (cac thuat toan
thong dung nhu sao chép, tim kiém, sdp xép, lua chon, ....)
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= Néu muén dam bao tinh mé hoan toan thi nguoi s dung khuon
mau ham cting phai c6 ma nguon thuc thi
— Ma nguon thuc thi can dugc dit trong header file
— Kho bao vé chat xam
= Viéc theo doi, tim 10i bién dich nhiéu khi gap kho khan
— Loi nhiéu khi ndm & mé st dung, nhung lai duoc béo trong ma dinh
nghia khuon mau ham
— Vi du: Compiler khong bao 16i & dong lénh sau day, ma bao 16i &
phan dinh nghia ham max, tai phép toan so sanh 16n hon khong
duoc dinh nghia cho kiéu Complex:
Complex a, b;

Complex ¢ = max(a,b);

= Dinh nghia va st dung khong dung cach cé6 thé dan tgi gia tang
16m vé ma dich, bdi s6 luong ham khuén mau c6 thé duoc tao ra
qua nhiéu khong can thiét.
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template <class S, class D>
void copy(const S * s, D* d, int n) {
while (n--)
*d++ = *s++;

void main() {
int a[] = {1,2,3,4,5,6,7};
double b[10];

float <c[5];
copy(a,b,7); // copy<int,double>(a,b,7)
copy(b,c,5); // copy<double,float>(b,c,5);
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= Nhiéu cau truc dit lieu nhu Point, Complex, Vector, List, Map,...
truéce kia van phai duoc dinh nghia riéng cho tung kiéu dit liéu
phan ti cu thé, vi du DoubleComplex, FloatComplex,
DoubleVector, IntVector, ComplexVector, DateList,
MessagelList, ...
= (Cach thuc hién m6éi cau truc thuc ra giong nhau, néi chung
khong phu thudc vao kiéu phan tit cu thé
class IntPoint { int x,y;
public: IntPoint(int x0, int y0) : x(x0), y(y0) {}

};

class DoublePoint { double x,y;
public: DoublePoint(double x0, double y0) : x(x0), y(y0) {}

}s;
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// Point.h
template <typename T>
class Point {
T X, Y;
public:
Point(): x(0), y(0) {}
Point(T x0, T y0) : x(x0), y(y0) {}

Tham s6 khuén mau:
Kiéu hoic hing s6

Point(const Point&); «:::::::_ Moi ham thanh
void move(T dx, T dy) { x += dx; y+= dy; }—|  yién ctia mot

bool inRect(Point p1, Point p2); — khuénrnﬁul&plé
[]... mot khuoén mau

}; */”//’/,,,/f/””’//’ ham
template <class T>

Point<T>::Point(const Point<T>& b (b.x), y(b.y) {}

template <class Coord>
bool Point<Coord>::inRect(Point<Coord> p1, Point<Coord> p2) {
return (x >= p1.x && x <= p2.x || x >= p2.x && x <= p1.x) &&
(y >= pl.y & y <= p2.y || y >= p2.y & x <= pl.y);
}
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#include "Point.h"
void main() {
Point<int> A1(5,5),A2(10,10);
Point<int> A3(A1);
while (A3.inRect(A1,A2))
A3.move(2,3);
typedef Point<float> FPoint;
FPoint B1(5.0,5.0), B2(10.0,10.0);
FPoint B3(B1);
while (B3.inRect(B1,B2))
B3.move(2,3),;
[]...
Point<double> C1(B1); /] error
if (A3.inRect(B1,B2)) /] error
Y A
}
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= Kha nang ap dung caa kiéu la vo tan, tuy nhién khong c6 nghia
1a 4p dung duoc cho tat ca cac kiéu
= Mot kiéu muén ap dung duoc phai ho tro cac phép toan duoc st
dung trong ma thuc thi khuon mau lop.
= Vi du khuoén mau l6p Point yéu cau kiéu toa d6 phai ap dung
duoc cac phép toan sau day:
— Chuyén d6i tur s6 nguyén (trong ham tao mac dinh)
— Sao chép (trong ham tao thi hai va ham tao ban sao)
— Toan tit += (trong ham move)
— Cac phép so sanh >=, <= (trong ham inRect)
= Viéc kiém tra kiéu duoc tién hanh khi s dung ham thanh vién
cua lop khuon mau, néu cé6 16i thi sé duoc béo tai ma nguon
thuc thi khuoén mau lop
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template <class T = double, int N = 10>
class Array { \\\\\\\\ \
T data[N]; -
public: Tham s6 méac dinh
Array(const T& x = T(0));
int size() const { return N; }
T operator[](int 1) const { return data[i]; }

T& operator[](int 1) { return dataf[i]; }
[]...

s

template <class T, int N> Array<T,N>::Array(const T& x) {
for (int 1=0; 1 < N; ++ i) data[i] = X;

}

void main() {
Array<double,10> a;

Array<double> b; // same as above
Array<> c; // same as above
[]...

}
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template <class T> class IOBuffer : public Array<T,8> {
public:
I0Buffer(T x) : Array<T,8>(x) {}

[]...
i
class DigitalIO : public IOBuffer<bool> {
public:
DigitalIO(bool x) : IOBuffer<bool>(x) {}
[]...
i

class AnalogIO : public IOBuffer<unsigned short> {
typedef IOBuffer<unsigned short> BaseClass;
public:
AnalogIO(unsigned short x) : BaseClass(x) {}
[]...
i
void main() {
I0OBuffer<double> delayBuf(0);
DigitalIO di(false);
AnalogIO ao(0); //...

}
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template <class T>

class Vector {
int nelem;
T* data;

public:
Vector() : nelem(0), data(0) {}
Vector(int n, T d);
Vector(int n, T *array);
Vector(const Vector<T>&);

~Vector();
int size() const { return nelem; }
T operator[](int i) const { return data[i]; }
T& operator[](int 1) { return dataf[i]; }
private:
void create(int n) { data = new T[nelem=n]; }
void destroy() { if (data != 0) delete [] data; }

}s
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template <class T> Vector<T>::Vector(int n, T d) {

create(n);
while (n-- > 0)
data[n] = d;

}

template <class T> Vector<T>::Vector(int n, T* p) {

create(n);
while (n-- > 0)
data[n] = p[n];
}

template <class T> Vector<T>::~Vector() { destroy(); }

template <class T>
Vector<T>::Vector(const Vector<T>& a) {

create(a.nelem);
for (int i=0; i < nelem; ++i)
data[i] = a.data[i];
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#include "Point.h"
#include "Vector.h”
void main()
Vector<double> v(5,1.0);
double d = v[0];
vi1] = d + 2.0;
Vector<doubhle> v2(v);
[]...
int b[] = {1,2,3,4,5};
Vector<int> a(5,b);
int n = a[0];
a[1] = n + 2;
Vector<int> a2(a);
[]...
typedef Vector<Point<double> > Points;
Points lines(5,Point<double>(0.0,0.0));
lines[0] = Point<double>(5.0,5.0);
[]...

}
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= Xay dung mot khuén mau ham xac dinh vi tri (dia chi) cia phan
ti c6 gia tri 16n nhat xuat hién dau tién trong mot day so. Viét
chuong trinh minh hoa s dung cho hai kiéu s6 liéu cu thé.
= Tubai tap xay dung 16p MessageList, tong quat héa thanh mot
khuén mau 16p ¢6 tén 1a List vGi cac phép toan (ham thanh vién)
can thiét
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Churong 10: Thuat toan tong guat

11/2/2005



Noi dung chuong 10

10.1 Toéng quat héa kiéu dit liéu phan t
10.2 Tong quat héa phép toan co so
10.3 Tong quat héa phuong phap truy lap phan t
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= Thuyec té:

— Khoang 80% thoi gian lam viéc cia mot nguoi thu ky van phong
trude day (va hién nay & nhiéu noi) st dung cho cong viéc tim
kiém, sdp xép, doi chiéu, so sanh,.... tai liéu va ho so

— Trung binh, khoang 80% ma chuwong trinh va thoi gian thuc hién
chuong trinh danh cho thue hién cac thuat toan it lién quan truc
tiép to6i bai toan ung dung cu thé, ma lién quan t6i tim kiém, sip
xép, lua chon, so sanh... dit liéu

= Dw liéu duoc quan ly tot nhat trong cac cau tric dang
"container"” (vector, list, map, tree, queue,...)

= Van dé xay dung ham ap dung cho céc "container": Nhiéu ham
chi khédc nhau ve kiéu dit liéu tham s6 ap dung, khong khac
nhau vé thuat toan

= Giai phap: Xay dung khuon mau ham, téong quat héa kiéu di
liéu phan tt
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Vi du: Thuat toan tim dia chi phan tit dau tién trong mot mang co gia
tri 16n hon mot so6 cho trudée:
template <typename T>
T* find elem(T *first, T* last, T k) {
while (first != last && !(*first > k))
++first,;
return first;
}
void main() {
int a[] = {1, 3, 5, 2, 7, 9, 6 };
int *p = find _elem(a,a+7,4);
if (p != a+7) {

cout << "First number > 4 :" << *p;

p = find elem(p+1,a+7,4),;

if (p != a+7) cout << "Second number > 4:" << *p;
}

double b[] = { 1.5, 3.2, 5.1, 2.4, 7.6, 9.7, 6.5 };
double *q = find elem(b+2,b+6,7.0);
*q = 7.0;



Vi du: Thuat toan cong hai vector, két qua luwu vao vector thi ba

#include <assert.h>
#include "myvector.h"
template <typename T>
void addVector(const Vector<T>& a, const Vector<T>& Db,
Vector<T>& c) {
assert(a.size() == b.size() && a.size() == c.size());
for (int i= 0; i < a.size(); ++1)
c[i] = a[i] + b[i];

template <typename T>

Vector<T> operator+(const Vector<T>&a, const Vector<T>& b) {
Vector<T> c(a.size());
addVector(a,b,c);
return c;

}
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10.2 Tong quat hoa phép toan co S6

= Van deé: Nhiéu thuat toan chi khac nhau & mot vai phép toan
(co s6) trong khi thuc hién ham
= Vidu:

— Ca4c thuat toan tim dia chi phan t& dau tién trong mot mang so
nguyén c6 gia tri 16n hon, nhé hon, 16n hon hoéc bang, nhé hon
ho#c bang, ... mot s6 cho truée

— Cac thuat toan cong, trit, nhan, chia,... ting phan t cia hai mang
s6 thuc, két qua luu vao mot mang méi

— Ca4ac thuat toan cong, trir, nhan, chia,... timg phan t cta hai
vector (hoac ctia hai danh sach, hai ma tran, ...)

= Giai phap: Tong quat héa thuat toan cho cac phép toan co sé
khac nhau!
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template <typename COMP>

int* find elem(int* first, int* last, int k, COMP comp)

while (first != last && !comp(*first, k))
++first,;
return first;

}

bool is_greater(int a, int b) { return a > b; }
bool is less(int a, int b) { return a < bj }
bool is_equal(int a, int b) { return a == b;}

void main() {
int a[]1 = {1, 38, 5, 2, 7, 9, 6 };

int* alast

int* p1
int* p2
int* p3

if (p1 !
if (p2 !
if (p3 !

= at7;
find elem(a,alast,4,1s greater);
find elem(a,alast,4,is less);
find elem(a,alast,4,1s equal),

alast) cout << "First number > 4 is " << *pi;
alast) cout << "First number < 4 is " << *p2;
alast) cout << "First number = 4 1is at index

<< p3 - a;

char c; cin >> c;



~

= Co6 thé la mot ham, vi du

bool is greater(int a, int b){ return a > b; }
bool is less(int a, int b) { return a < b; }
int add(int a, int b) { return a + b; }
int sub(int a, int b) { return a - b; }

= Hoac tot hon hét la mot d6i tuong thude mot 1o6p c6 ho tro (nap

chong) toan t goi ham => déi twong ham, vi du

struct Greater {
bool operator()(int a, int b) { return a > b; }

}s

struct Less {
bool operator()(int a, int b) { return a < b; }

}s

struct Add {
int operator()(int a, int b) { return a + b; }

};
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= Vidu st dung déi twong ham
void main() {
int a[] = {1, 3, 5, 2, 7, 9, 6 };
int* alast = a+7;
Greater greater;
Less less;
int* p1 = find elem(a,alast,4,greater);
int* p2 = find elem(a,alast,4,less);
if (p1 != alast) cout << "First number > 4 is " << *p1i;
if (p2 != alast) cout << "First number < 4 is " << *p2;

Greater());

p2 = find elem(a,alast,4,Less());
char c; cin >> c;
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= DPoi tuong ham c6 thé chua trang thai
= Ham toan t () c6 thé dinh nghia inline => tang hiéu suat
template <typename OP>
void apply(int* first, int* last, OP& op) {
while (first != last) {
op(*first);
++first;

}

class Sum {
int val,;

public:
Sum(int init = 0) : val(init) {}
void operator()(int k) { val += Kk; }
int value() const { return val; }

}s
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class Prod {
int val;
public:
Prod(int init=1): val(init) {}
void operator() (int k) { val *= Kk; }

int value() const { return val; }
}s
struct Negate {void operator()(int& k) { k = -k;} };
struct Print { void operator()(int& k) { cout << k << ' ";} };

void main() {
int a[] = {1, 2, 3, 4, 5, 6, 7};
Sum sum_op;
Prod prod op;
apply(a,a+7,sum _op); cout << sum _op.value() << endl;
apply(a,a+7,prod op); cout << prod op.value() << endl;
apply(a,at7,Negate());
apply(a,a+7,Print());
char c; cin >> c;

}
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Két hop 2 buéc tong quat hoa

template <typename T, typename COMP>
T* find _elem(T* first, T* last, T k, COMP comp) {
while (first != last && !comp(*first, k))
++first;
return first;
}
template <typename T, typename OP>
void apply(T* first, T* last, OP& op) {
while (first != last) {
op(*first);
++first,
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template <typename T> struct Greater{
bool operator()(const T& a, const T& b)
{ return a > b; }

}s

template <typename T> struct Less{
bool operator()(const T& a, const T& b)
{ return a > b; }

}i

template <typename T> class Sum {
T val;

public:
Sum(const T& init = T(0)) : val(init) {}
void operator()(const T& k) { val += k;
T value() const { return val; }

};
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template <typename T> struct Negate {
void operator()(T& k) { k = -k;}

}s
template <typename T> struct Print {

void operator()(const T& k) { cout << k << ' ';}
}s

void main() {
int a[] = {1, 3, 5, 2, 7, 9, 6 };
int* alast = a+7;
int* p1 = find elem(a,alast,4,Greater<int>());
int* p2 = find elem(a,alast,4,Less<int>());
if (p1 != alast) cout << "\nFirst number > 4 is " << *pfi,;
if (p2 != alast) cout << "\nFirst number < 4 is " << *p2;
Sum<int> sum _op; apply(a,a+7,sum op);
cout<< "\nSum of the sequence " << sum op.value() << endl;
apply(a,a+7,Negate<int>());
apply(a,a+7,Print<int>());
char c; cin >> c;



10.3 Tong quat hoa truy 1ap phan ti

= Van dé 1: Mot thuat toan (tim kiém, lua chon, phan loai, tinh
tong, ...) ap dung cho mot mang, mot vector, mot danh sach
hoac mot cau truc khac thuce chat chi khac nhau & cach truy
lap phan tt
= Van dé 2: Theo phuong phap truyén thong, dé truy lap phan t
cia mot cau truc "container", néi chung ta can biét cau truc d6
duoc xay dung nhu thé nao
— Mang: Truy lap qua chi s6 hoéc qua con tro
— Vector: Truy lap qua chi s6

— List: Truy lap qua quan hé méc néi (st dung con tro)
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= Ap dung cho kiéu mang théo
template <class T> void copy(const T* s, T* d, int n) {
while (n--) { *d = *s; ++s; ++d; }
}
= Ap dung cho kiéu Vector
template <class T>
void copy(const Vector<T>& s, Vector<T>& d) {
for (int 1=0; 1 < s.size(); ++1) d[i] = s[1i];
}
=  Ap dung cho kiéu List
template <class T>
void copy(const List<T>& s, List<T>& d) {
ListItem<T> *sItem=s.getHead(), *dItem=d.getHead();
while (sItem != 0) {
ditem->data = slItem->data;
dIem = dItem->getNext(); sItem=sItem->getNext();

}

} ,
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=  Ap dung cho kiéu mang théo
template <typename T> T* find max(T* first, T* last) {
T* pMax = first;
while (first != last) {
if (*first > *pMax) pMax = first;
++first;
}

return pMax;

}
» Ap dung cho kiéu Vector
template <typename T> T* find max(const Vector<T>& v) {
int iMax = 0;
for (int 1=0; i1 < v.size(); ++ 1)
if (v[i] > v[iMax]) iMax = 1;
return &v[iMax];

}
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» Ap dung cho kiéu List (da lam quen):
template <typename T>
ListItem<T>* find max(List<T>& 1) {
ListItem<T> *pItem = 1l.getHead();
ListItem<T> *pMaxItem = pIltem;
while (pItem != 0) {
if (pItem->data > pMaxItem->data) pMaxItem = pItem;
pItem = pItem->getNext();
}

return pMaxItem,

2 Can tong quat hoa phuong phap truy lap phan t!
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= Muc dich: Tao mot co ché théng nhat cho viéc truy lap phan t
cho cac cau truc dit liéu ma khong can biét chi tiét thuc thi bén
trong tung cau truc

= Y tudng: Méi cdu tric dit liéu cung cdp mot kiéu bo truy lap
riéng, c6 dac tinh twong tw nhuw mot con tro (trong truong
hop dac biét c6 thé 1a mot con tro thuce)

= Tong quat héa thuat toan copy:

template <class Iteratori, class Iterator2>
void copy(Iterator1 s, Iterator2 d, int n) {
while (n--) {
*d = *s;

} \ Cac phép toan ap dung

} duogc tuong tu con tré
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= Tong quat hoa thuat
template <typenam

ITERATOR find max(ITERATOR first, ITERATOR last) {

ITERATOR pMax =
while (first !=

if (*first >\*pMakx) pMax = first;

++first;

toan find_max:
e ITERATOR>

first;
last) {

b T~

return pMax;

Cac phép toan ap dung
duoc tuong tu con tré
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= Kiéu Vector luu trit dit liéu duéi dang mot mang => c6 thé st
dung bo truy lap duéi dang con tro!
template <class T> class Vector {
int nelem;
T* data;
public:

typedef T* Iterator;
Iteratator begin() { return data; }
Iteratator end() { return data + nElem; }
}s
void main() {
Vector<double> a(5,1.0),b(6);
copy(a.begin(),b.begin(),a.size());

}
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template <class T> class ListIterator {
ListItem<T> *pIltem;
ListIterator(ListItem<T>* p = 0) : pItem(p) {}
friend class List<T>;
public:
T& operator*() { return pItem->data; }
ListIterator<T>& operator++() {
if (pItem != 0) pItem = pItem->getNext();
return *this;
}
friend bool operator!=(ListIterator<T> a,
ListIterator<T> b) {
return a.pIltem != b.pItem;

}
b
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Khuon mau List cai tien
template <class T> class List {

ListItem<T> *pHead;
public:

ListIterator<T> begin() {
return ListIterator<T>(pHead);

}
ListIterator<T> end() {

return ListIterator<T>(0);

};
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= Xay dung thuat toan sip xép téng quat dé c6 thé ap dung cho
nhiéu ciu truc dt liéu tap hop khéac nhau cting nhu nhiéu tiéu
chuén sdp xép khac nhau. Viét chuong trinh minh hoa.

= Xay dung thuat toan cong/trivnhan/chia tumg phan t caa hai
cau truc dw liéu tap hop bat ky. Viét chuong trinh minh hoa.
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Noi dung chuong 11

11.1 Cau truc thu vién chuan C++
11.2 Standard Template Library
Gio6i thiéu chung
Cac cau truc dit liéu chuan
Thuat toan tong quat

Cac b6 truy lap va doi twong ham
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11.1 Cau tric thu vién chuan C++

Cong trinh cua
Alexander Stepanov

ANSI/ISO C++

Standard Template Library

(STL)

Cac thu vién C++ ||

Standard
Extensions

Cac thu vién C

Strings

Streams

Standard C
Library

T4t ca thu viéen chuian C++ nam trong pham vi tén std
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Standard C Library

<cassert> Tién ich giup go roéi

<cctype> Cac thao tac vaéi kiéu ky tu hep

<cwetype> Cac thao tac voi kiéu ky tu rong

<cerrno> M4 16i ciia cac ham trong thu vién chuan C
<cfloat>  Céac tinh chéat caa kiéu s6 thuc ddu phay dong
<cis0646> Ho tro lap trinh vdi tap ky tu theo ISO 646
<climits> Cac tinh chat ctia kiéu dt liéu s6 nguyén
<clocale> Hb tro lap trinh véi cdc yéu cau ban dia
<cmath> Cac ham toan théng dung

<csetjmp> Ho tro cac 1énh nhay "xa"
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Standard C Library (tiép)

<csignal> Ho tro kiém tra cac truong hop ngoai lé
<cstdarg> Phuc vu truy nhéap cac tham so6 goi ham
<cstddef> Dinh nghia mot s6 macro va kiéu thong dung
<cstdio> Phuc vu nhap/xuat d liéu théng dung
<cstdlib> Cac ham thong dung

<cstring> Céac ham thao téac véi chuoi ky tu

<ctime> Cac ham va cau truc thoi gian va ngay thang
<cwchar> Cac ham thao tac véi chuoi ky tu rong
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<bitset> Khuén mau 16p cho quan ly day bit
<complex> Khuon mau 16p cho céc kiéu so phtc
<exception> LGp co s¢ ho tro lap trinh véi ngoai 1é
<new> Khai bao cac ham toan t& new va delete
<stdexcept> Dinh nghia mét s6 16p ngoai 1é thong dung
<typeinfo> Ho tro khai thac thong tin kiéu dong
<locale> M6 rong ho tro 1ap trinh ban dia

<valarray> Cac khuon mau l6p va 16p mang gia tri
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strings

* Header file: <string>

— Khuén mau 16p: basic_string <T,...>

— Lop string: typedef basic_string<char,...> string

— Loépwstring: typedef basic_string<wchar_t,...> wstring
= Cho phép lap trinh véi cdac chuoi ky tw mot cach rat

thuan tién
— Khong can quan tam toi quan ly bo nhé dong
— Co thé sao chép, gan giong nhu cac kiéu dt liéu co ban

— C6 thé truy nhap ky tu qua chi so toan tix [] giong nhu chubi
ky tu tho

— Co6 thé ap dung cac phép toan +, ==, |=, >, <, ...
— Co6 thé truy nhap chudi con, tim kiém, thay thé ky tu,...

— Co6 thé ap dung cac thuat toan tong quat (string, wstring
cting dwoc coi la cac container, c6 cac ham begin(), end() )
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Sirdung string

= Khai bdo bién string
string s1( "Hello" );
string s2( 8, 'x' ); // 8 'x' characters
string month = "March"; // Implicitly calls constructor

= (Cac ham truy nhap thuoc tinh
n=s1.size(); // Number of characters in string
n=s1.length(); // Same as size()

n=s1.capacity(); // Number of elements that can be
// stored without reallocation

n=s1.max_size(); // Maximum possible string size
if (s1.empty()) // Returns true if empty

s1.resize(newlength); // Resizes string to newlength
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= Phép gan
s2 = si; // Makes a separate copy
s2.assign(s1); // Same as s2 = si;

myString.assign(s, start, N); // Copies N characters from s
// beginning at index start

s2[0] = s3[2]; // Individual characters
=  Ghép chudi ky tu
s3.append( "pet" );
s3 += "pet"; // Both add "pet" to end of s3
s3.append( s1, start, N ); // Appends N characters from si,
// beginning at index start
= So sanh chuoi ky tu (theo van ABC)

==, !=5 <J >J <=!>=

* Truy nhap chubi con
s = sl.substr( start, N );
= Hoan doi hai chubéi ky tu:
s1.swap(s2);
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Cac ham tim kiém: tra vé chi s6 néu tim thay va string: :npos néu
khong tim thay
i=s1.find(s2);
i=s1.rfind(s2); // Searches right-to-left
i=s1.find_first_of(s2); // Returns first occurrence of any
// character in s2
i=s1.find_first_of("abcd"); // Returns index of first 'a’,

// 'b', '¢'" or 'd'
i=s1.find_last of(s2); // Finds last occurrence of any char in s2
i=s1.find_first_not_of(s2); // Finds first character NOT in s2
i=s1.find_last_not_of(s2); // Finds last character NOT in s2

Cac ham x6a va thay thé
s1.erase(start); // Erase from start to end of string
s1.replace(begin,N,s2); // begin: index in s1 to start replacing
// N: number of characters to replace
/] s2: replacement string
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= Header files: <iostream>, <fstream>, <strstream>,...

* DPuogc xay dung lai hoan toan
— Trén co sé khuon mau 16p
— Veé co ban la tuwong thich véi cac thu vién trudce day
— Linh hoat va hiéu suét cao hon so v6i cac thu vién truée day
— HOo tro ky thuat lap trinh tong quat
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11.2 Standard Template Library (STL)

= STL duoc Alexander Stepanov lan dau tién xay dung,
khi t&r Nga sang My lam viéc cho Hewlet Packard

= STL st dung k¥ thuat lap trinh tong quat va cung cap:
— Ca4ac cau truc dit lieu chuan (Containers)
— Cac bo truy lap (Iterators)
— Caéac thuat toan tong quat (Algorithms)

* Y tudng chinh:

— Véi N kiéu dit liéu, M cau truc dit liéu, va K thuat toan, 1é ra
can xay dung N*M cau truc cu thé va N *M *K ham cu thé

— STL (with C++ templates): M cau truc + K thuat toan
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Vidut

* Poc day s6 nguyén tir mot tép tin “numbers.txt”, tinh
toan va hién thi cac gia tri
— Nho nhat, 16n nhat
— Dung gitia
— Trung binh cong
— Trung binh nhan (y1 *y2 * ... yn)(1/n)
= Binh thuong ta can bao nhiéu dong lénh dé thuc
hién?
— Cap phat b6 nhé dong (16n bao nhiéu?)
— Vong lap doc cac gia tri tix tép tin

— Cac vong lap tinh toan
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Giai phap s dung STL

vector<int> v;

copy(istream_iterator<int>(ifstream("numbers.txt")),
istream_iterator<int>(), back_inserter(v));

sort(v.begin(), v.end());

cout << "min/max:" << v.front() << " " << v.back() << endl;

cout << "median : " << *(v.begin() + (v.size()/2)) << endl;

cout << "average: " << accumulate(v.begin(), v.end(), 0.0)
/| v.size() << endl;

cout << "geomean: " << pow(accumulate(v.begin(),v.end(),

1.0, multiplies<double>()),1.0/v.size()) << endl;
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Vidu2

= Viét mot chuong trinh in ra céc tir va tan suat xuat
hién trong mot tép tin, sap xé&p theo thi tw ABC

vector<string> v;
map<string, int> m;

copy(istream_iterator<string>(ifstream("words.txt")),
istream _iterator<string>(), back inserter(v));

for (vector<string>::iterator vi = v.begin();
vi != v.end(); ++vi)
Hm[*vi];

for (map<string, int>::iterator mi = m.begin();

mi != m.end(); ++mi)
cout << mi->first << ": " << mi->second << endl;
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STL containers

= (Cac cau truc day (sequence containers)
— vector
— list (mo6c néi hai chiéu)
— deque
= Céac cau truc sap xép lién hé (associative containers)
— map, multimap,
— set, multiset

»= Cac cau truc dan xuat (container adapters)
— queue, priority_queue,
— stack
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= Ham thanh vién cho tat ca cac cau truc

Ham tao mac dinh, ham tao ban sao
Ham huy

empty

max_size, size

= < <= > >= == I=

swap

= Ham thanh vién chi cho cdc ciu truc day

begin, end
rbegin, rend

— erase, clear
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vector<T>

» #include <vector>
» Mot mang dong thuce su: truy nhap tuy y, co dan dwoc
= Khai bao don gian:
vector<int> v(10);
= Ham tao:
— vector<T>()

— vector<T>(size_ t num_elements)
— vector<T>(size_t num, T init)

= Thuoc tinh:

-empty ()

.size()

.capacity()

.begin()

.end()

< < € < <
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= B0 sung phan tt
— v.push_back(42);
— v.insert(iter before, T val)
— v.insert(iter before, iter start, iter end)

* Truy nhap phan t

— v.at(1i) // reference, range checked!

— v[i] // reference, not range checked
— v.front() /] reference to first element

— v.back() [/ reference to last element

v.back() = 4; // legal if size > O
= Loai bd phan tt
— v.pop_back() // removes last element
— v.clear() // removes everything
— v.erase(iterator i)
— v.erase(iter start, iter end)
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Vi du sir dung vector<T>

vector<char> v;
for (int i = 0; 1 < 10; ++1)
v.push_back('A" + 1i);

cout << v[0] << v.back() << endl; /] AJ
V.pop_back();
cout << v.size() << v.back() << endl; /] 91
for (size t i = 0; 1 < v.size(); ++1i)

cout << v[i]; // ABCDEFGHI
cout << endl;
for (vector<char>::iterator p = v.begin(); p != v.end();

++p)
cout << *p; // ABCDEFGHI
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list<T>

Danh sach moéc noéi hai chiéu

Chi truy nhap tuan tu

= Ham tao

— 1list<T>()

— list<T>(size_t num_elements)
— list<T>(size t num, T init)
Tinh chat

— l.empty()

— l.size()

— l.begin()

— l.end()
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= B6 sung phan tt

— l.push_back(43);

— l.push_front(31);

— l.insert(iter b, iter s, iter s)/
= Truy nhap phan t

— 1.front() // T &

— l.back() // T &
= Loai bd phan tt

— l.pop_back()

— l.pop_front()

— l.erase(iterator i)

— l.erase(iter start, iter end)
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Vi du sir dung list<T>

list<char> 1;
for (int 1 = 0; i < 4; ++i)
{
1.push_front(i + 'A');
1.push_back(i + 'A");
}

for (%ist<char>::iterator i = 1l.begin(); i != l.end();
++3i

cout << *ij; // DCBAABCD
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Vi du s dung map<key,value>

#pragma warning(disable: 4786)
#include <iostream>

#include <map>

#include <string>

using namespace std;

void main() {
map<string,long> telbook;
telbook["Bush"] = 1234567;
telbook[ "Putin"] = 7654321;
telbook["Chirac"]= 1231231,
[]...
string name;
while (cin >> name) {
if(telbook.find(name) != telbook.end())
cout << "The phone number for " << name
<< " is " << telbook[name] << '\n';
else
cout << "No such name exists\n";

}
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Thuat toan téng quat

= Cac thuat toan thong dung nhat, bao gom:
— Cac thuat toan quan ly di liéu: copy, count, find,
binary_search, sort, merge, replace,..

— Cac thuat toan tap hop: set_union, set_difference,
set_intersect,...

— Cac thuat toan s6 hoc: transform, accumulate, generate,
for each...
= Cac thuat toan yéu cau dau vao la cac bo truy lap
(iterators), két qua dau ra nhiéu khi cting la bo truy
lap
= Mobi thuat toan c6 thé ap dung cho nhiéu cau truc di
liéu khac nhau, nhung khong phai tat ca
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STL function objects Y nghia

plus< T > Cong

minus< T > Tru
multiplies< T > Nhan

divides< T > Chia

modulus< T > Phan du

negate< T > Dao dau

equal to< T > Béing nhau
greater< T > Lémn hon
greater_equal< T > Lom hon ho#c bang
less< T > Nho hon

less equal< T > Nho hon hoic bang
not equal to< T > relational
logical and< T > AND

logical not< T > NOT

logical or< T > OR
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Gac loai iterators

= Truy lap ngau nhién (Random Access Iterators): c6 thé ap dung
*7 ++, -, []a !=’ ==, >, <, >=, <=

= Truy ldp hai chiéu (Binary Iterators): c6 thé ap dung *, ++, --,

= ==

= Truy lap tién (Forward Iterators): ¢ thé ap dung *, ++, !=, ==
= Truy lap lui (Backward Iterators): c6 thé ap dung *, --, =, ==

= Nhap (Input Iterators): Doc/nhap dut liéu, dich mot chiéu (tién)
= Xuéat (Output Iterators): Ghi/xuat dw liéu, dich mot chiéu (tién)
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Bai tap ve nha
|

= Hoan thién bai tap chuong 10

= On tap cac phan da hoc

= Chuan bi sin cac cau hoi thao luan
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